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Abstract

The results of an investigation on the effect of dry and prewetted lightweight aggregates on the microstructure and durability of mortar are
presented in this paper. The results are compared with those obtained for normal aggregate mortar. There appears to be only a small difference in
the microstructure of the interfacial transition zone (ITZ) between dry and prewetted lightweight aggregate mortars. The porous ITZ
surrounding lightweight aggregate appears to extend for about 10 and 15 um from the aggregate surface for dry and prewetted lightweight
aggregates, respectively. The ITZ for dry and prewetted lightweight aggregates seems to be surrounded by dense paste that extends from 10 to
about 50 um from the aggregate surface. This dense paste has lower porosity than that observed in the bulk paste located 50 um and farther from
aggregate surface. The normal aggregate mortar prepared with the same water/cement ratio appears to have porous ITZ that extends beyond 35
pum from the aggregate surface. The dry and prewetted lightweight aggregate mortars seem to have a lower sorptivity and electrical conductivity
than does the normal aggregate mortar. Lightweight aggregate mortars also appear to have excellent resistance to sulfate attack as compared

with normal aggregate mortar.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Several researchers have suggested that lightweight
aggregate absorbs water from the surrounding paste,
leading to a reduction in the porosity of the interfacial
transition zone (ITZ) surrounding the aggregate. Zhang and
Giorv [1,2] examined the ITZ microstructure around
expanded clay lightweight aggregate. The study included
lightweight aggregate with and without dense outer layer.
The aggregate with dense outer layer showed porous ITZ
microstructure similar to the one observed around the
normal-weight aggregate. As for the lightweight aggregate
with porous outer layer, the ITZ was more dense and
homogeneous. Wasserman and Bentur [3,4] studied the ITZ
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around lightweight sintered fly ash aggregate. The aggre-
gate was modified by sintering at various high temper-
atures. By so doing, the vitrification takes place, and a
dense surface is produced. The sintering process produced
lightweight aggregates with different water absorptions and
crushing strengths. The ITZ width was estimated by
measuring the calcium/silica ratio using dispersive X-ray
spectroscopy. The lightweight aggregate with the highest
absorption capacity showed ITZ of very small thickness.
The thickness of the ITZ appeared to decrease linearly with
the absorption capacity of the aggregate. The heat-treated
aggregate acquired pozzolanic reactivity proportional to the
amount of heat applied. The pozzolanic activity was
attributed to the formation of a glassy phase of silica
(SiO,). The pozzolanic reaction between the aggregate and
the calcium hydroxide resulted in a reduction in the
calciumy/silica ratio in the ITZ to the level observed in
the bulk paste after 90 days of curing. Sarkar et al. [5]
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confirmed the results obtained by Gjorv concerning the
outer layer of the aggregate. However, the researchers
could not find any evidence of the pozzolanic reaction
between the aggregate and the cement paste. Lo et al. [6]
studied the microstructure of the ITZ between lightweight
aggregate and the cement paste. Their findings confirmed
the presence of dense ITZ microstructure. They suggested
that the improvement in the ITZ microstructure was
probably due to the absorption of water by the lightweight
aggregate from the paste. Holm et al. [7] investigated the
microstructure of the ITZ in mature lightweight aggregate
concrete obtained from concrete ships and marine struc-
tures using scanning electron microscopy. They concluded
that the contact zone between the continuous matrix and
the coarse aggregate is essentially indistinguishable at the
transition zone between the two phases. They attributed the
enhancement of the ITZ microstructure to the pozzolanic
reaction of the lightweight aggregate and absorption of
water by lightweight aggregate.

The positive impact that the lightweight aggregate has
on the microstructure of the ITZ appears to improve the
transport properties and durability of mortar and concrete.
Punkki and Gjerv [8] and Punkki et al. [9] conducted a
study on the effect of lightweight aggregate moisture
treatment on the ITZ microstructure and water absorption
of concrete. Concrete samples with water/cement ratio of
0.35 and 7% silica fume and water/cement ratio of 0.42
without silica fume were prepared. The aggregates used
were either dry or soaked in water for 24 h. The
absorption test results indicated that prewetted lightweight
aggregate concrete has slightly higher capillary suction or
absorption. The increase in absorption was attributed to
the porous ITZ microstructure around the prewetted
lightweight aggregate as compared with the ITZ around
the dry aggregate. Chia and Zhang [10] investigated the
effect of aggregate type on the water permeability of
concrete. Concrete specimens with lightweight and normal
aggregate were prepared. The results indicated that the
permeability of lightweight aggregate concrete was lower
than that of the normal aggregate concrete. The lower
permeability of lightweight aggregate concrete was
thought to be due to the denser ITZ around the light-
weight aggregate as compared with the normal weight
aggregate.

In this study, the effect of dry and prewetted lightweight
aggregates on the ITZ microstructure was examined and
quantified by using backscattered electron microscopy (BSE)
mode of the scanning electron microscope (SEM) and image
analysis. The microstructural features investigated in this

study were porosity and unhydrated cement (UH) grains
content. The microstructure of the ITZ around the lightweight
aggregate was compared with that around the normal
aggregate. The effect of lightweight aggregate on the
porosity, sorptivity and electrical conductivity of mortar, as
well as resistance to sulfate attack, was also investigated in
this study.

2. Experimental
2.1. Materials, mixing and casting

The lightweight aggregate used in this study was
Haydite, which was manufactured by expanding shale in a
rotary kiln, from Brooklyn, IN. It was crushed and sieved
into single gradation passing sieve #50 and retained on sieve
#100 (300-150 pm). The specific gravity and absorption
values for this gradation, obtained by the procedure
described in ASTM C 128, were determined to be 2.0 and
7%, respectively.

The lightweight aggregate described above was used to
prepare mortar specimens with w/c of 0.55 and ASTM
type I portland cement. The characteristic of ASTM type 1
portland cement used in the mixtures is given in Table 1.
Prior to mixing, the lightweight aggregate was dried in an
oven at 105 °C for 2 days. At the end of the drying period,
the aggregate was allowed to cool down to room temper-
ature. Two sets of mortar were prepared. The first set was
prepared with dry lightweight aggregate. Mixing was done
according to the procedure described in ASTM C 305,
except that the time for the last mixing interval was
increased from 1 to 4 min. The second set was prepared
with prewetted lightweight aggregate soaked in the mix
water for 24 h prior to mixing. The mix water and the
lightweight aggregate soaked in it were covered with
plastic sheets and wet burlap to avoid loss of water
through evaporation. Mixing was done by starting the
mixer and adding cement slowly during the first minute.
The rest of the mixing procedure conformed to ASTM C
305, except that the time for the last mixing interval was
increased from 1 to 4 min. All mortars were mixed in a
Hobart mortar mixer with a 13,500-ml capacity. The
volume fraction of the aggregate used in the two sets of
mortars was 40% of the total mixture volume. The amount
of water to be absorbed by the aggregate was calculated,
based on 7% absorption, and added to the mix water to
give an effective w/c of 0.55. The mixture proportions are
provided in Table 2.

Table 1

Characteristics of ASTM type I Portland cement used in the mixtures

CaO Si0, AlLO; Fe,0; MgO SO; Na,O K,0 TiO, P,0s5 Mn,04 SrO
64.2 20.28 5.37 2.40 1.81 3.36 0.07 0.80 0.30 0.09 0.04 0.07
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Table 2

Mixture proportions for lightweight and normal aggregate mortars

Series w/c Water Cement Sand Sand
(kgm®)  (kg/m®)  (kgm®)  volume (%)

Light—dry 0.55 436 691 804 40

Light—dry 0.55 436 691 804 40

Normal 0.55 380 691 1060 40

Siliceous normal weight aggregate of the same gradation
as the lightweight aggregate was used to prepare mortar
with similar mixture proportions. The details of preparation
of the siliceous normal weight aggregate mortar are
provided in reference [11]. The mixture proportions for
the siliceous normal weight aggregate mortar are given in
Table 2.

2.2. Specimens preparation and testing

2.2.1. SEM specimens and image acquisition

SEM samples were cut off from a 1X1X12 in. prism
stored in lime water. The samples were 7 days old when
they were processed. The details of the procedure for the
SEM specimens’ preparation and image acquisition and
analysis are given in Ref. [11].

2.2.2. Absorption

Cylindrical specimens with 68-mm diameter and 151-
mm length were cast using lightweight and normal
aggregate mortars. The cylinders were cured in lime water.
At ages of 7 and 180 days, 25-mm-thick discs were sliced
from these cylinders using diamond saw. Immediately after
slicing, the discs were subjected to vacuum saturation in
water for 8 h and then left in water for an additional 16 h.
The saturated surface dry weight was recorded at the end of
the soaking period. The specimens were then placed in an
oven set at 105 °C for 72 h. The dry weight was
determined, and the absorption was calculated based on
the dry weight.

2.2.3. Sorptivity

To determine sorptivity, 25-mm-thick discs were sliced
from cylinders of 68-mm diameter and 151-mm length at
the age of 180 days. The discs were stored in an oven set at
50 °C until constant weight was reached. It took approx-
imately 30 days to achieve stable mass. This treatment
removed most of the evaporable water from the capillary
pores and did not appear to induce significant damage that
might otherwise affect the test results. Protective coating
was applied to the circumference of the discs to prevent
water from penetrating through the sides. The specimens
were weighed, and then one face was placed in contact with
water. The gain in weight due to water absorption was
measured at 5-min intervals for a period of 40 min. The
sorptivity was obtained by plotting the gain in weight per
unit area versus the square root of time. The relationship
between these two parameters is linear, and the slope of the

line was considered as the parameter describing the
sorptivity.

2.2.4. Electrical conductivity
A conductivity test developed by Streicher and
Alexander [12] was used in this study. The specimens used
were discs of 68-mm diameter and 25-mm thickness. The
specimens were dried in a similar way as mentioned in the
previous section, after 7 and 180 days of curing in lime
water. They were then vacuum saturated in 5 M NaCl
solution. DC current passing through the specimen at a
given voltage was recorded. The conductivity was calcu-
lated based on the following equation:
i

t
L 1
where g=conductivity of sample (mS/cm); i=electric current
(mA); v=potential difference (V); t=thickness of sample
(cm); and A=cross-sectional area of the sample (cm?).

2.2.5. Sulfate attack

After 14 days of curing in lime water, 1Xx1x11.25 in.
(2.54x2.54x28.57 cm) prisms fitted at the ends with
stainless steel studs were immersed in 5% Na,SO;, solution.
The expansion and dynamic modulus were measured
periodically. The SO5 concentration profile was obtained
by using energy dispersive X-ray spectroscopy (EDS). The
X-ray spectrum was obtained from polished specimens at
equal intervals staring from the specimen surface. The
quantitative analysis of the oxides percentages was per-
formed by using Flame software.

3. Results and discussion
3.1. Microstructure

The BSE micrographs for the paste surrounding the dry
and prewetted lightweight aggregates, as well as normal
aggregate, are shown in Fig. 1(a), (b) and (c). The porosity
of the ITZ around the lightweight and normal aggregate,
expressed as a function of distance from the aggregate
surface, is shown in Fig. 2. The bulk paste porosity also is
presented in Fig. 2 by a point outside the range of the
horizontal scale. The results indicate that for the 10-um
strip in the immediate vicinity of the aggregate, the
prewetted lightweight aggregate has the highest porosity.
The normal aggregate porosity for the same strip is lower
than that of prewetted lightweight aggregate but higher
than that of the dry lightweight aggregate. This difference
in the porosity of the first 10 pm around the three different
aggregates can be attributed to the absorption capacity of
the aggregate. The dry lightweight aggregate possesses
higher absorption capacity than the normal and prewetted
lightweight aggregate does. Thus, the bleed water was
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Fig. 1. (a) Paste surrounding dry lightweight aggregate at 7-day age. (b)
Paste surrounding prewetted lightweight aggregate at 7-day age. (c) Paste
surrounding normal aggregate at 7-day age.

reduced more significantly in this case. The dry, normal
aggregate appears to reduce the bleed water in the first 10-
pm strip surrounding the aggregate more efficiently than
prewetted lightweight aggregate does. However, despite the
difference in porosity between the three aggregates in the
10-um strip immediately surrounding the aggregate, the
porosity is still significantly higher than that of the bulk
paste. This may indicate that bleeding around the aggregate
at a w/c of 0.55 cannot be completely eliminated by
absorbing water by the aggregate. At the distance between
about 10 and 40 um from the aggregate surface, the
porosity of the paste surrounding the dry lightweight
aggregate appears to be significantly smaller than that of
the paste surrounding the normal aggregate. For the dry
lightweight aggregate, the porosity of the paste located
between 10 and 40 um from the aggregate surface is even
lower than that of the bulk paste. This reduction in porosity
may be attributed to the absorption of water by the
lightweight aggregate. The process of water bleeding and
absorption can be described as follows. When the
aggregate is mixed with cement and water, the water tends
to bleed around the aggregate particles. The amount of
bleed water is highest on the surface of the aggregate and
decreases with distance from it. If the aggregate has high
absorption capacity, then it starts to draw water into its
pores. As the water film around the aggregate is reduced,
more water is drawn from the paste surrounding the
aggregate towards the surface. This process continues until
the aggregate is saturated. The water film around the
aggregate may or may not be completely eliminated, but
the water content at 10 um and farther from the aggregate
will be reduced such that the w/c in this region becomes
lower than the w/c used in the mixture proportioning. The
effect of absorption seems to increase with distance from
the aggregate, as indicated by the porosity curve for the
dry lightweight aggregate shown in Fig. 2. However, the
influence of aggregate absorption does not appear to affect
the bulk paste located 50 pm and farther from the
aggregate surface, as the bulk paste for the three mortars
showed same level of porosity. Thus, it can be argued that
the zone of influence of the dry lightweight aggregate used
in this study is confined between 10 and 50 um from the
aggregate surface. The same observation applies to
prewetted lightweight aggregate, but to a lesser degree.
The dense paste surrounding the ITZ for prewetted
lightweight aggregate appears to extend between 15 and
40 um from the aggregate surface. Although the aggregate
was saturated with water prior to mixing, it seems that
there is some water migration towards the aggregate. It is
possible that, during mixing, some water escapes from the
lightweight aggregate large pores due to the centrifugal
force exerted by the rotary action of the mixer. Thus, the
aggregate becomes partially saturated and starts drawing
water from the surrounding paste. This water migration
toward the lightweight aggregate decreases the porosity of
the paste between 15 and 50 um from the aggregate
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Fig. 2. Percent of detectable porosity in the successive 10-um-wide strips around the aggregate and bulk paste for 7-day-old mortar with w/c of 0.55.

surface. For the normal aggregate, the absorption capacity
is small as compared with the lightweight aggregate.
Therefore, the bleed water around the aggregate cannot
be removed, and the zone surrounding the aggregate will
have higher a w/c than the bulk paste does. Consequently,
the porosity in this zone becomes higher than that of the
bulk paste.

The ITZ thickness based on porosity curves appears to
depend on the type and condition of the aggregate. The ITZ
thickness is defined as the distance from the aggregate
surface to the point where the porosity of the ITZ reaches
the level observed in the bulk paste. For dry lightweight
aggregate, the ITZ thickness is slightly greater than 10 pm.
As for prewetted lightweight aggregate, the thickness is
about 15 pm. The ITZ thickness for normal aggregate seems
to extend beyond 35 pm.

The percentage of unhydrated cement (UH) around the
dry and prewetted lightweight and the normal aggregates

25

is shown in Fig. 3. The UH content of the bulk paste,
which was similar for all mortars investigated, is also
shown in Fig. 3 by a point outside the range of the
horizontal axis. The trends previously observed for the
porosity curves (Fig. 2) can be observed in the UH
curves. For strips located at a distance greater than 10 um
from the aggregate surface, the dry lightweight aggregate
has higher UH content than the prewetted lightweight and
the normal aggregates. The UH content in the region
located between 15 and 50 um from the dry lightweight
aggregate surface becomes higher than that of the bulk
paste. This agrees well with the mechanism of absorption
suggested in the previous paragraph. The removal of
water, by absorption, from the paste surrounding the dry
lightweight aggregate appears to lead to better packing of
cement grains in this region. The prewetted lightweight
aggregate appears to have higher UH content in the
surrounding paste than the normal aggregate does. This
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Fig. 3. Percent of unhydrated cement grains in the successive 10-um-wide strips around the aggregate and bulk paste for 7-day-old mortar with w/c of 0.55.
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Fig. 4. Water absorption of mortar with a w/c of 0.55.

can also be attributed to the water migration toward the
prewetted lightweight aggregate.

The ITZ thickness based on UH content also seems to
vary according to the aggregate type and condition, as
shown in Fig. 3. For dry lightweight aggregate, the 1TZ
thickness appears to be around 10 pum. As for prewetted
lightweight aggregate, the thickness is around 20 pm. The
normal aggregate ITZ thickness seems to extend to 35 pm.
The ITZ, thicknesses based on porosity and on UH content
appear to be identical for all aggregates investigated.

3.2. Absorption

Water absorption by vacuum saturation was used as an
indicator of porosity of the mortars made with dry and
prewetted lightweight aggregate, as well as normal-weight
aggregate. The values of absorption for the different
mortars at 7 and 180 days are shown in Fig. 4. At 7
days, both dry and prewetted lightweight aggregate mortars
show higher absorption than did the mortars made with
normal aggregate. This increase in porosity of lightweight
mortar can be attributed mainly to the high porosity of the

Fig. 5. Paste surrounding dry lightweight aggregate at 180 days.
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Fig. 6. Absorption versus square root of time for 180-day-old mortars with
a w/c of 0.55.

lightweight aggregate. At 180 days, both lightweight
aggregate mortars appear to have slightly lower absorption
than the normal aggregate mortar did. Thus, between 7 and
180 days, the absorption of the dry and prewetted
lightweight aggregate mortars appears to have been
reduced more significantly than the porosity of the normal
aggregate mortar. It can be explained as follows. At 7 days,
the 10-um paste strip in the immediate vicinity of the
aggregate has relatively high porosity. Thus, it is easy for
the water to penetrate into the porous lightweight
aggregate. After 180 days of curing, the paste in the
immediate vicinity of the aggregate becomes quite dense,
as shown in the BSE image given in Fig. 5. This dense
paste surrounding the lightweight aggregate will seal its
large pores, and hence, the porosity of the mortar will be
reduced significantly.

3.3. Sorptivity

The absorption is plotted as function of square root of
time for the three mortars and is shown in Fig. 6. The slope
of the straight line that represents the relationship between
absorption and square root of time is defined as sorptivity.
The sorptivity of the lightweight and the normal aggregate
mortars at 180 days are provided in Fig. 7. It is clearly
indicated by these figures that the dry lightweight aggregate
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Fig. 7. Sorptivity of mortar with a w/c of 0.55 immersed in water for 180
days.
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Fig. 8. Electrical conductivity for mortars with a w/c of 0.55.

mortar has the lowest sorptivity, followed by the prewetted
lightweight aggregate mortar. The normal aggregate mortar
has the highest sorptivity. The difference in sorptivity
between the lightweight and the normal aggregate mortars
may be attributed to the difference in their pores character-
istics. Sorptivity is directly proportional to the velocity of
capillary rise, which increases with the increase in the
capillary pore size, as given in Eq. (2) [13] below:

V =

r
L ycosl (2)
where V'=average velocity of capillary rise of fluid; r=radius
of pore; y=surface tension; u=viscosity of the fluid;
L=capillary rise; and O=contact angle between the fluid
and solid surfaces.

Thus, based on Eq. (2), upon contact with the water, the
empty large pores will start drawing water at a faster rate
than smaller pores do. This may indicate that lightweight
aggregate mortars possess smaller capillary pores than
normal aggregate mortars do, as the former have lower
sorptivity than the latter do. This result is in agreement with
the microstructural observations that indicated that the 1TZ

surrounding the normal aggregate is more porous and
thicker than that surrounding the lightweight aggregate.
Thus, more large pores may exist around the normal
aggregate than around the lightweight aggregate. The
lightweight aggregate particles themselves contain very
large pores as compared with cement paste, but these pores
are not continuous and they are sealed off by the dense paste
surrounding the aggregate. Therefore, their contribution to
the sorptivity is not significant.

3.4. Electrical conductivity

The electrical conductivity values for the dry and
prewetted lightweight and the normal aggregate mortars at
7 and 180 days are shown in Fig. 8. At 7 days, both
lightweight aggregate mortars appears to have lower
conductivity than the normal aggregate mortar does. The
same trend is observed at 180 days. This again can be
attributed to the dense ITZ in the lightweight aggregate
mortar as compared with the porous ITZ in the normal
aggregate mortar. Again, the pores in the lightweight
aggregate do not appear to contribute significantly to the
electrical conductivity, as they are sealed off by the dense
paste surrounding the ITZ and they do not form continuous
path for the chloride ions penetration. By comparing the
values of porosity as indicted by water absorption (Fig. 4)
and electrical conductivity (Fig. 8), it can be argued that
overall porosity is not the sole parameter influencing
conductivity, but the pore size, distribution and continuity
have important influence as well.

3.5. Sulfate attack

The expansion strain of lightweight and normal aggre-
gate mortars prisms immersed in sodium sulfate is shown in
Fig. 9 as a function of exposure time. The normal aggregate
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Fig. 9. Expansion strain of mortar prisms with a w/c of 0.55 exposed to 5% Na,SOy solution.



A. Elsharief et al. / Cement and Concrete Research 35 (2005) 1368—1376 1375

9
8 —&— Light-dry
-m- Light-wet
7 —e— Normal
6
g 5
oﬁ
n 4
3
2
1
0
0 2 4 6 8 10 12

Depth from asurface (mm)

Fig. 10. SO; concentration profile for 168-day-old mortar with a w/c of 0.55.

mortar appears to develop significant expansion at about
140 days, and then the expansion rate seems to accelerate
until the strain reaches 1% at around 250 days. As for dry
and prewetted lightweight aggregate mortars, it appears that
they are not experiencing significant expansion up to 300
days. The expansion of the normal aggregate mortar is due
to the formation of ettringite, which is directly related to the
amount of sulfate that has penetrated to the interior of the
specimen. The amount of sulfate that has penetrated into the
specimen was measured by the EDS. The SO; concentration
profiles in the three mortars, obtained by EDS, after 168
days of exposure to 5% Na,SO, solution are shown in Fig.
10. The normal aggregate mortar seems to have higher SO3
concentration than do the lightweight aggregate mortars up
to a depth of about 5 mm. The dry and prewetted
lightweight aggregate mortars have similar SO5; concen-
tration profiles, except for the sampling area on the external
layer where the SO; concentration in the prewetted light-

weight aggregate mortar is slightly higher than that of the
dry lightweight mortar. The diffusion of sulfate ions into the
normal aggregate mortar appears to be accelerated probably
by the presence of the porous ITZ around the aggregate. On
the other hand, the dense ITZ around the lightweight
aggregate appears to have increased the resistance of the
mortar to sulfate attack. This agrees well with the results of
the sorptivity and electrical conductivity tests.

Finally, the dynamic moduli are shown as functions of
exposure time of the mortars stored in 5% Na,SO;5 solution
in Fig. 11. The normal aggregate mortar started experienc-
ing reduction in dynamic modulus at around 150 days. On
the other hand, the dry and prewetted lightweight aggregate
mortars do not show any reduction in their dynamic moduli
when exposed to Na,SO; solution for up to 300 days. This
provides another indication of the high resistance of
lightweight aggregate mortar to the penetration of sulfate
as compared with normal aggregate mortar.
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Fig. 11. Change in dynamic moduli for mortar prisms with a w/c of 0.55 exposed to 5% Na,SOy solution.
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4. Summary and conclusions

The results of an investigation on the effect of aggregate
type and its moisture condition on the microstructure and
properties of mortar are presented in this paper. Dry and
prewetted lightweight aggregate, as well as normal aggre-
gate, were investigated. The microstructure of the paste
surrounding the dry and prewetted lightweight aggregate, as
well as normal aggregate, was characterized by quantifying
the porosity and UH content in successive 10-um-wide
strips surrounding the aggregate particle. The porosity of
mortars made from the three different aggregates was
determined by measuring the water absorption of specimens
under vacuum saturation. Sorptivity and electrical conduc-
tivity were also measured and compared. Finally, the
resistance of lightweight aggregate mortars and normal
aggregate mortar to sulfate attack was investigated. The
following conclusions are drawn from the results obtained
in this study:

1. The ITZ around the lightweight aggregate appears to be
about 10 and 15 pum thick for dry and prewetted
lightweight aggregates, respectively. As for normal
aggregate, the ITZ extends beyond 35 pm. The paste
located between 10 and 50 um from the surface of the
lightweight aggregate seems to be denser than the bulk
paste located at 50 um and farther. This is probably due
to the absorption of water by the lightweight aggregate.
This result is somewhat different from the results
reported by other researchers that the paste in contact
with the lightweight aggregate surface is quite dense.
However, these previously reported results were qual-
itative in nature, based on visual observation, unlike the
results reported in this study, which is based on
quantitative analysis.

2. The results indicate that soaking the lightweight aggre-
gate prior to mixing does not appear to have a significant
effect on the microstructure of the ITZ surrounding the
aggregate as compared with dry lightweight aggregate.
This may be due to the removal of water from the large
pores of the prewetted lightweight aggregate by the
forces exerted on the aggregate during the mixing
process. The partially saturated lightweight aggregate
appears to absorb water and modify the surrounding
paste microstructure in a manner similar to the dry one.

3. The porosity of lightweight aggregate mortars, as
indicated by water absorption under vacuum saturation,
was shown to be higher than that of the normal aggregate
mortar. This can be attributed to the presence of large
pores in the lightweight aggregate. The pores in the
lightweight aggregate may not form a fully continuous
system with the pores in cement paste. However, under
vacuum saturation conditions, whatever little connection
between the pores in cement paste and lightweight

aggregate might be sufficient to allow water to penetrate
into and saturate the pores inside the lightweight
aggregate particles.

4. The sorptivity and electrical conductivity of lightweight
aggregate mortar is lower than that of the normal
aggregate mortar. The reduction in the values of these
transport properties can be attributed to the dense paste
located between 10 and 50 um from the surface of the
lightweight aggregate. The high porosity of the light-
weight aggregate does not appear to increase the trans-
port properties because it is sealed by the dense ITZ.

5. The lightweight aggregate mortar showed better resist-
ance to sulfate attack than the normal aggregate mortar
did. This appears to be due to the dense microstructure of
the paste surrounding the lightweight aggregate, which
makes it difficult for the sulfate ion to ingress into the
interior of the mortar.
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