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Abstract

In this study, the durability of normal portland cement mortar and silica fume mortar are characterized by measuring the water permeabil-
ity under four different types of curing temperatures. It is observed that the water permeability of normal portland cement mortar increases
as temperature increases up to 75°C. However, the water permeability of silica fume mortar decreases as the temperature increases. This in-
dicates that the high pozzolanic reaction and microfiller effect of silica fume at medium temperature has modified the open channels at the

transition zone of silica fume mortar, making it much denser and stronger and leading to a fine and discontinuous pore structure. © 1999

Elsevier Science Ltd. All rights reserved.
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In hot weather, where the temperature occasionaly rises
over 35°C, the durability of concrete or mortar decreases
while its permeability increases dueto cracking [1,2]. Long-
term exposure to high temperatures such as in power plants
and chemical plants can also increase the potential for rein-
forcing steel corrosion. Thisis due to the increased cracking
of concrete, which possibly makes the ingress of corrosive
solutions easier.

The use of silica fume in concrete or mortar to produce
high strength, good chemical resistance, and low water and
air permeability is the subject of many publications [3].
However, the influence of a medium temperature range of
20-75°C on the water permeability of high performance
mortar is rarely determined.

Therefore, the intention of this study is to show that the
water permeability of high performance concrete or mortar
under medium temperature environments can be improved
by using concrete incorporating silica fume together with
sufficient curing method. In this study, the mortar was used
instead of concrete to maximize the amount of paste in the
mix and to avoid further complications by another variable
involving different types of coarse aggregate.

* Corresponding author. Tel.: 603-829-6212; Fax: 603-829-6147; E-mail:
fauzi @eng.ukm.my.

1. Experimental procedure
1.1. Material

Normal portland cement was used in this study. For min-
eral admixture, silica fume (Elkem Microsilica grade 940-U;
Elkem Materials and Carbon, Oslo, Norway) was used as
10% replacement of cement on mass to mass basis. The spe-
cific gravity of silicafumewas 2.24. River sand was used as
fine aggregate. Type “SP-8N” high range water-reducing
agent was used with the air-entraining admixture to act as
air content adjustment.

1.2. Mix proportions

The detailed mix proportions of the mortar paste are
listed in Table 1. The control mixtures were proportioned to
aslump flow of 200 = 10 mm and air content of 3 = 1% by
using air-entraining admixtures and high range water re-
ducer. In the temperature control room, the mixtures were
mixed for 5-7 min, using a pan-type revolving paddle mixer
of 0.05 m® capacity.

1.3. Specimen preparation and storage

After the properties of fresh mortar, such as temperature,
slump flow, air content, and unit weight, had been measured
(see Table 2) al cylindrical mortar specimens, 100 mm di-
ameter X 200 mm long, were cast in cast iron molds. All
specimens were cast in a standard manner. Cylinders from
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Tablel
Details of mix proportions
Unit weight (kg/cm?)
Type of mix w/c (%) Cement Sand Water SP-8N (X C%) AE Adm. (XC%) Target flow Target air content (%)
NPC 100 25 1 0.97 0.25 10 1.80 200 = 10 30+1.0
SF 100 25 1 0.97 0.25 0.8 3.00 200 + 10 3.0+ 1.0

Note: Silicafume was used on the basic weight of 10% replacement of cement.

each mix were prepared for the water permeability test. The
specimens were exposed to the following curing conditions,
namely;

1. Wrapped-dry air (WWD) curing. Immediately after
casting, the specimensin their molds were covered with
aplastic sheet and stored in the curing room at 20°C.

2. Dry air (DD) curing. Immediately after casting, the
specimens in their molds were covered with a plastic
sheet and stored in the curing room at 20°C.

3. Water-dry air (WD) curing. Immediately after cast-
ing, the specimensin their molds were covered with a
plastic sheet and stored in the curing room at 20°C.
At the age of 2 days, the specimens were demolded,
marked, and immersed in water at temperature of 20°C.

At the age of 6 days after casting all surfaces of the spec-
imens except the top and the bottom were treated with two
coats of epoxy (Araldite AV 138; Ciba-Geigy, Tokyo, Japan).
This allowed a unidirectional drying through two untreated
faces. At the age of 7 days the specimens were transferred
into four air-ventilated ovens, which controlled the tempera-
ture at 20, 35, 50, and 75°C. All specimens were cured in
this manner for 7, 14, and 28 days. The total age after cast-
ing of the respective group of specimens prior testing are
14, 28, and 56 days. At the age of 14, 28, and 56 days, the
mortar specimens were removed from the air-ventilated ov-
ens and were cut into three dices using a 1.7-mm thick high
speed water-cooled diamond grid blade. 25-mm thick slices
from the top and bottom were then removed and the remain-
ing three 50-mm thick slices were used as test specimens.
Fig. 1 shows the coating and cutting method of mortar spec-
imens. Immediately after the slices were obtained, they
were marked and transferred into an air-ventilated oven,
which controlled the temperature at 20°C to alow the sur-
face moisture, absorbed during the cutting process, to dry
out. On the following day, all the specimens were weighed

and transferred into a temperature-controlled oven at 105°C
until constant mass was reached (measured as a mass
change, not exceeding 0.1% over the 24-h period).

1.4. Test procedure

Thetest rig illustrated in Fig. 2 was used to measure the
water permeability. Thistest rig is similar in concept to the
rig designed and used by Taywood Engineering Limited [4].
It comprises atop and bottom mild steel plate that bolts to-
gether onto an acrylic sleeve with O-ring seals at each end.
A 2-mm diameter hole was drilled through the center of the
base plate to form the water inlet. The specimens were
placed in an acrylic mold and the annular spaceisthen filled
with silicone sealant. After the silicone sealant had been
cured for 24 h, the specimen was removed from the mold
and weighed before being installed in the test rig. Water was
introduced into the test rig from the bottom. As the test rig
was being filled with water, the quantity of absorbed water
was measured at an interval of 10 min by reading the vol-
ume of flow rate through a calibrated glass tube. The in-
creases in moisture content in the specimen during the test
were determined by weighing the specimen again after the
test was completed. The water permeability can be deter-
mined according to Darcy’s law [5,6].

2. Resultsand discussion
2.1. Properties of fresh mortar

The properties of fresh mortar are given in Table 2. Mor-
tar incorporating silica fume was caled SF 100 and hormal
portland cement mortar was called NPC 100. The average
slump flow for the NPC 100 and SF 100 were 212 and 190
mm and air content was observed to be 2.90 and 3.50%, re-
spectively. The average 28-day compressive strength for the
NPC 100 and SF 100 at 20°C were 84 and 94 M Pa, respectively.

Table2
The properties of fresh mortar
Type of specimen wi/c (%) Type of curing Flow Air content (%) Density (kg/m°) Mortar temperature (°C)
NPC 100 25 Water-dry air 212 29 2330 22
Wrapped-dry air 212 29 2330 22
Dry air 212 29 2330 22
SF 100 25 Water-dry air 181 35 2274 22
Wrapped-dry air 203 34 2263 22
Dry air 187 35 2273 23
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Fig. 1. Coating and cutting method of mortar specimens.

2.2. Water permeability

In order to study the influence of medium temperature
environments on the durability of high performance mortar,
the water permeability rates have been measured and are
given in Table 3. The water permeability rates were practi-
cally decreased as the age increased except for NPC 100 un-
der 50C and 75°C, subjected to DD curing. At this point,
there are two possible reasons for the increase in water per-
meability of NPC 100. First, the rate and degree of hydra-
tion are affected by the loss of water at an early age, thereby
increasing the water permeability. Also it is believed that
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~

when mortar specimens are exposed to medium tempera-
ture, the total pore volume increases, which affects the dis-
tribution of pore sizes and creates additional pore space in
hardened cement paste [7,8]. The increase in porosity due to
increased temperature leads to a decrease in the bulk mass
density of cement paste. Although low water/cement ratio
(25%) was used to minimize the volume of porosity, quick
drying under 50-75°C of DD curing would lead to localized
areas of high porosity in the hydrated cement paste and an
increase in the water permeability of NPC 100 mortar. Sec-
ond, it may be due to microcracks or shrinkage cracks re-
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Fig. 2. Water permeability test rig.
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Table3
Water permeability coefficient

Water permeability coefficient
(X10 m/s)

Typeof specimens  Temperature (°C) 14days 28days 56 days
NPC, WD 20 7.1 6.5 5.7
35 6.8 6.1 6.1
50 7.1 6.2 51
75 6.8 6.1 54
NPC, WWD 20 7.8 72 6.2
35 72 6.9 58
50 75 7.1 55
75 7.6 72 5.6
NPC, DD 20 7.6 7.1 6.8
35 75 7.3 6.4
50 74 72 6.4
75 7.3 7.7 6.8
SF, WD 20 54 57 438
35 5.6 5.8 45
50 55 5.2 4.2
75 46 47 39
SF, WWD 20 6.0 6.2 59
35 6.2 6.2 6.1
50 53 52 54
75 4.8 51 42
SF, DD 20 6.8 6.7 6.7
35 7.0 6.4 6.5
50 6.4 5.8 48
75 7.1 53 44

sulting from thermal stresses occurred during drying at
105°C. Under these conditions, the presence of microcracks
on the surface area and at the transition zone of the speci-
mens could have a major influence on the results of the
NPC 100 specimens.

As observed from Table 3, the silica fume mortar under
WD curing showed the lowest water permeability. The dif-
ference between the results for WD curing and WWD cur-
ing is small, while the results of DD curing show that the
mortar is more permeable for the specimens that are cured
with DD method. The results indicate that the silica fume
mortar under DD method suffers from poor curing and
gives no protection against evaporation. According to the
test results, the water permeability of NPC 100 practically
increased as temperature increased. However, water perme-
ability of silica fume mortar had a tendency to decrease as
the temperature increased. The lowest water permeability of

al specimens was observed at the age of 56 days under WD
curing. Thisindicates that the high pozzolanic reactivity and
microfiller effect of silicafume a medium temperature have
modified the open channels at transition zone in silicafume
mortar, making it denser and stronger and leading to a fine
and discontinuous pore structure [9]. Similar to the results
of compressive strength, the water permeability of silica
fume mortar under medium temperature environments can
be improved with a sufficient curing method, such as cover-
ing with sheet and spraying with water at the early age.

3. Conclusions

The silicafume mortar produced low water permeability
rate under the temperatures of 50 and 75°C. It can be con-
cluded that the high pozzolanic reactivity and microfiller ef-
fect of silica fume a medium temperature have modified
the open channels at transition zone in SF mortar, making it
much denser and stronger and led to a fine and discontinu-
ous pore structure.
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