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Superplasticizers are considered to be a new class of generic material.
They have an efficient capability of increasing the workability without
changing the mixture proportions, or reducing the required water content
at equal slump.

The present study reports results of laboratory experimental works for the
evaluation of the given admixture performance on some properties of a
plain and a microsilica concrete. In addition, the study shows the effect of
both superplasticizer and microsilica in producing a high strength
concrete with moderate cement content.

The findings indicate that the addition of superplasticizers provides
appreciable increase in concrete strength and durability. As well as the
ability of production a high strength concrete due to the presence of the
mentioned agents combination.
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INTRODUCTION

A superplasticizer with single specified mineral are widely used together as admixtures
to produce high performance concrete, which provide a high strength and durability
concrete. In order to achieve high strength and durability in concrete, it is necessary to
have a low wi/c ratio since both characteristics are basically controlled by this ratio.
The most successful method to utilize superplasticizers thereby is the enabling a low
wi/c ratio to provide an accepted workability [1]. An intensive research work was
performed by Ispas and lonescu [2] who studied the influence of superplasticizers on
some properties of concrete. They showed that, superplasticizers induced an increase in
compressive strength by about 20-40% at 28 days compared to mixes without
superplasticizers. A corresponding increase in the tensile strength was also gained as
well. In addition, the static modulus of elasticity and the in-bond between
reinforcement and concrete matrix were found to be higher. Similar findings were
reported by Brooks et al [3] and Perechio et al [4].

The addition of microsilica to concrete was found to improve both strength and
durability properties of hardened concrete by providing a more uniform distribution
with a greater volume of hydration products and by decreasing the permeability of the
cementitious matrix [5]. Recently an investigation was carried out by Rao [6] who
studied the effect of microsilica on the performance of concrete. He reported that in all
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cases, the microsilica concrete has much higher resistance to liquid penetration, and
similar results were reported by others [7,8]

INVESTIGATION STRATEGIES

It has been found from previous studies that, the common factor for reducing the
strength and the other properties of concrete is the presence of connected voids and
capillary pores. From this point, the capillary pores and voids should be decreased, and
one of the best methods to do it is by controlling the wi/c ratio of the mix [9]. During
cement hydration process, some of these capillary pores will be closed due to the
composition of the cementing gel. If the w/c ratio is greater than 0.4 in concrete, the
amount of the produced gel would be insufficient to close all the capillary pores since
these pores and voids can decrease the strength of the concrete. Therefore, the
superplasticizer can be used to decrease the wi/c ratio as much as possible while
maintaining the same initial workability. Another admixture, which is known as
microsilica, is used due to its acceptable fineness and high reactivity. Microsilica reacts
with the calcium hydroxide which is produced during the hydration of cement, this
leads to a replacement of a weak calcium hydroxide by a strong gel, and gives concrete
of a high strength and very low permeability [8].

TEST PROGRAMME

The experimental work was carried out in the materials testing laboratory at the
Faculty of Engineering, Sana’a University. The programme included testing of fresh
and hardened concrete.

MATERIALS

The following materials were used throughout this work.

a) Cement
Ordinary Portland Cement complying with ASTM C150-94.

b) Aggregate:
Natural sand from Saddah area as the fine aggregate. The grading
conformed to ASTM C33-93. Crushed aggregates with a maximum size of
12.5 mm were used as the coarse aggregate. The grading conformed to
ASTM C33-93. The specific gravities of the two aggregates were 2.64 and
2.81 for fine and coarse aggregate respectively. Both materials were used
in their natural dry conditions.

c) High range water-reducing admixture
Superplasticizer of type ( F), according to the ASTM C494, was used at
3% by weight of cement.

d) Microsilica admixture:
A highly active microsilica of 10% as partial replacement by weight of
cement was used at a dosage of 3% of superplasticizer.
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With all of the three mixes, the w/c ratios were adjusted to maintain equal
workability slump of 100£20 mm. Mixes proportions were 1:1.6:3.2 by weight
with a cement content of 350kg per cubic meter of mix.

CURING CONDITIONS

After demoulding, the concrete specimens were stored in water for 7 days at laboratory
temperature, and then the specimens were divided into two groups. The first group
comprises specimens which were kept continuously saturated with water while the
second one were left in oven at 105°C for 7 days, thereafter re-soaked in water, and
that is to study the effect of drying on the specimens, and to ensure constant weight.

PERMEABILITY MEASUREMENT

Concrete permeability was measured using square slab specimens having a side length
of 20 cm with a thickness of 12cm as shown in Fig.1. Testing of specimens was
performed at a curing time of 28 days according to the water penetration procedure
stated in DIN 1048. Within this procedure a water pressure of 1kp/ cm? was applied on
the lower face of the specimens upward and kept constant for 48 hours, then increased
to 3 kp/cm? for 24 hours, and finally raised to 7 kp/cm® for another 24 hours.
Immediately after completion of the test, the test specimens were split in two halves
and a maximum depth of water penetration was recorded. Three specimens were used
at least, and the average value was considered.
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Fig. (1): Water impermeability testing on slabs 12cm*20cm*20cm.

RESULTS AND DISCUSSION
Compressive_Strength

Compressive strength test results of specimens with and without admixtures are given
in table 1 and shown in figs. 2-7. These results may indicate the following aspects:

1. There is a considerable improvement in the strength of the admixtures concrete

relative to the reference mix (without admixtures). After a total period of 90days
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the increase in compressive strength of the most cured specimens were 59.4 and
78.8% for superplasticizer and for combined addition of superplasticizer and
microsilica concrete respectively compared to the reference concrete, tested at
the same period. This increase in compressive strength with the presence of the
admixtures was probably due to the reduction in the wi/c ratio where the use of
the superplasticizer could allow a reduction in the w/c by 25% whilst
maintaining the initial workability while the combined addition of
superplasticizer and microsilica could lead to a considerable reduction in wi/c
that is about 28% which allows the compressive strength to improve. The
increase in strength may also be attributed to the better distribution of hydration
products within the paste achieved by the addition of the admixtures.
Furthermore, combined addition of superplasticizer with microsilica admixtures
could present a new approach in producing high strength concrete with moderate
content of cement. For example, concrete specimens having cement and
microsilica contents of 315 and 35 Kg/m® respectively cured for 90 days,
resulted with a compressive strength of 77.3 MPa. This improvement in strength
of the microsilica concrete specimens may be due to the pozzolanic and filler
effects as well as the improvement in the bond strength of transition zone
between the aggregate and cement paste [10] due to the fact that the microsilica
is a very fine material, this reacts with the calcium hydroxide which, liberated
during hydration of Portland cement forming a stable cementitious products. As
a result, formation of very small pores and an improved aggregate-paste
interface are taken place in concrete with microsilica, leading to reduced
permeability and higher concrete strength.

. The compressive strength of the 7days moist cured specimens were increased by

about 46.2% for reference concrete and between 25-28% for admixtures
concrete after being oven dried at 105°C for 7days as shown in fig. 3. On the
other hand, the compressive strength of the 7days oven dried specimens after
7days curing was about 17.6% for reference concrete and between 5-14.3% for
admixtures concrete more than that of the same concrete specimens which were
continuously cured in water and tested at the same time. The increase in the
compressive strength of the dried specimens may be referred to the removal of
the free water from the structure of the paste, while lowering the strength of
saturated concrete is probably due to the existence of the disjoining pressure
within the cement paste. In addition, the increase rate of hydration, and the speed
up of the hydration chemical reactions could be another reason which might led
to the increased strength of concrete [11]. Similar findings were reported by
Pihajavaara [12] who reported that the dry strengths were about two thirds
higher than wet strengths.

. The compressive strength of the reference concrete water soaked specimens

reduced by 8.85% with respect to oven-dry one while the superplasticizer
concrete reduced by 2.2% for the first 14 days of re-soaking in water since the
microsilica concrete results showed an increase in compressive strength for the
same period. Lowering the strength in reference mix is due to a higher w/c ratio
and a greater porosity, leading to larger amount of absorbed water. Reduction
was shown to a lower value for mixes of higher strength. Thereafter, the
compressive strength of water soaked specimens began to increase continuously
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with age. At the age of 90 days, the oven dried concrete specimens showed a
compressive strength less than that of the continuously moist cured concrete.
This difference might be attributed to the induced cracks due to oven drying
shrinkage, which could not be healed again when re-soaking the concrete
specimens in water as a result of further hydration
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Fig . (2): Effect of the admixtures on the compressive strength.
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Fig . (3): Effect of oven drying on the compressive strength.
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Fig . (4): Effect of the moist state on the compressive strength of the different mixes.
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Fig . (5): Compressive strength as percent of oven drying strength for reference mix.
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Fig . (6): Compressive strength as percent of oven drying strength for
superplasticizer mix.
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Fig . (7): Compressive strength as percent of oven drying strength for microsilica mix.

SPLITTING TENSILE STRENGTH

The splitting tensile results of concrete casted with and without admixtures are given in
table 2 and illustrated in figs.8-10. According to the results, the following observations
are made:

1. The admixtures concrete exhibits a higher splitting tensile strength than the
corresponding reference concrete. At 90 days of moist curing the increase in the
splitting tensile strength was about 37.1 and 46.1% of superplasticizer concrete
and the combined addition of superplasticizer with microsilica admixture
concrete respectively compared to the reference concrete tested at the same
curing period. These results are confirmed by other investigations [13,14] where
the higher splitting tensile strength of the admixtures concrete may be attributed
to the reduction in the w/c ratio leading to the lower amount and size of capillary
pores that are present in the admixtures concrete compared with reference
concrete. Furthermore the improvement in the splitting tensile strength of the
microsilica concrete specimens may be referred to the performance of pozzlanic
and filler. In general, the results indicated that, the pattern of the indirect tensile
strength behavior is similar to the compressive strength.

2. The splitting tensile strength of the 7 days water cured specimens was increased
by about 9-16.5% after being oven dried at 105°C for 7 days.

3. The splitting tensile strength of the 7 days oven dried specimens after being
moist cured for 7days was between 0.7-7% more than that of similar concrete
specimens continuously cured in water and tested at the same curing time.

4. The tensile splitting strength of the oven dry concrete specimens was reduced by
about 7% for reference concrete and 1-2.4% for the admixtures concrete after 14
days of re-soaking in water. This reduction was then followed by an initial
higher rate of strength gain, which gradually decreased with time, but the
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strength didn’t reach that of the continuously moist cured concrete as show in
fig. 10. After the age of 90 days the splitting strength increased by about 2.8%
for the reference concrete and 4.3-9% for the admixtures concrete compared
with the dry strength before re-soaking in water.

5. The concrete specimens, which were continuously cured in water after de-
moulding without drying, showed a continuous increase in the tensile splitting
strength. After the age of 90 days the increase in the strength was about 9.2-21%
higher than that of specimens cured for 14 days of wet curing, and was between
5.8-13.4% higher than the oven dried concrete specimens and re-soaking with
water to the same period of curing. The increase in the strength for the reference
concrete specimens was the highest among all concrete mixes.

PERMEABILITY OF CONCRETE

The permeability of concrete consider to be a guide of its durability, and it is one of the
prime necessities specified by the design codes and specifications of concrete
structures, and for liquid retaining structures [15]. keeping the liquids in a storage is
important with the need of concrete deterioration prevention due to percolation of
aggressive agents. Water penetration results of concrete with and without admixtures
are shown in fig. 11. The results revel that, the superplasticizer concrete has a lower
permeability than the corresponding reference concrete specimens of similar
workability, and this improvement in permeability may be attributed to the ability of
the superplasticizer to reduce the mixing water. Most of the previous researches
[16,17] agree in that, the w/c ratio has a significant effect upon permeability, since
reducing the wic, leads to a reduction in the permeability too. Furthermore, the higher
reduction in the permeability occurs in the admixtures concrete specimens of the
combined addition of superplasticizer and microsilica. Obtaining a lower permeability
of microsilica admixture concrete compared with others mixes can be attributed to the
increase in density of concrete with microsilica admixture, resulting in the
transformation of large pores into fine pores thereby causing pore refinement. Pore
refinement occurs due to the conversation of Ca(OH), into a secondary hydration
forming calcium silicate hydrate gel, which effectively fills up large voids in hydrated
pozzolanic Portland cement concrete [18].
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Fig . (8): Effect of the admixtures on the splitting tensile strength
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Fig . (11): Effect of admixtures on the depth of water penetration of concrete
impermeability test after curing in water for 28 days.
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Specimens Compressive strength (MPa) at different
S pecir curing time(days)
g wic condition at 7days
> thesecond | ° 4 14 28 60 90
week ;
curing
Wet 366 | 4041 | 4204 | 4323
REF 0.54 29.43
Oven dried 4303 | 3924 | 4208 | 42.37
Wet 55.18 60.61 66.72 68.90
HRW | 0.40 49.22
Oven dried 63.08 | 61.70 65.91 67.58
Wet 63.90 75.46 76.34 77.30
MSA | 0.39 53.59
Oven dried 67.10 70.76 73.74 74.68

Table 2: Test Results for the Splitting Tensile Strength of Concrete Specimens.

_ Splitting tensile strength (MPa) at different
o Specimens condition curing time (days)
g wie at the second week 7days wet
& X 14 28 60 90
curing
Wet 2.65 | 2.85 | 2.96 | 3.21
REF | 0.54 2.43
Wet 403 | 430 | 434 | 44
HRW | 0.40 3.66
Oven dried 416 | 4.06 | 4.25 | 4.34
Wet 419 | 455 | 468 | 4.69
MSA | 0.39 3.87
Oven dried 422 | 418 | 435 | 4.60

REF : reference mix without admixtures
HRW : superplasticizer mix (3% HRW )
MSA : combined addition of superplasticizer and microsilica mix (3%HRW +10%MS)
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CONCLUSIONS

Considering the study results, the following conclusions may be drawn:
1. The compressive strength of the admixtured concrete is higher than that of non-

10.

11.

admixtured concrete, and the performance of the microsilica concrete is the best
among of those admixtured. The combined addition of the superplasticizer and
microsilica introduces a further approach of producing high strength concrete
with moderate cement.

. The concrete-containing admixtures exhibit higher tensile splitting strength than

the corresponding reference concrete.

. A significant reduction in the permeability was observed for the admixtured

concretes.
A higher reduction in permeability was also detected in concrete specimens with
the both superplasticizer and microsilica admixtures.
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	REF    : reference mix without admixtures

