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ABSTRACT

This research revisits on high strength concrete (HSC) using common admixtures, looking at
the fundamental requirement to achieve the HSC. Basic requirement of HSC is low
water-cement (w/c) ratio. In this project, silica fume (SF) is the mineral admixtures chosen to
be applied in the mix, and Super plasticizer (SP) is the chemical admixtures used to enhance
workability while reducing water content. The SP and SF portions influence on compressive
strength are studied. Concrete cubes size 100 x 100 x 100 mm are casted and tested for
compressive strength. The highest average 7 days’ compressive strength achieved is about 49
MPa. Thus, the expected strength after 28 days is 70 MPa, equivalent to concrete grade C70.
In this study, the mix with 10% of silica fume to cement content, and 0.04 liter of super
plasticizer to one m® concrete mix seems to produce the best result.
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1. INTRODUCTION

High strength concrete (HSC) is a concrete mixture for high durability and high compressive

Journal of Fundamental and Applied Sciences is licensed under a Creative Commons Attribution-NonCommercial 4.0
International License. Libraries Resource Directory. We are listed under Research Associations category.




N. M. Noret al. J Fundam Appl Sci. 2017, 9(3S), 546-554 547

strength (more than 50 MPa) when compared to common conventional concrete (20 to 40 MPa)
[4]. The product can be more economical even though its initial cost can be higher compared to
the common conventional concrete. This is because the used of HSC will generate a lighter
structure, more long lasting structure and the service life of the structure can be extended. Due
to this condition, the structure can resist damage and this will decrease overall cost for
maintenances. Proper design and production are the main factor that will influence the quality
of the HSC [10-22].

This research will revisit the development of HSC. The used of HSC in the construction
industry, especially in the construction of bridges, skyscrapers, mega structures and many other
type of structures that demand the used of high strength concrete is the main motivation for this
technology [3]. The used of the HSC will be very beneficial since it will reduce the size and
weight of the structure and consequently will reduce the size of the foundation. Besides that, the
usage of HSC will be more economical for life-cycle cost performance. Further, it will reduce
the use of natural resources such as cement and aggregates due to smaller structural
elements.The objectives of this research are to design and test HSC mix using state-of-the-art
technique in order to achieve mean compressive strength of 40 MPa or more in 7 days, and to
investigate the effects of using silica fume (SF) and super plasticizers (SP) on compressive
strength of concrete [1].Finally, the effect of carbon fiber in concrete mix will be tested.

Based on the literature, the pillars of practical mix design for HSC are low water-cement ratio,
used of super plasticizers, application of cement with a high strength [6] potential and
application of pozzolans and in particular silica fumes [14, 21]. HSC can be produced with
water-cement ratios in the range of 0.22-0.40 and the resulting 28-days compressive strength
are in the range of 60 to 130 MPa. The maximum size of coarse aggregates should be kept to
a minimum at 9-12 mm in order to achieve optimum compressive strength with high cement
content and low water-cement ratio. According to [8] to make the concrete mix design for
high performance concrete (HPC), the aggregates size used in the matrix should be less than
2.5mm and the water cement ratio should be less than 0.24 [2]. The usage of the SP is highly
recommended because of the high fines [5] requirements for cohesiveness of the mixed and

rapid slump loss. The SF plays the roles of filler due to its fine particle size and
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pozzolanicmaterial, its ability to react with free lime and leading to formation of hydro
silicates. SF plays a positive part up to approximately 20% content and has the most important

effect when reaching 10 to 15% content, regardless of water-cementitious material ratio [9].

2. METHODOLOGY AND RESULTS

2.1. Effect of Silica Fume and Superplastisizer on Concrete Strength

In revisiting the HSC, the experimental works begin with the trial mix. As shown on Table 1,
the trial mixes involve using simple HSC mix of 1:1:2 (Cement: Sand: Aggregate ratio) with
0.5 w/c ratio. Second mix will reduce w/c ratio to 0.25 and to use super plasticizer (SP). While,
the third mix is to add silica fumes (SF) to the second mix. The results are as shown on the same
table. Mix 2 shows direct impact of reducing the water ratio by half will double up the strength,
provided SP is added to help on workability. While, adding 10% SF in Mix 3 do not show any
strength improvement.

Table 1.The trial mix for 28" days compressive strength

Mix Materials in 1 m*Concrete Batch, kg/m3 Super- w/c Average

Cementitious Total Water Fine Coarse Plasticizers  Ratio Compressive

Material Agg. Agg. Strength
Cement SF L/m’ by wt. MPa
1 1.5 - 1.5 0.75 1.5 3.0 - 0.5 36.13
2 1.5 1.5 0.37 1.5 3.0 0.15 0.25 75.89
3 1.5 0.15 1.65 0.37 1.5 3.0 0.15 0.25 71.96

Further, we formulate another mix and test for silica fume optimum content. The amount of
silica fume used in the mix was 30, 20 and 10% of cement weight. The mix design which
obtained the optimum compressive strength will be selected to test the effect of super plasticizer
on the mix. The results are as shown on Table 2. Mix 1 with 10% silica fume to cement content
tends to give the best result. While, adding more SF in Mix 2 and 3 do not show much strength

improvement.
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Table 2.Mix design of HSC with various percentages of silica fumes
Mix Materials in 1 m’Concrete Batch, kg/m3 Super- w/e Average 7
Cementitious  Total Water Fine Coarse Plasticizers  Ratio Days
Material Agg. Agg. Compressive
Strength
Cement SF L/m’ by wt. MPa
Contro
26.65
1 1.95 - 1.95 0.76 2.6 4.45 0.01 0.39
1 1.95 0.20 2.15 0.76 2.6 4.45 0.01 0.39 35.76
2 1.95 0.39 234 0.76 2.6 4.45 0.01 0.39 28.12
3 1.95 0.58 2.53 0.76 2.6 4.45 0.01 0.39 25.55

Next, we formulate another mix and test for super plasticizer optimum content. The amount of

super plasticizer used to test the effect on compressive strength was 0.10 L, 0.08 L and 0.06 L,

all for per m’ of concrete mix. The SF content is fixed at 10% of cement content. The results are

as shown on Table 3 and Fig. 1. Mix 4 with 0.04 L SP per m’ of concrete gives the best result.

Table 3.Mix design of HSC with various volumes of super plasticizers

Mix Materials in 1 m*Concrete Batch, kg/m3 Super- w/c Average 7

Cementitious Total Water Fine Coarse Plasticizers  Ratio Days
Material Agg. Agg. Compressive

Strength

Cement SF L/m’ by wt. MPa
Contro 1.95 0.2 215 0.56 2.6 4.45 - 0.29
41.30
1

1 1.95 0.2 215 0.56 2.6 4.45 0.10 0.29 42.64
2 1.95 0.2 215 0.56 2.6 4.45 0.08 0.29 44.73
3 1.95 0.2 215 0.56 2.6 4.45 0.06 0.29 44.84
4 1.95 0.2 215 0.56 2.6 4.45 0.04 0.29 48.77
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Average Compressive Strength vs Superplasticizer graph
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Fig.1. The optimum amount of superplasticizer

2.2.The Effect of Carbon Fiber (CF) in a Concrete Strength

In this research, the variable of the experiment is the amount of short and chopped carbon
fiber which are 5g, 10g, 15g and 20g CF per mix which converted into 0.05%, 0.11%, 0.16%
and 0.22% of CF respectively by weight of concrete cube.Table 4 shows the result of control
mix, Mix 1 that contains 0.05% of CF, Mix 2 contains 0.11% of CF, Mix 3 contains 0.16% of
CF and Mix 4 contains 0.22% of CF by weight of the concrete cube. The highest average
compressive strength for 7 days is 56.3MPa and the highest average compressive strength for
28 days is 78.33MPa, both from Mix 3.

Table 4. The compressive strength of the CF mix design

Research Mix Design

Age of
Contro  Mix1 Mix2 Mix3 Mix4 Mix1 Mix2 Mix3  Mix4
Concret
IMix 0.05% 0.11% 0.16% 0.22% 0.05% 0.11% 0.16% 0.22%
e Cube
Concrete Strength Difference
(days) Mean Compressive Strength (MPa)
Compared to Control Mix (%)
7 44.0 48.7 52.7 56.3 54.8 9.65 16.51  21.85 19.71
28 68.4 67.5 74.83 78.33 71.43 -1.33 8.59 12.67 4.24

3. DISCUSSION AND CONCLUSION
The experimental result shows that, for silica fumes content, the highest strength is achieved at

10% silica fume relative to cement content by weight. The hydration rate of silica fumes mainly
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depends on two main parameters, which are the water-cement ratio and the silica fume content.
For the low water-cement ratio, silica fume particles absorbed the water content available for
cement hydration, resulting in less water directly contributing to the hydration process of the
cement [6]. The slowing down of the hydration process diminishes the early age compressive
strength before the pozzolanic reaction contributes to the resistances [9]. The total heat of
hydration in the first 10 days depends on the amount of silica fume added to the mix. The
highest strength achieved with 10% of silica because it increases heat of hydration due to the
pozzolanic effects. When the silica fume was increased to 30% of cement content, the
compressive strength decreased because the hydration rate of cement slows down and there is
less water to react with cement. Since reaction is slow, the reaction may not be completely done
in 7 days, therefore reduced the early strength of the concrete. In this research, results show that
silica fume did not produce an immediate strength enhancement. Higher strength was not
achieved in early age, probably due to the dilution effect of the pozzolan and as well as the slow
nature of pozzolanic reaction [18]. Based on that reason, the silica fumes can be beneficial to
increase the compressive strength of the concrete in the later stage while controlling the heat of
hydration.

Further, as for the super plasticizer, the highest strength is achieved at 0.04 L of SP content per
m’ of cement mix. Study shows that super plasticizer will slow down the hydration process. The
higher the volume of super plasticizer, the slower the hydration process will be. Though,
increment in the dosage of the admixture will enhance the compressive strength, there is still an
optimum limit for the usage of admixture. Over dosage of SP will cause bleeding and
segregation, which will affect the cohesiveness and uniformity of the concrete. As a result,
compressive strength will be decreased if the used dosage is beyond the optimum dosage, this is
inline with statement by [16].As for the use of Carbon Fiber (CF) as admixture, the highest
average 28 days’compressive strength is 78.33 MPa which contains of 0.16% CF by weight of
the concrete. This is the optimum strength achieved in the research. The improve in strength is

12.67% relative to the control mix [7].
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