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Abstract 
 
Concrete is considered as an important building material used for 

construction. This study aims to investigate the potential of silica fume to 

enhance the mechanical and physical properties of structural concrete. Silica 
fume is an industry-based non-metallic and non-hazardous waste material 

that is suitable for strengthening cement composites and concrete strength. It 

was used as an additive material with a cement weight range of 5 per cent, 10 
per cent and 15 per cent. After 7 and 28 days of water curing, compression, 

breaking, flexure tests and density were achieved. Sorptivity and water 

absorption after 28 days have been tested. The results show that the density 

and flexural strength substantially increased with an increase in silica fume, 
while sorptivity and absorption of water decreased. By increasing the 

percentage of silica fume, the price gain in the compressive and tensile 

strength increased. In this analysis, a maximum compressive and tensile 
strength of 7 and 28 days was obtained by adding 15 per cent of silica smoke 

while sorptivity and water absorption showed a maximum value of 0 per cent 

of silica smoke. A maximum value of 10 per cent silica fume was seen for 

flexural strength (bending stress). In addition, standard silica fume concrete 
specimens have comparable sorptivity, with a mix without silica fume. 
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1 Introduction 
 

Concrete is known to be an important building material used for 
construction purposes. The required concrete mix depends on the density, 

strength, workability and durability requirements[1]. By incorporating 

pozzolanic materials such as Ground Granulated Blast Furnace Slag 

(GGBFS), Fly Ash ( FA) and Silica Fume (SF)[2], concrete properties such 
as strength that are enhanced. In concrete and mortar, these materials are 

used to minimize the adverse effects of ordinary Portland cement ( OPC), 

cost, waste material by-products of industrial activities that are 
environmentally harmful and generate high-performance concrete[3]. 

There are no cementitious characteristics of additional cementitious 

materials (fly ash and silica fume), but they have a pozzolanic characteristic. 
They react to the process of cementing composites[4] with Ca(OH)2 released 

when Portland Cement (PC) hydrates. To manufacture high strength concrete 

(HSC), they are used separately / combination. The hydration process takes 

place when water is applied to the cement, and calcium silicate hydrate 
containing Ca (OH)2 is formed. In the presence of SF, silicon dioxide can 

react with calcium hydroxide to produce further aggregate CSH binding, as 

shown in equations 1 and 2 [1, 5], respectively. 

 (1) 

            (2) 

SF has been one of the largest reactive pozzolanic materials due to its 
high surface area with ultrafine particle size (approximately 100 times) finer 

than cement, which contributes to filling the voids between cement particles 

with a cement weight percentage of (0 to 30) percent [6, 7]. Normally, as a 
cement substitute material and an additive, it is used for concrete in two 

ways. For structural applications that involve High Strength Concrete (HSC) 

> 70 N / mm2 and concrete safety exposed to high mechanical stress SF, 

concrete enhancement may be used. SF may be used to strengthen concrete 
properties, which through a pozzolanic reaction reduces the Ca (OH)2 and 

enhances the microstructure. The mechanical properties and toughness of 

concrete[8] are thus enhanced. The first use of SF was triggered primarily by 
global air pollution control measures to control the release of material into 

the air[9]. In recent years, however, SF has received great attention on the 

right percentage that can enhance concrete properties in fresh and hardened 
conditions such as strength , toughness and cohesiveness. As their SiO2 

interacts with the calcium hydroxide formed by hydration of OPC[10], SF 

causes lower porosity and permeability. 
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Mazloom et al.[11] investigated the impact of SF on High Strength 

Concrete (HSC) mechanical properties. To boost HSC's compressive 

strength, SF was used as a cement substitute with a range of 0, 6, 10 and 15 
percent. At 7 , 14, 28, 42, 90, 365 and 400 days , the compressive strength 

was checked. The results showed that the lowest increase in control intensity 

increased from 46 MPa at 7 days to 64 MPa at 90 days for control. This may 
be attributed to the hydration of the control group, which was at a less 

advanced stage and showed substantial improvements in power. However, 

with 15 percent of SF, the largest rise in intensity rose from 53 MPa at 7 days 
to 76 MPa at 90 days. After 90 days, however, the development in strength 

was negligible. This may be due to the rapid formation of the prevention of 

the reaction product layer and the blocking of additional SF reactions beyond 

90 days with Ca(OH)2. The density and compressive strength of high 
performance concrete were studied by Kadri et al.[12]. Silica fume was used 

from (10 to 30) percent with w / c+sf of 0.25 as cement substitute. The 

compressive strength was estimated from 1 to 180 days and the weight was 
freshly combined. The findings showed that pozzolanic's greatest effect is 

attributed to 10 and 20 percent of SF, while 30 percent of SF alternates the 

pozzolanic effect with the granular distribution of a high number of SF 

particles. With 10 percent of SF, which increased from 40 MPa to 120 MPa, 
the maximum compressive intensity was from 7 to 120 days, while the 

lowest amount was 30 percent, which increased from 20 MPa to 90 MPa. For 

specimens without SF, however, the greatest density was 2551 kg / m3, 
which decreased to 2495 kg / m3 when 30 percent of SF was used. 

The effect of SF on the mechanical and physical properties of recycled 

aggregate concrete was studied by Çakır and Sofyanlı [13]. SF was used as a 
cement substitute in the range of 0, 5 and 10 percent. At 7 and 28 days, 

compressive and splitting tensile strength were tested. The results showed 

that, with increasing SF material, the compressive strength decreased. At 7 

days, the concrete compressive strength with 5 % and 10% of SF decreased 
by 6% and 12 % , respectively, relative to that without SF. However, the 

compressive strength of a mixture of 5 % and 10% of SF at 28 days was 

reduced by 1% and 11 % , respectively. This is due to the SF's pozzolanic 
influence, which triggered an increase in intensity after 7 days. With 10 per 

cent of SF at 7 and 28 days followed by 5 per cent, the maximum percentage 

gain in tensile splitting intensity was. This could increase the matrix and 
transition zone between aggregates and cement mortar due to the ultra-fine 

particles of SF which decreased the porosity. The decrease in the amount of 

micropores has also caused mechanical efficiency to increase. 

Benlib et al. [14] examined the compressive, flexural strength and 
sorptivity of self-compacting mortars. 6 percent, 10 percent and 14 percent of 

SF substituted cement. Capillary water absorption was measured at 5, 10, 30, 

60, 120 and 1440 minutes, while compressive and flexural strength were 
measured at 7 and 28 days. It dropped to 47 MPa and 44 MPa. 
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When the SF increased up to 6%, however, the compressive strength 

improved to 68 MPa at 28 days, accompanied through a decreasing in 

strength to 58 MPa if SF improved to 10%. Then when 14 percent of SF was 
used, it increased marginally to 59 MPa. This behaviour was explained by 

the large pozzolanic reaction and micro-fill effect of SF [15]. However, the 

flexural strength at 7 days of the control was decreased to 7.1 MPa when up 
to 6% of SF was used. Then it increased slightly to 7.8 MPa with 10% of SF. 

followed by a decrease in strength to 6.8 MPa with 14% of SF. The 28 days' 

results showed the strength was increased to 9.1 MPa when up to 6% of SF 
was used, followed by a decrease in strength to 8.9 MPa with 10% of SF. At 

14% SF the results showed there is a small but clear increase in strength to 

9.2 MPa with increasing SF. However, the results of sorptivity coefficients 

showed that the highest value was 3.35 × 103 cm/s 
0.5

 for the concrete with 
6% SF, while the lowest value was 2.84 × 103 cm/s 

0.5
 for the concrete with 

10% SF due to filler effect of SF as well as pozzolanic activity [16]. The 

effect of SF on the properties of autoclaved aerated concrete (AAC) was 
investigated by Almajeed and Turki [17]. SF with a cement weight range of 

0, 4, 8, 12 and 16 percent was used. Compressive strength and bulk density 

were measured. They found that by increasing SF up to 12 percent, the 

compressive strength improved. The lower value was 2.9 MPa for control, 
followed by 3.31, 3.35 and 3.83 MPa for AAC with 4% SF, 8% SF and 12% 

SF, respectively. The reaction created between SF and free cement caused by 

cement hydration produces additional C-S-H gels, which resulted in high 
compressive strength [18]. Then, with 16% SF, it decreased to 4.1 MPa. 

AAC dry densities decreased marginally by up to 4 percent with a rise in SF. 

Nevertheless, the results showed that the density increased significantly with 
the rise in SF, which increased from 490 kg / m3 to 493 kg / m3 due to the 

low SF content, at 8% SF and above. The above research showed that SF has 

a major impact on improving the concrete properties that can be used as a 

substitute for cement, although a few published reports dealing with SF as 
additive materials have been published. Therefore, this thesis aims to study 

SF's effect on the improvement of NC's physical and mechanical properties. 

 

2  Experimental Information 
 

2.1 Materials and Mix Proportions 
 
2.1.1 Cement 
 

In compliance with BS EN 197-1[19], Portland Cement (CIM I) was 

used with a compressive strength which is larger than 23 MPa for 7 days and 

15 MPa for 3 days. 
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2.1.2 Aggregate 
 

Natural sand (0-4.75 mm) and crushed gravel (4.75-20 mm) were used as 
fine and coarse aggregate respectively according to BS EN 812-102 [20]. 

 

2.1.3 Superplasticizer  
 

According to ASTM C494-05, Glenium® 54 is taken as superplasticizer 

[21]. 
 

2.1.4 Silica Fume (SF) 
 

High amorphous silicon dioxide is present in Silica Fume ( SF) and 
consists of very small spherical particles. In ASTM C1240-03 [22], the 

chemical composition and physical properties of the SF are indicated. 

 

2.2 Mix Proportion 
 

Water cement ratio of 0.5 with 0.3 percent superplasticiser' and 0, 5, 10 

and 15 percent SF, as shown in Table 1. The mix used consisted of one part 
Portland cement to one and a half sand and three parts gravel. 

Table 1: Mix proportion for NC mixtures 

Material Kg/m3 

 Mix1 Mix2 Mix3 Mix4 

Cement 350 

Coarse aggregate (gravel) 1050 1050 1050 1050 

Fine aggregate (sand) 525 525 525 525 

Water 150 150 150 150 

Superplasticizer (SP) 1.05 1.05 1.05 1.05 

Silica Fume (SF) 0 17.5 35 52.5 

 

2.3 Experimental Procedure 
 

The cement, fine, coarse aggregate and SF were blended for 2 min; then 

70% of water with SP is included and mixed for five minutes, next rest-of 
water is inserted and mixed for three minutes.  

 

2.4 Casting and Test of the specimens 
 

For the compression measure, a 100 mm cube was used. In accordance 

with BS EN 12390-3 [23], the compressive strength of the concrete was 

calculated. To calculate the splitting tensile strength in accordance with BS 
EN 12390-6[24], a small cylinder with a diameter of 100 mm and a height of 

200 mm was used.  
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However, flexural strength test is achieved on beams with a 3 point 

bending dimension of (100 ⁇ 100 ⁇ 400) mm in compliance with BS 

12390-5 [25].  Dry density was determined according to BS 12390-7 [26]. 

The specimens were demoulded about 24h then merged in water. For each 

mixture, the mean value of three specimens was stated. Dry density, 
compressive, splitting tensile and flexural strength tests were conducted at 7 

and 28 days, while sorptivity and water absorption were tested after 28 days.  

  

2.5 Sorptivity 
 

The capillary suction of concrete was measured on a cylinder with 

measurements of 33 ⁇ 70 ± 5 mm by sorptivity process. After the specimens 

were put in an oven at 70 ° C ± 5 ° C until a constant weight according to BS 

EN 772-11 [27], they were put in a shallow water covering tray at a depth of 
5 mm held by small plastic spacers." The specimen was weighted at 10 

different times (1, 4, 9, 16, 25, 36, 49, 64, 81 and 100 minutes) after surface 

drying and the absorbed volume / surface area was measured. The 

accumulative absorption of water rises as the square roots of the time elapsed 
(t). 

                (3) 

 
 

2.6 Water Absorption 
 

Cylinders with dimensions of 33 to 70±5 mm were used to test the water 

absorption of concrete. The specimens were left to cool for 24 ± 0.5 h after 
being placed in the oven at a steady mass of 70 ° C ± 5 ° C. After the 

specimens were exposed to water for 7 days, capillary absorption was 

measured. They were weighed-up on a balance after being eliminated from 

the water. Water absorption (Wa) is determined by the formula [27] below. 

             (4) 
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3 Results and Discussion 
 

3.1 Compressive Strength  
 

The compressive strength variant of moist-cured concrete is represented 
in Figure 1. It should be noted that, at 7 and 28 days, the compressive 

strength of NC with SF was greater than that of NC without SF and, due to 

the pozzolanic action of silica, the increase in compressive strength at an 

early age was greater than 28 days. The results showed that the intensity 
increased marginally from '15 MPa to 17 MPa, with an improvement in SF 

content of up to 5 percent. This behavior may be due to the statistical 

distribution of the material or low SF reactivity. But, when the silica content 
increased from 5 percent to 15 percent, the compressive intensity increased 

from 17 MPa to 24 MPa. The compressive strength significantly increased 

from 21 MPa to 33 MPa at 28 days, with SF rising from 0 percent to 15 
percent as shown in Figure 1. Pardhasaradhi and Prasad[28] acquired similar 

behaviour when SF was used in the range of 2.5, 5, 7.5, 10, 12.5,15, 17.5 and 

20 percent to increase the compressive strength of self-compacting concrete 

under various curing conditions. The findings showed that the compressive 
strength increased from 33.6 MPa to 36 MPa by rising the SF content by up 

to 15 percent. This behaviour can relate to SF 's elevated pozzolanic nature. 

Smarzewski[29], by comparison, investigated the effect of silica on High 
Performance Concrete (HPC) compressive power. SF was used in the cement 

weight range of 0 percent, 5 percent, 10 percent, 15 percent, 20 percent, and 

25 percent. The results showed that when 10 percent of cement was replaced 

by SF, the compressive strength of HPC increased by 13 percent at superior 
extension at 28 days. It is recommended that this value should be within the 

silica percentage. 

 
Fig 1: Compressive strength of the concrete with different SF content. 
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3.2 Tensile Strength Splitting 
 

Because of its fragility, Concrete should not expect to resist the tensile 
strength [30]. The variance of the splitting tensile strength of the NC mixes at 

7 and 28 days is shown in Figure 2 with 0 percent, 5 percent, 10 percent and 

15 percent of SF. The findings showed that the tensile strength at 7 days was 

1 MPa for control where no SF was used, which increased to 1.5 MPa and 2 
MPa when compared with 5 % and 10% of SF, respectively. However, it 

increased significantly to 2.31 with 15% of SF. At 28 days, the tensile 

strength of specimens improved to 2.6, 2.9 and 3.5 MPa with 5, 10 and 15% 
SF respectively compared to the control. Similar behaviour was obtained by 

Pavani and Ramarao [31] 5, 10 and 15 percent of SF were replaced when 15 

percent of the coarse aggregate was replaced by coconut shells and cement. 

At 28 days, however, with 15 percent of SF, the greatest tensile strength was 
2.98 MPa. However, Smarzewski[29] found that the tensile strength of High 

Performance Concrete ( HPC) increased by up to 10 percent with an increase 

in silica fume content, then decreased by 10 percent to 25 percent with an 
increase in SF content as it became more porous. 

 
Fig 2: Splitting tensile strength of the concrete with varying SF content. 

 

3.3 Flexural Strength 
 

The flexural strengths of NC with varying silica content can be seen in 
Figure 3. The concrete strength at 28 days was higher than at an early age 

and the optimum SF content was 10% for all specimens, 7.4 MPa for 7 days 

and 10 MPa for 28 days , respectively. The minimum value, however, was 0 
percent SF. 

The flexural intensity decreased marginally at 15 per cent of SF, agreed 

with Bhanja and Sengupta[32]. With a range of 5 percent-30 percent and w / 
c (0.26, 0.3, 0.34, 0.38 and 0.42), they substituted cement with SF. The 

results showed that High Performance Concrete (HPC)'s flexural strength 

was unstable and the water-cement ratio increased with the SF content rising. 
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When SF was used with the range of (15-20) percent that could apply to 

flexural strength, the optimum flexural strength was obtained at 28 days, 

which is susceptible for micro-cracks than strength of compressive. 
However, Pavani and Ramarao[31] found that the flexural strength of 

concrete increased as the SF content increased, which was used as a cement 

substitute in the range of 0, 10 and 15 percent. The results showed that 4.88 
MPa for concrete with 0 percent SF was the lowest flexural intensity, 

followed by 5.93 MPa and 6.21 MPa with 10 and 15 percent SF, 

respectively. As the SF percentage is increased, the bond of the aggregate 
with the hydrated cement is expected to be substantially improved, enabling 

the aggregate to contribute to the transfer of stress in a useful way, thereby 

improving the concrete strength[33] 

 
Fig 3: Flexural strength of the concrete with different SF content 

 

3.4 Dry Density 
 

The relation of dry densities of NC specimens with different SF content 
after 7 and 28 days is shown in Figure 4. The result shows that there are 

slight increases in density due to the low reactivity of SF because of the 

constant water content [18]. The densities of the NC with 0% SF were 1700 
kg/m3 at 7 and 2324 kg/m3 at 28 days which improved slightly to 1826 

kg/m3 and 2389 kg/m3 when SF increased up to 5%. Followed by 1996 

kg/m3 at 7 days and 2423 kg/m3 at 28 days with 10% of SF.  

The results indicated that there was a slight but significant increase in dry 
density with an increased silica content of 2000 kg / m3 at 7 days and a 

negligible effect of 2462 kg / m3 at 28 days, which was comparable to Gökçe 

et al.[34], where SF was used with a cement weight range of 0, 10 and 20 
percent. They recognized that, at 28 days, SF had a marginal impact on the 

relative density. Because of the air-void complication arising from SF or 

foam material, SF has a conflicting impact on density. Big macro-pores in air 

voids have been found to affect the density of foam concrete[33]. 
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Fig 4: Dry concrete density as a function of SF 

  

3.5 Sorptivity 
 

Sorptivity is a slop for NC with varying SF content of accumulative 
water absorption against square-root time. Figure 5 displays the effects of the 

absorption of water over a time period of 1 to 100 min. It is observed that 

sorptivity of NCs’ with different silica content are similar to that without 
silica which may be due to its spherical and small particles that could refer to 

effect of free water to fill the voids of the matrix which agreed with Sabir et 

al. [35] where sorptivity was tested for specimens obtaining ground bricks 

with 10, 20 and 30% as cement replacement. 

 

 
Fig 5: Sorptivity of the concrete specimens with different SF content. 
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3.6 Water Absorption 
 

The proportions of the concrete mixture, the air content of the trapped 

air, the hydration degree, presence of micro cracks and length of a form of 
treatment affect the absorption of water[36]. The water absorption of NC 

mixtures against different levels of SF is shown in figure 6. For 15 percent of 

the SF content, the results showed that the lowest water absorption was 1 
percent. However, the highest value was 1.8% for the control (0% SF). In 

contract, Gökçe et al. [34] studied the water absorption on concrete with 0% 

foam at 7 days. SF was used with the range 0, 10 and 20%. The results 
showed that the lowest value was with 10% SF which increased slightly by 

increasing SF up to 20%. 

 

 
Figure 6: Concrete absorption by water as a feature of SF 

 

4 Conclusions 
 

a) This report has demonstrated the effect of silica fumes on the 
physical and mechanical properties of NC with various percentages ranging 

from 5 % to 15% of cement weight.The principal findings are: B) The 

addition of SF increases NC's physical and mechanical properties. 
b)  NC's compressive and splitting strength increased with the 

addition of silica and the increase in strength up to 7 days was lower than the 

increase in strength between 7 and 28 days. 

c)  The compressive strength of NC increased with the addition of 
silica and the maximum quantity is 33 MPa with 15% of SF, which could be 

due to the high pozzolanic nature of SF. 

d) The splitting tensile strength of NC enhanced with adding silica 
content which improved significantly to 2.31 MPa at 7 days and 3.5 MPa at 

28 days with 15% SF compared to the control. 
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e) SF had lower effect on flexural than compressive strength and 

the optimal value at 28 day was observed with 10% SF replacement which 

was 7.4 MPa at 7 days and 10 MPa at 28 days.  

f) The dry density of the NC increased slightly by adding SF and 
the highest value was 2462 kg/m3 with 15%SF at 28 days. Also, SF had a 

negligible effect on the relative density and contradictory effect on density 

because of the air-void complication started from SF or foam content. 
g) The sorptivity of the NC with different SF was similar, however, 

which may be attributed to the small particle and sphere-shaped SF that 

could relate to the effect of free water filling the matrix voids. 
h) The water absorption of the concrete without SF was higher than 

with SF. The maximum value was 1.8% for the control (0%SF) and the 

lowest value was 1% with 15% of SF. 
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