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Abstract. This paper presents the effect of using coal bottom ash as a partial replacement of 
fine aggregates in self-compacting concrete (SCC) on its fresh properties and flexural strength. 
A comparison between SCC with various replacements of fine aggregates with coal bottom ash 
showed that SCC obtained flexural strength decrease on increase of water cement ratio from 
0.35 to 0.45. The natural sand was replaced with coal bottom ash up to 30% volumetrically. 
The fresh properties were investigated by slump flow, T500 spread time, L-box test and sieve 
segregation resistance in order to evaluate its self-compatibility by compared to control 
samples embed with natural sand. The results revealed that the flowability and passing ability 
of SCC mixtures are decreased with higher content of coal bottom ash replacement. The results 
also showed that the flexural strength is affected by the presence of coal bottom ash in the 
concrete. In addition, the water cement ratios are influence significantly with higher binder 
content in concrete. 

1 Introduction  
Self-Compacting Concrete also referred as SCC is highly workable concrete that can flow through 
densely reinforced and complex structural elements under its own weight. It can fill all voids with no 
segregation, excessive bleeding and air migration air-popping, or other separation of materials, and 
without the need for vibration or other mechanical consolidation [1]. In early 1990’s, SCC technology 
had been developed in Japan. Currently, this concrete has gained extensive use in many countries 
including Malaysia for different applications and structural configuration [1, 2]. It is agreed that SCC 
enhanced concrete stability and involves the effect of different mixture variables to certify satisfactory 
fresh properties and excellent mechanical properties especially compressive strength [2]. The 
challenge in SCC is to achieve good strength concrete with economical cost, as compared with 
conventional concrete, which is used high quantity of Portland cement and chemical admixtures [3]. 
An approach to reduce the cost with mineral admixtures, the utilization of supplementary cementitious 
materials is applicable in SCC due to durability developments potential in the concrete composite and 
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overall economy. In addition, the inclusion of mineral admixtures is able to sustain workability and 
long-term properties [4].  

In principle, the materials employed in the concrete are appropriate to be utilized in making of 
SCC including mineral admixture such as silica fume and fly ash, granulated blast furnace slag, etc. 
Meanwhile, several studies have been found to investigate the performance of SCC incorporating by-
product waste material [5–7]. However, the research on bottom ash in the SCC is limited. Though a 
large number of significant results have been reported on the use of coal bottom ash in concrete, there 
is not much literature available on the use of coal bottom ash as a fine aggregate replacement material 
in SCC [8, 9]. Malaysia has established 4 electrical power plants that use a coal fired as power 
material must have a good dumping system to control the waste which composed of 80% of fly ash 
and 20% of bottom ash. As the dumping area is limited and become serious problem to environments, 
coal bottom ash is suggested to be used in concrete making which the result of utilization perhaps 
positively reduce the particular problem. This paper presents the flexural strength development of 
SCC with coal bottom ash as a fractional auxiliary of fine aggregates. The authors indicated the results 
in the form of mechanical strength test with three water cement ratios and different replacement level 
of coal bottom ash at the age of 28, 90 and 180 days. 

2 Experimental Program 

2.1 Material  

In the current study, Portland Fly Ash cement used as a main binder. The fine aggregates were coal 
bottom ash and river sand. The coal bottom ash was collected from one of the coal-fired power plant 
in Malaysia and has a fine classified size distribution within the range of 0.075 mm to 20 mm. The 
coarse aggregates were graded size sieved through 16 mm and retained at 10 mm, meanwhile for fine 
aggregates were graded size sieved through 5 mm. Both river sand and coarse aggregate have a 
specific gravity of 2.61 and 2.67 respectively. The polymer-based superplasticizer has a specific 
gravity of 1.09 with pH 5.29 which is used to magnify the fresh concrete workability. The physical 
and chemical properties of cement and coal bottom ash is given in Table 1. The total composition 
(SiO2 +Al2O3 +Fe2O3) in coal bottom ash exceeded 70%, indicating that it can be classified as class F 
ash as specified in ASTM C 618 [10]. In terms of chemical, coal bottom ash is considered as a 
pozzolonic material same as Portland and fly ash cement. Figure 1 shows the coal bottom ash particle 
size spreading and natural sand. 
 

 
Figure 1. Particle size analysis. 
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Table 1. Chemical composition of cement and coal bottom ash. 

Content 
Chemical composition (%) Loss on 

ignition 
Specific 
gravity 

Moisture 
Content SiO2 Al2O3 Fe2O3 CaO K2O TiO2 MgO Na2O CO2 MnO 

Coal bottom 
ash 68.9 18.7 6.5 1.61 1.52 1.33 0.53 0.24 0.1 - 2.68 1.72 40% 

Cement 22 8.35 3.92 58.9 1.01 0.72 0.52 0.26 0.1 0.15 1.72   3.0 - 

2.2 Mix proportions and preparation of samples 

Mix proportion was referred to Jawahar et al. [11]. The mix proportions of the constituent are given in 
Table 2. The water/cement ratios of 0.35, 0.40 and 0.45 concrete mixtures were considered in six 
batches volumetric replacement proportion of fine aggregate with coal bottom ash ranged from 0% to 
30%. The fine aggregate comprise was preserved at 45% by volume of mortar and coarse aggregate 
was preserved at 28% by volume of concrete, while air-content being assumed to be 2%. The 
amount of super plasticizers was adjusted until the concrete achieve self-compatibility.  

In order to ensure the concrete mixture in SCC classification, fresh properties of the concrete 
mixture was tested. The slump flow, slump flow time (T500), L-box blocking ratio and segregation 
resistance ratio test were executed to determine the fresh properties of the mixtures. All 
procedure conducting the tests was referred to British Standards [12–14]. The prism size of 
100x100x500mm was used and flexural strength was tested at age 28, 90 and 180 days.  

Table 2. Mix proportions in kg/m3. 

Mix w/c 
ratio Cement Coarse 

Aggregates 
Fine 

Aggregates 
Coal Bottom 

Ash  Water SP 
(%) 

BA0 
0.35 557 715.5 874.50 0 194.95 0.17 
0.40 518 715.5 874.50 0 207.20 0.16 
0.45 485 715.5 874.50 0 218.25 0.16 

BA10 
0.35 557 715.5 787.05 87.45 194.95 0.23 
0.40 518 715.5 787.05 87.45 207.20 0.20 
0.45 485 715.5 787.05 87.45 218.25 0.19 

BA15 
0.35 557 715.5 743.33 131.175 194.95 0.28 
0.40 518 715.5 743.33 131.175 207.20 0.26 
0.45 485 715.5 743.33 131.175 218.25 0.21 

BA20 
0.35 557 715.5 699.60 174.90 194.95 0.36 
0.40 518 715.5 699.60 174.90 207.20 0.32 
0.45 485 715.5 699.60 174.90 218.25 0.30 

BA25 
0.35 557 715.5 655.88 218.625 194.95 0.17 
0.40 518 715.5 655.88 218.625 207.20 0.16 
0.45 485 715.5 655.88 218.625 218.25 0.16 

BA30 
0.35 557 715.5 612.15 262.35 194.95 0.23 
0.40 518 715.5 612.15 262.35 207.20 0.20 
0.45 485 715.5 612.15 262.35 218.25 0.19 

3 Results 

3.1 Fresh properties 

The results of fresh characteristic of mixtures such as slump flow, slump spread time (T500), L-box 
ratio and segregation resistance are presented as shown in Table 3. The slump flow values for all 
water cement ratios were known within the ranged of 550–750 mm while T500 spread times were in 
ranged between 2.5 and 5 seconds. The flowability of mixtures was reduced significantly with an 
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increase of coal bottom ash. The decreased of slump flow values are due to the porosity of coal 
bottom ash in concrete, thus absorbed more fluid with higher content of coal bottom ash. The result is 
affected by irregular shape of coal bottom ash that reducing aggregates inter-particle friction and 
indicates by combining coal bottom ash reduces the viscosity of SCC mixtures [2, 15, 16]. In the 
context of passing ability, the L-box blocking ratio decreased when the percentage of coal bottom ash 
increased from 0% to 30%. The results revealed due to the aggregate crowded in front of openings, 
which caused from difficulty of particle to flow without obstruction. The trend is parallel as L-box test 
for sieve segregation test as the ratio decreased with increase coal bottom ash content. The sieve 
segregation results are indicated by the aggregates settlement which was reduced with higher content 
of coal bottom ash. As plastic viscosity decreases the settlement rate of coarse aggregate, thus it is 
improves the segregation resistance of fresh concrete [17]. 

Table 3. The fresh properties of self-compacting concrete. 

 BA0 BA10 BA15 
Water cement ratio 0.35 0.40 0.45 0.35 0.40 0.45 0.35 0.40 0.45 

Slump flow (mm) 700 720 745 670 710 725 650 688 708 

T500 (s) 2.87 2.59 2.32 3.1 2.84 2.55 3.71 3.31 2.87 
L-box ratio 0.97 0.94 0.90 0.92 0.89 0.81 0.92 0.86 0.80 

SR (%) 9.61 9.85 10.37 7.93 8.15 9.25 6.61 7.83 8.13 

 BA20 BA25 BA30 
Water cement ratio 0.35 0.40 0.45 0.35 0.40 0.45 0.35 0.40 0.45 

Slump flow (mm) 615 635 685 588 600 648 545 570 625 

T500 (s) 4.26 3.9 3.05 4.53 4.18 3.77 4.87 4.57 4.02 
L-box ratio 0.88 0.80 0.77 0.88 0.80 0.70 0.76 0.69 0.66 

SR (%) 5.24 6.06 6.72 5.20 6.28 6.58 5.50 6.20 6.51 

3.2 Flexural strength 

The results of flexural strength are shown in Figure 2, Figure 3 and Figure 4. It is obvious that the 
flexural strength of 10% replacement of coal bottom ash is higher compared to control sample for all 
water cement ratios. The development was observed at the age of 28, 90 and 180 days. As for the 
sample with 0.35 water cement ratio, the mixture of BA10 shows increment of 1.58%, 2.85% and 
9.2% at respective ages. 
 

   
Figure 2. Flexural strength for 0.35 water cement 
ratios. 

Figure 3. Flexural strength for 0.40 water cement 
ratios. 
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Figure 4. Flexural strength for 0.45 water cement ratios. 

 
The results also determined that the increments of mixture BA10 mixture for 0.40 water cement 

ratio are 4.41%, 13.91% and 15.91% at 28, 90 and 180 days, correspondingly. Meanwhile for 0.45 
water cement ratio, the increments of 2.03%, 11.81% and 17.82% were recorded. Conversely, the 
flexural strength of samples reduced when 15%, 20%, 25% and 30% replacement of coal bottom ash 
were used in the concrete for all water cement ratios. It is marked that as the replacement level of coal 
bottom ash increased, the degree of flexural strength decreased gradually. The decreasing of flexural 
strength in the particular samples was cause by the poor joining between aggregates. The results of 
flexural strength in this study were found to be complement to a study conducted by Aggarwal et al. 
[17] and Zainal Abidin et al. [2]. 

4 Conclusions 
Based on the results obtained, it is confirmed that there are significant effect of coal bottom ash to the 
fresh properties of the concrete. The fresh properties of SCC mixtures such as slump flow,       L-box 
blocking ratio, and segregation resistance are decreased with the higher content of coal bottom ash 
replacement. Workability of the concrete mixture was reduced proportionally to the reduction of water 
cement ratio in the mixture. In addition, the mechanical flexural strength of mixtures decreases as a 
result of increasing the coal bottom ash replacement and the amount of water cement ratio; thus 
reduces the viscosity of the mixtures. Meanwhile, the factor of water cement ratios is influenced 
significantly with higher binder content. 
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