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Abstract. High volume fly ash concrete becomes one of 
alternatives to produce green concrete as it uses waste material and 
significantly reduces the utilization of Portland cement in concrete 
production. Although using less cement, its compressive strength 
is comparable to ordinary Portland cement (hereafter OPC) and 
the its durability increases significantly. This paper reports 
investigation on the effect of design strength, fly ash content and 
curing method on compressive strength of High Volume Fly Ash 
Concrete. The experiment and data analysis were prepared using 
minitab, a statistic software for design of experimental. The 
specimens were concrete cylinder with diameter of 15 cm and 
height of 30 cm, tested for its compressive strength at 56 days. The 
result of the research demonstrates that high volume fly ash 
concrete can produce comparable compressive strength which 
meets the strength of OPC design strength especially for high 
strength concrete. In addition, the best mix proportion to achieve 
the design strength is the combination of high strength concrete 
and 50% content of fly ash. Moreover, the use of spraying method 
for curing method of concrete on site is still recommended as it 
would not significantly reduce the compressive strength result.  

1 Introduction 
Concrete, composed of cement, aggregate, water and optional admixture, is the 
main material for construction and its consumption becomes a second large material 
of human use after water [1, 2]. Almost all of construction elements need concrete 
not only for their structural elements such as slab, beam, column and foundation but 
also for non-structural element such as concrete wall and roof tile. Moreover, 
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concrete is used for all types of construction such as building, road pavement, and 
bridge. Therefore, the provision of concrete needs a large amount of material. 

The demand of large material to produce concrete raise many ideas of 
alternative materials as part of replacement of concrete ingredient. This replacement 
is not only to reduce the cost of production but also to save the environment. The 
reduction of cost production is due to the fact that the alternative material is usually 
taken from waste material. Moreover, the use of waste material results in the 
reduction of energy as there is no need to produce new material, which means that 
the replacement concrete is environment-friendly material. 

One of the most preferable material as cementitious or part of cement 
replacement is fly ash, a by-product of combustion in coal fire power plant [3, 4]. In 
2010, the annual production of coal is 780 million metric tonnes, which further 
produces 117 million metric tonnes of fly ash or 3.3% of global cement 
consumption for concrete [5-7] [3-5] . One of ideas to use significant amount of fly 
ash as cementitious in concrete production is termed as high volume fly ash 
concrete in which the maximum amount of cement used is 50% as the other binder 
utilized class C or class F fly ash [8] [6]. The technology has proven to give much 
advantage to hardened concrete properties and has comparable strength to OPC 
concrete [9-11].  

To get comparable strength to OPC (Ordinary Portland Cement), previous 
researcher such as Shaikh, Supit and Parker applied high volume fly ash concrete 
for high design strength concrete in which the total amount of binder is quite higher 
than its application on normal strength concrete [12-14]. For example: at 56 days 
testing age, 42 MPa compressive strength of High Volume Fly Ash Concrete is 
similar to 42 compressive strength of OPC concrete in which the cement content is 
twice of that of HVFA concrete. In addition, the more fly ash is used in High 
volume fly ash concrete, the lower the compressive strength becomes [15].  
Moreover, the curing regime becomes a factor which gives effect to the 
compressive strength result of high volume fly ash concrete based on comparison of 
water immersing and steam curing method [16]. However, daily spraying becomes 
the most available curing method for high volume fly ash concrete which is cast on 
site. 

Having discussed related literature, it can be noted that the design strength, the 
amount of cement replacement and the curing method becomes influential factors 
which can give effects to compressive strength of high volume fly ash concrete. 
Hence, this paper presents an investigation report of the effect of those factors to the 
compressive strength of concrete by conducting a series of specimen test. The 
design of Experimental (DOE) is the method which is used to prepare and analysed 
the specimens by utilizing Minitab 17, a design of experimental software.    

2 Research method 
This research employed experimental program to analyse the effects of design 

strength, fly ash content and curing method on compressive strength of high volume 
fly ash concrete. The factors to be analysed are shown in Table 1, in which high and 
low value refer to different methods of application. The table shows that the design 
experiment for each factor consists of two values, low value and high value. The 
design strength comprises 25 MPa and 45 MPa design strength; the fly ash content 
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consists of 50% and 70% and the curing method consists of fully immersion and 
spraying method. Fly ash content of 70% means that the concrete binder is 
composed of 30% cement and of 70% fly ash. Moreover, in spraying curing 
method, the concrete specimen was regularly sprayed twice a day for the period of 
14 days. 

Table 1. Composition of each factor. 

No Factor Low value High value 
1 Design strength 25 MPa 45 MPa 
2 Fly ash content 50% 70% 
3 Curing method Fully immersion Spraying 

 
The composition of each factor examined were inputted into Minitab 17, a 

statistical software to conduct design of experimental. The result of mix proportion 
combination for full factorial design is shown in the following picture: 

 
Fig. 1. Design of experiment combination. 

  
 Based on mix proportion combination result from Minitab 17, a series of 
concrete cylinder specimens were prepared with the diameter of 15 cm and the 
height of 30 cm. The total number of specimens were 24 concrete cylinders. 
Besides, the composition of mix proportion for the cylinder was prepared based on 
ACI mix proportion for normal strength and for high strength. For high volume fly 
ash concrete, fly ash is utilized as part of cement replacement and the mix 
proportion is shown in the flowing table.  

Deploying ACI design of normal strength concrete of 25 MPa, the mix 
proportion used 376 kg binder to produce 1 m3 of concrete. Therefore, HFVA (High 
volume fly ash) used 188 kg cement and 188 kg fly ash, whereas UHFVA (Ultra 
High volume fly ash) used 113 kg of cement and 264 kg of fly ash. The mix 
proportion of fine aggregate and coarse aggregate remained the same for both 
HFVA and UHFVA. Since High volume fly ash concrete used low water content of 
0.35, 0.4% of sika viscocrete 1003 to the total binder was used. Similar to the mix 
proportion of normal design strength, high strength concrete used 537 kg of total 
binder which was proportionally distributed to Portland cement and fly ash.  
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Table 2. Mix proportion of concrete. 

Mix Design Cement 
(kg/m3) 

Fly ash 
(kg/m3) 

Fine 
Aggregate 

(kg/m3) 

Coarse 
Aggregate 

(kg/m3) 

Water 
(kg/m3) SP 

Normal strength 
HFA 188.0 188.0 637.0 1,250.0 128 0,4% 

Normal strength 
UHVFA 113.0 264.0 637.0 1,250.0 128 0,4% 

High strength 
HVFA 269.0 269.0 613.0 919.0 188 0,4% 

High strength 
UHVFA 173.0 173.0 613.0 919.0 188 0,4% 

 
Before casting the specimen, the materials for concrete were tested to ensure 

that all materials satisfied the quality of standard material for concrete. The tests for 
fine aggregate were clay lumps and water absorption tests. In addition, the coarse 
aggregate was tested for its abrasion resistance. Visual test for cement and chemical 
content of fly ash was also conducted.       

After all materials were tested, they were mixed in a drum rotating mini mixer to 
achieve the design slump before it was casted into cylinder mould. On the following 
day, the specimens were removed from the mould and curing method were applied 
based on curing method regime. At the age of 56 days, the specimens were tested 
for its compressive strength. 

3 Results and discussion 

3.1 Materials tested  

The clay lump test and water absorption test for fine aggregate show the result value 
of 2.86% and 1.63%, both of which satisfy the standard of fine aggregate for 
concrete, whereas the abrasion test for coarse aggregate results in the value of 
21.54%, which is below the maximum degradation of coarse aggregate of 40%.  

The fly ash which is used in this experiment was produced by PLTU Tanjung 
Jati Jepara, Central Java and the chemical content analysis was conducted at 
Laboratorium Pengujian dan Kalibrasi BARISTAND, Surabaya, East Java. As 
shown in  Table 3, the fly ash used in this research is class F Fly ash as the total 
amount of SiO3 + Al2O3 + Fe2O3 is 86.36% [17]. 

Table 3. Chemical properties of  fly ash (mass %). 

Chemical analysis Fly ash PLTU 
Tanjung jati 

ASTM Standard 
for class F 

Silika dioxida, SiO2 66.50 SiO2 + Al2O3 + 
Fe2O3 min. 70%  Aluminium oxida, Al2O3 16.20 

Fery oxida, Fe2O3 3.66 
TiO2 0.10  
Magnesium oxida, MgO 21.20  
Ca O 16.40  
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3.2 Analysing factor 

After testing the compressive strength of all concrete cylinder specimens at their 
age of 56 days, the data were analysed using MINITAB 17. The analysis results i.e. 
the main effect factor, the significant factor and the size of effect are shown in the 
following graphs: 
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Fig. 2. Cube plot of compressive strength for each mix proportion. 
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Fig. 3. Significant factor. 
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Fig. 4. Size of effect. 
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Fig. 5. Average of main plot for compressive strength. 

 
As seen in the above graphs, the factors that give significant effect to the 

compressive strength of concrete are design strength and fly ash content. The effect 
can be obtained on the condition that the design strength of the concrete is f’c = 45 
MPa and the fly ash content as cement replacement is 50%. On the contrary, the 
normal strength design of f’c = 25 MPa and the high content of fly ash as cement 
replacement of 70% are not recommended to be used for the mix proportion, as it is 
would lead to lower compressive strength.  

The higher cement content in high design strength concrete significantly leads to  
more Ca(OH)2 content, a product of  cement hydration, which then reacts with 
silica, a main chemical content in fly ash, and beneficially results in  better  
hydration process in High Strength concrete. Nevertheless, lower cement content in 
combination with high level fly ash content in high strength concrete leads to the 
lower compressive strength of concrete, a condition which confirms the previous 
research [15].     

Those graphs also reveal that curing method of fully immersing and spraying do 
not significantly give effect on compressive strength result of high volume fly ash 
concrete.  Nevertheless, as the possible curing method on site is spraying water on 
the concrete, spraying is still adequate as curing method for concrete.   

Further, when design strength and fly ash content factors are used together in the 
mix design of concrete, they would give more significant effect rather than what the 
curing method role to get higher or lower compressive strength. 

4 Conclusion 
The result of the research demonstrates that high volume fly ash concrete can 
produce comparable compressive strength as design strength especially for high 
strength concrete. In addition, the best mix proportion to achieve the design strength 
is the combination of high strength concrete and 50% content of fly ash as 
replacement. Moreover, the use of spraying method for curing method of concrete 
on site is still recommended, as it would not significantly reduce the compressive 
strength result. 

Further research must be conducted on why high strength design of concrete 
mix proportion makes the compressive strength of High volume fly ash better rather 
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than normal strength design. Besides, the effect of curing method on the 
compressive strength of larger dimension concrete needs to be clarified.  
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