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In order to make better use of industrial solid waste fly ash to develop new foam concrete building materials, 

the different fly ash proportions are studied and dry density, mechanical performance and appearance of 

microstructure of foam cement with different ages are analyzed in this paper. The results show that the 

proportion of fly ash makes the performance of foam concrete develop in the adverse direction, and the 

proportion of fly ash should be strictly controlled. When the amount of fly ash replacing cement is 900g (i.e., fly 

ash accounts for 22.5 % of aggregate), the performance of the test block is more appropriate and in the best 

“cost performance” state. Under this condition, the dry apparent density of foam cement is 456 kg/m3 at 28 

days of age, and the compressive strength is 2.34 MPa. 

1. Introduction 

Foam concrete insulation block is a kind of insulation wall masonry material made of cement as the main 

cementing material through the chemical foaming process, with the characteristics of light weight, good 

thermal insulation, fire resistance, durability, low cost and making full use of building waste (Ayrikyan et al., 

2017). It is a composite lightweight material formed by uniform mixing, moulding and hardening, de-moulding 

and maintenance through in-situ foaming after the foaming agent is added into the cement-based slurry after 

mixing (Chen et al., 2015). The dry apparent density of foam concrete is relatively small. The dry density of 

common foam concrete is 300-1200 kg/m3; the consistency of slurry can be controlled which is convenient for 

construction and the strength is controlled (Choi and Popovics, 2015). Since a large amount of industrial 

waste, such as fly ash, can be incorporated into foam concrete to serve as its filled aggregate, it is quite 

beneficial and of great significance to study this new material for protecting the environment and gradually 

diminished land resources (Cipriani et al., 2016). And the prospect is quite excellent (Deller et al., 2015). 

Building waste for the production of foam concrete blocks opens up a new way for recycling of construction 

waste (Dittrich et al., 2013). Waste concrete and waste sintered brick are the main components of construction 

waste. Studies have shown that the quality stability of recycled raw material of foam concrete can be 

effectively controlled by optimizing the mix design and adding the active mixture (Dorotovič et al., 2014). Fly 

ash has morphological effect, micro-aggregate effect and active effect (Guo et al., 2016), which is one of the 

most commonly used active mixes. This paper mainly studies the strengthening effect of fly ash on recycled 

foam concrete under the condition of natural curing (Henriques, 2012). 

2. Raw materials and test methods 

2.1 Raw materials 

The raw materials in the experiment include fly ash, sand, cement, polypropylene fiber, gypsum, water reducer, 

foaming agent, foam stabilizer, thickener and others, of which there are the first-grade fly ash produced by a 

power plant, ordinary sand filtered with a standard sieve of 0.9 mm, ordinary portland cement of Grade 42.5 

produced by Henan Jiaozuo Cement Co., Ltd., water reducer commercially available as Dechang brand with 

                                

 
 

 

 
   

                                                  
DOI: 10.3303/CET1762171 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please cite this article as: Chengyun Tao,  Shuhui Dong, 2017, Effects of different fly ash proportion on the physical and mechanical 
performance and pore structure of foam concrete, Chemical Engineering Transactions, 62, 1021-1026  DOI:10.3303/CET1762171   

1021



the main component of polyhydroxy acid (Hovden et al., 2014) and self-made hydrogen peroxide foaming 

agent. 

2.2 Experimental Methods 

The comparative experiment is conducted according to the different ratio in Table 1. Firstly, weigh the fly ash, 

cement, sand, foam stabilizer, thickener (Huang et al., 2014), water reducer and other materials with an 

electronic scale and add them to a small bucket at the same time and stir them well with a gray shovel 

(Ivankina and Matthies, 2015); then use a measuring cup to weigh amount of water with the temperature of 

20 ℃ and slowly pour into the keg; stir the slurry in the keg with a homemade blender with the speed of about 

20 rev/s; observe the consistency of the slurry (Kondrashova et al., 2013); add appropriate amount of water 

reducing agent if it is too thick until it has good fluidity in order to better mold (Lam and Esfeld, 2013); and 

finally weigh appropriate amount of foaming agent with electronic scales; quickly pour it into the slurry solution 

and stir for 5 seconds with a homemade stirrer (Liszkay et al., 2013) to rapidly spread the foaming agent, and 

then life the keg and pour the foam concrete pulp into the abrasive tool of plastic bucket, and observe the 

foaming phenomenon(Ma, et al., 2016). During this process, the actual proportion of various materials during 

the experiment is recorded (Maslov, 2016). After hardening of the slurry molded (about 12 hours), appropriate 

amount of water is added in the mold for curing and thus make the added water overflow about 20 mm from 

the test block (Ming et al., 2013). 

Table 1: The mix proportion experiment of fiber foam concrete 

Number Fly ash 

(g) 

Cement 

(g) 

Water 

(g) 

Sand 

(g) 

Gypsum  

(g) 

Blowing agent 

(g) 

Water reducing 

agent (g) 

1 500 2000 1250 900 600 130 8 

2 900 1600 1250 900 600 130 8.5 

3 1300 1200 1250 900 600 135 10 

4 1700 800 1250 900 600 140 10.5 

3. Experimental results and analysis 

It is found in this experiment that there are great changes in the performance after the proportion is changed. 

After the experiment we measured the dry density, compressive strength, splitting tensile strength and other 

physical quantities of foam concrete after 7d, 14d and 28d. The detailed experimental results are shown in 

Table 2. During the experiment, when the fly ash proportion is 1300g, the slurry hardens quickly. After 

moulding, it is very difficult for the foaming agent to foam the slurry. The reason may be that the slurry hardens 

quickly after the addition of gypsum and fly ash, (Qiao et al, 2012), and finally the bubbles overflow from the 

middle, resulting in that the test blocks do not reach the desired height. Therefore, the amount of water 

reducer and foaming agent is increased appropriately (Qiao et al, 2013). When the fly ash proportion is 500g, 

cracks appear on the surface of test block after moulding for about 30 minutes. 

Table 2: The influence of foamed concrete performance by different fly ash content 

Days Number Dry density (kg/m³) Compressive strength (MPa) Tensile strength (MPa) 

7 1 418 0.79 0.35 

2 453 0.65 0.31 

3 460 0.54 0.24 

4 467 0.51 0.19 

14 1 425 1.89 0.67 

2 455 1.65 0.61 

3 461 1.56 0.59 

4 470 1.31 0.52 

28 1 430 2.56 1.34 

2 456 2.34 1.12 

3 460 2.12 1.0 

4 478 1.89 0.89 
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3.1 Influence of fly ash proportion on dry density and pore structure of foam concrete 

It can be seen from Figure 1 that as the amount of fly ash instead of cement increases, the density of foam 

concrete (dry apparent density) gradually increases. They are almost in a linear scale relationship. The 

amount of fly ash instead of cement is increased from 500g to 1700g. The dry apparent density is increased 

from 418 kg/m3 to 467 kg/m3 at 7d of the foam concrete test block; the increase rate is 11.72%. The dry 

apparent density at 14d is increased from 425 kg/m3 to 470 kg/m3, and the decrease rate is 10.59%. The dry 

apparent density is increased from 430 kg/m3 to 478 kg/m3 at 28d, and the increase rate is 11.16%. 

Therefore, the increase rate of dry apparent density is increased with the increase of age, and its change is 

not obvious (Schussler, 2013). At the same time, it can be seen from Figure 1 that: the dry apparent density at 

7d, 14d and 28d is relatively close, that is, dry apparent density is not closely related to the age (Sobotka et al., 

2013). It can be seen that fly ash proportion has the obvious effects on the density of foam concrete. 

 

Figure 1: The influence of foamed concrete for dry density by different fly ash content 

As the fly ash with different proportions is used instead of cement in this experiment, there are impurities in the 

fly ash. The partial fly ash will be in hydration reaction (Thiemann and Zipfel, 2014). Therefore, the free 

moisture will increase. The greater the fly ash proportion is, the greater the porosity of the foam concrete is, 

and the greater the final density is (Ushizima, et al, 2012). The pore structure with the change of fly ash 

proportion is shown in Figure 2. 

3.2 Influence of fly ash proportion on mechanical properties of foam concrete 

 

Figure 2: The influence of foamed concrete for pore structure by different fly ash content (a) Fly ash 500g (b) 

Fly ash 900g (c) Fly ash 1300g (d) Fly ash 1700g 
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Figure 3: The influence of foamed concrete for compressive strength by different fly ash content  

From Figure 2 and 3, it can be seen that with the increase of the amount of fly ash instead of cement, the 

compressive strength and splitting tensile strength tend to decrease greatly (Wang et al, 2016). The amount of 

fly ash replacing cement is increased from 500g to 1700g; the compressive strength of the test block at 7d is 

decreased from 0.79MPa to 0.51MPa, and the reduction rate is 35.44%; the compressive strength of the test 

block at 14d is decreased from 1.89MPa to 1.31MPa, and the reduction rate is 30.69%. The compressive 

strength at 28d is decreased from 2.56MPa to 1.89MPa, and the reduction rate is 26.17%. At the same time, it 

can be seen from Figure 4-21 that the splitting tensile strength at 7d is decreased from 0.35MPa to 0.19MPa, 

and the reduction rate is 45.71%; the splitting tensile strength at 14d is decreased from 0.67MPa to 0.52MPa, 

and the reduction rate is 22.39%. The splitting tensile strength at 28d is decreased from 1.34MPa to 0.89MPa, 

and the reduction rate is 33.58%. With the increase of age, the decrease rate of splitting tensile strength of the 

test block decreases first and then increases. 

 

Figure 4: The influence of foamed concrete for tensile strength by different fly ash content  

In summary, the effect of fly ash content on the compressive strength and splitting tensile strength of foam 

concrete is significant. As the age increases, that is, the age increases from 7 to 28 days and the fly ash 

content is 500g, the compressive strength increases from 0.79MPa to 2.56MPa; when the fly ash content is 

900g, the compressive strength increases from 0.65MPa to 2.34MPa; when the fly ash content is 1300g, the 

compressive strength increases from 0.54MPa to 2.12MPa; when the fly ash content is 1700g, the 
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compressive strength increases from 0.51MPa to 1.89MPa. When the fly ash content is 500g, the splitting 

tensile strength increases from 0.35MPa to 1.34MPa; when the fly ash content is 900g, the splitting tensile 

strength increases from 0.31MPa to 1.12MPa; When the fly ash content is 1300g, the splitting tensile strength 

increases from 0.24MPa to 1.0MPa; when the fly ash content is 1700g, the splitting tensile strength increases 

from 0.19MPa to 0.89MPa; It can be seen that the compressive strength and splitting tensile strength of foam 

concrete increase with the increase of age, and the impact is also significant. 

4. Conclusion 

In this paper, the influence of single factor in each experiment on the physical properties, mechanical 

properties and pore structure of the foam concrete test block is analyzed through three groups of comparative 

experiments according to the experimental method of changing single factor. Finally, the following conclusions 

are drawn: As the amount of ash replacing cement increases, the consistency of foam concrete slurry varies 

greatly, and the amount of water reducer must be increased significantly, which indicates that the hydration 

reaction of fly ash requires more water than cement; with the increase of fly ash, dry apparent density 

increases, but the intensity decreases, which indicates that there are more impurities in fly ash or the fly ash is 

not activated. The addition of fly ash makes the bubble distribute non-uniformly, so that it is necessary to strict 

control the fly ash proportion. Through the research and analysis in the experiment, it can be seen that when 

the amount of fly ash instead of cement is 900g (i.e., fly ash accounts for 22.5 % of aggregate), the 

performance of the test block is more appropriate; the dry apparent density is 456 kg/m3 at 28 days, and the 

compressive strength is 2.34 MPa. Under this condition, the foam concrete test block is of better “cost 

performance”. 
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