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Abstract. The paper presents the use of blast furnace slag as a fine aggregate in foam concrete. Besides,
the paper also presents the research results of the effect of the water-cement ratio and Silica fume on the
mechanical properties of foam concrete. The absolute volume method was used to calculate the ratio of
foam concrete mixture. Besides, the mechanical properties of foam concrete were determined at the age
of 28 days. The method of Box-Wilson central composite design for two factors was used to predict the
effect of the water-cement ratio and Silica fume on foam concrete properties. The results showed that the
proposed regression equations of this mathematical model achieved an adequate prediction accuracy.
Using computer programs obtained surface images of equations (10) and (12). Besides, the maximum
value of the objective function was determined with compressive strength = 8.52 MPa and flexural
strength = 1.21 MPa. This research result is a premise for studying foam concrete bricks to replace clay
bricks in construction works.

1. Introduction

In scientific research, numerical methods and computer models used to predict specific properties
are of particular importance [1-3]. Besides that, in concrete technology often uses mathematical methods
to find the optimal concrete components for technological processes [4, 5].

Experiment planning is a procedure for selecting the number and conditions of the experiments
necessary and sufficient to obtain a mathematical model of the process [5-7].

The following should be kept in mind when planning experiments:

— Note to minimize the number of experiments.
— Assume that some factors remain unchanged.
— Research a few important factors affecting the properties of materials to plan experiments.

The studies [5, 8-10] shown that when planning an experiment. It is necessary to gather additional
information about the input variables and object under study, employing the skills and knowledge obtained
in previous studies. It is needed to collect additional information about the input variables and object under
investigation, employing the skills and knowledge obtained in previous studies.

As known, foamed concrete is a highly aerated mortar, typically containing 30 to 80 % air bubbles
by volume. It comprises Portland cement, water, fine aggregate, additives and mechanically produced
foam. It has high workability, which allows it to flow and compact under its weight [11, 14].

When using foam concrete in construction, there are advantages [3, 11, 13].
— Low thermal conductivity.
— Little weight.

— [Easy to transport.
— Ease of use.
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— Ease of processing. (Due to the low density, aerated concrete products are easily sawn with a
conventional hacksaw if necessary, to shorten their size.)

— Long service life.
— Compressive strength and flexural strength decrease with increasing density.

Besides that, silica fume is the most popular material used in concrete to increase its strength. For
this study, silica fume is replaced in the range of 0.05+0.15 % the weight of cement [15].

According to the research results [14—18], the use of clay bricks as a fine aggregate in foam concrete
improves the mechanical properties of foam concrete and protects the environment.

Besides, according to the previous research results, the author has studied foam concrete with a
density of 900 kg/m? using a silica-fume additive, superplasticizer. The result is compressive strength at
the age of 28 days, from 7 MPa to 8 MPa. Besides, according to the Viethamese standard of clay bricks
used for construction works, compressive strength is > 7.5 MPa and density = 1600 kg/m? [19].

Therefore, the overarching purpose of this study is to use the method of central composite design
for two input factors to predict the effect of superplasticizer and silica-fume on compressive and flexural
strength of foam concrete at 28 days of age with a density of 900 kg/ms3.

2. Materials and Methods

2.1. Materials

Portland cement (OPC) CEM | 425N produced by the factory “But Son” (Vietham) with
L =3.10 g/cm3. Its chemical properties are presented in Table 1.

Quartz sand (QS) of the "Lo River" (Vietnam) was used as fine aggregate in concrete mixtures with
L = 2.65 glcm? and particle size from 0.14 mm to 1.25 mm.

Blast furnace slag (BFS) from the factory "Hoa Phat" (Vietnam) with p = 2.297 g/cm3.
Table 1. Chemical composition of OPC, BFS and SF90.

) Blast furnace slag Silica fume
Chemical components (wt. %) Cement (OPC)
(BFS) (SF90)
SiO2 22.42 36.02 90.78
Alz03 5.31 13.44 2.22
Fe203 3.45 - 2.46
SOs - 0.15 -
K20 0.64 0.29 -
Na20 0.15 - 0.57
MgO 2.03 7.66 -
CaO 62.56 40.47 0.54
TiO2 - 0.5 -
Loss on ignition (%) 3.44 1.47 3.43
Blaine fineness (cm?/g) 3665 4560 10120

Silica fume SF-90 (SF90) (Vietham) was used as a binder. The analysis results of the chemical
compositions of both SF90 and BFS are presented in Table 1. Besides, the patrticle size distribution details
of raw materials used are shown in Figure 1.

Superplasticizer SR 5000F SilkRoad (SR5000) (Korea), which reduces water consumption, was
used as a plasticizing additive. Its density at a temperature of 25+5°C was 1.1 g/cm3. The optimal dosage
of the superplasticizer is 1.5 % of the mass of Portland cement, which makes it possible to reduce water
consumption in concrete mixtures by 30 %.

EABASSOC foaming agent manufactured at the factory EABSSOC in the United Kingdom. The
foaming additives have the following specifications:

+ Specific weight 1.02 g/cm3.

+ Dosage rate 0.3-0.6 lit/m3.

- Mixing water (W) conforming to standard requirements GOST 23732-2011 and TCVN 4506:2012
[20, 21].

Vu, K.D., Bazhenova, S.1.



Magazine of Civil Engineering, 103(3), 2021

- - -SF-90
= - .- BFS
oPC

Volume density (%)

0 e T T T Sads
0.01 0.1 1 10 100
Particle diameter (um)

Figure 1. The particle size distribution of OPC, BFS and SF90.

The process of preparing test foam concrete samples is shown in Fig. 2.
TS : f “ T g -

Figure 2. The process of preparing foam concrete samples (from left to right, top to bottom).

2.2. Methods

The compressive strength and flexural strength of foam concrete at 28 days of age have been
determined according to the Russian state standard GOST 10180-2012 [22].

On the one hand, this paper will analyze the chemical composition and the grain composition of BA
and OPC by laser granulometry method on the device BT-9300Z (China). On the other hand, the calculation
method of concrete mixture composition is applied by the absolute volume method of the Australian
Standard [23].

The effect of Silica fume SF90, water-cement ratio to compressive strength and flexural strength of
foam concrete have been identified by using the rotationally variable central compositional planning method
for two factors.

3. Results and Discussion

3.1. Preliminary Determination components

In the present study, the mix proportions of foam concrete are given in Table 2. From the data of the
study [15], the content of Portland cement is constant OPC of 350 kg/m3. Besides, SR5000 and SF90 have
been used to increase strength and reduce water with ratio SR5000/OPC = 0.015, SF90/OPC = 0.1
[14, 24-25].
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Table 2. Compositions of foam concrete mixtures.

Mix number OPC (kg) QS (kg) BFS (kg) SR5000 (kg) SF90 (kg) W (kg) Foam (L)
FC-1 350 356 - 5.25 35 154 579.8
FC-2 350 - 356 5.25 35 154 558.5

Fig. 3 shows that the compressive and flexural strength of FC-2 is higher than the FC-1. In addition,
the compressive strength at 28 days of FC-2 = 8.11 MPa > 7.5 MPa. Therefore, the author has used FC-2
to optimize the components by the experimental planning method.

Compressive strength (MPa) 8.14
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Figure 3. The compressive and flexural strength of foam concrete samples at 28 days.

3.2. Determine the optimal components

The factors that significantly affect the compressive and flexural strength are the W/OPC ratio, the
amount of silica fume additive. According to research [15, 24, 26], the amount of silica fume additive in the
range of 0.05+0.15 is optimal. Additionally, based on the test results of this study, it is shown that the ratio
of water-cement is in the range of 0.38+0.42. The factors affecting the intensity of foam concrete were
selected as below.

— X1-—the rate of from 0.372 to 0.428;

0
— X2 —the ratio of from 0.029 to 0.171.

Table 3. Values and ranges of influencing factors.

Factors Levels of variation

Variable coding Real variable -1.414 -1 0 +1 +1.414
w

X1 — 0.372 0.38 040 0.42 0.428
OPC
F

X2 w 0.029 0.05 0.10 0.15 0.171
OPC

Number of experiments needed N when second-order planning determined by the formula;

N =2K+2%k+m (1)
in which: K = 2 is number of input factors.

e Mis the number of repeated experiments in the center, M = 5.
e =N=22+2x2+5=13.
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The author used a second-order orthogonal central compositional plan to obtain a mathematical
model. The results obtained during the experiment and the procedure for calculating the regression
coefficients are given in Tables 4, 5, 6.

Table 4. Compositions of foam concrete according to the method of quadratic orthogonal
experiments.

Real variable Variable coding Compositions of foam concrete mixture, kg/m?3
NO
OW? % X1 X2 OPC BFS SR5000 SF90 w Foam (L)
1 0.42 0.15 +1 +1 350 354 3.5 47 144.90 564.56
2 0.38 0.15 -1 +1 350 364 3.5 47 135.10 570.10
3 0.42 0.05 +1 -1 350 379 3.5 23 144.90 565.29
4 0.38 0.05 -1 -1 350 389 3.5 23 135.10 570.83
5 0.428 0.1 +1.414 0 350 365 3.5 35 147.00 563.74
6 0.372 0.1 -1.414 0 350 379 3.5 35 133.00 571.65
7 0.4 0.171 0 +1.414 350 354 3.5 53 140.00 567.17
8 0.4 0.029 0 -1.414 350 389 3.5 18 140.00 568.22
9 0.4 0.1 0 0 350 372 3.5 35 140.00 567.70
10 0.4 0.1 0 0 350 372 3.5 35 140.00 567.70
11 0.4 0.1 0 0 350 372 3.5 35 140.00 567.70
12 0.4 0.1 0 0 350 372 3.5 35 140.00 567.70
13 0.4 0.1 0 0 350 372 3.5 35 140.00 567.70
Table 5. Calculation of regression equations for flexural strength at 28 days.
" Variable coding W SF90 R 28 MPa (Y | _?1.)2 (Y | _?01.)2
X1 X2 x12 xix2 x2 OPC OopPC Y, j 2 j L . 0L :

1 +1 +1 1 1 1 0414 0.135 0.95 1.05 0.00938 -

2 -1 +1 1 -1 1 0386 0.135 0.92 0.97 0.00228 -

3 +1 -1 1 -1 1 0414 0065 099 0.98 0.00007 -

4 -1 -1 1 1 1 0.386 0.065 0.93 0.9 0.00075 -

5 +1.414 0 2 0 0 0.42 0.1 1.1 1.05 0.00296 -

6 -1.414 0 2 0 0 0.38 0.1 094 0.93 0.00004 -

7 0 +1.414 0 0 2 0.4 0.15 1.1 1.01 0.00887 -

8 0 -1.414 0 0 2 0.4 0.05 0.88 0.91 0.00113 -

9 0 0 0 0 0 0.4 0.1 1.09 1.12 0.00078 0.0008
10 0 0 0 0 0 0.4 0.1 1.14 1.12 0.00048 0.0005
11 0 0 0 0 0 0.4 0.1 1.09 1.12 0.00078 0.0008
12 0 0 0 0 0 0.4 0.1 1.14 1.12 0.00048 0.0005
13 0 0 0 0 0 0.4 0.1 1.13 1.12 0.00014 0.0001

3 (Y, - Y1;)* =0.02816 Y (Yo~ Youy)? =0.0027
Table 6. Calculation of regression equations for compressive strength at 28 days.
" Variable coding W SF90 Res?8, MPa (Y | _?2.)2 (Y . _?02.)2
X1 x2  x? xxe x? OPC  OPC Ys; Y2 2 J 2] J

1 +1 +1 1 1 1 0.414 0.135 7.15 7.86 0.50803 -

2 -1 +1 1 -1 1 0.386 0.135 7.36 7.62 0.07007 -

3 +1 -1 1 -1 1 0.414 0.065 7.6 7.31 0.08622 -

4 -1 -1 1 1 1 0.386  0.065 7.47 7.07 0.16135 -

5 +1.414 0 2 0 0 0.42 0.1 7.98 7.69 0.08477 -

6 -1.414 0 2 0 0 0.38 0.1 7.25 7.35 0.01045 -

7 0 +1.414 O 0 2 0.4 0.15 8.49 7.8 0.47072 -
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Variable coding W SE90 R, MPa (Y ? )2 (Y ? )2

Ne L — Y, VYo

X1 X2 x12 xix2 x2 OPC OPC Y, i Y 2j 2] . 02] .
8 0 -1414 0 0 2 0.4 0.05 6.52 7.02 0.24717 -
9 0 0 0 0 0 0.4 0.1 8.37 8.48 0.01254 0.0125
10 0 0 0 0 0 0.4 0.1 8.76 8.48 0.07728 0.0773
11 0 0 0 0 0 0.4 0.1 8.21 8.48 0.07398 0.074
12 0 0 0 0 0 0.4 0.1 8.49 8.48 0.00006 0.0001
13 0 0 0 0 0 0.4 0.1 8.58 8.48 0.0096 0.0096

v \2 _ v \2 _
Y (Y, —Y2)? =1.8127 Y (Yo —Yo2i)? =0173

3.2.1. The calculation of the estimates of the coefficients

Base on the research [27], The coefficients of the regression equation, calculated by the formulas
(2): The results are shown in Table 7.

N N
Z XiiYi z Xij Xii Y
_i=l T e h =l e
b; = N Vi=1l.n; by, = N Vie=l.nj=u )
_Z Xjj _Z Xij Xui
Table 7. Coefficient of the quadratic regression equation.
bj
bo b1 b2 b1z b11 b2z
Yj
Y1 R %8, MPa 1.118 0.040 0.033 -0.008 -0.064 -0.079
Y, Res28, MPa 8.482 0.119 0.278 -0.085 -0.481 -0.536

Based on the calculation results, the following regression equations were obtained:
Y, = 1.118 + 0.040x, + 0.033x, — 0.008%° — 0.064x,% — 0.079% X, ®)

Y, = 8.482 + 0.119% + 0.278x, — 0.481x,% — 0.536%,% — 0.085%X, (4)

3.2.2. Check the coefficients of the regression equation (3) and (4)

Critical values for Cochran's test G¢ = Go(tg, n1) was found from Table 3.2 of the Cochran
distribution [28] depending on the values:

— Level of significance Q = 0.05.

— Degrees of freedom of the numerator N1=mM —1=5— 1= 4;
— = 10,025(4) = 2.7764

Regression equations were determined by the formula:

_bil

]
Sbj

The variance estimate of the regression coefficients of the equation Spj was determined by the
formula:

t (5)

(6)
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in which: S is the estimating observation-error variance, determined by the formula:

m
2
Z (Yoj Yo)
2 j=l (7
S
m-1
—~ 1 &
Yo = _ZYoi 8
m =
in which:
m is the number of repeated experiments in the center, M = 5;
Y; is the average value of M experiments in the center;
Yoj is the obtained value of the i-th experiment in the center.
For the regression equation (3):
> > 0.0027
2 2 .
Z (Y01j —Y01) =0.0027 = S]_” = ﬁ =0.00067 (9)
j=1 -
The values of the student criterion for the test are given in Table 8.
Table 8. Student coefficients for checking the regression equation (3).
j 0 1 3 4 5 6
b bo b1 b2 b1 b1 b2z
! 1.118 0.040 0.033 -0.008 -0.064 -0.079
o] 1.118 0.040 0.033 0.008 0.064 0.079
Sbj 0.012 0.009 0.009 0.013 0.010 0.010
{bj 96.580 4.320 3.566 -0.580 -6.532 -8.059
After checking the coefficients, discarding negligible coefficients. We obtained the equation:
Y, = 1.118 + 0.040% + 0.033x, —0.064x,% — 0.079x,> (10)
For the regression equation (4):
S 0.173
v 2 2 :
> (Yoo —Yo02j)° =0.173= S5 =———=0.043 "
_ 5-1 (11)
=1
The values of the student criterion for the test are given in Table 9.
Table 9. Student coefficients for checking the regression equation (4).
j 0 1 3 4 5 6
b bo b1 b2 b12 b11 b22
! 8.482 0.119 0.278 -0.085 -0.481 -0.536
o] 8.482 0.119 0.278 0.085 0.481 0.536
Sbj 0.093 0.074 0.074 0.104 0.079 0.079
tbj 91.073 1.617 3.778 -0.816 -6.083 -6.779
After checking the coefficients, discarding negligible coefficients. We obtained the equation:
Y, = 8.482 + 0.278x, — 0.481%° — 0.536x,° (12)
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3.2.3. Check the adequacy of the experimental model

e Testing the Hypothesis of the Adequacy of the model is based on the calculations of the adequacy
variance S (14) and Fisher's Criterion Fpacc (13):

Sg
Fpacc :S_ﬁ (13)
N VRY,
2 (-13) (14)
g2 _J=t
d
N-m

where S?iiis the estimating observation-error variance;
S%yis variance;
m is the number of repeated experiments in the center; M = 5.
Yjis the observed value of the i-th experiment;

Y.

j is the values of a function obtained from an experiment following the i-th experiment;

Fo, (v1, v2) from the Table 3.5 [28], at a significance level Q = 0.05; determined by the number of
degrees of freedom Vo=N=m-1=4andvi =N -m =13 -5 =8. So, the value: Fq(8, 4) = 6.0410.

For the regression equation (10):

13 ~
> (Y —Ylj)2 =0.02816 = 8120I _ 002816 0.00352and S3 =0.00067 .
j-1 B
SZ  0.0352
= Fpgee = =4 = ———— =5.254 < Fy 45(8,4) = 6.0410.
1pacc 812" 0.00067 0.05( )
For the regression equation (12):
13 ~
z (Y2] —Y2j)2 =1.8127 = Szzd :%20226 and 822” =0.043.
J:
S3, 0.2266
= Fppace = —28 = ————— =5.286 < Fy 05 (8,4) = 6.0410
2 pacc 822" 0.043 0.05( )

Therefore, equation (10) and (12) satisfy the condition Fpace < Ftab.

Response surfaces for the regression equations (10) and (12) are presented in Fig. 4 and 5.
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Figure 4. Second-order surface equation (10).
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Figure 5. Second-order surface equation (12).

3.2.4. Search for the maximum value of the second-order regression equation and selection of
the optimal composition

The first case:
When X1 =0.206, X2 = 0.307 and flexural strength Rts = 1.128 MPa.

Replacement: X1 = 0.206, X2 = 0.307 into the equation (10) = R.s = 8.495 MPa.
The second case:

When X1 = 0.00503, X2 = 0.25628 and compressive strength R¢s = 8.52 MPa.
Replacement: X1 = 0.00503, X2 = 0.25628 into the equation (12) = Rt = 1.21 MPa.
Thus, the most optimal value: X1 = 0.00503 and X2 = 0.25628.

. :Lz( W )o + 0.02*x1%”" = 0.40 + 0.02*0.00503 = 0.4001;
OPC "OPC
SF90  SF90
= =( )o + 0.05*x2"= 0.1 + 0.05*0.25628 = 0.1128.
OPC "OPC

Thus, the optimal composition of the foam concrete is presented in Table 10.

Table 10. The optimal composition of the foam concrete mixture to obtain maximum
compressive strength and flexural strength.

The ratio of raw materials Foamed concrete mix compositions, kg/m3
NO
w SF90
— — OPC BFS SR5000 SF90 w Foam (L)
OPC OPC
1 0.4001 0.1128 350 367 35 39 140.0 567.4

4. Conclusions and future work

Based on the analysis of the data obtained from the experiment, the following conclusions can be
drawn:

1. Based on test results, preliminary components have been identified to optimize components.

2. Static processing of the results, performed by mathematical methods for planning experiments to
optimize the composition of the designed foam concrete, with a certain probability and the number of
retests. The foam concrete samples are then compared with the results obtained by various methods.

3. The obtained second-order regression equations (10) and 12) describe the dependence of
compressive strength and flexural strength of foam concrete at 28 days of standard hardness X1 = 0.00503
and X2 = 0.25628.

Vu, K.D., Bazhenova, S.1.
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4. Using computer programs obtained surface images of equations (10) and (12), as shown in Fig. 4,

5. Besides, the maximum value of the objective function was determined.

5. The optimal composition of the foam concrete mix with the highest compressive strength and

flexural strength are presented in Table 10.

6. The paper's result is the basis for designing foam concrete bricks to replace clay bricks in Vietham.

References

1. Williams, H.P. Model Building in Mathematical Programming 2013. 411p.

2. Trong, C.N., Xuan, B.L. Reducing temperature difference in mass concrete by surface insulation. Magazine of Civil Engineering.
2019. 4(88). Pp. 70-79. DOI: 10.18720/MCE.88.7

3. Lam,T.V., Vu, D.T., Dien, V.K., Bulgakov, B.I., Korol, E.A. Properties and thermal insulation performance of lightweight concrete.
Magazine of Civil Engineering. 2018. (8). Pp. 173-191. DOI: 10.18720/MCE.84.17

4. Wang, B., Xia, X., Zhang, J. A multi-objective optimization model for the life-cycle cost analysis and retrofitting planning of
buildings. Energy and Buildings. 2014. 77. Pp. 227-235. DOI: 10.1016/j.enbuild.2014.03.025

5. Aniskin, N., Nguyen, T. Influence factors on the temperature field in a mass concrete. E3S Web of Conferences. 2019. 05021(97).
Pp. 9. DOI: //doi.org/10.1051/e3sconf/20199705021

6. Dvorkin, L., Bezusyak, A., Lushnikova, N., Ribakov, Y. Using mathematical modeling for design of self compacting high strength
concrete  with ~metakaolin admixture. Construction and Building Materials. 2012. 37. Pp. 851-864.
DOI: 10.1016/j.conbuildmat.2012.04.019

7. Sergeyevich, A.A. The mathematical theory of experimental design and planning an experiment in communication technology.
Information Society Technologies. 2012. 8. Pp. 3-5.

8. Song, L., AbouRizk, S.M. Virtual shop model for experimental planning of steel fabrication projects. Journal of Computing in Civil
Engineering. 2006. 20(5). Pp. 308-316. DOI: 10.1061/(asce)0887-3801(2006)20:5(308)

9. Pavlovna, A.T. Experiment Planning Methodology. Collection of laboratory works for students of the specialty. 2006. 35 p.

10. Chuc, N.T., Bui, A.K. Evaluation of the impact of parameter inputs of concrete mix on the. Structural integrity and life. 2019. 19(1).
Pp. 8-12.

11. Steshenko, A.B., Kudyakov, A.l. Cement based foam concrete with aluminosilicate microspheres for monolithic construction.
Magazine of Civil Engineering. 2018. 8(84). Pp. 86—96. DOI: 10.18720/MCE.84.9

12. Rybakov, V.A,, Kozinetc, K.G., Vatin, N.1., Velichkin, V.Z., Korsun, V.I. Lightweight steel concrete structures technology with foam
fiber-cement sheets. Magazine of Civil Engineering. 2018. 6(82). Pp. 103-111. DOI: 10.18720/MCE.82.10

13. Gokge, H.S., Hatungimana, D., Ramyar, K. Effect of fly ash and silica fume on hardened properties of foam concrete. Construction
and Building Materials. 2019. 194. DOI: 10.1016/j.conbuildmat.2018.11.036

14. Dien, V.K,, Ly, N.C., Lam, T.V., Bazhenova, S.l. Foamed concrete containing various amounts of organic-mineral additives.
Journal of Physics: Conference Series. 2020. 1425. Pp. 10. DOI: 10.1088/1742-6596/1425/1/012199

15. Vu, K.D., Bazhenova, S.I., T.V.L. The effect of mineral additives, fly ash, blast furnace slag on the mechanical properties of foam
concrete. Stroitelstvo i Rekonstruktsiya. 2020. 2 (88). Pp. 25-34. URL: DOI. 10.33979/2073-7416-2020-88-2-25-34

16. Oren, O.H., Gholampour, A., Gencel, O., Ozbakkaloglu, T. Physical and mechanical properties of foam concretes containing
granulated blast furnace slag as fine aggregate. Construction and Building Materials. 2020. 238. Pp. 117774.
DOI: 10.1016/j.conbuildmat.2019.117774.

17. Bejan, G., Barbuta, M., Vizitiu, R., Stefan Burlacu, A. Lightweight Concrete with Waste - Review. Procedia Manufacturing. 2020.
46. Pp. 136-143. DOI: 10.1016/j.promfg.2020.03.021

18. Lesovik, V., Voronov, V., Glagolev, E., Fediuk, R., Alaskhanov, A., Amran, Y.H.M., Murali, G., Baranov, A. Improving the behaviors
of foam concrete through the use of composite binder. Journal of Building Engineering. 2020. 31. Pp. 1-29.
DOI: 10.1016/j.jobe.2020.101414

19. Hollow clay bricks. Vietnam standard. TCVN 1450-2009. 2009. 9 p.

20. Water for concrete and mortar — Technical speccification. Standard Vietnam. TCVN — 4506:2012. 2012. 7 p.

21. Water for concrete and mortar. Technical conditions. Standard Russian. GOST-23732-2011. 2012. 21 p.

22. Concrete Methods for determining the strength of the control samples. Standard Russian. GOST-10180-2012. 2013. 36 p.

23. Methods of testing concrete. Australian Standard. AS 1012.21994. 17 p.

24. Falliano, D., De Domenico, D., Ricciardi, G., Gugliandolo, E. Experimental investigation on the compressive strength of foamed
concrete: Effect of curing conditions, cement type, foaming agent and dry density. Construction and Building Materials. 2018. 165.
Pp. 735-749. DOI: 10.1016/j.conbuildmat.2017.12.241

25. Barabanshchikov Yu.G., Arkharova A.A., T.M.V. About the effect of superplasticizer on the effectiveness of anti-shrink additives.
Magazine of Civil Engineering. 2014. 7. Pp. 23-30. DOI: 10.5862/MCE.51.3

26. Rassokhin, A.S., Haemek, M., Rassokhin, A.A.S. Silica fumes of different types for high — performance fine — grained concrete.
Magazine of Civil Engineering. 2018. 2(78). Pp. 151-160. DOI: 10.18720/MCE.78.12

27. Bazhenov, Yu.M. Concrete technology. ASV 2011. 524 p.

28. Bol'shev, L.N., Math Statistics Tables. Moscow 1983. 416 p.

Contacts:

Kim Dien Vu, kimdienxdtb@gmail.com
Sofya Bazhenova, sofia.bazhenova@gmail.com

Vu,

© Vu, K.D., Bazhenova, S.I., 2021

K.D., Bazhenova, S.1.



	Modeling the influence of input factors  on foam concrete properties
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Methods

	3. Results and Discussion
	3.1. Preliminary Determination components
	3.2. Determine the optimal components

	4. Conclusions and future work


