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Abstract. The analysis of existing methods for calculating concrete compositions was carried
out. The characteristics and sequence of the calculation-experimental and experimental-calculation
methods for the selection of concrete compositions are provided. The advantages and disadvantages
of each of the methods are described. These methods are generalized by the general systemic cycle
PDCA (Deming cycle), which is determined by the sequence of actions: P (plan) — D (do) — C
(check) — A (Action). It was established that for calculating the compositions of the cellular method
there is no universal method, which would ensure the achievement of the required strength and
average density at the same time. Based on the above, the aim of the thesis was formulated. The aim
of the thesis is to develop a method for calculating the composition of cellular concrete, based on
experimental-statistical models, which would ensure the production of concrete with the required
properties while minimizing the cost of raw materials. A calculation algorithm, a block diagram and
a computer program for designing cellular concrete compositions based on experimental-statistical
modeling were developed. Using the example of the specified block diagram for calculating
concrete compositions, the sequence of calculations is described in detail. The essence of the
calculations is that the three-factor mathematical model of the property parameter of cellular
concrete, which is supposed to be guaranteed, leads to a second order equation. After that, the roots
of the equation are determined. They are substituted into a mathematical model and the composition
of concrete is determined in natural values of variable factors. After that, the cost of the
composition is determined, which is entered into the data array. Then one of the factors changes,
according to the set step and the cycle repeats. At the last stage, the formed data array is processed
and the composition with the minimum cost of materials is determined. Testing of the developed
software was carried out by processing and calculating a three factor experiment. As a result, the
composition of cellular concrete which provides the required strength of foam concrete with a
minimum cost of materials, was determined.

Keywords: aerated concrete, algorithm, flowchart, computer program, concrete mix
calculation, cost.

Introduction. Conservation of natural and energy resources is a priority for the construction
industry. This can be achieved by using effective wall and thermal insulation materials, including
cellular concrete products. The effectiveness of these materials is ensured by their quality. In turn,
the quality of cellular concrete depends to a large extent on the sound design of the composition of
the original components.

Analysis of recent research and publications. For more than a century of concrete history,
many different methods and methods of designing compositions have been developed. All these
methods are of a computational-experimental, or experimental-computational nature [1, 2].
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In the first case, the composition is calculated according to the scheme:

: : yes
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So, for example, the main method of designing heavy concrete compositions — the method of
absolute volumes — is of a computational and experimental nature [1]. According to this method,
first using the initial assumptions expressed in mathematical form, as well as various empirical
information, summarized in the form of tables, graphs and nomograms, a preliminary composition
of the components is calculated. Then, on the basis of this composition, laboratory samples are
prepared according to the appropriate technology, which are tested at the appropriate age and the
necessary characteristics are determined. After that, the obtained indicators are compared with those
required for the project. If these indicators coincide, the composition is recommended for use in
production. If the indicators do not match, the cycle is repeated. Again, the preliminary composition
is calculated or adjusted, samples are made and tested until the required result is achieved. This
method is quite lengthy and laborious. In addition, the technique does not take into account the
peculiarities of the structure formation of the material.

When applying experimental calculation methods for designing compositions, the calculation
is done according to the scheme:

Information in

Experiment the form of

mathematical
models,
graphs,
tables

Determination
of composition

Production

In addition, the results are applied only for concretes obtained with materials with the same
characteristics as in the experiment. There is unknown the influence of the so-called uncontrollable
factors and the material's structure.

In both cases, checking the correctness of the appointment of the composition by a set of
properties that characterize the quality of the material is carried out according to the so-called
Deming cycle (proposed by Dr. Deming, USA) [3].

Another name for the Deming cycle is the PDCA cycle — an abbreviation from the first letters
of words in the English alphabet: P (Plan) — drawing up a work plan; D (Do) — action, performance
of work in accordance with the plan; C (Chek) — checking the compliance of the result that was
obtained with the planned; A (Action) — taking the necessary measures if the execution result
deviates from the planned result.

In the design of concrete formulations by calculation and experimental methods, the Deming
cycle is used both in laboratory tests and in testing in production conditions.

Methods for calculating the composition of heavy concrete are aimed at ensuring the required
strength of concrete. The task becomes more complicated when designing compositions of
lightweight and cellular concrete, where it is necessary to ensure not only strength indicators, but
also to obtain a material of the required density.
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The method for calculating the composition of cellular concrete given in the literature
provides for the calculation of the composition to ensure the required density and does not take into
account the strength of the material [4, 5]. The strength is then determined by the manufacture and
testing of samples. If the composition does not provide the necessary strength indicators, it is
necessary to correct the composition and check it again. Since the branded strength of materials
based on Portland cement is determined at the 28th day of age, the process of selecting
compositions that provide the required strength can be quite lengthy and laborious. In addition, in
the given methodology, a large number of different empirical coefficients are used, depending on
the characteristics, materials used and the method of concrete hardening.

In recent years, experimental and computational methods for the selection of compositions of
artificial building materials are becoming more and more widespread; mathematical methods of
experiment planning are used with the subsequent construction of mathematical models that
optimize parameters and making the necessary technological decisions based on them [6, 7]. The
increased costs of materials and time at the stage of experimental work are subsequently
compensated by a large amount of information.

The aim of this study is to increase the efficiency of the process of choosing the composition
of cellular concrete.

Materials and research methods. To do this, it is necessary to develop a flowchart (Fig. 1)
and, on its basis, create a program for calculating the composition of cellular concrete, which
provides its necessary physical and mechanical parameters at a minimum cost of the product. The
experiment is conducting with using mathematical and statistical research methods and calculate
mathematical models of cellular concrete properties. There is testing of the software product on a
compulter.

Calculation algorithm. There is a flowchart in Fig.1 for calculating the composition of
cellular concrete with a minimum consumption of raw materials, which ensures the receipt of the
material with the required property parameter.

At first, there are introduced the coefficients of the mathematical model, the natural values of
the variable factors, the average density in a dry state, to obtain which it is necessary to calculate
cellular concrete, the value of the water-solid ratio, and the value of the property parameter to be
provided. The costs of raw materials are also entered.

Then the computer starts calculating. The initial values of the coded factors have already been
entered into the program (X;X;Xs, which range from -1 to +1). The general view of the
mathematical model of a three-factor experiment is as follows:

Y=B0+B1 X1+ By Xo+ BsX3tB1o X1 Xo+ B13 X1 X3+ B23X2X3+B11X12+B22X22+B33X32 , (1)

where Y — property parameter that is calculated,

B — corresponding coefficients of the mathematical model,

X — corresponding coded values of variable factors.

The two values of the variable factors are first fixed in the program. These are X; and X3 in
the above flowchart. The calculated values are summed up with the entered property parameter after
the initial coded values of these variables are set in the model taking into account the corresponding
coefficients. Thus, the model is reduced to a quadratic equation with one unknown. Next, the
discriminant of the equation is calculated and compared to zero. If the discriminant is less than O,
the value of the factor X, changes according to the step with which this factor changes. For
example, if the step is 0.2, then the next factor value is 0.8. When the discriminant is greater than 0,
the roots of the equation are calculated — the first and the second. Next the comparison of the
obtained values comes, are they within the factor space, that is, from -1 to +1. If this condition is
met, then for a certain solution, the coded values of the factors are converted into natural values.
Next, the composition of concrete is calculated using both solutions of the equation. After that, the
cost of the composition is calculated, taking into account the cost of materials. The smallest
composition in terms of cost is stored in the array that has been formed.
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Program flowchart

START

v

INTRODUCTION OF DATA: COEFFICIENTS ESM (By ... Bss); Xy, X,, Xs; NATURAL VALUES
OF VARIABLE FACTORS (F; ... Fg); FIXED PROPERTIES R; THE AVERAGE DENSITY M;
THE WATER-SOLID RATIO V; COST OF MATERIALS (K; ... Ky).

v
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TRANSFER OF CODED VALUES OF FACTORS
INTO NATURAL VALUES:
N;=M; - (Fo—F)/2+(Fi+Fp) /2
C]_ =100 - N]_
No=M,  (Fo—F)/2+(Fi+Fp) /2
Cz =100 - Nz
Dy=X; (Fa—F3)/2+(Fs+Fy) /2

v

CALCULATION OF COMPOSITION ON THE 1ST DECISION:
C3 =M" Cl/ 100
N, = (M - Ny / 100) / 1000
D, = (C,* 1000) - D, / 1000

v
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Continuation of the flowchart

|

CALCULATION OF COMPOSITION ON THE 2ND DECISION:
C5 =M" C2 /100
Cs=(Cs - 0.15 - Cs) / 1000
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v
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Continuation of the flowchart
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Fig. 1. Flowchart of calculation

The calculation is carried out in the cycle of changing the factor X, in accordance with the
established step of changing this factor. The array of aerated concrete compositions is finally
formed taking into account the cost of materials, when all cycle options are enumerated. At the final
stage, the cost of the materials of the formed array is calculated. The calculation is also performed
in a cycle, as a result of which the composition with the lowest cost price is calculated.

Research results. A three-factor experiment using mathematical methods of experiment
planning was carried out for the practical implementation of the software product. The experiment
was carried out according to the standard Box-Benkin plan of type B-3. The influence of variable
formulation and technological factors on the properties of non-autoclaved foam concrete with an
average density of 600 kg/m® was studied.

These factors were chosen: X; — the content of the filler in the mixture with cement. This
factor varied from 0 to 30% of the total mass of the mixture. X, — is the content of the cement
hardening accelerator additive, 0-3 percent of the cement mass in dry matter. X3 — is the duration of
the activation of the solution mixture in the reactor of the high-speed mixer, varied from 0 to 40
seconds. The water demand of the mixture according to the water-solid ratio was constant and
amounted to 0.41.

A mathematical model was built as a result of the implementation of the experiment and
processing of its results, which is adequately described by the logarithm of foam concrete strength (2).

In(R)=1,011-0,157b, +0,245h, + 0,271b, —0,118b,, +0,118b,, —0,16b,, + 2

+0,148b7% —0,181b2 — 018107,

A screen copies of the final working panel of the program for calculating the composition of
cellular concrete is shown in Fig. 2.
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Fig. 2. View of the working panel of the program for calculating the composition of cellular concrete

Conclusions and prospects for further research. The given experimental and
computational method of designing cellular concrete compositions based on experimental and
statistical modeling makes it possible to design compositions not only with a given average density,
but also with the necessary physical and mechanical indicators: strength, water absorption, water
resistance, etc., which have a minimum cost.

The effectiveness of the developed product can be increased by improving it. First of all, due to
the development of a program for calculating the composition of concrete, which took into account two
or more mathematical models of properties, the so-called multi-parameter optimization.
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Anortaunisi. [IpoBeneHo aHami3 iICHYIOUHMX METOMAIB PO3paxyHKY cKianiB Oerony. HaBemeno
XApaKTePUCTUKH 1 MOCIIIOBHICTh PO3PAaXyHKOBO-€KCIEPUMEHTAJIBHOIO 1 EKCIEePUMEHTAIbHO-
PO3PaxXyHKOBOTO METOAIB Mif0opy ckiaaiB OeTony. OmucaHo mepeBard i HEIOJIKH KOXHOTO 3
METOJIIB. Y3arajJbHEHO IIi METOJIW 3araabHuM cucTteMHUM IukioM PDCA (umkn Jleminra), 1o
BU3Hauae nociinoBHicTh aiit: P (plan) — D (do) — C (chek) — A (Action). BcranosieHo, 1o st
PO3paxyHKy CKJIAJIB Hi3IPIOBATOr0 METOJYy HE iCHYE YHIBEpCAJIILHOTO METOMY, KUK 3a0e3redyBaB
OM OJIHOYACHO JOCSATHEHHS HEOoOXiIHOI MIIHOCTI 1 cepenHboi rycTuHU. Ha migctaBi 1boro
chopMynboBaHO MeTy poOoTH. MeToro poOoTH € miABHINEHHS €(hEeKTUBHOCTI Mpoiecy BUOOPY
CKJIaJy HI3/IpIOBATOro OETOHY, HAa OCHOBI €KCIEPUMEHTAIbHO-CTaTUCTUYHUX MoJelnel, skuil ou
3a0e3rneyyBaB OTPUMaHHS OCTOHY 3 HEOOXITHUMHU BIACTHBOCTSAMH IPU MiHIMI3aIlil BapTOCTI
BUXIIHUX CHPOBUHHHX MatepiaiiB Po3po0ieHo anroputM po3paxyHKy, OJIOK-CXeMy i KOMI'TOTepHY
porpaMy TPOEKTYBaHHS CKJIAJIB HI3APIOBATOr0O OCETOHY Ha OCHOBI EKCIIEPHUMCHTAIBHO-
CTaTUCTMYHOIO MojetoBaHHs. Ha npukiani, HaBeaeHoi 0JIOK-CXeMHU PO3paxyHKY CKIIaJiB OETOHY,
JIOKJIaJIHO ONKCaHa IOCIIJIOBHICTh po3paxyHKiB. CyThb pO3paxyHKiB MOJAra€e B TOMY, IO
TphOX(aKTOpHa MaTeMaTH4YHa MOJIeJb MapaMeTpa BIACTHBOCTI HI3JIPIOBATOr0 OETOHY, SKUN
HEOOX1IHO rapaHTyBaTH, 3BOJUTHCS JI0 PIBHSAHHSA Apyroro nopsaaky. Ilicias mporo BM3HA4YarOThCS
KODiHHS DIiBHAHHA. IX TiACTAaBIAIOTH B MaTeMaTM4Hy MOJENb i BH3HAYAIOTH CKIaj OETOHY B
HaTypaJbHMX 3HAueHHSX 3MIHHMX (aktopiB. Ilicis mporo BH3HAuYa€ThCs BapTICTh CKIany, sKa
3aHOCUTHCS B MacuB. Jlami 3MiHIOETbCS OAMH 3 (DaKTOpiB, BIAMOBIJHO, BCTAHOBIIEHOI'O KPOKY, 1
LUK TOBTOproeThesi. Ha ocranHiil cragii oOpobiseTsest chopMoBaHMN MacHB 1 BU3HAYAETHCS
CKJIaJl 3 MIHIMAJIbHOIO BapTICTIO MaTepiaiiB. Anpobaiiist po3po0JI€HOT0 NpOorpaMHOro 3a0e3neyeHHs
31ilicHeHa 00pOOKOIO 1 00YMCIIEHHSAMHU TPbOX (PAKTOPHOTO EKCIIEPUMEHTY. B pe3yibTari BU3HaUeHO
CKJaJ Mopuctoro OeToHy, sKuil 3abe3nedye MOTPIOHY MILHICTh MIHOOETOHY 3 MIHIMAaJIbHOMO
BapTICTIO MaTepiaib.

Kiro4uoBi ciioBa: miHOOETOH, aJIrOPUTM, OJIOK-CXeMa, KOMII'FOTepHa Mporpama, po3paxyHOK
cKki1aay 6eToHy, cO0IBapTiCTh.
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AHHoTanus. IlpoBegeH aHanmM3 CyIIECTBYIOIIMX METOJOB pacyeTa COCTaBOB O€TOHA.
[IpuBeneHbl  XapaKTEPUCTHUKUM U TOCIEAOBATENIBHOCTh  PACUYETHO-IKCHEPUMEHTANIBHOTO H
HKCIIEPUMEHTAJIbHO-PACUETHOTO METO/OB MoA0Opa cocTaBoB OeToHa. OmucaHbl JOCTOMHCTBA U
HEJOCTaTKU KaXA0ro U3 MeTosoB. O00OMIEHBI ATH METOIBI OOIMM CHCTeMHBIM mukioM PDCA
(umkia JleMunra), 94To OnpeaeiseT MoCie0BaTeIbHOCTD AckicTBuii: P (plan) — D (do) — C(chek) — A
(Action). YCTaHOBJEHO, YTO [UIsi pacdeTa COCTAaBOB SYEUCTOTO METOJa HE CYIIECTBYET
YHHUBEpPCAIBHOTO METOJla, KOTOpBIA obecreunBall Obl OAHOBPEMEHHO IOCTHXKEHHS TpeOyemoii
MPOYHOCTU U CpeiHel MmIoTHOCTH. Ha ocHOoBaHMM 3TOro copmynupoBaHa 1eiab padoTsl. Llenbro
paboTel ecTh moBblmieHHe 3(G(HEKTUBHOCTH Mpolecca Moadopa cocTaBa SYEUCTOro OeToHa, Ha
OCHOBE JKCIIEPUMEHTAILHO-CTATUCTUYCCKIX MOJCNIeH, KOTOpBI OBl oOecrmeunBai IMOJIydeHUE
O0eroHa ¢ TpeOyeMbIMH CBOHCTBAMH TPU MHUHUMHU3AIUU CTOUMOCTH HWCXOJTHBIX CBIPHEBBIX
MatepuaioB. Pa3paboraHo anroputM pacuera, OJOK-CXEMYy M KOMIIBIOTEPHYIO IPOTpPAMMY
MIPOEKTUPOBAHMSI COCTABOB SUEUCTOr0 OETOHa Ha OCHOBE SKCIIEPUMEHTAbHO-CTATUCTUYECKOTO
MonenupoBanusi. Ha mpumepe, npuBeeHHONH OJIOK-CXEMBbl pacueTa COCTaBOB OETOHA, MOIPOOHO
OIHMCaHa TI0CIIeIOBATEIbHOCT pacueToB. CyTh pacyeToB 3aKJIFOYACTCS B TOM, YTO TpeX(akTopHas
MaTeMaTHYeckass MOJeIb IapaMeTpa CBOWCTBAa SYCHCTOTO OETOHA, KOTOPBIA HEOOXOIMMO
rapaHTUPOBATh, CBOAWTCS K YPAaBHCHHIO BTOPOro mopsjaka. [locime 3Toro ompeaenstorcs KOpHU
ypaBHeHUsa. VX TOJCTaBISIOT B MaTeMaTHYECKYI0 MOJENb M OIpeNessioT cocTaB OeToHa B
HaTypaJIbHBIX 3HAYCHHSIX MepeMeHHbIX (hakTopoB. [locie aToro ompenensieTcss CTOUMOCTh COCTaBa,
KOTopasi 3aHocuTcs B MaccuB. Jlamee wu3MeHsieTcs OAUH U3 (aKTOPOB, COOTBETCTBEHHO,
YCTAaHOBJICHHOTO Iara, W IMKJ TMOBTOopsercs. Ha mocienHeidt cragum oOpabaTeiBaeTcs
c(OPMUPOBAHHBII MAacCUB W OMPEICIISICTCS COCTaB ¢ MUHUMAJIBHONH CTOMMOCTBIO MaTepHAIIOB.
Amnpobanusi  pa3pabOTaHHOTO MPOTPAMMHOTO OOECIeUeHHUs OCYIIECTBICHa OO0paboTKOM U
BBIUHCIICHUSIMH TpeX (aKTOPHOTO JKCIepuMeHTa. B pesynbTaTe ompeneneH coCTaB SYEHCTOTO
0eToHa, KOTOPBI O0ecreuynBaeT HYKHYIO MPOYHOCTh NMEHOOETOHA ¢ MUHUMAIBHOW CTOMMOCTHIO
MaTepuasoB.

KiaroueBble cjioBa: eHOOETOH, alrOpuTM, OJIOK-CXeMa, KOMITBIOTepHAs IporpamMma, pacueT
cocTaBa 0eToHa, CE0ECTOMMOCTb.
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