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Today, there are a large number of programs (calculators) on the market for calculating concrete mixtures,
proportions, and composition, all of which somehow calculate only traditional mixtures consisting of
cement, sand, and crushed stone. Stocks of traditional raw materials are being depleted, while the amount
of man-made raw materials is growing. In this regard, the additives of man-made raw materials in the
composition of building mixes are increasing from year to year, which suggests that the need for them is in
demand. Unfortunately, the composition of the construction mix with additives of man-made raw materials
is still determined only manually, followed by calculating the mass of an ingredient, without taking into
account the density of the material. In this regard, the relevance of the study lies in the need to automate
the process of selecting a building mix with additives of man-made raw materials. Considering that the
problem is not only practical, but also scientific, interest in it is quite high.

The purpose of the research is to develop a methodology for an automated system for selecting building
mixes with additives from man-made raw materials based on the use of information technology.

The developed program allows you to select the composition of the construction mix, which includes
man-made raw materials (metallurgical slag, bauxite sludge, fly ash).

Calculation results: optimal composition of the construction mix, weight, total cost of the construction
mix in tenge. The calculation results are displayed in Excel form. The parameters cost, density, and number
of ingredients of the construction mix can be updated using artificial intelligence technologies.

The program allows you to analyze calculation data based on visualization in the form of graphs, diagrams,
and subsequent management decisions. The resulting compositions of building mixes need laboratory
experiments, depending on the purpose. The efficiency of using the developed program ensures the selection
of a large number of building mix formulations that are simply not possible to perform manually. The
scientific novelty of the developed program consists in the development of an original algorithm and the
absence of analogues of the source code, which allows obtaining both practical and scientific results.

The developed program ”Automated system for selecting the composition of a building mix with additives
from man-made raw materials” can be used for practical purposes in business processes of small and
medium-sized businesses, during scientific experiments (master’ s degree, doctoral degree), in the educational
process of the educational program “Information Technology”, Automation and Control, ”Building Materials™.

Keywords: automated system, artificial intelligence, construction mix, man-made raw materials, program,
algorithm
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CerofHs Ha phIHKE IPUCYTCTBYET OOJIBIIIOE KOJMIECTBO MPOrpamMm (KaJIbKYIATOPOB) 17151 pacyera OeTOH-
HbIX CMeCeIU/I, HpOHOpHI/IIjI, COCTaBa, BCE OHU TaK WM MHAYC PpACCUUTBIBAIOT TOJILKO TPAJUIIMOHHBIE CMECH B
COCTaB KOTOPBIX BXOJIAT LIEMEHT, TIECOK U I1eOeHb.

3amnacel TPaJUIMOHHOTO CHIPhSI UCTOMIAIOTCS, @ KOJIMYECTBO TEXHOTEHHOTO ChIpbsi HA00OpOT pacteT. B
9TOH CBA3M JA0OABKHM TEXHOTEHHOTO ChIPbsI B COCTaB CTPOMTENHHBIX CMECei ToJ] OT ToJa YBEeJUYMBAIOTCS,
YTO TIO3BOJISIET TOBOPUTH O TOM, UTO MOTPEOHOCTh B HUX BocTpedoBaHa. K coxasieHuio, coctaB CTpOUTEb-
HOW CMeCH C 100aBKaMU TEXHOTEHHOTO CHIPbS /IO CHX TIOP OINpPEAENSeTCs] TOJBKO PyYHBIM CIIOCOOOM, C
MOCJIEIYIOIIMM BBIYMCIIEHUEM MaCChl TOTO WIM UHOTO MHTPEIUEHTA, IPA TOM HE YUUTHIBAECTCSA IJIOTHOCTh
MaTepuasa. B 9Toil cBsI3u akTyaJIbHOCTb UCCIIEJOBAHUSI COCTOMT B HEOOXOIMMOCTH aBTOMATH3AIMHU ITPOLiec-
ca mogdopa CTPOUTEILHON CMECH ¢ JOOABKAMU TEXHOTEHHOTO CHIPbs. YUUTHIBAS, UTO MPodeMa He TOIbKO
IIPaKTUYECKasl, HO U Hay4Hasl, UHTEPEC K HEil JOBOJIHO BBICOK.

Llens vccniefoBaHUs 3aKII0OYaeTCsl pa3padOTKe METOJOIOTMU aBTOMATH3UPOBAHHOM CHCTeMbI TIogdopa
CTPOUTENILHON CMECH C JJ00aBKaMU M3 TEXHOT€HHOTO CBHIPbsi, HA OCHOBE MPUMEHEeHUsT NH(OPMAIMOHHBIX
TEXHOJIOTUH.

Pa3pa60TaHHaﬂ nporpamma, no3BOJIACT l'IOI[O6paTb COCTaB CTpOHTCJ’IbHOfI CMECH B COCTaB KOTOpOfI BXO-
AUT TEXHOT'CHHOEC ChIPbE (MCTaJ'IJIprI/I‘{eCKI/IfI IIjiakK, OOKCUTOBBIN nuiaM, 30J1a YHOCa).

Pe3ynbTaTsl pacueToB: ONTUMAJbHBIA COCTAB CTPOUTENILHOM CMECH, Macca, 00111ast CTOUMOCTb CTPOUTETb-
HOW cMecH B TeHre. Pe3ysbraTel pacueta BeiBoasTcs B Excel ¢opme. ITapameTpsl crouMocCTb, IJIOTHOCTS,
KOJIMYECTBO UHIPEIMEHTOB CTPOUTENIBHON CMECH, MOTYT OOHOBJISITBCSI C UCTIOJIb30BAHMEM TEXHOJIOTHIA HC-
KyCCTBEHHOTO MHTEJUIEKTA.

[Tporpamma nmo3BosisieT NPOBOJUTh aHAIN3 JAHHBIX PacyeTOB, HA OCHOBE BU3YyaslM3aluu B BUE rpadu-
KOB, JMarpamm, ¢ MocjaeAyloIuM MPUHATHEM YIpaBJeHYeCKUX pelleHuid. [loydeHHble cocTaBbl CTPOU-
TEJIbHBIX CMecell HyXJaI0TCsl B JJAOOPATOPHBIX IKCHEPUMEHTaX, B 3aBUCMMOCTH OT HazHaueHus. Dddek-
TUBHOCTb HCIIOJIb30BAaHMS pa3paOOTaHHOM MPOrpaMMbl, 00ecneYnBaeT nogoop OOJIBIIOTO KOJUYECTBA pe-
LENTYp CTPOUTEBHON CMECH, KOTOPBIE PYYHBIM CIIOCOOOM, IPOCTO HE BOSMOKHO, BHIIIOJTHHT.

Hayunast HOBM3Ha pa3paOOTaHHOW MPOrPaMMBI COCTOUT B pa3padOTKEe OPUIMHAIBLHOTO aJrOPUTMA M
OTCYTCTBUM aHAJIOTOB UCXOHOTO KO/, MO3BOJISIONIETO MOMyYaTh, KaK MPaKTUUECKUe, TaK U HAy4HBIE pe-
3yJIbTATHI.

Pa3paboranHas nmporpamMmma « ABTOMaTU3MPOBAaHHAsI CUCTEMa MOA0Opa COCTaBa CTPOUTEIbHON CMECH C
n00aBKaMH U3 TEXHOTEHHOTO CHIPbs», MOKET MCIHOJIb30BATHCS ISl MPAKTUYECKUX IIeJiell B OM3HEC Ipo-
1ieccax CyObeKTOB MaJIOTO M CPeiHEero OM3Heca, MPY MPOBE/ICHNH HAyYHBIX 9KCIIEPUMEHTOB (MarucTpary-
pa, JoKTopHatypa), B yueOHoM Tmporecce no OIl «MHpopmaliMoHHbIe TEXHOJIOTHH», ABTOMAaTU3aMs U
yrnpaBiieHue», «CTpOUTEIbHbIE MaTePUAITBI».

KuroueBbie cjioBa: aBTOMaTU3MPOBAHHAS CUCTEMA, UCKYCCTBEHHBIN UHTEJUIEKT, CTPOUTESIbHASI CMECH,
TEXHOTEHHOE ChIpbe, MPOorpamMmma, ajirOpuTM

TEXHOTI'EHAIK HINKI3AT KOCIIAJIAPBI BAP K¥PbLJIBIC KOCITACBIH IPIKTEY 11
ABTOMATTAH/IBIPY

IK. Akumes , 7K. Hypraii, 2JI. Akumesa, 'A. Tyaery.1os, °B. Buii6ocbinos, *M. Baii:kapnkoBa

1 K.Kynaocarnos ameindarvl Kazax, mexnonoeus scane ousnec ynueepcumemi, Acmana, Kazaxcmarn,
2 Hazapb6aes Susimiepaix mexmeoi, Acmana, Kazaxcman,
3U. Apabaes amvinoarvl Kviproiz memaexemmix yHusepcumemi, Biwkex, Kviproizemar,

*X. Mynamu amomoars: Tapas evipaix ynueepcumemi, Tapas ., Kazaxcman,
e-mail: akmailO4cx@mail.ru




NHPOPMALIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOI' N

Byrinri TaHga HapbIKTa OETOH KOCHaIapbIH, TPOMOPLMSIAPLIH, KYPaMbIH €CerTeyre apHaFaH KenTereH
Oarmapaamanap (KaabKyasiTopiaap) 6ap, oJaapabiH OapibFbl IEMEHT, KYM KoHE KUBIPIIBIK, TACThl KAMTHTHIH
JOCTYPJI KocTiajap/ipl FaHa eCcerTe/Ii.

JlocTypJ1i MMKi3aT KOPbI TayChUIBIN, TEXHOTEH/IIK IIMKi3aT MeJepi KepiciHiie ecyae. OchiraH Oari-
JIAHBICTBI KYPBUIBIC KOCTIANAPBIHBIH KYpPaMblHA TEXHOTSHIIK IIMKi3aT KOCMalaphl KbUIIAH JKbUIFA apPTHII
Kesesli, OyJ1 onapra JiereH KaXeTTUliK CypaHbICKA Me eKeHIiH ailTyFa MyMKIHIIK Oepesi. OKiHillIKe opai,
TEXHOTEH/IIK IIMKi3aT Kochajaapbl Oap KYpbUIbIC KOCTIACHIHBIH KYPaMbl OChl YaKbITKA JEWiH TeK KOJIMEH
AHBIKTAJIA/IbI, COJAH KeiH Oenriii Oip MHrpeJUeHTTiH MacCaChiH eCenTel Ii, ajl MaTePUAJIbIH THIFBI3IBIFbI
eckepinmeiii. Ocpirad OAJIaHBICTBI 3ePTTEYIiH ©3EKTLIIr TEXHOTeHIIK IMHKI3aT Kocraiapbl 0ap KYpPbUIBIC
KOCIAChIH TaH/Aay IMPOLECiH aBTOMATTaHIBIPy KAXETTLIriHeH Typaasl. Macesie TeK MpPakTUKAIBIK, eMec,
COHBIMEH KaTap FhUILIMU €KEeHIH €CKepe OTBIPBII, OFAH JETeH KbI3bIFYIIBUIBIK, 6T€ JKOFAPHL.

3epTTeyAiH MakcaThl aKIAPATTHIK, TEXHOJOTUSIAPAbI KOJIJaHY HEri3iH/e TEXHOTeH K IIMKi3aTTaH KOC-
nangapsl 6ap KYpbUIBIC KOCTIACHIH TaHAAYAbIH aBTOMATTAaH/ABIPbUIFAH JKYHECIHIH 9/licCHaMachiH J3ipJiey 0o-
JIBII TaOBUTAEI.

I3ipJieHreH OaFIapiiaMma Ky pbUIbIC KOCIIACBIHBIH KYPaMbIH TaHAayFa MyMKIiHJIIK Oepe/ii, OHbIH KYPaMbl-
Ha TEXHOTEHJIK IMKi3aT (METaJUTypPrusiIblK KOXK, OOKCHUT ILIaMBbl, aJIbIl KETY KYJIi) Kipesi.

Ecen aifbIpbICy HOTHKeJIEPi: KYPBUIBIC KOCIIACBIHBIH OHTAMJIbI KYPaMbl, CAJIMarbl, KY PbLIbIC KOCTIACHIHBIH
TeHrezeri sxannsl KyHbl. Ecenirey Hotmxkenepi Excel ¢popmacbiga kepcetineni. [lapamerpiepi KyHsl, Thl-
FBI3/bIFBI, KYPbUIBIC KOCIIACBIHBIH MHTPEIMEHTTEPIHIH CaHbl )KaCaH bl UHTEJUIEKT TEXHOJIOTUSIChIH KOJIJaHa
OTBIPBII KAHAPTBLUIYBl MYMKiH.

Barpapnama rpadukrep, nuarpammarnap TypiHIE BU3yalld3alsl HEri3iHAe ecenTeysepAiH IepeKTepiH
TaJllayFa, COJlaH KeiiH Oackapy memiMaepid KaodbuiaayFra MyMKIHIIK Oepei. AJbIHFaH Ky PbUIBIC KOCTIAa-
PBIHBIH KYpaMbl MaKcaThiHa OAIaHBICTI 3epTXaHAIBIK TOXKipuOeaepai KakeT eTe/li. I3ipJeHreH Oaraap-
JlaMaHbl MaiAagaHy THIMIUIIT KYPbUIBIC KOCHIACBIHBIH KeITereH (popMyJiajlapblH TaHAayJbl KaMTaMachl3
eTe/li, oJlapIpl KOJIMEH OPbIHIAy MYMKIiH eMec.

I3ipyieHreH OarJapiaMaHbH FBUIBIME JKaHAIBIFBI-TYITHYCKA AJITOPUTMIIl 93ipJiey jKoHEe MPaKTHUKAIIBIK
JKOHE FHUIBIMHU HOTHKeJiepre KOJ KeTKi3yre MyMKIiHIIK OepeTiH OacTanKbl KOATHIH aHAJIOTTapPbIHBIH 00JI-
Mayhl.

I3ipJieHreH "TeXHOreHIiK IMKi3aTTaH Kocnajaapbl Oap KYpbUIbIC KOCIIACKIHBIH KYPaMblH ipiKTeyIiH aB-
TOMATTaH/IBIPBUIFAH KYyiieci” OariapiiaMachl MIaFbIH XoHE OpTa OM3HeC CyOBEeKTUIepiHiH OU3HeC mporie-
CTepiHJIe, FhUIBIMU IKCIIEPUMEHTTEP (MAruCTpaTypa, JOKTOPHATYpa) KYPrizy KesiHje, “aknapaTThlK, TeX-
HoJIOTHsUIap”, ABTOMATTaHIBIPY jkKoHe Oackapy”, "KypbuIblc MaTtepuaigapsl’ BB oKy mporiecinjie mpakTu-

KaJIBIK, MaKcaTTap YIIiH NaiJaJaHbUTybl MYMKIH.

Tyiiin ce3aep: aBTOMATTaHABIPBUIFAH XKYie, jKacaHIbl MHTEJUIEKT, KYPbUIBIC KOCIAChl, TEXHOTE€H/IiK
IIMKi3aT, OaFaapiaMa, aropuTM

Introduction. Research related to automation
of control of technological processes for the
production of building materials with additives from
industrial waste is described in [1-4].

Unfortunately, the scientific foundations and
methodology for the production of building mixes
with additives of man-made raw materials and the
use of modern Industry achievements 4, information
technologies have not yet been presented in

Kazakhstan.

This is an urgent and demanding task that can
be solved by specialists with knowledge in the field
of automation and control, information technology,
as well as theoretical and practical skills in using
man-made raw materials in a particular industry in
Kazakhstan.

The publications related to the topic of our
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research are discussed below.

The article [5] examines the integration of
artificial intelligence into the automated design
of concrete mixes, with special emphasis on the
use of computerized curves of the granulometric
composition to optimize the distribution of
aggregates.

Disadvantages: Lack of information on practical
application and limited data on actual results.

In [6], the study is devoted to the application
of optimization methods for automating the
development of mixtures for 3D printing of
concrete, which improves workability, strength and
resistance to deformation.

Disadvantages: The difficulty in applying the
proposed methods in practice and the need for
specialized equipment.

[7] provides an overview of current trends in
the digital transformation of concrete technologies,
including the use of automation and digital tools in
the process of developing mixtures.

Disadvantages: The generalized nature of the
review without detailed consideration of specific
technologies.

In [8], the study focuses on the use of machine
learning for the probabilistic selection and design of
concrete mixes, taking into account various factors,
including strength and stability.

Disadvantages: The complexity of mathematical
models and the need for large amounts of data for
training.

The article [9] offers a holistic approach
to optimizing the process from concrete mix
selection to structural design, taking into account
uncertainties.

Disadvantages: The high complexity of the
proposed methodology and the need for an
interdisciplinary approach.

The article [10] provides an overview of the
application of operational research methods for the
design and proportionation of concrete mixtures,
suggesting a classification structure.

Disadvantages: Theoretical orientation without
practical implementation examples.

The article [11] examines various aspects of 3D
printing of concrete, including automation of the
process and features of the selection of mixtures for
printing.

Disadvantages: A generalized overview without
a detailed analysis of specific technologies and
methods.

In the article [12], the main comments are related
to the fact that there are no detailed descriptions of
technical solutions and automation methods; there
is insufficient information about potential problems
during implementation.

The research in the article [13] is theoretical
in nature; it lacks practical examples of the
implementation of artificial intelligence in real
conditions.

The solutions presented in the article [14] require
large computing resources; integration into existing
production lines may be difficult.

The article [15] describes the general provisions
related to the design work of a construction
company, but does not show the ways of practical
implementation of tasks.

The analysis of publications on the research
topic revealed the need to develop software tools
to automate the selection of building mixes with
additives from man-made materials, as no solution
to this problem has yet been presented. In this
regard, the relevance of the research lies in the
development of methodological approaches for
automating the selection of building mixes with
additives of man-made raw materials.

Materials and methods. The program code
of the automated system for selecting building
mixes with additives of man-made raw materials is
developed in Python using several key approaches
and technologies. The methodology covers the
architecture of the code, the data processing
methods used, calculation algorithms, as well as user
interaction mechanisms and automatic data updates.

The code is based on a modular approach, which
makes it easy to scale and modify functionality.
Main components:

-Graphical interface (GUI) — implemented on the

4
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basis of Tkinter, providing user interaction;

-Calculation algorithms — include calculations
of the mass, cost and total percentage of the
components of the mixture;

-Data update — Artificial intelligence simulation
is used to dynamically change the cost and density
of materials;

-Saving results — Supports exporting data to Excel
using openpyxl.

The program code applies basic mathematical
methods to calculate the mass and cost of the
components of the construction mix:

Calculation of the mass of ingredients (formula

1):

Mz(%)XDXV (D

where:
M- is the mass of the component (kg);

P- is the percentage of the component (%);

Listing of the program code 1:

def get_updated_costs () :

updated_costs = {
"Cement’: random.uniform (190,
"Sand’: random.uniform (28,
"Gravel’: random.uniform (48,
"Slag’: random.uniform(75,
"FlyyAsh’: random.uniform (65,
"Bauxite Mud’ :

}

return updated_costs

random.uniform (95,

D- is the density of the component (kg/m?);
V- is the total volume of the mixture (m?).

Calculation of the cost of the construction
mixture (formula 2):

C=MxC, 2)

where:

C - the cost of a specific component (KZT);

Cy -is the cost of 1 kg of the component (KZT);
M- is the calculated mass of the component.

The total cost of the mixture is calculated as the
sum of the cost of all the ingredients.

The program uses artificial intelligence (Al)
simulation to dynamically update the cost
and density of materials. This is implemented
using the random value generation method
(random.uniform()), which simulates fluctuations in
market prices and physical properties of materials.
An example of the cost update code is shown on the
program code listing 1:

210),

32),
52),
85),

75),
105)

The program supports the dynamic addition of new materials. This is implemented by updating the
dictionaries of cost and density of ingredients see the listing of the program code 2:

Listing of the program code 2:
def add_new_material (material_name,

densities[material_ name] default_density
costs[material_ name] default_cost

default_density, default_cost):

The program supports exporting calculations to Excel for further analysis, see the program code listing
3:

Listing of the program code 3:

def save_to_excel () :
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workbook =
sheet =

openpyxl.Workbook ()

workbook.active

sheet .append ([”Material”, "Massy(kg)”, "Densityy(kg/m?)”,
"Percentage (%)”, "Costyperpkgy (KzT)”,
"Total Cost (KZT)"”])

for row_id in tree.get_children() :

sheet.append(tree.item(row_id) ['values’])
workbook.save ("Construction Mix.xlsx”)

The functionality of the program code allows users to save calculations and use them in reports.

The program code allows you to analyze data for various parameters and provide them graphically using
Matplotlib, see program code listing 4.

Listing of the program code 4:

plt.plot (industrial_waste_percentages,
linestyle="-")

Input

total_costs, marker='o0’,

The sum of all the constituent
inmredicntcin U

| Density and cost of the material |

< : P >‘ :Ipdaﬁrg the cost of materials using

e
e

Updating the density of a material
using Al

Calemnlaiion

Adding mew materials nsing AT

Save result in Exrel

Fig. 1 - The algorithm of the program code

This procedure allows us to graphically assess the
effect of the composition of man-made waste on the

composition of a building mix with additives from
man-made raw materials, which in practice takes a

final cost of the construction mix and, based on it,
determine the optimal proportions.

But here it must be understood that any
calculations must be supported by laboratory
experiments and field tests. The program code
allows you to automate the process of selecting the

lot of time.

The user menu of the program code is developed
using theTkinter library:

-The main library for creating a graphical user
interface (GUI), which allows you to build windows,

6
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input forms, buttons, tables, labels and other
interface elements.

Results and discussion. For the development
of the program code, an algorithm was prepared,
see Fig. 1, the principle of operation of which is
described below.

The algorithm works as follows:

Data for each ingredient of the construction
mix with additives of man-made raw materials is
uploaded from the interface.

1. Data initialization:

The main() function sets the parameters for
calculating the construction mix:

-the volume of the mixture (volume) in m?;

-the density of the material (Material Densities)
in kg / m?;

-the percentage of the material (Material

percentages);
-material costs (cost) per 1 kg.
. Mix Composition Calculation:

-the function calculate_concrete_mix(volume,
densities, percentages, costs) is called:

-a list to store mix composition data and a variable
for the total cost are initialized. For each ingredient;

The function returns:
-a list of data for the mix composition;
-the total cost of the mix.

Updating data on cost, density of materials, and

1 import tkinter as tk
from tkinter import ttk
from tkinter import filedialog, messagebox
import openpyxl
import random

adding new materials is carried out using artificial
intelligence.

3. Saving Results to Excel:

the function
performs:

save_to_excel(data, file_path)

-creates an Excel file;

-adds table headers;

-writes rows containing mix composition data.
Formats the table:

-adjusts column widths;

-highlights headers with bold text and centers the
text;

-sets the print area, page orientation, and scaling
to fit the table to one page width.

Saves the file to the specified path.

4. Result Display:

After saving the file, the program outputs:

-the path to the Excel file;

-the total cost of the construction mix.

5. Program Execution:

the program checks if it is the main module (if
_name__=="__main__":);

the main() function is called to perform the
calculations and save the results.

Fig. 2-11 show the program code of the program
” Automated system for selecting the composition of
a building mix with additives from man-made raw
materials.”

# AUTOMATED SYSTEM FOR SELECTING THE COMPOSITION OF BUILDING MIX WITH TECHNOLOGICAL RAW MATERIAL ADDITIVES

def calculate_mix():
try:
# Get input data from the interface
volume = float(volume_entry.get())

cement_pct = float(cement_entry.get())
sand_pct = float(sand_entry.get())
gravel_pct = float(gravel_entry.get())

slag _pct = float(slag entry.get())
fly_ash_pct = fleat(fly_ash_entry.get())
bauxite_mud_pct = fleat(bauxite_mud_entry.get())

Fig. 2 - Program code (Data entry)
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# Ensure the total percentage equals 18@
total_pct = cement_pct + sand_pct + gravel_pct + slag_pct + fly_ash_pct + bauxite_mud_pct
if total_pct != 1ee:

messagebox. showerror("Error”, "Total percentage must be equal to 1ea!™)

return

Fig. 3 - Program code (Verification of compliance with the percentage of the building mix)

# Material densities and costs
densities = get_updated_densities()
costs = get_updated_costs()

28

Fig. 4 - Program code (Functions for determining the density and cost of the material)

# Calculation
percentages = {'Cement’: cement_pct, 'Sand': sand_pct, 'Gravel': gravel_pct, 'Slag’': slag_pct,
"Fly Ash': fly_ash_pct, 'Bauxite Mud': bauxite_mud_pct}
total_cost = @
for material, percentage in percentages.items():
mass = (percentage / 18@) * densities[material] * volume
cost = mass * costs[material]
total_cost += cost

total_label.config(text=f"Total Cost: {round(total_cost, 2)} KIT")
except ValueError:
messagebox.showerror ("Error”, "Please enter valid numbers!™)

Fig. 5 - Program code (Calculation)

# Function to get updated costs using a simulated AI model
def get_updated_costs():
# Simulate AI-generated costs for materials
updated_costs = {
‘Cement’: random.uniform(19%e, 210), # Simulated fluctuation in cost
'Sand': random.uniform(28, 32),
‘Gravel’: random.uniform(48, 52),
‘Slag’': random.uniform(75, 85},
'Fly Ash®: random.uniform(65, 75),
'Bauxite Mud': random.uniform(95, 185)
¥

return updated_costs

Fig. 6 - Program code (Updating ingredients using AI)

# Function to get updated densities using a simulated AI model
def get_updated_densities():
# Simulate AI-generated densities for materials
updated_densities = {
‘Cement': random.uniform(135@, 145@), # Simulated fluctuation in density
'Sand’': random.uniform(1550, 1658),
‘Gravel': random.uniform({145@, 1558),
'Slag’': random.uniform(1150, 1258),
'Fly Ash': random.uniform(75@, 85@),
'Bauxite Mud': random.uniform(95@, 185@)
}

return updated_densities

Fig. 7 - Program code (Updating the density of the material using AI)
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# Function to add a new material dynamically

def add new_material(material name, default density, default cost):
densities = get_updated densities()
costs = get_updated_costs()

# Add the new material with default values
densities[material_name] = default_density
costs[material_name] = default_cost

# Notify user
messagebox.showinfo("New Material Added”, f"Material "{material_name}' has been added with Density: {default_

Fig. 8 - Program code (Adding new materials)

# Function to save results to Excel

def save to excel():
file_path = filedialog.asksaveasfilename(defaultextension=".xlsx", filetypes=[("Excel files”, "*.x1lsx")])
if not file_path:

return
workbook = openpyxl.uWorkbook()
sheet = workbook.active
sheet.title = "Construction Mix"

Fig. 9 - Program code (Conversion of calculation results to Excel)

# Creating the main window

root = tk.Tk()

root.title("Construction Mix Calculator™)
root.geometry("1880x780")

# Input fields
input_frame = tk.Frame(root)
input_frame.pack({pady=18)

tk.Label(input_frame, text="Volume (m*):").grid(row=&, column=8, padx=5, pady=5)
volume_entry = tk.Entry(input_frame)
volume_entry.grid(row=e, column=1, padx=5, pady=5)

# Cement

cement_frame = tk.LabelFrame(input_frame, text="Cement")

cement_frame.grid(row=1, column=8, columnspan=3, padx=18, pady=5)
tk.Label(cement_frame, text="Percentage (%):").grid(row=e, column=@, padx=5, pady=5)
cement_entry = tk.Entry(cement_frame)

cement_entry.grid(row=8, column=1, padx=5, pady=5)

# Similarly define frames for Sand, Gravel, Slag, Fly Ash, and Bauxite Mud...

Fig. 10 - Program code (Creating windows)

# Run the application
root.mainloop()

Fig. 11 - Program code (program launch)

Figure 12 shows the menu interface of the program ”Automated system for selecting the composition
of a building mix with additives from man-made raw materials.”
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ATTOMATED SYSTEM FOR SELECTING THE
COMPOSITION OF A BUTLDING MIX WITH ADDITIVES
FROM MAN-MADE EAW MATERIALS

' tement s sand % CGravel % | Voume
13 15 20 1

‘ Slag % ‘ Fiy Ash % | Bauxite Mud %
10 7 5

(alculation Saving to Excel Add the material

Fig. 12 - Menu interface of the program ’Automated system for selecting the composition of a building mix
with additives from man-made raw materials”

Table 1 - The results of calculating the selection of the building mix

Material Percentage Density Cost per kg Mass (kg) Total Cost
(%) (kg/m>) (KZT) (KZT)
Cement 13 1400 200 182 36400
Sand 15 1600 30 240 7200
Gravel 50 1500 50 750 37500
Slag 10 1200 80 120 9600
Fly Ash 7 800 70 56 3920
Bauxite Mud 5 1000 100 50 5000

User interaction with the program Saving the results:

1. Program launch: -the user clicks the ”"Save to Excel” button to save

the user launches the file. A window opens with the results to a file.
fields for data entry. 4. Adding new ingredients:

with the ”Add Material” button, the user adds the
ingredients that need to be used in calculations.

2. Data entry:

The user enters:

the volume of the mixture (m3); Program operation:

the percentage of each ingredient. The user enters:

If necessary, you can add new ingredients. Volume: 1 m3.

-cement: 13%;
- sand: 15%;

-Crushed stone: 50%;

3. Performing the calculation:

-clicking on the “Calculate” button starts the
calculation.

10
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-slag: 10%; -Determines the total cost of the construction mix
-fly ash: 7%; depending on the percentage composition.

-Bauxite sludge: 5%. Clicks ”Save to Excel”:

Presses the "Calculate” button. The program: The program:

_verifies the correctness of the data; creates an Excel file and saves the data.
-calculates the mass and cost of each ingredient. The results of calculating the selection of the

building mix are presented in Table 1.

If necessary, the user can add a new ingredient by clicking the ”Add Material” button. Table 2 shows
the calculation results for the percentage composition with other numerical values.

Table 2 - Results of calculating the selection of the construction mixture

Material Percentage Density Cost per kg Mass (kg) Total Cost
(%) (kg/m?) (KZT) (KZT)
Cement 14 1400 200 196 39200
Sand 16 1600 30 256 7680
Gravel 40 1500 50 600 30000
Slag 15 1200 80 180 14400
Fly Ash 10 800 70 80 5600
Bauxite Mud 5 1000 100 50 5000

The program code has the ability to analyze data for different building mix compositions. In particular,
Fig. 13 shows a graph of the effect of the percentage of man-made raw materials and building mixes on
its cost.

Impact of Technological Raw Materials Percentage on Mix Cost

—e— Cost Reduction
=== Significant Drop at 15%
X Threshold 15%

150000

140000

1300001

120000}

110000}

100000

Total Cost of Construction Mix (KZT)

90000+

0 10 20 30 40 50
Percentage of Technological Raw Materials (%)

Fig. 13 - Graph of the effect of the percentage composition of the building mix on its cost

11



KasTbY XABAPIIBICBI - VESTNIK KazUTB - BECTHUK KazVTb

As can be seen from the graph, when the
composition of man-made raw materials reaches
15%, there is a significant reduction in the cost of
the construction mixture.

If necessary, various types of analysis can be
obtained related to the study of building mixes
obtained as a result of automated selection.

Conclusion. The proposed development
methodology and the developed program code are
based on a flexible and modular approach that allows
automating the selection of building mixes using
man-made raw materials.

representation of the results of calculating the
composition of the construction mixture with
additives of man-made raw materials.

The scientific novelty of the developed program
consists in the development of an original algorithm
and the absence of analogues of the source code,
which allows obtaining both practical and scientific
results.

The developed program “Automated system
for selecting the composition of a building mix
with additives from man-made raw materials”
can be used for practical purposes in business

processes, small and medium-sized businesses,
during scientific experiments (master’ s degree,
doctoral studies), in the educational process of
the educational program “Information Technology”,
Automation and Control, "Building Materials”.

The scientific approach of
methodology is based on:

the proposed

- the use of mathematical modeling methods that
ensure high accuracy of calculations;

- realization of artificial intelligence capabilities

for updating information data: The effectiveness of the developed program

is incomparable with the manual selection of a

-obtaining data analysis based on graphical pyjjding mix and takes this process to a new level.
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