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Technological equipment package for preparing polystyrene
concrete mixture

The study of the production process for polystyrene concrete mixture products is driven by the need to ensure high material
quality while meeting modern construction standards. To achieve this goal, an analytical method was used for reviewing
literature sources, along with a design-calculation approach in the development of a new type of equipment.

The main findings highlight the shortcomings of conventional concrete mixers, including extended mixing time, mixture non-
uniformity, and material sticking to working surfaces. A novel design of a gravity-compelled cascade-type concrete mixer is
proposed, featuring a horizontal ribbon-paddle shaft and a rotating drum. A key innovation is the ability to adjust the rotation
modes depending on the mixture composition and the presence of sand. A compact equipment package was developed,
comprising a mixer, fiber cutter, belt and screw feeders, all mounted on a single frame. The use of a belt feeder with
synchronized component feeding and an automated fiber cutter ensures even distribution of reinforcing elements within the
mixture. A methodology for determining the productivity of the unit has been developed, considering the mixer filling volume,
the geometric parameters of working elements, and mixing process characteristics. Formulas were derived for selecting key
parameters of the cutter and roller feed for the fiber bundle.The proposed equipment contributes to improved quality of
polystyrene concrete, reduced energy consumption, and shorter production time. Future research will focus on optimizing
operating modes of the equipment for different types of polystyrene concrete mixtures using fiber reinforcement.
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enhance thermal insulation properties. However, this
combination can result in structural inhomogeneity,
leading to unstable physical and mechanical properties.

Introduction
The analysis of issues in the production of
polystyrene concrete products requires consideration of

several aspects related to raw material properties, the
manufacturing  process, and compliance with
construction standards. The main challenges in
polystyrene concrete production often arise from the
difficulty in achieving optimal strength, thermal and
sound insulation characteristics, as well as meeting
environmental requirements.

Review of the research sources and publications
Polystyrene concrete consists of a cement-based
mixture and expanded polystyrene, which is added to

As noted in studies, the density and strength of
polystyrene concrete can vary significantly depending
on the quality of raw materials and the production
technology [1].

Polystyrene concrete is prone to shrinkage, which
may cause surface cracking in the final products. This
issue becomes particularly critical when the material
has high moisture content during curing. Some
researchers have suggested that shrinkage can be
reduced through the use of specialized additives [2].

Polystyrene concrete is characterized by high
hydrophobicity, but in the presence of microcracks,
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water may penetrate the material's pores. This reduces
its strength and durability, especially under fluctuating
moisture conditions. Studies have shown that water
resistance can be improved by adding specific
admixtures, though this increases production costs [3].

Ensuring consistent quality of polystyrene concrete
products is a complex task. In practice, it is crucial to
control not only the quality of polystyrene and cement
but also to maintain precise proportions of components,
as well as temperature and humidity conditions during
mixing and curing. Failure to adhere to technological
standards may compromise the mechanical
performance of the material [4].

The analysis of these issues suggests that while
polystyrene concrete has significant potential in
construction, its effective application depends on

overcoming technological, environmental, and
economic challenges.
International research on polystyrene concrete

actively addresses its thermal insulation properties,
strength, durability, and environmental impact.
Scientists from various countries focus on improving
production technology and applications of polystyrene
concrete, particularly in the context of reducing energy

consumption  and  enhancing  environmental
performance in construction.
Researchers from FEurope and the USA are

investigating ways to improve the thermal insulation
properties of polystyrene concrete without significantly
compromising its strength. For instance, studies by
Tiirker and Ali [5] in Turkey have shown that
optimizing the microstructure of polystyrene
concrete—particularly by adjusting the size of
polystyrene granules—can enhance thermal insulation
without reducing the load-bearing capacity of the
material.

Researchers in Germany and Japan are exploring
technologies involving special admixtures that improve
the hydrophobic properties of polystyrene concrete. In
an article by Schulz and Lee [6], it was reported that
using silicone-based admixtures and other water-
repellent agents reduced water absorption by 20—-30%,
positively affecting the material’s durability in high-
humidity environments.

Research in Italy, particularly by Ricci and D’ Angelo
[7], demonstrated that adding polypropylene fibers to
the polystyrene concrete mix enhances crack resistance
and mechanical stability. Fiber reinforcement reduces
the risk of microcrack formation and deformation,
especially in low-temperature conditions.

International studies highlight strong interest in
polystyrene concrete as a promising construction
material. However, for its effective application,
challenges related to environmental safety,
hydrophobicity, strength, and quality control must be
addressed. Therefore, the production of polystyrene
concrete requires continuous improvement to ensure
reliability and compliance with current environmental
and technical standards.

Definition of unsolved aspects of the problem

Analyzing the various types of mixers used for the
preparation of polystyrene concrete mixtures, it can be
concluded that the most common are gravity and
forced-action mixers (either single-shaft or twin-shaft).
In gravity mixers, the mixing process occurs through
the free-fall of the material. In forced-action mixers,
mixing is achieved using mechanical elements that
directly act on the components of the mixture. The
simplest type of equipment for preparing the mixture is
a gravity batch concrete mixer.

The company "Energy Efficient Concretes”
recommends using the Politherm-Machine MP1000 for
feeding and preparing polystyrene concrete [8]. Foam,
prepared in a dedicated unit called a foam generator, is
added to the cement-sand mixture. After thorough
mixing, the resulting cellular-structure mixture is ready
for molding into various construction products. The
hardening of foam concrete typically requires steam
curing in chambers under atmospheric pressure.

The MP1V3 unit is designed for the preparation and
pumping of high-quality monolithic polystyrene
concrete that contains no sand, with a density ranging
from 200 to 600 kg/m? [9].

Problem statement

Drawing on decades of accumulated experience, it is
necessary to develop equipment that integrates all the
essential features for producing high-quality
polystyrene concrete, with the capability to incorporate
reinforcing elements.

Basic material and results

When analyzing existing mixer designs used for the
preparation of polystyrene concrete mixtures, several
aspects must be taken into account:

o the complexity of the mixer's structural design;

e the uncertainty in achieving  mixture

homogeneity;

o the adhesion of the prepared mixture to the

mixer’s internal surfaces;

o the long time required for the mixing process.

Due to these shortcomings, it is proposed to use a
gravity-forced concrete mixer operating in cascade
mode for the preparation of such mixtures [10, 11, 12].
Existing designs of such mixers are typically intended
for low-mobility and stiff concrete mixtures.

The gravity-forced concrete mixer features a
cylindrical body with a horizontal shaft inside, onto
which blades are mounted helically. Both the mixer
body and the blade shaft rotate in opposite directions.
Depending on the composition of the mixture, if it
contains sand, the mixer body rotates; if the mixture is
sand-free, the body remains static while only the
ribbon-blade shaft rotates. The improved mixer design
meets the requirements for producing polystyrene
concrete mixtures reinforced with fiber elements.

The mixer is part of a compact equipment set, as
shown in Figure 1 [13].
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Figure 1 — Equipment set for the preparation of polystyrene concrete mixture:
1 — gravity-forced mixer; 2 — belt feeder drive; 3 — fiber cutter; 4 — belt feeder; 5 — component storage hopper;
6 — frame; 7 — screw feeder; 8 — screw feeder drive

The equipment set includes a base machine — a
forced-action mixer, a fiber cutter, a belt feeder for
component delivery, and a screw feeder for
transporting the prepared mixture. The entire system is
mounted on a single frame and operates in a
synchronized manner (depending on the mixer’s output
capacity), allowing for reduced time in feeding
components.

The operating process of the equipment set is as
follows: pre-measured mixture components are stored
in hopper 5 and delivered to the mixer’s loading port
(1) using belt feeder 4. Simultaneously, fiber strands
are cut by fiber cutter 3 and evenly distributed onto the
feeder belt 4 [14]. The ready polystyrene concrete mix
is discharged from mixer 1 into the intake hopper of
screw feeder 8, from where it is conveyed to the
forming station for product fabrication.

To ensure synchronized operation of the equipment
set, it is necessary to feed the material components
evenly and to cut the fibrous elements. All these stages
are interrelated and depend on the performance of the
main equipment — the concrete mixer.

To determine the main performance indicators of the
machine, a calculation method is proposed that takes
into account the machine's structural parameters and
the specifics of the working process:

Miecnmix = Viotar " Kz " Ze, m’/h 5
where:
Viotar — total volume of the mix in the mixer body,
m3:
K, =0,5; — volume filling coefficient of the mixer;
Z. = 3600/t, — number of cycles per hour;
(tp,=t; + t, + t3) — duration of one cycle
(including loading ti, mixing t>, and unloading ts), s.
3aransHui 06CAT CyMillli BA3HAYAETLCS K, M.
Viotar = Vbody — Vshatt — Vblade teg — Vblade —
Vscrew - Vsupports

where:
vV =1 1.R? -L .
body = 5T Rpogy.in * Lbody: —

: 3.
mixer body, m’;

volume of the

_1 2 . 3.
Vshaft = 5 * T * Tshatt * Lshate ; — shaft volume, m”;

_1 2 .
Vblade leg — 5" T Teg.in " Zleg * Cleg' — volume of

blade legs, m;
1
Vblade =3 Zblade * Dblade * ibtade * Chiade ; —blade

volume, m?;
_1 2 2 .
V;crew -3 - (Lscrew) : (Rscrew : rscrew) : Cscrew'

— screw volume, m>;
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_1 2 .
Vsupport -5 - Rsupport ' Csupport ' Zsupport'

volume of shaft supports, m>;
Ryoay.in - — inner radius of the mixer body, m;
Lpoay— body length, m;
Tshafe — Shaft radius, m;
Lghage — shaft length, m;
Tieg.in — inner radius of blade leg, m;
Zjegs Cleg — number of blade legs and thickness, m;
Zplade » Dblade » Mblade » Cblade — blade width, height,
number of blades and thickness, m;
Lecrew = +/S? + (- D,,)?; — developed length of
screw, m;
Rgcrews Tscrew. — outer and inner screw radius, m;
Csupport Zsupport — number and thickness of screw
supports, m.
The cutting machine's productivity can be determined
by two approaches [14]:
1. Based on the concrete mixer’s productivity:

Miech.cuer = Heechmix * Kmax.fibera
where:
2

Kinax fiver = %; — maximum volumetric
reinforcement coefficient;

dfiper — fiber diameter, m;

f — friction coefficient;

h = 0,8 - H — where H is the mixer height, m;

lf — length of the cut fibers, m.

2. Based on knife head design parameters:
47,1 ¢ Dhyundle’lf

I1 =
tech.cut.2 4-Zpp

5

where:

Ny — knife head rotation speed, rpm;

Dyunale — diameter of synthetic fiber bundle, m;

Z., — number of knives on the head.

From this, the required number of knives can be
derived:
7 — ntech.mix'Kmax.fiber

kh 188'4'nkh'Dl§undle'lf‘

3. Productivity based on feed rollers:

Miecn.cuts = 60 * Nyoier * T * Dropier * df ’ lfa
thus:

ntech.mix'Kmax.fiber
Nroller =

60-T-Droyier-dsly
where:
Dy o11er — roller diameter, m;

dy diameter of synthetic thread, m.

Therefore, depending on the mixer performance and
fiber geometry, the necessary rotation speed of the
knife head and feed rollers can be determined.

Based on these dependencies, a study was conducted
on the effect of fiber length on the strength of the test
samples. The results are shown in Figure 2.

25
o 20
C | T —
> 15
o
“= 10 —
5
5 10 15 20 25
lf, mm

a1 (1:3.5, ©=0.5%)
—3 (1:4, D=1%)

e\ (1:3, D=0%)

Figure 2 — Strength of test samples depending on the
length of fiber elements:
Y1 — Cement-to-sand ratio 1:3.5, fiber content F = 0.5%;
Y2 — Ratio 1:3, no fibers (F = 0%);
Y3 — Ratio 1:4, fiber content F = 1%.

The study showed that the addition of reinforcing
fibers improves the microstructure of the mixture,
reduces porosity, and enhances the strength of finished
products. The optimal fiber length is 6—12 mm.

Conclusions

The proposed set of compact equipment enables the
preparation of polystyrene concrete mix with the
addition of reinforcing fibers, which enhances the
strength of the final product. The equipment included
in the set operates asynchronously and allows for
adjustable output based on the characteristics of the
mixture and the requirements for the fibrous elements.

The addition of fibrous reinforcement to the
polystyrene concrete mix significantly improves its
mechanical properties and microstructure. Optimal
selection of the fiber type, length, and quantity allows
for achieving the desired material characteristics for
specific construction applications.

Would you like this paragraph polished further for
use in an academic publication or technical report?
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KommuiekT 001a1HAHHS 1JIS IPUTOTYBAHHS
MOJIiICTUPOJIOETOHHOI CyMilni

Jlocni/pKeHHsT TPOoIleCy BUPOOHUIITBA BUPOOIB i3 MONICTHPOIOETOHHOI CyMilli 00yMOBJICHE HEOOXiqHICTIO 3a0e3MeueHHs
BHCOKOT SIKOCTI MaTepiaiy 3a YMOB JOTPHMaHHs CydacHHUX OyIiBeIbHHUX CTaHAAPTIB. sl TOCSATHEHHS ITOCTaBIeHOT MeTH 0yJI0
3aCTOCOBAHO AHANITUYHUHA METOJ| aHAJi3y JITEpaTypHUX JDKEped, a TaKoX KOHCTPYKTHBHO-PO3PAaXyHKOBUH MiAXim mpH
po3poOmi HoOBoro Tumy oOnamHaHHSA. OCHOBHI pe3yJbTaTH JOCHIIDKCHHS BKa3ylOTh Ha HEHONIKM TpagulifHUX
0ETOHO3MIITYBayiB, 110 MPOSIBIIIOTHECS Y TPUBAJIOMY Yaci MPUTOTYBAaHHA CyMillli, il HEOAHOPIAHOCTI Ta HATKUIIAHHI MaTepiary
Ha poboui moBepxHi. 3ampONOHOBAaHO KOHCTPYKIIIO OETOHO3MIlIyBada IpaBiTalliifHO-IPUMYCOBOI Aii KAaCKaIHOTO PEXUMY
pPOOOTH 3 TOPH30HTAIBHUM CTPIYKOBO-JOMATEBHM BaloOM 1 00epToBUM KopmycoM. OCOOMMBICTIO € MOXKIMUBICTh 3MiHIOBAaTH
peXUMH 00epTaHH 3aJISKHO Bijl CKJIAly CyMIllli Ta HassBHOCTI MicKy. CTBOpEHO MajorabapuTHHI KOMIUIEKT 001a{HaHHs, 110
BKJIIOYAE 3MillyBad, pizduk (iOpu, CTpiuKOBHIl 1 NIHEKOBMH >KUBHJIBHWKH, 3MOHTOBaHI Ha €IWHIH pami. BuxopucranHs
CTPIYKOBOTO KHMBUWJIbHHUKA 13 CHHXPOHHOIO MOJa4YCt0 KOMIIOHCHTIB 1 aBTOMaTH30BaHOTO pizyrka HiOpu T03BOJISIE PIBHOMIPHO
PO3MOAIIATH apMyI0Ui eleMeHTH B cyMinti. Po3po0ieHa MeToquka BH3HAYSHHSI TPOIYKTHBHOCTI YCTAHOBKH BPaxoBye 00’ eM
3aIOBHEHHS 3MilllyBada, TEOMETPUYHI IapaMeTpu poOOYMX OpraHiB Ta OCOOJIHMBOCTI MpOIECy mepeMilryBaHHs. BusHaueHi
3aJIeKHOCTI 71 mig00opy OCHOBHHUX IapaMeTpiB pi3uMKa 1 POIMKOBOI MOJAAdi JHKTyTa. 3ampornoHOBaHEe OONATHAHHS CHPUSE
MiABUIIEHHIO SIKOCTI MOJIICTHPOJIOCTOHY, 3MEHIICHHIO €HEPTOCIIOKUBAHHS 1 9acy BUPOOHUNTBA. [IepCreKTHBOIO MOAANTBIINX
JIOCHIKEHb € ONTHMIi3allisl peXXUMiB poOOTH 00JIaJHAHHS AJISL PI3HUX THIIIB MOJIICTUPOIOECTOHHUX CyMIIIeH i3 BUKOPUCTAHHIM
(idbpoBoro apmMmyBaHHsI.
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