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The article presents a comprehensive analysis of load applicator designs used in the compaction technologies of stiff and
lightweight concrete mixtures. The role of loading is revealed as one of the key factors influencing the effectiveness of forming
products made from concrete with a low water-to-cement ratio. The main operating principles of load applicators are described,
which apply additional force to the concrete mixture in combination with vibrational loading. A classification of load
applicators is provided based on design features and energy source: inertial, non-inertial, pneumatic, and vibratory load
applicators. Special attention is given to combined devices that integrate vibrational and impulse action on concrete. The study
summarizes research findings that confirm the advantages of combined compaction, particularly when using pneumatic load
applicators with adjustable pressure. It has been established that the use of active load applicators allows for a reduction in
cement consumption by up to 30%, a decrease in product forming time by up to 50%, improved compaction uniformity along
the height, and enhanced surface quality. An original design of an active load applicator with a vibration exciter and impact
elements is proposed, providing impulse compaction with adjustable pressure and frequency. The main unresolved aspects of
the problem are identified — the lack of unified methodologies for calculating loading parameters, insufficient adaptability of
designs to changes in product geometry and concrete mixture properties. The feasibility of developing intelligent controlled
load applicators capable of adapting to forming conditions is substantiated to improve the efficiency of reinforced concrete
product manufacturing.

Keywords: concrete mixture, compaction, load applicator, vibration, combined compaction, vibratory load applicator,
pneumatic loading, lightweight concrete, energy efficiency.
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VY crarTi BUKOHAaHO KOMIUIEKCHUH aHalli3 KOHCTPYKILii MPUBAaHTa)XXyBadiB, SIKi 3aCTOCOBYIOTHCSI B TEXHOJIOTISIX YIIIIBHEHHS
JKOPCTKHX 1 JIETKUX OETOHHHUX CyMilied. PO3KpUTO posib MpUBaHTaXEHHS SK OJHOIO 3 KIIIOYOBHX (aKTOPIB, IO BIUIMBAE HA
e(eKTUBHICTh HOpMYBaHHs BUPOOIB i3 OETOHIB 3 HU3bKUM BOJIOLIEMEHTHHUM BifHOIIECHHAM. ONHUCaHO OCHOBHI MPUHIIUIH il
NPUBAHTA)XyBadiB, SIKi peati3yloTh J0JaTKOBY CHJIOBY JIif0 Ha OETOHHY CyMIIll y NTO€IHAHHI 3 BiOpaniiHNM HaBaHTAKECHHSIM.
HageneHo knacudikaiiro mpruBaHTa)XyBaviB 32 KOHCTPYKTUBHUMH O3HAKaMH Ta JDKEPEIOM CHEpTii: iHepIiitHi, Oe31HepiiiHi,
THEeBMATHYHI, BiOponpuBanTaxkyBadi. OcoOIMBY yBary npH/IiIeHO KOMOIHOBAaHHM IIPUCTPOSIM, SIKi TOE€AHYIOTh BiOpamiitHui
Ta IMITyJIbCHHUI BIUTMB Ha OCTOH. Y3araJbHEHO Pe3yNbTaTd AOCIiIKeHb, IO MiATBEPIKYIOTh IIepeBarn KOMOIHOBaHOTO YIITi-
JIbHEHHS, 30KpeMa 3 BUKOPUCTAHHSIM THEBMAaTUYHUX MTPUBAHTAXXyBayiB i3 peryJb0BaHHM THCKOM. BcTaHOBIEHO, 1110 3acTOCY-
BAaHHs aKTHBHHX MPUBAHTAXKYBAYiB JO3BOJISIE 3MEHIIINTH BUTPATH eMeHTy 10 30 %, CKOpOTUTH Yac GpopMyBaHHs BUPOOY 10
50 %, TOKpaIUTH OJHOPIAHICTh YIIUIBHEHHS MO BHCOTI Ta MiJBUIIUTH ITIOBEPXHEBY SKICTh. 3alPOIIOHOBAHO OPHTiHAIBHY
KOHCTPYKIIiI0 TIpHBaHTaKyBaya akTHBHOI Aii i3 BiOpo30yKyBaueM Ta yIapHUMHM elleMEHTaMH, 110 3abe3neuye iMITyIbcHe
YILIIJIBHEHHS i3 peryJIbOBaHUM THCKOM 1 YaCTOTOI0. Bu3HaueHO OCHOBHI HEpO3B’sA3aHi acleKTH NpoOJIeMH — BiJICYTHICTb YHi-
(iKOBaHHX METOAMK PO3PaXyHKY IapaMeTpiB MPHUBAHTAKEHHsI, HEJOCTATHS aIalITUBHICTh KOHCTPYKLI#i 10 3MiH reoMeTpil BU-
po6iB Ta BacTHBOCTEH OTOHHUX cyMimei. OOIpyHTOBaHO JOUINEHICTH PO3POOIICHHS IHTEIEKTYaIbHIX KEPOBAHUX IIPUBaH-
Ta)KyBadiB 3 MOXKITUBICTIO afjanTaii 10 yMoB ()OpMyBaHHS JUIS I IBUILCHHS e()eKTHBHOCTI BHPOOHUIITBA 32113006 TOHHUX BH-
poOiB.

KiiouoBi ci1oBa: OeToHHA CyMilll, YIIIbHEHHS, IPUBAaHTa)XXyBad, BiOpallis, KoMOiHOBaHe yIIiIbHEHHS, BiOpOIPUBAHTaXYBaY,
ITHEBMOTIPUBAHTAXEHHS, JIETKI 0ETOHH, eHeproeeKTHBHICTb.
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Introduction
Loaders as elements of vibration equipment play a key
role in the compaction process of stiff and low-
workability concrete mixtures, which are widely used
in the production of precast reinforced concrete
products. Compaction is the factor that determines the
main physical and mechanical properties of the final
product—strength, density, frost resistance, crack
resistance, and durability. Under construction
conditions, where quality requirements and the
productivity of technological processes are constantly
increasing, the need arises for more -efficient
compaction methods than traditional vibration
techniques [1, 2, 5].

The use of loaders in combination with vibrational
loading is particularly relevant, as it allows the water-
cement ratio to be reduced, prevents segregation of the
mixture, and ensures uniform compaction throughout
the entire volume of the form. Due to the additional
static or dynamic pressure, loaders facilitate the active
expulsion of air and compaction of the granular
structure of the mixture, which, in turn, improves the
quality and strength of concrete products [3].

Depending on their structural design and operating
principle, loaders are classified into inertial, non-
inertial, pneumatic, and vibratory types, among others.
Each type has its own application features, advantages,
and limitations, which necessitate a thorough analysis
in the context of forming technologies. Combined
compaction modes, in which vibration is combined
with active loading—pneumatic, mechanical, or
impulse—are especially effective.

Given the diversity of product types, the properties of
concrete mixtures, and performance requirements, a
systematic analysis of existing loader designs and their
impact on compaction efficiency is of significant
importance.

Definition of unsolved aspects of the problem

Despite the availability of various technical solutions
for loading concrete mixtures during compaction, there
remain a number of unresolved issues related to both
the structural improvement of loaders and their
classification by operating principle, type of loading,
and intended function.

A significant portion of existing loader designs
feature fixed geometric and load parameters, which
limits their applicability for products of varying shapes
and sizes. Adaptive, modular, or universal designs
capable of automatically adjusting the force, direction,
or point of load application have yet to become
widespread or standardized in serial production.

Many existing designs also lack technical solutions
for precise synchronization between the loader’s action
and the operation mode of the vibration exciter (in
terms of frequency, phase, and direction). This limits
the effectiveness of combined compaction modes,
where the synchronization of impact and vibration is
critically important for forming a homogeneous
concrete structure.

Basic material and results

One of the key stages in the production of reinforced
concrete products is the compaction of the concrete
mixture. Particular attention must be paid to low-
workability and stiff concrete mixtures, for which
traditional compaction methods based solely on
vibration often prove to be insufficiently effective [4,
7]. In such cases, it is advisable to combine vibrational
impact with additional static pressure, which is
implemented through the use of loaders. This approach
significantly increases the degree of mixture
compaction, reduces forming time, and improves the
uniformity of the product structure.

Loaders perform the function of applying additional
pressure to the concrete mixture during vibration. This
promotes the intensification of the compaction process
by reducing viscosity, preventing segregation, and
accelerating air expulsion. Critical parameters in this
context include the magnitude of the pressure applied
to the mold surface, the frequency and amplitude of
vibrations, all of which must correspond to the physical
and mechanical properties of the concrete mixture.

Studies show that the application of combined
effects—vibration and loading—can increase the early
(24-hour) strength of concrete by 130—200% compared
to traditional pressing. This improvement is attributed
to denser particle packing, reduced void content, and
enhanced development of molecular bonding forces. In
particular, vibropressing technology with a loader is
successfully used in the production of paving slabs,
curb stones, and wall blocks made from stiff concrete
mixtures with workability of 40-50 seconds under a
pressure of 5-10 kPa.

Depending on the compaction conditions and the
properties of the concrete mixture, loaders can serve
various functions—from stabilizing the mixture's
position in the mold to initiating additional particle
movement. For example, in the case of heavy stiff
concrete, loading facilitates intensive air expulsion,
while in the compaction of lightweight concretes with
porous aggregates, it helps prevent segregation.
Therefore, it is a relevant task to adapt the type of loader
to the specific technological process and material type.

In the compaction of polystyrene concrete, which
exhibits high damping properties, the effectiveness of
traditional vibrocompaction is significantly reduced.
Under such conditions, the use of combined loaders
(e.g., pneumatic loading in conjunction with vibration)
enables a substantial increase in density and strength
while reducing cement consumption. Research findings
indicate that the application of variable pressure
throughout the compaction cycle not only ensures
uniform mixture distribution but also reduces internal
stresses in the product after hardening.

Given the wide range of concrete products, the
universality of loaders is also of great importance.
Modular designs with easily replaceable sections,
variable shield geometries, universal mountings, and
adjustable stiffness of elastic elements allow for rapid
reconfiguration of equipment for new products without
significant time and resource costs. This is especially
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important for small and medium-sized manufacturers,
where equipment flexibility directly affects production
efficiency.

An important criterion for selecting a loader remains
the energy efficiency of the compaction process. It has
been established that, at the same degree of
compaction, energy consumption for systems with
vibratory loading can be 20-30% lower compared to
traditional vibration-only methods, particularly when
compacting heavy or low-workability mixtures. This is
due to reduced energy losses from oscillations of
massive formwork elements and stabilization of
vibration modes.

Structurally, loaders can be implemented as movable
frames, loading plates, or mechanical or pneumatic
systems that provide controlled pressure on the surface
of the concrete mixture. The most common are vertical
loaders, which act on the top part of the form, ensuring
uniform pressure distribution across the surface. When
combined with vibrating platforms or vibrating tables,
loaders may be integrated into a common kinematic
scheme.

In industrial conditions, the effectiveness of loaders
is determined not only by the pressure applied but also
by the precision of synchronization with the vibration
mode. The best results are achieved using multi-
frequency compaction, where the vibrating table
operates at 55 Hz and the loader at 75-150 Hz.

Such a mode contributes to reduced -energy
consumption, improved uniformity of compaction, and
significantly shortened forming time.

Despite the widespread adoption of loaders in
production, a unified methodology for calculating their
parameters is still lacking. Existing theoretical
approaches show significant discrepancies in assessing
the optimal pressure, creating difficulties in
implementing such systems in new technological lines.
This highlights the need for further research aimed at
harmonizing loader parameters with the characteristics
of the concrete mixture, the product geometry, and the
vibration compaction modes.

In the practice of manufacturing concrete and
reinforced concrete products, loaders have gained
widespread use due to their ability to provide additional
force on the mixture during vibrocompaction. They can
be designed as devices that replicate the shape of the
product in plan view and operate based on mass, elastic
elements, or controlled pressure. According to their
mode of action, they are classified as passive or active.

Passive loaders, which do not have built-in sources of
oscillation, apply pressure using gravity or elastic
systems. The simplest type is the inertial loader, in
which compaction occurs under the weight of the
structure itself. These are effective for small-batch
production, for example, in the manufacture of cinder
blocks or wall stones. However, their disadvantages
include limited productivity, manual feeding, and the
inability to precisely control the applied pressure.
Another type is the non-inertial loader, in which the
additional pressure is applied by a mass that does not
participate in oscillations but transmits the load through
elastic elements.

These systems may use either rigid or pneumatic
springs. In such two-mass systems, periodic impact
between the loader components is possible, which
further enhances the compaction effect. However, to
achieve stable impacts, it is necessary to precisely
adjust the spring stiffness according to the height of the
product and the nature of oscillations.
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Figure 1 — Passive Loaders:
a) inertial loader; b) inertial loader with an additional
spring-loaded mass; c) inertial loader with a spring-
loaded pressing system

Active loaders are equipped with vibration exciters
and provide not only static pressure but also dynamic
action (vibrational or impact) on the concrete mixture.
This allows for a significant intensification of the
compaction process and improved structural
uniformity, particularly for products with complex
geometries.
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Figure 2 — Active Loaders:
a) pneumatic loader with vibration exciter;
b) inertial active loader with vibration exciter;
¢) inertial active loader with additional spring-loaded
mass and vibration exciter

Among active-type designs, special attention is given
to pneumatic loaders, in which pressure on the mixture
is generated by inflatable rubber bladders filled with
air. Such systems enable effective compaction of both
the external and internal surfaces of the product. For
example, in the production of pipes or hollow elements,
the bladders are installed on internal core formers,
creating uniform pressure on the concrete from all
sides. According to research, this technology can
reduce cement consumption by up to 25%, cut
hardening time nearly in half, and decrease the need for
thermal curing.

Particular mention should be made of combined
compaction systems, where pneumatic loading is used
in conjunction with vibration applied both from the top
and the bottom [5]. This ensures uniform compaction

throughout the entire volume, reduces the risk of
segregation, and enables efficient processing of stiff
mixtures with a low water-cement ratio.

The design of an active loader equipped with a
vibration exciter and impact elements (Figure 3)
enables the generation of additional impulses on the
compacted mixture. This design is based on the results
of the study [8].
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Figure 3 — Active loader with vibration exciter and
impact elements

Thus, concrete compaction loaders offer a wide range
of structural solutions, each oriented toward a specific
product type, concrete mixture properties, and
production conditions. The most promising among
them are combined systems that integrate vibrational
impact with controlled loading. Their implementation
enables improved strength and density of products,
reduced cement consumption, increased productivity,
and consistent product quality with significantly lower
energy consumption.

In the context of compacting stiff and lightweight
concrete mixtures, pneumatic loaders hold a special
place due to their high efficiency enabled by continuous
pressure adjustment during the forming process.
Studies [5, 6] have shown that when compacting
lightweight concrete using pneumatic loading for 30—
40 seconds, the strength increases initially, then
stabilizes, and eventually begins to decline. This
indicates the necessity to optimize both the duration
and dynamic control of pressure during compaction,
especially at the final stage of forming.

Experimental results [5] also indicate a significant
increase in strength (up to 50%) when combining
variable vibration modes with non-inertial loading,
compared to compaction without loading. The main
advantages of pneumatic bladder-type loaders are
reduced structural metal consumption, quick
adjustment of compaction modes, and minimized
human influence. This is particularly important for
serial production of components with varying heights
or complex geometries.
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Active vibro-loaders equipped with autonomous
vibration exciters are widely used and operate in
coordination with vibrating platforms. These systems
provide a dual-factor effect on the concrete mixture:
bottom vibration (via vibrating table) and top vibration
(via loader), with the ability to independently adjust the
frequency of each vibration source. As a result, so-
called dual-frequency compaction is achieved, which,
according to research [3, 8, 9], is the most effective
method for attaining maximum concrete density and
strength.

The practical implementation of such solutions is
realized in serially produced vibro-loaders of the
SMZh-849 and SMZh-852 types, used both in
automated lines and stationary posts. However, one of
the drawbacks of these systems is the fixed geometry of
the contact surface, which limits their versatility. To
overcome this limitation, some designs [9] include
shields composed of independent sections, each of
which can move separately. This allows the loader to
adapt to the shape of any product without replacing the
main unit.

We propose a design of an active-type loader
equipped with a vibration exciter, impact elements, and
an additional mass.

This loader consists of two plates:

1 — the lower plate, which rests on the concrete
mixture and has a vibration exciter (3) mounted on it;

2 — the upper plate, connected to the lower plate
through guide elements (4) with spring elements (5).

On the underside of the upper plate, impact elements
(6) are installed with threaded height adjustment.

Additionally, the system allows for adjustment of the
added weight (7) to fine-tune the loader’s operating
mode.

Summarizing the advantages of active vibro-loaders,
the following key points should be noted:

— Capability to form products from stiff concrete
mixtures without the need for excessive pressure;

— Implementation of dual-frequency compaction to
enhance efficiency;

— Reduced energy consumption through localized
vibrational impact;

— Improved uniformity of compaction and surface
quality of products.
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Figure 4 — Design of active loader with vibration
exciter, impact elements, and additional mass

ISSY
==
I
==

A
T
LA
VT

Conclusions

The designs of loaders used for the compaction of
concrete and lightweight concrete mixtures were
analyzed, and it was established that the most effective
are combined devices that integrate vibrational impact
with controlled loading on the mixture.

It was determined that active vibro-loaders
particularly pneumatic and impact-vibration types
provide enhanced homogeneity of the concrete
structure, reduce cement consumption by 15-30%, and
shorten the compaction cycle duration by up to 50%.

A design of an active-type loader equipped with a
vibration exciter, impact elements, and adjustable mass
was proposed. This design allows for the compaction
mode to be adapted to specific types of concrete
mixtures and product geometries.
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