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DEVELOPMENT OF A MOBILE SHELTER DESIGN IN UNSTABLE SOILS FOR PROTECTION
OF DEFENSE FORCES PERSONNEL FROM ENEMY'S MEANS OF ATTACK

Over the past centuries, the rapid development of fortification equipment for strongholds has been clearly
evident during periods of active hostilities. The dynamic progress of armaments and the direct experience of
warfare are powerful catalysts for the continuous search for innovative forms, advanced designs, the latest
materials and specialised equipment. The main goal of this search is to ensure the maximum preservation
of own firepower and human resources.

The problem of soldiers' survival is especially critical on the front line of defence, where they are under constant,
intense enemy fire control. Fortifications built in such extreme conditions are often of primitive design and demonstrate
a low ability to effectively protect personnel from modern weapons. As a rule, such fortifications are built directly on
the ground, manually, using available materials and structures, dominated by wood elements.

However, in the context of the hostilities that have unfolded on the territory of Ukraine, there is a serious
problem with the availability of natural wood reserves of the required quality and in sufficient quantity directly
in the conflict zone. This creates difficulties associated with the need to organise complex and costly timber
deliveries from remote regions. In this regard, it is important to find alternative engineering solutions that
would provide the military with reliable shelters without depending on local resources.

One of the promising ways to solve this problem may be the development and implementation of a mobile
collapsible shelter made of lightweight but durable metal elements. The key requirement for such a kit is its
weight, which should be optimised to ensure that it can be transported and installed by one person without
significant physical effort. This will allow each soldier to independently and quickly set up the shelter at their
position and use it repeatedly, depending on the tactical situation and the need to move. Such mobility and
autonomy in providing protection can significantly increase the survival rate of personnel on the contact line.
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Statement of the problem. In conditions of
direct contact with the enemy, when setting up
defensive positions, personnel who are manually
constructing the positions are poorly protected. In
the horizontal projection of the position, they are
protected from small arms fire and debris by an
earthen parapet. In the vertical projection of the
position, there is no protection. With the advent of
modern weapons, the level of losses increases
significantly. Therefore, it is very important to
create conditional safety at this stage of the work.
The solution to this problem may be the
development of a mobile, individual, collapsible
metal shelter that can be quickly installed in the side
wall of a trench. When danger arises, soldiers will
be able to quickly take cover, which significantly
increases their level of safety and, on a larger scale,
the level of safety of the unit. The design of such a
shelter will be proposed in this article.

Analysis of recent research and publications.
In the period after the World War 1, the approach to
the construction of fortifications changed.
Influenced by positional warfare and improvements
in weapons (aircraft ammunition, chemical
weapons), new trends in defence organisation
emerged: dispersal of units across the defence area,
construction of long-term underground fortifications,
and improvement of field fortifications to protect
personnel [1, pp. 204-207]. In field fortifications,
dugouts and shelters of a non-reinforced
construction provided more reliable protection for
soldiers, but their construction required time,
materials and, most importantly, trained specialists
[2, pp. 101-105].

Simpler and more common structures and
shelters for personnel were in the form of niches and
dugouts in trenches. Their construction was mainly
without supports, i.e. the stability of the ceiling,
walls of dugouts and niches was ensured by the
outline of the earthwork and the strength of the earth
mass in which the structure was located. There were
shelters whose outlines were reinforced with
improvised means (boards, half-logs, brushwood),
no calculations were made for reinforcing the walls
and ceiling, and the outline and design of the shelters
were passed on as combat experience [3, p. 7].

Different countries had their own ways and
experiences of using fortifications. In NATO
member countries, the active use of niches and
dugouts took place after the participation of the
United States in the Vietnam War. Learning from
the enemy’s experience, the American military built
a single trench for firing in the form of a cup, which

was equipped, in the course of combat operations,
with a niche for shelter and rest. In the Soviet Union,
their purpose, design and construction sequence
were described in guidelines and manuals. They
were made from wooden shields, wooden frames or
planks. The guidelines specified their dimensions
and the type of soil in which they should be used.
No calculations were provided. S. Gerbanovsky and
A. Yermolaev dealt with issues of fortification and
the development of field engineering structures,
describing practical experience of their use in wars
and armed conflicts.

Due to the widespread use of metal elements and
structures in public life, solutions and constructions
for bolted metal structures for the construction of
fortifications began to appear. In the 1960s, NATO
guidelines and instructions considered the use of
corrugated metal sheets for the construction of
shelters, bunkers, and command posts. The
protective structure was assembled with bolts and
was in the form of an arch [4, pp. 30-31]. Such
structures were intended to be used in a backfilled
design. The Soviet army used designs for
prefabricated metal fortifications (KVS-A, KVS-U)
in an underground design.

Thus, summarising the above:

1. Niches have long been used as a means of
protecting personnel during combat operations.

2. The only material used to make niches is
wood.

3. There are metal prefabricated structures with
bolted connections, but their calculations are not
provided.

In view of the above, there is a clear lack of in-
depth scientific justification and calculation
methods for designing niches in trenches. Previous
studies have focused on describing structures and
rules for their use, without providing engineering
calculations. There is a particularly urgent need to
develop such calculations for modern materials and
conditions, which will improve the effectiveness of
personnel protection and optimise the construction
process. This highlights the relevance of this study,
which aims to develop a prefabricated metal
structure for individual shelters in trench niches at
unit strongpoints to improve their protective
properties.

The purpose of the article is to highlight the
calculations for shelters, check the strength of the
structure, provide recommendations for its intended
use, and draw attention to the need to provide units
with structures that will effectively prevent soil
from collapsing under load.
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Presentation of the main material. One of the
main types of fortifications is trenches. The
construction of trench shelters, as part of the
fortification equipment of a unit strongpoint, is a
critically important task for preserving the lives of
military personnel. Fortifications allow defensive
combat to be conducted and provide basic protection
against most of the damaging effects of enemy
weapons [5, p. 38]. Niches can also be used to store
ammunition and other supplies. The crumbling and
collapse of unfortified niches under load prevents
them from being used for their intended purpose.

To achieve the goal of this work, the following
tasks are to be solved:

- draw and calculate the structure to determine
the necessary materials;

- develop a structure based on the calculation
scheme;

- conduct experimental tests to determine the
technical characteristics of the structure;

- describe the sequence of installation of the
structure and provide recommendations for placing
the design in the trench wall;

- conduct an e analysis of the increase in the
survivability of units as a result of using individual
shelters.

This work proposes a structure for a mobile
shelter for personnel and ammunition, which is
installed in a niche cut into the side wall of the
trench and provides basic protection from collapses
(Fig. 1, 2).

The proposed structure is a steel parallelepiped
(without a front wall) reinforced with stiffening ribs
consisting of: four upper corners to which a 1500 x
600 steel sheet is attached, and four corner posts to
which 500 x 600 side steel sheets and a 1500 x 500
wall are attached. The overall dimensions of the
assembled structure are 1500 x 500 x 600 mm, and
when disassembled, 1500 x 500 x 60 mm. The main
structural elements are made of 3 mm thick hot-
rolled steel sheet and 40 x 4 mm and 63 x 5 mm
equal-sided angles. Material is steel St.3. The
weight of the structure kit is 70 kg. M8 bolts and
nuts are used to connect the structural elements.

Figure 1 — View of the assembled shelter
from the wall side

Source: photo developed by the authors

Figure 2 — View of the shelter from the front

Source: photo developed by the authors

The finite element method (FEM) was chosen as
the method for studying the stress-strain state of the
mobile shelter structure. FEM is currently the main
tool for engineering analysis due to the availability
of computer software packages that not only
implement the FEM calculation process, but also
have a convenient interface for entering initial data,
controlling the calculation process and processing
the calculation results. In this work, the Structure
CAD (SCAD) software package [6, 7] was used to
perform the calculations.

The essence of the finite element method is that
the structure is broken down into a number of small
but finite elements. The latter are called finite
elements (hereinafter FE), and the process of
breaking down is called discretisation. Finite
elements are connected at nodal points.

Depending on the type of structure and the
nature of its deformation, FE can have different
shapes: beams, plates (triangular and rectangular)
and volumetric FE (tetrahedrons or
parallelepipeds). Beam and plate FE were used to
construct the finite element model of the shelter.
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Calculations are performed for the first limit
state under the action of a vertical distributed load
from the pressure of loose soil at a depth of 1.2 m —
the depth of the horizontal sheet of the load-bearing
structure. For the calculation, we assume the density
of loose soil to be

y=131/mM3,a=15mMB=06Mh=12Mm.

We determine the volume of soil that creates
pressure on the horizontal sheet of the structure
V=axbxh=15x06x12=1,08m3

Soilmassm =V xy =1,08x 1,3 =1,4T

Weight of soil F =m x g = 1,4 X 9,81 = 13,6xH

Distributed load P = g = % = 15,1kH/m?

We assume a distributed load of 15.1kH/m? .

Finite element analysis. Calculation scheme.

A finite element 3-D model of the shelter
structure was constructed using beam and plate
finite elements in the Structure CAD environment
(Fig. 3) and is intended for calculating and
evaluating the strength of the structure.

The frame calculation diagram is shown in
Fig. 4. It consists of rod elements with a cross-
section in the form of angles, the dimensions of
which are indicated above.

After loading the model, the programme
provides an overview of the deformed structure
(Fig. 5). The greatest deformation is observed on the
upper plate elements.

Analysing the values of displacements from the
action of vertical load (Fig. 6), it can be concluded
that along the Z-axis, the greatest displacement
occurs in the middle of the upper plate and amounts
to -27 mm (Fig. 7), along the X-axis — 2 mm (side
sheets, Fig. 8), and along the Y-axis — 8 mm (rear
sheet, Fig. 9).

Stress fields under the action of a vertical
distributed load are shown in Fig. 10 The most
stressed area of the sheet is marked in dark grey and
amounts to 226 MPa (Fig. 11).

Figure 3 — Finite element shelter structure
Source: model developed by the authors

Figure 4 — The frame of the structure consists of angles to which steel sheets are attached
Source: model developed by the authors
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Figure 5 — View of the deformed structure
Source: model developed by the authors
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Figure 6 — General view of model displacements
Source: model developed by the authors
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Figure 7 — Maximum numerical values of displacements along the Z axis.
Source: model developed by the authors
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Figure 8§ — Maximum numerical values of displacements along the X-axis
Source: model developed by the authors

Figure 9 — Maximum numerical values of displacements along the Y-axis
Source: model developed by the authors
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Figure 10 — General view of stresses
Source: model developed by the authors

ISSN 27866920 HAYKOBHH BICHHK KI HTY M 2 (7) 2025 75



KOSTRYTSIA Serhii, MOSKALOV Hennadii, KHRYPKO Ivan. DEVELOPMENT OF A MOBILE SHELTER
DESIGN IN UNSTABLE SOILS FOR PROTECTION OF DEFENSE FORCES PERSONNEL
FROM ENEMY'S MEANS OF ATTACK

136 1378 1392 1401 1407 1411 1413 1414
703 601 511 435 373 325 292 275
858 796 75 717 696 683 676 672
1255 1282 1307 133 1349 1364 1374 1379

156,3 1649 1719 1774 1817 1847 1867 1877

1743 1864 196 2035

1795 1927 2031

172 1838 1934 201

1414 1413 1411 1407 1401 1392 1378 136 1334
215 292 325 313 435 511 601 703 817
672 676 683 696 717 75 796 858 935
1379 1374 1364 1349 133 1307 1282 1255 1228

1877 1867 1847 1817 1774 1719 1649 1563 1459

1 2035 196, 1864 1743 1593

3 2031 1927 1795 1632

201 1934 1838 172 1576

153 159% 1665 1724 1771 1807 183 1842 1842 183 1807 1771 1724 1665 1595 1513 142

Figure 11 — Maximum numerical values of stress in the upper plate elements
Source: model developed by the authors

Analysis of the calculation results showed that
the maximum equivalent stresses (according to the
4th theory of strength) in the structural elements of
the shelter are 226 MPa and do not exceed the yield
strength of St.3 steel — 245 MPa [8, p. 5]. Thus, the
structure can withstand a calculated distributed load
of 15.1 kH/mM? s and can be used for its intended
purpose.

The calculations, design development and
practical application can be the subject of further
study and development.

Sequence of work on the construction of the
shelter:

1. Preparatory work for the construction of
niches.

Dig out a niche according to the dimensions of
the shelter. The volume of soil removed from the
trench wall is =0,5 M3 . Time required to construct
the niche 30 — 35 (xB) ;

2. Assembling the structure.

Install vertical elements (side elements and wall)
in the trench opposite the niche and connect them
with bolts using corner brackets; Attach a horizontal
sheet with a 63 x 63 x 5 mm corner bracket to the
connected vertical elements;

3. Installing the structure.

Install the structure in the niche and tighten the
bolts. The time required to assemble the structure
and install it in the trench niche is 45 minutes.

4. Dismantling the structure.

The dismantling of the structure is carried out in
the reverse order of its installation and assembly.
The dismantling time is 15 minutes.

Recommendations for installation. For ease of
use, an OSB sheet measuring 1500 x 500 x 3 mm
can be used (Fig. 2).

To close the niche from the trench side, wooden
shields and other improvised means can be used to
protect and camouflage the shelter (not considered
in this work).

When constructing the shelter, it is important to
remember that when digging out the niche, the
protective top layer of soil (at least 1 m) must be
preserved, and the bottom of the shelter must be at
least 30 cm above the bottom of the trench to
prevent flooding by surface water.

In special conditions (sand, high groundwater
levels), it is advisable to install the shelter on the
ground, protecting it around the perimeter with
loose gabion structures. In the vertical projection of
the positions, it is possible to lay bags with local soil
in 1-2 rows [9, pp. 90-94].

Analysis of the improvement of unit
survivability as a result of using individual shelters.
It should be noted that the time and labour intensity
of work on the construction of group shelters
(covered trenches, dugouts) are significantly higher
than those of the structure under consideration. The
average time required to construct a shelter is 1.5
hours, and a covered trench is 2 hours 20 minutes.
One of the criteria for increasing the survivability of
a unit is the time it takes to construct fortifications
and occupy them, as well as the time it takes for the
enemy to detect their location [10, p. 5]. Therefore,
the construction of shelters in the side walls of
trenches is a priority measure.

Conclusions and prospects for further
research.

The design of the proposed mobile shelter has
been verified by calculations and can be used to
protect personnel in conditions of loose soil up to
1.5 m thick.
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This structure is not intended to withstand a
direct hit from an artillery shell or equivalent
external load, but it is effective in protecting against
primary and secondary debris from enemy
weapons; it significantly reduces the impact of the
blast wave (especially when using side shields).

A single copy of the proposed shelter was
manufactured and sent to one of the Defence Forces
units, where it received positive feedback — the
shelter design increases the protective properties of
the unit stronghold. It is advisable to place such a
shelter next to the place where a soldier is firing in
a trench, as this will significantly reduce the time it
takes to take cover in the event of a sudden barrel,
mortar or rocket salvo fire, drops and other means
of destruction from UAVs. At the same time, based
on the results of field use, there are suggestions to
refine the structure in order to reduce the overall
weight and add protective doors to the kit.

Based on the results of the work description, the
following areas for improvement of the structure are
identified:

1. Connection of structural elements. The
proposed structure features bolted connections. It
takes 45 minutes to assemble. To reduce assembly
time, it is advisable to use welded canopy-type
connection elements for vertical and horizontal
structural elements.

2. Protective and camouflage elements on the
trench side were not considered in this work,
although they are of great importance. Options for
the side wall on the trench side: wooden shield,
camouflage net, metal hatch, or a combination of
these options.
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PO3POBJIEHHSI KOHCTPYKIIIi MOBLJIBHOI'O YKPUTTS Y HECTIMKHX IPYHTAX
VIS BAXUCTY OCOBOBOI'O CKJIALY CHJI OBOPOHU
BIJI 3ACOBIB YPA’KEHHSA ITPOTUBHUKA

Axmusnuii pozeumox gopmupixayiiinoi nayku ei00ysacmbcs y nepioou 6eOeHHs GIliH. YOOCKOHaneHHs:
030pO€EHHL | 00CBIO BIUHU 3MYULYIOMb 30IUCHIO8AMU NOULYK HOBUX (POPM, KOHCIPYKYIU, Mamepianie i 001a0HaHHs
07151 30epedicentst c8oix 802He8UX 3acodig 1 modcbkux pecypcis. Ocodnugo 20cmpo nocmae NUMAHHSL BUNCUBAHHS
BIICLKOBUX HA Nepulill TTHIT 0O0POHU 8 YMOBAX NOCMIIHOZ0 80CHEB020 KOHMPOJIO NPOMUBHUKA.

Oonax, 6 ymosax 6ouoeux Oil, w0 poscopHyIucs Ha mepumopii Yxpaiuu, icHye cepiiosna npobrema 3
HASIBHICMIO NPUPOOHUX 3ANACI8 OepesUuHU HeoOXIOHOI AKoCmi ma 6 OOCMAMHIN KLIbKOCMI 6e3n0cepeonbo 8 30HI
Kougnixmy. Lle cmeoproe mpyoHowi, nog'szani 3 HeoOXIOHICMIO OpeaHizayii CKIAOHUX Mma 00pOcUX HOCABOK
Odepesutu 3 BI00AeHUX Pe2ioni6. Y 36'SI3KY 3 YUM 8ANCIUBO 3HAUMU ALINEPHAMUBHT THIICEHEPHT piuienHsl, Ki O
3abe3nequnu SIiCbKOBUX HAOTUHUMU YKPUMMAMU €3 3a1eHCHOCMI 810 MiCYeUxX pecypcis.

Ipoananizosano uaseui opmugixayiini cnopyou. Cnopyou, wo 6y0yromucs 8 yMo8ax NOCMIIHO20
B802HEB8020 KOHMPOIIO NPOMUBHUKA, MAIOMb APUMIMUBHY KOHCMPYKYIIO I HU3LKY 30amMHICMb 00 3aXUCTY
0c0006020 ckaady. Bonu obrawmosani 6pyuny 3 UKOPUCMAHHAM RIOPYUHUX MAMepianie i KOHCmpyKyil, a
Hatiuacmiuie — i3 0epes sHux eemenmis. 3 0210y Ha me, wo Ha mepumopii Ykpainu, e 6i0bysaiomuvcst 6011061
0il, npupooHni 3anacu Oepesunu HeoOXiOHOI AKOCmi Oyoice He3HAYHI, HeobXIOHO abo NiO8O3UMU Oepesury 3
iHWwoi Micyesocmi, abo wykamu aibmepHamueti pilleHHs.

Pospobaeno i 3anpononosano mobinvhe 30ipHO-po3dipHe YKpummsi, 6U2OMO6IeHe 3 MEemMaioeleMeHmIs.
Baea naiisascuoeo enemenma xomniexmy 0ae 3mMo2y nepeHocumu to2o ooHill 1toduti. Biticekosocnyacboseysb
30ameH CAMOCMIUHO 6CMAHOBUMU YKPUMMSL [ BUKOPUCIO8Y8AMU 11020 6a2amopazoso.

Knrouoei crosa: popmuchixayitini cnopyou, niwia 0Jist yKpummsi, Ympumanus 066aiie; MoOiIbHI YKPUMMSL.
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