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Abstract: The Battle for Mariupol was one of the most intense and 
significant engagements to date in the Russian–Ukrainian armed 

conflict. Its course and outcome were significantly shaped by the activi-
ties of engineering units on both sides. Ukrainian forces, through the ex-
ecution of tasks within the scope of engineering and counter-engineer-
ing operations, provided support to complex defensive tactical actions. 
Prominent examples include the emplacement of artificial obstacles, 
with minefields having particularly extensive application, as well as the 
fortification of natural and artificial features, notably the adaptation of 
existing industrial facilities such as the Azovstal industrial complex. Rus-
sian forces applied a modified siege tactic by destroying infrastructure 
and, through the execution of tasks related to obstruction, constructing 
various obstacles to prevent maneuver and supply. In order to support 
maneuver and achieve the tempo of the offensive of their own forces, 
they employed engineering units in tasks related to overcoming obsta-
cles, while not omitting the execution of fortification tasks under newly 
emerged conditions.

The aim of examining these activities was to assess their effects 
on the conduct of the military operation, as well as the subsequent 
consequences for the civilian population. The paper presents the re-
sults of the research through the analysis of available open sources 
and their comparison with prior knowledge of the doctrinal application 
of engineering units in contemporary warfare in the states concerned 
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(analyzed through the lens of the doctrine governing the employment 
of engineering units of the Serbian Armed Forces), positive solutions 
for one’s own forces and the consequences imposed on the adversary, 
as well as the humanitarian consequences of this battle for the civilian 
population. This paper seeks, through analysis, to examine the roles of 
engineering units in the Battle for Mariupol, with an emphasis on their 
importance in the creation and destruction of defensive structures, the 
use of infrastructure, and the possibilities for improving the tactics of 
employing engineering units that influenced the outcome of the battle. 
In addition, attention is directed toward examining the impact of modern 
weapons systems and combat systems on the conduct of operations 
and the achievement of objectives.

Keywords: Mariupol, engineering unit tactics, defense, siege, hu-
manitarian consequences

Mariupol and the Significance of Its Location
Mariupol is located in southern Ukraine, on the coast of the Sea of Azov, and 

its geographical position confers a significant geopolitical and economic role within 
the region. The city is known for its industrial strength, particularly due to large 
metallurgical complexes such as “Azovstal” (Rus. Азовсталь) and the Ilyich Iron and 
Steel Works. These industrial giants not only contributed to the economy of Ukraine 
but also provided strategic resources for military needs, namely metal required for 
the production of armaments. Large-scale production significantly influenced export 
capacity as well.

The location of Mariupol also enabled its development as an important transportation 
hub, as it represents a key link between the southern part of Donbas and the Crimean 
Peninsula, which makes it strategically important not only for the economy of Ukraine 
but also for the military plans of the region. Its position on the coast of the Sea of Azov 
enables control over maritime access and opens routes for further operations toward 
Odesa and the broader Black Sea region.

Due to its position and significance, Mariupol became one of the primary objectives 
in the wartime efforts of Russian forces during the initial phases of the special military 
operation. By establishing control over the city, the armed forces of the Russian 
Federation would be enabled to establish a land corridor connecting Crimea with 
areas under the control of pro-Russian forces in Donbas. This course of action was of 
key importance for establishing stability in the area and achieving full control of access 
to the Sea of Azov, as well as for preparing the ground for potential further advances 
in other parts of the territory of Ukraine.

From the outset of the conflict, Mariupol was a target of attacks by Russian 
forces, which led to extensive destruction of the city. In addition to its industrial and 
geostrategic significance, the city also became a symbol of resistance for Ukrainian 
forces, which offered fierce resistance during the fighting for Mariupol. The tactics 
employed by Russian forces, which have not changed significantly since the Second 
World War, resulted in the destruction of infrastructure and a large number of civilian 
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casualties, as well as the formation of deep geopolitical front lines that determined the 
course of the special operation in southeastern Ukraine.

The battle began in late February and lasted until May 2022. Russian forces, with 
the support of the self-proclaimed Donetsk People’s Republic (DPR), encircled the 
city, cutting supply lines in order to compel the defenders to surrender. This led to a 
prolonged siege that resulted in the destruction of a large part of the city. Through the 
activities undertaken in both defense and attack, this battle represents one of the most 
dramatic examples of urban warfare during the Russian–Ukrainian conflict.

The Battle for Mariupol left a profound impact on the civilian population. The city 
was practically completely destroyed, and civilians were exposed to extreme living 
conditions, without basic necessities such as water, electricity, and medical assistance 
(The Asahi Shimbun, 2022). The destruction of infrastructure, partly caused by 
engineering units, further aggravated the situation, thereby additionally worsening 
already difficult living conditions. The consequences of this destruction significantly 
contributed to the existing humanitarian catastrophe, endangering the lives and 
survival of the population (Human Rights Watch, 2023).

The Role of Engineering Units in Combat 
Operations in Mariupol

Based on numerous reports on the consequences observed during the Battle 
for Mariupol, it can be concluded that engineering units had a significant (if not 
key) role in the planning and execution of military operations by both sides during 
the battle. By examining the activities of engineering units of the parties to the 
conflict, conclusions can be drawn that could significantly influence considerations 
regarding the assessment of existing capacities and capabilities of engineering units 
in the contemporary operational environment. Analyzing engineering and counter-
engineering activities through the prism of the doctrinal views of the Serbian Armed 
Forces, it can be concluded that engineering units are the main executors of tasks 
within the framework of engineering operations in the Land Forces (Doctrine of the 
Serbian Land Forces, 2011: 46). The basic content implemented during engineering 
operations is obstacle emplacement, while within counter-engineering operations 
the content includes overcoming obstacles, road preparation, fortification, and the 
neutralization and destruction of enemy engineering units (Doctrine of the Land 
Forces, 2011: 46–47). By executing obstacle emplacement tasks, “losses are inflicted 
on the enemy and its movement and maneuver of forces are prevented, slowed, and 
channeled” (Doctrine of the Serbian Armed Forces, 2010: 51).

Obstacle emplacement, as the basic content of engineering operations, is carried 
out through the construction of various types of obstacles. Obstacles created through 
the use of mine–explosive means are particularly relevant in contemporary operations. 
The action of explosives causes the physical destruction and disabling of combat 
equipment (especially armored and mechanized assets) and enemy personnel. Rubble 
created as a result of explosive effects enables the slowing, stopping, channeling, or 
prevention of further movement of the enemy along a selected (assessed) direction 
(Military Lexicon, 1981: 704).
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According to their tactical purpose, method, and time of construction, obstacle 
emplacement may be “primary and supplementary” (Regulation on Obstacle 
Emplacement and Overcoming Artificial Obstacles, 1981: 14). During the planning and 
execution of a defensive operation, the main emphasis is placed on the construction 
of various types of artificial obstacles: mine–explosive, fortification, obstacles created 
as a consequence of the destruction of lines of communication, the demolition of 
structures on lines of communication, incendiary obstacles, obstacles created by 
flooding terrain, and chemical and radioactive obstacles (Milić, A., 2016).

Counter-engineering operations represent a set of measures, actions, and activities 
by which the effects of enemy engineering and other actions are reduced, while 
favorable conditions for combat operations, movement, and maneuver are created 
for one’s own forces (Milić, A., 2024). They are conducted by all units for their own 
needs and in accordance with their capabilities; however, at the main effort of combat 
operations, engineering units are employed, with the support and coordination of the 
primary executors of operations: infantry, armored units, artillery units, and aviation 
(Doctrine of the Serbian Armed Forces, 2010: 51).

Overcoming obstacles encompasses the undertaking of necessary measures and 
activities aimed at the destruction and neutralization of mine–explosive obstacles 
(hereinafter MEO) and other artificial obstacles, the forced crossing and passage 
over water and dry obstacles, and the organization of control and protective services 
(Kitanović, R., 2000: 31). Overcoming obstacles (natural and artificial) is undertaken 
in order to create the necessary conditions for the successful maneuver of units, 
to ensure the movement of units, to prevent losses on mine–explosive and other 
obstacles, and to create the necessary conditions for ensuring the continuity of supply 
and evacuation in combat zones (Milić, A., 2024).

Fortification represents the purposeful arrangement (adaptation) of terrain with the 
aim of creating: favorable conditions for fire action, observation, and command; more 
complete protection of personnel and materiel from the effects of enemy fire; safer and 
more protected movement on positions (along the front and in depth); and conditions 
for the concealed deployment of one’s own forces from ground and aerial observation 
(Milovanović, D., 1979: 4). It is achieved through the construction of facilities for 
fire action (of branch and service units), observation, command, movement, and 
protection, or through the adaptation of natural and artificial features on occupied and 
unoccupied positions of units on the terrain (Milić, A., 2024).

Road preparation encompasses the maintenance, repair, and reconstruction of 
existing roads, as well as the construction of new roads, takeoff and landing surfaces, 
piers, and camouflage mooring points (Kitanović, R., 2000: 45). Road preparation for 
the passage of combat elements of units includes their most essential enabling. More 
permanent road repair is undertaken to ensure uninterrupted traffic of a certain speed 
and capacity for maneuver from depth, supply, and evacuation. Road maintenance 
подразумева bringing individual routes of axial and lateral (roaming) type into 
continuous and functional use by removing (eliminating) obstacles created by enemy 
action, damage, or increased capacity requirements and higher traffic frequency along 
a given route. The construction of roads for short-term use implies the construction 
of so-called temporary military roads for the movement and maneuver of combat 
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elements of units, supply, and evacuation of limited capacity and temporary character. 
The construction of roads for permanent use implies the construction of roads 
according to specific projects and plans, with greater engagement of engineering 
forces and resources over a longer period. Such roads are most often constructed 
in peacetime and in conditions of imminent war danger, and more rarely during a 
special operation (Milić, 2024). Road repair and reconstruction include the removal 
of damage incurred on roads caused by enemy action, prolonged use, or natural 
causes (rockfalls, landslides, ground subsidence). The number of roads that need 
to be prepared and maintained in a given zone depends on the task, the concept of 
operations, the development and condition of the road network, the available time, the 
capabilities of road units, and enemy activity.

For Ukrainian forces, the role of engineering units was crucial in the organization of 
the city’s defense. They employed engineering unit resources to construct defensive 
structures (which were interconnected by trenches and lines of communication) 
(Figure 3) and to reinforce them with various types of mine–explosive and fortification 
obstacles in order to slow the advance of Russian military forces. Minefields and 
groups of mines were emplaced along key lines of communication, which constituted 
an additional obstacle for Russian forces (Kelly, L., 2022).

Access routes to key lines of communication were also mined in order to further 
slow Russian units and prevent lateral redeployment of forces. Ukrainian engineers 
emplaced various types of mines, primarily anti-personnel and anti-tank mines, while 
also employing different types of improvised explosive devices and booby traps in 
tactically important zones. This enabled units within the city to retain control over 
certain areas longer than initially expected. Along certain axes, the demolition 
of infrastructure facilities was carried out in order to create obstacles and prevent 
movement. Within structures that provided good observation over particular lines 
of communication, fortification measures were undertaken to create strongpoints 
that would further hinder the penetration of Russian forces along specific routes 
and directions. Of particular importance was the fortification of positions around the 
“Azovstal” plant, where strong Ukrainian forces were located. This example of how 
existing infrastructure can be utilized to fortify a strongpoint (Perrya, 2022) will be 
studied for a long time.

The “Azovstal” plant (Rus. Азовсталь), one of the largest industrial complexes in 
Ukraine (Azovstal. Metinvestholding, 2013), provided a significant tactical advantage 
to Ukrainian forces. In addition to its above-ground structures, Azovstal also possessed 
a network of underground tunnels that enabled soldiers and civilians to shelter from 
artillery and air attacks (Perrya, 2022).

The underground facilities were well adapted for the storage of supplies, including 
food, water, and medical equipment, which enabled Ukrainian forces to maintain their 
positions for a longer period. The underground structures of the “Azovstal” complex 
were not constructed as part of military infrastructure, but rather as an integral 
component of an industrial complex from the Soviet era (Perrya, 2022). The approach 
to the construction of important facilities during the period of Soviet dominance is 
illustrated by the fact that the complex includes a multilayered network of tunnels and 
chambers at depths of up to 30 meters below ground. The tunnels were used for the 
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transport of materials during the operation of the plant, but were also designed to be 
resistant to air strikes and explosions in the event of military conflict or nuclear attacks. 
Thick reinforced concrete and steel structures make these tunnels exceptionally 
robust. These underground structures became shelters for a large number of civilians, 
who found refuge there from armed actions. Engineering units of the Ukrainian Armed 
Forces adapted the facilities within the complex not only for defense during the siege 
but also for humanitarian purposes. Tunnels that were used for troop movement 
and the establishment of ambushes were transformed, through the emplacement of 
explosives, into lines of resistance deep within the complex for defensive purposes. 
This network of tunnels enabled maneuver and rapid withdrawal, thereby preventing 
Russian forces from easily entering the complex. The facilities were used for the 
storage of ammunition, food, water, and medical equipment, ensuring the survival of 
the defenders.

In situations where withdrawal from positions was necessary, the Ukrainian 
military carried out the mining of various facilities, not only those of military but also of 
civilian purpose. Through such mining, particularly when combined with booby traps 
and improvised explosive devices, a sense of insecurity was created for Russian 
forces at every step. In this way, the advance of Russian forces was significantly 
reduced, providing Ukrainian forces with additional time to consolidate their defenses 
and prepare fires on defined positions. These efforts by engineering units were 
aimed at prolonging the resistance of forces stationed in the city, inflicting losses, and 
weakening the offensive power of Russian forces.

Various types of anti-tank ditches were widely deployed, forming physical barriers 
that impeded the advance of heavy mechanized assets. In addition, in order to 
further complicate movement along key lines of communication within the city, anti-
tank tetrahedrons, concrete barriers, and other improvised objects were emplaced. 
These obstacles were further supplemented by obstacles created through demolition, 
as critical infrastructure facilities were prepared for demolition and destroyed in 
order to prevent or slow the movement of Russian forces. Based on experiences 
from the NATO aggression against the Federal Republic of Yugoslavia in 1999, the 
question arises as to the justification of creating obstacles through the demolition of 
infrastructure facilities, since, at the end of a conflict, the consequences in conflict-
affected areas are borne primarily by the civilian population.

In addition to military assets used for the construction of obstacles, Ukrainian forces 
also employed civilian construction machinery—excavators, cranes, loaders—as well 
as civilian companies for the construction of fortification obstacles. The justification 
for the use of civilian construction machinery is conditioned by the performance of 
the equipment (Božanić et al., 2021: 3). It is particularly important to highlight the 
capabilities of machinery used in surface mining operations or large processing 
facilities.

On the other hand, Russian forces employed engineering units to overcome 
detected obstacles and to create obstacles aimed at preventing the penetration of 
Ukrainian forces, particularly minefields with depths exceeding 100 meters and in some 
cases up to 500 meters. This significantly complicated demining tasks for Ukrainian 
forces (Axe, D., 2023) as well as the supply of encircled units, and was also used for 
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the destruction of urban infrastructure in order to create conditions for penetration and 
to weaken defensive capabilities. To achieve these objectives, explosives and heavy 
machinery were used to destroy industrial facilities, power substations, and water 
supply systems (The Asahi Shimbun, 2022). The intent was to weaken the defensive 
capability of Ukrainian forces and to exert pressure on both military personnel and 
the civilian population of the city, placing them in severe living conditions, thereby 
reducing support for resistance and accelerating surrender (Human Rights Watch, 
2023).

The intent to reach specific lines and positions was conditioned by the assigned 
tasks of detecting mine–explosive obstacles, creating passages through them, and 
their subsequent clearance. An additional challenge for Russian engineering units 
was the ingenuity (cunning) of Ukrainian forces in the construction of mine–explosive 
obstacles, drawing on the knowledge of instructors from other states. In addition to 
newly emplaced mine–explosive obstacles, minefields laid in previous decades also 
posed a problem. These tasks were addressed by engineering units of the sapper 
specialty through the employment of new explosive-based demining systems (e.g., 
the UR-77 “Meteorit”) (Newdick, Th., 2023).

In order to ensure the tempo of the attack and provide support to unit maneuver, 
pontoon units responsible for the deployment of pontoon bridges over water obstacles 
came to the fore. The pontoon bridge parks with which Russian pontoon units have 
been equipped over recent decades have been significantly improved, particularly in 
terms of load capacity and the width of obstacles that can be overcome with a single 
set. The load-bearing capacity of pontoon bridges has been increased, enabling 
the construction of bridges of the 120-ton class (Milojević et al., 2009: 5). These 
bridges are generally constructed at the level of combat groups and assigned to 
support operations (Royal United Services Institute for Defence and Security Studies, 
2023). Regardless of these positive practices (speed of deployment, width of the 
obstacle overcome, bridge load capacity), it is necessary to critically point out serious 
shortcomings observed during the planning and organization of bridge crossing sites, 
particularly with regard to air support and the application of camouflage discipline 
measures (Milić et al., 2023: 3).

In addition to the above, engineering units played a significant role in overcoming 
various obstacles and organizing logistical support for the Russian offensive. Through 
the construction of temporary bridges, the removal of rubble, and the creation of 
temporary roads, engineering units of the Russian forces created the necessary 
conditions to ensure faster and safer movement (maneuver) of their own units toward 
the central parts of the city. These activities enabled them to establish a firm siege 
around the city, thereby significantly controlling the situation and disrupting the supply 
of Ukrainian defenders.

Engineering units of the Russian military also constructed various types of siege-
oriented obstacles around Mariupol, thereby preventing Ukrainian forces from leaving 
the city as well as the delivery of supplies from other areas. These blockades included 
the systematic emplacement of concrete barriers, reinforced concrete obstacles, steel 
barbed wire, destroyed vehicles, and other obstacles intended to prevent any movement 
into or out of Mariupol. One method for the rapid construction of obstacles involved 
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providing engineering units with artillery–rocket systems capable of remote mining, 
which enabled the emplacement of minefields at distances of up to 15 km (Milić et al., 
2009: 3). In this way, minefields could be emplaced within a short time frame deep inside 
the disposition of Ukrainian forces, directly affecting maneuver and supply.

Despite being the attacking side, Russian forces did not neglect the fortification of 
seized positions and lines. Fortification was conducted according to methodologies 
dating back to the Cold War period, which proved effective in this situation. Russian 
defensive positions generally consist of two to three lines, depending on the situation 
(Figure 5). The first line, extending along the line of contact, includes combat positions 
occupied by infantry. The second line consists of properly constructed trenches—
compared to foxholes in the first line—and concrete firing positions where feasible. 
In front of these positions, several belts of obstacles were emplaced, usually formed 
by anti-tank ditches approximately 4 m deep and 6 m wide, dragon’s teeth, and 
entanglements of wire obstacles. Trench positions are typically structured as company-
level defensive positions with constructed shelters and placed along ridge lines so as 
to provide fire coverage over the front. The depth of the defensive line is usually about 
5 km from the first line, and each belt of physical defense tends to extend between 
700 m and one kilometer, ensuring that the entire obstacle system is covered by 
fire. The third line generally includes reserve combat positions and concealed areas 
for various reserve forces, with dug-in vehicle positions. Meanwhile, command posts 
tend to be underground and reinforced with concrete. The overall depth of defensive 
fortifications along certain axes exceeds 30 km (Watling, J., & Reynolds, N., 2023).

Through the construction of fortification structures, engineering units further 
contributed to the survivability and protection of units during combat operations. By 
constructing facilities with heavy overhead cover or in combination with the fourth 
level of fortification (Milovanović, D., 1979: 4), which were built with the full application 
of camouflage protection measures, the survival time of soldiers on the battlefield was 
extended.

Tactical Experiences from Operations in a 
Contemporary Combat Environment

The possibilities for the application of modern systems and technological 
advancements came to the fore to a significant extent during the Ukrainian–Russian 
conflict. The employment of new capabilities substantially influenced changes in the 
previously established methods of engaging units and assets. This conflict imposed 
the need to consider future steps based on what was applied and the manner in which 
specific actions were executed.

The situation faced by the Ukrainian military in the Mariupol area required the 
identification of new solutions. The possibility of employing drones for transport tasks 
(Milić, A., et al., 2018: 5) enabled the delivery of supplies (Axe, 2022). The United 
Kingdom donated a large number of transport drones to Ukraine, “which can be used 
to supply food, water, and ammunition for small-caliber weapons” (Axe, D., 2022), 
thereby placing them among the principal elements supporting warfare in an urban 
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environment. Such practices have demonstrated that the dynamics of conflict are 
rapidly changing and that, for the purpose of blocking (besieging) populated areas, it 
is necessary to plan, organize, and implement control of the airspace at low altitudes.

The aforementioned example of drone employment is not an isolated case. From 
the beginning of the conflict on the territory of Ukraine, and later in Russia, drones 
have played a key role in strategic and even engineering operations conducted by 
Ukrainian forces. From the outset of the conflict, the Ukrainian military demonstrated 
significant innovation in the use of drones, which assisted in numerous engineering 
operations. Drones were one of the key tools in the Ukrainian arsenal for intelligence 
gathering, through terrain reconnaissance, assessment of enemy force strength and 
possible avenues of movement, as well as for identifying locations where obstacles 
needed to be emplaced or various actions conducted.

The advantages of drones also became evident in situations requiring precise 
determination of the placement of explosive devices and mines. In addition to obstacle 
emplacement, drones assisted in assessing damage to infrastructure and identifying 
locations that required urgent repairs or additional defensive measures (New York 
Times, 2024). Experience gained in delivering small quantities of ammunition, 
equipment, and medical supplies in Mariupol was leveraged for the rapid delivery 
of limited quantities of ammunition, equipment, and medicines along the front line, 
particularly in remote or hard-to-access areas. This form of logistical support proved 
especially important in situations where traditional transport routes were under threat 
or blocked (New York Times, 2024).

The ability of drones to carry a certain payload was also exploited as a means of 
delivering explosives or rockets, enabling Ukrainian forces to destroy key Russian 
logistical nodes and equipment, as well as to conduct attacks on enemy defensive 
lines. This employment of drones as weapons significantly accelerated the removal of 
obstacles that impeded the advance of Ukrainian forces.

After major battles, Ukrainian forces used drones to rapidly assess damage to 
infrastructure (damage and destruction to lines of communication and structures 
along them, as well as to key facilities for the protection of personnel and mobile 
assets) and to determine which areas of terrain and facilities required urgent repairs 
or reconstruction.

The future of drones in the operations of Ukrainian engineering units lies in 
autonomous and robotic systems. Ukrainian forces are already working on the 
development of drones and robotic systems capable of independently performing 
complex tasks, such as the detection and removal of mines or the construction of 
defensive positions (MILITARNYI, 2025).

The approach to the employment of drones in combat operations has not been 
neglected by Russian forces either. It is a fact that at the beginning of the conflict 
these assets were used less extensively compared to Ukrainian forces; however, over 
time they increasingly found application in the execution of engineering operations 
as well. Initially, they were used for observation and data collection on terrain and 
facilities, employing systems equipped with thermal sensors and high-resolution 
cameras. Similar to Ukrainian forces, Russian forces employed drones to reconnoiter 
areas intended for mining. This system enabled faster identification of key routes 
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and strategic locations where Ukrainian forces could establish defenses. In Mariupol, 
Russian forces used drones to reconnoiter areas around the city in order to identify 
possible axes of advance of Ukrainian forces. Based on the collected information, the 
Russian military emplaced significant quantities of explosives at locations such as 
bridges, supply routes, and access roads to the city, thereby influencing the further 
course of the operation. At the same time, these drones were used to detect obstacles 
emplaced by Ukrainian forces in order to neutralize or avoid them.

During movement within buildings, mini-drones were used for prior reconnaissance 
and observation of interior spaces in order to detect booby traps, strongpoints, or 
snipers at specific locations. In this way, a change was imposed on the previous 
tactics of clearing buildings and enclosed spaces.

The Russian military also actively used drones capable of carrying small payloads 
and employed them for the precise destruction of various structures, such as trenches 
and concrete barriers. Due to their equipment with modern electro-optical systems, 
these drones were also used for rapid inspection of damaged bridges, the condition of 
riverbanks, and road networks. Russia’s advantage in the research and development 
of robotic and autonomous drones, which were capable of independently performing 
complex tasks, became evident during the planning and execution of attacks on enemy 
supply lines, mine detection, and the conduct of counterattacks against Ukrainian 
drones, attacks on small mobile Ukrainian sensors or cameras, and strikes against 
Ukrainian force positions without human intervention. These systems proved useful 
in controlling the airspace and in countering Ukrainian drones that were transmitting 
data or conducting attacks (Leonova, J., & Fedorov, A., 2024).

With the intent of accomplishing tasks related to the creation of passages and the 
removal of mine–explosive obstacles within a shorter time frame, the employment of 
new types of explosives by engineering units of the Russian forces was observed, 
which to a considerable extent deviated from standard ones. Due to their power and 
effects (the consequences of demolition resulting from the employment of the UR-77 
“Meteorit” system), they attracted significant global attention (Beckhusen, R., 2014). 
Although this system is used over large areas, the effects it produces are not easily 
explained. The only explanation reached by foreign analysts relates to the type of 
explosive employed within the system. In smaller areas, the Ukrainian military, during 
withdrawal, mined various facilities, not only those of military but also of civilian 
purpose. The resulting threats imposed new tasks on Russian forces that required 
the engagement of specialized sapper units. In accordance with procedures, after 
the seizure of territory, activities related to area reconnaissance and demining were 
undertaken. Various technical means were used for the detection and clearance of 
explosive devices, including the robotic complex “Uran-6” equipped with plows of 
different types, as well as service dogs. This robotic system has been employed since 
2020, for example, in Chechnya, Syria, and Nagorno-Karabakh.

In situations requiring close support to combat arms and the execution of demining 
tasks or obstacle construction, engineering units of the sapper specialty are equipped 
with specialized engineering vehicles IMR-2 (equipped with a system enabling remote 
control) or IMR-3M (a combat engineering obstacle-clearing vehicle based on the 
chassis of the T-90 main battle tank). These assets reduce the time required to create 
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passages through detected mine–explosive obstacles and enable the rapid removal 
of barriers made of tetrahedrons or other types of obstacles. During employment, 
personnel are protected within armored hulls. In situations where personnel 
survivability is critical, the vehicle is directed to a designated location and along a 
defined axis via remote control to execute assigned tasks, while operators control the 
system from a safe distance.

In order to prevent the advance of Russian units, Ukrainian units constructed 
various obstacles on lines of communication, most often through the demolition of 
road sections or the destruction of bridges and culverts, as well as by blocking certain 
sections with rubble. To overcome these obstacles, engineering units of the Russian 
military employed road-construction machinery and other specialized equipment used 
for clearing debris and creating passages.

Destroyed road sections or bridges were overcome using heavy mechanized 
bridges (for obstacles up to 40 m in width) or launch-type bridge structures. In cases 
where a destroyed bridge spanned a river wider than 40 m, pontoon units were 
engaged to construct pontoon bridges. With their assistance, crossings were restored 
or newly organized, enabling units to continue movement. After the establishment of 
bridgeheads and the seizure of territory under control, pontoon bridges were used not 
only for the crossing of military equipment but also for the delivery of humanitarian 
supplies and the rotation of units. In addition to pontoon units, other engineering units 
were also involved in the restoration of transport infrastructure, in accordance with 
the tempo and dynamics of combat unit movement. At destroyed facilities, activities 
first focused on locating and neutralizing emplaced mines, after which repair works 
commenced (Vojni pregled, 2022).

The previously described characteristics of an urban area, in which units operated 
both above and below ground, significantly complicated the organization of both 
offensive and defensive actions. In order to secure the disposition of their own units, 
engineering units of the Russian forces formed specialized engineering teams tasked 
with destroying entrances to underground tunnels and sewer openings by filling them 
in, which had a significant impact on the morale of the defenders. One method of 
further worsening the situation for besieged forces—identified both during the conflict 
in Ukraine and in the Gaza Strip (after 7 October 2023) (Arranz, A., et al., 2023)—is 
the systematic destruction of buildings, various facilities, and positions used for the 
accommodation of Ukrainian forces.

Particular attention to the employment of engineering units during analyses of the 
conflict on Ukrainian territory has been given by the United Kingdom’s Royal United 
Services Institute for Defence and Security Studies. In its analyses, it states that 
“engineering is perhaps one of the least discussed elements of Russian forces during 
the invasion of Ukraine. Unlike most Russian forces, its engineers have performed 
well. The noted speed with which Russian infantry digs in, as well as the scale at 
which they improve their combat positions, is noteworthy and is complemented by 
combat engineering. Two engineering companies are assigned to each brigade, one 
focused on mining and the other on fortification and force protection” (Watling, J., & 
Reynolds, N., 2023).
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The activities of engineering units had a decisive impact on the course of the Battle 
for Mariupol, contributing to a siege that exhausted Ukrainian forces and affected 
the civilian population in the city, while on the other hand enabling Russian forces to 
establish secure conditions for the conduct of the siege.

Conclusion
The Battle for Mariupol demonstrated the significance of the role that engineering 

units play in contemporary conflicts, particularly in operations conducted in urban en-
vironments. Their ability to influence the course of operations through the construction 
of various types of obstacles, the fortification of structures, the emplacement of de-
fensive and siege barriers, the overcoming of different types of obstacles, clearance 
operations, repair and construction of temporary lines of communication, the applica-
tion of camouflage discipline measures, as well as the destruction of infrastructure, 
affected both military actions and the lives of the civilian population.

Forces organizing the defense in a populated area confirmed the necessity of em-
ploying engineering units on specialized tasks that require technical means and exper-
tise. Their engagement was directed toward the emplacement of mine–explosive obsta-
cles (minefields, groups of mines, booby traps), the construction of obstacles created 
by demolition, the digging of trenches and lines of communication, and the construction 
of anti-tank barriers. It is important to note that through the construction of fortification 
structures and the adaptation of underground facilities and corridors for the accommo-
dation and movement of personnel (the use of underground tunnels at the Azovstal 
plant), Ukrainian forces were provided with conditions to withstand the siege for a longer 
period, enabling them to conserve resources and provide protection to civilians.

At the same time, engineering units of the Russian forces employed their capabil-
ities to overcome various obstacles (mine–explosive and demolition-created), clear 
rubble, repair damaged and construct new lines of communication, and emplace var-
ious types of obstacles that further isolated the city.

Common to both sides, based on incurred losses, is the fact that the application of 
camouflage discipline proved to be essential. A large number of reports present aerial 
footage showing the consequences of failing to apply camouflage discipline measures, 
which resulted in the loss of personnel and materiel. In the later phases of the conflict, 
various photographs reveal the implementation of camouflage measures that signifi-
cantly extended survivability on the battlefield. On this basis, it can be concluded that 
the application of camouflage discipline measures is necessary even prior to the com-
mencement of works (in order to prevent the monitoring of the location where work is 
being carried out, the type of work, and the size of the structure being constructed).

Nevertheless, despite these military advantages, the role of engineering units in 
Mariupol also illustrated the negative aspects of engineering activities. This situation 
clearly demonstrated that the tasks performed by engineering units, as a significant 
branch of the armed forces, may have long-term consequences for the civilian popula-
tion in conditions of urban conflict. It is necessary to emphasize that the consequenc-
es of the emplacement of mine–explosive obstacles and other explosive remnants of 



The Role of Engineering Units in the Battle for Mariupol, 2022

II/93

war on the territory of Ukraine cannot be remedied within the next 750 years (GICHD, 
2024; Novik, P., 2023). Such an approach raises the question of the expediency of 
the measures undertaken to achieve an immediate objective and the justification of 
exposing any side to the costs of humanitarian demining, which will last for an inde-
terminate number of years.

By examining examples of the employment of engineering units, the changes aris-
ing from the application of modern combat systems, the necessity of training person-
nel to operate under newly emerging conditions, the obligation to monitor innovations 
in the use of various weapons, equipment, and devices, as well as the need for con-
tinuous analysis of positive and negative experiences, members of the Serbian Armed 
Forces are faced with the obligation of constant reassessment regarding the next 
steps and the direction of future development.

For members of the engineering branch, there is a clear need for continuous im-
provement of readiness to execute specialized tasks, enhancement of existing knowl-
edge and the implementation of identified lessons learned, monitoring the level of 
innovation in the field of technological advancements, and considering innovations 
in engineering mechanization that would improve the effectiveness of engineering 
works (during defensive operations) and enable the maintenance of the tempo of 
combat unit advances (through equipping with armored combat engineering vehicles). 
This also includes consideration of introducing new assets and systems—such as 
drones—into operational use for timely situational awareness on the battlefield and 
for monitoring the execution of camouflage measures, all with the aim of improving 
the capabilities of national forces to conduct combat operations and to enhance their 
endurance and survivability on the battlefield. An important component that must not 
be neglected relates to the development of capacities for humanitarian demining as a 
form of support to the civilian sector after the cessation of hostilities.

Further research on the employment of engineering units should be directed to-
ward changes in the tactics of engineering unit employment, which will be conditioned 
by modifications in unit organization, the definition of new tasks imposed by the intro-
duction of new assets, as well as the consideration of possibilities for forming certain 
temporary task organizations in accordance with the dimensions of the combat envi-
ronment.

Finally, the role of engineering units in the siege of Mariupol is not only an illustra-
tion of their vital military function but also an important lesson regarding responsibility 
for the protection of civilians. Contemporary military conflicts require a comprehensive 
approach that balances the tactical advantages of engineering with the need to pre-
serve human lives and reduce civilian casualties.

References
[1] Аll about Bomb shelters at the Azovstal steel plant, (2022), Frontier India News 

Network https://frontierindia.com/all-about-bomb-shelters-at-the-azovstal-
steel-plant/?srsltid=AfmBOoou2yaS9zIbEws96wIxRsihnRyTnGkVM7z60jj-
DBi1y5OmqMPx



VOJNO DELO, 4/2025

II/94

[2] Arranz, A., Saul, J., Farrell, S., Scarr, S., Trainor, C., (2023), Inside the tunnels 
of Gaza, Reuters, https://www.reuters.com/graphics/ISRAEL-PALESTINIANS/
GAZA-TUNNELS/gkvldmzorvb

[3] Аzovstal Мetinvestholding, https://azovstal.metinvestholding.com/uk-ua  
[4] Axe, D., (2022), A Thousand Ukrainian Troops Are Under Siege In Mariupol. Drones 

Can’t Save Them, www.forbes.com, 
[5] Axe, D., (2023), To Slow The Ukrainian Counteroffensive, the Russian 

Army Quadrupled The Size Of Its Minefields,  https://www.forbes.com/sites/
davidaxe/2023/09/05/to-slow-the-ukrainian-counteroffensive-the-russian-army-
quadrupled-the-size-of-its-minefields

[6] Battle for Mariupol, (2022.), Heroes-defenders of Azovstal, mvs.gov.ua, https://
mvs.gov.ua/en/news/bitva-za-mariupol-geroyi-zaxisniki-azovstali

[7] Beckhusen, R. (2014), Spotted-Al Assad’s Brutal Mine-Clearing Tank in Syria, 
https://medium.com/war-is-boring/assads-new-brutal-mine-clearing-tank-spotted-
on-the-front-line-893967d17710

[8] Božanić, D., Milić, A., Tešić, D., Salabun, W., Pamučar, D., (2021), D numbers 
– FUCOM – Fuzzy RAFSI Model for Selecting the Group of Construction Machines for 
Enabling Mobility, Mechanical Engineering, Facta Universitatis, Niš, doi.org/10.22190/
FUME210318047B

[9] Bridging the Gap: Military Engineering Lessons From the Russo-Ukrainian War, 
(2023), Canadian forces college, www.cfc.forces.gc.ca, 

[10] Come Back Alive Foundation Equips Four Companies With Engineering 
Unmanned Systems, (2025), MILITARNYI, mil.in.ua/en/news/come-back-alive-
foundation-equips-four-companies-with-engineering-unmanned-systems

[11] Doktrina Vojske Srbije, (2010), Medija centar „Odbrana”, Beograd.
[12] Doktrina Kopnene Vojske, (2011), Medija centar „Odbrana”, Beograd.
[13] Holbrook, M. S., (2024), Engineer Lessons Learned From the War in Ukraine, Line 

of departure, www.lineofdeparture.army.mil/Journals/Engineer/July-24-Engineer/
Lessons-Ukraine, 

[14] GICHD - Geneva International Centre for Humanitarian Deminig, Geneva, (2025), 
Switzerland, https://www.gichd.org/explosive-ordnance/other-explosive-remnants-of-war/

[15] Kelly, L., (2022), Russian soldiers start clearing mines from Ukraine’s Azovstal, 
Reuters, https://www.reuters.com/world/europe/russian-soldiers-start-clearing-mines-
ukraines-azovstal-2022-05-23

[16] Kitanović, R., (2000), Inžinjerijska dejstva u boju, GŠ VS UI, Beograd.
[17] Kolodiazhna, D., (2024), “Mariupol is a pattern of Russian warfare” - how Russia 

destroyed the city, https://zmina.info/en/articles-en/mariupol-is-a-pattern-of-russian-
warfare-how-russia-destroyed-the-city

[18] Leonova, J., Federov, A., (2024), High discharge: a new method of mine clearance 
has been developed, Известия.ru, https://vpk.name/en/931737_high-discharge-a-
new-method-of-mine-clearance-has-been-developed.html



The Role of Engineering Units in the Battle for Mariupol, 2022

II/95

[19] Military Review, Engineer Army and Their Techniques in Special Operations, 
(2022), Military Review.ru, Военное обозрение, Инженерные войска и их техника 
в Спецоперации, topwar.ru/195248-inzhenernye-vojska-i-ih-tehnika-v-specoperacii.
html?ysclid=m8g2drzvz9516773587, 

[20] Milić, A., (2009), „Zaprečavanje kasetnim protivtenkovskim minama u odbrani”, 3. 
Naučno-stručni skup, OTEX2009, Vojnotehnički institut, Beograd.

[21] Milić, A., (2016), Model zaprečavanja u odbrambenoj operaciji, doktorska 
disertacija, Vojna akademija, Univezitet odbrane u Beogradu, Beograd.

[22] Milić, A., Popović, G., Đukanović, G., (2018), Application of civilian unmanned 
aerial vehicles - drones for data collection in an attack operation, The 2nd International 
Conference on Management, Engineering and Environmet, ICMNEE 2018, Belgrade, pp. 
228-237.

[23] Milić, A., Blagojević, D., Kostić, S., (2023), Camouflage content of resource 
protection following experiences form Ucraine armed conflict, IX Scientific-professional 
conference Security and crisis management - theory and practice (SeCMan2023), pp. 
346-354.

[24] Milić, A., (2024), Taktika jedinica inžinjerije 1, Medija centar „Odbrana”, Beograd.
[25] Milovanović, D., (1979), Utvrđivanje, VIZ, Beograd.
[26] Milojević, D., Milić, A., Božanić, D., (2009), „Vojni pontonski mostovi”, 3. Naučno-

stručni skup, OTEX 2009, Vojnotehnički institut, Beograd.
[27] Ministry of Internal Affairs of Ukraine (Міністерство внутрішніх справ України), 

https://mvs.gov.ua/en/news/mvs-2022-rik-nezlamnosti-u-foto
[28] Newdick, Th., (2023), Mine-Clearing System Seen Being Used As 

Devestating Urban Artillery In Ukraine, The Warzone, https://www.yahoo.
com/news/mine-clearing-system-seen-being-164209693.html?guce_
re fer rer=aHR0cHM6Ly93d3cuZ29vZ2x lLmNvbS8&guce_re fer rer_ 
sig=AQAAADA0qpwlNS6lvuQwUtIWgttVvH8k0ku3HActh3IC0vxFdsQ1VVqvVY 
iPwpKGJKDDEy_wJYSo0qC_j72I4-3SF-x3fzqfyZKTlCS0BJvNWie2b2D3ue1bF 
PwbJEqNpYcwtfOm5RbjVMwplSBJRA1zrwrjjMAyFny2QRF-zQEy33oG

[29] Not Only for Killing: Drones Are Now Detecting Land Mines in Ukraine, (2024), 
The New York Times, www.nytimes.com/2024/08/24/world/europe/ukraine-land-
mines-drones.html, 

[30] Novik, P. (2023), When a Safety Measure Becomes a Risk Accelerant: Removing 
the Option to Blast-In-Place When Clearing Explosive Remnants of War, The Journal 
of Conventional Weapons Destruction, Vol. 27, Iss.1, https://www.jmu.edu/news/
cisr/2023/02/271/04-271-novik.shtml

[31] Perrya, (2022), Stalingrad Revisited: The Siege of Mariupol, https://discover.
hubpages.com/politics/Stalingrad-Revisited-The-Siege-of-Mariupol

[32] Pravilo Zaprečavanja i savlađivanja veštačkih prepreka, (1989), SSNO, UI-
2/3,VINC, Beograd. 

[33] Tracking down the evolution of the russian engineering corps throughout the 
invasion of Ukraine, (2025), Defence expres, en.defence-ua.com, 



VOJNO DELO, 4/2025

II/96

[34] Watling, J., Reynolds, N., (2023), Russian Tactics in the Second Year of Its Invasion 
of Ukraine, UK,  Royal United Services Institute for Defence and Security Studies, rusi.org., 
https://www.rusi.org/explore-our-research/publications/special-resources/meatgrinder-
russian-tactics-second-year-its-invasion-ukraine

[35] Weaponsystem, 202, https://weaponsystems.net/system/693-UR-77+Meteorit
[36] Ukraine events of 2022, (2023), Human Rights Watch, https://www.hrw.org/

world-report/2023/country-chapters/ukraine
[37] Ukrainian Special Forces Uses the Black Hornet Nano Drone for Reconnaissance 

in the Kursk Region, (2024), Defense Express, https://en.defence-ua.com/news/ukrainian_
special_forces_uses_the_black_hornet_nano_drone_for_reconnaissance_in_the_kursk_
region-12013.html

[38] Ukraine refuses to surrender Mariupol as Russia warns of humanitarian 
’catastrophe’, (2022), The Asahi Shimbun, https://www.asahi.com/ajw/
articles/14577811 (pristupljeno 24. 4. 2025).

[39] Ukraine: New Findings on Russia’s Devastation of Mariupol, (2024), 
Human Rigts Watch, https://www.hrw.org/news/2024/02/08/ukraine-new-
findings-russias-devastation-mariupol (pristupljeno 8. 4. 2024). 

[40] Vojni pregled, (2022), Военное обозрение, Инженерные войска и их техника 
в Спецоперации, topwar.ru/195248-inzhenernye-vojska-i-ih-tehnika-v-specoperacii.
html?ysclid=m8g2drzvz9516773587 

[41] Vojni leksikon, (1981), VIZ, Beograd. 

S u m m a r y

The Battle for Mariupol was one of the most intense and significant engagements 
in the Russo-Ukrainian armed conflict to date, demonstrating the importance 

of the role played by engineering units in contemporary warfare, particularly in 
operations conducted in urban environments. Their purpose and capability—through 
the construction of various types of obstacles, fortification of structures, emplacement 
of defensive and siege barriers, overcoming different types of obstacles, clearance 
operations, repair and construction of temporary lines of communication, application 
of camouflage discipline measures, as well as the destruction of infrastructure—had 
an impact not only on the course and outcome of military operations but also on the 
lives of the civilian population.

Forces organizing the defense in a populated area confirmed the necessity of 
employing engineering units on specialized tasks requiring technical means and 
expertise. Through the construction of fortification structures and the adaptation of 
underground facilities and corridors for the accommodation and movement of personnel 
(notably the use of underground tunnels at the Azovstal plant), Ukrainian forces were 
provided with conditions to withstand the siege for a longer period, enabling them to 
conserve resources and offer protection to civilians. In order to prevent the advance of 
Russian units, various types of obstacles were constructed—primarily mine–explosive 



The Role of Engineering Units in the Battle for Mariupol, 2022

II/97

obstacles and those created by demolition—regardless of the consequences for the 
local population.

At the same time, engineering units of the Russian forces were required to employ 
their capabilities to overcome various obstacles (mine–explosive and demolition-
created), clear rubble, repair damaged infrastructure, construct new lines of 
communication, and emplace different types of obstacles that further isolated the city.

Despite the large number of successfully executed tasks, the role of engineering 
units in Mariupol also illustrated the negative aspects of engineering activities. The 
tasks performed by engineering units, as a significant branch of the armed forces, 
leave long-term consequences for the civilian population in conditions of urban 
conflict. An enormous quantity of mine–explosive obstacles and other explosive 
remnants of the special operation has been emplaced on the territory of Ukraine. 
According to official data from the Geneva International Centre for Humanitarian 
Demining, it will not be possible to remediate the territory of Ukraine within the next 
750 years (GICHD, 2024; Novik, 2023). These consequences raise the question of 
the expediency of the measures undertaken to achieve immediate objectives and the 
justification of exposing any side to the costs of humanitarian demining, which will last 
for an indeterminate number of years.

Through a comprehensive analysis of examples of engineering unit employment 
and the changes that have emerged, members of the Serbian Armed Forces are 
confronted with the obligation of constant reassessment regarding future steps and 
directions of development. For members of the engineering branch, there is a clear need 
for continuous improvement of readiness to execute specialized tasks, enhancement 
of existing knowledge and implementation of identified lessons learned, monitoring 
innovations in the field of technological advancement, and considering innovations 
in engineering mechanization that would improve the effectiveness of engineering 
works in defensive operations and enable the maintenance of the tempo of combat 
unit advances (including equipping with armored combat engineering vehicles). This 
also includes consideration of introducing new systems into operational use, such as 
drones, in order to ensure timely situational awareness on the battlefield and control 
of executed camouflage measures—all with the aim of improving the capabilities of 
national forces to conduct combat operations and to enhance their endurance and 
survivability on the battlefield. An important component that must not be neglected 
relates to the development of capacities for humanitarian demining as a form of 
support to the civilian sector after the cessation of hostilities.

Ultimately, the role of engineering units in the siege of Mariupol is not only an 
illustration of their vital military function but also an important lesson in responsibility 
for the protection of civilians. Contemporary military conflicts require a comprehensive 
approach that balances the tactical advantages of engineering with the need to 
preserve human life and reduce civilian casualties.
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