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Design of civil defense protective structures in residential
multi-story buildings for individual use

Abstract. The military actions in Ukraine, which daily create a threat to the civilian population, necessitate the development of new
technical solutions for new construction and the reconstruction of existing buildings and structures. A large number of civilian
casualties are residents of multi-story residential buildings. A typical protective shelter is considered to be a basement or cellar
floor, the structural features of which are designed for utilities, pipelines, and technical equipment. They lack an emergency exit
and proper ventilation, and do not provide for long-term stay with specific conditions in full compliance with the current regulatory
requirements for the protection of the civilian population. As a result of the analysis of architectural and planning solutions, there
is a need to improve premises where it is possible to integrate individual protective shelters, which are intended to provide proper
protection in case of an emergency. The work examines the fundamental principles of approaches to designing individual protective
shelters within the housing stock. The proposed recommendations can be used in designing new residential buildings,
reconstructing existing buildings, and forming a system of individual protective shelters aimed at increasing the level of public

safety in modern conditions.
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Introduction.

Emergencies against the backdrop of prolonged war
highlight the problem of reliable design of civil defence
structures within the housing stock. Residential multi-
storey apartment buildings remain the most vulnerable
to enemy strikes. This necessitates the development of
new architectural and structural solutions that include a
comprehensive approach to the creation of individual
protective spaces. The purpose of such a room is not
only to fit harmoniously into the architectural and
planning composition of the designed building, but
also, most importantly, to ensure the necessary level of
comfort in accordance with the structural system on
which the building will be constructed. A mandatory
factor in the design of such a room is to ensure
resistance to shock waves, debris, radiation, and to
provide conditions for life support in autonomous
operation for up to 2 days, as standardised by DBN V.
2.2-5 [1].

Experience of other countries.

Precautionary measures to protect civilians in
emergencies were not only applied during military
operations. They began to be implemented in the
United States in the early 1990s in individual
residential buildings, known as ‘safe rooms’, for
coastal and central states as protection against natural
hazards [2].

The main drawback of building ‘safe rooms’ in the
United States is the lack of a unified, systematic quality

control  system, performance certification, and
regulatory  requirements for building  design
methodology (wall thickness, materials, area,

ventilation, electricity, etc.). As a result, even a
structure  that formally “complies” with the
recommendations may fail to provide the expected
level of protection in a real emergency situation if the
execution was poor or if local risks were not even
considered during the design of that particular facility.
[2, §3, 4, 5].
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Figure 1 — Possible safe room location [2, p.32].

Figure 2 — Construction of a safe room with hollow
blocks filled with concrete mortar and reinforced with
vertical rods from the foundation to the concrete slab

(New Smyrna Beach, Florida, 2007) [2, p.27].
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Figure 3 — Aboveground residential safe room that

was in the garage of a home hit by an EF5 tornado in
Joplin, MO (2011) [2, p.31].

The main drawback of building ‘safe rooms’ in the
United States is the lack of a unified, systematic quality

control  system, performance certification, and
regulatory  requirements for  building  design
methodology (wall thickness, materials, area,

ventilation, electricity, etc.). As a result, even a
structure  that formally “complies” with the
recommendations may fail to provide the expected
level of protection in a real emergency situation if the
execution was poor or if local risks were not even
considered during the design of that particular facility.
[2, 83,4, 5].

Israel's experience in designing shelters in
apartments is of the utmost value. A safe room, also
known as a protected or fortified space, is called a
“Mamad” [3]. Against the backdrop of the war with
Irag, the Israeli leadership gave preference to individual
shelters in basements, as responding to an alarm or a
missile launch limits the time available to descend into
the basement. Thus, new buildings had to be
constructed with a protective room called a “mamak”
in individual residential buildings, or “mamad” for
multi-storey buildings, which were built one above the
other and formed the core of the building's rigidity.

A shared stairwell with
a corridor on the first
floor for enfry, playing
the role of Mamadou
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Figure 4 — Floor plan showing the location of risers
(without apartment layouts) [4].

This solution, thanks to the vertical grouping of
‘mamads,” increased spatial rigidity and evenly
distributed the load, creating a dissipative element
capable of counteracting the air shock wave. The
location of the ‘mamad’ within the apartment reduced
the evacuation route to the protected area to 30-60
seconds, which is typical for missile threats in Israel.
Such integration of protected spaces into the planning
and design of the building was not only a safety
requirement but also an element that increased the
overall stability of the building.

This transition to protective shelters of individual
significance was continued with a programme of
reconstruction for multi-storey buildings constructed
between 1980 and 1992. The key approach to this was
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the mass completion of concrete blocks to the exterior
of the buildings. Most often, they were installed near
balconies with stationary emergency ladders that
provided evacuation to the lower floors. The peculiarity
of such a vertical structure lies in its self-supporting
nature, built on its own separate foundation. It did not
significantly increase the overall rigidity of the
building, if we disregard the technical condition of the
building's structures, which, according to the results of
the survey, can be used to determine whether it is
necessary to reinforce and connect the metal frames to
the walls or the entire building. On the contrary, their
separate, albeit not significantly remote, location was
an advantage, which in turn ensured human safety in
the event of an enemy shell hitting the building itself,
and evacuation via emergency ladders from the
mamads.

e it

Figure 5 — Annexes to the balconies of Mamady [5].

Problem statement.

In new construction of multi-storey apartment
buildings where protective rooms of individual
significance are envisaged, the core of the building
must first be designed to ensure rigidity and resistance
to air shock waves. [6, 7, 8, 9, 10]. The problem lies in
determining the optimal planning and design solutions,
where the decision made must integrate such a
structure. The core of rigidity, together with protective
rooms, should include a common distribution space
and, as far as possible, the main stairwell. The
reconstruction of the building, to which the extension
of protective rooms is planned, as mentioned earlier,
should first undergo a technical inspection by relevant
specialists in this field, since the current technical
condition of the building's structures can predict how
much the stability of the building will increase after the
extensions of protective rooms, and whether it will be
necessary to additionally reinforce the walls,
foundations and other structures with metal frames.

The main decision that determines the planning of a
new building is the functional purpose of the building,
the number of people who are constantly present at the
facility, and the location of technical elements.

Taking into account residential buildings, the basic
configuration shall consist of consists of the mutual
position of a rigid core and residential apartments with

full use of living and usable space. This approach
involves placing a protective room within the
apartment. The protective room, like the rigid core,
must be constructed of reinforced concrete. The
foundation may be locally reinforced. An important
condition is its use in everyday mode without losing its
protective properties.

Community buildings require greater capacity for
such structures and a comprehensive approach to
engineering ventilation systems, planning sanitary
zones, and organising evacuation, as provided for in the
planning solution. The configuration of the stiffening
core can be in the centre or along the central axis of the
building, which represents a frame-trunk structural
system, where commercial or office premises, entrance
groups, and sanitary blocks can be located along the
outer contour of the building's external load-bearing
walls. This solution increases the overall safety of the
core itself due to the additional external walls.

For critical infrastructure facilities, protective
rooms of individual importance, depending on the
technical specialisation and focus of the enterprise,
must ensure the autonomous, uninterrupted operation
of vital systems, power substations, oil and gas
production, food warehouses, etc.

Research on the problem.

Questions regarding extensions the construction of
individual protective shelters in Ukraine, within the
existing housing stock, involves assessing a number of
aspects related to structural features. These features
determine the limits of technical solutions for the full
implementation of Mamadiv. In particular, the degree
of permissible interference with load-bearing
structures.

Panel houses of typical series, which are common
throughout most of Ukraine, limit the possibility of
intervention due to their interconnected structural
system of external and internal load-bearing walls. Thin
external panels with a thickness of 200-300 mm are
interrelated with internal partitions with a thickness of
100-200 mm, sealed joints and metal rod connections.
The structural system does not provide adequate
explosion protection, but interference with the
prefabricated panel building system compromises its
spatial load-bearing capacity. The addition of
‘mamads’ requires separate reinforcement of the
external and internal load-bearing walls and
foundations beneath them, as the overload of the added
reinforced concrete protective rooms may affect the
load-bearing capacity of the building itself.

Brick multi-story  buildings, due to their
massiveness, allow for the construction of a vertical
protective structure. The disadvantage is the additional
costs for reinforcing thin walls with metal frames and
cutting openings for utilities and doors to access the
structure with appropriate reinforcement.

For new and old buildings, to extension a vertical
self-supporting core with protective rooms is to be
added, the materials from which the building is
constructed, the technical condition of the enclosing
structures and the structural features must meet a
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number of requirements in order to be able to have such
a structure. This is due not only to safety
considerations, but also to a comprehensive approach
to ensuring the safety and comfort of the building's
residents.

For new construction, “mamads” should be laid at
the stage of forming a spatial planning solution, where
the structural system of a rigid core is interconnected
with the accessibility of apartments to protective rooms
in residential and public buildings. For example, in
Lviv, back in 2023, the first concept appeared at the
preliminary design stage for a protective room in a
multi-storey office building, where protective rooms
are located vertically one above the other [11].

Figure 6 — The shelter is located in the center of the
building on every floor [11].

Figure 7 — The shelters are connected by a secure
stairwell for evacuating people directly to the street [11].

Large-volume buildings with a large area, such as
shopping centres, office buildings, administrative
buildings, etc., allow for the provision of civil defence
structures at the early stages of design and their
integration into the building's structural system, with all
the necessary engineering equipment and facilities for
long-term stay, in compliance with all necessary and
mandatory norms, rules and standards.

Results.

Based on preliminary analysis, the optimal
placement of civil defence structures within the
building was determined, and a nine-storey residential
building with dimensions of 34.8 x 17.8 m and a ceiling
height of 3.0 m was designed. The building's structural
system is a trunk-wall system, with external walls made
of 400 mm thick expanded clay concrete and a
reinforced concrete core, with internal and external
walls 500 mm thick. The reinforced concrete core of the
building contains civil defence shelters located

vertically one above the other, which are accessible
from each individual apartment. Corridors leading into
the building, a staircase and two lifts, see Fig. 8. The
project is a new construction.

Core of rigidity

Civil
Defense
Shelter
(Mamad)

Civil
Defense
Shelter
{Mamad)

Corridor

Civil
Defense
Shelter
{Mamad)

Civil
Defense
Shelter
(Mamad)

Main entrance to
the building

Figure 8 — General view of the reinforced concrete core
of the building.

The main entrance is located in a reinforced

concrete core, which serves as the main evacuation
route in case of an emergency via a staircase. On each
floor, there is a common distribution vestibule for two
apartments located on the left and right sides of the
building. Civil defence shelters are located directly at
the main entrance to the apartment, see Fig. 9 and
Fig. 10.

Legend: —= evacuation route

Civil
Defense
Shelter
(Mamad)

Bedroom

Corridor

5 7 V"I Z 7 . 5 ] 7 ’
Figure 9 — Planning a three-room apartment (taking
into account ""mamadu’’).
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The residential apartments are designed as two- and
three-room apartments, and civil defence shelters are
also included in the residential apartments, as they can
be used without losing their protective properties
ineveryday life.
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Figure 10 — Planning a two-room apartment (taking
into account ""mamadu").

Each flat has two lodges, one of which is located
near a civil defence shelter and has a fire escape
staircase for evacuation to the lower floors in case of an

emergency, which in turn serves as an additional escape
route.

The large area of the bedrooms allows the room to
be divided into a work area and a relaxation area. The
kitchen-living room in each apartment is a central
spatial and functional element for residents, combining
an area for cooking and relaxation. The open-plan
design ensures visual integrity of the space and
sufficient natural lighting. The large rooms allow for
ergonomic requirements to be taken into account
depending on the needs of future residents.

The bathrooms of the apartments are located
adjacent to each other, sharing a common engineering
wall, which allows for the optimisation of engineering
networks, within which ventilation, water supply and
sewerage risers can be placed. The location of the
bathrooms next to the kitchen-living room provides
convenient access to engineering systems and increases
the functional feasibility of this layout solution.

Such solutions are typical for multi-storey
residential buildings, which in practice contributes to
improving the technical and economic performance of
the building.

Lodge Lodge
Lodge Lodge
Kitchen-living Kitchen-living
Bedroom . . Bedroom
Civil Civil
Cormrcrsrarersesy 2 TEAAIE AT Defense Defense TR AATEI AT IR EERIATD
Shelter Shelter %
Corridor [Mamad) (Mamad) Corridor
Bedroom ] Bedroom
/ Bathroom Tambour Corridor Tambour Bathroom g
4 Bathroom ] Bathroom [
Civil Civil
Bedroom Defense v Defense Bedroom
Corridor Shelter Shelter Corridor
(Mamad) (Mamad)
Similar
cell
2, Kitchen-living Kitchen-living
7 room room
Lodge Lodge Lodge Lodge

Legend: % Ceramic wall

-The wall is made of reinforced concrete

Brick partitions

Brick partitionsMineral wool insulation

Figure 11 — Typical Floor Plan

Conclusion.

Propriety of integrating civil defence shelters into
residential buildings with increased structural rigidity,
as a potential basis for the formation and use of such
structures for individual purposes, is determined by the
architectural and planning solutions and the structural
system of the building itself, which at the design stage

will allow for the formation of civil defence structures
for individual use.

The proposed planning scheme using civil defense
protective structures within a multi-apartment building
creates preconditions for local structural reinforcement
and provides opportunities for use in peacetime and for
rapid transition to protective mode during an
emergency situation.
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The results of the analysis indicate the feasibility of
future development for the design of civil defence
shelters as part of residential buildings.

For further development during new construction,
the obtained result of the designed building indicates

the advisability of further development of regulatory
and methodological rules regarding the design of civil
defense protective structures as part of a multi-story
residential building for individual purposes.
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[pOEKTYBaHHS 3aXUCHUX CMOPYA, LIMBINIbHOMO 3aXUCTY B XXUTI0BUX
baraTornoBepxoBux byauHKax oSl iHAMBIAYanbHOM0 BUKOPUCTAHHS

AnHoTauis. BoeHHi gji B YKpaiHi, SiKi LIPAEHHO CTBOPIOOTb 3arposy [J1 LMBINbHOrO HacenieHHs, 3yMOBIHOKOTb HeobXigHiCTb
po3pobrieHHs HOBMX TEXHIYHMX pilleHb K A1 HOBOro BymiBHMLITBA, TaK i AN1s PeKOHCTPYKLII HasBHWX Byaisenb i cropyg, 3HauHa
KiNbKiCTb XepTB cepep, LMBifIbHOr0 HACeNIeHHS MPUMAAAE Ha MeLLKaHLIiB 6araTornoBepxoBUX UTI0BUX ByAMHKIB. TUMOBMM 3aXUCHUM
YKPUTTSIM 3a3BMYall BBXAETLCA MigBanbHU abo LOKOSIbHWIM MoBepX, KOHCTPYKTUBHI OCOBSIMBOCTI SIKOTO MepeBaXkHO Mpu3HaYeHi
LJ151 PO3MILLEHHSI IH)KEHEPHMX Mepex, TPyBonpoBoiB Ta TexHiUHOro 06nagHaHHs. Taki MPMMILLEHHSI He MaloTb aBapiMHOro BUXOLY
Ta HaneXXHoI BeHTUIALI, @ TaKOX He 3a6e3neuytoTb MOXIIMBOCTI TpMBasoro nepebyBaHHs fronen 3i CTBOPEHHAM CrieLmdiuH1X YMoB
Y MOBHIM BiMoBIGHOCTI [0 UMHHMX HOPMAaTMBHMX BMMOM LUOAO 3aXMCTY LMBISIbHOrO HacefieHHs. 3a pesynbTaTamu aHarisy
apXiTEKTYPHO-MNNaHYBaslbHUX pilleHb BCTAHOBNIEHO HEOBXiOHICTb YOOCKOHANEHHS! MPUMILLEHb, Y SIKUX MOXJIMBE iHTErpyBaHHs
iHOVBIOYanbHUX 3aXMCHUX YKPUTTIB, NPU3HaYeHNX 1A 3aBe3neyeHHs HasIeXHOro PiBHS 3aXMCTY B YMOBaX Haf3BUYaHMX CUTYaLLiN.
Y po6oTi po3rnsiHyTO OCHOBHI MPUHLIMMM NiAXO0MiB A0 NPOEKTYBAHHS iHAMBIAYaNbHUX 3aXUCHUX YKPUTTIB Y MEXKax XXUTNOBOro ioHAy.
3anporoHoBaHi pekoMeHgaLji MOXyTb 6y TV BUKOPUCTaHI Nif, Yac MPOEKTYBAHHS HOBUX XKMTNIOBUX By AMHKIB, PEKOHCTPYKLLT i CHYHOUMX
6yniBenb, a TakoX Mpy (hopMyBaHHI CMCTEMU iHOMBIQYaNbHUX 3aXWUCHUX YKPUTTIB, CMPSIMOBAHOI Ha MigBULLEHHS PiBHSA Gesmneku
HaceneHHs B Cy4YacHUX yMOBaXx.

KritouoBi C/I0Ba: CNOpyay LMBISNIBHOrO 3aXMUCTY, 3aXMCHI MPUMILLIEHHS, MPOEKTYBaHHS! 06'€KTIB LIMBISIBHOMO 3aXMCTY, XKMT/IOBUM (OHA,
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