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Features of designing evacuation exits in the reconstruction of
civil protection shelters for public buildings

In the context of the war in Ukraine, the issue of public safety has become acute. Civil protection measures include designing
shelters or reconstructing existing basements. A component of the basement reconstruction is the redevelopment of evacuation
exits from the shelters. The relevant current regulatory framework is analyzed. The object of the study is the building of an
educational institution in the city of Poltava, built in the 19th century. A project for reconstructing the basement into a dual-
purpose room with a separate emergency exit outside the building collapse zone has been developed.
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Introduction

Public buildings require measures to improve the
level of civil protection. A way to improve security is
to reconstruct basements into dual-purpose rooms
(shelters). Dual-purpose premises can be used for their
primary functional purposes and public protection.

Review of the research sources and publications
The world experience and expertise in planning
emergency shelters are analysed in [1]. Increasing the
level of passive safety of citizens in wartime is
described in [2]. The development of planning
solutions is studied in [3-4]. According to [5], the
movement of human flow in the event of an emergency
is analysed. The developed principles of universal
design of shelters in the example of the United States
are studied in [6]. Foreign design solutions for
emergency shelters are analysed in [7]. Global design
principles for evacuation centres were analysed [8].

Definition of unsolved aspects of the problem

Following current legislation and building
regulations, all buildings must have shelters. In recent
pre-war times, there was no need for civil protection
measures. In the context of dense existing buildings, the

construction of new civil protection facilities is not
possible (Fig. 1). Therefore, a resource for increasing
the number of relevant facilities is the conversion and
reconstruction of basements of existing buildings.

The regulatory literature does not specify a design
scheme for the collapse of a building when designing
evacuation exits.
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Figure 1 — Situation diagram
Problem statement
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The work aims to clarify the design solutions for civil
protection shelter elements, using the example of a
historical building of an educational institution.

Basic material and results

A survey of the historic building of the educational
institution was carried out. The basement of the
academic institution measures 21.22x66.57 m in plan
along the axes. The height of the premises is 2.1 m. The
walls are brick, without a waterproofing layer along the
outer contour. The blind area is deteriorated in some
places. There is high humidity in the basement. The
walls are affected by fungus and mould. The protective
layer of concrete (exposed reinforcement) in the
reinforced concrete floor beams was destroyed (Fig. 2).

During the reconstruction of the facility, it became
necessary to convert the basement into a dual-purpose
room with the possibility of making a radiation shelter
in the future. To this end, a geological survey was
conducted to determine the ground conditions and
groundwater level. It was decided to lower the floor by
300 mm to comply with the requirements [9] regarding
the minimum height of the storage facilities and the
need to place ventilation equipment on the ceiling. The
project envisages antiseptic treatment of the inner
surface of the walls, replacement of the finishes, and
restoration of the waterproofing layer and insulation of
structures bordering the ground.

A dual-purpose emergency exit shaft was designed.
The emergency exit shaft should be designed to
withstand the impact of load combinations under
steady-state (basic) and emergency design situations. In
the calculation for emergency load combinations, the
quasi-static load from the airborne shock wave is taken
into account in accordance with the class of the
protective structure, according to [9].

The storage capacity is 300 people. There is an
emergency exit through a vertical shaft with a
protective cap. The plan dimensions are 12.26%x2.26 m.
The internal dimensions of the tunnel and shaft in the
lumen are 1.6x1.5 m. The head of the emergency shaft
exit, 1.2 m above the ground surface, is equipped with
four louvred grilles. The louvres are 0.9x0.9 m in size
and open into the shaft. The exit from the shelter to the
tunnel is equipped with protective and airtight shutters
(hatches) installed on the outer and inner sides of the
wall, respectively (Fig. 3).

A calculation was made for the effect of a quasi-static
load from the impact of an air shock wave gy ¢qv, ON
the emergency exit structures. The value was 288 kPa.

The calculation methodology is taken from the
current regulatory literature [9].

Dual-purpose storage class — (A-IV). Excessive air
shock wave pressure AP,, = 100 kPa.

When calculating the head of an emergency exit that
falls within the zone of possible rubble and is elevated
above the ground, the load from the ruins of the
destroyed building or structure is considered.

Figure 2 — Detachment of the protective
layer of concrete in the reinforced concrete floor
beams of the basement.

The emergency exit head, elevated above the ground,
is designed for horizontal quasi-static loading Gey eqv»
125 kPa.

Water supply, heating and sewerage networks of a
building that run in an adjacent room are laid in special
collectors (concrete or reinforced concrete channels),
accessible for inspection and repair work during the
operation of these networks in peacetime. The
collectors have a slope of 2-3% towards the drain.
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Figure 3 — Section of the head of the emergency shaft (design solution)

The embedded parts for cable entries, air ducts, water
and heat supply pipes and sewage outlets are arranged
in metal pipes with flanges welded in their middle part.
The embedded parts will be installed in the enclosing
structures before concrete concreting.

The regulatory framework does not specify which
part of the building is included in the collapse volume.
Taking into account the scenario of collapse of a part of
the building, two types of collapse are provided for the
emergency exit cover combined with the ventilation
shaft

- collapse of the external load-bearing brick wall with
half of the inter-floor floor and the covering above the
Ist floor (inclusive);

- the collapse of the outer and inner load-bearing brick
wall with half of the inter-floor ceiling of the common
corridor, and the collapse of classrooms above the Ist
floor (inclusive) and the building's roof.

The vertical static load on the bearing structures of
the roof of an emergency mine is the dead weight of
these structures and the weight of the roof structures.
The weight of the supporting structures and the
elements of the roof and lining is a constant value. The
load per 1 m2 of the emergency shaft cover structures
was calculated to be 33.11 kPa.

To consider the dynamic impact of vertical loads
during the building collapse process, we introduce a
dynamism coefficient equal to 1.1 by [10].

Qoverann. = 9 X 1,1 = 33,11 x 1,1 = 36,42 kPa.

The emergency exit design includes reinforced
concrete structures with a thickness of 330 mm
(concrete class C25/30). To prevent concrete particles
from exfoliating from the inside of the wall, the project
provides for installation of additional anti-chipping
reinforcement on the inside of the protective layer of
concrete at a depth of no more than 25 mm from the
inner surface of the reinforced concrete structure with
steel mesh with a rod diameter of at least @ 2 mm, with
a mesh spacing of no more than 40 mm, attached to the
primary reinforcement of the structure (fastening
should be performed with at least three turns of knitting
wire at each point, with a spacing of at least 500 mm in
both directions).

The roof was designed using metal profiles and
embedded parts. The embedded parts are 100x100 and
100200 mm in size. Metal profiles with a square
cross-section are welded to the embedded parts with
dimensions of 100x100 mm rafters and 30x30 mm.

The effectiveness of the facility's insulation was
verified by finite element modelling according to the
design scheme (Fig. 3). The reconstruction project
provides for external insulation of the buried part of the
basement to the floor level with extruded polystyrene
foam 150 mm thick with a PVC membrane.

The study was conducted using Poltava's initial data.
Initial conditions: outdoor air temperature -22°C;
indoor air temperature +5°C according to the
calculation scheme in Fig. 4.
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Figure 4 — Computational scheme for modelling temperature fields

Average internal surface temperature: + 4.185 °C; Heat flux: 43.209 W.
Figure 5 —Modelling temperature fields in section 1-1 (across the emergency shaft)

Average internal surface temperature: + 2.861 °C; Heat flux: 585.96 W.
Figure 6 —-Modelling temperature fields in section 2-2 (along the emergency shaft)

Conclusions. When calculating the loads, the loads from the

A design of an emergency exit from a dual- complete collapse of the following were considered:
purpose room of an educational building in Poltava was  brick wall, roof structures and rafter system; attic and
developed. The influence of quasi-static load on the exit  inter-floor floors to the ground level. The Ist-floor
structure was analysed. Thermal insulation materials ceiling structures in the form of a brick vault were not
were selected. Calculation schemes for determining the ~ considered, as the collapse of such structures has a
dynamic loads on the emergency exit are proposed.  vertical motion vector.

Academic journal. Industrial Machine Building, Civil Engineering. — 1 (62)' 2024 ISSN: 2409-9074(print) 23



References

1. Instructions for planning emergency shelters and open
spaces in China: Lessons from global experiences and
expertise. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7443315/

2. Public shelters: Towards secure urban planning and
designing in terms of passive defense. URL:
https://journalarticle.ukm.my/9219/1/1x.geografia-
macl5-amir-bi-edam.pdf

3. Temporary shelters: An architectural look at user-
environment relationships. URL:
https://www.redalyc.org/journal/1936/193654981005/html/

4. Building safe spaces for the community. URL:
https://www.unicef.org/philippines/media/476/file/Buildi
ng%?20Safe%20Spaces%20for%20the%20Community.pd

1. Instructions for planning emergency shelters and open
spaces in China: Lessons from global experiences and
expertise. URL:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7443315/

2. Public shelters: Towards secure urban planning and
designing in terms of passive defense. URL:
https://journalarticle.ukm.my/9219/1/1x.geografia-
macl5-amir-bi-edam.pdf

3. Temporary shelters: An architectural look at user-
environment relationships. URL:
https://www.redalyc.org/journal/1936/193654981005/html/

4. Building safe spaces for the community. URL:
https://www.unicef.org/philippines/media/476/file/Buildi
ng%20Safe%20Spaces%20for%20the%20Community.pd

f

5. Building an  Emergency Plan. URL:
https://www.getty.edu/conservation/publications _resource

f

5. Building an  Emergency Plan. URL:
https://www.getty.edu/conservation/publications_resource

s/pdf publications/pdf/emergency plan.pdf

6. The Impact of Building Design on Evacuation of
Persons with Disabilities. URL:
https://publications.ici.umn.edu/impact/20-1/the-impact-
of-building-design-on-evacuation-of-persons-with-
disabilities

7. Construction and Management of Emergency Shelter
from the Perspective of Modernization—Taking Shenzhen
as an  Example. URL: https://www.atlantis-
press.com/proceedings/ichssr-23/125990769

8. Developing resilient design criteria for evacuation
centre. URL:
https:/ir.uitm.edu.my/id/eprint/75035/1/75035.pdf

9. IBH B.2.2-5:2023 3axucHi cHopyau LHBUIBHOTO
3axucty — K.: MiHiCTepCTBO pO3BUTKY IrpoMaJi, TEPUTOPIit
Ta iHdpacTpykTypu Ykpainu, 2023. — 123 c.

s/pdf publications/pdf/emergency plan.pdf

6. The Impact of Building Design on Evacuation of
Persons with Disabilities. URL:
https://publications.ici.umn.edu/impact/20-1/the-impact-
of-building-design-on-evacuation-of-persons-with-
disabilities

7. Construction and Management of Emergency Shelter
from the Perspective of Modernization—Taking Shenzhen
as an  Example. URL: https://www.atlantis-
press.com/proceedings/ichssr-23/125990769

8. Developing resilient design criteria for evacuation
centre. URL:
https://ir.uitm.edu.my/id/eprint/75035/1/75035.pdf

9. DBN B.2.2-5:2023 Civil Protection Facilities - K.:
Ministry of Communities, Territories and Infrastructure
Development of Ukraine, 2023. 123 p.

®inonenko O.1.
Hamionaneuuit yniBepcutet «IlonraBchka momitexnika imeni FOpis Konapatrokay»
https://orcid.org/0000-0001-8571-9089

Toxkaps B.C. *
Hamionaneuuit yniBepcutet «[lonraBchka momitexnika imeni FOpis Konapatrokay»
https://orcid.org/0000-0003-2925-3100

AHickiH A.
ITiBHiuHMii yHiBepcuTeT, Bapaxaun, Xopsaris
https://orcid.org/0000-0002-9941-1947

Jloc/iiazKeHHsI TEMI0BOJOTICHOT0 PeKMMY XOJI0AHMX FOPHUIL IHCTPYMEHTA

B ymoBax 30poitHOr0 KOHGIIIKTY Ha TepuTopii YKpaiHu mUTaHHA 3a0e3ledeHHs Oe3NeKd HMUBUIFHOTO HaceleHHS Halyio
0cOOJIMBOT aKTyanbHOCTi. BiINOBiIHO 1O Cy4acHMX BUMOT HOPMAaTHBHO-IIPABOBOI 0a3M y cdepi LUBIIBHOIO 3aXUCTY, BCi
rpoMajchKi Oy/iBi MaloTh OyTH oOJiafHaHI BiANOBIAHUMH 3aXHCHUMH CHOpPYJIaMH, 30KpeMa CXOBHIIAMH Ta YKPUTTSIMHU. B
YMOBax IIITbHOT 3a0y0BH Ta OOMEKEHUX pecypciB Ha HOBE OyIiBHUITBO OJHUM 3 €(EKTHBHHX PIlICHb € PEKOHCTPYKIIis
MiIBaJIbHUX MPUMILICHb iICHYIOUHX OyIiBesb Y MPUMILICHHS O/ABIHOTO MPU3HAYCHHS. Y TaKUX MPUMIIICHHIX TOEAHYIOThCS
¢ynkmii 3BH9aiiHOl ekcIuTyaramii B MUPHHI 4Yac i3 MOXKIMBICTIO BHKOPHCTAHHS SK 3aXMCHHX CHODYJ Yy HaJ3BHYaWHHUX
curyarnisx. OCHOBHOIO METOI0 PEKOHCTPYKIHii € 3a0e3nedeHHs BiAMOBIMHOCTI TEXHIYHOTO CTAaHy NPHUMINICHHS YHHHAM
BUMOTaM JI0 YKPHUTTIB kiacy A-1V, BKIIOUaroud BEUMOTH A0 MiHIMadbHOI BUCOTH NPUMINICHb, BEHTHUILALII, T1IPOI30JISILIii,
MPOTUTPUOKOBOI OOPOOKH Ta KOHCTPYKTUBHOI HATIMHOCTI B YMOBaX BIUIMBY HAJIJIMIIKOBOTO THCKY HOBITPSHOI YIapHOT XBHJII.
[IpoekToM mependaueHo NepeIlaHyBaHHS 3 YJAIITYBaHHSAM aBapiiHOrO eBaKyalliiHOrO BHXOLY uepe3 BepTHUKAIbHUIMA
IIAXTHUH KaHaJl, BAHECEHUH 3a MEXi 30HH MOXJIHMBOTrO 00Bally OCHOBHOI OyaiBii. Y Mexax poOOTH BUKOHAHO OOCTEXEHHS
ICHYIOUMX KOHCTPYKLiif. METOI0 3a0e3NedYeHHs HAJIeKHOTO TEIUIO3aXUCTy 3aXHCHOI CIIOPYAUM BHKOHAHO MOJIEIIOBAHHS
Tero(pi3UYHUX TPOLECIB i3 3aCTOCYBaHHAM CKiHUYCHHO-EJIEMEHTHOTO aHalli3y, L0 J03BOJIWIO OOIPYHTYyBaTH BHOIp
TEIUTOI30JALITHAX MaTepiajiB Ta KOHCTPYKTHBHUX PillICHb.

Knaiwouogi ciioBa: eBakyallisi, CXOBHIIE, BUXiJ, ITi1BaJI, IUBUIEHUHA 3aXHCT.
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