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Abstract: The protection of hospital infrastructure during extreme events represents a
fundamental requirement for civil protection systems. The present study evaluates the
engineering design of a civil protection shelter integrated in the Mioveni Hospital
project. The analysis focuses on ventilation performance, NBC filtration efficiency,
sanitary autonomy and pressure control mechanisms required to maintain safe
environmental conditions. Engineering calculations are presented for airflow demand,
pressure losses, filtration efficiency and system reliability under conventional warfare
scenarios, biological and chemical contamination scenarios and nuclear events.
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1. Introduction

Hospitals represent critical infrastructure that must maintain operational
continuity even during extreme emergency conditions. Civil protection shelters
integrated in hospital buildings provide protected spaces for staff and patients when
external conditions become unsafe due to military actions, chemical contamination or
radioactive fallout. The design of such shelters requires complex engineering solutions
involving ventilation systems, filtration units, pressure control devices and
autonomous sanitary facilities. The Mioveni Hospital project includes a dedicated
ALA civil protection shelter designed to accommodate 160 occupants. The present
research analyses the engineering parameters required to maintain a safe internal
environment in this shelter.
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2. Shelter Ventilation System Design

The ventilation installation of the shelter ensures continuous air renewal while
preventing infiltration of contaminated air. The system includes an air intake duct
equipped with anti-blast protection, pre-filtration units, NBC filtration modules and a
mechanical ventilation fan capable of operating in both electric and manual modes.
The system distributes filtered air through a network of ducts and diffusers positioned
within the shelter space. Overpressure valves maintain a slight internal pressure higher
than the external pressure in order to avoid infiltration of contaminated air masses.

3. Engineering Calculations

Airflow demand for the shelter is determined using Equation (1).

Q=Nxqp (1)
where:
Q — total airflow demand [m?3/h]
N — number of occupants
q_p — airflow rate per person

For the analysed shelter: N = 160 persons, q_p = 4.7 m*/h per person.
Therefore:

Q=160 x4.7=752m*h (2)

Pressure losses in ventilation ducts can be estimated using the Darcy—Weisbach
equation:

AP =L (L/D) (pv?/2) (3)

Internal overpressure inside the shelter is maintained using controlled exhaust valves.
The overpressure condition can be expressed using Equation (4).

AP _shelter = P_internal — P_external (4)

4. Technical Parameters

Table 1
Technical Parameters
Parameter Value Unit
Shelter capacity 160 persons
Total airflow 750 m’/h
Airflow per person 4.7 m’/h/pers
Internal overpressure 10 mmH20
Maximum overpressure 15 mmH20
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5. Graphical Analysis
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Fig. 1. Airflow demand depending on shelter occupancy
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Fig. 2. Pressure losses as a function of internal overpressure
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Fig. 3. Three-dimensional representation of airflow demand depending on occupancy and airflow rate
per person

6. Project Drawings

NIOOHLOIT
ando

3 I

G
o

i £

|t waza

Fig. 4. Extract 1 from proje(;t df;;);ing




Lucian Mihoc, Mircea Marinescu, Razvan Zamfira, Andrei Duna

bandhetn 3 b

UEMEmin

L

S030a
Anexa Teh|
Spalatarie
5:360 m*

o

033 Tz
Predare Rufe Curate” |
Spalatorie -
5:8.52 mt
P: 12,08 m
HiZl6S A,,
| Fpw=

TR
DISTR. §10 bu:

S034 ——L
Dep. Rufe Curate S089
) Spalatotle. Casal Scarii
5:2012 m*
P 19.00 m
USCATOR H:2.55 m
FUFE <pvo>
_m_..,.. Hol __w )
- Spalatorie 240N
5523 m* )
P1010 m NS
L s0e2
P _“.umjm.-m_b. b Grup Generator 2
Lo o Tahnlc
I 53150 m*
ad o P: 23,00 m
t . H:3.80 m
e shcoptesiesia: <sapa elicopterizata=
-4,10 -4,10
" et soxl
GRUP GRUP
STROGEN ELECTROGEN

1t

5094

Spatiu Adapostire
ALA

5:22522 m?

P: 11462 m
H:3.80 m
<befon>

S:7.02 m?
P:10.685 m
H:3.80 m
=haton=

e
ey

fit t

LI

fiF BE VIZITARE
CAMALIZARE [
100

Fig. 5. Extract 2 from project dréwing
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7. Scenario Analysis

Two operational scenarios were analysed in order to evaluate shelter resilience.
The first scenario considers conventional warfare combined with biological and
chemical contamination risks. The second scenario analyses nuclear fallout conditions
where filtration efficiency and pressure stability become critical parameters. In both
cases the ventilation and filtration system ensures continuous protection of occupants
by maintaining filtered airflow and internal overpressure.

8. Conclusions

Engineering analysis demonstrates that the shelter ventilation system combined
with NBC filtration and controlled overpressure provides effective protection against
contaminated air infiltration. The calculated airflow capacity satisfies the requirements
for the design occupancy of 160 persons while maintaining acceptable pressure losses.
The integration of autonomous sanitary systems further increases operational
resilience of the shelter.
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