( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2561.9429 Volume 6, Issue 6, June 2026 Impact Factor: 8.2
Performance-Based Fire Safety Assessment of
Hospital Buildings Using Evacuation Simulation
and NBC Compliance Analysis

Suyog Rout', P S Tathod” and Madhuri Asati’
PG Scholar, Department of Industrial Safety Engineering’
Professor, Department of Industrial Safety Engineering®*
Shiv Kumar Singh Institute of Technology & Science, Indore, India

Abstract: Fire safety in healthcare facilities classified under Class C occupancy as per the National
Building Code (NBC) of India is a critical aspect of life safety management, as hospitals accommodate
occupants with varying mobility levels, including patients, staff, and visitors. In the event of a fire,
ensuring safe, efficient, and timely evacuation becomes highly challenging due to complex building
layouts, dependency of patients on assistance, and the presence of life-support systems. This study
focuses on the assessment and improvement of fire safety measures in healthcare buildings with special
emphasis on pedestrian flow evacuation behavior and evacuation dynamics.

The research begins with a detailed review of fire safety provisions, NBC 2016 guidelines, and
international standards related to healthcare occupancy. The study identifies that smoke inhalation
remains the primary cause of fatalities during hospital fires, while delayed evacuation of non-ambulatory
patients is a major operational constraint. Critical fire protection systems such as automatic fire
detection and alarm systems, sprinkler systems, smoke management systems, and fire-resistant
construction materials are evaluated for their effectiveness in reducing fire risk and enhancing
survivability.

To understand real-world evacuation behavior, qualitative inputs were obtained through structured
discussions and observational analysis of hospital staff response during emergency scenarios. The
findings highlight that insufficient training, lack of awareness of evacuation routes, and inadequate
assistance mechanisms significantly impact evacuation efficiency.

A performance-based fire safety assessment approach is adopted using pedestrian flow simulation
modeling. A representative hospital floor plan is developed and simulated under different fire scenarios
to analyze occupant movement, congestion points, evacuation delays, and exit utilization patterns. The
results demonstrate that pedestrian density, bottlenecks at exit points, and delayed movement of mobility-
impaired patients significantly increase Required Safe Egress Time, potentially exceeding Available Safe
Egress Time under adverse conditions.

Based on simulation outcomes and NBC compliance evaluation, several improvement strategies are
proposed, including optimized exit width distribution, improved signage systems, zoning-based
evacuation planning, dedicated refuge areas for patients, and enhanced staff training programs. The
study concludes that integration of performance-based design principles with simulation tools provides a
more realistic assessment of hospital fire safety and significantly improves evacuation efficiency and
occupant survivability.

The research establishes that systematic fire safety auditing combined with evacuation dynamics
modeling can effectively support decision-making for upgrading fire protection systems in healthcare
facilities, ensuring compliance with NBC standards and enhancing overall life safety performance..

Copyright to IJARSCT DOI: 10.48175/IJARSCT-36770 677

www.ijarsct.co.in

| 2581-9429 |1
R\ 1JARSCT /3
& <




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology

IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 6, June 2026 Impact Factor: 8.2

Keywords: Fire Safety, Healthcare Facilities, Class C Occupancy, NBC 2016. Evacuation
Dynamics, Pedestrian Flow Simulation, Performance-Based Fire Design, Hospital Evacuation,
Required Safe Egress Time , Fire Risk Assessment, Smoke Inhalation Hazard, Emergency
Evacuation Planning, Life Safety Engineering etc

I. INTRODUCTION

Hospitals are usually considered a safe heaven and support system for the peopleinvolved in an emergency situation.
Hospitals have variety of materials that cancontribute towards a happening of fire. Hospital fires are disruptive in terms
of threat tolife, damage to property and interruption of services. Our study showed that electricalshort circuit is the
most common cause of fire. Our aim is to identify potential Fire hazardsand improve Fire and safety in healthcare
Facilities. The very first requirement in a hospital is that it should do the sick no harm. In orderto fulfill this,
administration in hospitals needs to conceptualize and regularize certain setof criterions to function and should not, in
any situation, deviate from safety standardsdepicted by governing bodies. Effective safety management system
requiresimplementation of meticulously planned logistics and readiness in case of an emergency.The past accidents
happened in hospitals reflect poorly on the implementation of propersafety protocols and inadequacy of emergency
response. Safety must be made as a valuefor the organization. The protection of any facility requires the identification
andassessment of organizational Vulnerabilities. Although healthcare facilities have the sameprotection needs, the
degree of Vulnerability varies from one facility to another. In general, the public perceives hospitals as a highly secure
facility because its jobentitles providing a safe environment for its patients; however, the number of medical
firedisasters around the globe shows otherwise. This disaster events shine light on the dangerand potential fire threats
that hospital patients will have to face while pursuing for theirhealth. Fire safety in hospitals is a very important aspect
of hospital architecture andmaintenance. However, the work done so far to measure these fire safety norms is
meagerand needs urgent attention. Hospital authorities do not pay much importance to this aspectof internal threat in a
health care facility imparting directly to cause dent on patient safety. Fires can be devastating, especially in a hospital
where a large number of people whoneed to be evacuated may be vulnerable- immune compromised, on life support,
andincapable of moving on their own. The persons inside a hospital are of various physicaland mental characteristics
that have dissimilar reactions toward fire. Evacuation duringfire accidents becomes difficult for these patients. There
are special requirements thatmust be met while evacuating such people in case of Fire emergencies. A hospital attracts
large people who visit the different sections of a hospital on dailybasis. Even though they may arrive into the hospital in
vehicles, their movements within the hospital units are mainly pedestrianized. The provisions for their movements in
the hospital as well as the efficacy of their movements, the special needs to be understood, for effective design of
facilities and for easy and safe evacuation in times of emergency. The purpose is to deliver long-term as well as short
term solutions to prevent fires first and to fight fire hazards in healthcare facilities if they occur. The objective is to
propose simulation modeling as a tool to understand, analyze, and improve hospital evacuation plans.

1.1 Background and motivation

Fire safety in healthcare facilities is incredibly important, considering the care requiredfor vulnerable people within
such facilities. These premises require a lot of precaution inevery aspect, as health and safety are at the forefront of
concern. With the possibility ofmany patients dealing with mobility issues, in the event of a fire, the evacuation
processmay prove more difficult in healthcare Facilities than in other usual facilities. Taking thetime to understand
what the common hazards could be within a hospital environmenttakes priority. Hospitals create plenty of notable fire
safety risks due to housing so many vulnerablepeople. Not only will a fire put endangered people at risk, but it could
also harm staffmembers and cause the hospital to stop functioning properly. Increasing patient numbers and demands
for more hospital beds all makes the originalhospital architecture inadequate and demands for hospital expansion.
While additions oralterations must be added to the building in order to meet both human demands andmedical needs,
constructions within hospitals may have adverse effects on its patients. A 2020 study in the International Journal of
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Community Medicine and Public Healthanalyzed 33 major fire mishaps in Indian hospitals between 2010 and 2019, of
which 250occurred in government hospitals. Only 19 of the 33 hospitals had a functional firefightingsystem. People
losing their lives at a place which is supposed to be a beacon of health is atragic phenomenon. Therefore, It is the
responsibility of every healthcare establishment toensure that fire safety standards and regulations are followed to
prevent fire accidents andthe consequent human suffering.

1.2 Case studies of hospital fires
1.2.1 AMRI Hospital, Kolkata
On December 2011, a major Fire Accident at AMRI hospital in Kolkata killed around 95 people. The main cause of

this mishap was an Electrical Short Circuit and stocking of Combustible Substances in the basement. This was a case of
negligence by the management of the hospital. During the Incident, the hospital had around 160 patients and also many
staff members. At least 50 patients were there in the intensive ward.

Fig 1.1 AMRI Hospital Fire

1.2.2 IMS & SUM Hospital in Bhubaneshwar

October 17, 2016, we saw one of the worst Fire accidents in IMS & SUM Hospital, Bhubaneswar. 22 were killed and
120 were injured. In this case, the hospital staff tried to douse the Fire with Fire extinguishers and inthis process, they
lost almost 20 crucial minutes before they called the Fire Department. This shows the lack of preparedness of the

hospital staff during emergencies.

1.2.3 Rohini Super specialty hospital in Hanamkonda

On October 17, 2017, an electrical short-circuit triggered a Fire in Rohini super specialty hospital in Hanamkonda,
Telangana. 199 patients were admitted to this hospital at the time of the accident. Two patients died and four were
injured. The hospital’s Fire Safety system did not work during this crucial time. Everyone including the doctors and
hospital staff was in a state of panic and did not know how to respond
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Fig 1.3 Rohini Super Specialty Hospital Fire

1.2.4 MY Hospital Indore

The lives of 47 newborn babies were in danger when a Fire broke on November 4, 2017, at MY Hospital, Indore.
Fortunately, there was no loss of life. But it is alleged that the hospital has been flouting Fire Safety laws. In all the
cases, the Fire Safety laws have been violated.

Objectives of research

1) To assess and improve the Fire and Safety provisions in healthcare Facilities.

2) To identify the potential fire hazards in healthcare facilities

3) To understand the challenges/difficulties faced during Evacuation of occupants in healthcare facilities.
4) To provide a systematic evacuation plan using simulation.

1.4 Scope of the research

1) The project covers the minimum design criteria and details of the various fire protection facilities to be provided in
healthcare facilities according to NBC-2016.

2) The project covers the general requirements of a standard healthcare building to carry out quick and safe evacuation.

II. AREA OF STUDY
2.1 Health Care Occupancy:
Hospitals are generally regarded as safe havens that provide essential medical care and support during emergencies.
However, hospitals contain a wide range of combustible materials, electrical installations, medical gases, chemicals,
and sophisticated equipment that can contribute to fire incidents. Hospital fires can have devastating consequences,
including loss of life, damage to property, disruption of critical healthcare services, and significant financial losses.
Studies have shown that electrical short circuits are among the most common causes of hospital fires. Therefore,
identifying potential fire hazards and implementing effective fire safety measures are essential for ensuring the safety
of patients, healthcare workers, visitors, and hospital infrastructure. The primary objective of fire safety management in
healthcare facilities is to prevent fire incidents and minimize their impact when they occur.
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The foremost responsibility of a hospital is to ensure that patient care is provided in a safe environment. To achieve this
objective, hospital administrations must establish and enforce comprehensive safety policies, procedures, and standards
in accordance with the guidelines prescribed by regulatory authorities and governing bodies. An effective safety
management system requires meticulous planning, regular inspections, staff training, emergency preparedness, and
continuous monitoring of safety performance.

Past fire incidents in hospitals have revealed deficiencies in the implementation of fire safety protocols and emergency
response systems. These incidents highlight the need for stronger fire prevention strategies, improved safety awareness,
and regular emergency preparedness programs. Fire safety should not merely be viewed as a regulatory requirement but
as a core organizational value integrated into all hospital operations.

The protection of healthcare facilities begins with the identification and assessment of organizational vulnerabilities.
Although hospitals generally share similar protection requirements, the degree of vulnerability varies depending on
factors such as building design, occupancy characteristics, patient dependency levels, and available safety
infrastructure. Despite the public perception that hospitals are highly secure environments, numerous hospital fire
disasters worldwide demonstrate the existence of significant fire risks within healthcare facilities.

Fire safety is a critical aspect of hospital planning, architecture, operation, and maintenance. However, the evaluation
and assessment of hospital fire safety measures have received relatively limited attention. In many cases, hospital
authorities underestimate internal fire hazards, resulting in increased risks to patient safety and business continuity.
Hospital fires present unique challenges because many occupants may be unable to evacuate independently. Patients
may be critically ill, immobile, elderly, disabled, and dependent on life - support systems. Consequently, evacuation
during a fire emergency becomes a complex operation requiring specialized procedures, trained personnel, and
carefully designed evacuation strategies. The diverse physical and mental conditions of hospital occupants result in
varying responses to fire emergencies, further complicating evacuation efforts.

In addition to patients and healthcare workers, hospitals accommodate a large number of visitors and support staff
daily. Although many individuals arrive at hospitals using vehicles, their movement within the facility is primarily
pedestrian. Therefore, understanding occupant movement patterns and evacuation behavior is essential for designing
safe circulation routes and emergency exits that facilitate rapid and orderly evacuation during emergencies.

The purpose of this study is to develop both short-term and long-term strategies for preventing fires and mitigating fire
hazards in healthcare facilities. Furthermore, the study proposes the use of simulation modeling as an effective tool for
understanding, analyzing, and improving hospital evacuation plans. Simulation-based approaches can assist in
evaluating evacuation performance, identifying bottlenecks, and enhancing emergency preparedness, thereby
contributing to safer healthcare environments.

Ultimately, this research aims to identify potential fire hazards, assess existing fire safety measures, and recommend
practical improvements to strengthen fire prevention, emergency response, and evacuation planning in healthcare
facilities..

2.2 Fire protection in Hospitals:

The aim of a fire protection system is to protect a building’s occupants and minimize the damage associated with fire.
Overall, the goal is to provide the widest possible window for a safe evacuation, whilst also reducing potential repair
costs.

Fire protection is the study and practice of mitigating the unwanted effects of potentially destructive fires. It involves
the study of the behavior, compartmentalization, suppression and investigation of fire and its related emergencies, as
well as the research and development, production, testing and application of mitigating systems. In structures, be they
land-based, offshore or even ships, the owners and operators are responsible to maintain their facilities in accordance
with a design-basis that is rooted in laws, including the local building code and fire code, which are enforced by the
authority having jurisdiction
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Fig 3.9 Fire Protection System

2.3 Emergency in a Hospitals:

Hospitals are expected to maintain services for patients during disasters. Facilities shall develop and be prepared to
implement an emergency preparedness plan that will assess, prepare for, respond to, mitigate and recover from
disasters. It is important that facilities have an emergency preparedness plan those addresses required topics and is
useful to employees in emergency situations

| INFOGRAPHIC: THE ANATOMY OF AN EMERGENCY |

RISKIO
[ﬁ" rl s

* Health, Life * Property

CAUSES

* Fire and
Explosion

EMERGENCY FRAMEWORK: Breakdown of Definition, Drivers, and Impact.

Fig 3.13 Emergency

2.4 Goals of Emergency Preparedness:

* Prevention of loss of life.

* Prevention or mitigation of trauma to patients and other occupants.

» Maintenance of hospital services to the greatest extent possible, given the severity of the disaster.
* Prevention or minimization of property loss.

2.5 Five phases of emergency management:
* Prevention

* Mitigation

* Preparedness

* Response

* Recovery
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2.6 Manual carry evacuation techniques:
Manual evacuation is the process of transporting casualties by manual carries. It is accomplished without the aidof a litter

or other forms of transport. It is intended to end at the point where a more sophisticated means of evacuation becomes
available. For example, manual evacuation ends when a litter, vehicle, or other form of conveyance is available.

Fig 3.14 Blanket Drag Fig 3.15 Pack-Strap Carry Fig 3.16 Swing Carry

2.7 Evacuation dynamics:

This brings about serious safety issues for the participants and the organizers who have to be prepared for any case of
emergency or critical situation. Usually in such cases the participants have to be guided away from the dangerous area
as fast as possible. Therefore the understanding of the dynamics of large groups of people is very important. In general,
evacuation is the egress from an area, a building or vessel due to a potential or actual threat. In the cases described
above the dynamics of the evacuation processes is quite complex due to the large number of people and their
interaction, external factors like fire etc., complex building geometries, Evacuation dynamics has to be described and
understood on different levels: physical, physiological, psychological, and social. Accordingly, the scientific
investigation of evacuation dynamics involves many research areas and disciplines. The system "evacuation process"
(i.e. the population and the environment) can be modelled on many different levels of detail, ranging from hydro-
dynamic models to artificial intelligence and multi-agent systems. There are at least three aspects of evacuation
dynamics that motivate its scientific investigation:

1) As in most many-particle systems several interesting collective phenomena can be observed that need to be
explained,

2) Models need to be developed that are able to reproduce pedestrian dynamics in a realistic way, and

3) The application of pedestrian dynamics to facility design and emergency preparation and management.

The investigation of evacuation dynamics is a difficult problem that re quires close collaboration between different
fields. The origin of the apparent complexity lies in the fact that one is concerned with a many- 'particle' system with
complex interactions that are not fully understood. Typically the systems are far from equilibrium and so are e.g. rather
sensitive to boundary conditions. Motion and behavior are influenced by several external factors and often crowds can
be rather inhomogeneous

III. PROBLEM IDENTIFICATION
There are several concerns in fire safety of a hospital building. Provision of fire prevention and protection plans
must be prepared and communicated to prevent losses due to fire. According to the studied data, few hospitals
with high-tech protection systems were not competent enough in fire safety management. Faults and difficulties
identified are as follows:
» Absence of fire protection and firefighting systems.
* Non- compliance of law enforcement.
» Non-functional Fire protection systems.
* No maintenance and inspection of firefighting appliances.
* Incompetency of hospital staff regarding safety issues.
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* Combustible materials used and stored in the building.
* Poor accident management methodology.

* No proper smoke management systems.

* Lack of adequate fire risk assessments.

* No provision of Assembly areas.

* No proper and easy access to Fire extinguishers.

* No proper early detection system and alarm system.

* No escape routes plans.

* Improper illumination and ventilation.

* Improper construction with no passive fire protection facilities.
*» Lack of fire safety awareness among people.

* Untrained staff

* No proper emergency response plan.

* Poor Housekeeping

* Lack of communication systems.

* Overloading of high voltages and current leading to short circuit
* No proper maintenance of Electrical systems.

* Overcrowding.

* No path route sign boards.

* Obstruction between Evacuation routes.

* Fire mock drills are not conducted.

* Improper handling of chemicals.

IV. PROBLEM FORMULATION
4.1 Legal parameters
Buildings on the basis of occupancies have been divided into different groups in NBC 2016. Hospitals have been
classified as sub-division C-1 under Group C for Institutional Buildings with some specific requirements applicable for
this category in addition to the general requirements common for all occupancies.
As per the fire load calculated it is considered as Moderate hazard occupancy as per NBC 2016. Group C Institutional
Buildings
These shall include any building or part thereof, which is used for purposes, such as medical or other treatment or care
of persons suffering from physical or mental illness, disease or infirmity; care of infants, convalescents or aged persons
and for penal or correctional detention in which the liberty of the inmates is restricted. Institutional buildings ordinarily
provide sleeping accommodation for the occupants.

4.2. Sub-division C-1 Hospitals and sanatoria

This sub-division shall include any building or a group of buildings under single management, which is used for
housing persons suffering from physical limitations because of health or age, for example, hospitals, infirmaries,
sanatoria and nursing homes.
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Type of Installation Water Supply Pump Capacity
(in liters) (in L/min)
S.N | Type of Fire Hose | Dry | wWet | D Yard i v ic | Underground | Terrace | Pump near At the
. | Building/ Extinguisher | Reel | Riser | Riser Hydrant | Sprinkler | operated | Detection | static water tank undergrou terrace
Occupancy System Electric & Fire storage tank ndstatic | tank level
Fire Alarm water with min
Alarm System storage pressure
System tankwith | 2 Kg/em2
min
pressure
3.5Kg/em2
at terrace
level
INSTITUTION
BUILDINGS

Hospitals,
Sanitoria &
Nursing Homes

(c-1)
Less than 15 m
" in height with
plot area up to
1000m2
2500
- | Up to ground R 2500
i pI:s Dge oy R R NR NR NR NR (NOTE 1) R NR NR (SEE ) NR NR
with no beds NOTE2
2000 450(450|
i :I‘: :‘;g:’;:‘:ey R R NR NR R NR ~ ois 5 R NR NR (5:::) NR SEE {r:orls
with beds NOTE2
= | ctareys; R R NR NR R NR (NOTE 1) R R NR sie? NR SEE r;oTE
without beds NOTE2
Ground plus 2 5000
ey RN R R | NR | R NR NR 8 R R 50000 120001 NOTE 3 NR
storeys, with (NOTE 1) SEE
beds NOTE 2
Lessthan 15 m
g |Mbalghtwith R R | NR R NR R R R R 10000 10000 NOTE3 NR
plot area more (NOTE 1)
than 1000m2
Above 15m
height but not R
3 eesiing3im R R NR R NR R (NOTE &) R 3 100000 20000 NOTE 4 NR
in height
Above 15m &
height but not R
4 Exlzgeeding 20m R R NR R NR R (NOTE 6) R R 150000 20000 NOTE S NR
in height
R = Required NR = Not required
Note 1 Required to be installed in if area of exceeds 200m2
Note 2 iti value given in parenthesis shall be added if area exceeds 200m2
Note 3 One electric & one diesel pump of capacity 1620 Ipm and one electric pump of capacity 180 Ipm
Note 4 One electric & one diesel pump of capacity 2280 Ipm and one electric pump of capacity 180 Ipm
Note 5 One electric & one diesel pump of capacity 2280 Ipm and one electric pump of capacity 180 Ipm
Note & To be installed at all floors at appropriate places and in consultation with local fire authorities

Table: 4.1 Minimum Requirements for Fire Fighting Installations in Hospitals

In buildings or sections occupied by bed-ridden patients where the floor area is over 280 m2, facilities shall be provided
to move patients beds to the other side of a smoke barrier from any part of such building or section not directly served
by approved horizontal exits or exits from the first floor (floor 2) of a building to the outside.
Not less than two exits of one or more of the following types shall be provided for every floor, including basement, of
every building or section:
Doors leading directly outside the building;

e  Stairways;

e Ramps;

e  Horizontal exits;

e  Fire tower.
*All required exits that serve as egress from hospital or infirmary sections shall be not less than 2 m in clear width
including patient bedroom doors to permit transportation of patients on beds, litters, or mattresses. The minimum width
of corridors serving patients bedrooms in buildings shall be 2400 mm. For detailed information on recommendations
for buildings and facilities for the physically handicapped, reference may be made to good practice.
*Elevators constitute a desirable supplementary facility, but are not counted as required exits. Patient lifts shall also be
provided with enough room for transporting a stretcher trolley.
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*Any area exceeding 500 m2 shall be divided into compartments by fire resistant walls. Doors in fire resistant walls
shall be so installed that these may normally be kept in open position, but will close automatically. Corridor door
openings in smoke barriers shall be not less than 2000 mm in width.

*Provision shall also be made for double swing single/double leaf type door.

*Wherever any inmates are confined in any locked rooms or spaces, adequate guards or other personnel shall be
continuously on duty or immediately available to provide for release of inmates or for such other action as may be
indicated in case of fire or other emergency.

*No building constructed in whole or in part of combustible materials shall be used to confine inmates in cells or
sleeping quarters, unless automatic sprinkler protection is provided.

*All buildings or sections of buildings in penal and mental institutions used for manufacturing, storage or office
purposes shall have exits in accordance with the provisions of the Code for those occupancies.

4.3 NABH (National Accreditation Board for Hospitals and Healthcare Providers) Role:
NABH is committed to ensuring quality & safety of hospitals and healthcare organizations. The Facility Management
& Safety Standard covers Fire & other hazards. The standards applicable for fire hazards are:

NABH Standard

FMS. 1: The organization is aware of and

NABH

objective
element

Guidelines for
elements

objective

The management is
conversant with the laws and

Relevance 0
objective element

li ith th 1 t rul d . . .
o I?S W e reevant fues .ap FMS la regulations and knows their | Legal Compliance
regulations, laws and byelaws and requisite N
e . . applicability to the
facility inspection requirements .
organization.
FMS.2: The organization's environment and Drawing related to Fire Infrastructure point
facilities operate to ensure safety of patients, | FMS 2b escape Routes (NBC . P
. . .. o of view
their families, staff and visitors. guidelines)
FMS.2: Th ization' i t and . . .
e o o env1ronmen. an Fire exit signage's (NBC | Infrastructure point
facilities operate to ensure safety of patients, | FMS 2¢ s .
. . .. guidelines) of view
their families, staff and visitors.
FMS.5: The organization has plans for fire Fire exit plan for each floor | Infrastructure
and non-fire emergencies within the | FMS Sa displayed & in each patient | Design point of
facilities. Room (NBC guidelines) view
FMS.5: The organization has plans for fire Exit Door should remain | Infrastructure
and non-fire emergencies within the | FMS 5a open on all the time (NBC | Design point of
facilities. guidelines) view
FMS.5: The organization has plans for fire Emergency illumination | Infrastructure
and non-fire emergencies within the | FMS Sa system in case of Fire (NBC | Design point of
facilities. guidelines) view
. Ad te Fi detecti
FMS.5: The organization has plans for fire equate e (.: e 1.011 Infrastructure
and non-fire emergencies within the | FMS 5a system across Hospital i.c. Design point  of
e 2 smoke & Fire sensors (NBC | | o
facilities. o view
guidelines)
. Ad t Fi Fighti
FMS.5: The organization has plans for fire equate e .1g 1.ng Infrastructure
. oy system across Hospital i.e. . .
and non-fire emergencies within the | FMS Sa Design  point  of

facilities.

sprinklers, extinguishers,

view

hydrants (NBC guidelines
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FMS.5: The organization has plans for fire . Infrastructure
. s Central Fire alarm system . .
and non-fire emergencies within the | FMS Sa . Design  point of
e monitored 24 X 7 .
facilities. view
FMS.5: The organization has plans for fire Designated place for . .
. s . .| Operational point
and non-fire emergencies within the | FMS Sa assembly of patients/staff in .
e of view
facilities. the event of fire
o . Operational & Maintenance .
FMS.2: The organization's environment and . . . Hospital
e . plan of Fire equipment . .
facilities operate to ensure safety of patients, | FMS 2a . . . Operational  point
. . .. including refilling of .
their families, staff and visitors. .. of view
extinguisher
FMS.2: The organization's environment and Hospital

Up-to-date fire drawing to be

facilities operate to ensure safety of patients, | FMS 2a Operational  point

their families, staff and visitors. available of view

FMS.5: The organization has plans for fire Hospital

and non-fire emergencies within the | FMS Sa Deployment of Fire Officer Operational  point
facilities. of view

Adequate training plans for
Hospital staff on how to
protect patients from fire,

FMS.5: The organization has plans for fire . Hospital
. s how to evacuate patients . .
and non-fire emergencies within the | FMS Sa . . Operational  point
e from fire besides knowing .
facilities. of view
how to report fire, nearest
fire escape route, nearest fire
extinguisher etc
FMS.5: The organization has plans for fire Schedule to conduct mock | Hospital
and non-fire emergencies within the | FMS Sa fire drills (at least twice in a | Operational  point
facilities. year) of view
FMS.5: Th ization has plans for fi . Hospital
© organzation .as P ar.ls . or e Maintenance of mock fire OSPI? .
and non-fire emergencies within the | FMS Sa . Operational  point
o drills records .
facilities. of view

Table : 4.2 NABH Standard Applicable for Fire Hazards

V. MATERIAL AND METHODOLOGY
5.1 Minimum Essential Fire Safety Measures Checklist According to National Accreditation Board for
Hospitals & Healthcare Providers:
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National Accreditation Board for Hospitals &

Healthcare Providers (MABH)
NA B H

Applcable to He.-n_fu:-rE Units under all af Certifa 1 and Autcr
are satety amd in no way thae an
-: Fatutory chligatioes with negard (o fins safacy.

WValid fire NOC

Waorify that minimaesm essential
fire safety rmeasures are  in |
Place andor functhoning — —
(I fire NOC is not i . or o
frastif for the same.
i fire ROC s applicable. confinmm that e
organization has appled for fire HOC and
there iz regular correzpondence (at lesst
once in three rmomths) Ml:h fire departrment |

Approwalf Registration froem Bocal teeaith
Authority eg. narsing home actyDHO.

wrhich s ac ==
recedtyed from the fire de-,p.ql‘r_r-neel-l has to be
_submitbed £

(Third party inspection certificate shoukd be
awvaltable The third party audit should prowice

o c that sta W MOCTFS are
adhered to, The thrd party  inspection
certifbcate = wvalid for a masimem period of
o WoEr

L .ﬂ.nv nbm h'l' lh! th.lr\d D-'lrt‘.l !.huuid‘ hm:
e adcl

(Head of the organizationPromotesr o give an’
| Jundertaking on the organication’s lEmer-heao
stating that fire safety measures are (n place
and adhered to at afl times.

Dharing. assessrment, verify that the points in the
checkiist are in place and are functioning.

Mated 31" Juy 201E Faga Lol 2
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National Accreditation Board for Hospitals &

Healthcare Providers (NABH)

NAHBHH

Checkdist

1

g
L

Firefighting equipment like wet riser, hydrants, auto sprinkber, fire alarm system, fire
extinguishers of all types and sizss should be available as per table below {adapted from
NBC 2016]

Operational and maintenance plan for firefighting eguipment  including  refiiling of
extingulshers.

Lip to date fire drawings to be available, Where applcabile, the fire drawings should also
specify the location of fire dampers.

Fire detection and smoke detectors exist across all floors, The datectors shall be tested for
functienality at regular intervals, and records maintsined.

Central fire glarm system is installed ot a location which is staffed 24,7,

Fire exit glan for each floor. Exit door shoukd be openable and free friom any materials which
will ohstruct way

Fire Exit signage on all fioors well Hluminsted self-glowing, as per NBC guldelines_
Emergency illumination system n case power goes

Desgnated place for assembly of patients and staff in case of fire

10 Mock fire drill records and schedule of conduct of deills

Minimum Regquirements far Fire Fighting Installstions

Typa of Hospleal Wet  Automatic  Manually AAD detaction
Riser  Speinkler operated electric  and fire alarm
fime akarm system
Hosptsls less than 15 meters in helght,  with MR R R MR
plot area upto 1000 sguare metres and upbo G
+1 Ffoar
Hospitaly less than 15 meters in height, with & R R R
plot area upbo 1000 square metres andiG + X
floars
Hospitals less than 15 mefters in height wikth A R L R
plot @rea mare 1000 sguane metnas
Haospitals 15 metars =nd abowe but not A L A R
Exceaiing 149 meters in nefght
Hospitals aboea 24 metsrs but not excesding R fl L] R
45 metars in haight
R = Requined MNA= Regwired

Sufficient water starage [undergrownd and/or terrace] showld be provided 1o ensure fire-fighting

Dated 31" Juky 2018 Mage daf 2

Table: 5.1 Movement Constraint of Occupants

5.2 Pathfinder by thunderhead engineering:
Pathfinder is a simulation software that is used to model the movement of people in various types of buildings, such as
airports, hospitals, stadiums, and more. It is commonly used to optimize building designs and ensure the safety of
occupants in emergency situations. Pathfinder uses advanced algorithms to simulate the behav1or of pedestrians, taking
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into account factors such as their walking speed, direction, and density. This allows architects and engineers to test
different design scenarios and identify potential issues before construction even begins. For example, they can test how
people will move through a building during a fire or other emergency, and make design changes to ensure that
everyone can evacuate safely. Thunderhead Engineering is the company that developed Pathfinder. They are a software
development company that specializes in creating simulation tools for the architecture, engineering, and construction
industries. Their software is used by some of the largest and most well-known companies in the world to improve
building design and safety. Thunderhead Solutions has a team of experts who are constantly working to improve the
software and add new features to meet the evolving needs of the industry.

5.3 Simulation model details:

We had made a model of an hospital floor to be evacuated, the floor has the total area floor of 2595 m2 Which is
divided into different wards and sections which consist of a General ward of area 606 m2, 2 Super deluxe rooms of 112
m2 area each, 11 Deluxe rooms with area of 55 m2 each, 4 cabins of doctors of area 50 m2 each and the open areas and
corridors with area of 950 m2.The geometry of chair, stretcher and evacuation assistant are shown below. The
evacuation chair requires only one assistant during movement, while the stretcher requires two assistants. The size of
the chair are the default size provided by the pathfinder. During movement in Pathfinder, a geometric envelope of the
vehicle and assistants is used to detect collisions.

Wheelchair Stretcher

Fig. 5.1 Collision Geometry of Wheelchairs and Beds with Assistance
The above figure shows the layout of the floor with the positions of the patients and the staff.

Fig. 5.2 Floor layout

0.5m/s (Constant) [1.19m/s (Constant) [0.5-1.2 m/s(Variable) [0.5m/s (Constant)

Assistants INo Assistant INo Assistant 1 Assistant

Table 5.2 Movement Constraint of Occupants
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VI. RESULT OF SIMULATION

6.3 45.1

18.8 115.4 65.6
0.2 30.9 27.2
5.3 49.3 29.5
0.2 115.4 41.4

Table 5.3 Details of Occupants during Evacuation

Number of Occupants in Selected Rooms

2500 T

200.0 T

100.0 T

Number of Occupants

50.00 T

0.0 + + + + + + + i
0.0 20.00 40.00 60.00 80.00 100.0 120.0 140.0 160.0

Time in Seconds

Fig. 5.3 Graph of Number of Occupants with Respect to Time

VII. OBSERVATIONS AND FINIDING SUMMARY
7.1 Observations
Hospital visits were conducted to observe potential fire hazards in healthcare facility which may affect the safety
of the occupants. The problems faced during the evacuation process were also observed.
The observations made are discussed below:
Fires in healthcare facilities can be caused by a variety of factors, including:
Electrical Issues: Electrical problems are a common cause of fires in healthcare facilities. Overloaded circuits,
faulty wiring, and malfunctioning electrical equipment can all contribute to electrical fires.
Smoking: Smoking is a common cause of fires in healthcare facilities, especially in areas where patients are
allowed to smoke.
Cooking: Cooking is another common cause of fires in healthcare facilities. Kitchens and food preparation areas
must be equipped with proper ventilation and fire suppression systems to prevent fires.
Heating: Faulty heating systems, such as space heaters, can also cause fires in healthcare facilities.
Chemicals: Healthcare facilities use a wide range of chemicals for cleaning and disinfecting. These chemicals can
be flammable and must be handled and stored properly to prevent fires.
Evacuating healthcare facilities during a fire scenario can be a challenging task due to the unique characteristics
of these facilities. Observations were made regarding problems that may be encountered during the evacuation
process which are as follows:
Limited mobility of patients: Patients in healthcare facilities may have limited mobility, making it difficult for
them to evacuate quickly in the event of a fire. This can be particularly challenging for patients who are bedridden
or require assistance with walking.
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Crowding and congestion: Healthcare facilities can be crowded, especially during peak hours, which can make
evacuation more challenging. The presence of medical equipment, such as IV poles and oxygen tanks, can also
create congestion and make it difficult for people to move around.

Staff training and preparation: Healthcare facility staff may not be adequately trained or prepared for emergency
situations such as fires. This can result in confusion and delay during evacuation, which can put patients and staff
at risk.

Communication issues: Communication can be a challenge during an emergency situation, particularly in
healthcare facilities where there may be language barriers or communication difficulties due to hearing or speech
impairments.

Evacuation routes and accessibility: Healthcare facilities often have multiple floors and complex layouts, making
it difficult to identify evacuation routes and exits. In addition, some exits may be inaccessible due to the presence
of smoke or fire, which can further complicate the evacuation process.

Patient identification and tracking: In a large healthcare facility, it can be challenging to quickly identify and track
patients during an evacuation. This can create confusion and delay in getting everyone to safety.

Medical needs during evacuation: Patients in healthcare facilities may have specific medical needs that require
attention during the evacuation process. This can include the need for oxygen, medication, or medical equipment,
which can make the evacuation more complex.

During an evacuation, smoke can hinder people's ability to see, causing confusion, disorientation, and panic,
which can lead to injuries and delays in the evacuation process. Additionally, smoke can make it difficult to
breathe, causing respiratory distress, and potentially increasing the risk of death for those who are unable to
evacuate quickly.

7.2 Important findings

Pathfinder software can be particularly useful during the evacuation process in hospitals, which can be complex
and challenging due to the presence of patients who may require specialized care and equipment. Here are a few
ways in which Pathfinder software can help in this context:

Patient tracking: Pathfinder software can be used to track the movement of patients during an evacuation,
ensuring that they are safely transported to the appropriate areas of the hospital or to external medical facilities.
This can be particularly important for patients who require specialized care or equipment.

Route optimization: Pathfinder software can help to identify the most efficient routes for transporting patients and
staff during an evacuation, taking into account factors such as the location of exits, the capacity of corridors and
elevators, and the location of critical equipment.

Staff training: Pathfinder software can be used to simulate evacuation scenarios, allowing staff to practice their
roles and responsibilities in a safe and controlled environment. This can help to improve their response times and
reduce the risk of injury during a real emergency.

Capacity analysis: By modelling the behaviour of staff and patients during evacuations, Pathfinder software can
provide an estimate of the time it will take to evacuate the hospital. This can be useful in determining the
necessary resources, such as personnel and transportation, to facilitate an efficient evacuation.

Communication: Pathfinder software can be used to develop clear and effective communication strategies for
staff and patients during an evacuation, helping to ensure that everyone is informed and knows what to do.
Overall, the use of Pathfinder software can help hospitals to plan and prepare for the safe and efficient evacuation
of patients and staff in the event of an emergency.
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VIII. RECOMMENDATIONS AND FUTURE SCOPE
8.1 Recommendations
The issues which have listed in problem statement are all potential fire safety hazards that can pose a significant
risk to occupants of a hospital or any other building. To ensure the safety of patients, staff, and visitors, it is
essential to address these issues and implement appropriate measures to prevent fires or respond effectively if
they occur.
Some of the measures that can be taken to address these issues include:
Installing fire protection and firefighting systems, including sprinklers, fire alarms, smoke detectors, and fire
extinguishers.
Ensuring compliance with local fire codes and regulations.
Conducting regular inspections and maintenance of fire protection systems and equipment to ensure they are
functional and effective.
Providing training and education to hospital staff on fire safety issues, including proper use of fire protection
equipment and evacuation procedures.
Minimizing the use and storage of combustible materials in the building and ensuring they are properly stored and
handled.
Developing and implementing a comprehensive accident management methodology that includes emergency
response procedures, communication protocols, and evacuation plans.
Installing proper smoke management systems to prevent the spread of smoke and toxic fumes during a fire.
Conducting regular fire risk assessments to identify potential hazards and develop appropriate mitigation
measures.
Providing designated assembly areas outside the building for occupants to gather during an evacuation.
It is highly recommended that all the healthcare facilities should customize their own evacuation simulation
model according to the occupancy building layout using pathfinder software and then display it on the screen.
Displaying evacuation simulations on screen provides a realistic visualization which can help the occupants to
understand better and visualize emergency procedures. It can also help staff to retain information and improve
their response during an actual emergency. Displaying evacuation simulations on screen is often a cost- effective
alternative to physical evacuation drills, which can be expensive and disruptive to regular operations. Healthcare
facilities can record and analyze the data to monitor the performance of the evacuation plans and also identify
areas for improvement.

8.2 Future Scope

The future scope of the project is quite promising, and there are several potential avenues for future development
and research.

Firstly, the project can be expanded to include a more extensive analysis of the factors that impact the safety of
healthcare facilities in the event of a fire, such as the location and accessibility of fire exits, the availability of fire
suppression systems, and the effectiveness of fire safety training for staff and patients. This could involve
collecting and analyzing data from a range of different healthcare facilities to identify common challenges and
opportunities for improvement.

Secondly, the project could be extended to include the use of more advanced simulation techniques, such as
computer-aided design (CAD) and virtual reality (VR), to more accurately model and simulate evacuation
scenarios in healthcare facilities. These advanced techniques could provide more detailed and realistic
representations of the physical layout and pedestrian flow patterns within healthcare facilities, allowing for more
accurate assessments of fire safety measures and more effective improvements.

Thirdly, the project could be expanded to include a broader focus on emergency preparedness and response in
healthcare facilities, including not only fire safety but also other types of emergencies such as natural disasters,
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mass casualty events, and infectious disease outbreaks. This could involve developing comprehensive emergency
response plans, training staff and patients on emergency procedures, and conducting regular drills and exercises to
ensure readiness.

Overall, the future scope of this project is vast, and there are many opportunities for further research and
development to enhance fire safety measures and emergency preparedness in healthcare facilities, ultimately
leading to improved outcomes for patients, staff, and the wider community.
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