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Abstract

With the outbreak of the Corona pandemic, hospitals faced enormous challenges in terms of
running out of resources and space and the inability to separate patients infected with the Corona virus
from patients suffering from other diseases. The Corona virus starkly highlighted the lack of reliable
design strategies to support strategic and flexible decision-making in hospitals, to be able to adapt and
respond to all future requirements and rapid changes, and to respond to contemporary and future public
health emergencies. Therefore, flexibility was the main component of hospitals' ability to meet these ever-
changing needs. Therefore, the research aims to identify technical solutions to ensure flexibility in
designing hospitals by studying and identifying flexibility assessment tools, conducting a critical review
of them, and developing a new assessment tool for assessing hospitals flexibility. To determine in what
measure hospitals follow the principles of flexibility. In this study, flexible assessment tools in hospitals
were identified and compared, followed by a critical review of them, and then a new developed
assessment tool was deduced to serve as a constant reference for hospital designers. Testing the new tool
on international models to determine its effectiveness and identifying deficiencies in hospitals to avoid
these design problems the new version of the AFAT framework (Advanced Flexibility Assessment Tool)
consists of evaluation criteria that are classified under the four levels of flexibility (hospital complex,
building, functional unit, and room) and are divided into measurable variables with scores ranging from 0
to 5. Testing case studies enabled the assessment and validation of the validity and reliability of the
AFAT to support decision-makers in addressing flexibility in hospital design. To accommodate current
hospital activities, adapt to time-sensitive physical changes, and respond to present and future public
health emergencies, healthcare facilities must be planned and constructed using flexible design principles.

Keywords: Hospitals,Flexibility,Epidemiological Changes, Adaptability, The Ability To Change.

Introduction:
Hospitals are complex buildings due to their multiplicity of functions and their

overlapping, in addition to the fact that the designers and structural engineers designed them for
the purpose of a specific function, which makes it difficult to make adjustments and development
over time and to face rapid changes such as medical, technological, and epidemiological
changes[1]. It is imperative that hospitals ensure that they are able to meet ever-changing needs
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as science, technology, and medicine develop at an ever-increasing pace. Hospitals have to keep
up with all the new requirements and user needs[1].

Since the outbreak of the COVID-19 pandemic, hospitals have faced enormous challenges
with regard to healthcare management, environmental contamination risks, and operational
requirements for infection prevention and control [2]. Hospitals have been running out of space
and resources to treat COVID-19 patients, and the need to redesign hospitals has become more
pressing[3]. To be able to accommodate current demands, adapt to rapid adjustments, and
respond to present and future needs, particularly while dealing with emergency concerns such as
the COVID-19 pandemic. The stress caused by the pandemic has made the existing structural,
organisational, and technological challenges of worn-out and ageing hospitals more pressing and
heightened the sense of urgency to redesign hospitals. Hospital buildings must be planned and
designed to be able to accommodate current needs, adapt to rapid transformations, and respond
to contemporary and future needs, especially while facing emergency issues such as the COVID-
19 pandemic|3].

For these reasons, flexibilitydefined as the ability to modify and change with a few actions|
becomes one of the basic requirements for hospital buildings, both during the design process and
throughout the entire life cycle of the building [4,5]. Flexibility in architectural design is defined

as the ability of a building to adapt to changing spatial requirements and functional solutions
according to short-, medium-, or long-term points of view[6].

Research problem

The coronavirus crisis has revealed that many modern hospitals lack the flexibility to
accommodate sudden surges in patients, run out of space due to unexpected healthcare situations,
and fail to adapt to these sudden changes, practical tools for assessing resilience in hospital
buildings are lacking[7]. It is essential to develop reliable tools and assessment criteria to support
hospital planners in addressing challenges that require rapid adjustments, such as the response to
COVID-19.

Research aim

The aim of this research was to modify and develop a flexibility assessment tool that
provides guidance to hospital designers to improve their proposed designs and to bring it to
existing hospitals to provide a deeper understanding of how facilities meet resilience criteria and
concepts.

Materials and Methods

The research plan followed a four-step process by collecting data through: (1) reviewing
the literature on resilience principles and strategies; (2) identifying global resilience assessment
tools; (3) critically reviewing resilience measuring tools, comparing them, and concluding and
developing a new tool; and (4) testing the new tool for global models to ensure its effectiveness.

Flexibility definitions:

Pati et al. found that flexibility in healthcare design depends on the perspectives of
patients, managers. discovered that the viewpoints of patients, managers and administrators, and
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professionals all influence flexibility in healthcare design[8]. Patients see flexibility in terms of
more customised treatment, but nursing staff view it primarily in terms of operational efficiency.
Managers and administrators value flexibility in personnel management, patient care
management, and resource availability, among other things. Architects and engineers, for
example, see flexibility in terms of space functioning and closeness to other spaces, patient well-
being and comfort, light, ventilation, and structural grids, among other things. Pati and
colleagues describe flexibility as having three components: adaptability, convertibility, and
expandability[8]. Agre and Landstad, as well as Bjrberg and Verweij[9], employ a similar
categorization. "Adaptability or flexibility to adapt” refers to the hospital infrastructure's ability
to handle changing healthcare requirements without modifying the environment. "Convertibility
or flexibility to convert” refers to the capacity of the healthcare infrastructure to adapt to
changing facility needs with small adjustments to the current structure at a fair cost.
"Expandability or flexibility to expand" refers to the hospital infrastructure's ability to develop
vertically or horizontally in response to changing healthcare needs. Flexibility must be addressed
from both an architectural and a facility management standpoint [10].

1. Flexibility levels and types

Previous research has found that "with a better understanding of the hospital facility, it is
feasible to establish four levels of flexibility depending on the magnitude of the structure”
(hospital complex, building, functional unit, or individual room)[5]. For each scale, it is also
feasible to identify different types of flexibility (space or operational) accessible primarily
through certain typological-spatial techniques”. Furthermore, these levels must be split into three
types of flexibility: constant surface spatial flexibility, variable surface spatial flexibility, and
operational flexibility[11].

Levels of hospitals Facilities (hospital complex, building, functional unit, and individual
room), hospital complex: The collection of all the buildings and outdoor areas that constitute the
healthcare institution as a whole is referred to as a hospital complex Building; a single building:
that may be identified within the larger system In the event of a single-building healthcare
facility, this level will share many characteristics with the hospital complex. Functional unit: a
grouping of rooms with similar purposes, such as the wards, the surgical building, the heating
station, the central, and so on. Individual room: A single area contained and bounded by walls
that can be designated separately within a functional unit, such as a room in a suite, a doctor's
consultation room, and so on.

Constant surface flexibility[12]: The facility should be able to develop without reforming
its overall surface area (GFA), reacting to changes in its spatial organisation owing to demand
development, medical science advancements, or function redevelopment. At this level, layout
planning and space management capacity are given special consideration. Variable surface
flexibility[1]: The facility should be able to support scalability in terms of expansion or decrease
based on demand without causing any disruption or impediment to facility activities. Operational
flexibility: The hospital's functions should be able to react and adapt in order to improve its
operation via changes in various services.
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2.Matrix of Flexibility Analysis

An analytical matrix was created to identify the most often employed methods in hospitals
and to highlight different levels and types of resilience. The matrix is organised across four
levels of flexibility depending on different scales: hospital complex, building, functional unit,
and individual room (Table 1). The following types of flexibility are defined at each level:
constant surface flexibility, variable surface flexibility, and operational flexibility that highlights
prospective spatial and managerial qualitative strategies that may be utilised and attained to

secure and promote the future growth of hospitals [13].

Table (1): Matrix for analysing hospital flexibility:

Level of Types of Management-typological-spatial-strategies
flexibility | flexibility
Hospital | Constant surface | Access system flexibility, System functional flexibility, Reuse of the Hospital Complex,
complex | flexibility Plant space redundancy,
Variable surface | Unused building land exists; strategies for expanding the volume of individual
flexibility structures exist.
Operational Plant that is modular, interchangeable, and easy to maintain. Networked information
flexibility systems are present. Building automation and control systems are used (for overall
management), Building automation and control systems are used (for overall
management), Support services are outsourced.
Building | Constant surface | The presence of shell expansion space as well as structural flexibility, Oversizing of load-
flexibility bearing constructions, Modifiability of the envelope, The presence of areas for
constructing plant infrastructure Flexibility and automation of separated pedestrian paths
Variable surface | Load-bearing structural oversizing, The usage of blank facades, Modular expansion
flexibility capability, Building with many levels
Operational Plant that is modular, replaceable, and maintainable, Building Control and automation
flexibility systems are used (at a building level), Efficient scheduled maintenance, The Life Cycle
Cost
Function | Constant surface | The installation of interior dry partition walls, The utilisation of movable interior walls
al Unit flexibility and wall-mounted fixtures, Internal partitions that can be moved, The presence of
service building infrastructure spaces
Variable surface | Possibility of expanding the complete Functional Unit vertically/horizontally,
flexibility Verandas/setbacks are provided.
Operational Plant with several uses
flexibility
Individu | Constant surface | The room’s functional flexibility
al Room | flexibility
Variable surface | Extensions upward/sideways are possible.
flexibility
Flexibility of use | providing multipurpose spaces, multifunctional plant, multifunctional information
systems services
User adaptivity The utilisation of mobile furniture and vertical screens, as well as customisable
humanization of the space

Source: Capolongo, S. Architecture for Flexibility in Healthcare; Franco Angeli Milano: Milano, Italy, 2012; ISBN 882041502X.
22. Pilosof, N.P. Building for Change: Comparative Case Study of Hospital Architecture. HERD 2021, 14, 47—60.

3. Tools for assessing resilience in hospitals

3.1. Open Building Assessment Tool (OBAT):

It is the open building approach (OBAT)[14] , which represents the flexibility of the
constant surface, that identified eight parameters for evaluation. They are: shape, structure,
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facade, building plant, expandability, restrictions, technologies, and exchangeability of large
equipment, which can be used to determine the extent to which the building follows the
principles of the open building approach[15]. The grading system presents for each parameter a
score between 0 and 10 points [14].

3.2. Optimised Flexibility Assessment Tool (OFAT):

The modified assessment tool was developed by the researchers through a critical review
of the OBAT framework to highlight the strengths and weaknesses of each of the parameters.
The analysis resulted in a modified version of the tool, the Optimal Flexibility Assessment Tool
(OFAT)[16]. The assessment tool is designed to determine the degree of adherence to the basic
principles of the concept of resilience. The modified tool consists of nine evaluation parameters,
with each parameter divided into measurable variables with a score range between 0 and 10, and
they are: shape, structure, facade, building plant, expandability, restrictions, technologies,
exchangeability of large equipment, and function.

3.3. Make a comparison between the collected theoretical background on resilience
assessment tools (the resilience analysis matrix, the original assessment tool OBAT, and the
modified optimal assessment tool OFAT)

The researcher made a detailed analytical comparison between the collected theoretical
background on flexibility in hospitals, the flexibility analysis matrix, the original assessment
tool, and the modified assessment tool. It was found that the original assessment tool or the open
building approach represents constant surface flexibility only, which means the ability of
hospitals to adapt to changes without increasing or changing the size, and the modified
evaluation tool represents fixed constant surface flexibility as well, with some parameters of
variable surface flexibility, such as adding a new analysis parameter, "An open corridor[17]
and/or large spaces at the end of the building the availability of the adjacent plot of land. While
the flexibility analysis matrix achieved flexibility strategies of its three types (flexibility of a
constant surface, flexibility of a variable surface, and operational flexibility) at all levels
(hospital complex, building, unit)[1]. Therefore, the researcher adopted the flexibility analysis
matrix, but by applying it to global models, it found that the flexibility analysis matrix ignored
some design criteria such as shape, structure, building restrictions, and the possibility of
exchanging equipment[18].

4. Advanced Flexibility Assessment Tool (AFAT)

After extensive study, multiple readings, and literary review by the researcher over the past
five years in everything related to flexibility in designing hospitals, research papers, theses, and
books published in the time period from 2014 to 2023, the researcher collected a theoretical
background on design flexibility standards and strategies, as well as The researcher collected all
evaluation tools, from the oldest to the most recent (the flexibility analysis matrix, the original
flexibility assessment tool, or the open building principles, the modified flexibility assessment
tool), and the theoretical background of resilience thought and theories. The researcher deduced
a sophisticated and advanced assessment tool that includes all criteria of flexibility for hospital
design, and the researcher classified them on the four levels of flexibility[1] (hospital complex
level, building level, functional unit level, and single room level). With a relative weight for each

Eur. Chem. Bull. 2023, 12(Special Issue 8),4556-4569 4560



Measuring Flexibility In Hospitals: Flexible Design Strategies And Decisions In Hospitals

criterion based on each tool, each of the evaluation tools received a score of 1, except for the
theoretical background, which received a score of 2. The combined criteria that are classified
under the hospital complex are each of the following: shape, site capacity, flexibility of access
systems, use of building automation and control systems (for overall management), reuse of the
hospital complex, functional flexibility of the system, presence of networked information
systems, and strategies to increase the size of individual buildings. The scores were calculated as
follows:

Flexibility | Combined Flexibility Measuring Tools Total | Total
Levels Evaluation scores

Criteria Theoretical Flexibility | Open Modified

Background | Analysis Building Flexibility
Matrix Assessment Assessment
Tool(OBAT) | Tool(OFAT)

Hospital 1-Shape mentioned Not mentioned mentioned 2+n 4
complex mentioned

2-Site mentioned mentioned | mentioned mentioned 3+n 5

Capacity

3- Flexibility | mentioned mentioned | Not Not 1+n 3

of access mentioned mentioned

systems

Source: researcher

There are standards that are classified under the building level, which are: Structural
flexibility[19] (structure system): floor height, loading capacity of floors, minimum internal
structural walls[20]. Oversizing of load-bearing structures; separation of systems[20]; flexibility
and automation of segregated pedestrian routes[1]; presence of spaces for building infrastructure;
possibility of modular expansion [17]; facade; modular, replaceable and maintainable plant; the
use of building automation and control systems (at a building level)[1]; Restrictions;
standardisation of spaces; use of the service floor; setting a ratio for vertical mechanical
equipment in the future; construction techniques; locating the plant for the building; grouped
vertical circulation elements; the possibility of exchanging equipment; the idea of soft and non-
soft spaces[17]; efficient programmed maintenance; natural lighting[21]; and the calculation of
degrees was as follows in the illustrative example:

Flexibilit | Combined Flexibility Measuring Tools Total | Total
y Levels | Evaluation scores
Criteria Theoretical Flexibility Open Modified
Background | Analysis Building Flexibility
Matrix Assessment Assessment
Tool(OBAT) | Tool(OFAT)
Building | 1-Structural mentioned mentioned | mentioned mentioned 3+n 5
System
2-Floor Hight | mentioned Not Not mentioned 1+n 3
mentioned | mentioned
3- Minimum mentioned Not Not Not n 2
of Structural mentioned | mentioned mentioned
Walls
4- Facade mentioned mentioned | mentioned mentioned 3+n 5

Source: researcher

Eur. Chem. Bull. 2023, 12(Special Issue 8),4556-4569 4561



Measuring Flexibility In Hospitals: Flexible Design Strategies And Decisions In Hospitals

There are standards that are classified under the level of the functional unit, which are
partitions and standard internal walls; movable walls and partitions; internal partitions prepared
with infrastructure; Presence of spaces for service building infrastructure[22]; standard
prefabricated elements; an open-ended corridor; the possibility of extending the entire functional
unit sideways; presence of verandas/setbacks[1]; plant with flexibility of use; multi-use spaces;
and the scores were calculated as follows in the illustrative example:

Flexibility | Combined Flexibility Measuring Tools Total | Total
Levels Evaluation Criteria scores
Theoretical | Flexibility | Open Modified
Background | Analysis Building Flexibility
Matrix Assessment | Assessment
Tool(OBAT) | Tool(OFAT)
Functional | 1-The use of mentioned mentioned | mentioned mentioned 3+n 5
Unit internal dry
partition walls
2- The use of mentioned mentioned | Not mentioned 2+n 4
movable interior mentioned
walls
3-Open ended mentioned Not Not mentioned 1+n |3
corridor mentioned | mentioned
4- Presence of mentioned mentioned | Not Not 1+n 3
verandas/setbacks mentioned mentioned

Source: researcher

There are criteria that are classified under the level of individual room, which are: functional
flexibility of the room; generic/universal rooms[17]; prefabricated rooms[23]; a multifunctional
factory; the use of movable furniture; the provision of multifunctional rooms; humanising the
room[1]; and the calculation of grades was as follows in the illustrated example:

Flexibility | Combined Flexibility Measuring Tools Total | Total
Levels Evaluation Criteria scores
Theoretical | Flexibility | Open Modified
Background | Analysis Building Flexibility
Matrix Assessment | Assessment
Tool(OBAT) | Tool(OFAT)
Individual | 1- Functional mentioned mentioned | Not mentioned 2+n 4
Room flexibility of the mentioned
room
2- Generic/universal | mentioned Not Not mentioned 1+n 3
rooms mentioned | mentioned
3- Fabricated rooms | mentioned Not Not Not n 2
mentioned | mentioned mentioned
4- Use of moving mentioned mentioned | Not mentioned 2+n | 4
furniture and mentioned
vertical examination
Source: researcher
4562
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4.1. Test global case studies using the advanced flexibility assessment tool (AFAT) and
determine their effectiveness:

A group of hospital buildings known for their flexibility around the world were chosen to be
a test for the new tool and to determine its effectiveness. Recently completed, promising, and
vetted case studies were selected across diverse geographies and scales and evaluated with a
critical lens focused on flexibility. The five selected case studies were Case Study 1 (CS1): New
Martini in Groningen, Netherlands. Case Study 2 (CS2): Hospital University Akershus, Oslo,
Norway. Case Study 3 (CS3): Miami Valley, USA. Case Study 4 (CS4): Sunshine Coast
University Hospital, Bertinea, Australia. Case Study 5 (CS5): New Karolinska Hospital,
Stockholm, Sweden. Testing the advanced flexibility assessment tool for global case studies:

The evaluation of global case studies using the Advanced Flexibility Assessment Tool was
as follows, as shown in the table:

Eur. Chem. Bull. 2023, 12(Special Issue 8),4556-4569

Flexibility Measuring Tools Global Case Studies
)
= Combined Theoretical | Flexibility Open Building | Modified Total Total | Csl | Cs2 | Cs3 | Cs4 | Cs5
g% Evaluation Criteria Background | Analysis Assessment Flexibility scores
3 3 Matrix Tool)OBAT) Assessment
b Tool)OFAT)
1-Shape mentioned Not mentioned mentioned N+2 4 32/ |32/ |44 |36/ |32
mentioned 4 4 4 4
2-Site Capacity mentioned mentioned mentioned mentioned N+3 5 33/ |37/ |35 |4/5 |45
5 5
3-Flexibility of access | mentioned mentioned Not mentioned | Not N+1 3 25/ | 3/3 |25/ |33 |33
systems mentioned 3 3
4-The use of Building | mentioned mentioned Not mentioned | Not N+1 3 0/3 |33 |0/3 |33 |33
< Automation and mentioned
= Control systems
g 5-Reuse of the mentioned mentioned Not mentioned | Not N+1 3 213 |33 |13 |13 |33
% Hospital complex mentioned
s 6-Functional mentioned | mentioned Not mentioned | Not N+1 3 33 |33 |33 |33 |33
% flexibility of the mentioned
system
7-Presence of mentioned mentioned Not mentioned | Not N+1 3 3/3 |33 |33 |33 |33
networked mentioned
information systems
8-Strategies for mentioned mentioned mentioned mentioned N+3 5 34/ |45 | 0/5 |45 |39/
increasing the 5 5
volume of individual
buildings
1-Structural mentioned mentioned mentioned mentioned N+3 5 44/ | 42/ | 4.4/ | 43/ | 4/5
flexibility 5 5 5 5
2-floor height mentioned Not Not mentioned | mentioned N+1 4 3/3 |33 |33 |33 |33
mentioned
3- Minimum of mentioned Not Not mentioned | Not n 2 212 | 212 |22 |22 |22
internal structural mentioned mentioned
walls
4-Systems separation | mentioned Not mentioned mentioned N+2 4 4/4 | 4Al4 | 414 | 44 | 44
mentioned
=2 5-Flexibility and Not mentioned Not mentioned | Not 1+0 1 01 |11 (01 |01 |11
=} automation of mentioned mentioned
5 segregated
@ pedestrian routes
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6-Presence of spaces mentioned mentioned mentioned mentioned N+3 5/5 | 5/5 | 45 |5/5 |45/
for building plant 5 5
infrastructure
7-Possibility of mentioned mentioned Not mentioned | Not N+1 15/ | 3/3 |03 |33 |23
modular expansion mentioned 3
8-Facade mentioned mentioned mentioned mentioned N+3 3.8/ |42/ |38/ |4/5 |5/5
5 5 5
9- Modular, mentioned mentioned Not mentioned Not N+1 3/3 0/3 3/3 0/3 0/3
replaceable and mentioned
maintainable plant
10-The use of mentioned mentioned Not mentioned | Not N+1 0/3 (33 |0/3 |0/3 |33
Building Automation mentioned
and Control systems
at building level
11-Restrictions Not Not mentioned mentioned 2+0 2/2 18/ | 1.2/ | 16/ | 1.6/
mentioned mentioned 2 2 2 2
12- Standardisation mentioned Not Not mentioned | mentioned N+1 15 |33 |13 |2/3 |25
of spaces for mentioned 3 3
functional units in
the building
13- The shell mentioned mentioned mentioned mentioned N+3 0 0 0 0 0
possibilit | spaces
yof Talready | Not Not mentioned mentioned 2+0 12/ |12 | .92 |12 | .92
expandin | equipped | mentioned mentioned 2
g Spaces spaces
inside volumes | Not Not mentioned mentioned 2+0 22 |02 |02 |02 |0R2
the hanging | mentioned | mentioned
building | from the
facade
open mentioned Not Not mentioned | mentioned N+1 3/3 |33 |03 |13 |15
ended mentioned 3
corridor
14- Use of the service | mentioned Not Not mentioned | mentioned N+1 3/3 (33 |33 |33 |33
floor (mechanical mentioned
floor)
15-Opportunity for mentioned Not mentioned Not N+1 - - - - -
vertical mechanical mentioned mentioned
equipment shafts in
the future. . Fixa %
of total surface area
16-Construction mentioned Not mentioned mentioned N+2 4/4 | 4Al4 | 414 | 44 | 44
techniques mentioned
17- Location of Not Not mentioned mentioned 2+0 16/ | 1.4/ | 18/ | 14/ | 1.6/
building plant mentioned mentioned 2 2 2 2 2
18-Grouped vertical mentioned Not Not mentioned | mentioned N+1 3/3 |33 |33 |33 |33
circulation elements mentioned
19-The possibility of Not Not mentioned mentioned 2+0 12/ |12/ |11 |11/ | 1.6/
exchanging large mentioned mentioned 2 2 2 2 2
equipment
20- The idea of soft mentioned Not Not mentioned Not n 212 212 212 212 212
and non-soft spaces mentioned mentioned
21-Natural light mentioned mentioned Not mentioned | Not N+1 3/3 |33 |33 |33 |33
mentioned
« 1-The use of internal | mentioned mentioned mentioned mentioned N+3 5/5 |55 |55 |55 |5/5
S = | dry partition walls
*§§ 2-The use of mentioned | mentioned Not mentioned | mentioned N+2 ala | 414 | 44 | 414 | 4l4
S — | moveable internal
L ..
partitions
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Figure (1): Graph with percentage of evaluation criteria used the horizontal x axis lists the parameters
included in the assessment tool for levels of flexibility (hospital complex, building, functional unit, single
room), while on the vertical y axes, it is seen that each parameter is met based on the analysed case studies.
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3- Internal partitions | mentioned mentioned mentioned mentioned N+3 5 5/5 |55 |55 |55 |55
panels set up with
plant infrastructure
or The use of
moveable internal
walls and walls with
wall-mounted fittings
4- Possibility of Not mentioned mentioned Not 1+0 1 /1 |11 |01 |01 |01
extending the entire mentioned mentioned
Functional Unit
sideways
5-Presence of mentioned mentioned Not mentioned Not N+1 3 3/3 |33 |0/3 |3/3 |O0/3
verandas/setbacks mentioned
6-Prefabricated items | mentioned Not mentioned mentioned N+2 4 414 | 414 | 414 | 414 | 4/4
mentioned
7-Plant with mentioned mentioned mentioned mentioned N+3 5 5/5 | 4/5 5/5 | 4/5 4/5
flexibility of use
8-Multifunctional mentioned mentioned Not mentioned mentioned N+2 4 - - - -- -
spaces
1- Functional mentioned mentioned Not mentioned mentioned N+2 4 35/ | 3.8/ | 4/4 |35 |35/
flexibility of the room 4 4 4 47
2-Generic/universal mentioned Not Not mentioned mentioned N+1 3 - - - - -
rooms mentioned
3-Prefabricated mentioned Not Not mentioned Not n 2 0/2 0/2 | 22 0/2 | 0/2
g rooms mentioned mentioned
e 4- Information Not mentioned Not mentioned | Not 1+0 1 - - - - -
T systems services for mentioned mentioned
3 multifunctionality
% 5-The use of mentioned mentioned Not mentioned mentioned N+2 4 414 | 4l4 | 4l4 | 44 | 4/4
= moveable furniture
and vertical
screening
6-Customisable mentioned mentioned Not mentioned Not N+1 3 3/3 |33 |33 |33 |33
humanization of the mentioned
room
the total 112. | 117. | 98.2 | 109 | 112.
6 7 3
Total scores 145 | 145 | 145 | 145 | 145
percentage 77.6 | 81 67.7 | 75 77
% % % % %
Source: researcher




Measuring Flexibility In Hospitals: Flexible Design Strategies And Decisions In Hospitals

4.2. Comparison between the original tool and the advanced tool and determining its
effectiveness Advanced Flexibility Assessment Tool (AFAT)

The Advanced Flexibility Assessment Tool is designed to determine the degree to which the
core principles of the concept of resilience are met. It was developed to assess resilience in
healthcare facilities during the design and planning phases and provides a standard of control for
hospital designers to enhance their proposals. Its application to the existing facilities helps to
estimate the extent to which the building meets the standards and concepts of flexibility and what
needs to be modified if necessary. The new tool consists of assessment parameters. Assessment
parameters are categorised under four levels of flexibility, with each parameter divided into
measurable variables with a score range of 0 to 5 (see table). Each rating parameter achieves a
certain score that reflects the level of application of the principles of resilience, which helps
determine the resilience of the building.

4.3. Comparison results between the original tool and the advanced tool

We tested the original tool (OBAT) on two hospitals selected from case studies previously
assessed with the advanced tool (Martini Hospital and Karolinska Hospital). We validated the
new instrument and simultaneously compared the scores for each evaluation parameter using
both versions of the original and new instruments. For each of the two case studies, we
aggregated the results from the newly created assessment along with the results of the original
assessment. We also rated the building according to its rating score to determine whether and to
what extent it met the open building criteria.

The new Assessment Tool was applied to Martini Hospital, and the overall assigned score
was 77.6% (64/85); hence, it is classified as a flexible building, but with some aspects that need
to be improved. The final results show that the total score assigned from the original assessment
tool was 75%, and using the advanced tool, it was 77.6%. The new assessment tool was applied
to New Karolinska Hospital, and the overall score assigned was 74.6 (63/86); hence, it is
classified as a resilient building, but with some aspects to be improved. The final results show
that the total score assigned from the original assessment tool is 74.6 using the modified score of
77.2. As shown in the following table:

Evaluation Cs1 CS5
Parameters

Shape 6/10 6/10
Structure 6/9 4/9
Facade 4/10 10/10
Building Plant 8/9 7/8
Expandability 7/10 5/10
Restrictions 10/10 8/10
Technology 8/8 8/8
Exchangeability 8/10 8/10
Summary 57176 56/75
Total score 75% 74.6%

Eur. Chem. Bull. 2023, 12(Special Issue 8),4556-4569
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Figure 4: Percentage of original assessment criteria (OBAT) applied to two case studies

5. Results and Discussion

Hospitals are complex structures with a mixture of social, cultural, economic,
technological, and architectural aspects. For healthcare facilities to fulfil their roles, it is essential
that they should be planned and designed for the present and the future. Hospitals should be
flexible with changing needs. While emphasising the importance of the building’s flexibility, it is
important to highlight other areas for improvement. Hospital buildings should have the capability
to accommodate alterations in functions and not just be designed rigidly to serve a specific
purpose. In fact, such approaches can only be addressed if participatory design and
multidisciplinary cooperation between different fields, disciplines, and professions are in
place[24].

We have made it clear by using the flexibility analysis matrix that it is the best for
evaluating hospitals for their interest in the three types of flexibility (constant surface flexibility,
variable surface flexibility, and operational flexibility) for the four levels of flexibility.
Therefore, the researcher adopted the flexibility analysis matrix, but the researcher found that it
neglected some important design criteria that achieve flexibility, including shape, restrictions,
and the possibility of exchanging large equipment and technology, so the researcher deduced a
new assessment tool (AFAT).

The new and advanced flexibility assessment tool consists of evaluation criteria classified
under the four resilience levels. The global models were evaluated using the new advanced
flexibility assessment tool (AFAT). The results were as follows: Martini Hospital scored 77.6%,
Hospital University Akershus scored 81%, Miami Valley scored 67.7%, Sunshine Coast
University Hospital got 75%, and New Karolinska Hospital got 77%. The researcher carried out
a re-evaluation of two case studies, Martini Hospital and New Karolinska Hospital, using the
original resilience assessment tool (OBAT) to determine the effectiveness of the new tool. The
new assessment tool (AFAT) is designed to improve the degree to which core resilience
principles are met in both the design and operational phases. We found that in two case studies,

the AFAT app resulted in a more comprehensive assessment when compared to the older tool.

6.Conclusions
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We used a five-step research methodology that included reviewing the literature on
flexibility and levels of flexibility, reviewing flexibility assessment tools and comparing them,
and then deducing an advanced assessment tool, which the researcher called the Advanced
Flexibility Assessment Tool (AFAT), and testing the advanced tool and determining its
effectiveness by evaluating five international studies. And the comparison between the results of
the advanced flexibility assessment tool for case studies and the results of the original tool.

Indeed, the emerging changes in technology and the continuous improvement of scientific
and medical knowledge require hospitals to adapt over time to their formal and functional
structures. There is an urgent need to increase flexibility and create buildings that are not very
complicated but flexible in the short, medium, and long term. More is needed. Through long-
term research, our findings led to the development of an assessment tool to assess the extent to
which a healthcare facility meets the resilience principles.
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