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Abstract: The existing literature shows the interest in the study of accessibility within heritage
architecture, particularly in the context of repurposing these structures to extend their lifespan.
Published examples primarily focus on barrier identification or intervention within specific buildings,
without the development of methods that facilitate their widespread application for barrier removal.
The proposed methodology entails the division of the building into analytical zones, the identification
of existing barriers, the proposal of feasible solutions, and the establishment of various action
plans based on the building’s priorities. The results reveal a significant percentage of removable
architectural barriers within the analysed buildings, all in harmony with the preservation of the
heritage. Among the conclusions, it is noteworthy that the method’s applicability extends to heritage
and non-heritage buildings of varying uses and typologies, showcasing the substantial accessibility
potential within heritage architecture.

Keywords: accessibility; person with disabilities; retrofit and refurbishment of existing buildings;
building maintenance; health and wellbeing; cultural heritage

1. Introduction

The requirements imposed by society on both new and refurbished buildings are be-
coming increasingly demanding. The discovery of new materials and the development of
innovative devices enable higher levels of comfort and efficiency, which eventually evolve
into legal requirements. In recent years, the focus on architectural rehabilitation has been
particularly focused on aspects such as energy efficiency [1-5] and structural stability [6-9].
In relation to the first topic, studies such as the one conducted by D’Adamo et al. [5] demon-
strate the cost-effectiveness of integrating renewable energy sources into existing public
buildings. Concerning the second topic, researchers such as Unuk et al. [7] focus on explor-
ing novel materials for structural reinforcement in existing buildings, typically necessitated
by changes in their intended use. Additionally, some studies, such as Marini et al. [6],
encompass both aspects, addressing renewable energy integration and structural reinforce-
ment simultaneously. In these and other cases, the ultimate goal is to extend the lifespan
of buildings. This goal aligns with the principles of sustainable finance, encompassing
concepts such as the circular economy, aimed at preserving the value of goods and services
over time and reducing the consumption of exhaustible natural resources [10]. This is
especially pertinent in architectural renovation, considering the significant impact of new
construction on natural resource consumption.

While these aspects are present in architectural rehabilitation, their study in heritage
buildings is infrequent. As Jiang, Lucchi, and del Curto [11] argue, a detailed study in
such cases is essential due to the visual impact or potential loss of historical fabric that an
inadequate intervention may entail.
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It is precisely from this endeavour to extend the lifespan that the need to provide
users with access throughout their lives emerges, welcoming today’s increasingly ageing
population into this group. Furthermore, based on projections for the year 2050, it is
expected that 15% of individuals with disabilities will be part of an approximate population
of 6.25 billion people [12]. This poses a challenge that involves ensuring that public spaces
are maximally accessible, regardless of the disabilities or specific needs of those who will
make use of them.

Attaining this target demands proactive intervention within the built environment,
which includes buildings and public spaces, to render them barrier-free and to achieve a
state of flexibility and usability that caters equally to the needs of all users [13].

Achieving this requires a comprehensive understanding of the terms in which such
actions should be developed. On the one hand, the term “disability” encompasses a wide
array of vastly different personal circumstances. The World Health Organisation’s Inter-
national Classification of Functioning, Disability, and Health [14], grounded in a medical
perspective, meticulously categorises bodily functions and structures, activities, and partic-
ipation, as well as environmental factors that play a role in disability. Another classification,
practical in its simplicity, is that of the DALCO criteria: Ambulation, Apprehension, Lo-
cation, and Communication [15], which is geared towards the utilisation of a space or an
object. Within the framework of DALCO, the spectrum of disabilities includes those of
physical, sensory and cognitive. Moreover, each of these categories further contains an
array of distinctly delineated subtypes.

On the other hand, accessibility, as defined in [16], holds the responsibility of ensuring
that individuals with disabilities have access to all public spaces, facilitating their partic-
ipation in societal activities and guaranteeing equal opportunities. Nowadays, the term
“accessibility” is intricate. This complexity emerges from the evolution of accessibility
models, leading to the present definition established by the International Classification of
Functioning, Disability, and Health (ICF) [14,17-19], which has necessarily been broadening
to encompass new groups and activities, ultimately evolving into a “universal” concept.
According to the UNE 170001-1 standard [15], universal accessibility is the condition that en-
vironments, processes, goods, products, and services, as well as objects, instruments, tools,
and devices, must meet to be understandable, usable, and functional for all individuals in
conditions of safety and comfort, in the most autonomous and natural way possible.

After the literature review has been undertaken, it is possible to verify that, within the
concept of accessibility, there are various perspectives, such as barrier-free design, design
for all, universal design, and inclusive design [20-25]. Each of these perspectives has subtly
different approaches but shares a common objective, which, according to Andrade and
Bins Ely [26], is to frame this term comprehensively. This involves understanding the
built physical environment not only in terms of material or structural aspects but also in
relation to the perception of spaces and their uses. In an attempt to address accessibility
holistically, four contexts are identified in the adaptation of public buildings: spatial
orientation, communication, mobility, and use. Good spatial awareness empowers users
to autonomously make decisions and act safely, which enables them to mitigate or even
eradicate limitations on participation or activity constraints faced by individuals with
disabilities or limitations by eliminating barriers or incorporating facilitating elements.

The interest in understanding the level of accessibility within these environments is
evidenced by the wealth of scientific literature on this subject, which highlights its social
relevance and the need for action. These studies encompass urban environments, which
play a significant role in enhancing health and quality of life [27-35]. These studies reveal
the lack of accessibility in urban public spaces, natural areas, or parks. The main highlighted
issues are related to mobility. Jackson [30] asserts that these problems stem from the fact
that the design of these spaces was based on disability models that did not advocate for
equal opportunities. These works emphasise the need to enhance accessibility in the public
environment, a crucial link in the accessibility chain for accessing and using the built
environment. Another area of significant interest is acknowledged within the realm of
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residential architecture, highlighting the research conducted by Attakora-Amaniampong,
Goodwin, Wellecke, Burns, Asante or Badreddine [36—41]. The results of these studies show
that the majority of people with disabilities live in non-accessible homes, designed without
considering their needs, and that they had to be modified [36,37].

Lastly, and being the subject of the present research, recent research that has been
conducted in relation to public buildings is highlighted [42-51]. These investigations are
approached through various typologies and uses, and are focused on university build-
ings [10,13,16,26,52-54], educational buildings [55,56], medical centres [57,58], primary
care centres [59], or commercial buildings [60,61], as well as sports facilities [62—-64]. Build-
ings designed for library use [65] or for artistic and cultural purposes [66] are less com-
monly studied.

A prominent group within public buildings comprises heritage buildings. Works such
as those by Marin-Nicolds and Saez-Pérez, Zahari et al., and Naniopoulos and Tsalis [67-76]
exemplify this, representing only a few instances.

The legal and social requirements under which heritage buildings were constructed
differ from the current standards. However, these buildings remain in use, either preserving
their original function or replacing it with another. Consequently, the comfort, efficiency,
or accessibility demands imposed on them are, a priori, the same as those expected in a
newly constructed building. As a result, the need for intervention in existing buildings to
adapt them to accessibility requirements becomes evident. This often entails significant
modifications to the building. In the case of historic buildings, such transformation can
lead to a conflict of interests with another legal and social demand, that of cultural heritage
preservation. This differs from other contexts where the implementation of accessibility
measures does not generate such a conflict.

There are different viewpoints regarding whether heritage buildings can or cannot be
made accessible. It is common to assert that old buildings were not designed with accessibil-
ity in mind, and their adaptation is challenging or even impossible [72,73,77]. Other authors
argue that the adaptation of these buildings for individuals with disabilities is feasible to
varying degrees [71,75,77,78]. Garcés [79] classified heritage architecture into three major
categories, civil, military, and religious, suggesting that only military architecture might
be considered inherently inaccessible. Similarly, Monj6 [80] proposed that the prevailing
stance is to intervene in the building to maximise accessibility without jeopardising the
preservation of the monument. In essence, the study of accessibility in heritage presents
additional conditions, with the need for preservation being the primary difficulty.

On the other hand, it is common for heritage buildings to have undergone interven-
tions to adapt them to new uses, to enhance their heritage aspects, or for maintenance
purposes. However, the incorporation of accessibility is generally not addressed in
these actions.

In this line of thought, Zahari and Kusnierz-Krupa [71,81] emphasise the challenge of
adapting spaces with unique configurations that must meet the requirements of accessible
construction parameters. Additionally, there are those who underscore the significance
of preserving the architectural heritage within its cultural, artistic, and historical context.
This association aligns the building’s history with the optimal conditions for universal
use [82]. These two arguments expose the existing conflict between the adaptation of
buildings classified as heritage, which necessitates the preservation of their cultural and
historical values, and the need for adjustments to facilitate access for users with disabilities.
The resolution lies in recognising the inherent incompatibility of these criteria, which
mandates the formulation of distinct and tailored proposals that do not fully resolve the
ongoing debate. In the majority of the reviewed literature, studies primarily focusing on the
detection and identification of barriers and the analysis of the current state stand out. This
is achieved through the use of checklists [45] or user surveys [13,16,28,29,51,59,61,71,83-85].

These studies focus on the first step, gathering information about the state of accessi-
bility. However, they do not include the possibility of proposing solutions to these barriers,
making it imperative to create a method that incorporates barrier removal.
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Focusing on the built environment, one of the main challenges identified in archi-
tectural rehabilitation is the specificity of architectural heritage. While in non-heritage
construction, the incorporation, removal, or modification of elements poses no significant
issue, in architectural heritage, both visual and material preservation are crucial con-
cerns [86,87]. Examples such as the one presented by Tutal [72] demonstrate the feasibility
of interventions in historic buildings, yet they remain specific cases, not applicable to a
generalised methodology. The review of the existing literature shows the absence of studies
that develop a specific methodology for proposing solutions to architectural barriers in
heritage buildings.

The analytical tool proposed in this article pursues both methodological and practical
goals. Based on all the aforementioned considerations, the aims of this study are the
design of a support method for enhancing universal accessibility within built environments
intended for public use, tailored to the specific circumstances and attributes of architectural
heritage, and to verify the efficacy of this method through its application to a representative
group of study cases.

The achievement of these objectives not only serves the needs of individuals with
disabilities who frequent these buildings but also extends its advantages to those who en-
counter challenges in utilising built environments due to various circumstances, including
older individuals and parents with baby strollers. Furthermore, these benefits also resonate
with the employees and administrators responsible for these buildings.

The article is structured in accordance with the following sections: After the introduc-
tion, the “object of study” section presents a group of 45 buildings on which the developed
method is applied. The “methodology” section outlines the process followed for the de-
velopment of the method, which is divided into data collection, exploration of solutions,
feasibility analysis, selection of viable solutions for each analysed building, and determi-
nation of action steps for each building in the selected group. In the “results” section, the
obtained method and the data collected in its application to the group of selected buildings
are presented. Finally, the “discussion” section compares the obtained results with the
main studies from the literature review conducted in the introduction, and the “conclu-
sion” section highlights the potential of the developed method to support the elimination
of architectural barriers and promote equal opportunities and non-discriminatory use
of buildings.

2. Object of Study

The group of selected buildings comprises 45 heritage buildings. The geographical
context within which this research is framed is limited to the Region of Murcia (Spain). The
selection procedure has been conducted among structures officially classified as Assets of
Cultural Interest (BIC) in accordance with the current legislation [88]. Assets of Cultural
Interest, from an architectural standpoint, refer to “real states [...] of exceptional cultural
value”. For the selection process, assets within the initial set that were in a state of ruin,
unused, or designated for private housing have been excluded. The buildings have been
carefully chosen to ensure representativeness in terms of heritage protection levels, building
typology, original and current usage, as well as construction age. This comprehensive
selection is not only representative of the geographical area under consideration but also
mirrors the diversity found throughout the entire national territory. Furthermore, the
characteristics of the analysed buildings closely align with those of heritage buildings in
other countries in Western Europe [89].

All the buildings included in the selection currently have a public use; hence, their
functional requirements are equivalent to those of any other public building. Out of the
45 buildings, 27 are designated for museum or exhibition use, 13 for religious or temple
use, 5 for theatre or auditorium use, 5 for library or archive use, and 1 for administrative
use. Furthermore, 6 buildings serve dual purposes simultaneously, 16 retain their original
functions, 27 have undergone changes in use, and 2 integrate their original function with a
new one. Regarding their antiquity, the group of selected buildings encompasses construc-
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tions from the 11th to the 20th centuries. The data of the 45 selected buildings are shown in
Figure 1.

Sample age Buildings by use: Buildings by current use
original and new
XX 8 Theatre or
e 5
XIX 5 auditorium
XVl 8 T i
il . ministrative
S xvi 13 3 Museum or "
S Xxv 1 exhibition building
© v 2 Lib g
ibrary or
Al B archive
Xi 1 Temple or i3
X1 1 religious building
0 5 10 15 Origin I New 0 10 20 30
No. of buildings 1 Original and new No. of buildings

Figure 1. Data from the group of selected buildings. Left: distribution of buildings by age. Centre:
proportion of buildings with original use, new use, or a combination of both. Right: distribution of

buildings by current use.

Most buildings have been rehabilitated to accommodate their current public use,
resulting in varying degrees of intervention; however, these actions have not completely
addressed the issue of accessibility. In Figure 2, a selection of the studied buildings is shown.

Figure 2. Examples of public buildings analysed. (1): Cayitas Building (Alcantarilla, Murcia, Spain);
(2): Vico Theatre (Jumilla, Murcia, Spain); (3): Aguirre Palace (Cartagena, Murcia, Spain); (4): Pifion
Building (La Unién, Murcia, Spain); (5): Calahorra Tower (Aledo, Murcia, Spain); (6): Inmaculada
Concepcion Church (Cehegin, Murcia, Spain).
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3. Materials and Methods

The methodological process developed in this study is structured into six stages: data

collection, intervention study, feasibility analysis, selection of viable solutions, expert consul-
tation, and determination of action lines. The first stage provides the necessary information
for the work. Stages 2 and 3 encompass the development of a support method aimed at
enhancing universal accessibility. Stages 4, 5, and 6 involve the application of the method to a
group of 45 buildings with varying use, age, typology, and location in order to assess their
functioning. The methodological process is schematically illustrated in Figure 3.

Previous work

| Implementation of the method

Method design I

Interventions with
pending feasibility?

esecsccccsccscssce

Results:
action
programme

Results: method for supporting
the improvement of
universal accessibility

Stage 4 Stage 6
Stage 1 Stage 2 Stage 3 9
o + Study of proposals Study o feasibiity + Selection of feasible Determination of
: s proposals lines of work
: | T : I
. .
: 1 1 : I
. . Stage 5
: 1 1 S Consultation 1
: 1 1 : with expert 1
. ¥
: ¥ 4 .
: .
: .
: .
: .
. .
. .
.
.

Figure 3. Methodological process of the study.

3.1. Stage 1: Data Collection

Prior to the design and application of the method to support the improvement of

accessibility, the necessary data were collected and grouped into the following data blocks:

List of architectural barriers: Based on the joint study of the DALCO requirements
for universal accessibility and state and regional legislation concerning accessibility, a
total of 238 architectural barriers have been identified. These barriers encompass all
the accessibility requirements outlined in the analysed legislation for public building
construction. These barriers are divided across 20 analysis zones [15,67]. These analysis
zones result from establishing isolable areas or construction elements within a building
for intervention. The distribution of any building can be described using these analysis
zones, regardless of whether it is a heritage or contemporary building. Each barrier may
have an impact on one or multiple types of disabilities; hence, these data are also stored.
In Table 1, the breakdown of barrier distribution across analysis zones is provided.
Determinants of technical and constructive feasibility: There are conditions within
the built environment that can either enable or hinder an intervention, as well as
necessitate specific characteristics (available space, load-bearing capacity, etc.). This
study encompasses the following aspects:

Technical feasibility: requirements for the intervention to be executed.

Heritage feasibility: whether the intervention may impact heritage aspects of the building.
Economic feasibility: the cost of executing the intervention.

Affected groups: based on the disparity of terms used and the disabilities consid-
ered in the extensive existing literature [28-30,40,50,70,72-74], five major groups of
persons with disabilities are delineated: wheelchair users, cane, crutch, or walker
users, individuals with visual impairments, individuals with hearing impairments,
and individuals with cognitive disabilities.

Building information: Through a prior accessibility audit, both the existing barriers
and the built environment information that could compromise any of the defined fea-
sibilities were documented. Owing to the distinctive nature of heritage structures, the
compilation of building documentation encompasses a multifaceted approach, encom-
passing elements such as a thorough bibliographic investigation, meticulous scrutiny
of historical archives, and comprehensive interviews with facility administrators.
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Table 1. Analysis zones considered and number of barriers assigned to each one.

Analysis Zone Code Barriers
Parking space AP 7
Access AC 5
Door PU 17
Horizontal circulation CI 12
Flooring pv 6
Unevenness DE 6
Information point PA 8
Staircase ES 26
Ramp RA 23
Lift AS 24
Escalator EM 8
Moving walkway TR 7
Step lift platform PEV 12
Stair lift platform PEI 6
Auditorium space EA 10
Furniture MO 8
Mechanisms ME 3
Wc WC 29
Signs SE 12
Musealisation MU 9

3.2. Stage 2: Intervention Study

Building upon the list of 238 potential architectural barriers compiled in Stage 1, a
range of solutions is established. These solutions involve either the removal of the barrier
or the incorporation of a facilitator, ensuring that the barrier does not adversely impact
users. In accordance with the guidance provided by English Heritage regarding the UK
Equality Act [90], the way to remove an architectural barrier can be framed within one of
the following approaches:

1.  Remove the feature that constitutes a barrier.

2. Modify the feature that represents a barrier.

3. Provide an alternative to the element that constitutes a barrier.
4.  Offer the service in a different manner.

Table 2 displays, by way of example, the proposed actions established for the resolution
of a detected barrier.

Table 2. Example of proposed actions established for the resolution of a detected barrier.

Analysis Zone Code Description
Barrier Door pPUO02 Door with insufficient height (<2.00 m).
Door PU-101 Replacement with an accessible door.
Proposed actions Door PU-102 Signposting of alternative route.
Door PU-123 Signage and lintel protection.

3.3. Stage 3: Feasibility Analysis

The potential feasibility of each action is analysed in relation to the known determi-
nants and technical information. Given its relevance, this section focuses on the technical
and heritage feasibility.

e  Technical feasibility is linked to the technical, material, or physical aspects that de-
termine whether an intervention can be carried out. For example, the presence or
absence of sufficient space to construct a ramp that eliminates a step. Each intervention
is classified as “assured” whenever it is feasible and its execution does not present
any technical or heritage-related issues. Conversely, an intervention is labelled as
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“pending” if the feasibility of its execution is not guaranteed, in which case the relevant
conditions are specified.

e  Heritage feasibility is directed towards the potential adverse impact on the heritage
aspects of the building. Each action is classified as “assured” if it is consistently feasible
or as “pending” if it could affect the building, both in material and aesthetic terms.

Regarding the aspects of “affected groups” and “economic feasibility”, the groups
for which the barrier is solved and the estimated cost of its implementation are indicated,
respectively, as aspects that will be implemented in Stage 6. Table 3 presents, as an example,
the analysis of the heritage and technical feasibility of the actions for the resolution of the
barrier outlined in the previous stage.

Table 3. Technical and heritage feasibility of the proposals set out for barrier PU02 (door of insuffi-

cient height).
Analysis Zone Barrier Proposals Heritage Feasibility = Technical Feasibility
PU-I01 Pending Assured
Door PU0O2 PU-102 Assured Pending
PU-123 Assured Assured

3.4. Stage 4: Selection of Viable Solutions

Stage 4 is carried out for each of the 45 selected buildings. For each detected barrier
within the analysed building, viable solutions are established based on the list of interven-
tions developed in the preceding stage. Among these solutions, the most suitable one is
selected from those presenting “assured” technical and heritage feasibility. If there are one
or several barriers with “pending” feasibility, the process proceeds to Stage 5. Conversely,
if no such barriers are present, advancement to Stage 6 occurs.

In the example posed in the preceding stages (Barrier PU02: insufficient door height
clearance), the solution PU-I23 offers assured technical and heritage feasibility. Conse-
quently, at this stage, this solution would be selected.

3.5. Stage 5: Expert Consultation

The presence of barriers with “pending” technical or heritage feasibility selected
implies that the method does not guarantee their applicability to the studied building. In
such cases, a specialised expert technician is consulted to conduct a specific analysis of
each barrier with “pending” feasibility. This technician assesses whether the intervention
is ultimately feasible or not for the specific case. If there are multiple viable solutions,
the technician would select the most appropriate one based on economic criteria or other
relevant factors.

3.6. Stage 6: Determination of Action Lines

Once the technical and heritage feasibility are analysed in Stages 3, 4 and 5, Stage 6
involves the selection of the course of action based on economic, social (beneficiary groups),
or functional (interventions by zones to keep the building in use) criteria. The potential
action lines include:

No intervention in the building.

Complete intervention in the building, removing all barriers.

Partial intervention in the building, based on criteria such as:

a. By floors, zones, pavilions, etc.

b. By beneficiary groups (for instance, removing in a single stage all barriers that
affect individuals with visual impairments).

c. By monetary amount (grouping interventions into stages that adjust to a spe-

cific budget).
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The solutions selected based on the line of work constitute the action programme,
which encompasses the interventions to be executed, timelines or estimated costs, and the
accessibility enhancements they entail, among other factors.

4. Results

The results of this study include two aspects: the developed method and its application
to the selected buildings.

4.1. Study of Solutions

The starting point of the study is the 238 potential barriers considered according to the
regulations for any publicly accessible building. Out of these, 140 pertain to individuals
with reduced mobility who use wheelchairs, 146 to individuals with ambulatory mobility
limitations, 117 to individuals with visual impairments, 23 to individuals with auditory
impairments, and 60 to individuals with cognitive impairments.

In response to the potential barriers, 246 possible solutions have been devised. These
solutions facilitate the removal of accessibility barriers. The solutions exclusively address
accessibility concerns, without considering other criteria. Their design is carried out using
one of the approaches proposed in line with English Heritage [90]: elimination of the
feature, alteration of the feature, provision of an alternative, or modification of the service
delivery. For each barrier, one or more alternative solutions have been proposed, and some
solutions are applicable to more than one barrier. In case there are two or more possible
solutions for a barrier, the choice is made at Stage 6. In Table 4, the number of detectable
barriers in each analysis zone, the proposed solutions, and their classification according to
the aforementioned approaches are shown.

Table 4. Number of detectable barriers in each analysis zone, the proposed solutions, and their
classification according to the aforementioned approaches.

Total Barriers

Analysis No.-of Detected in the No. of No. of No. of No. of No. of
Zone Possible Group of Total Proposals Proposals Proposals Proposals
Barriers Selected Proposals Approach 1 Approach 2 Approach 3 Approach 4
Buildings

AP 7 7 7 0 6 0 1
AC 5 276 10 4 3 2 1
PU 17 2108 23 4 17 2 0
CI 12 1998 21 5 7 10 0
PV 6 548 10 3 6 1 0
DE 6 314 6 2 4 0 0
PA 8 157 8 3 4 1 0
ES 26 2314 20 3 16 1 0
RA 23 564 13 0 12 1 0
AS 24 217 19 3 15 1 0
EM 8 0 7 1 5 1 0
TR 7 0 8 1 6 1 0
PEV 12 6 9 2 6 1 0
PEI 6 17 7 1 5 1 0
EA 10 654 11 4 7 0 0
MO 8 964 6 0 5 1 0
ME 3 322 3 0 3 0 0
WC 29 517 36 4 32 0 0
SE 12 2118 9 1 6 2 0
MU 9 1211 11 0 11 0 0

Others 0 - 2 0 1 0 1
Total 238 14312 246 41 177 26 3
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Out of the 246 proposals, 41 (17%) correspond to the first approach, feature elimination.
The majority, 177 proposals (72%), align with the second approach, feature alteration.
The third approach (provision of an alternative) encompasses 26 proposals (10%), and
3 proposals (1%) belong to the fourth approach (modification of the service delivery). The
order of the approaches is from greater to lesser degree of permanence in barrier removal.

Each proposed solution is technically defined, encompassing its requirements, ap-
proximate cost, and the groups for which it resolves the barrier. As a premise, it has been
established that no intervention should lead to the creation of a new barrier for another
group. Each proposal can address one or multiple barriers. Figure 4 serves as an illustrative
example of a proposed solution sheet.

Replacement of existing door with another one with the following
conditions:

—  Width = 0.80m wide and height = 2m, with a single door (or total
opening for automatic door).

—  Chromatically contrasted with the wall.

— Diameter of manoeuvre = 1.20m on both sides, outside the door
sweeping area.

— Operators separated from the door 2 40 mm, usable with one hand
and non-rotating or automatic, contrasted with the door and located
at a height of 0.80-1.20 m and = 0.30 m from the corner.

— Necessary opening force < 25N (65N if fire resistant).

— If automatic, closing time 2 5 s, remains open in case of failure and its
sensor detects walking sticks and assistance dogs.

— If it is swinging, it has transparent or translucent parts at a height of
0.70-1.50m.

— Ifitissliding, distance between door and corner > 20 cm.

— If it has latch, it is ergonomic (lever, pin or pressure, but no turning)
and can be unlocked from the outside.

— Ifitis made of glass, it has contrasting strip between 0.85-1.10 m and
1.50-1.70 m or the distance between mullions < 60 cm.

Figure 4. Example of a proposal and information on its characteristics.

4.2. Feasibility Analysis

The 246 proposed solutions have been examined based on their technical and heritage
feasibility. Each intervention falls into one of the following four scenarios, depending on
the combination of the previous cases:

The intervention possesses both guaranteed technical and heritage feasibility.

The intervention secures heritage feasibility but lacks assured technical feasibility.
The intervention guarantees technical feasibility, while heritage feasibility is uncertain.
The intervention lacks assured technical and heritage feasibility.

Solutions found within the first scenario allow their selection in any situation, whereas
those positioned within the remaining scenarios require the study of the specific case by a
competent technician. Interventions are prioritised for each barrier in accordance with the
aforementioned sequence, ensuring that the primary option for each barrier is consistently
a technically and heritage viable intervention. The count of proposed interventions situated
within each state, across analysis zones, is shown in Table 5. Figure 5 depicts the overall
count of proposed interventions within each scenario, differentiating between “assured”
and “pending” feasibility. Pending feasibility actions, categorised by reason (technical,
heritage, or both) are itemed in Table 6.
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Table 5. Interventions proposed by analysis zone and distribution according to their feasibility.

. Number of Number of Total Number of T9tal Number of T(.)tal
Analysis Zone Possible Barriers Proposals Proposals with Proposals with
Assured Feasibility Pending Feasibility
AP 7 7 6 1
AC 5 10 6 4
PU 17 23 10 13
CI 12 21 8 13
PV 6 10 5 5
DE 6 6 2 4
PA 8 8 4 4
ES 26 20 5 15
RA 23 13 3 10
AS 24 19 13 6
EM 8 7 3 4
TR 7 8 3 5
PEV 12 9 5 4
PEI 6 7 3 4
EA 10 11 6 5
MO 8 6 4 2
ME 3 3 1 2
WC 29 36 28 8
SE 12 9 7 2
MU 9 11 6 5
Others 0 2 1 1
Total 238 246 129 117

Proposals with heritage and
technical feasibility assured

Proposals with heritage
feasibility pending

Proposals with technical
feasibility pending

IProposals with heritage and
technical feasibility pending

Figure 5. Percentage of interventions proposed in each of the cases and their distribution between
assured and pending feasibility.

Technical and heritage feasibility are guaranteed in 52% of cases, while the remaining
48% lack guaranteed technical and/or heritage feasibility. Across the different analysis
zones, a significant proportion exhibits percentages ranging from 40% to 60% of interven-
tions that maintain consistent feasibility. Domains that deviate from this range by default
include doors (35%), unevenness (33%), stairs (25%), ramps (23%), moving walkways (38%),
and mechanisms (33%). In the cases of doors, stairs, and ramps, a significant proportion
of barriers present heritage-related constraints, while for moving walkways, potential
technical challenges emerge. As for unevenness and mechanisms, the low percentage is
attributed to the limited number of proposed actions, resulting in inconclusive data.
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Table 6. Proposed interventions with pending feasibility distributed by reason.

Distribution of Proposals with Pending Feasibility by Reason

No. of Total Proposals

Analysis Zone with Pending Feasibility Heritage Technical Both
Feasibility Feasibility

AP 7 0 1 0
AC 10 0 4 0
PU 23 9 1 3
CI 21 3 2 8
PV 10 1 4 0
DE 6 2 1 1
PA 8 0 4 0
ES 20 2 5 8
RA 13 2 5 3
AS 19 3 1 2
EM 7 4 0 0
TR 8 4 0 1
PEV 9 3 0 1
PEI 7 3 0 1
EA 11 4 0 1
MO 6 0 0 2
ME 3 0 1 1
WC 36 5 0 3
SE 9 0 1 1
MU 11 0 3 2
Others 2 0 0 1
Total 246 45 33 39

Regarding the impacted groups for each solution, each proposal eliminates barriers
for the affected groups therein. Given this parallelism, the groups with the highest count of
proposed interventions align with those encountering a higher number of architectural barriers.
These groups are individuals with reduced mobility, including cane (169) and wheelchair
users (171), followed by individuals with visual impairments (133). This stands in contrast
to the measures proposed for individuals with cognitive (85) or auditory disabilities (34).
Figure 6 depicts the total potential barriers and proposed solutions, categorised by the group
for which a barrier is removed.

200

160

=
N
o

Quantity
0
o

S
o

o

Wheelchair Cane Cognitive Hearing Visual
users users disability disability disability

= No. of possible barriers m No. Total of proposals
Figure 6. Number of possible and proposed barriers by groups of people with disabilities.

4.3. Selection of Viable Solutions

The intervention support tool has been applied to the 45 selected buildings. The analysis
results are summarised in Table 7. All the buildings display a percentage of removable
barriers exceeding 75%.
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Table 7. Existing, removable, and non-removable barriers per building analysed.

Type of Building Existing Removable Non-Removable
Usage (Ref. No.) Barriers Barriers (%) Barriers (%)
15 626 88 12
23 911 99 1
Theatre or 26 722 92 8
auditorium 37 1406 89 1
44 249 94 6
Administrative 42 284 96 4
2 397 89 11
6 132 93 7
7 150 93 7
8 244 91 9
9 157 87 13
10 153 93 7
11 278 95 5
12 256 95 5
13 177 89 11
14 336 86 14
15 626 88 12
19 360 84 16
Museum or 21 94 90 10
exhibition 22 243 85 15
building 24 202 89 11
25 312 91 9
27 85 85 15
29 266 78 22
31 307 99 1
32 254 93 7
34 540 98 2
35 196 92 8
36 471 89 11
38 414 97 3
40 456 86 14
42 284 96 4
43 90 100 0
4 144 94 6
. 9 157 87 13
Library or 20 211 99 1
archive 31 307 99 1
39 157 89 11
1 220 93 7
3 205 82 18
5 311 86 14
16 512 97 3
17 178 96 4
Temple or 18 245 91 9
religious 28 287 92 8
building 30 266 88 12
33 362 98 2
36 471 89 11
40 456 86 14
41 90 94 6
45 388 86 14

After analysing the feasibility of barrier removal based on the considered group,
the results are depicted in Table 8. Noticeable values of removable barriers exceeding
75% are observed across nearly all buildings for all groups. Among these, the group of
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individuals with auditory disabilities stands out, with all analysed buildings exhibiting a
100% percentage of removable barriers. On the other end, groups with lower percentages
include those with physical disabilities, including both wheelchair and cane users. These
groups display several instances of removable barriers below 80% and exhibit the lowest
average when compared to other groups. The average has been calculated by dividing the
sum of the values by the number of values.

Table 8. Removable barriers by the building analysed and group considered.

Building Removable Barriers (%)

(Ref. No.) Wheelchair Users Cane Users Visual Disability Hearing Disability Cognitive Disability
1 91 90 94 100 98
2 82 80 93 100 89
3 77 76 87 100 89
4 85 91 99 100 98
5 81 82 100 100 92
6 87 91 96 100 91
7 93 88 95 100 95
8 93 89 91 100 100
9 89 82 86 100 91
10 90 93 98 100 97
11 97 92 94 100 96
12 94 89 95 100 90
13 88 86 91 100 98
14 82 76 88 100 95
15 86 84 94 100 96
16 96 96 98 100 99
17 96 94 96 100 100
18 79 88 95 100 97
19 85 77 88 100 91
20 99 99 97 100 100

21 87 83 89 100 88
22 76 80 91 100 94
23 86 91 95 100 98
24 99 88 89 100 96
25 94 89 94 100 97
26 86 87 95 100 95
27 93 76 80 100 74
28 89 90 95 100 99
29 88 73 83 100 80
30 80 87 93 100 91
31 98 99 100 100 100
32 90 87 95 100 95
33 96 96 50 100 99
34 93 96 99 100 100
35 85 88 98 100 100
36 87 78 90 100 98
37 89 85 89 100 90
38 95 95 98 100 100
39 92 84 87 100 90
40 82 85 89 100 96
41 98 91 93 100 97
42 91 92 98 100 99
43 100 100 100 100 100
44 90 85 95 100 98
45 99 100 98 100 100
Average 90 88 92 100 95
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When evaluated by analysis zone, those with the highest percentage of non-removable
barriers in the examined group of buildings are stairs (468 barriers, 3% of the total), cir-
culation areas (455 barriers, 3% of the total), doors (171 barriers, 1% of the total), ramps
(44 barriers, less than 1% of the total), unevenness (30 barriers, less than 1% of the total),
auditorium spaces (23 barriers, less than 1% of the total), museumisation areas (20 barriers,
less than 1% of the total), and WCs (12 barriers, less than 1% of the total). The remaining
areas exhibit a number of barriers for which a viable solution could not be proposed, each
comprising less than 10.

4.4. Determination of Work Lines: Case Study Resolution

As an illustrative example, potential courses of action for Building No. 43 from the
selected group of buildings are presented. This compact single-floor building features an
entrance with varying elevation levels and a layout comprising multiple interconnected
spaces. The building is designated for museum use and includes restroom facilities. It is a
building within the selected group for which the complete removal of barriers is feasible.
The proposed criterion for a work line based on partial interventions is that it benefits
specific user groups.

The work lines considered for the building in question are set out below. Each line
encompasses one or multiple intervention stages. These stages detail the quantity and
percentage of barriers eliminated and remaining at the conclusion of each stage. Addi-
tionally, they provide the estimated budget for the material execution of the stage and the
remaining budget to conclude subsequent stages. The barriers eradicated for each analysed
user group are also itemised.

Work Line A: No intervention is conducted on the building.

Work Line B: Complete intervention in the building. One stage (Table 9).

Work Line C: Partial intervention based on the criteria of benefiting user groups.
Two stages (Tables 10 and 11).

Table 9. Summary of work line B.

Stage
Element Amount % Total

Barriers removed 90 100.00

Barriers non-removed 0 0.00
Estimated budget 18,184 € 100.00

Estimated remaining budget 0€ 0.00

Analysis by groups

Barriers removed for wheelchair users 48 100.00
Barriers removed for cane users 44 100.00
Barriers removed for visual disability 62 100.00
Barriers removed for hearing disability 5 100.00
Barriers removed for cognitive disability 35 100.00

Table 10. Summary of Stage 1 of work line C.

Stage I—Physical Disability

Element Amount % Total
Barriers removed 54 60.00
Barriers non-removed 36 40.00
Estimated budget 6514 € 35.85
Estimated remaining budget 11,670 € 64.15

Analysis by groups

Barriers removed for wheelchair users 48 100.00
Barriers removed for cane users 44 100.00
Barriers removed for visual disability 32 51.61
Barriers removed for hearing disability 1 20.00

Barriers removed for cognitive disability 13 37.14
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Table 11. Summary of Stage 2 of work line C.

Stage II—Other Disabilities

Element Amount % Total
Barriers removed 36 40.00
Barriers non-removed 0 0.00
Estimated budget 11,670 € 64.15
Estimated remaining budget 0€ 0.00

Analysis by groups

Barriers removed for wheelchair users 0 0.00
Barriers removed for cane users 0 0.00
Barriers removed for visual disability 30 48.39
Barriers removed for hearing disability 4 80.00
Barriers removed for cognitive disability 22 62.86

From these proposed work lines, the building’s management is tasked with selecting
the line to be implemented.

5. Discussion

Following the methodology developed, the objectives set for the study have been
successfully addressed while at the same time contributing to filling the gaps identified
in the literature review. Most of the analysed studies focus on the current state of build-
ings [16,28,29,37-40,48,70,74], and those that propose interventions mainly concentrate
on individual buildings [72] or a few specific environments [30], but from a particular
perspective. In contrast, the proposed methodology complements these analyses and,
building upon them, provides support for interventions aimed at removing barriers in any
public building.

Moreover, while the consulted references centre on specific types of usage, whether
public [13,16,26-35,52-66] or private [36—41], this method encompasses the realm of any
public space, allowing its application to built environments with diverse functions, as
verified through the undertaken experience.

The division of the studied building has demonstrated significant utility in applying
the method to a particular case. The conceptual fragmentation of the building into segments
that facilitate analysis is a common approach in accessibility studies [75,77]. However, in
this study, this division not only aids in identifying barriers but also adjusts to structural
elements (stairs, ramps, doors, etc.) or spatial units (auditorium space, circulation space,
hygiene core) that allow for isolated interventions. This feature correlates with the ulti-
mate goal of the developed method: the effective removal of architectural barriers from
the building.

As stated, the notion that heritage buildings are not accessible is widely held [72,73,77,79,80].
This perception may be rooted in the fact that most analyses are confined to the current state
of buildings. Conversely, the feasibility study of barrier removal within the encompassed
group of selected buildings demonstrates a high level of barrier removal across all buildings,
with values exceeding 80% in all cases and reaching 100% barrier removal for specific
groups in several instances. Based on this, it can be asserted that heritage buildings are
potentially accessible, unlike what findings from other investigations suggest [79,80].

This perception of difficulty or impossibility in adapting heritage buildings to the
needs of individuals with diverse disabilities is connected to the need for heritage preser-
vation. In response, the proposed tool is based on an analysis of the compatibility of each
intervention with the building. This approach also facilitates the potential export of the
methodology to non-heritage buildings without hindrance, unlike methodologies that do
not consider heritage aspects, which may struggle to undergo the reverse transition with
the same ease.

Expanding the scope to the built environment, authors such as Jackson [30] have
indicated that the lack of accessibility in urban environments is due to their construction
under disability models that did not consider people with disabilities as users with the
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same rights as others. However, the feasibility of ensuring accessibility in much older
heritage environments, to a significant extent, raises the possibility of adapting urban
environments built with more recent models. Another aspect of the developed method is
its comprehensive nature. The existing literature often examines accessibility for specific
groups, with a greater focus on those with physical disabilities [29,40,47,49,67,70] or visual
impairments [40,48,49,78]. In the conducted study, it has been demonstrated how a single
barrier affects groups of individuals with different disabilities and, at the same time, a
single proposed solution can eliminate an architectural barrier for multiple groups. Hence,
a thorough analysis encompassing all disabilities is advantageous. In this regard, some
studies are presented [30,71,73].

Additionally, authors such as Kwame and Bamfo [13] argue that competent authorities
should ensure accessibility in the built environment. While this assertion holds true,
the development of analysis methodologies that contribute to this goal is of paramount
importance. Both authorities and building managers need tools to effectively undertake
this task. In this context, methodologies such as those discussed in the existing literature
are helpful in identifying issues, but it is essential to incorporate studies such as the one
presented in this article that encompass the entire barrier removal process.

6. Conclusions

Equal access to and use of the built environment is a universally recognised right
for all users. Interventions in any building to ensure equal accessibility for all users have
the primary aim of enabling utilisation, whether by maintaining its current use or by
substituting it with a new one. In both cases, this factor contributes to the building’s
functionality and thus enhances its lifespan. Consequently, improving accessibility is vital
for the preservation of built heritage, as is structural or energy-related rehabilitation.

The conclusions of this study can be categorised into three main ones. In relation to
the existing literature:

e  There is a significant interest in the study of accessibility in the built environment, as it
corresponds to the context in which people carry out their activities. However, this
analysis often tends to focus only on the current state of accessibility.

e  Most built environments present significant accessibility challenges, both in urban
spaces and in public or private buildings. This results in a loss of participation capacity
for people with disabilities.

e The idea that heritage buildings are inherently inaccessible or that built environ-
ments are inaccessible because they were designed without considering people with
disabilities is widely held, impeding efforts to remove barriers.

About the proposed tool:

e  The development of this method fills a gap identified in the literature review on the
study of heritage accessibility, specifically the analysis of potential building acces-
sibility. Building upon the examination of the existing state, this proposal presents
the potential to comprehend not only a potential accessibility state but also the es-
sential actions for eliminating architectural barriers. The proposal also details the
different disabilities for which the barrier is removed. Furthermore, it ensures that
the intervention is compatible with the heritage aspects of the building, which must
be preserved.

e  The use of this intervention support tool makes it possible to speed up decision-
making, both at a technical level, with the proposed solutions, and at an administrative
level, through the selection of the different lines of action that can be generated. The
systematisation of the analysis makes it possible to move from a case-by-case study
to the formulation of master plans covering several buildings. The only actions that
require a specific study are those that need to be confirmed by an expert.

In relation to the social implications and potential avenues for future research:
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e  The development of this tool enables authorities and managers to work on space adapta-
tion. Efforts must continue in areas such as the cost of interventions and execution times,
which are relevant considerations within the framework of sustainable economics.

e  The similarities between heritage and non-heritage buildings, as well as the needs of
people with disabilities in other locations, allow for the systematic application of such
studies in other areas. This will result in a larger and more comprehensive database
that contributes to the identification of potential configurations of different barriers
or new solutions. Thanks to the modular nature of the tool, it can incorporate this
knowledge to enhance its functionality. The design based on isolable elements (seg-
mentation of buildings into analysis zones and the establishment of distinct barriers
and solutions for each) allows for updates through the following possibilities:

a. Incorporation of new analysis zones for application in different physical envi-
ronments, such as urban or natural settings.

b. Incorporation of new possible barriers in an existing analysis zone due to the
emergence of new regulatory requirements.

c. Incorporation of new potential solutions due to the development of novel

technical solutions or materials.
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