
Intervention to the building – 
Exploring the interrelations by 
systematic literature review

Abstract
Various factors contribute to the obsolescence of a building or its part(s), and these 
are addressed through interventions resulting in physical alterations. In other 
words, intervention is a complex process involving the following components: 
building or its part(s), factors, obsolescence, and intervention approach (i.e. 
intervention type and criteria). Additionally, there are numerous intervention 
types, such as adaptation, conservation, maintenance, remodelling, renewal, 
replacement, restoration, strengthening, etc., whose contexts may sometimes 
partially overlap. Therefore, this study aimed to gain insight into the boundaries, 
interrelations, and differences within the scope of the intervention process 
through a systematic literature review of 170 articles. Firstly, the components of 
the intervention were examined and classified from key references. Subsequently, 
170 articles to be analysed were determined through a literature scan. While 
reviewing these articles, the preliminary classification was refined, and the articles 
were systematically categorized accordingly. Finally, analyses were performed 
on the categorized data to understand the scope and focal points of each 
intervention component, the relationship between them, and the physical output 
of the intervention, namely the planned/executed application. In conclusion, 
it is observed through this review that parts of the envelope, which constitute 
the boundary between the external and internal environment, are generally the 
primary targets of intervention to remove the marks of physical and environmental 
obsolescence. Retrofit is the most common intervention type, typically applied to 
fulfil sustainability criteria, regardless of heritage value. Additionally, rehabilitation 
and restoration are frequently applied in heritage buildings, while refurbishment 
and renovation are more prevalent in non-heritage ones.
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1. Introduction
The building life cycle, which is related 
to the assessment of the environmental 
performance of buildings, comprises 
a series of interconnected stages: 
product, construction, use, and end-
of-life (British Standards Institution 
[BSI], 2011a, 2021). The use stage 
encompasses maintenance, repair, 
replacement, and refurbishment with 
the objective of extending the useful life 
of the building and preventing it from 
becoming partially/fully obsolete (BSI, 
2011a; Douglas, 2006). In other words, 
interventions on different scales are 
applied to the building for this purpose, 
resulting in physical changes (BSI, 2013, 
2017a, 2019; International Council 
on Monuments and Sites [ICOMOS] 
International Committee on Twentieth 
Century Heritage, 2017). These changes 
in buildings were classified by Markus 
et al. (1972) as: improvision – easily 
reversible and low-cost small physical 
changes, change – not easily reversible 
adaptation of the building system, 
and extension – addition of spaces. 
Similarly, Broadbent (1980) defined 
four categories as changes in furniture, 
fittings/finishes, services, and structure. 
Brand (1994) further developed this 
classification by considering the change 
period and changing layers and classified 
them from the most permanent to the 
most temporary as changes in site, 
structure, skin, services, space plan, 
and stuff. Within these classifications, 
interventions that cause changes appear 
in diverse dimensions.

The intervention process can be ex-
plained by examining its components, 
which can be identified through the 
questions “WHEREAT”, “WHY”, and 
“HOW”. The response to the “WHERE-
AT?” question describes the subject of 
the process, that is, the building or its 
parts(s). Factors and obsolescence that 
address the “WHY?” question serve as the 
rationale for intervention. The response 

to the “HOW?” question represents the 
intervention approach, which defines the 
selected intervention type, and the associ-
ated criteria. In summary, these answers 
constitute the components of the inter-
vention process as presented in Figure 1, 
which was developed by the authors as a 
conceptual framework based on the syn-
thesis of the reviewed literature.

Regarding intervention types as one 
of these components, various classifi-
cations were usually done considering 
their main objective and the magnitude 
of physical changes that they cause. For 
example, Douglas (2006) listed them as 
preservation, conservation, refurbish-
ment, rehabilitation, renovation, re-
modelling, restoration, and demolition. 
Similarly, Vos and Storgaard (2018) 
proposed a hierarchical classification 
ranging from the least to the most ex-
tensive as preservation, conservation, 
restoration, refurbishment, rehabilita-
tion, renovation, conversion, and ret-
rofit. Pereira Roders (2007), considered 
deprivation and demolition as initial 
and ultimate levels respectively, and 
listed among them preservation, con-
servation, restoration, rehabilitation, 
and reconstruction. Regarding conser-
vation, Zhang and Dong (2021) defined 
intervention levels from low to high as 
maintenance, repair, renewal, reuse, and 
new design. Furthermore, interventions 
were classified according to their appli-
cation time during the building life cycle 
such as in the report of the International 
Council for Research and Innovation in 
Building and Construction [CIB] Work-
ing Commission W60 (1982) where 
restoration was considered to be a more 
complex intervention following main-
tenance. Likewise, priority was another 
perspective in the classification as in BS 
ISO 15686-7:2017 (2017b) where inter-
ventions applied during the use phase 
of building life cycle were outlined to be 
maintenance, refurbishment and repair, 
replacement, and renewal respectively. 

Figure 1. Intervention process and its components.
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Most of these intervention types were 
explored usually individually in various 
literature review papers, delving into 
their implementation scales, factors con-
sidered, and obsolescences causing them 
to consider a particular focus. Sustain-
able development was a common focus 
in this respect, where, for instance, life 
cycle assessment of building refurbish-
ment (Vilches et al., 2017), retrofit inter-
ventions to reduce energy consumption 
(Sarihi et al., 2021), correlation between 
energy consumption and maintenance 
strategies (Alghanmi et al., 2022), and 
thermal renovations on opaque façade 
consisting auto-responsive technologies 
(Andrade Santos et al., 2020) were stud-
ied. Sustainability of residential build-
ings was a common consideration too, 
where residential building renovations in 
temperate climates (Abdul Hamid et al., 
2018), low-energy retrofit interventions 
(Hurst & O’Donovan, 2019), deep energy 
retrofit interventions (Ibañez Iralde et al., 
2021), passive thermal retrofit interven-
tions (Carratt et al., 2020), data-centric 
retrofit actions (Simpson et al., 2020), etc. 
were explored. Sustainability and energy 
efficiency of heritage buildings gained 
importance as well, where for instance, 
the embodied energies of demolishing 
and rebuilding and of adaptive reuse 
were comparatively reviewed to sup-
port deciding between those (Guidetti & 
Ferrara, 2023), the criteria used for sus-
tainable conservation (Gonçalves et al., 
2022), zero-emission refurbishment ap-
plications (Loli & Bertolin, 2018), or the 
sustainability of historic buildings’ enve-
lopes (Posani et al., 2021) were investi-
gated. Regarding buildings with heritage 
value, in addition to the review studies, 
studies on interventions for employing 
non-destructive monitoring methods to 
identify defects and to determine pres-
ervation methods (Zendri et al., 2017), 
use of as-built parametric models to 
support refurbishment and conservation 
interventions (S. Bruno et al., 2018), and 
multi-criteria decision-making methods 
for intervention approaches (Nadkarni & 
Puthuvayi, 2020) were of particular sig-
nificance. 

Apart from the aforementioned lit-
erature review papers, there are papers 
that present methodological approaches 
to intervention types and their compo-
nents. One current issue is the assess-

ment of building conditions, which was 
considered a key step in planning re-
habilitation and maintenance activities 
(Ferraz et al., 2016). The type and sever-
ity of the defects were used to determine 
the extent of upgrading works (Brandt & 
Rasmussen, 2002), and the repairs, which 
also influence the rental prices (Pedro et 
al., 2008). There are also papers focusing 
on the degradation of the specific part 
of the building and the relation of the 
degradation level to the repair, such as 
the building envelope (Ferreira, Silva, et 
al., 2021b) and roof (Gocer, 2024). Some 
other papers discuss existing preserva-
tion approaches, such as the vernacular 
preservation of the post-industrial land-
scape (Arnold & Lafreniere, 2017) and 
modern architecture (Prudon, 2017). As 
in the literature review studies, sustain-
ability is of great importance in terms 
of retrofitting (Filippi, 2015) and green 
maintenance (Forster et al., 2011) of his-
toric buildings, as well as cost-effective 
energy efficiency and carbon emission 
optimization (Almeida & Ferreira, 2018) 
and bottom-up energy efficiency in the 
residential sector (McKenna et al., 2013). 

On the other hand, papers present 
literature review and methodological 
approach generally address on specific 
intervention types rather than multiple 
types. Notably, there were no studies in 
which all intervention types were con-
sidered together, where their boundaries, 
interrelations and differences were dis-
cussed. To address this gap, the present 
study aimed to conduct a systematic lit-
erature review on all intervention types 
with the objective of examining their 
relations, distinctions and hierarchy. To 
this end, the intervention process was ex-
amined in a broader term to understand 
the relations between the components 
given in Figure 1. Following in-depth ex-
aminations, the scope of each interven-
tion type within the context of the inter-
vention process was delineated.

In this context, the methodology em-
ployed in the literature review was first 
explained, and the findings of analyses 
were then presented. Subsequently, 
important points regarding each type 
of intervention were summarized and 
discussed. Finally, the relation between 
intervention types was attempted to be 
explained in consideration of the com-
ponents of the intervention process. 
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2. Method
The study was comprised of four stages: 
(i) formulation of the intervention process 
and its components from key references, 
(ii) determination of the analysis 
dataset, i.e. research studies through a 
systematic database search, screening and 
elimination, (iii) systematic categorization 
of the data in these studies, and (iv) 
analysis of the articles through categorized 
data considering all the intervention 
components up to the planned/executed 
applications to understand the scope of 
each main intervention type (Figure 2). 

2.1. Formulation of the intervention 
process and its components
Initially, the definitions of different 
intervention types were gathered 
from key references (i.e. standards, 
regulations, and main references) to 
be a base for the analyses (Table 1). 
Different classifications and definitions 
were then searched for the remaining 
components of the intervention 
process using similar references, 
i.e. for factors, obsolescences, and 
criteria. Consequently, a preliminary 
classification of intervention components 

Figure 2. The literature review method.
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was formed and later enhanced during 
the third stage, which was also utilized 
for the systematic categorization of the 
articles.

Hierarchically, a man-made system 
is composed of subsystems, elements, 
components, general products, and 
materials (CIB Working Commission 
W60, 1982; Rush, 1986). A hierarchical 
building classification was observed to 
be necessary since interventions are not 
only applied to the whole building but its 
parts. In this regard, Broadbent (1980) 
divided the building system into two 
parts: internal ambience, and building 
technology which included structural, 
space separating, services system, and 
fitting system. Rush (1986) examined 
building under four subsystems: struc-
ture, envelope, mechanical, and inte-
rior. CIB Working Commission W60 
(1982) and International Standard of 
Organization [ISO] 19208:2016 (2016) 
evaluated building under five subsys-
tems: structure, external envelope, 
spatial dividers outside the envelope, 
spatial dividers within the envelope, 

and services. Following the classifica-
tions in (CIB Working Commission 
W60, 1982; ISO, 2016; Rush, 1986) and 
the subgroups within, the subsystems 
of the building and their elements are 
specified for the study as (i) structural 
system – load-bearing structural wall, 
skeletal structural members, founda-
tion/floor; (ii) envelope – non-struc-
tural external wall, wall opening, roof; 
(iii) spatial dividers – non-structural 
internal wall, circulation element; and 
(iv) services – water supply and dispos-
al, heating and ventilation, gas/electric-
ity supply, etc. This classification was 
then enhanced through the literature 
review and presented in Table 2 under 
the heading “Scale”. 

Regarding factors, as a component 
of intervention, the service life of a 
building or its parts is influenced by 
three major groups of factors: inherent 
quality characteristics, environment, 
and operation conditions (BSI, 2008, 
2017b). Inherent quality characteristics 
encompass the inherent performance 
level – its features when it is first sup-

Table 1. Intervention types and their brief definitions.
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plied, decided design level – features 
determined at the design stage, and 
work execution level – skill and control 
at the construction site (BSI, 2008). The 
environment includes indoor and out-
door environmental agents that affect 
the building or its parts (BSI, 2008). The 
operation conditions are mainly related 
to the building use phase i.e. usage and 
maintenance conditions (BSI, 2008). 
This classification was further enhanced 
again in the third stage, as provided in 
Table 2, under the heading “Factors”. 

Obsolescence is the “loss of ability of 
an item to perform satisfactorily due to 
changes in performance requirements 
(BSI, 2011b), and as a component, it is 
the reason for the intervention. BS ISO 
15686-1:2011 (2011b) examined obso-
lescence under three categories: func-
tional where the initial function is no lon-
ger required; technological where better/
modern alternatives exist or usage way 
changes; and economic where efficient/
cheaper alternatives exist. Replacement 
due to changing fashion or style, as a 
common issue, was evaluated under eco-
nomic obsolescence (BSI, 2011b). In BS 
7913:2013 (2013), although obsolescence 
was not specifically mentioned, similar 
parameters were addressed for the con-
servation process as “drivers for change”, 
which were economic (i.e. econom-
ic regeneration, change of use), social 
(i.e. changes of owner/tenant, planning 
policy, legislations) and environmental 
changes, and building’s vulnerability (i.e. 
condition, external pressure). Pourebra-
himi et al. (2020) offered a classification 
for obsolescence that covers and elabo-
rates on the aforementioned ones, which 
were aesthetic, economic, environmen-
tal, functional, legal, locational, physical, 
social, technological, and tenure. Since 
this classification encompasses others, it 
was used as exactly in Table 2 for “Obso-
lescence” classes.

The intervention approach to be 
applied to a particular building was 
developed within a broader context 
which may include different interven-
tion types as mentioned by ICOMOS 
Türkiye (2013), which were shaped 
with various criteria to judge or decide 
something. The intervention types giv-
en in Table 1 were used in Table 2 with 
an additional categorization of main 
and complementary.

In a building, the criteria both for de-
sign and intervention approach are par-
allel to the user’s requirements. Broad-
bent (1980) defined internal ambiance 
as physical conditions for performance 
of activities in terms of structural mass 
– visible surfaces and enclosed space, 
and sensory environment – lighting, 
sound control, and heating/ventila-
tion. Markus et. al. (1972) named the 
criteria as the boundaries of physical 
performance, which were cost, du-
rability, fire, flexibility, maintenance, 
optical, sound, strength, thermal con-
ductance, etc. ISO 19208:2016 (2016) 
associated objectives directly with user 
requirements/social expectations and 
listed them as accessibility, acoustical, 
air purity, contributions to sustainable 
development, durability, dynamic, eco-
nomic, fire safety, hygiene, hygrother-
mal, safety in use, stability, suitabili-
ty of spaces for specific uses, tactile, 
tightness, and visual. Similarly, BS EN 
16883:2017 (2017a) specified targets 
for improving the energy efficiency of 
heritage buildings as technical compat-
ibility with the existing systems, heri-
tage significance of the building and 
its settings, economic viability, energy 
performance-sustainability, indoor 
environmental quality, impact on the 
outdoor environment, and aspects of 
use. Considering the criteria in (BSI, 
2017a; ISO, 2016; Markus et al., 1972), 
an intervention criteria list presented 
in Table 2 under the heading of “Crite-
ria” was formed and further developed 
in the third stage.

2.2. Determination of dataset
The systematic literature review 
comprised of three steps: (i) 
determination of the initial dataset, (ii) 
rough screening and elimination, and 
(iii) detailed screening and elimination 
(Stage 2 in Figure 2). 

In the first step, a search was per-
formed on “Web of Science” database 
until April 2023 using the search terms 
“building”, “intervention” and inter-
vention types outlined in Table 1. The 
formulated search string and further 
limitations retrieved 527 articles. In 
the second step, a rough screening was 
conducted on the article title, keywords, 
and abstract, and 204 articles were 
eliminated as their focus did not align 
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with the research objectives. During the 
third step, the remaining 323 articles 
underwent screening and elimination 
process through full-text reading. The 
elimination criteria in this step were 
mainly concerning the method of work, 
the details given about the intervention 
and the presence of mechanical systems 
from the building subsystems. Finally, 
170 articles were selected for systematic 
categorization and analysis.

2.3. Review and systematic
categorization of data
While reviewing selected articles, 
the classifications developed in Stage 
1 (see Section 2.1) were enhanced 
simultaneously, and using the enhanced 
version, the articles were categorized 
in a database (Figure 3). The major 
revisions made in this respect in Table 
2 were as follows;
•	 Regarding building or its part(s), 

the examined building’s function, 
construction period, and heritage 
value were decided to be noted as 
identity information. To specify 
the function, the OmniClass clas-
sification of “Construction Entities 
by Function” (Construction Speci-
fications Institute [CSI], 2013) was 
used. Additionally, concerning the 
intervention scale, elements can be 
a part of more than one subsystem 
(e.g. loadbearing masonry external 
wall is part of both structural sys-
tem and envelope), and sometimes, 
more than one element/subsystem 
was presented together in the arti-
cles (e.g. external wall, window, and 
roof mean envelope above ground). 
Therefore, the classification of 
subsystems and elements was en-
hanced by including the combina-
tion of them. Likewise, some of the 
articles presented the intervention 

process considering all elements, or 
an addition to the building was sub-
jected. To cover such instances, the 
intervention scale “Building” was 
included. Moreover, elements were 
further divided into their compo-
nents to use in the detailed inves-
tigation. In the case that the article 
presents a detailed intervention 
type description, the related com-
ponents were also noted, otherwise 
it was noted as general. 

•	 Regarding the intervention ap-
proach, it was seen that ascertain-
ing a clear distinction between in-
tervention approach and type was 
not possible. For example, retrofit 
can either be an approach encom-
passing conservation, preservation, 
and renovation as intervention 
types or be a type under renovation 
approach. Consequently, instead of 
naming them as intervention ap-
proach and type, they were called as 
the main and complementary inter-
vention types (M-, C-). The inter-
vention type mentioned in the arti-
cle title or keywords was considered 
as the main intervention type while 
the others were complementary. 
Furthermore, a list of planned/ex-
ecuted applications containing six 
types was generated while review-
ing the full texts to note the physical 
output of the decision process. This 
list was included in Table 2.

2.4. Analysis of data
The analysis of the articles consisted 
of three steps; analysis of (i) the scope 
and focal points of each intervention 
component, (ii) the relation between 
the components, and (iii) the physical 
output of the intervention process i.e. 
planned/executed application. In the 
analysis, the categorized data shown 

Figure 3. A screenshot of the database for systematic categorization.
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Table 2. Components of intervention process and their codes.
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in Figure 3 was used, based on the 
frequencies of components discussed 
in the articles. In the first step, each 
component was examined, separately. 
In some articles, several buildings 
with different construction years or 
functions may be presented, or several 
types of intervention components 
may be considered. As a result, the 
total number of construction periods, 
functions, factors, obsolescence types, 
complementary intervention types, and 
criteria exceeds the number of reviewed 
articles (i.e. 170). In the second step, the 
frequency of the connections between 
the components was examined rather 
than the relations of most common 
components. Finally, planned/executed 
applications to the element/component 
under the main intervention type were 
discussed. Among components, heritage 
value was regarded as a distinctive and 
significant characteristic of a building 
and therefore, examinations were 
conducted considering it. The scope of 
these analyses, the tools used in them 
and the figures/tables that were the 
output of each were detailed in Figure 2.

3. Results
Analysis results of 170 articles done to 
understand the scope and focal points 
of each intervention component, the 
relations between them, and planned/
executed applications for intervention 
types were given in the following 
subsections. The heritage value was 
highlighted with colours (i.e., blue and 
red) in the figures or symbols (i.e., + 
and -) in the tables, and the number of 
instances was presented in parenthesis 
as total, with and without heritage 
value, respectively.

3.1. The scope and focal points of 
each intervention component
The scope and focal points of each 
component were evaluated separately. 
The frequencies of the functions and 
construction years are shown in Figure 
4 and observations on them were given 
below. 
•	 Regarding the functions, the hous-

ing, education, and cultural facility 
buildings were the most incident 
(37%, 12%, and 10%, respectively). 
It should be noted that all cultur-
al facilities possess heritage value. 
Consequently, office facilities as-
sume greater importance in build-
ings without heritage value.

•	 20th and 19th century buildings 
were the most frequently discussed 
ones (38% and 14%, respectively), 
when those with insufficient infor-
mation were excluded. In associ-
ation with their heritage value, all 
buildings were constructed in the 
19th century and before, and one-
third of the 20th-century buildings 
had heritage value. 

The frequencies of the other compo-
nents (i.e., intervention scales, factors, 
obsolescences, main/complementary 
intervention types and criteria) were 
shown in Figure 5, which also shows 
the relationship between the compo-
nents and will be discussed in the next 
section.
•	 9% of the articles discussed inter-

ventions throughout the entirety 
of the building (i.e. S1), especially 
in the case of heritage buildings. 
Of the subsystems, “structural sys-
tem and envelope (S2)”, “envelope 
(S6)”, and “structural system and 
envelope – without window/roof 

Figure 4. Frequency of a) Construction years, b) Function.
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Figure 5. Relations among a) Building or its part(s), factors, obsolescence, and main intervention types, b) Criteria 
and main/complementary intervention types (Note: The width/opacity of the lines, and the size of the symbols 
represent frequency.).
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(S3)” were the three most frequent-
ly intervened parts (19%, 12%, and 
8%, respectively). In the case of el-
ements, “masonry structural wall 
(S11)”, “roof (S15)”, and “external 
wall (S14)” were the three mostly 
intervened elements (13%, 8%, and 
6%, respectively). The envelope-re-
lated subsystems/elements were the 
most frequently intervened parts, 
regardless of heritage value, while 
subsystems/elements including 
load-bearing parts were mostly as-
sociated with heritage buildings 
(i.e. S3 and S11). The reason for this 
could be attributed to technological 
advancements in the structural sys-
tem, i.e. the increased use of skeletal 
structural system and non-struc-
tural external wall instead of a ma-
sonry structural wall. 

•	 Analysis of the factors showed that 
“outdoor environment (F4)”, “deg-
radation type/level (F8)”, and “de-
sign level (F2)” were the three most 
effective ones (44%, 27%, and 20%, 
respectively). The high incidence 
of F4, regardless of heritage value, 
could be attributed to its relation 
to the envelope. It is notable that 
F2 was predominantly associated 
with buildings without heritage 
value, while F8, observed in heri-
tage buildings due to their relative-
ly long-life span. Long-life span, 
where a detailed analysis on the 
severity levels of these degradations 
could be a future research focus. 

•	 The most frequently observed ob-
solescence types were “environ-
mental (O3)”, “physical (O7)”, and 
“technological (O9)” (48%, 45%, 
and 25%, respectively). The results 
were similar in buildings with/
without heritage value, although 
in a different order. In the heritage 
buildings, O7 emerged as a signifi-
cant consideration among the three, 
while O3 assumed greater signif-
icance for the others. This may be 
attributed to the long service life of 
heritage buildings where the dam-
age that occurs during this period 
may cause sustainability to become 
less prominent. 

•	 Analyses concerning the inter-
vention approach presented that 
the most prevalent main interven-

tion type was M-Retrofit (31%), 
followed, with a considerable de-
crease, by M-Refurbishment (11%), 
and M-Rehabilitation and M-Reno-
vation both with the same frequen-
cy (9%). Among them, M-Rehabil-
itation was generally preferred for 
those with heritage value alongside 
M-Restoration and M-Conserva-
tion. On the other hand, M-Retrofit 
was mostly applied to other build-
ings. 

•	 Concerning the complementary in-
tervention types, C-Conservation 
was the most prevalent (16%), fol-
lowed by C-Retrofit (14%), and then 
C-Maintenance and C-Preservation 
with the same incidences (12%). In 
heritage buildings, the significance 
of C-Restoration increased, while 
C-Refurbishment and C-Replace-
ment came into prominence in the 
other buildings. 

•	 It was observed that “sustainability 
(C4)”, “economic (C7)”, and “hy-
grothermal (C10)” were three of 
the most used criteria (55%, 44%, 
and 41%). High incidence of the C4 
was expected since energy-related 
issues are a global concern. Like-
wise, as each intervention project 
has a certain budget, C7 was anoth-
er crucial criterion, and C10 per-
tains to the thermal and water re-
sistance performance of mostly the 
envelope. Among them, “heritage 
value (C17)” emerged as the most 
important in heritage buildings, as 
would be expected, while C7 related 
to other buildings. 

3.2. Relation between the
components
The relations observed between the 
intervention components were illustrated 
in Figure 5 in two parts to facilitate 
comprehension, where the link is the 
main intervention type.

Regarding buildings with heritage 
value (90/170), in the relation between 
intervention scales and influencing 
factors, the “masonry structural wall 
(S11)”, as the most intervened element, 
and its relations with the factors of 
“degradation type/level (F8)”, “outdoor 
environment (F4)”, and “intervention 
character/level (F10)” came front. The 
reason for this situation may be that 
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F4 causes degradation (i.e. F8) on S11, 
and F10 becomes important in decid-
ing how to overcome the degradation. 
The intense connection of “structural 
system and envelope (S2)”, as the most 
intervened subsystem, with F4 might 
be due to the same reason. Concerning 
the interconnections of the factors, in 
addition to the relation between “in-
herent performance level (F1)” and 
“design level (F2)”, those between F4, 
F8, and F10 came to the fore. Regard-
ing the obsolescence types observed on 
building parts, “physical (O7)” obso-
lescence on S11 was the most common. 
Looking at the causes (i.e. the factors) 
F4 and F8 stand out. Although not as 
strong as previous, there were consid-
erable relationships between “envi-
ronmental (O3)” obsolescence and S2, 
“functional (O4)” obsolescence and 
“building (S1), and O7 and “structural 
system and envelope – without win-
dow/door (S3)” as well. As expected, 
O4 was related to the whole building, 
while the others were related to its en-
velope, mostly. Concerning the interre-
lations within obsolescence types, O7 
was frequently accompanied by “tech-
nological (O9)” obsolescence, while it 
had less strong associations with O3, 
O4, and “legal (O5)” obsolescences. 
Looking at the main intervention types 
applied at different scales, the relation-
ships between M-Reuse and S1, M-Ret-
rofit and S2, and M-Rehabilitation and 
S11 appeared dominant. Given that, 
loss of function (O4) was observed to 
be the main reason for M-Reuse, and 
thus it was mainly related to the build-
ing. In M-Retrofit, interventions on the 
envelope to meet environmental expec-
tations were one of the main concerns, 
and although less dominant, it was 
also applied to remove traces of degra-
dation (i.e. O3, and O7, respectively). 
On the other hand, M-Rehabilitation 
was mainly related to the removal of 
degradation (i.e. O7), rather than the 
fulfilment of environmental expecta-
tions. The two main intervention types 
aforementioned (i.e. M-Retrofit and 
M-Rehabilitation) came forward also, 
when examining their relationships 
with the complementary interventions, 
and criteria. In the case of M-Retrofit, 
C-Refurbishment and C-Preservation 
were used as complementary with the 

criteria of “sustainability (C4)” and 
“heritage value (C17)” mainly. On the 
other hand, M-Rehabilitation was used 
accompanied by C-Conservation and 
C-Maintenance with the criteria of 
“stability (C12)” and C17. These results 
support the findings on the relation of 
these two main intervention types with 
obsolescence types. Besides, the rela-
tionship between M-Restoration and 
C-Conservation, and M-Repair and 
C-Conservation also attracted atten-
tion. In both cases, C12 and C17 were 
the criteria mainly used.

Concerning buildings without her-
itage value (80/170), in the relation 
between the intervention scale and fac-
tors, the connection between “envelope 
(S6)” and “outdoor environment (F4)” 
was notable. Although less dominant, 
“inherent performance level (F1)” and 
“design level (F2)” were also affected 
on S6. Similarly, F4 was affected on 
“structural system and envelope (S2)” 
as well. Therefore, it can be said that 
the outdoor environment is an import-
ant factor for the parts of the building 
envelope, as in the case of heritage 
buildings. F1 and F2 were of great im-
portance for the multilayer walls, in 
contrast to masonry walls, which were 
mostly seen in heritage buildings, with 
simpler details and one/fewer layers. 
Regarding the relations between fac-
tors, these three factors (i.e. F1, F2, 
and F4) were observed to have strong 
interconnection too, and also related 
to “descriptive properties (F9)”. Con-
sidering the obsolescence types and 
intervention scales, “environmental 
(O3)” obsolescence was detected on 
S2 and S6. Although less prominent, 
“envelope – without roof (S8)” was also 
under the effect of the same type of ob-
solescence. Additionally, interventions 
on S6 were also related to “technolog-
ical (O9)” obsolescence. The reasons 
for O3 on parts of the envelope were 
being exposed to outdoor environment 
and being behind the current technol-
ogy in terms of construction year and 
typology (i.e. factors of F4 and F9, re-
spectively), as also observed in heritage 
buildings. Looking at the interconnec-
tions between obsolescence, that of 
“legal (O5)” obsolescence with O3 and 
O9 also stands out. This inference con-
firms that environmental and techno-
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logical development is reflected in reg-
ulations. Analysis of the relationships 
between the intervention scale and the 
main intervention types showed that 
M-Retrofit was associated with S2, S6 
and S8. Similarly, there was a notable 
association between M-Renovation 
and S6. Therefore, it can be said that 
the focus of the interventions on build-
ings without heritage value was mainly 
the envelope. Looking at the obsoles-
cence that led to intervention, the main 
reason for the M-Retrofit was O3, and 
O9 with a considerable frequency de-
crease. O3 was also effective for the 
M-Renovation and M-Refurbishment. 
The aforementioned three main inter-
vention types came into prominence 
too, regarding their relation to the 
complementary intervention types and 
criteria. C-Retrofit was used as a com-
plementary intervention type in the 
M-Renovation and M-Refurbishment, 
while C-Refurbishment and C-Ren-
ovation were accompanying M-Ret-
rofit. “Sustainability (C4)”, “economic 
(C7)”, and “hygrothermal (C10)” crite-
ria were dominant for all of them, and 
their interconnections appeared to be 
quite strong. As a result, all three types 
of main interventions were applied to 
fulfil environmental expectations. 

3.3. Planned/executed applications 
for main intervention types
The relations between each planned/
executed application (P/EA) and the 
main intervention types were given in 
Table 3, through the intervened parts 
of the building. The observations for 
each of them were mentioned in the 
following.
•	 Addition/removal (P/EA1) was the 

most preferred application (71%) 
seen in more than half of the build-
ings with heritage value and in al-
most all the others. It was applied 
from the scale of the “building 
(S1)” to the elements (S11, S12, S13, 
S14, S15, S16, S17, S18). Among 
them, the addition of a protective 
layer (thermal insulation in most 
cases) to the roof (S15c, 52%), ex-
ternal wall (S14c, 45%), masonry 
structural wall (S11c, 28%), and 
foundation/floor (S13c, 27%), and 
addition of sun shading/shutter 
to the window/door (S16e, 20%) 

were the most prevalent. It was in-
volved in almost all the main inter-
vention types, except M-Strength-
ening, and most preferred within 
the scope of the M-Refurbishment 
(100%), M-Retrofit (91%), M-Re-
use (89%), M-Renovation (87%), 
M-Adaptation (83%), M-Rehabili-
tation (73%), and M-Preservation 
(67%). Although the preference 
rate for P/EA1 in M-Remodelling 
and M-Upgrading was 100%, it was 
not accounted for since these main 
interventions were only considered 
in one article.

•	 Changing (P/EA2) was the second 
most common intervention (55%), 
particularly in more than half of 
the buildings without heritage val-
ue and almost half of the heritage 
buildings. It was applied to almost 
all elements, except the internal 
wall and not used in the build-
ing scale (S11, S12, S13, S14, S15, 
S16, S18). Among them, changing 
a component of window/door i.e. 
glazing (S16e, 55%), whole win-
dow/door (S16a, 22%), and frame 
(S16b, 113%) to improve thermal 
performance were by far the most 
preferred. Although with a lower in-
cidence, changing either the whole 
or finishing layer of the external 
wall both to ensure performance or 
eliminate deterioration (S14d, 6%, 
S14a, 5%), and changing the dete-
riorated parts of the masonry struc-
tural wall and roof (S11b, S15b, 5% 
for both) were also detected. It was 
involved in almost all main inter-
vention types, except M-Remodel-
ling and M-Upgrading, and mostly 
preferred as part of M-Maintenance 
(75%), M-Refurbishment (68%), 
M-Preservation (67%), M-Repair 
(64%), and M-Conservation (%60). 

•	 Cleaning (P/EA3) was one of the least 
preferred interventions, regardless 
of the heritage value of the building 
(9%). It was applied to the core of the 
masonry structural wall in most cases 
(S11b, 33%), followed by the whole/
core of other elements such as skeletal 
structural member, foundation/floor, 
external wall, and roof (S12, S13, S14, 
S15). It constituted the largest pro-
portion for M-Maintenance (75%) 
and M-Preservation (67%).
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Table 3. Incidence of P/EA according to main intervention type and intervention scale.
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•	 Mending (P/EA4) was the third 
most frequently discussed interven-
tion, particularly in heritage build-
ings. It was applied to almost all ele-
ments, except internal walls (23%), 
to repair the deteriorated parts. 
Most instances involved the core of 
the masonry structural wall (S11b, 
48%), and the structural compo-
nents of the foundation/floor (S13b, 
26%) and roof (S14b, 17%), respec-
tively. It was applied under almost 
all main intervention types, except 
M-Adaptation, M-Remodelling, 
and M-Upgrading. Yet, it was pre-
ferred only in the M-Retrofit in the 
first order (64%). In addition, it had 
also an important role in the scope 
of the M-Conservation (50%) and 
M-Restoration (45%). 

•	 Structural reinforcement (P/EA5) 
had almost the same incidence as 
mending (22%) and was particularly 
preferred for the heritage buildings. It 
was applied to the structural elements 
(i.e. masonry structural wall, skele-
tal structural member, foundation/
floor) and roof to retain or improve 
their structural capacity. Among 
them, those applied to the core of 
the masonry structural wall (S11b, 
66%), foundation/floor (S13b, 55%), 
and roof (S15b, 29%) were of par-
ticular significance. It was the most 
significant aspect of the M-Strength-
ening (89%) and M-Restoration 
(64%), whereas it was not included in 
M-Maintenance, M-Refurbishment, 
M-Remodelling, and M-Upgrading. 

•	 Others (P/EA6) encompassed ma-
jor/minor/light/cyclic intervention, 
and it was the least preferred inter-
vention, regardless of heritage value 
(6%). It was frequently preferred 
only for M-Maintenance (63%). 

4. Summary and discussion
The main intervention types and 
their first three relations with other 
components which stood out in the 
analyses were summarized in Table 4. 
In the table, intervention components 
that were only discussed in one or no 
article were not mentioned, and marked 
with an asterisk (*), since it was not 
possible to provide accurate inference. 
Additionally, Modernization, Renewal, 
and Replacement were not included in 

the table as a main intervention type, 
since they were used as complementary 
intervention, rather than main. 
Aspects of each main intervention 
type that differed from the general 
(i.e. those seen in all the buildings 
with and without heritage value) were 
summarized and discussed as follows, 
regarding the definitions given in Table 
1 and existing literature review studies. 
•	 In the articles focusing on M-Ad-

aptation, the “outdoor environment 
(F4)” and “addition/removal (P/
EA1)” appear to be a significant fac-
tor and intervention type regardless 
of heritage value. Therefore, its main 
objective can be defined as the adap-
tation to the changing outdoor envi-
ronment, which in turn the adapta-
tion of the performance level. This 
inference is partially aligned with 
the definition provided in Table 1 by 
considering only the performance. 

•	 M-Conservation was primarily dis-
cussed for heritage buildings. On 
the contrary to the general, “chang-
ing (P/EA2)” of deteriorated parts 
presented greater significance. This 
inference potentially reflects the ob-
jective of preserving the original as 
mentioned in Table 1, by opposing 
the addition of a new or removal of 
an original part. 

•	 M-Maintenance was mainly related 
to buildings without heritage val-
ue. Among the planned/executed 
applications observed, “changing 
(P/EA2)”, “cleaning (P/EA3)”, and 
“others (P/EA6)” were far more fre-
quent than “addition/removal (P/
EA1). The absence of the “mending 
(P/EA4)” proves its difference from 
M-Repair, and the existences of the 
“physical (O7)” obsolescence and 
“economic (C7)” criterion reflects 
the objective of maintaining the 
required performance level as men-
tioned in Table 1. 

•	 M-Preservation was preferred 
mainly for buildings with heritage 
value. The existence of C-Resto-
ration as a complementary inter-
vention type and “heritage value 
(C17)” as a criterion support the 
definition given in Table 1. 

•	 M-Refurbishment was observed re-
gardless of heritage value, although 
it was more dominant in buildings 
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without heritage value. As men-
tioned in Section 3, it was one of the 
intervention types focusing on sus-
tainability. It included “addition/re-
moval (P/EA1)” and “changing (P/
EA2)”, but not “structural interven-
tion (P/EA5)” in line with the ex-
planations in Table 1. In a literature 
review discussing zero-emission re-
furbishment for heritage buildings, 
the intervention levels were classi-
fied as low (preservation and con-
servation), middle (refurbishment 
and rehabilitation), and high (ren-
ovation and restoration), and con-
servation, preservation, and resto-

ration were the most preferred ones 
(Loli & Bertolin, 2018). When these 
levels were counted as complemen-
tary intervention types as used in 
this study, their findings were dif-
ferent, since retrofit was found here 
as a prominent complementary in-
tervention for heritage buildings. A 
possible reason was the occurrence 
of the word “preserv*” in the search 
string, and in turns, all the reviewed 
articles related to preservation. 

•	 M-Rehabilitation was applied main-
ly to heritage buildings, while less 
to others. It was related to “physical 
(O7)” obsolescence, and in relation 

Table 4. The scope of the main intervention types.
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to that, “structural reinforcement 
(P/EA5)” was generally planned/
executed, as described similarly in 
Table 1. However, the description 
highlighting that it is not a conser-
vation activity is not in line with 
the findings considering that there 
were many articles focusing on her-
itage building.  

•	 M-Renovation was mainly seen in 
buildings without heritage value to 
fulfil environmental expectations 
(i.e. O3), and applied less in the 
others. “Technological (O9)” obso-
lescence was also significant, which 
might reflect fulfilling current ex-
pectations as defined in Table 1. The 
small number of heritage buildings 
with this intervention type was also 
parallel to the definition. In a study 
on the renovation of multifamily 
buildings, energy efficiency mea-
sures were the most frequent com-
pared to economic, environmental, 
user-related, and other measures 
and generally improvements of the 
wall/façade, roof/attic, and win-
dows interventions were preferred 
(Abdul Hamid et al., 2018). Parallel 
to that, sustainability criterion (i.e. 
C4) was found here more important 
than others and “addition/removal 
(P/EA1)” of protective layer came 
to the fore. 

•	 M-Repair was generally applied to 
buildings with heritage value rather 
than others. “Stability (C12)” crite-
rion and “mending (P/EA4)” appli-
cation appeared important as much 
as “heritage value (C17)” and “ad-
dition/removal (P/EA1)”. In other 
words, concerning stability, the ob-
jective was related only to degrad-
ed parts similar to those defined in 
Table 1. The frequency of the her-
itage buildings, the heritage value 
criterion, and the presence of the 
complementary intervention types 
such as conservation, preservation, 
and restoration were in line with 
the definition, also. 

•	 M-Restoration was totally con-
cerned with heritage buildings. As 
in the case of M-Repair, “stabili-
ty (C12)” had an importance, and 
even surpassed that of “heritage 
value (C17)”. Besides, “structural 
reinforcement (P/EA5)” was pre-

ferred most for doing it, followed 
by “mending (P/EA4)”. Therefore, 
it can be said that M-Restoration 
commonly includes structural in-
terventions among others with the 
objective of returning it to its origi-
nal condition, in line with the defi-
nition in Table 1. 

•	 M-Retrofit was the most preferred 
intervention, regardless of heritage 
value with the objective of sustain-
ability (i.e. in relation to “environ-
mental (O3)” obsolescence and 
“contribution to sustainable devel-
opment (C4)” criterion), which is 
consistent with the definition in Ta-
ble 1.  In parallel, in a bibliometric 
literature review on retrofit of dwell-
ing across Northwestern Europe, 
energy efficiency was expressed as 
the leading trend in this field (Simp-
son et al., 2020). In another study on 
energy retrofitting of the residential 
buildings (Ibañez Iralde et al., 2021), 
the most preferred intervention cat-
egory was identified as the passive 
strategy obtained by façade/roof/
floor insulation and green/venti-
lated façade/roof, window/glass re-
placement, and providing airtight-
ness and waterproofing, etc. Among 
these, façade insulation, window/
glass replacement, and roof insula-
tion were three of the most selected 
interventions in the current analysis. 
Similarly, another study evaluating 
passive thermal retrofit strategies ex-
pressed that wall insulation, glazing 
improvement, and roof insulation 
were three of the most preferred 
ones (Carratt et al., 2020), which are 
parallel to the “addition/removal (P/
EA1)” and “changing (P/EA2)”.

•	 M-Reuse was preferred mainly in 
heritage buildings, particularly in 
instances where alterations were 
made to accommodate a change in 
function, i.e. “functional (O4)” ob-
solescence. On the contrary of the 
other main intervention types, the 
criterion of “suitability of spaces for 
specific uses (C13)” attracted atten-
tion, which was an expected result 
of function change in parallel to the 
definition in Table 1. 

•	 M-Strengthening, which was gener-
ally preferred for heritage buildings, 
is like M-Restoration considering 
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prominent type of obsolescence, 
criteria, and planned/executed ap-
plications. But, in specifically, it is 
related to restoration of degraded 
parts of structural system, as indi-
cated in Table 1. Apart from these, 
the criterion “constructability 
(C18)” appeared to be important. 

5. Conclusion
The study aimed to examine the 
intervention types starting from a 
broader framework of the intervention 
process to its components. The 
components of the intervention process 
(i.e. building or its part(s), factors, 
obsolescence types, and intervention 
approaches covering intervention 
types and criteria) were identified and 
classified in this respect. Throughout 
this classification, a systematic review 
of 170 articles was conducted to 
understand the frequencies and relation 
of the intervention components, and 
the scope of the intervention types (i.e. 
planned/executed applications). Key 
conclusions drawn from this review 
are briefly as follows;
•	 The elements and subsystems consti-

tuting the envelope are directly influ-
enced by the outdoor environment 
and therefore have the greatest degree 
of intervention. Influenced parts of 
the envelope are changed according 
to the structural system of the build-
ing. In this case, it is notable that the 
construction year and technology of 
that period are important indicators. 
As a result of the long-life span, phys-
ical obsolescence is typically observed 
in heritage buildings, whereas en-
vironmental obsolescence becomes 
more prevalent in the others.

•	 The most prevalent intervention type 
is retrofit, aimed at addressing envi-
ronmental obsolescence, regardless 
of heritage value. In this process, 
sustainability criterion is prioritized 
in buildings without heritage value, 
while in heritage buildings, preser-
vation of heritage value supersedes 
sustainability concerns.

Concerning the intervention types 
the generalized remarks are as follows; 
•	 Adaptation and reuse resemble 

each other since they are used to 
meet changing circumstances (i.e. 
performance and function). 

•	 Conservation and preservation are 
predominantly associated with her-
itage buildings, with the objective of 
maintaining their cultural signifi-
cance and preventing the formation 
of degradation. It can be argued 
that maintenance can be considered 
as a version of the aforementioned 
approaches applied to buildings 
without heritage value. 

•	 Rehabilitation, repair and strength-
ening are preferred for the heritage 
buildings to remove the degrada-
tion, whereas the last one relates 
to structural reinforcement, specif-
ically. In other words, these inter-
ventions represent a more compre-
hensive version of the conservation, 
preservation, and maintenance, 
which aim beyond keeping the 
parts in its existing situation. 

•	 Restoration can be conceptualized 
as a comprehensive version of the 
aforementioned interventions re-
lated to heritage value, to turn the 
building into a specific period. 

•	 Refurbishment, renovation, and 
retrofit are predominantly asso-
ciated with the envelope and are 
intended to ensure sustainability. 
Although they are typically applied 
to buildings without heritage value, 
retrofit is also discussed for those 
with heritage value as well. 

Consequently, the findings and in-
formation obtained in this review are 
largely aligned with those in the main 
references and existing literature re-
views. Besides, as a further contribu-
tion to the associated field, the inter-
vention process was elucidated in detail 
to ascertain the extent of each interven-
tion type, and minor inferences were 
drawn to understand their boundaries 
and interrelations, and the differences 
between them. It is important to high-
light that the frequencies presented in 
this study are derived from a systematic 
literature review, which includes simu-
lations and experiments in addition to 
actual applications and therefore, may 
not directly reflect the real-world prev-
alence of interventions.
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