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Abstract

The adaptive reuse of architectural heritage is the basis of embodying its core value, bringing new life to heritage
architecture, and is an important way to integrate it into contemporary development. In many current studies, the
adaptive reuse of architectural heritage focuses on the research framework of adaptive reuse and the most effective
method for adaptive reuse of a certain building. In the whole process, the post evaluation strategy of adaptive reuse
based on specific cultural background is ignored, and the adaptive reuse of heritage buildings is a dynamic process.
Therefore, this study takes 9 heritage sites along the central axis of Beijing (including three types of single buildings,
architectural complexes, and historical and cultural district) as examples. The 25 factors affecting the adaptive reuse of
architectural heritage are extracted by the literature retrieval method, and are divided into three categories accord-
ing to the content: existing fabric, spatial character and policy and value. Then the analytic hierarchy process and
fuzzy comprehensive evaluation are used to calculate the factors of 9 heritage sites in matrix, and finally obtain the
reuse score of each heritage site. The results show that Meridian Gate has the highest comprehensive score for reuse
in single buildings, the Forbidden City has the highest score for reuse in building complex, and Qianmen Street has
the highest score in historical and cultural district. This study provides post-evaluation methods and strategies for the
adaptive reuse of architectural heritage. Finally, a post-evaluation framework for the adaptive reuse of architectural
heritage is formed. Finally, a post-evaluation framework for the reuse of architectural heritage against a specific cul-
tural background has been formed. In the future, the status of the reuse of architectural heritage can be evaluated to
maintain its proper authenticity, integrity and sustainability at any time. It can also guide the relevant decision-making
before the adaptive reuse of architectural heritage and the optimization process after the adaptive reuse of architec-
tural heritage.
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Introduction and research aims

Architectural heritage is the core of urban historical
resources. It is also an important carrier of urban cultural
value. The adaptive reuse of architectural heritage brings
new life to buildings [1]. Heritage buildings retain their
original appearance, historical mode, layout, architec-
tural elements and historical relevance. At the same time,
they make valuable contributions to the modern urban
environment and meet the functional requirements
related to the social environment [2]. And it transfer its
value to the future. Therefore, the adaptive reuse of archi-
tectural heritage is the main embodiment of realizing the
sustainability of urban culture [3].

As for the International Document and Charters on the
adaptive reuse of architectural heritage, the Amsterdam
paper issued in 1975 pointed out that the protection of
heritage should not only focus on the cultural value of
the building, but also on its use value. Only by consider-
ing these two values at the same time can we correctly
explain the social issues of overall protection. The adap-
tive reuse of buildings endows buildings with functions
that meet the needs of contemporary life. These func-
tions can respect their characteristics and ensure their
survival [4]. The Nara Document on Authenticity issued
in 1994 mentioned the importance of heritage reuse [5],
and the Faro Convention on the Value of Cultural Her-
itage for Society in 2005 mentioned that heritage should
be fully reused according to the needs of the times [6].
In 2011, the Paris Declaration on Heritage as a Driver of
Development proposed that the reuse of architectural
heritage contributes to the development of cities and the
sustainability of heritage [7]. The Burra Charter in 2013
proposed that new functions should maintain the vital-
ity of historical buildings [8]. It can be seen that inter-
national documents gradually emphasize the integrity,
sustainability and vitality of the adaptive reuse of archi-
tectural heritage.

In the research of adaptive reuse of architectural her-
itage, more research focuses on the decision-making
process. This process is divided into 10 steps: ‘initiative;
‘analysis of heritage buildings, ‘value assessment, ‘map-
ping level of significance; ‘definition of adaptive reuse
potential, ‘definition of design strategy, ‘final decision-
making, ‘execution; ‘maintenance; and ‘evaluation after
years’ [9]. Damla Misirhisoy and Kagan Giinge divided
the decision-making process into five steps: ‘definition
of actions in decision making; ‘analysis of existing fabric,
‘decision of conservation actions, ‘definition of adaptive
reuse potentials; and ‘decision of functional changes’ [10].
Waleed Tarek Ali Shehata, Yasser Moustafa and Lobna
Sherif divided the framework of adaptive reuse of archi-
tectural heritage into three steps: ‘building preservation,
‘Success of new use; and ‘Local community development’
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[11]. It can be seen that these decision-making processes
include the analysis of architectural heritage, the analysis
of new uses and future development [12]. However, as a
dynamic process, there is no separate study on the post
use evaluation of architectural heritage.

At present, for the decision-making research on the
adaptive reuse of historical buildings, the commonly
used method is the qualitative research method of expert
scoring, which is mainly aimed at scoring the factors that
affect the adaptive reuse of historical buildings, and lists
the problems related to decision-making [13]. The com-
monly used quantitative research methods are mostly
analytic hierarchy process (AHP) and ranking method
[14]. These two methods establish an evaluation system
for the indicators that affect the adaptive reuse decision
of historical buildings, calculate the weight of the indica-
tors, compare them, rank the importance of the indica-
tors, and find the most important decision indicators. As
for the adaptive reuse of historical buildings, a one-time
decision is not necessarily applicable to every building.
Therefore, a more comprehensive method is needed to
evaluate the state of the buildings after use to determine
whether the adaptive reuse mode and current situation
are applicable to the historical buildings.

At present, in the process of adaptive reuse of architec-
tural heritage, there are problems that the new functions
of architecture are not consistent with the historical back-
ground of architecture [15]. There is also the problem
of neglect of architectural historical information in the
process of adaptive reuse [16]. In addition, the problem
of low comprehensive utilization rate of historical build-
ings also exists [17]. Therefore, it is necessary to evalu-
ate the state of the reuse of architectural heritage. The
purpose of this is to find out the problems in the reuse
of architectural heritage, adjust the way of reuse of archi-
tectural heritage at any time, and make it fully sustainable
for reuse. At the same time, in order to make a compre-
hensive and accurate assessment of the state of reuse, it is
necessary to divide the architectural heritage into three
categories according to the scale, one is the single build-
ing, the second is the building complexes, and the third
is the historical and cultural district. The three types of
architectural heritage have different characteristics. The
single building has a single function. The building group
is composed of buildings. Different combination methods
are applicable to different functions, while the historical
and cultural district contains more historical environ-
ment. In order to fill in the research gap, this paper uses a
comprehensive evaluation method to evaluate the adap-
tive reuse of historical buildings. The current research
defect is that there is no comprehensive study on the state
of the architectural heritage after adaptive reuse accord-
ing to the three types of historical buildings. In view of
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the inadequacy of the current research, this study divides
the types of historical buildings are classified into single
buildings, architectural complexes and historical and cul-
tural district. Secondly, the comprehensive evaluation
method is adopted, which is the combination of qualita-
tive and quantitative methods. The qualitative method is
experts’ scoring of the current reuse status of architec-
tural heritage, and the quantitative research method is
the combination of analytic hierarchy process and fuzzy
comprehensive evaluation.

The adaptive reuse of historical buildings is a dynamic
process serving the contemporary era, so it is neces-
sary to accurately evaluate the state of the reused build-
ings [18]. The purpose is to timely adjust the adaptive
reuse strategy, optimize the reuse method, and make it
play a greater role in serving the present. The post adap-
tive reuse evaluation is different from the pre adaptive
reuse evaluation. Its difference is that it has people’s use
experience [19]. Therefore, a comprehensive quantita-
tive method is more needed to analyze the relationship
between various factors, rather than just analyzing the
ranking of the importance of each factor. This study uses
the fuzzy comprehensive evaluation method to achieve
this goal.

The new contributions of this study are as follows:
first, a research framework for post evaluation of adap-
tive reuse of historical buildings is proposed, and factors
that need to be optimized and improved in the process
of continuous adaptive reuse are found. Secondly, based
on the three types of single buildings, building complex
and historical and cultural district, this study compre-
hensively analyzes the evaluation of the adaptability and
reuse of historical buildings. Thirdly, this study uses the
analytic hierarchy process and fuzzy comprehensive eval-
uation method to comprehensively evaluate the adapt-
ability of historical buildings after adaptive reuse. This
study provides a framework and method for post evalu-
ation of the adaptive reuse of historical buildings, which
can be used to further optimize the adaptive reuse of his-
torical buildings and accurately find relevant indicators
for improvement.

Literature review
The literature review includes three aspects. The first part
is the difference between pre-evaluation and post-evalua-
tion of heritage buildings adaptive reuse. The second part
is the research on the adaptive reuse of heritage build-
ings. The third part is the related research on the evalu-
ation methods of the adaptive reuse of heritage buildings.
The evaluation of heritage buildings before and after
adaptive reuse has both similarities and differences.
There is not much difference between the two in the
principles, methods and indicators of evaluation. The
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difference between the two evaluations is that the pre-
evaluation is conducted before and during the imple-
mentation of the project [20], and the post-evaluation is
conducted after the project is completed and used for a
period of time [21]. Secondly, the functions of the two are
not the same. The pre-evaluation is the starting point of
the project. It mainly uses the predicted technology and
data to evaluate the future status of the project. The post-
evaluation is to summarize the use of the project after it
has been used for a period of time. In addition, the depth
of the two evaluations are different. The pre-evaluation is
a pre-judgment for the future, while the post-evaluation
is a summary of the pre-evaluation and a new judgment
for the future [22]. For example, Ragheb G. A’s evalua-
tion of the building structure before adaptive reuse of
the building heritage aims to make the judgment of the
building adaptive reuse function and the improvement
plan for the structure during the implementation of the
reuse project [23]. And ] Mundo Hern 4 ndez evaluated
the building structure in the study of the post-evaluation
of adaptive reuse of the building heritage, with the pur-
pose of evaluating the current use status of the building
structure and the defects of the current structure [24].

The research on the adaptive reuse of heritage build-
ings mainly focuses on nine points: physical condition
function update part spatial form space quality related
policy heritage value economic value and memorial value
(Table 1). There are differences between the evaluation of
these indicators before and after adaptive reuse of archi-
tectural heritage. The indicators used before adaptive
reuse are to study the status of heritage buildings before
adaptive reuse. The evaluation after adaptive reuse is to
study the state of the architectural heritage after adap-
tive reuse, and of course it will also be compared with the
state before adaptive reuse, and whether the intervention
degree of the heritage buildings is reasonable.

Physical condition (B1) refers to the state of the her-
itage building itself [25] (Table 1). This state is an
important basis for deciding how to adaptive reuse the
building, including the location of the building, which is
close to residential areas or schools. It also includes the
facades, materials, structural methods and construction
techniques of heritage buildings [26]. These are the main
historical information of heritage buildings, as well as the
material basis for adaptive reuse and transformation [27].

The research on function (B2) mainly includes three
aspects: first, the continuation of the original function of
heritage buildings; Second, the new functions of herit-
age buildings; the third is to add some new functions to
the original functions of heritage buildings [28] (Table 1).
The continuation of the original function refers to the
renovation of the components and structures of the
architectural heritage and the renewal of the surrounding
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Table 1 Relevant research content and factors extraction
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Relevant research study Content description

Factors

Index Target classification

Kincaid [42], Mason and Avrami
[43], Brandenburg [44], Guy and
MclLendon [45], Engel [46] and
Dan et al. [47]

The location of a building in a city
or area

Facade style and details

Main materials of facade and
structure

Structural bearing mode
Special construction technology

Bullen and Love [48], Cantacuzino
[49], Smith [50] and Douglas [51]

All previous functions
Functions being used now

Sub functions have been added
to the previous functions without
completely changing the original
functions
Merlino [52], Plevoets and Van The original material is not
Cleempoel [53], Pendlebury etal.  applicable to the current function,
[54] and the new material replaces the
original material
Application of new technology in
historical buildings

New decoration for new functions

Ching [55], Schittich [56] and
Radwan [57]

Main function space
Space for traffic

Connection and combination of
spaces

Space outside the building
Size of space
Landscape elements in space

Delafons and Delafons [58], Barker
and Marano [59] and Pickard [60]

International general charters on
reuse

Local requirements for building
reuse

Local laws on building reuse

Ruskin [61] and Stubbs [62] Cultural value and information of

history
Loulanski [63] and Throsby [64] Expenditure on reuse
Source of income for reuse

Feilden [65] and Larkham [66] Memory and intangible cultural

heritage
Special customs

u 1 Location

u6 Original function

u 9 New materials

u12 Main space

u16 Spatial scale

u18 International charters

u21 Historical culture and value

u22 Decoration cost

u24 Memory information

B1 Physical condition A1 Existing fabric

u 2 Facade features
u 3 Material

u4 Structure system
u5 Construction techniques

B2 Function

u 7 New function
u 8 Adding some sub-function

B3 Update part

u10 New techniques

u11 New decoration

B4 Spatial form A2 Spatial character

u13 Traffic space
u14 Spatial organization

u15 Outdoor space

B5 Space quality

u17 Landscape factor

B6 Related policy A3 Policy and value

u19 Local principles

120 Local laws

B7 Heritage value

B8 Economic value

u23 Reuse income

B9 Memorial Value

u25 Cultural content

environment, without changing the characteristics of the
heritage buildings, so that they can continue to maintain
their original functions [29]. But it usually adds modern
infrastructure. For example, some ancestral temples,
temples and churches are mainly used for the situation
where the functions of such buildings still meet the needs
of the contemporary. However, modern equipment such
as air conditioning and monitoring need to be added.
The new function of the heritage buildings means to
completely change the original function of the heritage
buildings, but not change the characteristics of the archi-
tectural heritage [30]. This approach is mainly used when

the function of the building has been completely replaced
by the new content of contemporary development. The
heritage building adds some new functions to the original
functions, which means that it retains some of its original
functions and adds some new functions [31]. It is usually
the renewal and protection of historical blocks, which
adds sightseeing and leisure functions on the basis of the
original functions.

Update part (B3) refers to new materials, new technol-
ogies and new decoration that serve the adaptive reuse of
heritage buildings without changing the characteristics of
architectural heritage [32] (Table 1). New materials and
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new decoration are the replacement or repair of damaged
raw materials. New technology refers to the installation
of modern electronic products such as air conditioners
and monitoring equipment in historical buildings, with
the purpose of serving contemporary adaptive reuse [33].

Spatial form (B4) and space quality (B5) are the spa-
tial characteristics of heritage buildings (Table 1). Space
includes the main use space, circulation spaces, space
combination mode and outdoor space of buildings [34].
The characteristics of these spaces determine the func-
tion of adaptive reuse. For example, open indoor space
is suitable for exhibition halls and public activities. The
quality of space is the scale of indoor and outdoor space
and environmental factors, which also make it an impor-
tant factor to evaluate the adaptive reuse of historical
buildings [35].

Related policy (B6) refers to policies and laws related
to the adaptive reuse of architectural heritage, including
international regulations and local regulations and laws
[36]. These policy documents also provide ideas and con-
straints for the adaptive reuse of heritage buildings [37].
The value mainly includes three aspects: heritage value,
economic value and memory value. The heritage value
(B7) is mainly the historical and cultural information of
architecture. Economic value (B8) mainly refers to the
cost and benefit of building adaptive reuse [38]. Memory
value (B9) refers to cultural content and intangible cul-
tural heritage information. These values should be fully
considered in the adaptive reuse of architectural heritage
(Table 1).

The evaluation methods on the adaptive reuse of archi-
tectural heritage can be divided into qualitative research
method and quantitative research method [39]. In quali-
tative research methods, literature review and question-
naire survey are widely used. Through comprehensive
analysis of literature and cases, the most effective way to
adaptive reuse heritage buildings is obtained, or the ques-
tionnaire is obtained through literature analysis, and the
results of the questionnaire are analyzed [40]. The quan-
titative analysis method, commonly used, is the analytic
hierarchy process, which requires experts to score each
factor first, and then get the weight of each factor, so as
to know the importance of each factor for the adaptive
reuse of architectural heritage [41].

Methodology

Overview of methodology

This study is divided into four steps. Through these four

steps, a framework for post evaluation of architectural

heritage adaptive reuse is formed in three types (Fig. 1).
Step 1. According to the literature search, 25 factors,

9 indicators and 3 target values related to the adaptive

reuse of architectural heritage were determined (Table 1).
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Step 2. Nine historical sites along the central axis
of Beijing were selected according to different types,
including single buildings, architectural complexes and
historical and cultural districts. Single building is a his-
torical building, and its adaptive reuse mode and func-
tion are single. The architectural complex is presented
in the form of architectural combination, which is an
orderly combination of buildings with rich outdoor
space. Historic and cultural blocks are areas with rich
heritage, concentrated historical buildings, complete
and authentic traditional patterns and historical fea-
tures, and a certain scale. These three types are differ-
ent scales of historical buildings (Table 18).

Case selection criteria:

1. Architectural heritage that has been adaptive reused

2. Located on the central axis of Beijing. It is the core
area of Beijing’s urban historical spatial structure and
dominates the urban function and spatial pattern.
Beijing Central Axis is applying for world cultural
heritage.

3. The date of adaptive reuse is different

4. Different new functions for adaptive reuse

The Meridian Gate is the main gate of the Forbidden
City in Beijing and is adaptive reused as an exhibition
hall. The project won the UNESCO Cultural Heritage
Protection Award in 2004. A modern exhibition hall
is built in the Meridian Gate of the Forbidden City,
which makes the traditional architectural space meet
the standard requirements of modern international
exhibitions on the basis of full protection of cultural
relics, highlights the historical value of cultural relics,
and is a model for the reuse of architectural heritage.
The Duan Gate, between the Meridian Gate and the
Tiananmen Gate, is adaptive reused as a cultural relics
warehouse and exhibition hall. The Zhengyang Gate is
located at the southernmost end of Tiananmen Square
on the north—south central axis of Beijing, and is the
only well-preserved gate in Beijing. It is adaptive reused
as Beijing Folk Custom Exhibition Hall. Both the For-
bidden City and the Temple of Heaven are world cul-
tural heritage and are adaptive reused as museums and
parks. The Xiannong Temple is reused as the Beijing
Ancient Architecture Museum, which is the first archi-
tectural thematic museum in China. Qianmen Street,
Nanluogu Lane and Tianqiao South Street are now
reused as historical and cultural blocks with compre-
hensive functions. Their functions are different in the
past, including commercial, residential and cultural
functions.

Step 3. The weight of each element and index is deter-
mined by expert scoring, analytic hierarchy process
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Target Classification and Case study
Post Evaluation of Adaptive Reuse of Architectural Heritage Evaluation Target Classification
Policy and value:
Existing fabric: Spatial character: i
P);is !ng| abric spa fal: aracter Related policy s e B
sica atial form i
v 2 . jicrizecvalle target factors were determined
Condition Space quality Economic value . -
. through literature review
Function Memorial value
Single building Architectural complex Historical and cultural District
Meridian Gate Forbidden City Qianmen Street
Duan Gate Temple of Heaven Business Nanluogu Lane
Zhengyang Gate Xiannong Altar Tiangiao South Street
Methodology
Data processing: . . Determining the
: Constructing the evaluation . -
a. Expert scoring _ evaluation description
factor set and calculating the :
b. AHP . set and constructing
. weight vector .
c. Fuzzy evaluation the membership
iR Measuring the adaptive reuse Determining fuzzy
of architectural heritage comprehensive vector
v Results and analysis
Membership matrix of each Compare the comprehensive Compare the matrix of different
example adaptive reuse scores of 9 examples buildings with the same factor
Post Evaluation of Adaptive Reuse of Architectural Heritage in three types
Fig. 1 Overview of research
(AHP) and fuzzy evaluation (Tables 2, 3,4, 5,6,7,8,9,10,  Table 2 The standard judgement matrix of the AHP
11,12, 13, 14, 15, 16, 17). B B B
Step 4. Through the scoring of the questionnaire ! ! "
survey, nine examples of the adaptive reuse of archi- B, By By Bin
tectural heritage are evaluated. According to the local
law and rules, the survey has get permission. Twenty B, B, B, B,
experts described 25 factors with a score of 1-9 to form .
the pair-wise comparison matrix. 1-9 represents differ- B, Buy By 1

ent degrees of importance, from less good to very good.
These 20 experts are composed of academic experts
from urban planning, urban history, architectural her-
itage, landscape and cultural tourism departments.
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Table 3 The average random consistency index Rl [71]
n 1 2 3 4 5 6 7
RI 0 0 0.52 0.89 112 1.26 136
Table 4 Judgement matrix and weight of target classification

Al A2 A3 Weight A nax CRvalue
Al 1 1 1.5 0375 3 0
A2 1 1 15 0.375
A3 1715 1/1.5 1 0.25
Table 5 Judgement matrix and weight of existing fabric

B1 B2 B3 Weight Amax CRvalue
B1 1 1/4 5 0.2311 3.0713 0.0686
B2 4 1 9 0.7085
B3 1/5 1/9 1 0.0603

Table 6 Judgement matrix and weight of spatial character

B4 B5 Weight Anax CRvalue
B4 1 1/5 0.1667 2 0
B5 5 1 0.8333

They are familiar with Beijing’s historical and cultural
heritage and have been engaged in relevant work for
more than 5 years. The data obtained are multiplied
by the weight of the indicators, and converted into the

Table 7 Judgement matrix and weight of policy and value

percentile system to obtain the grade and score of each
architectural heritage adaptive reuse (Tables 19, 20, 21).

As for the evaluation of the adaptive reuse of archi-
tectural heritage, the common quantitative research
methods include analytic hierarchy process, fuzzy
evaluation method and structural model equation [67].
Analytic Hierarchy Process (AHP) decomposes the ele-
ments related to decision-making into objectives, crite-
ria, schemes and other levels. It is a hierarchical weight
decision analysis method combining qualitative and
quantitative methods [68]. But its disadvantage is that

B6 B7 B8 B9 Weight Anax CRvalue

B6 1 1/3 172 1/5 0.0838 4.0511 0.0191
B7 3 1 2 1/3 0.2323
B8 2 1/2 1 1/4 01377
B9 5 3 4 1 0.5462
Table 8 Judgement matrix and weight of physical condition

ul u2 u3 u4 us Weight Anax CRvalue
ul 1 4 3 7 5 0.4932 52622 0.0585
u2 1/4 1 1/2 3 2 0.1418
u3 1/3 2 1 4 2 0.2083
u4 1/7 1/3 1/2 1 1/2 0.0630
u5 1/5 1/2 1/2 2 1 0.0938
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Table 9 Judgement matrix and weight of function

ué u7 us8 Weight Anax CRvalue
u6 1 3 2 0.5396 3.0092 0.0088
u’ 1/3 1 1/2 0.1634
u8 1/2 2 1 0.2969
Table 10 Judgement matrix and weight of update part

u9 u10 ull Weight A ax CRvalue
u9 1 3 1/3 0.2583 3.0385 0.0371
u10 1/3 1 1/5 0.1047
ull 3 5 1 0.6370
Table 11 Judgement matrix and weight of spatial form

ul12 u13 ul4 ul5 Weight Amax CRvalue

ul2 1 1/2 2 172 0.1818 4 0
ul3 2 1 4 1 0.3636
ul4 1/2 1/4 1 1/4 0.0909
ul5 2 1 4 1 0.3636

Table 12 Judgement matrix and weight of space quality

ul6 ul7 Weight Amax CRvalue
ul6 1 1/3 025 2 0
ul?7 3 1 0.75

when there are too many indicators, the data statistics
are large [69]. Fuzzy comprehensive evaluation method
is a comprehensive evaluation method based on fuzzy
mathematics. It uses fuzzy mathematics to make an
overall evaluation of things or objects subject to various
factors. It has the characteristics of clear and systematic
results, and can better solve the fuzzy and difficult to
quantify problems [70]. The structural equation model
is a quantitative study of the relationship between mul-
tiple variables. In this study, there are many indicators
and a large amount of data for the post-evaluation of

Table 13 Judgement matrix and weight of related policy

the reuse of architectural heritage. Therefore, the com-
bination of AHP and fuzzy evaluation can make a com-
prehensive evaluation of things affected by multiple
factors, with clear results. The membership theory of
fuzzy mathematics transforms qualitative evaluation
into quantitative evaluation.

The method of this study will transform qualita-
tive evaluation into quantitative evaluation through six
steps. (1) Constructing the evaluation factor set. There
are 25 factors in total. (2) Calculating the weight vec-
tor (3) Determining the evaluation description set. (4)
Constructing the membership matrix. (5) Determining
the fuzzy comprehensive evaluation vector. (6) Measur-
ing the adaptive reuse of architectural heritage. Through
these six steps, the qualitative evaluation of 25 influenc-
ing factors in the post-use evaluation of the adaptive
reuse of architectural heritage will be transformed into
quantitative evaluation.

u18 u19 u20 Weight Anax CRvalue
ul8 1 1/3 1/3 0.1429 3 0
ul9 3 1 1 04286
u20 3 1 1 04286
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Table 14 Judgement matrix and weight of economic value

u22 u23 Weight Amax CRvalue
u22 1 1/2 03333 2 0
u23 2 1 0.6667

Table 15 Judgement matrix and weight of memorial value

u24 u25 Weight Anax CRvalue
u24 1 1/3 0.25 2 0
u25 3 1 0.75

Evaluation method

Fuzzy comprehensive evaluation method is a compre-
hensive evaluation method based on fuzzy mathematics.
This comprehensive evaluation method transforms quali-
tative evaluation into quantitative evaluation according
to the membership theory of fuzzy mathematics, that
is, fuzzy mathematics is used to make an overall evalu-
ation of things or objects restricted by many factors. In

Table 16 Weights of target A, index B and factor u
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this paper, the fuzzy comprehensive evaluation method is
used to measure the adaptive reuse of architectural herit-
ages, and the 6 evaluation steps are taken as follows:.

1. Constructing the evaluation factor set U. The evalu-
ation factor set U is composed of 25 factors (Eq. 1)
and the factor i is represented by u,.

U =A{uy,u,. .., us} (1)

2. Calculating the weight vector. The weights of factors
represent the different effects on the adaptive reuse
of architectural heritage. The weight vector W con-
sists of the weights of 25 factors and w; represent the
weight of factor i, and Y2, w; = 1 (Eq. 2).

W = [w1, wa,. .., was] 2)

The weight w; is determined by the analytic hierarchy
process (AHP). First, the pair-wise comparison matri-
ces are determined by experts using a scale from 1
to 9 to judge the relative importance of each indica-
tor, from the least important to the most important.

Target Weight Index Weight Factor Weight Comprehensive
weight
Al 0375 B1 02311 ul 0.4932 0.0427
u2 0.1418 0.0123
u3 0.2083 0.0181
u4 0.0630 0.0055
us 0.0938 0.0081
B2 0.7085 ué 0.5396 0.1434
u’ 0.1634 0.0434
u8 0.2969 0.0789
B3 0.0603 u9 0.2583 0.0058
ul0 0.1047 0.0024
ull 0.6370 0.0144
A2 0375 B4 0.1667 ul2 0.1818 00114
ul3 0.3636 0.0227
ul4 0.0909 0.0057
uls 0.3636 0.0227
B5 0.8333 ul6 0.2500 0.0781
ul7 0.7500 0.2344
A3 0.25 B6 0.0838 ul8 0.1429 0.0030
u19 04286 0.0090
u20 04286 0.0090
B6 0.2323 u21 1 0.0581
B7 0.1377 u22 03333 0.0115
u23 0.6667 0.0230
B8 0.5462 u24 0.2500 0.0341
u25 0.7500 0.1024
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Table 17 Evaluation grades and description

Grades Description of grades Score
Excellent Most of the factors extremely meet the reuse requirements, and the architectural heritages have high reusability 100-85
Good Most of the factors meet the reuse requirements, and the architectural heritages have good reusability 84-70
Moderate Some of the factors meet the reuse requirements, and the architectural heritages have general reusability 69-55
Poor Most of the factors could not meet the reuse general requirements, and the architectural heritages have low reusability 54-0

The standard judgement matrix is shown in Table 2,
where B; = 1/B;;, B;=1. Second, the principal eigen-
value A, is calculated for each judgement matrix,
and the corresponding eigenvector is obtained to
show the relative weights among the indicators.
Then, the consistency index CI is calculated. Finally,
we checked the consistency ratio CR of the result by
comparing it with the average random consistency
index RI. The RI value usually does not need to be
calculated and can be obtained from Table 3 of the
average random consistency index. The consistency
ratio CR less than or equal to 0.1 is acceptable; oth-
erwise, it is necessary to revise the subjective judge-
ment until the appropriate ratio is achieved. The con-
sistency index CI is calculated using the Eq. (3) and
the consistency ratio CR is calculated using the Eq.

(4).

Amax —
Cl = fmax — " (3)
n—1
CI
CR=—
7 (4)

The judgement matrices are constructed by
twenty experts from academic professionals in urban
planning, history, architectural history, landscape, and
cultural tourism department as shown in Tables 4, 5,
6,7,8,9,10, 11, 12, 13, 14 and 15, and the weights of
the targets, the index and the factors were respectively
determined by computing the principal eigenvalue
Amax and its corresponding eigenvector of each judge-
ment matrix. Through the computation, all consist-
ency ratio CRs were less than 0.1.

After the comparative analysis and calculation,
the weights of target A, index B and factor u were
obtained as shown in Table 16. The comprehensive
weight w; was calculated as follows:

comprehensive weight w; of factor u;
= (weight of factor ui)
x (weight of index attached to ;)
X (weight of target attached to u,') (5)

According to Eq. (5), the weight vector W was
calculated as follows:

W =[0.0427,0.0123, 0.0181, 0.0055, 0.0081,
0.14:34, 0.0434, 0.0789, 0.0058, 0.0024,
0.0144,0.0114, 0.0227,0.0057,0.0227,  (6)
0.0781, 0.2344, 0.0030, 0.0090, 0.0090,
0.0581, 0.0115, 0.0230, 0.0341, 0.1024]

3. Determining the evaluation description set. The eval-

uation description set V is used with 4 levels from
excellent to poor for each factor u;.

V = {Excellent, Good, Moderate, Poor}  (7)

. Constructing the membership matrix. The member-

ship degree of the factor u; is counted according to
questionnaire with the help of the evaluation descrip-
tion set. When the evaluation object k is judged by
the factor u;, the membership degree of the factor u,
in evaluation description v; is r;;. Then, the fuzzy eval-
uation vector Rff for the evaluation object k by factor

is represented as R{f = {rﬁ,rﬁ,r{é,rﬁ}, and the

u; i

2
membership matrix R¥ for the evaluation object k
can be expressed as follows:

k k k k
"ap T2 "3 T4

T rNo T r
2,1 2,2 2,3 2,4
Rk - . . . . (8)

kK ko k .k
7251 T252 253 T254

. Determining the fuzzy comprehensive evaluation

vector. The fuzzy comprehensive evaluation vector
CK for the evaluation object k is obtained by multi-
plying the weight vector W and the membership
matrix R".

’"{(,1 ”{(,2 '"/f,s ’{(,4
TS S S

1 Tan T3 Toa

Ck = W~Rk = [Wl,Wz,...,W25] .

ko ko k Lk
351 252 7253 Ta54

= [k b ]

9)
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6. Measuring the adaptive reuse of architectural her-
itage. The comprehensive evaluation results are
expressed in the percentile system. The score vector
P corresponding to the evaluation description set is
expressed as P = [92.5,77,62,27] T and the evalua-
tion index score is expressed as follows:

s=ck.p (10)

Through the above six steps of fuzzy calculation pro-
cess, the evaluation score S is obtained, and the eval-
uation grades and descriptions of architectural herit-
ages are consulted in Table 17.

Results

In this study, 9 architectural heritages on the central axis
of Beijing were selected as examples (Table 18). The cen-
tral axis of Beijing is rich in historical resources, and is
the core area of Beijing’s urban spatial structure, which
dominates the urban function and spatial pattern. The
central axis of Beijing is applying for the world cultural
heritage, and the protection and adaptive reuse of its her-
itage buildings are particularly concerned. This research
divides its architectural heritage into three types. The
first type is a single building. Three typical examples are
the Meridian Gate, the Duan Gate and the Zhengyang
Gate, which are all adaptive reused as exhibition halls.
The second type is the architectural complex. Three
typical examples are the Forbidden City, the Temple of
Heaven and the Xiannong Temple. The Forbidden City
in Beijing, formerly known as the Forbidden City, is the
imperial palace of the Ming and Qing dynasties in China.
It is located at the center of the central axis of Beijing. It
is one of the largest and best preserved ancient wooden
structures in the world, and is reused as a museum for
sightseeing. In the Ming and Qing dynasties, the Tem-
ple of Heaven was a place for emperors to worship the
emperor and pray for a bumper harvest of grain. Now it
is reused as a historical park. The Xiannong Altar is an

Table 18 General information of examples and evaluation grades

Page 11 of 17

important place for the emperors of the Ming and Qing
dynasties to worship mountains, rivers, Shennong and
other gods. It is the highest level, largest scale and most
complete ancient sacrificial farm in China. It was once
reused as a school, library and stadium, and is now the
Beijing Museum of Ancient Architecture. The third type
is the historical and cultural block. The historical and
cultural block is an area where a large number of resi-
dents live. It is a living cultural heritage with its unique
community culture. It not only protects the body of
those historical buildings, but also preserves the culture
it carries, protects the content of intangible forms, and
preserves cultural diversity. Maintain community tradi-
tion, improve living environment and promote regional
economic vitality. Qianmen Street, Nanluogu Lane and
Tiangiao South Street are protected and reused as his-
torical and cultural blocks.

Taking Meridian Gate as example, the membership
matrix R was counted as shown in Table 19 according
to the questionnaire for Meridian Gate. The fuzzy com-
prehensive evaluation vector C for the Meridian Gate
is obtained by multiplying the weight vector W and the
membership matrix R. Through calculation, The fuzzy
comprehensive evaluation vector C equals to [0.8529,
0.1153, 0.0157, 0.0162]. Finally, the evaluation index
score is 89.18 according to the Eq. (10) and the adaptive
reuse of Meridian Gate belongs to the “Excellent” level.

In the same way, we calculated the evaluation
index scores for the adaptive reuse of other archi-
tectural heritages. The calculation results were 80.25
(C*=[0.5556, 0.1253, 0.3030, 0.0158]) for Duan Gate,
67.26 (C3=[0.4271, 0.1124, 0.1903, 0.2702]) for Zheng-
yang Gate, 90.50 (C*=[0.8913, 0.0884, 0.0200, 0.0003])
for Forbidden City, 89.46 (C°=[0.8707, 0.0961, 0.0177,
0.0158]) for Temple of Heaven, 84.77 (C°®=[0.5150,
0.4715, 0.0132, 0.0003]) for Xiannong Altar, 91.03
(C”=10.9120, 0.0804, 0.0077, 0]) for Qianmen Street,
81.69 (C®=1[0.3644, 0.6066, 0.0132, 0.0165]) for Nanluogu

Type Heritage buildings  Date of constriction Date of reuse New function Grades
Single building Meridian gate About 1420 About 2005 Exhibition hall Excellent
Duan gate About 1420 About 1949 Cultural Relics Warehouse and Exhibition Hall - Good
Zhengyang gate About 1420 About 1985 Beijing Folk Custom Exhibition Hall Moderate
Architectural complex Forbidden City About 1420 About 1925 The Palace Museum Excellent
Temple of Heaven About 1420 About 1949 Temple of Heaven Park Excellent
Xiannong Altar About 1420 About 2000 Beijing Museum of Ancient Architecture Good
Historical and cultural district Qianmen street About 1420 About 1965 Historical and Cultural Block Excellent
Nanluogu Lane About 1750 About 2000 Historical and Cultural Block Good
Tiangiao South Street  About 1560 About 1957 Historical and Cultural Block Moderate
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Table 19 Membership matrix of single building adaptive reuse
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Meridian gate Duan gate Zhengyang gate
Excellent Good Moderate Poor Excellent Good Moderate Poor Excellent Good Moderate Poor

Location 0.79 0.14 0.06 0.01 0.21 0.34 0.56 0 0.1 0.14 0.16 0.59
Facade features 0.97 0.03 0 0 0.96 0.03 0.01 0 0.96 0.03 0.01 0
Material 0.83 012 005 0 0.82 0.11 0.07 0 0.32 0.11 0.07 0.50
Structure system 0.92 0.08 0 0 0.90 0.05 0.05 0 0.90 0.05 0.05 0
Construction techniques 0.89 0.10 0.01 0 0.80 0.10 0.10 0 0.50 0.10 0.10 0.30
Original function 0.92 0.08 0 0 0.82 0.08 0.10 0 0.82 0.01 0.10 0.07
New function 0.51 043 0.06 0 041 043 0.16 0 0.01 043 0.16 0.40
Adding some sub-function  0.46 023 011 0.20 0.26 023 031 0.20 0.06 023 031 040
New materials 0.59 0.38 0.03 0 0.29 038 033 0 0.09 0.38 033 0.20
New techniques 0.67 032 001 0 0.57 032 011 0 0.07 032 011 0.50
New decoration 0.26 0.74 0 0 0.36 0.64 0 0 0.26 0.64 0 0.10
Main space 092 008 0 0 0.62 008 030 0 0.32 0.08 060 0
Traffic space 091 0.09 0 0 0.81 0.09 0.10 0 0.31 0.09 0.60 0
Spatial organization 0.89 011 0 0 0.79 (AN 0.10 0 0.29 0.21 0.10 0.40
Outdoor space 087 013 0 0 037 0.63 0 0 0.37 0.63 0 0
Spatial scale 0.96 0.04 0 0 0.46 0.04 0.50 0 0.26 0.04 0.50 0.20
Landscape factor 093 007 O 0 0.23 007 070 0 0.23 007 020 0.50
International charters 091 0.09 0 0 0.21 0.09 0.70 0 0.11 0.09 0.70 0.10
Local principles 0.87 0.13 0 0 097 0.03 0 0 0.97 0.03 0 0
Local laws 087 013 0 0 097 003 0 0 0.97 003 O 0
Historical culture and value  0.95 0.05 0 0 0.95 0.05 0 0 0.95 0.05 0 0
Decoration cost 0.88 012 0 0 098 002 0 0 0.98 002 0 0
Reuse income 0.76 0.21 0.03 0 0.56 0.21 0.23 0 0.06 0.21 0.23 0.50
Memory information 0.98 0.02 0 0 0.78 0.02 0.20 0 0.78 0.02 0.10 0.10
Cultural content 0.95 005 0 0 0.90 0 0.05 0 0.60 005 015 0.20
Evaluation index score 89.18 80.25 67.26

Lane, 57.13 (C°=[0.2893, 0.1050, 0.1877, 0.3945]) for
Tiangiao South Street.

Existing fabric is the characteristics of the building
itself, including the physical characteristics, functional
characteristics and updating parts of the building. It
can be seen from the data that the location score of 9
historical sites is high, and the location determines the
accessibility, which is the basis for adaptive reuse. Nine
historical sites are located on the central axis of Beijing,
which is the core area of the city. In terms of physical
characteristics, the scores of individual buildings, build-
ing groups and historical and cultural blocks are similar,
but there are great differences in functions. The available
functions of individual buildings are single. For example,
the Meridian Gate, Duan Gate and Zhengyang Gate are
only adaptive reused as exhibition halls or warehouses.
The functional characteristics of the architectural com-
plex and historical and cultural blocks are highly rated,
and these relics are comprehensively used as parks, exhi-
bitions and other functions. Among them, the Forbidden
City has the highest function score, which shows that

people have the best evaluation on the adaptive reuse
of the Forbidden City. In the function score, the low-
est is Zhengyang Gate. Although the location score of
Zhengyang Gate is high, it is rarely visited in the process
of reuse. The score of the Update part is high for histori-
cal and cultural blocks and architectural complex. It can
be seen that new materials, new technologies and new
decorations of building recycling are applied in this type.
In a word, Existing fabric is closely related to the physi-
cal properties of the building itself and the newly added
parts for adaptive reuse. The content with low score also
needs to be improved in the future reuse.

As for the evaluation of space characteristics, the pro-
ject includes space form and space quality. The form and
quality of space can give users the most intuitive feeling.
It can be seen from the data that the heritage buildings of
the architectural complex type have the highest scores in
space form and space quality, that is, the reuse space of
the Forbidden City, the Temple of Heaven and the Xian-
nong Altar has a high score. The single building has a
high score in the main space, and the lowest score in the
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landscape factor. Similar sites in historical and cultural
blocks have the highest score in outdoor space, but low
score in traffic space. Therefore, more attention should be
paid to the construction of traffic space in the next adap-
tive reuse process.

The third target layer is policy and value. Policies
include international regulations and local policies, and
values include heritage values, economic values and
memory values. The Forbidden City, Temple of Heaven
and Meridian Gate scored the highest in this project.
The lower scores are Zhengyangmen and Tiangiao South
Street, which shows that the reuse of these two heritages
does not fully reflect their heritage value, economic value
and memory value.

Discussion and limitations

In this study, the analytic hierarchy process and fuzzy
evaluation method are used to post-evaluation on the
adaptive reuse of historical buildings. This paper con-
structs a quantitative research framework for the post-
evaluation of adaptive reuse of historical buildings. The
results show that the Meridian Gate, the Forbidden City
and Qianmen Street are the projects with the highest
total score among the three types. Zhengyangmen and
Tianqgiao South Street are the two projects that need to
be improveed most.

In the evaluation of three single buildings, Meridian
Gate has the highest total score. Among the 25 factors
of the Meridian Gate, Facade features has the highest
evaluation (Table 19), indicating that the facade design
method of the reuse project is appropriate. While main-
taining the original historical information of the facade,
the air-conditioning equipment is hidden in the facade
components, which does not affect the historical char-
acteristics of the building. The design of the project will
not adversely affect the ancient buildings; The structure
is reversible, that is, if removed, the ancient building can
be restored to its original state; The interior of the exhibi-
tion hall is modern, and at the same time, the audience
can also appreciate the beauty of ancient buildings in the
exhibition hall, so as to achieve the synchronous display
of cultural relics and ancient buildings. However, the
factor of adding some sub-function of Meridian Gate is
the lowest, indicating that the reuse function of Merid-
ian Gate is single and only used as exhibition hall. Wang
J believes that the architectural heritage should be used
with multiple functions to maximize its service to the
present [72]. The highest scoring factor of the Forbid-
den City is Spatial organization (Table 20), which shows
that the combination of building groups is the most
important factor in the reuse of building groups. Kee T
believes that the combination of building groups deter-
mines the indoor and outdoor space characteristics of the
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building, and thus determines the function of building
heritage reuse [31]. The Qianmen Street has the highest
score in the type of historical and cultural district. From
the membership matrix of each factor (Table 21), Loca-
tion and Main space are the two factors with the high-
est score. It can be seen that the location and main space
form of the Qianmen Street are the most important rea-
sons for its popularity.

For the two projects with the lowest score, the mem-
bership matrix of Zhengyang Gate shows that its new
function has the lowest evaluation (Table 19), indicating
that the selection of its reuse function is not reasonable.
The function of reuse of architectural heritage is its new
role in urban development. It maintains the continuity of
urban historical development and integrates architectural
heritage into economic, social and cultural development
again, becoming a part of common development with
the city [73]. Therefore, the choice of function is very
important. The membership matrix of Tiangiao South
Street shows that its cultural content has the lowest score
(Table 21), indicating the lack of expression of cultural
content in its reuse design. The cultural content is the
key to maintain the continuity of the reuse of historical
architectural heritage. The cultural heritage should be
highlighted in the historical architectural heritage so that
it can display the continuity of the integration of histori-
cal culture and modern culture [26]. It can also be seen
that for the adaptive reuse of single buildings, the most
important thing is the building facades and diversity of
functions. For the adaptive reuse of building complex, the
most important thing is the combination of architectural
space. The most important thing for the adaptive reuse
of historical district types is the expression of the overall
cultural content in the main spatial form of the block.

In the current research on the reuse of historical build-
ings, the facade, structure, materials and functions of
the buildings in the case of single buildings are the main
focus of attention. How to combine these aspects with
modernization without affecting the form of historical
information has always been the difficulty and innovation
point of the reuse of single buildings. For building com-
plex, the facades and structures of individual buildings
are also important, but the outdoor space has become the
focus of reuse design. For the historical district, the form
of the street is the most concerned content, and how to
combine the historical form of the street with the mod-
ern functional requirements is the focus. In addition,
we should pay attention to the complete protection of
various factors such as space, humanity and natural envi-
ronment while paying attention to the historical archi-
tectural heritage in the building itself. The characteristics
of the times and valuable material remains formed in the
historical evolution process of the architectural heritage
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Table 20 Membership matrix of architectural complex adaptive reuse

Forbidden city Temple of heaven Xiannong altar
Excellent Good Moderate Poor Excellent Good Moderate Poor Excellent Good Moderate Poor

Location 0.79 0.04 0.16 0.01 0.80 0.14 0.06 0 0.14 0.85 0 0.01
Facade features 0.98 0.02 0 0 097 0.03 0 0 097 0.03 0 0
Material 093 002 005 0 0.83 017 0 0 0.83 012 005 0
Structure system 0.99 0.01 0 0 0.92 0.08 0 0 092 0.08 0 0
Construction techniques 0.99 0 0.01 0 0.89 0.10  0.01 0 0.89 0.10 001 0
Original function 092 0.08 0 0 0.92 0.08 0 0 092 0.08 0 0
New function 0.51 043 006 0 091 003 006 0 0.11 083 006 0
Adding some sub-function  0.66 023 011 0 046 023 011 0.20 046 043 011 0
New materials 0.79 0.18 0.03 0 0.50 0.38 0.12 0 0.59 0.38 0.03 0
New techniques 0.87 012 001 0 0.57 042 001 0 0.67 032 001 0
New decoration 0.86 0.14 0 0 0.26 0.54 0.21 0 0.26 0.74 0 0
Main space 092 008 0 0 0.92 008 0 0 0.52 048 0 0
Traffic space 0.91 0.09 0 0 0.90 0.10 0 0 0.61 0.39 0 0
Spatial organization 0.99 0.01 0 0 0.89 0.11 0 0 0.79 0.21 0 0
Outdoor space 097 0.03 0 0 0.88 0.12 0 0 087 0.13 0 0
Spatial scale 0.96 0.04 0 0 0.97 0.03 0 0 046 0.54 0 0
Landscape factor 093 0.07 0 0 0.93 0.07 0 0 043 0.57 0 0
International charters 0.51 049 0 0 0.91 009 0 0 0.91 009 O 0
Local principles 0.97 0.03 0 0 0.87 0.13 0 0 0.87 0.13 0 0
Local laws 0.97 003 O 0 0.87 013 0 0 0.87 013 0 0
Historical culture and value  0.99 0.01 0 0 0.95 0.05 0 0 045 055 0 0
Decoration cost 0.98 002 0 0 0.88 012 0 0 0.88 012 0 0
Reuse income 0.86 0.11 0.03 0 0.76 0.24 0 0 0.76 0.21 0.03 0
Memory information 0.98 0.02 0 0 0.98 0.02 0 0 0.28 0.72 0 0
Cultural content 0.95 0.05 0 0 0.95 005 O 0 0.25 0.75 0 0
Evaluation index score 90.50 89.46 84.77

should be respected. Historic architectural heritage, resi-
dents and natural environment together constitute the
urban ecological balance system. So as to achieve the bal-
ance between economic, ecological and urban objectives,
and promote the overall system and balanced and sus-
tainable development. The reuse of historical buildings
should be based on the actual situation in the process of
urban sustainable development, and the reuse strategy
suitable for historical architectural heritage should be
selected to make it truly become the new vitality of the
part of urban sustainable development.

In addition, this study is conducive to improving the
scientific level of decision-making on the adaptive reuse
of architectural heritage. By establishing a perfect post-
project evaluation system and scientific method system,
on the one hand, it can enhance the sense of responsi-
bility of the former appraisers, urge the appraisers to do
a good job in the pre-project evaluation of the adaptive
reuse of architectural heritage, and improve the accu-
racy of the project evaluation, especially the selection
and decision-making of the functions of the reuse of

architectural heritage; On the other hand, the problems
in project decision-making can be corrected in time
through the feedback information of post-project evalu-
ation, so as to improve the scientific level of project
decision-making. Compared with the current research
on the adaptive reuse evaluation of historical buildings,
our main contribution is the comprehensive application
of quantitative methods after the adaptive reuse of his-
torical buildings. It fills the gap in the research frame-
work of quantitative evaluation of the adaptive reuse of
historical buildings. More importantly, through the cal-
culation of factors and indicator weights, it is easy to find
low sub items and find the content to be improved. Of
course, these factors can also be used for the evaluation
before the adaptive reuse of historical buildings, which is
a dynamic process.

However, this method also has defects. It can only
evaluate existing factors, improve existing factors,
and cannot provide new solutions for decision-mak-
ing. When we hope to solve more general problems,
the number of indicators will probably increase. The
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Table 21 Membership matrix of historical and cultural district adaptive reuse

Qianmen street

Nanluogu lane

Tiangiao south street

Excellent Good Moderate Poor Excellent Good Moderate Poor Excellent Good Moderate Poor

Location 0.79 0.15 0.06 0 0.99
Facade features 097 0.03 0 0 0.27
Material 0.83 012 005 0 0.83
Structure system 0.92 008 0 0 0.92
Construction techniques 0.89 0.10 001 0 0.39
Original function 0.92 008 0 0 0.22
New function 091 0.03 0.06 0 0.51
Adding some sub-function  0.96 003 001 0 0.16
New materials 0.99 0.01 0 0 0.59
New techniques 0.67 032 001 0 0.67
New decoration 0.26 074 0 0 0.26
Main space 0.92 0.08 0 0 042
Traffic space 0.91 009 0 0 0.1
Spatial organization 0.89 0.11 0 0 0.19
Outdoor space 0.87 0.13 0 0 0.17
Spatial scale 0.96 004 O 0 0.96
Landscape factor 093 007 0 0 0.13
International charters 0.91 009 O 0 0.11
Local principles 0.87 013 0 0 0.87
Local laws 0.87 013 0 0 0.87
Historical culture and value  0.95 005 0 0 0.65
Decoration cost 0.88 0.12 0 0 0.88
Reuse income 0.76 0.21 0.03 0 0.76
Memory information 0.98 0.02 0 0 0.18
Cultural content 0.95 0.05 0 0 0.15
Evaluation index score 91.03 81.69

0.01 0 0 0.1 0.14 066 0.09
0.73 0 0 0.26 0.03 0.01 0.70
0.12 0.05 0 0.32 0.1 0.07 0.50
0.08 0 0 0.90 0.05 0.05 0

060 001 0 0.50 010 010 0.30
0.78 0 0 0.52 0.01 0.10 0.37
043 0.06 0 0.21 0.23 0.16 040
0.53 0.1 0.20 0.06 0.23 0.21 0.20
038 003 0 0.09 0.38 0.33 0.20
032 0.01 0 0.07 0.32 0.11 0.50
074 0 0 0.26 064 O 0.10
058 0 0 032 0.08 0.60 0

088 0 0.01 0.31 009 060 0

0.91 0 0 0.29 0.21 0.10 0.40
0.81 0 0.02 037 0.63 0 0

004 O 0 0.26 004 050 0.20
0.87 0 0 0.23 007 020 0.50
0.89 0 0 0.1 009 070 0.10
0.13 0 0 0.67 0.13 0 0.20
0.13 0 0 0.87 0.13 0 0

0.35 0 0 0.83 0.04 001 0.12
0.12 0 0 0.98 002 0 0

0.21 0.03 0 0.06 0.21 0.23 0.50
0.82 0 0 0.08 0.02 0 0.90
0.85 0 0 0.01 0.05 0.02 092

57.13

increase of indicators means that we need to construct
a judgment matrix with deeper level, more quantity and
larger scale. Then we need to compare many indicators
in pairs. Generally, we use 1 to 9 to illustrate the rela-
tive importance of the AHP in comparison with each
other. If there are more and more indicators, it may be
difficult to judge the importance of each two indica-
tors, and even affect the consistency of the single rank-
ing and the total ranking of the hierarchy, making the
consistency test fail. If it fails, it needs to be adjusted.
It is difficult to adjust when the number of indicators is
large.

In the process of research, we found some deficiencies,
which are worth further study: (1) The adaptive reuse of
historical buildings is a dynamic process, so the evalu-
ation indicators are not static whether before or after
adaptive reuse. (2) We have selected three types, 9 histor-
ical sites in total, and more cases need comparative study
and analysis. (3) We should make a comparative study
on the evaluation of historical buildings before adaptive
reuse and after use.

This study has established a comprehensive quanti-
tative evaluation system for the post evaluation of the
adaptive reuse of historical buildings. This framework
can be used to calculate the importance of each factor
and improve each low item. In the future research, the
feelings of different groups should be added.

Conclusions

This study proposes a post-evaluation framework and
method for the adaptive reuse of historical buildings, and
selects three types: single buildings, architectural com-
plexes and historical and cultural districts. In the case
study, 9 historical sites on the central axis of Beijing were
analyzed, and the evaluation indicators were determined
through literature review, and the evaluation was con-
ducted through the analytic hierarchy process and fuzzy
evaluation method. The results show that the compre-
hensive score of the adaptive reuse of the Meridian Gate
is the highest among the single buildings due to its appro-
priate new functions and the new design of the exhibition
hall. Due to its historical value and spatial combination,
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the Forbidden City is the highest among the adaptive
reuse categories of the architectural complexes. Qianmen
Street is the highest among the historical and cultural
districts because of its location and street combination.
This study provides evaluation methods and ideas for the
post-adaptive reuse of different types of historical build-
ings. Different types of historical buildings have different
spatial characteristics. The scores are only compared in
the same type of buildings. In addition, this study serves
for the sustainable evaluation, optimization and sus-
tainable development of the adaptive reuse of historical
buildings. And it also finds the indicators that need to be
improved for the adaptive reuse of architectural heritage.

Acknowledgements
During the writing, there have been several discussions with researcher
Guangquan Yang, from China Academy of Railway Sciences.

Author contributions

This article has been extracted from Yan Zhang's (Lecturer, College of Arts,
Beijing Union University) Project report of Beijing Social Science Fund entitled
"Research on the excavation and utilization of the core heritage value of Bei-
jing central axis from the perspective of urban historical landscape”. All authors
read approved the final manuscript.

Funding
This paper is financially supported by the Beijing Social Science Foundation
Project (21LSCO11).

Availability of data and materials
All the data generated or analyzed during this study are included in this
published paper.

Declarations

Competing interests
The authors declare they have no competing interests.

Author details
!College of Arts, Beijing Union University, 97 North Fourth Ring Road East,
Beijing 100101, People’s Republic of China.

Received: 12 December 2022 Accepted: 5 March 2023
Published online: 21 March 2023

References

1. ZhangY, Dong W. Determining minimum intervention in the preserva-
tion of heritage buildings. Int J Archit Herit. 2021;15(5):698-712.

2. Samadzadehyazdi S, Ansari M, Mahdavinejad M, et al. Significance of
authenticity: learning from best practice of adaptive reuse in the indus-
trial heritage of Iran. Int J Archit Herit. 2020;14(3):329-44.

3. ZhangY, Dong W.The interaction of city and basin: research on the trans-
formation of historical cities in JinZhong Basin, ShanXi province, China. J
Asian Archit Build Eng. 2022;21(6):2621-35.

4. Botman M, Meester RJ, Voorhoeve R, et al. The Amsterdam declaration on
essential surgical care. World J Surg. 2015;39(6):1335-40.

5. Boccardi G. Authenticity in the heritage context: a reflection beyond the
Nara document. Hist Environ Policy Pract. 2019;10(1):4-18.

6. Vicha O.The concept of the right to cultural heritage within the Faro
convention. Int Compar Law Rev. 2014;14(2):23-38.

7. ICOMOS. 2011.The Paris declaration on heritage as a driver of develop-
ment. Accessed May 03, 2021. https://www.icomos.org/Paris2011/
GA2011_Declaration_de_Paris_EN_20120109.pdf.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

Page 16 of 17

ICOMOS. 2013. Burra Charter, the Australia ICOMOS Charter for places of
cultural, significance. Accessed April 27, 2021. http://australia.icomos.org/
wp-content/uploads/The-Burra-Charter-2013-Adopted-31.10.2013.pdf.
Arfa FH, Zijlstra H, Lubelli B, et al. Adaptive reuse of heritage buildings:
from a literature review to a model of practice. Hist Environ Policy Pract.
2022;13(2):148-70.

Misirlisoy D, Glnge K. Adaptive reuse strategies for heritage buildings: a
holistic approach. Sustain Cities Soc. 2016;26:91-8.

. Shehata WTA, Moustafa Y, Sherif L, et al. Towards the comprehensive and

systematic assessment of the adaptive reuse of Islamic architectural herit-
age in Cairo: a conceptual framework. J Cult Herit Manag Sustain Dev.
2015;1:1.

Zhang Y, Han Y. Vitality evaluation of historical and cultural districts
based on the values dimension: districts in Beijing City, China. Herit Sci.
2022;10(1):1-15.

Djebbour |, Biara RW. The challenge of adaptive reuse towards the sus-
tainability of heritage buildings. Int J Conserv Sci. 2020;11(2):519-30.
Laefer DF, Manke JP. Building reuse assessment for sustainable urban
reconstruction. J Constr Eng Manag. 2008;134(3):217-27.

Ferretti V, Bottero M, Mondini G. Decision making and cultural heritage:
an application of the multi-attribute value theory for the reuse of histori-
cal buildings. J Cult Herit. 2014;15(6):644-55.

Yildirim M. Assessment of the decision-making process for re-use of a
historical asset: the example of Diyarbakir Hasan Pasha Khan, Turkey. J
Cult Herit. 2012;13(4):379-88.

Shehada ZMM, Ahmad YB, Yaacob NM, et al. Developing methodology
for adaptive re-use: case study of heritage buildings in Palestine. ArchNet-
IJAR Int J Archit Res., 2015;9(2):216.

Al-Obaidi KM, Wei SL, Ismail MA, et al. Sustainable building assessment
of colonial shophouses after adaptive reuse in Kuala Lumpur. Buildings.
2017,7(4):87.

De Wolf C, Hoxha E, Fivet C. Comparison of environmental assessment
methods when reusing building components: a case study. Sustain Cities
Soc. 2020,61:102322.

Elsorady DA. Assessment of the compatibility of new uses for heritage
buildings: the example of Alexandria National Museum, Alexandria,
Egypt. J Cult Herit. 2014;15(5):511-21.

Broderick A, Byrne M, Armstrong S, et al. A pre and post evaluation of
indoor air quality, ventilation, and thermal comfort in retrofitted co-
operative social housing. Build Environ. 2017;122:126-33.

Hamida MB, Hassanain MA. Post occupancy evaluation of adaptively
reused buildings: case study of an office building in Saudi Arabia. Archit
Civ Eng Environ. 2020;13(1):29-40.

Ragheb GA. Multi-criteria decision making of sustainable adaptive reuse
of heritage buildings based on the AWOT analysis: a case study of cord-
ahi complex, Alexandria, Egypt. Int J Sustain Dev Plan. 2021;16(3):485-95.
Mundo-Hernandez J, Valerdi-Nochebuena MC, Sosa-Oliver J. Post-occu-
pancy evaluation of a restored industrial building: a contemporary art
and design gallery in Mexico. Front Archit Res. 2015;4(4):330-40.

Buthke J, Larsen NM, Pedersen SO, et al. Adaptive reuse of architectural
heritage//design modelling symposium Berlin. Cham: Springer; 2019. p.
59-68.

Dewi C. Rethinking architectural heritage conservation in post-disaster
context. Int J Herit Stud. 2017;23(6):587-600.

Tu HM. The attractiveness of adaptive heritage reuse: a theoretical frame-
work. Sustainability. 2020;12(6):2372.

Elsorady DA. Adaptive reuse decision making of a heritage building
antoniadis palace, Egypt. Int J Archit Herit. 2020;14(5):658-77.

Plevoets B, Van Cleempoel K. Adaptive reuse as a strategy towards
conservation of cultural heritage: a literature review. Struct Stud Repairs
Mainten Herit Archit XII. 2011;118(12):155-63.

De Gregorio S, De Vita M, De Berardinis P, et al. Designing the sustain-
able adaptive reuse of industrial heritage to enhance the local context.
Sustainability. 2020;12(21):9059.

Kee T, Chau KW. Adaptive reuse of heritage architecture and its external
effects on sustainable built environment—hedonic pricing model and
case studies in Hong Kong. Sustain Dev. 2020;28(6):1597-608.

Croci G. The conservation and structural restoration of architectural herit-
age. London: WIT Press; 1998.

Borri A, Corradi M. Architectural heritage: a discussion on conservation
and safety. Heritage. 2019,2(1):631-47.


https://www.icomos.org/Paris2011/GA2011_Declaration_de_Paris_EN_20120109.pdf
https://www.icomos.org/Paris2011/GA2011_Declaration_de_Paris_EN_20120109.pdf
http://australia.icomos.org/wp-content/uploads/The-Burra-Charter-2013-Adopted-31.10.2013.pdf
http://australia.icomos.org/wp-content/uploads/The-Burra-Charter-2013-Adopted-31.10.2013.pdf

Zhang and Zhang Heritage Science

34.

35.

36.
37.
38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.
49.

50.
51

52.

53.

54.
55.
56.
57.
58.

59.

60.
61.
62.
63.

64.

(2023) 11:57

Pickard R. A comparative review of policy for the protection of the archi-
tectural heritage of Europe. Int J Herit Stud. 2002;8(4):349-63.

Acierno M, Cursi S, Simeone D, et al. Architectural heritage knowledge
modelling: an ontology-based framework for conservation process. J Cult
Herit. 2017,24:124-33.

Sigmund Z. Sustainability in architectural heritage: review of policies and
practices. Organ Technol Manag Construct Int J. 2016;8(1):1411-21.
Llamas JM, Lerones P, Medina R, et al. Classification of architectural herit-
age images using deep learning techniques. Appl Sci. 2017;7(10):992.
Hejazi M, Saradj FM. Persian architectural heritage: architecture, structure
and conservation. London: WIT Press; 2014.

Gholitabar S, Alipour H, Costa CMM. An empirical investigation of
architectural heritage management implications for tourism: the case of
Portugal. Sustainability. 2018;10(1):93.

Pickard R. Funding the architectural heritage: a guide to policies and
examples. New York: Council of Europe; 2009.

Giaccone D, Fanelli P, Santamaria U. Influence of the geometric

model on the structural analysis of architectural heritage. J Cult Herit.
2020;43:144-52.

Kincaid D. Adaptability potentials for buildings and infrastructure insus-
tainable cities. Facilities. 2000;18(3/4):155-61. https://doi.org/10.1108/
02632770010315724.

Mason R, Avrami E. Heritage values and challenges of conservation. In
Getty Conservation Institute, Management Planning for Archaeological
Sites. Los Angeles: Getty Publications; 2002. p. 13-26.

Brandenburg H. The use of older elements in the architecture of fourth-
and fifth-century Rome: a contribution to the evaluation of spolia. Reuse
Value: Spolia and Appropriation in Art and Architecture from Constantine
to Sherrie Levine. 2011;53-73.

Guy B, McLendon S. Building deconstruction: reuse and recycling of
building materials. Gainesville, FL: Center for Construction and Environ-
ment, Report to the Florida Department of Environmental Protection,
September; 1999, 2000.

Engel H. Structure systems. Berlin: Hatje Cantz; 2007.

Dan MB, Piikryl R, Térok A, editors. Materials, technologies and practice in
historic heritage structures. Berlin: Springer; 2010.

Bullen PA, Love PED. Adaptive reuse of heritage buildings. Structural
survey; 2011.

Cantacuzino S. New uses for old buildings. London: Architectural Press;
1975.

Smith L. Uses of heritage. London: Routledge; 2006.

Douglas J. Building adaptation. London: Butterworth-Heinemann Pub-
lishing; 2002.

Merlino KR. Building reuse: sustainability, preservation, and the value of
design. London: University of Washington Press; 2018.

Plevoets B, Van Cleempoel K. Adaptive reuse as an emerging discipline:
an historic survey. Reinventing architecture and interiors: a socio-political
view on building adaptation; 2013. p. 13-32.

Pendlebury J, Wang YW, Law A. Re-using ‘uncomfortable heritage” the
case of the 1933 building, Shanghai. Int J Herit Stud. 2018;24(3):211-29.
Ching F. Form, space and order. London: Wiley; 2002.

Schittich C. In detail interior spaces. Berlin: Birkhduser; 2003.

Radwan AH. Containers architecture: reusing shipping containers in mak-
ing creative architectural spaces. Int J Sci Eng Res. 2015;6(11):1562-77.
Delafons J, Delafons J. Politics and preservation: a policy history of the
built heritage 1882-1996. London: Routledge; 2005.

Barker SJ, Marano YA. Demolition laws in an archaeological context. Leg-
islation and architectural re-use in the Roman building industry. Decor.
Decorazione e architettura nel mondo romano, Roma. 2017;2017:833-50.
Pickard R. Policy and law in heritage conservation, vol. 1. London: Taylor &
Francis; 2001.

Ruskin J. The seven lamps of architecture. 7th ed. New York: Ferrar, Straus
and Giroux; 1979.

Stubbs JH. Time honored: a global view of architectural conservation.
New York: Wiley; 2009.

Loulanski T. Cultural heritage in socio-economic development: local and
global perspectives. Environments Journal. 2006;34(2):51-69.

Throsby D. Heritage economics: a conceptual framework. In: Licciardi G,

Amirtahmasebi R, editors. The economics of uniqueness. Washington, DC:

The World Bank; 2012. p. 45.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 17 of 17

Forsyth. Understanding historic building conservation. Oxford: Blackwell
Publishing; 2007.

Larkham P. Conservation and the city. London: Routledge; 2002.

Ma H, Li S, Chan CS. Analytic hierarchy process (AHP)-based assessment
of the value of non-World Heritage Tulou: a case study of Pinghe County,
Fujian Province. Tour Manag Perspect. 2018;26:67-77.

Milosevi¢ MR, Milosevi¢ DM, Stanojevi¢ AD, et al. Fuzzy and interval AHP
approaches in sustainable management for the architectural heritage in
smart cities. Mathematics. 2021;9(4):304.

Darko A, Chan APC, Ameyaw EE, et al. Review of application of

analytic hierarchy process (AHP) in construction. Int J Constr Manag.
2019;19(5):436-52.

Sen CG, Sen S, Bashgil H. Pre-selection of suppliers through an integrated
fuzzy analytic hierarchy process and max-min methodology. Int J Prod
Res. 2010;48(6):1603-25.

Rao Tummala VM, Ling H. Sampling distribution of the random consist-
ency index of the analytic hierarchy process (AHP). J Stat Comput Simul.
1996;55(1-2):121-31.

Wang J, Nan J. Conservation and adaptive-reuse of historical industrial
building in China in the post-industrial era. Front Archit Civ Eng China.
2007;1:474-80.

Sowinska-Heim J. Adaptive reuse of architectural heritage and its role in
the post-disaster reconstruction of urban identity: post-communist £6dz.
Sustainability. 2020;12(19):8054.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1108/02632770010315724
https://doi.org/10.1108/02632770010315724

	A model approach for post evaluation of adaptive reuse of architectural heritage: a case study of Beijing central axis historical buildings
	Abstract 
	Introduction and research aims
	Literature review
	Methodology
	Overview of methodology
	Evaluation method

	Results
	Discussion and limitations
	Conclusions
	Acknowledgements
	References


