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Abstract: With the deceleration of urban expansion, the adaptive reuse of industrial heritage buildings
has emerged as a novel area of research. In previous times, the majority of approaches to adapting
industrial heritage buildings relied on experiential knowledge, which lacked the ability to objectively
assess the relationship between spaces and engage in rational planning. However, the social network
analysis method offers an objective and comprehensive means of perceiving the spatial structure
and analyzing its issues from a detached perspective. This study presents a proposal for addressing
three spatial challenges encountered during the conversion of industrial heritage buildings into
public buildings. It also suggests spatial optimization strategies to overcome these challenges. The
Sanlingiao Thermal Bottle Factory is selected as the research subject, and a spatial network structure
model is constructed to analyze the existing issues using the social network analysis method. The
proposed spatial optimization strategies are then applied, and the optimized space is evaluated
through a re-analysis of the spatial layout. The spatial utilization rate has been significantly improved,
leading to an effective enhancement of the spatial vitality of the site. This study presents a spatial
strategy aimed at converting industrial heritage buildings into public buildings, thereby offering
valuable insights for similar projects involving the transformation of industrial heritage sites.

Keywords: social network analysis; quantitative evaluation; spatial network; industrial heritage;
transformation strategy

1. Introduction

Currently, the incremental expansion of large cities has shown limited results. In
the context of new normal economic development, urban growth has transitioned from
incremental expansion to stock optimization [1]. Industrial heritage not only contributes
to the stock of urban space but also serves as a significant historical testament to urban
development. It possesses valuable historical research value and offers practical oppor-
tunities for adaptive reuse. However, the recent trend of de-industrialization has led to
the disappearance of numerous industrial heritage sites [2]. Ensuring the continuity of
a city’s historical lineage, conserving resources, and achieving sustainable development
have become urgent issues in the development and construction of cities worldwide [3].
Consequently, there has been a shift towards the adaptive reuse of industrial heritage
buildings by assigning new functions to old structures [4-6].

In building renovation projects, the rational utilization of existing space is of utmost
importance [6]. However, recent research on the adaptive reuse of industrial heritage
buildings has paid inadequate attention to the rationality of space utilization. As a re-
sult, formulating general strategies for specific spaces and predicting the effectiveness
of retrofitting measures have proven challenging, leading to the potential wastage of fi-
nancial and material resources (Table 1). Furthermore, evaluating the effectiveness of
these measures has predominantly relied on subjective questionnaire surveys, making it
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difficult to objectively assess their impact and lacking a comprehensive analysis of space
utilization rationality (Table 1). Therefore, this study aims to explore spatial strategies for
the adaptive reuse of industrial heritage buildings and evaluate retrofitting effects using

objective quantitative methods.

Table 1. Documentation.

Bibliography Research Object Research Methodology Conclusions Times
Use of semi-structured
Participation in the reuse of 1nterylew§ to 1nyest1gate public Two generic reuse strategies are
. X . R satisfaction with the current ” s
industrial heritage sites: the case . . proposed: “re-new production 2016
e . . aesthetic and functional state of W . P
of Oberschoneweide, Berlin [7] .. . and “entertainment
regeneration in the Randwick
area
. . . . Respondents’ perceptions and
Perceived space, conceived Study of public perceptions, o -
- ) - . - conceptualizations of sites vary
space, lived space: The trialectics knowledge, and attitudes according to their
of spatiality on the example of a Urban brownfield reuse toward brownfield remediation . 3 2017
. - . . socio-demographic backgrounds,
brownfield regeneration projects in Budapest through a .
. . R k how they use the site, and for
investment in Budapest [8] questionnaire survey
what purpose
Future brownfield uses such as
. . . cultural/sports and children’s
Re-reuse of regenerated A questionnaire to find out how
S . . parks were the most favored
brownfields: Lessons from an residents and visitors to the . .
N . options, with a general lack of 2018
Eastern European Randwick area perceive a range P
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post-industrial city [9] of brownfield reuse options . .
about alternative reuse options
for brownfield sites
T A e——
A Multicriteria Approach to PP P Y industrial buildings assessed on
. : evaluate the effectiveness of . . .
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. . . industrial heritage renovation : 2023
Heritage: Case Studies of into an art gallery value scales to quantify
. . through the study of -
Riverside Power Plants [10] . . . environmentally relevant
environmental, social, economic, o
- building performance
and urban planning factors
Creating a dynamic framework
for analyzing how humans
Industrial Heritage Buildings in Ir.1vest1g.at1ng the. Fanglble and _perceive space in reused .
. . . intangible qualities of space buildings, explaining the spatial
Cyprus Spatial Experience of the =~ Power station transformed . : . .
L. - . using phenomenological perceptions of architectural 2021
Nicosia Municipal Arts into arts center o S
research, a qualitative research design in terms of human
Centre [11] s
methodology responses to buildings, and
using this to guide the design of
future renovations
Use of questionnaires to collect
data on tourists’ perceptions of
Industrial building adaptive the impact of adaptive reuse Adaptive reuse development can
reuse for museum. Factors projects on nearby metropolitan . .
. .. , R . contribute to the sustainable
affecting visitors’ perceptions of environments and the factors 2023
. : . development of local and
the sustainable urban influencing them, and use of . . L
. - . neighboring cities
development potential [12] multivariate regression analyses
to determine the factors
Brewery transformed into  influencing tourists’ perceptions
art museum - N
Presentation of a comprehensive
list of factors affecting local Adaptive reuse projects employ
-, . sustainable development after certain strategies to achieve an
Critical sustainable development . o
. . the recent reuse of the FIX optimal balance between initial
factors in the adaptive reuse of o . . . .
building: economic, social, investment, energy savings, 2019

urban industrial buildings. A
fuzzy DEMATEL approach [13]

environmental, cultural, using
the fuzzy DEMATEL method to
obtain interrelationships
between the factors

minimization of environmental
impact, heritage preservation,
and urban regeneration
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Bibliography Research Object Research Methodology Conclusions Times
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multivariate linear regression Brewery transformed into mu lt1ple. linear regression to prmc1ple§, and practical tools
analysis estimating key art museum investigate the impact of can str11'<e a good balanFe 2023
determinants of public e'adaptlve reuse of 'cultura}ly betweer.l investment capital,
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satisfaction with an adaptive converted to commercial tourists’ satisfaction with the experience, and the article offers 2020
reuse heritage site in urban buildings Lingnan Tiandi reuse projectin ~ some suggestions for developing
China [15] Foshan through questionnaire and marketing reuse heritage
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Translating Maslow’s Hierarchy
From Maslow to architectural Use Maslow’s hierarchy of n.eeds of Needs theory into bui}ding
spaces: The assessment of O1d mill converted to theory,. fuzzy comprehensive assessment and developing an
reusing old industrial public building evaluation method to eva.luate assessment framework tg 2022
buildings [16] the effectiveness (')f project analy?e the success of reusing
transformation old industrial buildings as
public buildings
Such analyses enable decision
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Housing preferences for C ion of old Preference of respondents to live ]ud§rrtl.ents og derglohthg anq
adaptive reuse of office and __-onversion of 0% in adapted buildings measured retrofitting and to better 1 entify
industrial buildings into the potential for building use 2020

industrial buildings: Demand
side [17]

residential housing

by questionnaire, discrete
modeling

and its economic sustainability,
leading to a reduction in
construction waste and an
increase in energy efficiency

The second subsection of this paper initially identifies three objective spatial chal-
lenges that must be addressed during the transformation of industrial heritage buildings:
functional layout, spatial accessibility, and pathway richness. Corresponding transfor-
mation strategies are then proposed, including functional matching, the creation of grey
space, enhancement of connections between edge spaces and the overall factory, and the
stimulation of public space vitality. The third and fourth subsections of this paper apply
the methods proposed in the previous section to an actual case study and analyze the
transformational effects. Finally, the Section 5 summarizes the findings and discusses the
importance and value of this research for future projects.

2. Literature Review and Research Framework
2.1. Spatial Issues Facing the Reuse of Industrial Heritage

Industrial buildings possess open internal spaces, regular floor plans, and a high
degree of adaptability for renovation and utilization [18]. During the transformation
process, the design should focus on expressing, exploring, and revitalizing the potential of
the space [19].

Industrial buildings are purpose-built structures primarily used for the production,
storage, or processing of goods. They typically feature large-scale open spaces with minimal
or no internal partitions [20]. In contrast, public buildings serve a variety of social, service,
and cultural functions, often requiring diverse spatial compositions and more internal
partitions to accommodate different activities [21]. Transforming industrial buildings into
public spaces involves converting these expansive industrial spaces into smaller, adaptable
areas suitable for various civil functions [22]. Therefore, renovation efforts should involve
a reclassification of space, addition or adjustment of internal walls and partitions, and a
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reconfiguration of functional layouts to enhance space utilization efficiency and meet new
functional requirements [23].

The reuse of industrial building spaces is closely intertwined with urban regeneration,
as these areas often occupy significant land parcels located in suburban or mixed suburban
areas. Traffic and flow considerations become critical factors influencing the reuse of such
spaces [22]. Industrial parks composed of interconnected monolithic buildings often lack
smooth interconnectivity [24]. Thus, spatial reuse and renovation of industrial buildings
require the introduction of traffic flow patterns suitable for civil-scale usage within the
existing large-scale space, organized according to specific spatial and procedural require-
ments [22,25]. Public buildings typically demand flexible and efficient spatial connections
and flow organization, with accessibility playing a vital role in promoting public engage-
ment [26,27]. Strengthening the interconnection between spaces becomes necessary to meet
the requirements of public building usage.

Due to the production process requirements, industrial buildings often feature linear
flow layouts that prioritize efficiency and production logic [24]. The spatial structure follows
a cellular pattern characterized by relatively homogeneous connections between spaces [25].
However, when repurposed as public buildings, the flow within the structure needs to
be reorganized to offer a more enriching user experience [28]. This includes satisfying
publicity requirements and ensuring a continuous flow throughout the space [29].

In conclusion, the spatial remodeling of industrial heritage buildings into public spaces
necessitates addressing three objective challenges: functional layout, spatial accessibility,
and the richness of pathways.

2.2. Quantitative Methods for Analysing Space Problems

No space in the world can exist in isolation, and in order to understand the funda-
mental laws of spatial systems, it is necessary to study them based on their structural
relationships within a spatial network [30]. However, the lack of “relational data” that
reflects these spatial relationships poses a challenge when studying the structural connec-
tions of spatial systems. This limitation can be addressed through the application of social
network analysis.

Social network analysis is a method of structural analysis that combines data, graph
theory, mathematical models, and software analysis. This approach enables the study of
relationships between actors and the networks they are part of, as well as the connections
between different networks. Social network analysis has a wide range of applications
and allows for the construction of network models based on the properties of the entities
involved. It enables the comparison and analysis of semantic concepts that are not typically
within the scope of mathematical research. By employing mathematical models, the
inherent connections and properties of these “points” can be examined.

Since its introduction, social network analysis has found applications in various disci-
plines, including marketing, international politics, international relations, communication,
and public opinion. It has even been employed in fields such as journalism and communica-
tion, economics, mathematics, anthropology, sociology, political science, and statistics [31].

In addition to the aforementioned disciplines, the social network analysis method
has also been widely used in recent years in areas related to spatial planning and design,
such as village and town renewal, transport system design, and public space planning.
In the study of village and town renewal, researchers collect data through questionnaires
and interviews; construct a model of social network relationships among village and
town residents; analyze network density, cohesion, and centrality by using the social
network analysis method; assess the stability, vulnerability, and equilibrium of residents’
social network; and then make targeted proposals to enhance spatial connections and
social connections in the built environment to enhance the social connections between
households, enhance spatial connections through the design of public facilities and activity
venues, and enhance spatial connections through the design of public facilities and activity
venues. Then, we propose optimization strategies such as enhancing the social connection
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between households, improving spatial connection through the design of public facilities
and activity venues, and promoting social activities by guiding residents’ interactions
in public spaces [32-36]. In the study of transportation system design type, researchers
construct a spatial network model by calculating the spatial gravitational model of urban
nodes and analyze the indicators such as network density, centrality, the core edge, etc.,
to assess the stability, vulnerability, and balance of residents” social network. Then, they
propose a targeted enhancement of the spatial connection and social activities in the built
environment to strengthen the social connection between households and other indicators
to assess the connectivity, accessibility, and polycentricity of urban spatial structure and put
forward the optimization measures of reasonably increasing routes and stations, reasonably
planning traffic routes, and reasonably reducing inappropriate stations [37,38]. In the
study of public space planning type, the researchers constructed the spatial network model
by collecting data through questionnaires and other means and analyzed indicators like
network density, centrality, Lambda aggregation, and other indicators to evaluate the
completeness, stability, and hierarchy of public spaces and use the evaluation results to
guide spatial pattern protection, public service facilities and infrastructure, and the phased
implementation of public spaces [39,40]. Based on the research mentioned above regarding
the application of social network analysis to spatial design, this paper aims to utilize social
network analysis in the renovation of industrial heritage buildings.

2.3. Applying Social Network Analysis to Industrial Heritage Building Renovation

This study aims to examine three spatial aspects that require attention during the
conversion of industrial heritage buildings into public buildings. It also analyzes the
relevant indicators using social network analysis and proposes corresponding solution
strategies (Table 2).

Table 2. Strategy combing.

To Be Resolved Functl(.)nal Spatial Accessibility Path Richness
Partition
Co.r res.pondmg Cohesiveness Centrality Relatedness
indicators

Grey space creation
Improving the connection ~ Outdoor Space Creation
between the edge space Energizing Public Space

and the whole plant

Retrofit strategy ~ Function Matching

(1) Functional zoning

There exists a significant distinction between industrial heritage buildings and public
buildings in terms of their functional arrangement. Consequently, the conversion of
industrial heritage buildings into public buildings necessitates a rational and well-planned
functional zoning of the pre-existing space. In order to address the aforementioned issue,
this study presents a proposed solution in the form of a transformation strategy known
as functional matching. This strategy utilizes cohesion analysis within the framework of
social network analysis to determine the spaces that are associated with the same faction.
Subsequently, the functions are allocated based on the division of factions.

(2) Spatial Accessibility

Certain industrial structures exhibit inadequate spatial accessibility, necessitating the
improvement of their spatial accessibility during their conversion into public buildings.
To address this issue, the present study suggests a transformation strategy that involves
the creation of grey space and the enhancement of connectivity between the edge space
and the entire factory area. This strategy aims to blur the boundaries between indoor and
outdoor spaces by establishing grey space, strengthen the link between indoor and outdoor
areas, and improve spatial accessibility. Additionally, it seeks to improve the connection
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between the edge space and the overall factory area. The primary objective is to enhance
the accessibility of edge-building nodes by reinforcing their connection with other nodes.
The application of social network analysis can be utilized to examine the centrality of the
spatial system within the factory area. A higher centrality indicates a stronger accessibility
of this particular node. By conducting a centrality analysis, it becomes possible to identify
nodes within the industrial heritage architectural space that have poor accessibility. This
information is crucial when formulating a transformation strategy, as it is necessary to
strengthen the connection between these nodes and other nodes in order to achieve a more
balanced overall spatial connection.

(3) The abundance of pathways

The architectural design of industrial heritage buildings typically features linear and
singular flow lines. However, when repurposing these buildings into public spaces, it
becomes necessary to enhance the experience of path selection for visitors. In order to
address this issue, the present study proposes a transformation strategy that involves the
creation of outdoor spaces and the stimulation of public space vitality. The objective is to
enhance the utilization of outdoor activity spaces by establishing a stronger connection
between indoor and outdoor areas, thereby expanding the range of available routes for
users. The social network analysis method is employed to examine the spatial significance.
By calculating the relevance of the overall network structure, it is possible to determine
the degree of interconnectedness among spatial system nodes. The stronger the spatial
structure relevance, the greater the potential for route selection. Through relevance analysis
of the spatial nodes, it is possible to identify nodes that are disconnected from the overall
spatial structure. By focusing on enhancing the spatial relevance of these nodes, their
integration into the overall structure can be improved.

The repurposing of industrial heritage buildings necessitates careful deliberation re-
garding the reconfiguration of architectural space. Based on a comprehensive literature
review, this paper proposes five transformation strategies for the adaptive reuse of indus-
trial heritage buildings as public buildings. The study utilizes social network analysis to
address three spatial challenges encountered during the process of adaptive reuse: func-
tional matching, creation of grey space, improvement of the connection between edge space
and the entire factory, outdoor space creation, and enhancement of public space vitality.
The five transformation strategies encompass functional matching, grey space creation,
enhancing the connection between the edge space and the entire factory, outdoor space
creation, and fostering the vitality of public space. Following the implementation of these
strategies, a spatial network model is reconstructed. The indicators are then analyzed using
the social network analysis method and compared to the pre-transformation state, thereby
validating the feasibility of the transformation strategies.

3. Case Study
3.1. Background of the Project

In this study, we have selected a highly representative industrial heritage park in
Shanghai, which is considered the largest industrial city in modern China [41]. Specifically,
we have chosen the manufacturing park of Shanghai Sanlinqiao Nitro Thermos Guts Factory
to analyze the spatial structure issues of the industrial heritage buildings. To achieve
this, we have employed the method of social network analysis and proposed a targeted
solution strategy. The Sanlingiao Nitro Thermos Factory boasts a rich history spanning
over three decades. However, as time has passed, the once thriving manufacturing park
has experienced a gradual decline, resulting in the preservation of only a collection of aging
factory buildings (Figures 1 and 2). The vicinity surrounding the park is characterized
by a limited availability of land resources and a dearth of public spaces for communal
engagement. Consequently, there exists a pressing demand for the establishment of a
dynamic and extensively interactive community activity center. The interior space of the
Sanlingiao Insulated Bottle Gallbladder Factory is characterized by its spaciousness and
significant social and cultural value. Transforming the area into a community cultural
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center, cultural exhibition, and recreational complex can effectively utilize the land, boost
the liveliness of the region, and simultaneously cater to the public’s demand for cultural
activities, entertainment, and recreation.

Figure 1. (top left): Original view of Shanghai Nippon Sanitary Bottle Factory. (top right): Big
chimney in the site. (bottom left): Big space without columns and high ceiling. (bottom right):
Original view of the interior space of the factory. Source: https://m.thepaper.cn/newsDetail
forward_14466796 (accessed on 10 November 2023).
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Figure 2. Project site.
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3.2. Status Quo Spatial Network Modelling

The model construction is divided into two components: building interior space
and outdoor space. The building’s interior space is represented by a black color with
corresponding node numbers as numbers, while the outdoor space is represented by a
white color with corresponding node numbers (Figure 3). The delineation of the outdoor
space is determined based on the criteria outlined in the convex space analysis. The convex
space is distinguished by the property that every pair of points within the space has
unobstructed visibility of one another [42].

>

[ ] B

IO
m

Figure 3. Current spatial division of the Sanlingiao.

The spatial configuration of the industrial heritage park is represented as a network
model, which captures the relationships between the various functional spaces within
the park. Each functional space is treated as a node in the network, and the adjacent and
accessible functional spaces are denoted as “1”, while the non-adjacent spaces are denoted
as “0”. This information is then organized into a data matrix (Figure 4). The establishment
of the current spatial network model of Sanlingiao Industrial Heritage Park was achieved
through the utilization of network analysis software, Ucinet (version 6.759), and graphic
software, Netdraw (version 2.161).
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Figure 4. Spatial relationship data matrix for the current state of the Sanlingiao.

3.3. Analysis of the Status Quo Spatial Network Model

The analysis of the social network was employed to examine the three objective
challenges encountered in the conversion of industrial heritage structures into public
buildings, with each challenge being assessed using three corresponding indicators.

3.3.1. Cohesion Analysis

Cohesion analysis involves studying small groups or substructures that may exist
in a social network. By utilizing the two-clique calculation in the social network analysis
software ucinet, one can identify the factions within the network and derive their interre-
lationships. Also, we can use the probability that two nodes adjacent to a node are also
adjacent to each other using the clustering coefficient to represent the probability that two
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nodes adjacent to a particular node are also adjacent to each other. The clustering coefficient
C; for a node i in the network with degree k; is defined as:

E; 2F;

=k -10)/2 Kk - 1)

where E; is the number of edges that actually exist between the k; neighbors of node i,
which is the count of pairs of neighbors that actually exist among the k; neighbors of node
i. If anode i has only one neighboring node or no neighboring nodes, i.e., k; =1 or k; =0,
then E; = 0. At this time, both the numerator and denominator of the above equation are
zero, and we denote it as C; = 0. Obviously, 0 < C; < 1, and C; = 0 if and only if none of the
two neighboring nodes of node i are neighbors of each other or if node i has at most one
neighboring node.

The average weighted clustering coefficient C of a network is defined as the average
of the clustering coefficients of all nodes in the network, i.e.,:

1 N
C:NZ;CI‘

Clearly, there are 0 < C < 1, C = 0 when and only when the clustering coefficients of
all the nodes in the network are zero. C = 1 when and only when the clustering coefficients
of all the nodes in the network are 1. In this case, the network is globally coupled, i.e., any
two nodes in the network are connected.

The average weighted clustering coefficient of the existing spatial network is 0.369,
indicating a moderate level of local interconnectedness. However, the overall aggregation
of the network is not particularly high. Eight factions can be identified through two-
clique analysis (Figure 5). Faction 1 exhibits a low degree of overlap with other cliques,
allowing for the simplification of the entire network into two factions: the east-side clique
{5,6,7,8,10,11, 1, ], K, L, M} (hereinafter referred to as the east-side clique) and {1, 2,5, 7, B,
C, D, F H, J} (hereinafter referred to as the west-side clique) (Figure 6). The six nodes 4,
9,E, N, O, and P do not belong to any clique, while nodes 5, 7, and ] serve as important
connectors between the two cliques.

8 2-cliques found.

1: 56781011 I JKLH
2: 1257BCFHIJ

3: 127BCFGHJ

4: 123 ABCFGJ

5: 125ABCFHJ

6: 12 ABCFGHJ

7: 123 ABCDFG®G

8: 12 ABCDFGH

Figure 5. Analysis of two-clique network factions in the current space of Sanlingiao.

727 Clique 15, 6, 7, 8, 9, 10, 11, |, J,K L M
e Clique {1,2,5,7,B,C,D,F, H, Ji
&% Crucial point

Figure 6. The current spatial network of Sanlingiao is divided into cliques.
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The main reason for the weak connection between the outdoor space and the building’s
internal space is the lack of integration. The outdoor space is only connected to the building
through a single plant door, and the exterior walls of the building are solid with few
openings. This design does not allow for a seamless visual connection between the indoor
and outdoor spaces, resulting in a weak link between the different nodes within the park
and a lack of overall cohesion. Some spatial nodes exhibit inadequate connectivity with the
entirety, rendering them more isolated and disconnected from the overall network.

3.3.2. Centrality Analysis

The study of centrality in social network analysis is essentially an abstraction of the
concept of “power” in sociology. If power is defined from a network perspective, then an
individual existing alone does not possess “power”. Power is only attributed to individ-
uals who establish connections and influence others. The greater the dependence on an
individual, the more powerful they are perceived to be. When individuals rely on a specific
person, the greater the degree of dependence, the greater the individual’s “power”, and
accordingly, the more powerful that individual becomes, positioning them more centrally
within the social network. Centrality is divided into three types: degree centrality, interme-
diate centrality, and near centrality. Among these, intermediate centrality represents the
node’s ability to control other nodes in the network, which is more meaningful for reflecting
spatial accessibility. Therefore, this paper selects intermediate centrality for analysis.

If an individual is located along the shortest paths (shortcuts) between more other
individuals interacting with the node, then the value of intermediary centrality at this point
will be higher, and the degree of centrality will also be higher, indicating greater influence
within the network. If there are R shortest paths between points x and y, and point z is the
third point, Ry, denotes the number of shortest paths between x and y, Ry, (z) denotes the
number of shortest paths between points x and y that need to pass through z, and Cy,(2)
denotes the probability that point z is located in the middle of the shortest paths between
points x and y, i.e., the extent of point z’s influence on interactions with points x and y.
Then, the following formula can be derived:

Cry(2) = Ruy(2)/Ryy

Above is the ability of point z to control a pair of nodes. To determine the overall
ability of all points z to control other pairs of interactions, i.e., its intermediate degree
of centrality, it is necessary to calculate the sum of the probabilities of all points z lying
between the shortest paths of interactions of a certain pair of points S.

n n
S = chxy(z),x #Fy#z,andx <y
Xy

The central spatial nodes in the park network are: K, H, B, N, ], A, 6, G, 5, and 2
(Figure 7). These nodes are located on the shortest path of other nodes, control the interac-
tion of other nodes, occupy more favorable spatial positions, and people will frequently
pass through them when traveling, which is important for the spatial layout. Relatively
speaking, nodes 11, 10, and P are less centrally located.

The main reasons for this analysis are: outdoor activity space accounts for a large
proportion of the factory space and is closely linked, and the location and line of sight
between the building space and other spaces in the factory are too loose, resulting in the
degree of centrality of the nodes of the outdoor space being significantly higher than that of
the nodes of the building space. The general plan of the factory area is a narrow rectangle,
some space nodes are on the necessary path to other spaces, and the positional advantages
and disadvantages between the internal spaces of the factory area have a large gap, which
leads to a large difference in the centrality of each node.
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1 2

Betweenness nBetweenness

22 K 216.481 33.305
19 H 142 663 21.948
13 B 138 . 660 21.332
25 W 99.978 15.381
21 7 98.902 15.216
12 A 81.403 12.524
6 6B 51.511 7.925
18 G 36.029 5.543
5 & 32.715 5.033
2 2 30.960 4.763
26 0 28.582 4.397
4 4 15 . 668 2.872
707 15.204 2.339
20 I 13.856 2.132
17 F 13.035 2.005
16 E 12.386 1.906
23 L 12.321 1.895
g 8 9.330 1.435
24 M g.663 1.333
11 5.815 0.895
33 5.575 0.858
15 D 3.891 0.599
9 9 3.667 0.564
14 C 2.708 0.417
11 11 0.000 0.000
10 10 0.000 0.000
27 P 0.000 0.o0o0

Figure 7. (left): Betweenness centrality values. (right): Betweenness centrality visualization.

3.3.3. Relevance Analysis

The relevance of social networks is essentially a study of the sociological concept
of “solidarity”. The more paths there are from one node to another, the higher the level
of connectivity.

A component is also known as a correlation graph. The stronger the connection
between pairs of points in the network, the more paths there are, and the greater the degree
of correlation of the network. In UCINET, the order of network—cohesion—density can be
used to calculate the density of the reachable distance matrix (distance-based cohesion). The
range of values is 0 to 1; larger values indicate denser networks and stronger correlations.

The formula is as follows: X

T n(n—1)/2

The network demonstrates a correlation coefficient of 0.432, suggesting a significant
level of correlation within the network as a whole. After performing calculations, it has been
ascertained that a critical point, referred to as K, exists within the spatial network. If node
K is eliminated, nodes 10 and 11 will become disconnected from the remaining network
(Figure 8). The removal of this element has a significant impact on the vulnerability and
independence of nodes 10 and 11, rendering them the most susceptible entities within the
entire network. On the contrary, nodes B, H, A, 2, K, and ] within the network demonstrate
a notable level of connectivity with other nodes, suggesting a robust degree of association
and extensive reachability. Meanwhile, the connectivity of the nodes in the outdoor space
is significantly higher in comparison to the nodes in the building space. However, nodes
9 and P demonstrate reduced levels of connectivity and are somewhat isolated from the
broader network.

A=1

Figure 8. Analysis of the current spatial network cut-points in the Sanlingiao.

The analysis of the main reason reveals that the red brick chimneys situated at nodes 10
and 11 are remarkably distinctive structures. However, the limited physical space available
for human activities restricts the connectivity between these nodes and the surrounding
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areas solely to visual observation. As a consequence, there exists a notable susceptibility
in relation to the aspects of interaction and engagement. Node 9, referred to as P, is
located in a geographically secluded area in the easternmost part of the park, leading to
restricted connectivity with the rest of the park. Despite the presence of some spaces that
demonstrate a considerable degree of interconnectedness, it is apparent that both outdoor
and indoor spaces lack discernible structures and fail to elicit a sense of familiarity, leading
to a monotonous spatial encounter.

4. Optimal Adaptation Based on Social Network Analysis
4.1. Retrofit Strategy

Based on the aforementioned analysis of the cohesion, centrality, and relevance of the
spatial network within the park, a number of specific issues have been identified in relation
to functional zoning, spatial accessibility, and path richness. Consequently, specific spatial
renovation strategies are proposed in the subsequent sections, drawing upon the findings
of the analysis. The allocation of space adheres to the demands of room utilization and the
particular strategies and results (Table 3) are as follows.

Table 3. Transformation results of the Sanlingiao Community Center Project.

Retrofit Strategy

Before Conversion After Conversion Transformation Effect

Function Matching

Grey space creation

Improved linkage of
edge spaces to the
whole plant

Outdoor space creation

Energizing public space

4.1.1. Proposed Strategies for Retrofitting to Mitigate Functional Zoning Issues
(1) Function Matching

According to the cohesive analysis, the space on the site can be roughly divided
into two sub-districts, and the interaction within each sub-district is more frequent. The
Sanlinqiao community center has a variety of functions. Based on this, the site is divided
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into two clusters: one for cultural activities that require a relatively quiet environment and
the other for relatively active sports and commercial activities.

According to the analysis of centrality and relevance, it is evident that the degree of
centrality and average accessibility of the nodes in the eastern group centered on building
space nodes 5 and 6 are higher than those in the western group centered on building space
node 2. This suggests that the east group is more conducive to cultural activity spaces
that necessitate stronger interaction. Node N, with a higher degree of centrality in the
network, a spacious area, and a location at a road intersection, can be considered the main
entrance of the site. Nodes 5, 7, and ] are the connecting nodes between the two clusters.
They can be utilized for theaters and squares, which are more public. Sports activities are
more purposeful and can be located in the western cluster, which has a lower degree of
centrality and accessibility. Node 1 in the west cluster, with its distinctive long and narrow
shape and street frontage, can be utilized for commercial purposes to draw people from the
surrounding neighborhood.

4.1.2. Proposed Strategies for Retrofitting to Address Spatial Accessibility Issues
(1) The Creation of Grey Space

To enhance the connectivity between individual buildings, it is recommended to
extend the connecting line or establish a direct link. Additionally, incorporating additional
floor space into a single-story factory building can improve the overall space utilization
rate. Furthermore, the integration of new buildings and structures between existing factory
buildings can effectively transform them into a cohesive unit. To enhance the connectivity
between buildings on the site, one approach is to increase the grey space, which refers to
the overlapping area between individuals. This can be achieved by transforming the indoor
space of the building into grey space, such as semi-open courtyards and gable corridors. By
creating a connection with the outdoor space and expanding the outdoor space in terms of
line-of-sight and spatial relationship, the resulting grey space alters the spatial relationship
from adjacency to overlap. This blurs the spatial boundaries between indoors and outdoors,
creating a multi-layered spatial experience. Ultimately, this transformation turns the entire
Sanlingiao community into a series of interconnected open squares and passage spaces.

(2) Enhance the connectivity between the peripheral space and the entire plant area.

The primary objective is to enhance the connectivity between the nodes located at
the periphery of the building and the rest of the nodes within the network. This will be
achieved by improving the centrality and accessibility of the vulnerable building nodes
through the establishment of strong connections between the buildings. In order to enhance
the functionality of the pedestrian street, space node O is integrated with a glass fiber-
reinforced plastic frame roof that extends into space N. This design creates three elevated
areas on the first floor, connecting multiple elevated grey spaces that link outdoor space
nodes O and P. As a result, the line-of-sight access between nodes N and O is expanded,
overlapping with the expanded space. Additionally, this design increases the direct path of
communication between nodes O and P. Simultaneously, the incorporation of the roof frame
and the strong interconnection among nodes N, O, and P further reinforce the structural
integrity of nodes 6, 8, and 9, while also enhancing the linkage between the peripheral area
and the entire factory.

4.1.3. Retrofitting Strategies Proposed for Enhancing Path Richness
(1) Creation of Outdoor Spaces

To enhance the interactivity and accessibility of the community activity center, it is
proposed to demolish a portion of the current building and convert the indoor space into
an outdoor public activity area. Additionally, measures such as increasing the proportion
of outdoor public activity space or optimizing the existing outdoor space with high activity
levels will be implemented to connect the internal spaces of the site. This will aim to attract
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residents from the surrounding neighborhoods and increase the overall activity within the
site [43].

(2) Enhancing the vibrancy of public spaces

Focusing on enhancing the quality of the current public space surrounding the plant,
this study aims to analyze the outdoor space nodes and their distinct characteristics. Based
on this analysis, various activities will be implemented to promote the liveliness of the site.
Additionally, efforts will be made to transform the previously enclosed spatial configuration
into an open space accessible to neighboring blocks. ] serves as a crucial intermediary
connecting the clusters, and it is planned to undergo a transformation into a sports plaza.
The connectivity between nodes k and 10, 11 is enhanced, and the introduction of novel
architectural elements on the premises fosters a heightened level of engagement between
individuals and the red brick chimney.

4.2. Modeling of Retrofitted Spatial Networks

After the renovation, the current state of the Sanlingiao Community Centre is shown
in Figures 9-11. Nodal spaces within the network encompass both indoor and outdoor
areas, as well as grey spaces. The division of spatial units takes into account the constraints
imposed by the number of building floors. Spaces are allocated based on building design
methodologies [44-46], space area requirements, building design fire codes [47], and human
walking patterns within buildings [48] (Figure 12). The principle of connectivity in this
study is analogous to the construction of the pre-retrofit network. It is based on the spatial
and visual relationships between nodes, where any two nodes in the network that are
spatially adjacent and accessible by a visual line of sight or spatially overlapping are
considered to have a direct connection (Figure 13).
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Figure 10. Floor plan of the ground floor of the renovated Sanlingiao Community Center Project.
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Figure 12. Spatial division of the renovated Sanlingiao. (a) First-floor plan space division. (b) Second-
floor plan space division.
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Figure 13. Spatial relationship of the Sanlingiao after modification. (top left): Ground floor (nodes
are directly linked by proximity and line-of-sight access). (top right): One layer (with spatial overlap
between nodes as a direct link). (bottom left): Second level (nodes are directly linked by proximity
and line-of-sight access). (bottom right): Second level (with spatial overlap between nodes as a
direct link).

4.3. Comparative Analysis of Spatial Network Models before and after Modification
4.3.1. Enhancement of Spatial Network Cohesion

The network clustering coefficients exhibit values of 0.369 and 0.390 before and after
the transformation. The network remains a complete set following the transformation,
although node K, which serves as the only tangent point in the network, is eliminated. As
a result, the overall stability of the network is enhanced. The removal of tangent point K
is primarily attributed to the integration of the double-layer interactive plaza at K. This
integration effectively merges node K and red-brick towers 10, 11, connecting them with
the surrounding architectural space. The objective is to strengthen the significance and
accessibility of the vulnerable nodes (10, 11) while simultaneously enhancing the cohesion
between nodes K, 10, and 11 (Figure 14).
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Figure 14. Analysis of spatial network cut-points in the revamped Sanlingiao.

A comprehensive examination of the spatial network indicates the presence of two
prominent clusters (Figure 15), accompanied by a rise in the quantity and variety of nodes
that serve as intermediaries connecting these clusters.

Figure 15. Analysis of spatial network faction in Sanlingiao after renovation.

4.3.2. Decreased Disparities in Centrality among Nodes

The average relative intermediate centrality of the entire network experienced a
decrease from 6.171% to 2.624% following the transformation of the Sanlinqiao factory. The
average relative proximity centrality values are 0.47 and 0.48, respectively. This indicates a
difference in the trend of the two centrality indexes. The change can be attributed to an
increase in the number of paths between spatial nodes and other nodes in the network,
resulting in an overall increase in spatial network complexity. Space-utilizing individuals
opt for diverse trajectories at spatial junctions, thereby enabling them to engage in a
more intricate, multidimensional, dynamic, and unpredictable spatial encounter. The
renovation results in a decrease in the difference in individual centrality, equalization
of spatial power, and the emergence of multiple spatial nodes with high and medium
centrality and comparable power. This is beneficial for enhancing the overall vitality of the
factory area (Figures 16 and 17). Through careful observation and comparative analysis,
it becomes evident that the centrality of architectural space nodes is greatly enhanced by
the strategic placement of “connecting lines” between various elements, such as buildings
and outdoor spaces. This is achieved through the installation of steel frame glass roofs and
connecting corridors that link two independent buildings. As a result, the architectural
space, which was previously only indirectly connected through the outdoor space, can now
be directly interconnected through a multitude of spatial overlapping configurations. This
phenomenon facilitates a direct connection between the architectural space and the outdoor
space by means of overlapping spaces, which were previously only indirectly connected.
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Figure 17. Proximity centrality of spatial network after Sanlinqiao modification.

4.3.3. Increased Relevance of Space Networks

The correlation coefficients of the spatial network before and after the renovation are
0.432 and 0.459, respectively. These values indicate an improvement in the correlation
compared to the pre-renovation period. This observation suggests that the overall network
exhibits a greater density and a higher level of accessibility. The spatial division within the
network of the community activity center becomes more complex, catering to the specific
needs of its functions. This complexity leads to an increase in both direct and indirect
connections between the various spaces. Upon examining the point connection analysis
table of the nodes, it becomes evident that the removal of up to 16 network connections
is required in order for the building nodes to lose their interconnections. This suggests a
substantial enhancement in the degree of accessibility between the building spaces. Addi-
tionally, the average value of the point connections for all nodes has increased, indicating
an improvement in the average vulnerability of the network nodes. The elevation of the
network increases, resulting in an enhanced average vulnerability of the network nodes.

5. Conclusions and Discussion

This study analyzes and summarizes the current research situation in the field of
industrial heritage building reuse. It concludes that in recent years, such research has paid
less attention to the rationality of space use and has been unable to form a common space-
specific transformation strategy. Taking Shanghai Sanlingiao Nitro Thermal Insulation
Bottle Factory as an example, we utilized the social network analysis method to build the
spatial network structure model of the factory, analyze the issues, implement the relevant
spatial optimization strategy, and evaluate the transformation outcomes to validate the
feasibility of the optimization strategy.

In the context of industrial heritage buildings, the process of transforming an industrial
plant into a public building requires the conversion of the existing space into a dynamic and
interconnected spatial system [49]. This study employs the social network analysis method,
a quantitative research approach—to examine the centrality, cohesion, and relevance of
the plant’s space—as well as other relevant indicators. The study also addresses the
functional partitioning that occurs during the transformation of an industrial heritage
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building into a public building. The present study proposes a comprehensive five-point
transformation strategy to effectively address three key challenges encountered during
the conversion of industrial heritage buildings into public buildings. These challenges
include functional zoning, spatial accessibility, and path richness: (1) judge the spaces
belonging to the same faction according to cohesive analysis and place the corresponding
functions respectively [50]; (2) create grey space [51], increase the overlapping area between
building units, thereby enhancing the direct connection between nodes and improving
overall spatial accessibility between spaces; (3) improve the connection between edge
spaces and the entire plant area [45] and increase the direct connection between edge spaces
and other spaces, thus enhancing the overall accessibility of the space system’s accessibility;
(4) reasonable expansion of outdoor public activity space [52]: use the external spaces
with high activity levels to link various internal spaces within the factory area, thereby
increasing the connection between spatial units and providing users with more path choices
within the spatial system and increase the number of path choices available to users in the
spatial system; (5) stimulate the vitality of the public space to strengthen the interaction
between nodes, and increase the different combinations of paths [53]. The spatial system
that underwent transformation was reanalyzed using social network analysis, revealing
that the optimization had a more pronounced impact. The clustering coefficient of the
transformed network exhibits an increase, indicating that the plant spatial network becomes
more cohesive. Additionally, the average relative intermediate centrality of the overall
network decreases while the average relative proximity to the center increases after the
transformation. This suggests that the spatial power of the plant becomes more balanced,
and the complexity of the spatial network is heightened. Furthermore, the spatial network
correlation is enhanced after the transformation, resulting in a denser network as a whole
and increased accessibility of each node. By optimizing the spatial layout design, the issue
of uneven space utilization caused by the original building layout is eliminated, and the
problem of excessive concentration of pedestrian traffic is significantly alleviated.

Industrial heritage connects the modern world with the productive past, serving as a
genuine testament to the advancement of human civilization and a significant milestone
in history [54]. As the demand for cultural resources grows, city managers are gradually
recognizing industrial heritage buildings in cities as important cultural assets. Conservation
and adaptive reuse of industrial heritage buildings extend the service life of existing
buildings, encourage the reuse of the energy contained therein, provide significant social
and economic benefits to society [55], contribute to the goal of sustainable development,
and are effective ways to reduce carbon emissions from the built environment and protect
the global climate [56]. This study introduces a novel approach to conceptualizing and
exploring methods for renovating industrial heritage and other urban stock spaces. It also
holds significant reference value for the adaptive reuse of industrial heritage buildings in
different cities. Utilizing social network analysis to develop targeted renovation strategies
for adaptive reuse projects of industrial heritage buildings can effectively minimize resource
wastage and enhance the controllability of renovation outcomes.

There are still certain limitations in this study that require further enhancement.
Specifically, the parameters of the spatial network model of the factory before and after
the implementation of the transformation strategy were analyzed and compared using the
social network analysis method. In the subsequent phase, we will refine the strategy and
assess the changes in the spatial parameters after the adjustment, aiming to identify the
most appropriate approach for spatial optimization.
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