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Abstract: The International Export Company (Kiangsu) (IEC (Kiangsu)) was the earliest reinforced
concrete industrial building group in China. Among similar buildings preserved to date, its huge
scale and early construction period are very rare. In recent years, after the enterprise moved away,
the IEC (Kiangsu) was transformed into a landmark complex integrating commerce, culture, and
tourism according to the requirements of regional development. For early modern reinforced concrete
buildings, in order to preserve their value as heritage sites and confirm their contemporary value as a
space resource that meets political and economic requirements, it is necessary to conduct detailed
historical research and value evaluation on them. The orientation of value evaluation must consider
both heritage values and contemporary values. The choice of different technical means is adapted to
the dynamics of value evaluation.

Keywords: International Export Company (Kiangsu); industrial heritage; early modern Chinese
reinforced concrete architecture; value evaluation; preservation and revitalization

1. Introduction

At the end of the 19th century, concrete first entered China as a brand-new building
material, and, subsequently, reinforced concrete structures were gradually popularized
and widely constructed [1]. During that period, China erected many industrial buildings
that were influenced by advanced Western technology and used mechanical and dynamic
equipment [2]. Reinforced concrete technologies suited the characteristics of large-scale
industrial buildings. As a result, the earliest reinforced concrete industrial buildings in
China came into being.

These reinforced concrete industrial buildings have been used for a long time, generally
exceeding their normal service life, and have different degrees of durability problems.
On the one hand, these buildings are of great value as historical buildings and played a
large role in the production of the national economy, so they need to be utilized. On the
other hand, they have potential safety hazards and their scale also restricts revitalization.

The International Export Company (Kiangsu) (IEC (Kiangsu)) is located near the
Yangtze River in Nanjing. It has a history of more than 100 years. It is not only the earliest
large-scale industrial building group in Nanjing but is also the reinforced concrete building
group with the longest history. In 2014, planning for the new Yangtze Riverside Business
District was officially launched by the city government, for which all aspects of construction
were advanced step by step. As a significant part of this project, the former International
Export Company area was facing a comprehensive transformation and functional upgrad-
ing to keep pace with the overall development of the entire Yangtze Riverside Business
District [3]. The authors participated in the preservation and revitalization project of the
IEC (Kiangsu).

Industrial heritage is unique. Once they lose their vitality for use, their value will
also decrease. Since the 21st century, more and more outstanding industrial buildings in
China have moved from being idle and decaying to active and dynamic protection and
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reuse [4]. For example, the abattoir of S.M.C.P.W.D (1933 Old Millfun), which was built in
1933, was the largest modern abattoir in the Far East at that time. The renovation project
attempted to revitalize the abandoned industrial heritage and transform it into a fashion
center. During the protection and revitalization, the original structural system was retained,
and the damaged parts were repaired according to the original process and materials [5]
(Figure 1). The revitalization of the abattoir has achieved a win–win situation in many
aspects: the government has obtained the opportunity to improve the appearance of the
region, the local tax has been increased, the owners have increased the rental income, and
the idle plant resources have been revitalized [6].
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and modification to restore the original appearance of the space [9]. Another famous case 
of reinforced concrete industrial heritage was the Lingotto Factory Conversion in Italy by 
Renzo Piano. The project had two objectives: to revive the factory by transforming it into 
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Outside of China, we have also seen revitalization of industrial heritage being widely
discussed and practiced. Sir Neil Cossons stated that “Industrial heritage is, arguably, a
unique cultural discourse; it brings challenges found nowhere else in the heritage sector and
requires new answers” [7]. Faced with this unique cultural discourse due to their large-open
spaces, adaptive reuse should be the preferred strategy for an industrial building when
no other industrial option is available [8]. In the functional adaptation of the industrial
architectural heritage of Berlin, Germany, different treatment methods can be seen, such as
only retaining the exterior wall and rebuilding other structures; combining the old and new
with demolition, retention, modification, and expansion; and demolition and modification
to restore the original appearance of the space [9]. Another famous case of reinforced
concrete industrial heritage was the Lingotto Factory Conversion in Italy by Renzo Piano.
The project had two objectives: to revive the factory by transforming it into a multipurpose
center and to maintain its architectural identity [10].

2. Brief History
2.1. The Historical Background of the IEC (Kiangsu)

There were four forms of ownership during the emergence of modern Chinese in-
dustry: foreign-funded enterprises, governmental enterprises, government-supervised
business, and private companies. Foreign-funded factories were the first to open. By 1894,
there were 191 such factories [11]. Because of its superior geographical location and unique
political position in modern Chinese history, Nanjing naturally attracted the attention of
foreign investors.

The IEC (Kiangsu) was a subsidiary of the famous British multinational Union Cold
Storage Company in China. The founders of the company were the brothers William L.
and Edmund H. Vestey. In 1890 they established the first cold store in Liverpool as the
Union Cold Storage Company, which was to become one of the world’s largest cold storage
operations. They soon diversified into other products, using their extensive network of cold
stores to accommodate all types of perishable foodstuffs, and developed their supplies on a
worldwide basis [12]. The Vestey brothers took advantage of new refrigerated shipping
technology and collected large amounts of food from all over the world to feed the urban
population in Britain. They shipped frozen partridges and beef from Argentina, then eggs,
chicken, duck, pork, and dairy products from China and Russia, and then mutton and
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beef from Australia and New Zealand [13]. By 1921 the Vestey were Britain’s biggest meat
retailers, with more than 2300 butcher shops. They owned cold storage or meatpacking
enterprises on every continent [14].

In 1906 they began to ship eggs, chickens, and other products from China [12]. In 1906,
the Peking–Hankow Railway was opened, and Hankow, known as the “Thoroughfare of
Nine Provinces”, became a gathering place for the egg industry. After careful inspection,
the Union Cold Storage Company believed that the wholesale price of eggs in Hankow
was low and that there was a huge profit margin [15]. On 23 August 1907, the International
Export Company (Hankow) (IEC (Hankow)) was established. It was the first company
invested in and established by the Union Cold Storage Company in China, mainly engaged
in egg powder processing and the export of frozen pork and beef.

With the continuous increase in the Union Cold Storage Company’s business in China,
the Chinese branch became one of the main sources of profits for the head office. The Vestey
Brothers decided to expand their production scale in China, so a larger-scale new factory in
the Yangtze River Basin was placed into consideration (Figure 2). The new factory required
selecting areas with convenient transportation and abundant raw material sources. This
was the birth of the IEC (Kiangsu).
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Therefore, the first foreign-funded factory appeared in Nanjing since the opening
of the port. The counties near Nanjing were rich in fresh eggs, pork, and beef, and the
transportation was very developed. Sea ships could reach it directly, making it an ideal
place to set up a factory. In 1912, the Union Cold Storage Company founded the IEC
(Kiangsu) in the vicinity of Baota Bridge. At that time, they purchased 0.8 ha of land and
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leased 2 ha of land to build a simple factory, where they installed two small generators,
three compressors, four small boilers, pipelines, and other equipment [16].

After the factory was put into production, it profited, and the Vestey brothers decided
to expand their investment. Between 1916 and 1922, more lands were leased and purchased.
East and west of the north site of Baota Bridge, more than 10 buildings, warehouses, offices,
and livestock houses were built, and new production equipment was added. Only the
compressors were increased to six. Docks and trestle bridges were built on the riverside.
They also owned 3 pontoons, 15 small steamers, and more than 10 wooden boats. The
expansion project was completed in 1922 [16].

The IEC (Kiangsu) became the largest and most modern food processing factory in
Nanjing at that time, with raw materials entering the factory, processing and construction,
packaging, and transportation. There were more than 5000 workers. Except for a few
skilled workers, they were basically temporary and seasonal workers [16].

From 1918 to 1922, the IEC (Kiangsu) had its most vigorous production, producing
160–200 t of eggs, slaughtering 3000 pigs and 400 cattle per day during peak seasons. It
played a dominant role in Chinese food processing [16].

However, in traditional Chinese society, the slaughter and trafficking of cattle were
strictly restricted to ensure agricultural stability [17]. In 1915, the IEC (Kiangsu) was
reprimanded for illegally purchasing 22 thousand draught cattle across thirteen counties.
The cost of such antagonism became apparent during the 1920s and 1930s [18]. China’s
beef exports stagnated after World War I.

However, poultry and egg products continued to sell well. According to statistics,
from 1918 to 1920 the value of egg products exported by Nanjing Port (mainly produced by
IEC (Kiangsu)) accounted for 19.7%, 26.9%, and 40.1% of the port’s foreign trade export,
respectively [16].

The IEC (Kiangsu) dominated China’s egg processing industry with its mature net-
work, procurement and marketing system, and advanced equipment and technology.
Before the First World War, IEC was the only company in China handling frozen eggs. It
even changed the Purchasing Organization for Eggs. IEC successfully replaced the egg
wholesalers with its own purchasing stations and, sometimes, even purchased directly
from small collectors. During the First World War, due to the profitability of the egg in-
dustry, domestic gentry also invested in the egg processing industry one after another.
After 1920, other refrigerating companies followed suit and built up their own purchasing
organizations [19].

The most representative company that competed with the IEC was China Egg Produce
Company (CEPC). CEPC was more flexible in the scheduling of acquisition funds, and more
humane in the settlement of payment [19]. CEPC not only rivaled IEC and Jardine Mathe-
son, it also took the lead in persuading both foreign and Chinese refrigerating companies to
form an international cartel in the 1930s, with the Refrigerated Egg Packers’ Association of
China being established in Shanghai in 1930 and Weal Trust Co., Ltd. (London, UK) being
established in London in 1934. Through such price-fixing organizations, these refrigerating
companies managed to monopolize the export of frozen egg products from China to Europe.
The significance of this monopoly is indicated by the fact that China contributed 80% to
90% of “eggs not in shells” imported into the United Kingdom until 1941 [20]. By the
1930s, eggs and egg products occupied the second or third position on the list of China’s
export trade [21]. The competition between CEPC and IEC had successfully guided the
development of China’s refrigerated food industry [22].

The IEC (Kiangsu) was mainly engaged in the procurement, production, and export
of agricultural and sideline products such as eggs and beef to meet the food needs of the
European and American markets. During the First World War, the IEC (Kiangsu) undertook
the strategic task of ensuring Britain’s food supply and also received diplomatic support
from the British government to help its development in China [17].
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The IEC (Kiangsu) promoted the development of modern Nanjing’s urbanization and
the prosperity of the regional economy. At the same time, it also absorbed a large amount
of labor and created Nanjing’s early industrial workers [17].

2.2. The Construction History of the IEC (Kiangsu)

The design work of the IEC (Kiangsu) when the factory was built was undertaken by
E.J. Muller Consulting Civil Engineer [23].

The design drawings in the archive of Nanjing Tianhuan Food Co., Ltd.(Nanjing,
China) are signed by E.J. Muller. Muller was a Norwegian architect and worked in the
Shanghai Public Works Department in 1904–1905, served as an assistant engineer in the
management of the public office building, and later established his own office “E.J. Muller
Consulting Civil Engineer (Shanghai, China)”, where he was mainly engaged in civil
engineering consulting-related businesses [24]. The Yao Xin Kee Construction Company
(Shanghai, China) was responsible for the construction of the IEC (Kiangsu) [25]. These
companies were two highly prolific and influential architectural companies in modern China.

Before the large-scale use of reinforced concrete frame structures, a transitional struc-
ture briefly appeared in China: brick or stone walls were used for load-bearing, but I-steel
was used on the floor instead of wooden girders. This mixed structure mainly had the fol-
lowing methods: (1) arched iron plates were set between the I-steel dense ribs spaced about
1.5 m apart, with concrete poured on top, then the floor surface was laid on top, such as a
wood floor (Figure 3a); (2) brick arches were built between the I-beam ribs, with concrete
poured on top as a surface layer (Figure 3b); (3) light brick flat arches were built between
the I-beam ribs, with concrete poured on top as a surface layer (Figure 3c); and (4) beams
consisting of 3 - 4 I-beams wrapped with concrete were made, then the I-steel dense ribs
were paved on the beams, with concrete poured on top as a surface layer (Figure 3d) [26].
The egg processing factory in IEC (Hankow), China adopted this mixed structure form,
adopting the fourth method. The building was demolished in 2006 [27].
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In 1905, the Arnhold Karberg & Co. (Shanghai, China) building in Guangzhou used
Julius Kahn’s reinforced concrete structure system. Martin Hall of Lingnan University
also abandoned the originally designed mixed structure and adopted the Kahn System of
Reinforced Concrete. These two buildings are the earliest reinforced concrete buildings
in modern China [28]. The Shanghai Mutual Telephone Co. (Shanghai, China) building,
which started construction in 1906, was the first large-scale building in Shanghai to use
whole reinforced concrete system. It was designed by Davies & Thomas (Shanghai, China),
and E.J. Muller Consulting Civil Engineer (Shanghai, China) performed structural calcula-
tions [29]. The project was undertaken by Yao Xin Kee Construction Company (Shanghai,
China) [30]. Therefore, E.J. Muller Consulting Civil Engineer (Shanghai, China) and Yao
Xin Kee Construction Company (Shanghai, China) played a pivotal role in the field of rein-
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forced concrete in China at that time. E.J. Muller also published “Reinforced Concrete”in
1904. It was the first paper published on reinforced concrete in Shanghai [31].

Beginning in 1913, the IEC (Kiangsu) successively leased and purchased the north
and south plots of the Baota Bridge, built simple factories, and started production. The
factory area to the south of Baota Bridge was called the Inside Factory, which contained the
main production plants and office buildings of the IEC (Kiangsu), while the north of Baota
Bridge was called the Outside Factory, which contained chicken and duck houses and a
British Staff Dormitory [23]. In 1913, the scale of the factory was small, and the houses had
mostly white iron roofs.

In 1915, the IEC (Kiangsu) began to build reinforced concrete buildings. In 1915,
the new Cold Storage, Basket Factory, old Tin Factory, and its affiliated factories were
completed, and the British Staff Office Building was also completed. In 1918, the Egg
Processing Factory and Engine House were completed. By 1922, the construction of large
warehouses, the Slaughter House, new Tin Factory, Box Factory, etc., was completed. By
this time, the new factory buildings of the IEC (Kiangsu) were completed (Figure 4).
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1913 to 1922 (source: the author’s studio).

The main structure of The IEC (Kiangsu) factory buildings used a large-scale cast-in-
place reinforced concrete frame structure. The floor and roof were cast-in-place reinforced
concrete beam and slab structures, the foundation was pine piled raft foundation, and the
exterior walls were maintained by brick [32].

By 1929, with the completion of the temporary Cold Storage, the Bristle Store, the
Canteen, and other accessory buildings, the layout of the factory was basically formed [3].
The 1929 aerial photograph of Nanjing City clearly shows the situation of the entire factory
area of the IEC (Kiangsu), reflecting the group layout of the IEC (Kiangsu) during its
booming business period (Figure 5).
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The Outside Factory was divided into two parts: the chicken and duck houses and
the British Staff Dormitory area. The function of the Outside Factory was relatively simple,
and all buildings and structures were arranged in a unified grid [33].

In the Inside Factory, the Office Building (No. 26) was located in a triangular plot on
the north side of the area, facing the Yangtze River to the west. The new and old Cold
Storage (No. 17 and No. G) were located in the center of the entire site. The Engine House
(No. 16) was located on the west side of the Cold Storage, close to the Yangtze River, so
that water could be drawn directly from the Yangtze River. The most important factory
buildings, the Egg Processing Factory (No. 21) and the Slaughter House (No. 6), were
located on the northwest and southeast sides of the factory area, and the secondary factory
buildings such as the Warehouse (No. 5), Basket Factory (No. 11), Tin Factory (No. 18), and
Box Factory (No. 23) were located between the two buildings to serve them. Each factory
had pulley equipment leading to the new and old Cold Storage. Two freight docks were
located on the west side of the Warehouse and Basket Factory. The overall functional layout
was clear and reasonable [23] (Figure 6).
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3. Discussion of the Principles of Preservation and Revitalization
3.1. Theoretical Basis

The IEC (Kiangsu) had a history of one hundred years. It had undergone many years
of construction and then changed its owner. By the time our team started to design, the
remaining buildings had different styles and scales. Based on the complex situation, we
needed to use value evaluation to determine the principles of preservation and revitaliza-
tion of the overall environment and single buildings.

The diversity of heritage values has long been recognized. As early as 1933, the
Athens Charter stated the value of heritage as follows: “The grounds for the preservation
of buildings should be that they express an earlier culture and that their retention is in the
public interest” [34]. The Venice Charter in 1964 mentioned that, “Imbued with a message
from the past, the historic monuments of generations of people remain to the present day
as living witnesses of their age-old traditions,” and “The concept of an historic monument
embraces not only the single architectural work but also the urban or rural setting in which
is found the evidence of a particular civilization, a significant development or an historic
event” [35].

In 1982, the Chinese government promulgated the Law of the People’s Republic of
China on the Protection of Cultural Relics, which was the first law regarding the protection
of cultural relics after the founding of the People’s Republic of China. Article 13 of Chapter
II “Immovable Cultural Relics” of the law states: “The administrative department for
cultural relics under the State Council shall select sites from among the ones protected for
their significant historical, artistic or scientific value at the provincial, city or county level
and designate them as major sites to be protected for their historical and cultural value at
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the nation level, or shall directly designate such major sites, and report them to the State
Council for verification and announcement” [36]. The Law of the People’s Republic of
China on the Protection of Cultural Relics adopts three aspects of the recognition of cultural
heritage value in the traditional view.

In addition to these traditional values, The Burra Charter in 1979 added social or
spiritual value. In recent years, both international and domestic have paid attention to
the strong contemporary effects of cultural heritage [37]. The terms “social value” and
“cultural value” have gradually been accepted by the academic community and adopted
by the 2015 edition of the “Principles for the Conservation of Heritage Sites in China” [38].
However, judging from the writing of the “Principles for the Conservation of Heritage Sites
in China”, these two values exist as supplements to the three traditional values, not the
fourth and fifth values that are juxtaposed with them [39].

Specific to the industrial heritage, in the Nizhny Tagil Charter in 2003, industrial
heritage was defined this way: “Industrial heritage consists of the remains of industrial
culture which are of historical, technological, social, architectural or science value” [40].

The particularity of industrial heritage is that it usually has a large scale, which
determines that we cannot protect it as an “exhibit” and ignore the use value. Doing so
will inevitably cause huge waste and economic losses. Thus, we must also pay attention to
the discussion of topics other than the heritage value.

At the beginning of the 20th century, Alois Riegl (1858–1905) summarized the value
of architectural heritage as “Commemorative Value” and “Present-Day Value” [41]. He
distinguishes three different Commemorative Values in monuments: intentional value,
unintentional value (historical value), and age value. Considering other values that a
monument offers to modern man, he distinguished Present-Day Values as utilitarian value
(use value) and art value. He believed that the preservation of monuments must take this
into account, if only because it may have a practical and topical significance quite apart
from the historical and commemorative value of a monument. Historic buildings with use
value are not just monuments. They have a function that imposes requirements that change
over time, and these requirements cut across cultural heritage considerations and inherited
age values [42]. Contemporary scholars have also continued this discussion, as Randall
Mason believed that one can think of the broad spectrum of site values in terms of “heritage
values” and “contemporary values”. Heritage values are those contributing to the sense of
a place being endowed with some legacy from the past—quite literally the stuff in need of
preservation. They typically include artistic values tied to the original vision of an artist, as
well as those accumulated over time. They also include historical values associated with
the site, as well as the scientific or “archeological” values embedded in its material layers.
Contemporary values are distinct in that they matter for reasons other than the recovery or
retention of cultural significance, but nevertheless are recognized as legitimate values of a
site, such as profit, recreational use, ecological integrity, and public health [43].

In a discussion paper for the Council of Europe, it was argued that heritage matters
because “it is part of our quality of life” through shaping places, cultural identity, and
memory, and by providing amenity values to the community [44]. Chinese scholars such as
Qing Chang believe that the protection of architectural heritage is not limited to preservation
and restoration now, but includes exploring adaptive methods of various historical buildings
and environmental preservation and regeneration in urban and rural construction. It should
be incorporated into the overall pattern of local social and economic development [45]. He
summarized value as the testimony of important historical events or specific life forms; the
representation of the artistic style and technical characteristics of a period; the carrier of
emotions, ideas, beliefs, realms, and other conceptual forms; and a space resource.

If we indeed wish for our cultural heritage to have a future, then heritage must
be relevant to the present, and that implies it must be relevant to the aspirations of the
present-day communities [46]. Obviously, as a space resource, architectural heritage is
oriented to the present and even to the future. The various needs of contemporary society
and growing consciousness of the great value of architectural heritage emphasize the
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importance of revitalization as a means of preservation, but at the same time its activation
in the context of sustainable development [47]. A successful adaptive reuse project should
also be economically sustainable [48]. In the IEC (Kiangsu) project, we tried for this kind of
preservation in a broad sense through value evaluation. We tried to find a balance between
heritage value and contemporary value. While inserting new functions, it also fully respected
the status quo, and the renovation strategy was an adaptive choice after evaluation.

3.2. The Development and Current Situation of the IEC (Kiangsu)

On 25 June 1956, the State Council and the State Planning Commission agreed that
the Ministry of Commerce would invest CNY 10 million to rebuild the former site (Inside
Factory) of the IEC (Kiangsu) into the Nanjing Slaughtering and Meat Processing Factory.
On 1 July 1957, the Nanjing Slaughtering and Meat Processing Factory was put into
operation. With the help of Soviet experts, three cold storage warehouses were rebuilt
using the original factory buildings [17].

In 2003, the Nanjing Slaughtering and Meat Processing Factory was restructured and
renamed Nanjing Tianhuan Food Co., Ltd. (Nanjing, China) Some additions were carried
out in the factory area because of the demand of use, such as the addition of overpasses
to connect the cold storages. At this time, roads replaced railways as the main mode of
transportation, and the original railroad tracks were no longer used.

In 2014, Nanjing Tianhuan Food Co., Ltd. (Nanjing, China) Moved entirely to Jiangning
District, and a large number of buildings built after the 1960s on the site were demolished
(Figure 7).
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The architectural function of the IEC (Kiangsu) changed with the needs of different
ages, but the architectural layout of the factory area always revolved around the original
factories and contained the most important production and storage functions.
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Unfortunately, after the preservation and revitalization design began, the Engine
House was damaged by a fire.

3.3. Value Evaluation of the IEC (Kiangsu)

Because of the scale of the IEC (Kiangsu) and the spatial function and economic
expectations it assumed after its transformation, we explored the value of the IEC (Kiangsu)
from the two perspectives of “heritage values” and “contemporary values.”

3.3.1. Heritage Values

From the perspective of “heritage values,” we can refer to the description of the value
of industrial heritage in the Nizhny Tagil Charter. It can be seen that, compared with
the Law of the People’s Republic of China on the Protection of Cultural Relics, which
refers to the traditional definition of heritage value, the definition of industrial heritage
in the Nizhny Tagil Charter does not mention artistic value. It explains that “it may have
considerable aesthetic value for the quality of its architecture, design or planning” [40]. The
artistic value of industrial heritage is mostly embodied by buildings and structures.

• (a) Historical and Social Value

When a certain feature of a building is consistent with the important historical facts of
a certain category at a certain level, the building is considered to have historical value. The
level of historical value is based on the degree of relevance of the feature to historical facts
on the one hand, and on the other hand, it is based on the importance of historical facts [49].

Because of its intricate relationship with modern history, modern industrial heritage
has more sensitive emotional and political effects. It is expressed as a kind of emotion in
the collective memory. Its social value is intertwined with its historical value. Therefore,
we will consider them together.

As China’s earliest modern enterprise of modern food processing, refrigeration, stor-
age, and sales, the IEC (Kiangsu) had a unique position in China. It was the largest of
and had the most advanced technology and the most complete facilities among the food
processing enterprises in the country at that time, so it is of milestone significance in China’s
modern meat processing industry. It witnessed the complicated competitive relationship
between foreign capitalist industry and modern national industry and reflected the exchange
and integration of Western culture and local culture in its complex social background. The
first IEC (Hankow) was demolished in 2006. The IEC (Kiangsu) was well-preserved, and its
historical value was enhanced by the integrity of its preservation and the uniqueness of its type.

In the hundred years of its existence, it has also been witness to the changes, develop-
ment, and progress of the social milieu. From the semi-colonial and semi-feudal society
when it was established to the Republic of China when it was first operated, from the labor
movementto the tragic Nanjing Massacre (Figure 8), then to the rapid modernization of
Nanjing after the founding of the People’s Republic of China, the IEC (Kiangsu) experi-
enced war and peace. Then, only the reinforced concrete structure remained, and it had
become part of the collective memory of the area and even of the entire city.

• (b) Scientific Value

At the beginning of the 20th century, China’s reinforced concrete buildings were just
beginning to sprout, after which they were rapidly developed and widely used.

“The Architectural Heritage of Modern China” conducted a survey of modern build-
ings in 16 cities of China. Among the 190 modern buildings in the Nanjing Volume, 122
were reinforced concrete structures, accounting for 64.2% of the total [50]. However, the
early IEC (Kiangsu) industrial buildings that were completely preserved at the huge scale
were very rare. At the beginning of the 20th century, China’s reinforced concrete technology
was not yet mature. Many materials of the IEC (Kiangsu) were imported from the United
Kingdom. The building itself was also designed by foreign architects. It was a testimony to
China’s earliest modern reinforced concrete structure at that time. It was also an important
example of reinforced concrete technology from its local beginnings.
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Its buildings were huge and well-preserved and were typical of the earliest cases of
reinforced concrete structure in modern China. The design team of E.J. Muller Consulting
Civil Engineer (Shanghai, China) and the construction team of Yao Xin Kee Construction
Company (Shanghai, China) reflected the technical level of the time. The most fortunate
development for us was that the company still retained the original historical drawings.
Through these drawings we could understand the standards and features of the original
design and what changes had been brought about by the subsequent transformation
(Figure 9).
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In the field of industrial production, the IEC (Kiangsu) was the largest and most
modern food processing enterprise of that period in Nanjing, and its production technology
represented the highest level of the domestic food processing industry at that time. The
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Inside Factory maintained its functions of food processing, storage, and transportation from
the management and operation of the IEC (Kiangsu) to Nanjing Tianhuan Food Co., Ltd.
(Nanjing, China) The original production process and line was continued and preserved to
a certain extent. During the operation of the Nanjing Slaughtering and Meat Processing
Factory, the basic technological process did not change. Only the use of the buildings had
been adjusted according to new demands; for example, some original factory buildings
were converted into cold storage and the space for food storage was increased [51].

A large amount of production equipment had been kept. From generators and com-
pressors to processing equipment, we could see the IEC (Kiangsu) production process tech-
nology and process system. Before the relocation of Nanjing Tianhuan Food Co., Ltd. (Nanjing,
China), there were still machines produced in the Soviet Union, Britain, Denmark, and other
countries in different periods in the factory [52]. Together with the construction technology,
they formed a complete scientific and technological value system of the IEC (Kiangsu).

• (c) Architectural Value

Owing to the use of reinforced concrete structure in the IEC (Kiangsu) factory build-
ings, their proportions, forms, materials, and craftsmanship details naturally presented
the modernist style pursued by Western architecture in that period [2]. The facade of
the existing buildings had been changed to some extent in the later use process, but the
material, scale, and details were basically intact. Among them, the architectural style of
the British Staff Office Building had the characteristics of British eclecticism, and the other
architectural group had the characteristics of typical early modern industrial buildings.

The facade of the Office Building was three-sectioned. The cornices and lintels of the
entrance hall in the middle section were decorated with exquisite decorations and crisp
moldings (Figure 10).

1 

 

 

Figure 10. West facade of the Office Building (source: the author’s studio).

Although the rest of the factory buildings were mainly functional, the designers also
tried to embody some artistic architectural characteristics. For example, the concrete cast-
in-place gutter combined with the detail treatment of the cornice was a common practice in
early British industrial buildings. When the project started, the gutters on each building
were basically intact except for partial damage (Figure 11). Although the windows had been
remodeled, judging from the design drawings, the early metal windows and partitioning
methods were very characteristic of British industrial buildings in those days, and traces of
this could also be seen on the scene.
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In the design of the outdoor stairs, the designer cleverly combined architectural
and structural techniques. The part with large force is thicker, and the part with small
force is slender. Curve transitions were used between vertical components (columns) and
transverse components (beams, slabs). On the whole, it is exquisite and slender, and the
mechanical characteristics and aesthetic characteristics are perfectly combined, giving these
large-scale factory buildings a unique aesthetic feeling [33] (Figure 12).
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The IEC (Kiangsu) also adopted some special designs. The factory was located on the
bank of the Yangtze River where the soil was loose and soft. To ensure the stability of the
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ground and reduce the settlement of the foundation, pine piles with corrosion resistance
and the sandstone cushion that drew materials from the riverbed were adopted in the
construction of the buildings near the riverside [53] (Figure 13).
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Another interesting example was the Box Factory. It was transformed into a cold
storage building in the 1950s. In order to meet the thermal insulation conditions, the
second-floor slab was raised 800 mm outwards, a new wall was added outside the original
wall, and rice chaff was used between the two walls as thermal insulation (Figure 14).
Therefore, the facade of this building was very different from that of the other factories.
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3.3.2. Contemporary Values

The scale of the historical buildings of the IEC (Kiangsu) was huge at nearly
70,000 square meters. After Nanjing Tianhuan Food Co., Ltd. (Nanjing, China) moved out
in 2014, the buildings were vacant. Such a scale made it impossible for us to protect it as an
“antique” for viewing only. We developed its use value and made it a space resource for
the present and even the future.

In the government’s site plan for the Xiaguan Riverside Business District, the land
around the Inside Factory of the IEC (Kiangsu) was designated for the construction of
commercial and business facilities. The new plan aimed to reinvigorate its use and, through
the preservation and revitalization of the IEC (Kiangsu), thereby stimulate the vitality of
this plot.
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3.4. The Existing Problems of the IEC (Kiangsu)

In terms of architectural style, preservation status, and cultural relic level, we divided
the buildings preserved in the IEC (Kiangsu) into three categories (Figure 15).

Buildings 2022, 12, x FOR PEER REVIEW 16 of 28 
 

Another interesting example was the Box Factory. It was transformed into a cold 
storage building in the 1950s. In order to meet the thermal insulation conditions, the sec-
ond-floor slab was raised 800 mm outwards, a new wall was added outside the original 
wall, and rice chaff was used between the two walls as thermal insulation (Figure 14). 
Therefore, the facade of this building was very different from that of the other factories. 

 
Figure 14. Renovation of the Box Factory in the 1950s (drawn by the author). 

3.3.2. Contemporary Values 
The scale of the historical buildings of the IEC (Kiangsu) was huge at nearly 70,000 

square meters. After Nanjing Tianhuan Food Co., Ltd. (Nanjing, China) moved out in 
2014, the buildings were vacant. Such a scale made it impossible for us to protect it as an 
“antique” for viewing only. We developed its use value and made it a space resource for 
the present and even the future. 

In the government’s site plan for the Xiaguan Riverside Business District, the land 
around the Inside Factory of the IEC (Kiangsu) was designated for the construction of 
commercial and business facilities. The new plan aimed to reinvigorate its use and, 
through the preservation and revitalization of the IEC (Kiangsu), thereby stimulate the 
vitality of this plot. 

3.4. The Existing Problems of the IEC (Kiangsu) 
In terms of architectural style, preservation status, and cultural relic level, we divided 

the buildings preserved in the IEC (Kiangsu) into three categories (Figure 15). 

 
Figure 15. Three categories of the buildings in the IEC (Kiangsu) (drawn by the author). Figure 15. Three categories of the buildings in the IEC (Kiangsu) (drawn by the author).

The first category was the Office Building (blue color in Figure 15). It was the only
building in the plot that was not a factory plant. It had a small scale, exquisite decorations,
and high artistic value. It was the highest-grade building in the plot (sites to be protected for
their historical and cultural value at the provincial level of Jiangsu). It had not undergone
major transformation, so it basically retained its original appearance, but the structure did
not meet the requirements of the current specifications.

The second category was the factory buildings other than the Engine House (yellow
color in Figure 15), which generally had the following problems:

• The scale was huge, and if the space resources were not used rationally, the space
efficiency would be greatly wasted.

• There was a certain degree of disharmonious addition or reconstruction.
• The beam–column system of the original historical building was relatively slender.

Because of its function (especially for cold storage) during the Nanjing Slaughtering
and Meat Processing Factory period, the structural system of the historical building
was reinforced into very thick beams and columns. The cross-sectional area of struc-
tural members had even increased two to three times, and the clear height and column
spacing had been greatly restricted (Figure 16).

• The story height varied greatly, ranging from 3.9 to 6 m. The height of each building
was different, and the heights of different floors in one building were also differ-
ent. This was not good for the reuse of the original buildings as a whole after the
intervention of new buildings, and it was not easy to meet the functional requirements.

The third category was the Engine House, which had been damaged by an accidental
fire in recent years (red color in Figure 15).
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4. Three Strategies in Preservation and Revitalization Design

Based on the new plan, the historic buildings needed to assume new functions. There-
fore, in this project design, we considered not only preservation but also maximizing the
capacities of the new and historical buildings to meet current and future use functions, and
thus to achieve sustainable use. Therefore, we made full use of the existing site conditions
using the “darn” method, and placed the new buildings so that their relationship to the old
buildings would be harmonious from the perspective of urban design.

We downplayed the new buildings through the contrast of primary and secondary,
high and low, and solid and transparent. First of all, in order to highlight the spatial
characteristics of the historical buildings, our plan placed the new buildings in a secondary
position and made their scale and form compatible with the old buildings. Secondly,
the height of most historical buildings was between 18 and 33 m, and the height of new
buildings will be held below 24 m. The proportions of the new buildings will be similar to
those of the historical buildings, but the facades will display lightness and understatement
with the glass material, which will be in harmony with the historical buildings and will
maintain obvious recognizability.

When the new buildings are placed in the area, they will be kept at a safe distance of
9 m from the exterior walls of the old buildings to reduce interference with the integrity
of the historic buildings, except for the connection between their gables; the boundary
of underground space will be treated similarly [3]. The old and new buildings will be
connected as a whole through the corridor above the second floor (Figure 17).
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Considering the level, value, existing problems, and new functions of these historical
buildings, we decided to adopt three different strategies to deal with them.

The first was the complete preservation following the principle of minimum inter-
vention. Obviously, as the only small-scale building, the Office Building was the most
well-preserved and the only site to be protected for its historical and cultural value at the
provincial level of Jiangsu, so it had to be minimally altered. In addition, we decided to
adopt the complete preservation strategy for the Warehouse, which was in the corner of
the factory building. Although it had undergone reinforcement and renovation after its
completion, we hoped that the building could completely reflect the renovation information
of various periods, even if this was not conducive to the use of its space. This embodied the
principle of continuity. It was necessary to accept the fact that important modern buildings
may change in various historical periods. The historical context should not be isolated. It
was necessary to recognize the traces left by different periods and allow the building to
maintain these changes in its history.

The second was the principle of sustainable utilization for the other factories: protect
the facade and flexibly replace the internal space. This strategy could make up for the
low space efficiency of these buildings after the repeated reinforcements, the challenge of
adapting to new functions (especially large spaces such as theatres or auditoriums), and the
hazard of fire evacuation after functional changes that did not meet current regulations. This
reflected the principle of equal emphasis on protection and utilization: when the original
functions of historical buildings are lost and new functions need to be instituted. Therefore,
in this renovation, in addition to protection, the new buildings and the historical buildings
should be able to accommodate current and future functions and achieve sustainable use.

The third was to rebuild the Engine House. Although the Engine House had been
accidentally damaged in recent years, it had survived intact and played a key role in
the development of the IEC (Kiangsu) in various periods. As a historical artefact, it
had accompanied the rise and fall of the IEC (Kiangsu). In this building group, the
squares, passages, narrow lanes, and boundaries formed between the tall and heavy
concrete buildings constituted the unique spatial form of the IEC (Kiangsu), reflecting the
characteristics of a storage and food processing industry [33]. The absence of the Engine
House was a great loss to the feel of the entire space, so for this very special case, we
decided to rebuild the Engine House. This reflected the principle of integrity: not only did
we need to protect the individual buildings, we also needed to maintain the surrounding
environmental elements that were compatible with them, so that they could be protected
as a whole.
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At present, we have completed the preservation and revitalization work of the histor-
ical buildings, except for rebuilding the Engine House, and the construction of the new
buildings will be carried out later (Figure 18).
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4.1. Minimum Intervention Strategy

We adopted a minimum intervention strategy for the Office Building and Warehouse.
For example, the Office Building originally housed the chief engineer of the IEC (Kiangsu),
and it was later changed to the office building of the Nanjing Slaughtering and Meat
Processing Factory. Since it was an auxiliary building and its function had not changed, it
had not undergone major reconstruction and reinforcement. Its scale was small, and it had
been elegantly decorated. It was also the highest-level building in the site to be protected
for its historical and cultural value at the provincial level of Jiangsu.

The Office Building was built in 1915 as a reinforced concrete structure of two floors
and a wooden hipped roof. It was located in the northwest corner of the entire plant, facing
the Yangtze River to the west. The overall plan was P-shaped, the south elevation was
slightly longer, and there was a square yard in the middle. The facade was decorated with
a granitic plaster wall and stone plinth.

Since the Office Building had basically retained its original state, we undertook mini-
mal intervention and only made some minor repairs.

• Facade: The protection and repair of the facade mainly focused on maintaining the
status quo, cleaning the stains off the granitic plaster wall and stone plinth, repairing
hollow damage, and using cleaning and repairing methods on the moldings and other
decorations. The disharmonious attachments such as the exterior air conditioner unit
and temporary rain awning installed on the facade were removed.

• Roof: We removed the tiles, battens, tar felts, and wood boarding and cleaned up
the rubbish and dust. If the wood components were damp and decayed, they were
replaced according to the same specifications. We used polymer materials to re-install
the waterproof layer and applied a key waterproof treatment on the leaking parts, then
added insulation board in the gap between the counter batten to achieve insulation
performance without increasing the thickness of the roof. Finally, we re-laid the
removed tiles and replaced the damaged and cracked tiles.

• Structure: Because the office building was old and had not been reinforced, the overall
quality of its concrete was poor. According to our test, the concrete strength was lower
than C15 nearly throughout, which did not meet the current standard. Therefore, the
structure needed to be reinforced.
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Taking the structural safety into account, the reservation design of the Office Building
only increased the controllable cross-sectional size of its structural system, while the facade,
decoration, doors, windows, etc., were kept as close to the original as possible, and only
minor repairs were performed on those parts (Figure 19).
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4.2. Sustainable Utilization Strategy

The buildings of the IEC (Kiangsu) needed to be revitalizing in conjunction with
the new buildings. Their internal spaces had undergone multiple reinforcements and
completely lost their original historical traces, which greatly restricted the use of space.

Therefore, we preserved only the intact Warehouse as a display and made maximum
use of the other factory buildings. Only the key parts including the facade (with the
outdoor stairs and other characteristic parts) were reserved, and we undertook structural
replacement of the internal space.

This plan required maintaining the stability of the external wall during the construction
process and the preventing the new structure from affecting the foundation of the external
frame. At the same time, the new structure needed to connect with the existing frame while
changing the height of the floor. In response to these problems, we designed a complete set
of solutions.

First of all, we set the steel tower on the outside of the existing wall that needed
to be preserved and connected the tower and the external wall through components to
ensure the stability of the external wall during the entire construction process. Later, the
internal structure of the existing reinforced concrete building could be demolished. The
demolition followed the principle of symmetrical removal from top to bottom and from
the middle to the edges. In the area close to the external wall, manual operation without
vibration was required to avoid damage to it. Then, we built the new internal structure. The
newly added internal structure needed to maintain a certain safe distance from the existing
exterior wall. Finally, the newly added internal structure was connected to the existing
exterior wall by cantilevering. The positions of the new columns and the new beams were
determined according to the new functional requirements. In the case of different floor
heights, it was only necessary to set boundary beams on the edge of the new floor and joists
under the existing reinforced concrete beam. The joists were connected to the boundary
beams through short columns to support and protect the existing beams and columns
(Figure 20). Finally, the steel towers and connecting components were removed to complete
the structural replacement of the existing reinforced concrete buildings.
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This plan created an effective connection with the existing exterior wall through
the steel tower, and then removed the original internal structure symmetrically from
top to bottom and from the middle to the edge through the principle of non-destructive
demolition, especially near the existing parts. This method minimized the damage to the
existing external wall. After the new internal structure was completed, the existing beams
and columns of the existing external wall would not directly bear the force of the new
internal structure. At the same time, the new internal structure would increase the external
wall’s stability and safety performance through cantilever support [54].

We adopted this method for most of the industrial buildings on the site to increase
their space utilization value, protecting and displaying their key parts at the same time.
Taking the east facades of the Basket Factory, Tin Factory, and Box Factory as examples, we
completely preserved the current status of the facades (including cornices, outdoor stairs,
and water towers) and only repaired blocked and broken windows. The status quo also
preserved historical information about the factory’s development. For example, after the
Box Factory was transformed into a cold storage facility in the 1950s, double-layer walls
were filled with rice chaff for thermal insulation (Figure 14), which completely changed the
facade from that of the original. The modularly divided facade and the thick and stable
appearance were very unique in the factory area. We also retained the additions made
between the Tin Factory and Box Factory in the 1980s (Figure 21).

In addition to the external wall, we also kept several frames of the historical buildings
for display. Taking the Slaughter House as an example, we first removed the disharmonious
addition and then set the steel tower. We retained the external wall and a span of the frame
on the edge so that the structural system of the historical building could be viewed inside
it (Figure 22). A reasonable distance was maintained between the new column and the old
column to avoid the impact of the new foundation on the old foundation. The new beams
were connected to the old structure by cantilevering. After building the new structure,
we restored its windows and outdoor stairs, which had been damaged. Considering the
thermal performance, the glass was replaced by low-E insulating glass. The exterior walls
were restored as they were, and the insulation was placed inside (Figure 23).
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The Nizhny Tagil Charter mentioned that “New uses should respect the significant
material and maintain original patterns of circulation and activity, and should be compatible
as much as possible with the original or principal use. An area that interprets the former
use is recommended” [40]. In addition to the architecture itself, we also paid great attention
to the industrial production process embodied in the existing buildings. Although the
internal space would be replaced, we left some equipment that would represent the process
and production flow. Taking the Egg Processing Factory and Slaughter House as examples,
we analyzed the original production process and restored the whole process of egg making
and slaughter through these preserved industrial remains. We placed these devices in their
original locations for display (Figure 24).
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4.3. Rebuilding Strategy

The Engine House was the most regrettable building. It was destroyed in a fire a few
years ago. Rebuilding was not advocated, except “if it benefits the integrity of the whole
site” [17]; thus, it became appropriate.

The Engine House had a unique quality. First of all, it had lasted for almost the entire
existence of the IEC (Kiangsu) and had become an important part of its collective memory.
Secondly, the frame, span, and height of the IEC (Kiangsu) factory buildings remained
intact, and the spatial scale had been completely preserved. The squares, passages, narrow
lanes, borders, and other spatial forms created between the huge concrete buildings were
extremely valuable and reflected a characteristic of the storage and food processing industry.
The existence of the Engine House was extremely important for the integrity of the feel of
this space. Finally, the Engine House was a key building in the factory area. It provided
power to the factory, so it was the core of the building group. Moreover, its two-pitch roof
and small scale were very different from other buildings.

Therefore, we will rebuild the Engine House based on historical drawings and use it
as the IEC (Kiangsu) Museum (Figure 25). The Engine House is the only suitable place for
the display of important equipment such as generators and boilers. At the same time, we
will use audio-visual materials to remind visitors about the history of the Engine House,
and sections of the broken walls will also be displayed as part of its history.
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5. Conclusions

Most of the early modern Chinese buildings that were influenced by Western modern
architecture are facing preservation and revitalization. Among them, industrial architecture
is unique. Because of the huge building scale, the contemporary value and the utilization
of space resources must be considered in addition to the heritage value. Before any tech-
nical intervention, it is necessary to propose reasonable intervention principles from the
perspective of heritage protection, and to then explore reasonable technical means adapted
to the intervention principles. Sustainable conservation and adaptive reuse are means that
assist the transition of the tangible symbols of the industrial age and their integration in
post-industrial society [55]. The research and design for the IEC (Kiangsu) is our attempt
to do this (Figure 26). The key step to enliven industrial heritage is to interpret it through
value evaluation methods. The choice of revitalization approach depends on its value: both
heritage values linking the past and contemporary values linking to the future. Flexible
intervention strategies contribute to the adaptive and sustainable use of industrial heritage.
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