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Abstract

Modern Shanghai was built mostly of bricks, embelidean epoch-making shift from “blue
brick” to “red brick” in the history of building marial in modern China. The classification are
customarily defined by the apparent colour. In $fmanred brick was introduced through the ar-
chitectural culture from Europe. By the mid-twetftieentury red brick had prevailed over the
traditional blue bricks in both production and us@&ew system was developed locally. The shift
took more than half a century with arguably crusi&ps in 1866-1936 in the sense of architec-
ture.

The paper addresses the changing technology dénbaikking during the material shift, aim-
ing at the durability of the two kinds of historidaricks, which is important in conservation
practice. The problem is generated by the incorbjh#ygi between the architectural historians’
ideas and the engineers’ scientific results onntleehanical and physical properties of the two
kinds of bricks. It highlights the incompatibilignd ascribes it to the technological issues existed
in the initial stage of the locally developed madbrickmaking industry, which built on the cen-
turies-old system with western machinery. It présenbrief state-of-the-art on the manufactur-
ing history out of any systematic studies on thdskcate and heterogeneous historical bricks.
Accordingly, it proposes two most important quassiabout the argil and the production process
that are arguably crucial to the deterioration dreddurability of those Chinese bricks, based on
referable European studies.

Multi-field sources are utilized. One principal soel is the technical publications according
to different professionals such as architects, rexggis, technological historians, experience-
based or science-based, from ancient time to mqaeninod. Another main source is the industri-
al records from the manufacturing sector. It alaefully considers the unpublished but prevail-
ing knowledge from the local heritage specialistd architectural historians.
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INTRODUCTION: THE GRAND MATERIAL SHIFT

In most territory of modern China happened an epoaking shift from “blue brick” to “red
brick” in the history of the building materfalby the mid-28 century the newly arrived red
brick of European taste had prevailed over theittoadhl Chinese blue brick that used to pre-
dominate almost the entire Han cultural territofyChina before the mid-1Bcentury. That del-
icate material culture of blue brick is well docurtel in archaeological and architectural evi-
dences, built or written, throughout hundreds alrgeThe blue-to-red shift, either in production
or use, has not yet been properly documented ingSkior English.

Shanghai used to be firmly embedded in the blugkliradition no matter how to regard its
natural, cultural and human resources. Starting feoBritish Settlement, modern Shanghai was
built mostly in bricks from 1843 to the mid-2@entury, it documented the extensive material
revolution as both an epitome and a pioneer. Arlyyabich a shift has greatly influenced the ur-
ban history, architectural history and constructastory in Shanghai, and vice versa. The pro-
duction and the use of different bricks shaped edbhbr. Crucial steps happened in 1866-1936
in the sense of architecture (Shu 2d1Sjnce the 1990s the burnt clay bricks have begsid-
den to produce on account of environmental prataati China.

The durability and the decay processes of the tiwdskof bricks become a focus issue in
conservation practice for heritage specialisBased on the scientific results of brick samples,
tested, and the changing technology of brickmakiagorded, the paper assumes that the proper-
ties of the bricks are not necessarily relatedvéoltlue or red types as traditionally classified; i
stead, the raw clay and the production technologyaaguably the innate factors affecting the
brick deterioration. It calls for a reconstructiohthe knowledge system predominated by the
apparent brick colour from the modern period uthe®present in China.

THE QUALITY OF BRICK: ADETERMINANT OF THE MATERIAL SHIFT?

Throughout the modern period, the call for red lbor@s remarkably ascribed to the consid-
eration of the material’s quality. It has been Wydeelieved to date that the red bricks mimicked
European bricks was or should be of higher qud#lign the Chinese blue one, as shown in ade-
quate architectural materials since the turn oflfecentury, built or written, in English or Chi-
nese. For instance, in the 1792-4 MaCartney Emb@as§hina, the attachés such as John Bar-

2 The term blue brick and “red brick’ are literally translated from the two popular 6&se terms qing-zhua#i 7%
and hong-zhua#L#. The English term “blue brick” repeatedly appearshe materials to the British MaCartney
Embassy of 1792-94 to China published at the t@ith® nineteenth century. “Grey brick” is adoptékmatively
in English. Today the blue bricks, either ancientrmdern ones, appear a bluish grey hue of lowratbm to the
unaided eye, there might be possible deviation fiteen‘blue” of the original ancient ones. Brick,this paper, sig-
nifies the fired clay block used as a building miate while etymologically the Chinese term “bricklenotes a
broader meaning includes “tiles” in ancient time.

% | draw a geographical distribution of the blueckriradition in China by the mid-9century, utilizing European
travel books to China throughout the™and 28 centuries (Shu 2014). “Archeologists and architedthistorians
have used the difference between Chinese grey frlak brick, author note] and the red brick of Wasd South
Asian peoples as a way of demarcating settlemariteei western borderlands of China” (Levine afl@P5:169).

4 One original hypothesis is that the Victorian Bfitarchitects’ ideas in architecture stimulateel tising use of
red brick in building Shanghai. The rapid expansibithe city and the municipal control of fire cobtited to that.
Red brick gradually gained the affections in theals via the Chinese clients, builders and arti¢ghs 2013).

® According to Fabio Fratini at ICVBC (pers. comifieb 2015), the brick durability regarding weathgritepends
on at least: the firing temperature, the porouscstire, the quantity of the sandy fraction, the position of the raw
clay, the kiln and the firing cycle, the type oétfuel, the sulphates and salts already existirigerclay.
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row considered Chinese blue brick were “ill-burrfialf-burnt” stuff (Barrow 1804: 63, 136,
206, 301). In Shanghai, both the British architédtliam Kidner (RIBA) of the 1866 Holy
Trinity Church and the British engineer John Witliddart (M. Inst. C. E.) in the 1881 project of
Shanghai Waterworks frankly expressed their demémdgualified red bricks. “A serious diffi-
culty was found in obtaining bricks of the qualigquired” (Kidner 1867). “The bricks obtaina-
ble in Shanghai are of inferior quality. In thisseathough specially made and extra burnt, and
though every care was taken to procure the bestthdd be obtained in the locality, they were
much inferior to those used in England for simparpose” (Hart 1890: 223). In built evidence,
according to my observation in the last seven yaad brick were usually applied to higher
forms with the connotation of dignity, or to consttional load-bearing shapes like columns and
arches, while blue brick was used in a comparativderior way. Contemporary historians also
ascribe, or tend to ascribe the different usehefhricks to the consideration of quality. To say
the least, good properties justified and consatiddhe fondness of the red, a novel form in Chi-
nese architecture.

Scientific results based on laboratory tests shavchmmore complex situation about the
properties of the original bricks. One of my anay$epends on the data from the lab tests car-
ried out by the Material Test Committee of ChinEsgineering Society in Shanghai, in the lab
of Nan Yang College of Chiao Tung during 1924-2Be Tests aimed at understanding the origi-
nal properties of the bricks commonly used theSlaeinghai. 36 modern samples were selected
from the most popular six factories there, inclgdimachine-made red brick”, “handmade red
brick”, and “modern handmade blue brick” as cailedhe report (Ling 1925). They carried out
bending test (in natural environment condition)tevabsorption test, and compression test (both
before the water absorption and after), dry bulksity measured by determination of dry weight
and dimensions of the bridksThe wide range of values reflects the high valitgin the me-
chanical properties and physical properties ofséumples. The test data of those machine-made
bricks show the inhomogeneity of the industrial ofanturing process; the qualities of brick de-
pend much on factories, which means the differencesw material and production process. Al-
so, a wide range of quality is exhibited in the mae-made red brick samples produced in the
same factory. In comparable cases, the machine-tgpdedoes not exhibit any certain or neces-
sary higher quality than the handmade type in eitloenpressive strength or bending strength.
Instead, the samples of machine-made red brickhagaite low quality in different aspects. The
compressive strength of the modern handmade blak &ppears generally higher than both the
handmade red bricks and the machine-made red beekeral handmade blue bricks even show
a much higher value than many other types of theoreg. The test data of water absorption
show unusual phenomenon goes much against thenldwha experience according to most Eu-
ropean studies on physical properties of brickutfiothe information is quite limitédAnother

® The procedure is: The brick is dried in a vengidhbven at a temperature of 200°-250°F (93.3°-FZ)).ill it at-
tains constant mass. Then the mass of the bridc@rded (M) (it is not indicated whether or naa thrick is cooled
to room temperature when the mass recorded). Theargiions of the brick is measured accurately aaddfume
is calculated (V). The dry bulk density is calcaldtas mass per unit volume: Bulk density = M / V.

" In the tested samples, the values of the commeessiength of the modern handmade blue brick rémge 12.68
MPato 47.12 MPa with an average value of 28.98 vdiues of the handmade red bricks range from [IR8& to
31.73 MPa with an average value of 21.43, andritiestrially produced red bricks from 5.68 MPa tacG30MPa
with an average of 15.70 MPa.

8 For instance, the water absorption tests, whiotediat the change of the compressive strengthedfrilck sam-
ples after the water absorption, show that somekemnincreased by 140% (industrially produced nécklp
137.2%, 126.5%, 106.5% (handmade red bricks), ¥a4ttandmade blue brick) respectively. This unuphat
nomenon goes much against the law that water atimongsually brings down the compressive strendth lorick;
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test focuses on the quality of some decayed anblaetbricks, carried out by the same lab with
the same methods in the 1920s (Ling 1925B8pmpared with the above-mentioned modern
samples from Shanghai, it is not yet possible ltdhat the quality of the modern bricks surpass-
es the ancient decayed ones in any sense in geAesaties of recent lab tests also show a high
level of heterogeneity in the properties of thedrisal bricks sampled from Shanghai’'s modern
buildings, they have deterioration to differentess of course; it is also hard to recognize an
apparent advantage in the properties of the redtti®blue in comparable cases (Dai 2011).

Therefor, the ideas in architecture are not supgpdoty the scientific results based on labora-
tory tests, very limited though. It seems that tbeally developed modern system had not
achieved what was initially expected by making Beaamn red brick by the year 1936, the eve of
the Sino-Japanese War heavily attacking the maturgam traditional kilns. This incompatibil-
ity leads to original questions about the machiraslen defects in the reconstruction of the
brickmaking industry involving two systems of knedbe.

FROM TRADITIONAL CRAFT TO MODERN INDUSTRY

Multi-field materials outline the changing histooy brick production in modern Shanghai.
Western tools of brickmaking were published in @sim as early as in ti@hinese Scientific and
Industrial MagazindWang 1996: 42). The increasing publications i tilwentieth century such
as periodical and magazine provide pertinent kndgdeon brickmakiny. Studies in architec-
tural and urban history reveals: European red baircikved at Shanghai in ballast from England
(Murphey 1953: 69), and began to be produced lpeathund 1858 (Johnson 1995: 251); all the
red bricks of the Shanghai Holy Trinity Church, &8% was manufactured by the British-owned
Shanghai Brick Company with the help of a localr@se Chum shun-li (Kidner 1867); at latest
in the 1870s, both red brick and blue brick werived in popular new forms and languages of
architecture (Shu 2013). Industrial records talkudlfactories: there used to be three Chinese-
owned brickmaking factories opened respectivelyl&97, 1900, and 1911, they introduced
Hoffman kilns and modern machinery but were allseld up shortly after the establishment
(Shanghai-shi she-hui ju 1934; Sun 1986; Jiang 19B87e Belgian-Frenchrick factory Crédit
Foncier d’Extréme-Orient achieved the earliest maiale success there (1912-36).

Introduced western machinery changed the fabricagohniques and operation details in the
whole manufacturing process: preparation, tempermaulding, drying, and burning.

The preparation was closely linked to temperinghbequired particular cautions. In old
ways, the earth was selected at the very beginmlmn dug by men. Stone-inclusion earth had
to be avoided carefully. In such condition the leand the fabrication sites had considerable re-
straint. Tempering was done with shovels by menraatden on foot by men or buffaloes, turn-

or, to say the least, it could be interpretabléf rate of variation was within 30% according tostncomparable
European studies in heritage conservation.

° Ancient samples including ten bricks from a 1928H4apsed ancient pagoda Lei-feng-ta at Hangzhoti same
(number not indicated) sampled from the city wafifNanking and Taiyuan.

19 Bibliographical investigation in Shanghai Librasfyows that available materials, especially protessijournals,
were mostly published in the 1920s-1930s, suchh@sJournal of the Chinese Engineering Soqi#25-1930,
Shanghai)The Chinese Archite¢1932.11-1937.4, 30 issues, Shanghgtig Builder(1932.11-1937.4, 5 vols/49
issues, Shanghai), adéhn-zhu cai-liao yue-kafirhe Architectural Materials Monthly ](1947, Nankj). Obviously,
Japanese invasion and occupation in 1937-45 an@himese Civil War in 1945-49 were not favouraloléhe in-
dustry of building materials in China. The contemgwg brick industry was covered by the regional thonjournal
Block-Brick-Tilepublished in Xi'an since 1971, the monti@ina Building Materialgpublished in Beijing since
1980, and the monthBrick & Tile Worldin Beijing since 1984, all in Chinese. | have faatnd a good account of
the brick manufacture in the regional industry b&Bghai during the modern period.
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ing the clay over repeatedly until it acquired thquisite plasticity. The blue bricks used for the
hand-crafted works such as brick carving specifjadmand refined brick earth, well tempered.
In modern period, excavators were employed forhedigging which reduced much labour and
earned extensive products. Tempering operationgdsgreatly improved: stone-inclusion earth
became available, as the harmful stones could daengror got rid of with the help of pugmills,

rollers, and grinding machines. But the disadvamtaguld be, the facilities for working up eve-
rything to be crushed by the machines might induemy brickmakers to work without proper
regard to the nature of the material, resultingcomparatively large pieces of limestone re-
mained.

The old way of moulding is to dash the tempereg oo a wooden mould with sufficient
man force to make the clot completely fill it, theperfluous clay was stricken with a strike. Tra-
ditional mould was a sort of box without top or toat*', the faces of both sides were made
smooth with the metal wire of the strike. To acleidugher quality, both of the stricken faces
need to be smoothen more to and fro with a rectaedbed wooden block. In 1900 some press
moulding machines were used in Rui-he Brick and Féctory at Shanghai, driven by man force.
In 1920 Xin-da Factory bought a press moulding nreecfrom Japan. Moulding machine had
not got into general use until 1928 when Shangbaldcproduce it locally. Brick-cutting ma-
chine was also employed for moulding. Through thigynpressing method was employed in the
modern lines, which actually eliminated the opemaf tempering, it greatly increased the pro-
ducing efficiency but would probably affected thregerties and the deterioration of brick.

A moderate drying condition and a slow drying pgscé&avour the quality of the brick. Great
care and attention is required to protect the gtaéks from cracking, different clays require
different treatments resulting different drying énin ancient China, shady drying and sun dry-
ing were both employed in the brickmaking yardsaarase-by-case basis. It seems that sun dry-
ing was more popular in the north of China while ghady drying more in the south such as
Jiangnan region, Shanghai included; in the morentebistory, the sun drying could follow the
shady way in order to reduce the time in some plaBeicks were shadily dried in modern
Shanghai (Ge 1920: 3). Modern facilities providéatient artificial space of drying atmosphere,
making it easier and faster. In 1918 the brickdacbf Crédit Foncier d’Extréme-Orient intro-
duced an intermittent drying facilities in Shangfaithe first time. In 1920 similar equipments
were also introduced in Xin-da Factory, with a dgyroom of about 500 m

The kiln and the firing condition is a crucial igsfor durability regarding my case. Innova-
tions and revolutions took place in the kilns. Ttiadal kilns worked intermittently, with the fir-
ing circle about one week. Industrial records gaihetell that Hoffman kiln from Europe, round
downdraft kiln from United States, and rectangiigm from Japan were introduced in modern
factories of Shanghai. Those introduced continweaiking lines were not originally designed
for traditional blue bricks burnt through both cian firing and reduction firing. The reduction
firing is realized after a period of oxidation fig through introducing water to the kiln-chamber
to generate water gas. In modern period, the raduaimospheres within the kilns are achieved
by another distinct and different method called-&arved fuel” reduction, meanwhile that cen-
turies-old technology of water gas is still retaine the modern factories up to 1992 in Shanghai
(Kerr 2004: 297). However, my investigation in tmablications of the 1920s-40s, mostly jour-

1 In Nanking a kind of mould box with the bottom wiagroduced by the poured-in brickworkers from tiwth
China, it became very popular in the workshops akiNg (Mu Z 1947: 20). This might also influencemnhse work-
shops in Shanghai though | have not read any recgetl The bottom-inclusion mould actually broutite brick
quality down but increased the operating efficiency
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nals, hardly reveals any interesting traces indigahe innovation to the modern kilns. The tun-
nel kiln system erected later in the 1950s.

After all, a large amount of the red bricks weredman traditional kilns, and blue brick never
died out in modern industry, they both were producetraditional kilns and in new factories.
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Figﬁre 1: The change of bfrickmaking: the fabricatod traditional blue brick and the modern_indljsttﬁhanghai.
(Song 1637) (Du 1935)

ISSUES ON THE PRODUCTION

Recently, limited laboratory tests show a generafiynogeneous composition in red bricks
with a high content of clay minerals and a compeeat low content of sand; the firing tempera-
ture is speculated to be 900°C; through compariffgrdnt blue bricks, it seems that modern
kilns guaranteed a higher firing temperature thersé made in traditional kilns (Dai 2011).

The Raw Clay

Very little attention is paid to the analysis ofglto understand the nature of Shanghai’s
modern bricks. It is not well documented either dingil deposits or how the raw clays were pro-
cessed in producing the diverse bricks there. Biggiprofessionals have little knowledge or sci-
entific data on the mechanism of decay through naaterials. According to Qian Zong-hao
(pers. comm., 18 June 2010), the earliest locatigenmodern red bricks utilized the mud
dredged up from the bed of Huangpu River, a tidarrthat had to be dredged every year. Im-
mense quantities of mud was piled up along therrba@nk in the suburban districts of
Yangshupu and Pudong, where located many kilnserl8 century. When this area was grad-
ually occupied by docks and factories as the aiggyvg the dredged mud had to be dumped into
the deepwater sea outside the estuary. Simultalygoesv brickmaking factories were estab-
lished in the comparatively upper regions of theaktypu River and Suzhou Creek respectively.
By the 1930s, the big brick companies such as CKatticier d’Extréme-Orient and Taishan had
moved their brickmaking factories to Huzhou beglte Tai Lake, about 150 km away from the
downtown Shangh#.

12 Shanghai is located on an alluvial plain with ricater resources passing through, remarkably HuaRiyer
and Suzhou Creek. The lower reaches of Yangtzer Riitegs lots of mud and sand there. Qian’s knogteid
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The Generation of the “Blue”

Theoretically, there are a number of factors whitdy affect brick colours (Firman 1994).
Experience-based materials show that the colobriok is used as a handy index to see whether
or not the product is in good quality in a tradiib kiln (Wang 1934; Mu 1947; Zeng 1958).
Contemporary literature, science-based, prevailirgicribes the colour “ging” to the reducing
process of the clay’s red ferric (iron Ill) oxideits black, ferrous (iron Il) state (Fe2G8 FeO),
generated by the deliberate reduction-firing (adlction-cooling) towards the end of firing.

The generation of “blue” is changing revolutiomarilThe colour of contemporary “blue
brick”, in many occasions, does not result fromuttbn-firing, they are mimicked. Make-up
materials are applied to the brick surface, or igeagents are used to dye them — they are sur-
face colours and textures. Similar colours areeaad as well by means of reconstructing the
constituents of the raw material in some factome€hina (Xu 2008, 2009). In Shanghai, inno-
vative blue brick was realized in Pu-nan Brick arn Factory in 1984 (Jiang 1997), yet the
revolutionary details are not well documented. Rtadly, the degradation and deterioration be-
haviors of these bricks will be quite differentritrdhe traditional ones with regard to the poten-
tial conservation treatment in the future.
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