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ABSTRACT

With the development of Reform and Opening, China has become the 
largest developing country in the world, and the process of urbanization is 
very rapid. At the same time, China has a large number of ancient towns. 
The rapid development of big cities and the shrinkage of small towns have 
become irreconcilable contradictions in urban development. Therefore, 
many problems have arisen: a large number of cultural relics and monu-
ments have been destroyed, the lack of connection between the new and old 
area in small town the lack of continuity of landscape, the lack of aesthetic 
sense and local characteristics of new buildings, and so on.

After a thorough investigation of Fenghuang Town, we found that the 
same problems appeared in the development process of Fenghuang town as 
those mentioned above in the development of small towns in China.

The Site between the Shechuan river and present 307 provincial road 
used to be a fertile arable land, but most of the farmland was destroyed, 
buildings on both sides of the 307 provincial road split the new and old ur-
ban areas. Our project is about enhancement of the new area, and design of 
the residential buildings on the site. And the main goal is to create a new 
area that meets the needs of tourists and local residents and is closely related 
to the old urban areas. What’s more, to design low-carbon sustainable res-
idential buildings with regional characteristics, where tourists can be freed 
from the “reinforced concrete forest” of the city and enjoy the pastoral land-
scape and experience farm life. Local residents can live in comfortable and 
beautiful new houses with rich regional characteristics to improve the quali-
ty of their life. New and old areas achieve overall harmony. 



In order to achieve the above goals, we put forward some strategies for 
our design. At the level of urban design, restoring the texture of farmland, 
designing the path to the old city, strengthening the connection between the 
new area and the old city, arranging residential buildings on both sides of the 
main vertical roads, and designing several public space on the site. On the 
level of architectural design, after investigating the traditional and modern 
residential buildings in the base, we analyze the spatial characteristic of dif-
ferent types of residential buildings in Fenghuang town and summarize  the 
dimensions, spatial layout, materials, structure, decoration and construction 
technology of traditional and modern buildings in Fenghuang town to guide 
our new buildings design. Finally, by using the strategy mentioned above, 
we design our project according to the current situation of the site.

We hope to explore a new rural development model in our design. And 
wish that our design can provide a reference for the other small towns that 
facing the similar problems in the process of urbanization.

Keywords: Fenghuang ancient town; Residential building design;
 Regional characteristic; Low-carbon sustainable.
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1.1 BACKGROUND OF DEVELOPMENT OF SMALL TOWNS IN CHINA

China is currently the largest developing country in the world. The urbaniza-
tion process of big cities and small towns is very fast. In the past two decades, 
China's urbanization rate has increased by 1.2% annually. In 2019, China's ur-
banization rate has reached 60.6%[1]. At the same time, China is a country with a 
long history and a large number of historic monuments and sites. The total num-
ber of world historic heritage sites in China ranks first in the world[2].

China's cities and towns have encountered many problems in the process 
of rapid urbanization. For the historical heritage in some towns, the people and 
governments of some towns have not fully realized the significance and value of 
historic and cultural heritage, besides there are not strong policy and protection 
mechanisms for heritage protection. Lack of expert guidance and lack of proper 
methods and means also resulted in a large number of historicl and cultural her-
itages improperly repaired, destroyed or even dismantled. This phenomenon is 
especially common in small and remote towns[3]. 

For the newly built area in the town, due to the lack of guide of  good urban 
design, the new area are not very harmonious with the old town from the spatial 
level, the visual level, and the cultural level, new area is not connected with the 

[1] Ren Baoping et al. Quality Development Report of China’s Economic Growth - 2019- High Quality Development of China’s Economy 
in the New Era. China Economic Press. 2019.

[2] http://www.gov.cn/xinwen/2020-06/15/content_5519431.htm.
[3] Yu Li, Peng Jiandong. Discussion on Existing Problems and Countermeasures in the Development and Management of Small Towns 

in China. Journal of International Urban Planning. 2014, 29(01): 62-67.
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old town closely. Newly built buildings also lack beauty and regional character-
istics, and these high energy consumption new buildings are not environmentally 
friendly. Towns and buildings need to be properly guided to develop in a sustain-
able way[4].

 [4] Li Xun, Liu Yan. Low Carbon, Ecology and Green: Strategic Choice of Urban Transformation and Development in China . Journal of 
Urban Planning. 2011(02): 1-7.
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1.2 SHORT DESCRIPTION OF SITE AND PROJECT

The site is located in the north of Fenghuang town, She chuan River is locat-
ed in the north of the site, and the 307 provincial road is in the south of the site. 
It used to be a fertile farmland. Most of the farmland has been destroyed, and the 
connection between the old town and the old street is weak. The site has become 
an abandoned and forgotten place.

Our project is about enhancement of the new area, and residential building 
design. And the main goal is to create a new area that meets the needs of tourists 
and local residents and is closely related to the old town, and to design low-car-
bon sustainable residential buildings with rich regional characteristics, where 
tourists can be freed from the "reinforced concrete forest" of the city and enjoy 
the pastoral landscape and experience farm life. And local residents can live in 
comfortable and beautiful new houses with regional characteristics to improve 
the quality of life. New and old urban areas achieve overall harmony.

In order to achieve the above goals, we put forward some strategies for our 
design. At the level of urban design, restoring the texture of farmland, designing 
the path to the old city, strengthening the connection between the new area and 
the old city, arranging residential buildings on both sides of the main vertical 
roads of the new area, and designing several landscape elements along the river. 
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On the level of architectural design, after investigating the modern residential 
buildings and the traditional residential dwellings in Fenghuang Town, we sum-
marize the spatial characteristic including dimensions, spatial layout, material, 
structure, decoration and construction technology of the traditional and modern 
buildings in Fenghuang town to guide the design of the new buildings. Finally, 
We design the project combined with the strategies mentioned above and analy-
sis of the current situation of the site.

We try to explore a new rural development model in our design. And we 
hope that our design can provide a reference for the other small towns that fac-
ing the similar problems in the process of urbanization.
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1.3 GOAL OF OUR DESIGN

(1) Macro level
① We hope to reactivate the shechuan river bank area and restore its agricul-

tural production and ecological functions. Revive the beautiful rural landscape 
to arouse the memory of local residents for traditional agricultural life. What’s 
more, tourists can fully experience the rural leisure life.

② In terms of spatial pattern, the spatial texture of the new areas(site) should 
coordinate with the spatial texture of the old town, when we design new build-
ings and landscape always follow the traditional spatial pattern in Fenghuang 
town— under the control of the radial line centered on Yingpan mountain[5-6].

③ Strengthen the spatial connection between the new area (site) and other 
areas of Fenghuang Town, and closely connect the base with the Yingpan Moun-
tain, important public space and key nodes of old town through the path.

④ Local residents and tourists can have more interesting activities on the 
site

(2) Micro level:
① Design new buildings with the regional characteristics. The building size 

should be appropriate, and the style and appearance should be beautiful, and be 
harmonious with the traditional building in Fenghuang town. Besides, the new 

[5]  Laura Anna Pezzetti, Li Kun. Exploring a Regenerative Structure Integrating Conservation, Remodelling, and Development for Feng-
huang Historic Rurban Landscape. Journal of Urbanistica Informazioni. 2019.

[6] Laura Anna Pezzetti. Layered Morphologies and Latent Structures Reading, Decoding and Rewriting to Enhance Historic Rurban 
Landscape—Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. Tongji University Press. 2019.
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buildings should fully meet the need of modern as well as agriculture life. 
② Design  green and sustainable building with good lighting, comfortable 

thermal environment and low building energy consumption. People can use 
sustainable energy equipment, such as heat pump,  PV panel in it.
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2.1 BRIEF INTRODUCTION OF FENGHUANG ANCIENT TOWN 

2.1.1 Location and population of Fenghuang town

Fenghuang Town is located in the southeast of Zhashui County, Shangluo 
City, Shaanxi Province, about 107 kilometers from Xi’an. It is located in the 
south slope of Qinling Mountains, at the delta formed by Shechuan River, Shui-
di River and Zao River. The east of the town is adjacent to Xingping Town, the 
west is adjacent to Xiaoling Town, the north is bordered by Masuotai and Cai 
Yuyao, and the south is bordered by Daping and Miliang in Zhen’an County[7].

The town has 12 administrative villages, 43 villager groups, 4806 house-
holds and 18512 people, with a total area of 163 square kilometers and culti-
vated land area of 15400 mu. There are 34 organs, enterprises and institutions 
stationed in the town. The economy is dominated by commerce, agriculture and 
tourism. There are 233 individual industrial and commercial households in the 
village, which is the largest agricultural and sideline product distribution center 
in Zhashui[7](Fig. 2-1)

[7] Shaanxi Institute of Urban & Rural Planning and Design, and People’s Government of Zhashui County. Zhashui County Fenghuang 
Town Master Plan(2009-2020) (MP).2009
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Fig. 2-1 Location
 Drew by author, Information from The Heritage Conservation Planning of Fenghuang Street and Dwellings (2013) 
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2.1.2 Climate of Fenghuang town

According to the Chinese building climate demarcation, Fenghuang town be-
longs to the cold winter and hot summer zone. According to the meteorological 
data in Land Use Planning of Fenghuang County (2006-2020), the hottest month 
in Fenghuang Town is July, with an average temperature of 23.9℃ and the ex-
treme maximum temperature is 38.1℃; the coldest month is January, with an 
average temperature of 0.1℃, The extreme minimum temperature is -13.8℃[8].

The average annual sunshine is 2060 hours, the annual average frost-free 
period is 207 days, and the average annual rainfall is 740mm. maximum precip-
itation 1225.9 mm (1983) year, minimum precipitation 567.6 mm (1976) year. 
The ancient town has four distinct seasons. In general, the weather is warm and 
humid. There is no extreme heat in summer and no severe cold in winter[8].

[8] People’s Government of Zhashui County. Land Use Planning of Fenghuang County(2006-2020). 2010
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2.1.3 Geographic environment of Fenghuang town

The south and north sides of Fenghuang Town are surrounded by mountains, 
only the east side is more open. The north side of the town is Phoenix Mountain 
and the south side is Yingpan Mountain. The Shechuan River runs through the 
town from west to east, and the Zao River and Drip River flow into the Shech-
uan River from the north and south sides, respectively.

Among the three rivers in Fenghuang Town, the Shechuan River has a large 
amount of water, which has the greatest impact on the location of Fenghuang 
Town. The river trend of Shechuan River conforms to the mountain shape of 
Yingpan Mountain, and the flow speed of the river at the turning point of Shech-
uan River slows down. The sediment in the river is easy to deposit here, forming 
a convex bank, and gradually expands. The land is fertile and suitable for cul-
tivation. Therefore, the residents of the ancient town placed the cultivated land 
on the south side of Shechuan River near the water. The living space is arranged 
on the south side of the Shechuan River away from the river bank, and walls are 
built on the river side to effectively prevent flooding[9].(Fig. 2-2)

[9] Gao Lin. Study on Ancient Villages of Fenghuang Town, Zhashui County. Master Diss., Xi’an University of Architecture and Technol-
ogy. 2008.
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Fig. 2-2 Geographic environment of Fenghuang town 
 Drew by author, based on Google 3D map, 2019
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2.1.4 History and architectural heritage of Fenghuang town

(1) History of Fenghuang town
Fenghuang town has a long history. It was built in the Tang Dynasty and 

flourished in the Ming and Qing dynasties. It has a history of more than 1,400 
years.

In the eighth year of Tang dynasty Wude emperor period(625 years), the first 
batch of 53 immigrants from Wu and Chu countries settled here. Because the 
settlement were located at the junction of three rivers, the town was originally 
named “Three River Estuary”[10].

In the early Qing Dynasty, merchants from Hubei province, Sichuan prov-
ince (southern region in china) and other places settled here because of the con-
venient water transportation. By the end of the Qing Dynasty and the beginning 
of the Republic of China, all kinds of shops and ancient banks were all over the 
streets, and the city was full of prosperity. The town has become an important 
commercial and trade town that connecting the Yangtze River and the Yellow 
River. In addition to immigrants from the southern region of china, the residents 
of Fenghuang town also have immigrants from Shanxi and Henan province 
(northern region in china), as well as hungry people who flee from other prov-

[10] Yang Mei, Zhang Fuhu, Zheng Liqun. Investigation and Protection of Fenghuang Ancient Town in Zhashui County, Shaanxi. Journal 
of Residential Technology. 2017, 37(02): 43-46.
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inces in the north during the drought period. In Fenghuang town Southerners and 
northerners were mixed and the culture of the North and the South blend togeth-
er, and gradually form the unique architectural characteristics and folk culture of 
the area[11].

After the 1930s, due to the gradual shrinkage of the river system, water 
transportation was inconvenient, and the land transportation in Fenghuang Town 
was not convenient. The ancient Fenghuang town gradually prospered and de-
clined.

After the reform and opening up, Fenghuang Town began to revive. The lo-
cal government chose the area on the west side of the Shuidigou River to devel-
op new town, continued the old street to form a new street, and built large public 
service facilities such as schools, supermarkets, and banks on both sides of the 
new street. In addition, construction is gradually proceeding along both sides of 
Zao Kuan Road and along 307 Provincial road. 

(2) Architectural heritage of Fenghuang town
In 2003, the Shaanxi Provincial Government announced that “Dwellings on 

the both side of old street which were built in Ming and Qing Dynasty” were 

[11] Gong Yan. Fenghuang Town, Zhashui County in Shaanxi Province—The National Famous Historical and Cultural City Centre for the 
Study of Historic Conservation Area. Journal of Urban Planning. 2012, 36(08): 97-98.
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the fourth batch of provincial officially protected monuments In 2010, the Min-
istry of Housing and Urban-Rural Development and the State Administration 
of Cultural Heritage awarded Fenghuang town the title of “ Historic town”. 
What’s more, Fenghuang Town was included in the construction of key towns in 
Shaanxi Province[12].

It is the only residential building group built in Qing Dynasty found in 
Shaanxi province that are relatively well preserved. There are 142 officially pro-
tected monuments, 114 with house numbers and 28 without house numbers[12]. 
The most representative buildings are the Meng’ dwelling, the Kang’ dwell-
ing the Gao’ dwelling and Dang’s dwelling, the Ru’s pharmacy, ShengFa Inn, 
Changshengxiang, Fengyuan ancient bank, et. They were built during the Qing 
Dynasty. These historical buildings were based on local stones, built with local 
materials such as bricks and rammed earth, and painted wooden planks as the 
door of the shop. Each buildings has courtyard and buildings are separated by a 
horse-head wall (fire wall).

[12] People’s Government of Zhashui County, and Center for Urban Construction and Regional Planning of Northwestern University. The 
Heritage Conservation Planning of Fenghuang Street and Dwellings (2013),(HCP2013)

Note: Historic town, Officially protected monuments are terms from Standard of Conservation Planning for Historic City(GB/T 50357-
2018), the standard was editor by Ministry of housing and urban rural development of the people’s Republic of China,Approved by Ministry 
of housing and urban rural development of the people’s Republic of China
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2.2 SPATIAL ANALYSIS OF CORE AREA AND BUILDINGS IN FENGHUANG 
TOWN
2.2.1 Spatial structure of Fenghuang town

By analyzing the satellite maps of the core area of the ancient town over the 
years, it can be found that the growth of the building group is controlled by the 
radial line centered on Yingpan Mountain. The radial line controls the division of 
homestead and farmland. It controls the spatial order of the whole town[5-6].(Fig. 
2-3)

In the past, the layout pattern of each household could be clearly distin-
guished, the division of the homestead all followed the fan layout. However, in 
recent years, some residents tore down traditional dwellings, destroying the orig-
inal spatial pattern and texture and when they construct new buildings, the spa-
tial layout is chaotic, unorganized and lack of unified control and planning.

[5]  Laura Anna Pezzetti, Li Kun. Exploring a Regenerative Structure Integrating Conservation, Remodelling, and Development for Feng-
huang Historic Rurban Landscape. Journal of Urbanistica Informazioni. 2019.

[6] Laura Anna Pezzetti. Layered Morphologies and Latent Structures Reading, Decoding and Rewriting to Enhance Historic Rurban 
Landscape—Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. Tongji University Press. 2019.
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Fig. 2-3 Structure of Fenghuang town
 Drew by author, based on the idea and plate of Prof. Laura Anna Pezzetti, Layered Morphologies and Latent Structures Reading, Decod-

ing and Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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2.2.2 Land use of Fenghuang town

The current land use mainly includes residential and commercial land along 
the two sides of the old street. Generally, the buildings in the front are commer-
cial and the buildings in the back are residential functions. Most of the buildings 
on this site were built during the Ming and Qing Dynasties (1644-1912) and are 
provincial officially protected monuments. Both sides of the provincial road are 
residential-commercial land. The bottom floor of the building is usually com-
mercial and the upper floor is residential. These buildings were built after 1980 
s. On the east side of Yingpan Mountain, there is a piece of residential land. The 
residential buildings on this land used to be the family dormitory buildings be-
longing to a factory, but now they are not used[13]. The South Bank of Shechuan 
river used to be a piece of cultivated land. During the construction of new pro-
vincial roads, embankment and bridges, a large number of construction equip-
ment were piled up in this area, resulting in the destruction of the farmland in 
this area, and then it was in a state of waste for a long time. The northern part of 
Yingpan Mountain is the cemetery of the residents of Fenghuang Town, and part 
of the woodland on Yingpan Mountain has been damaged due to the construction 
of luozha expressway.(Fig. 2-4)

[13] Zhang Zhonghua, Han Lei, Excavation and Inheritance of Local Knowledge of Traditional Settlement Landscape—A Case study of 
Fenghuang Ancient Town in Zhashui County, Southern Shaanxi. Journal of Chinese Gardens. 2018, 34(08): 50-55.
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Fig. 2-4 Land use of Fenghuang town
 Drew by author,  based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018
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2.2.3 Road and traffic analysis of Fenghuang town 

(1) road network
The inner part of the core area of the town is mainly pedestrian network, and 

the periphery is vehicle road network.
Fenghuang old Street is the most important pedestrian road. The shape of 

the street follows the trend of Yingpan Mountain, winding and zigzagging in an 
S-shape. The main street is about 4.5 meters wide and 710 meters long, paved 
with blue flagstones. Chenjia lane, Ma’an lane[14], water lane and other small 
lanes are vertical to the main street, and the roadway is generally narrow with 
a width of 1-3 meters. The main streets and lanes form the street pattern of the 
ancient town. At present, the continuity of the pedestrian system in the ancient 
town is not good, and there are some broken roads. Because there are no side-
walks on both sides of the road, there will be mixed pedestrians and vehicles, 
which affects the safety and comfort of walking, and the walking experience is 
poor.

The main driveway in Fenghuang Town is Provincial road 307. The main 
vehicle road of Fenghuang town is 307 provincial road. In addition, there is a 
road around Yingpan mountain in the south of the town, and the road connecting 
provincial road and Huanshan road in the southeast. (Fig. 2-5) There are no side-

[14] Lu Peng. Study on The Spatial Morphology characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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[15] http://snzs.gov.cn/html/zwyw/zhbd/77171.html

walks on both sides of some provincial roads in the core area, and the pedestrian 
road on both sides of the road in the southeast is very narrow, so the situation of 
people and vehicles mixed is serious at present.

(2) types of vehicles and park space
the types of vehicles currently traveling on provincial roads include tourist 

self-driving cars, tourist coaches, residents’ self-driving cars, vans, trucks, and 
other transit vehicles.

What’s more, there is a lack of parking space. During the golden week of the 
Spring Festival in 2017, the number of tourists arrived in the town was 32000[15]. 
During the holidays, the number of vehicles has increased sharply, which is in 
sharp contrast to the limited number of local parking space. Due to the lack of 
parking space, vehicles have to stop on both sides of the provincial road. Peo-
ple and vehicles are mixed on the street, which is very inconvenient for passing 
vehicles, which greatly affects the road traffic conditions on provincial roads. 
Therefore, reasonable layout of underground and above ground parking spaces is 
also a factor to be considered in the future development of Fenghuang town.



24

Fig. 2-5 Road system of Fenghuang town
 Drew by author, based on the survey and plate of Polimi-XUAUT Heritage-Led Design Workshop, May 2018
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2.2.4 External public space in Fenghuang town

At present, the density of buildings in the ancient town is high, the exter-
nal public space is scare, and the external public space is mostly linear, lack of 
block public space. Through the comparison with the current street space, it is 
found that public space of the ancient town is basically equal to the street space, 
there is no special public space. Therefore, many activities of residents, such as 
neighborhood communication, children’s play, exercise and other activities, are 
carried out in the streets. The town lacks large outdoor activity venues, such as 
space for the elderly and children.

In the future, with the development of tourism in the ancient town, there will 
be more tourists in the streets and alleys. While the public space is the place for 
residents to stay for a long time, there will be contradiction between the tourists 
and local residents. The lack of public activity space is one of the problems in 
Fenghuang town.
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2.2.5 Green space in Fenghuang town

The current green space in the core area of the ancient town is divided into 
private green space and public green space, forest land and farmland.(Fig. 2-6)

Fig. 2-6 Green space of Fenghuang town
 Drew by author,  based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018



27

(1) Private green space
The paving materials courtyard of Fenghuang ancient dwellings is generally 

made of hard paving like cement concrete or green flagstone, residents usually 
don’t  plantplants in the patio courtyard. In both traditional and modern build-
ings, residents tend to plant trees, flowers or small crops in their backyard. At 
present, a considerable part of the yard in the ancient town are in a state of deso-
lation or abandonment. Some use the yard to accumulate debris, and some of the 
houses are uninhabited for a long time, and the yard is overgrown with weeds. 
In addition, there is also such a phenomenon: some residents grow vegetables in 
the public space outside the scope of their homestead, and some public spaces 
are blocked by these private green spaces, making it impossible for pedestrians 
to pass normally.(Fig. 2-7)
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Fig. 2-7 Photos and map of private green space of Fenghuang town
 Drew by author, based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018. Photo shot by author
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(2) Public green space
The amount and area of public green space in the core area of the ancient 

town is very small, with scattered distribution in the core area. And at present, 
the public green space has not been well maintained, most of which are over-
grown with weeds or in a barren state.(Fig. 2-9)

(3) Farmland
Due to the construction of the new provincial road, most of the farmland in 

this area has been destroyed and turned into a wasteland. Only a small part of 
farmland remains on the north side of the current provincial road.(Fig. 2-10)

(4) Mountain green space and riverside green space
In the past, Yingpan Mountain was partly a cemetery and mostly a terraced 

field where farmers grew crops. At present, except for the cemetery, the crop 
terraced texture has almost completely disappeared, and some of the remaining 
woodland has been cut down due to the construction of the Luozha highway.

Shechuan River, Shuidigou River and Zao River have very little greenery, 
especially Shechuan River, which has the largest amount of water, but the two 
banks are basically bare land, and there are weeds in some areas. In addition, 
there is almost no other vegetation.
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(5) Trees
By processing the aerial photos taken in May 2019 and extracting the trees 

in the present town, it can be found that the tree coverage rate of the ancient 
town is not high. At present, there is no greening planting on the old Fenghuang 
street. There are roadside trees on part of Provincial Road 307, but the crown 
is small and the distance is far. The current trees are mostly distributed on both 
sides of the channel in the southeast part of the core area.(Fig. 2-8)

Fig. 2-8 Trees in core area of Fenghuang town
 Drew by author,based on the photo from Polimi-XUAUT Heritage-Led Design Workshop, May 2018
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Fig. 2-9 Photo and map of public green space in Fenghuang town
 Drew by author based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018. Photos shot by author
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Fig. 2-10 Photo and map of farmland remain in Fenghuang town
 Drew by author, based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018. Photos shot by author
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2.2.6 Function of the buildings in Fenghuang town

“Fenghuang old street courtyard building”, which were built in Ming and 
Qing Dynasties, are distributed on both sides of the old street, mostly in the com-
patible mode of shops in the front and dwellings on the back. The functions of 
the shop in front are various. There are catering, tourism products and souvenirs 
for tourists; there are commercial types such as barber shops and clothing stores 
that serve local residents; there are public service functions such as traditional 
Chinese medicine shops and clinics, as well as winemaking and blacksmiths 
shops and other small workshops, which are produced in the yard and sold by 
the shops in front, combining production and sales.

The buildings distributed on both sides of the provincial road are mainly 
compatible mode of upper living and bottom business. The business on the bot-
tom floor is the sales of building materials and furniture for surrounding villages 
and towns; there are also commercial types such as KTV, catering and supermar-
kets for local residents; and there are 4 hotels serving tourists[16].

The buildings distributed on both sides of Fenghuang new street in the 
southeast side are also compatible modes of upper living and bottom business. 
The commerce at the bottom is the retail and catering industry serving local resi-
dents and tourists.(Fig. 2-11)

[16] Chen Wenbin. Research on Spatial Layout and Adjustment of Fenghuang Ancient Town in Southern Shaanxi. Master Diss., Xi’an 
University of Architecture and Technology. 2018.
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According to the above analysis, we know that the buildings along the streets 
in the core area of Fenghuang town mostly adopt the mode of upper living and 
bottom business, or shops in the front and dwellings in the back. The compatible 
commercial functions of buildings on the different street are oriented to different 
groups of people.

Fig. 2-11 Function of buildings in the core area of Fenghuang town
 Drew by author, based on the survey and plate of Polimi-XUAUT Heritage-Led Design Workshop, May 2018. 
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2.2.7 Construction age of buildings in Fenghuang town

The buildings in the core area of the town were mainly built in three peri-
ods.: 1644-1912, 1912-1980, 1980-present

The Fenghuang ancient dwellings on both sides of the old street were built 
in the Ming and Qing Dynasties (1644-1912). The building was built with block 
stone foundation and rammed earth wall. The door of the house was black lac-
quer walnut board door, mostly with one and two courtyards The building was 
separated by horse head wall. Among them, the most representative ones are 
“Fengyuan ancient bank”, “Rujuxing Chinese pharmacy”, “Meng dwelling”, 
“Kang dwelling”, “Shengfa inn”, etc[17]. Most of the builders of these build-
ings are descendants of immigrants from Hubei, Anhui province and other 
places(northern part of China) in Ming and Qing Dynasties, so their architectural 
style inherits the characteristics of Jianghan architecture, and is also named as 
the “living fossil of Jianghan ancient town” with Qin and Chu’s style by histori-
ans.

The buildings around the “Fenghuang old street courtyard buildings” were 
built from 1912 to 1980. Their typical features are sloping roofs, rammed earth 
walls, and wood structures.

[17] Li Chenxing. Protection and Development of Traditional Dwellings in Southern Shaanxi. Master Diss., Xi’an University of Architec-
ture and Technology. 2016.
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There are a large number of new buildings in the core area, generally built 
from 1980 to the present, and the roofs of the buildings are mostly flat roofs. Ce-
ment envelop. The internal walls of the building are whitewashed with cement 
mortar and lime plaster. The windows are glass windows of aluminum alloy or 
plastic steel.(Fig. 2-12)

Fig. 2-12 Construction age of buidlings in core area of Fenghuang town
 Drew by author, based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018, and The Heritage Conservation 

Planning of Fenghuang Street and Dwellings (2013)
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2.2.8 Protection level of buildings in Fenghuang town

The buildings in the ancient town mainly include three levels of protection, 
which are the provincial officially protected monuments---”Fenghuang old street 
courtyard buildings”. Some buildings are listed as historic buildings, and some 
buildings are traditional style buildings.

In September 2003, “Fenghuang old street courtyard buildings”were listed 
as the fourth batch of officially protected monuments published by shaanxi Pro-
vincial People’s Government. There were 142 ancient dwellings, 114 of which 
had door number and 28 of which had no door number[12]. 

According to the Fenghuang Street Residential Cultural Relic Protection 
Plan[12], some buildings in the core area of the ancient town are classified as his-
toric buildings. 

At present, a considerable part of the building is not officially protected 
monuments or historical buildings, these rammed earth buildings with sloping 
roofs and wooden frame were built during the Republic of China, which are of 
great and positive significance to the traditional beautiful overall environment of 
Fenghuang Town. These buildings can be classified as traditional style buildings. 

[12] People’s Government of Zhashui County, and Center for Urban Construction and Regional Planning of Northwestern University. The 
Heritage Conservation Planning of Fenghuang Street and Dwellings (2013),(HCP2013)

Note: Historic town, Officially protected monuments and sites, historic building, traditional style building are terms from Standard of 
Conservation Planning for Historic City(GB/T 50357-2018), the standard was editor by Ministry of housing and urban rural development of 
the people’s Republic of China,Approved by Ministry of housing and urban rural development of the people’s Republic of China
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In addition to these three types of protection level buildings, there are a large 
number of buildings in the ancient town that are modern buildings and some 
temporary sheds.without protection levels.(Fig. 2-13) 

Fig. 2-13 Protection level of buildings in core area of Fenghuang town
  Drew by author, based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018, and The Heritage Conservation 

Planning of Fenghuang Street and Dwellings (2013)
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2.2.9 Height of buildings in Fenghuang town

The height of the buildings in the base ranges from one floor to six floors. 
“Fenghuang old street courtyard buildings” built in Ming and Qing Dynasties, 
are generally between the first floor and the second floor. The historic and tradi-
tional style buildings built between 1912 and 1980s are mostly two-floor build-
ings; modern buildings built in the late 1980s to now generally range from two 
to six floors.(Fig. 2-14) 

The buildings on both sides of the old street generally have two floors. The 
first floor is the living space and the second floor is the attic space, which is not 
for living but for storage. Due to the unity of heights, coupled with high horseh-
ead walls and beautiful eaves, a beautiful old street skyline is formed. 

The height of modern buildings along the two sides of the provincial road is 
generally higher, ranging from three to six floors, and the number of floors var-
ies. However, because the number of floors is determined by the villagers them-
selves, the height of the buildings has not been well controlled and designed. The 
skyline is chaotic and lacks aesthetics. The skyline of old street and new street is 
in sharp contrast.
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Fig. 2-14 Geographic environment of Fenghuang town
 Drew by author, based on the survey and plate of Polimi-XUAUT Heritage-Led Design Workshop, May 2018. 
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2.3 SPATIAL CHARACTERISTICS OF MODERN AND TRADITIONAL 
DWELLINGS IN FENGHUANG TOWN
2.3.1 Spatial characteristics and dimension Analysis of traditional dwelling

(1)Spatial characteristics and dimension Analysis of Fenghuang old street 
courtyard building 

① Spatial characteristic analysis of Fenghuang old street courtyard building 
The traditional dwellings in the town are mainly divided into two categories, 

one is the “Fenghuang old street courtyard building”, which were built in 1644-
1912 (Qing Dynasty) and is now listed as a provincial officially protected monu-
ments. The other is the historic building and traditional style building built from 
1912 to 1980 (from the Republic of China to the reform and opening up)[12]. The 
traditional dwellings in the two periods have their own unique spatial character-
istics.

The basic unit of the “Fenghuang old street courtyard building” is a court-
yard, which presents a narrow plane. When the building needs to be expanded 
because of the prosperity of the family, the new courtyard is arranged according 
to the vertical axis. The ancient dwellings present preserved mainly have one 
courtyard, and some of them have two or three courtyards. In terms of plane lay-
out, it adopts the form of front store and back house, the store facing the street is 
the commercial space, and behind is the living space for the people. 

[12] People’s Government of Zhashui County, and Center for Urban Construction and Regional Planning of Northwestern University. The 
Heritage Conservation Planning of Fenghuang Street and Dwellings (2013),(HCP2013)
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In ancient China, due to the influence of the ethics of filial piety as well as 
the idea of valuing men over women, the housing distribution reflected the hi-
erarchical system in the family. The main halls were inhabited by the elders and 
the owners, while the wing rooms were the used by children, host’s wife and 
concubines[18].

“Fenghuang old street courtyard building “ has elements such as patio 
courtyard and horsehead wall inherited from An Hui architecture. The wooden 
frame structure of the building is a combination of beam lifting in the north and 
bucket-piercing in the south, and the wall is built by ramming earth. The court-
yard is long and narrow, with enclosed eaves on the top. The patio plays roles in 
daylighting and ventilation. The roof accounts for 1/4 to 1/3 of the facade of the 
building, the stores facing the street and the main halls for living are gable roofs, 
and the wing rooms are double-slope or single-slope roof. Most of the buildings 
have horsehead walls at both ends, and the roof are covered with green tiles. The 
windows of these ancient buildings are mostly wooden windows, the patterns of 
windows in residents’ architecture house are relatively simple geometric, and the 
windows in wealthy residents’ architecture are carved with complex decorative 
pattern. The entrance doors of residential houses are made of walnut dyed with 

[18] Wang Zhenhong. Research on the Protection of Traditional Dwellings and Folk Art in Fenghuang Town, Zhashui County. Master 
Diss., Xi’an University of Architecture and Technology. 2007.
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local black lacquer oil. (Fig. 2-15) 

Fig. 2-15 Typical Fenghuang old street courtyard buildings’ unit, texture and photos
 Drew by author and Zesong Xiong
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② Dimension analysis of Fenghuang old street courtyard building 
In terms of architectural scale, the ancient dwellings in Fenghuang Street are 

surveyed and calculated. The width of the dwellings is mainly three Jian, and 
width of a small number of dwellings is five Jian. According to the statistics, the 
width of the three-Jian ancient dwellings ranges from 8 meters to 12 meters, the 
depth of the three-Jian dwelling with one courtyard is between 15 meters and 20 
meters, and the depth of three-bay dwelling with two courtyards is between 30 
meters and 35 meters.

Through calculating the width and depth of the architectural scale of old 
street courtyard building, these statistics can be reference for the design scale of 
new buildings.(Fig. 2-16) 



45

Fig. 2-16 Dimension analysis of Fenghuang old street courtyard buildings
 Drew by author
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(2) Spatial characteristics of other traditional buildings
The historic buildings and traditional style buildings in Fenghuang town, 

built from 1912 to 1980, are gable roof, and the wall were mainly made of 
rammed earth, which is usually painted with a layer of white ash to prevent 
moisture. The structure is generally rammed earth-wood frame. The form of the 
facade is relatively simple, and the entrance door is not a black walnut door, but 
an ordinary wooden door. The window is also an ordinary wooden frame win-
dow with simple style, without too much architectural decoration and pattern. 
The composition of the basic unit of the dwellings in this period is a main hall, 
wing rooms on one side or both sides according to the will of the host of house-
hold, and a yard. Different from provincial officially protected monuments, there 
is no courtyard inside the building, and there is no horsehead wall in the divi-
sion of households. The orientation of the building is also freer. There are many 
buildings facing east and West.The layout of the building is also relatively sim-
ple. (Fig. 2-17) 

Note: historic buildings and traditional style buildings are terms from Standard of Conservation Planning for Historic City(GB/T 50357-
2018), the standard was editor by Ministry of housing and urban rural development of the people’s Republic of China,Approved by Ministry 
of housing and urban rural development of the people’s Republic of China
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Fig. 2-17 Basic unit, map, plan and photos of traditional building built between 1912-1980s
 Drew by author and Zesong Xiong,based on the survey of Polimi-XUAUT Heritage-Led Design Workshop, May 2018.
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2.3.2 Main materials of traditional dwellings in Fenghuang town

Due to the abundant wood resources in Qinling mountain, residents in Feng-
huang town use wood as building material. From the Ming and Qing Dynasties, 
brick technology has been developed, brick materials have gradually become the 
main building materials in Fenghuang town. What’s more, tile, stone and soil are 
also main building materials in traditional buildings[19-20]

(1) Wood
In southern Shaanxi province, there are many trees in the mountainous area 

around Fenghuang, which provides a lot of high-quality timber for the traditional 
buildings in Fenghuang town. Wood is widely used in wood structure, wooden 
door panel and window frame, as well as some wood decoration structures.

(2) Brick
 There are clay resources in southern Shaanxi, which is conducive to brick 

firing, so brick has become one of the main raw materials for traditional build-
ings here. In Fenghuang, there are two kinds of brick: green brick and red brick. 
Green brick is often used in traditional architecture, and red brick is often used 
in contemporary architecture. Green brick is commonly used in the external pro-
tective structure of buildings. The most commonly used part is the fire wall of 

[19] Sun Zhiqing. Analysis on Regional Characteristics and Ecological Experience of Traditional Dwellings in Shangluo Region -- A Case 
Study of Folk dwellings in Fenghuang Ancient Town, Zhashui County. Journal of  Urban Architecture. 2017(23): 112-115.

[20] Zheng Xiaodong. Research on the Use Strategies of traditional Materials in Contemporary Chinese Architecture in the Context of 
Construction.Phd Diss., Tsinghua University. 2012.
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the traditional building. At the same time, it can be used as decorative compo-
nents occasionally for roofs, gates, etc., with exquisite brick carvings.

(3) Tile 
Tiles are widely used in Chinese traditional architecture, often covering roof, 

ridge, horsehead wall and so on. The main types of tile used in Fenghuang town 
are slab tile, drum tile and drip tile. 

(4) Stone
There are a lot of stone materials on the Bank of shechuan River and the sur-

rounding mountains, so mining is very easy. Because the stone is a good build-
ing material,  trong and durable, not easy to corrode, so it is often used in the tra-
ditional buildings in Fenghuang town. After being polished, the rocks are widely 
used in the pool in the courtyard, the foundation of the column and the wall, the 
outdoor steps, some of them are used on the sculpture in front of the door, and 
some edge of the wells and mill were also made of stone.

(5) Rammed earth
The wall of traditional dwelling is made of rammed earth, grass mud, gravel 

and sand. soil is easy to get, it comes from nature and belongs to nature. It can 
be recycled repeatedly. Adding grass mud and sand can effectively strengthen the 
wall. The rammed earth dwelling has low thermal conductivity and stable ther-
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mal performance. It is a good heat storage and cold storage body. The absorbed 
solar energy is stored in the wall during the day and released at night. The indoor 
thermal environment is in a relatively comfortable and stable state. Rammed 
earth residence has good thermal insulation effect in winter and summer [21].

[21]Zhang Jiliang. A Study on Thermal processes of Traditional Dwellings. Master Diss., Xi’an University of Architecture and Technolo-
gy. 2006.
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(1) Spatial analysis of Shengfa Inn
Shengfa Inn is located on the south side of the old street. It was built in the 

reign of Emperor Kangxi of the Qing Dynasty[14]. The building sit south and face 
to the north, with one courtyard preserved now. The form of it is front store and 
back house. The shop on the north side is the catering function, and the other 
part is the residential function. The depth of the front store is about 5.4 meters, 
and the depth of main hall is about 6.9 meters, the depth of the east and west 
wing rooms is about 3.7 meters.The  roof form of the front part, the main hall 
and the wing room is gable roof.

Facade: the host did some intervention to change the appearance of the 
façade. It has been painted in the past two years, and the current facade color 
does not match with the walnut facade style dyed with the overall black earthen 
paint oil of the other ancient building along the old street. ·

Building: The quality of walls, doors and windows and wooden frame struc-
ture is relatively good. Besides, the host has converted the storage space of the 
attic into dining space and demolished some parts of the building. Some new 
materials and colors have been used to repair the walls, ceilings and stairs of the 

2.3.3 Analysis of typical representative of “Fenghuang old street courtyard 
buildings”

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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house, thus improving the living environment of the house. However, due to the 
inappropriate use of colors and materials, it destroys the style of the original in-
terior space to a certain extent.     

Courtyard: the layout of the first courtyard in Shengfa Inn was relatively 
complete,but they use new color and new material to built a new stairs in the 
courtyard, which destroy the original appearance of the courtyard.     

Decorations of the ridge and some doors are delicate.
The current plan and photos of the building are shown in Fig. 2-18



53

Fig. 2-18 Map, plan and photos of Shengfa 
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding 

and Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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(2) Spatial analysis of Tongxinghe 
Tongxinghe is located on the north side of the middle part of the old street. It 

was built in the in the reign of Emperor Daoguang of the Qing Dynasty[14]. The 
building sits south and face to the north, the depth of the front house is 5 meters. 
The west side of the dwelling is used for commerce, the east side was rented 
out. The wall of the west wing room was removed and changed into a catering 
service space there was just one bedroom on the west side was preserved, which 
is not used currently, but for display, and the room beside it has been converted 
into a kitchen. Northern part of dwelling has been destroyed and converted into 
modern buildings, and now the family of household live in the modern buildings 

Facade: the host did some intervention to change the appearance of the 
façade: the original walnut plank door has been replaced and changed into a 
modern glass plank door. It is inconsistent with the facade of other buildings in 
the old street     

Building: the building used to belong one family, but it was separated to 
two parts and now belong to two households. In the western part of the building, 
the wall and ceiling of the front room was transformed. The quality of the wall, 
doors and windows and wooden frame structure is relatively good, but they in-

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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troduce new materials and colors when they repair the building in recent years, 
and demolished some parts of the building.    

 Courtyard: there is only one patio courtyard preserved, and the wall of 
the wing room in the west was demolished and converted into catering service 
space.   

Decoration: some valuable doors and windows are retained, and a very 
high-value ancient bed was preserved.

The current plan and photos of Tongxinghe are shown in Fig. 2-19 
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Fig. 2-19 Map, plan and photos of Tongxinghe 
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding and 

Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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(3) Spatial analysis of Fengyuan ancient bank
Fengyuan ancient bank is located on the south side of the old street, facing 

to north. It used to be a bank built in the Emperor Daoguang period of the Qing 
Dynasty[14]. This building used to function as a school, church, supply and mar-
keting club, guest house, etc. Now the form of the building is front store and 
back house, and the shop along the old street is in the catering business. and the 
other part is the residential function. The depth of the front store is about 5.6 me-
ters with gable roof, The depth of east and west wing rooms is about 4 meters, 
with a single slope roof. The depth of main hall is about 5.6 meters with gable 
roof. The wing on the east side of the second courtyard has been torn down and 
converted into a modern flat-roofed building.

Facade: the door of the room is no longer the traditional black lacquered 
walnut board door. The facade was largely transformed, the rammed earth is 
covered with green brick now.     

Buildings: the quality of the building is good. The host use some new mate-
rials such as bricks to repair the walls of the building, and paint the pillars, doors 
and windows of the building in red 

Courtyard: the first courtyard in Fengyuan Bank is relatively complete. The 

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.



58

scale of newly built room on the west side in the second courtyard complied 
with the scale of the old wing, but it has been completely converted into a new 
building with a flat roof. The wing room on the east side was demolished, and 
the layout of the second courtyard was seriously damaged.

Decoration: Decorations of the windows, doors are delicate and well pre-
served. Pillars some doors and windows were painted in red

The current plan and photos of the ancient bank are shown in Fig. 2-20
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Fig. 2-20 Map, plan and photos of Fengyuan ancient bank
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding 

and Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. 
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(4) Spatial analysis of of Changshengxiang
Changshengxiang is located in the north of the middle section of the ancient 

street, facing south. It was built in 1808 by Kang Yongsheng, the descendant 
of the founding general Kang maocai of the Ming Dynasty. The function of the 
building has been changed several times, including silk shop, Inn and restaurant. 
Now the front of the shop is catering business, the function of the rest of the 
building is residence[14].

The depth of the shops is about 5.4 meters, and the roof form is gable roof. 
The depth of the east and west wing rooms is about 3.2 meters, and the roof is 
single slope. The depth of main hall is about 5.6 meters.The east and west wing 
room the second courtyard remains intact, with a depth of 4.2 meters, and the 
pattern of the main hall has been changed.

Facade: The door maintains the traditional black lacquered walnut board 
door, and the window on the facade is also retained. Appearance of the facade is 
generally kept. 

Building: The quality of walls, doors and windows and wooden frame struc-
tures is relatively good. Hosts have renovated the walls of the building with 
bricks, and some walls have been painted with white plaster.

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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Courtyard: The two courtyard are well protected, and the layout of the foy-
er, east-west wing are well protected, but the pattern of the main hall has been 
greatly changed. The changshengxiang used to have three courtyards, but the 
third courtyard has been destroyed and has now been converted into a modern 
building.

Decoration: Decorations of the windows and doors are simple, the original 
decorations were not preserved well.

The current plan and photos of the building are shown in Fig. 2-21
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Fig. 2-21 Map, plan and photos of Chang shengxiang
  Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding and 

Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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(5) Spatial analysis of Rujuxing old pharmacy
Rujuxing old pharmacy is located on the south side of the old street, sitting 

south facing to the north. It was founded in the Qianlong emperor period of the 
Qing Dynasty, it was built by Huang Daokai and Huang Deyuan, the son of 
Huang Demang, the first generation of immigrants in the ancient town. During 
the Guangxu emperor period, he was acquired by Ru Hanling, a famous doctor, 
and he established Rujuxing traditional Chinese Medicine pharmacy. It once 
served as the Health Center of Fenghuang town, the Town Museum, and so 
on[14]. The west side of the building is rented now, and the east side of the build-
ing are temporarily uninhabited.

The depth of shop along the main street is about 5.2 meters, and the depth 
of the main halls in the first courtyard and second courtyard are about 6.6 me-
ters and 5.3 meters. The roof form is double-sloping, The depth of east and west 
wing room in the first courtyard and second courtyard is around 3.2 meters, and 
the roof is a single-slope roof. The third courtyard has been basically destroyed, 
only the wing on the east side has been retained, the wing on the west side has 
been demolished, and toilets have been built in the southwest corner.

Facade: the traditional appearance of the facade is kept well, Except for the 

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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black lacquered walnut door, there are very exquisite carved wooden windows 
on the facade.

Buildings: The building used to belong one family, it was separated to two 
parts now and belong to two households. Western part of the building’s walls 
and ceilings have been transformed a lot. Most of the pillars and beams and oth-
er elements in the eastern part of the building are protected well.

Courtyard: The pattern of the first and second patio courtyard is well protect-
ed. The western wing room in the third courtyard was demolished and a toilet 
was built at the end of the building, which damage the integrity of the courtyard.     
Decoration: Decorations of the windows, doors and facade are delicate and com-
plete. The owner of the building respect and use the same techniques and skills 
to make a new widow which is similar to the traditional one.

The current plan and photos of the building are shown in Fig. 2-22
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Fig. 2-22 Map, plan and photos of Rujuxing pharmacy
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding 

and Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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(6) Spatial analysis of Meng’s dwelling
Meng’s dwelling is located on the north side of the old street, facing south. 

Founded in the reign of Guang Xu emperor in the Qing Dynasty. It used to be 
a shop for parchment, oil and local food[14]. Nowadays the front part along the 
old street is restraint and rest of the building is planned to serve as B&B rental. 
However, due to the lack of tourists at present, this part is mainly occupied by 
the owner’s family.

The depth of the shop along the main street is about 4.6 meters, the depth of 
the east and west wing room is about 3 meters, the main hall in the first court-
yard has been destroyed, the west dark room has been rebuilt, and the remaining 
space has been converted into a small yard with a depth of 7 meters.The depth 
of the east and west wing room in second courtyard is also about 3 meters. The 
depth of main hall in the second courtyard is 5.5 meters. In the third courtyard, 
only the wing on the west side is still preserved, and the rest is no longer in exis-
tence. 

Facade: the door is ongoing reconstruction and is brand new. 
Building: the back part of the building was destroyed a lot. The other part of 

the building is ongoing repair and reconstruction. People reuse some old parts of 

[14] Lu Peng. Study on The Spatial Morphology Characteristics of Streets and Lanes and Dwellings in Fenghuang Ancient Town. Master 
Diss., Chang’an University. 2018.
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the original building like beam and pillar.  
Courtyard: The layout is generally kept, but some part was demolished to 

create a bigger square yard. 
Decoration: Lots of doors and windows are brand new, but the craftsmen use 

the same technique to remade them. they respect the traditional construction way 
and details The current plan and photos of the building are shown in Fig. 2-23
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Fig. 2-23 Map, plan and photos of Meng’s dwelling
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Layered Morphologies and Latent Structures Reading, Decoding and 

Rewriting to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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2.3.4 Current problems of traditional dwellings in Fenghuang town
(1) Protection problems about traditional dwellings
① Some traditional buildings have been in a bad state for many years and 

have suffered serious damage. For example, in some shops along the old street, 
the pillars were skewed, the rafters were severely flexed and deformed, the roof 
and eaves were damaged, and the walls were peeled off and some of them has 
been demolished.

② Some traditional buildings’ inner space and facades have been improper-
ly renovated. For example, the Erlang Temple and the Fengyuan Ancient Banks 
facade have been converted into brick wall. The gold paintings inside the Erlang 
Temple have been covered by modern paint. 

③ Residents and tourists did not fully realize the value of the ancient town, 
did not form a strong sense of protection, and the publicity and education work 
for the residents and tourists of the ancient town urgently needed to be strength-
ened.

(2) Lighting problems
The development of Fenghuang Town reached its peak in the Qing Dynas-

ty. Some Huizhou merchants(An Hui province now) moved to the Fenghuang 
ancient town , which caused the local buildings to show the characteristics of 
An Hui style, As we all know, Hui style architecture presents the characteristics 
of small patio, which is inherited by the traditional architecture of Fenghuang 
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Town. and such narrow patio creates the lighting problems. Because the latitude 
of Fenghuang Town is more northward than that of Anhui, the sun altitude angle 
is lower, and the sunlight time is shorter, so Hui-style buildings which can meet 
the lighting requirements in Anhui area, however, cause lighting problems in 
Fenghuang Town.

(3) lack of basic facilities
There is a lack of water supply and drainage facilities. Most of the houses 

in the ancient town use very simple toilets. Even some buildings have no toilets. 
Residents can only use the public toilets in the south of the ancient town near 
Yingpan mountain.
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2.3.5 Spatial characteristics of modern residential buildings in Fenghuang 
town

Most of the modern buildings in Fenghuang town were built after 1980. 
Most of the buildings are flat roofs and just a small number of buildings are slop-
ing roofs. The plan form is mostly a rectangle with large width and small depth, 
or a rectangle with small width and large depth. Typical modern building’s 
phohtos are shown in Fig. 2-24. Usually, the second floor of the modern build-
ings will overhang about several meters. This kind of space form is due to the 
local villagers want to make full use of the limited construction land and obtain 
more floor area. The overhanging part of the second floor of the modern building 
forms the gray space, which can be used as the transition space and rain shelter 
space.

Fig. 2-24 Unit, texture, photos of typical modern buildings in Fenghuang twon
 Drew by author and Zesong Xiong
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(1) Monotonous space
First of all, the form is single, the space is unreasonable, and the flat form of 

housing is relatively simple and monotonous. The main functions of the room 
are living room, bedroom, kitchen and storage room. The layout of the plan is 
mostly organized with the hall as the core, and the form of division is monoto-
nous. In addition, the lighting of many narrow width and big depth buildings is 
very poor, and many living rooms are not arranged in the south-facing room

(2) Lack of plan and control
The location, height, quantity, volume, and appearance of the new building 

are not effectively controlled and designed. The new buildings are not harmoni-
ous with the old buildings.

(3) False and superficial imitation of traditional architecture
Modern architecture does not reflect the characteristics of historic and cul-

tural towns at all. Instead, these buildings have nothing to do with the local cli-
mate, culture and local materials. The buildings on both sides of the provincial 
road unified their facades around 2017, which only superficially and mistakenly 
imitated the traditional Anhui Style Architecture and did not absorb the essence 
of the local traditional architecture. 

2.3.6 Spatial problems of modern buildings in Fenghuang town
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First of all, in terms of the use of building materials, these buildings are 
made of clay bricks, concrete, steel bars and cement instead of using the tradi-
tional materials like rammed earth, wood, and stone.

 Secondly, it no longer followed the local traditional construction methods 
and form and experience; in addition, the spatial form of the building did not 
reflect the regional characteristics, such as the patio courtyard, the roof style fire 
wall, unique doors and windows of the ancient town. 

This is also the problem of lots of modern architecture in many small cities 
and towns in china nowadays. The architectural forms tend to be the same across 
the country
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3.1 INVESTIGATION ON THE SITE

3.1.1Analysis of site in 2013

(1) The farmland is complete 
According to the Zhashui County Local Gazetteer, the county is divided into 

high mountain area(above 1200 meters above sea level), middle mountain area 
(between 800 and 1200 meters above sea level) and low mountains area( below 
800 meters above sea level) .Altitude of the site is at around 670m, belonging 
to the low mountain area. In the low mountain area, the land is more fertile, the 
temperature is higher, sunlight is long, frost free period is long, water conservan-
cy conditions are better,, is the main producing area of tussah water grain and 
oil. Summer grain is wheat, autumn grain is stubble corn, sweet potato, wheat 
and corn can be harvested twice a year[22].

In 2013, the farmland texture was complete. The dividing line of the farm-
land was an extension line of the building on both sides of the provincial road. 
According to our estimation, the crops grown on the farmland were wheat, corn, 
potatoes and some other vegetables. There are few trees in the site in 2013. 

[22] Compilation Committee of Zhashui County Local Gazetteer. Zhashui County Local Gazetteer. Shaanxi people’s Publishing Press. 
1998
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Fig. 3-1 Analysis of site in 2013
 Drew by author, overlapping the google map of Fenghuang town in 2013

(2) The accessibility of site is high
In 2013, the buildings on both sides of the provincial road have been built. 

There are 5 openings allowing people to enter the base. The accessibility of the 
site is high.(Fig. 3-1)
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(1) Farmland was almost destroyed 
Due to the construction of the new provincial road, embankment and bridge 

on the Shechuan River,The construction equipment is piled up on the base, so 
the farmland is basically destroyed. Only a small amount of farmland remains, 
and residents grow some vegetables like scallion potato and cucumber on it. 
Most of the space at the base has not been restored to cultivated land in recent 
years. 

The reason is that China’s urbanization rate is increasing year by year. 
Compared with towns, big cities can provide better jobs, hence, more and more 
young people choose to leave Fenghuang town to find jobs in big cities such as 
Beijing, Shanghai and Xi’an. The most left are middle-aged and elderly people 
who have lost their ability to cultivate land. What’s more, the economic bene-
fits of agriculture have declined. More and more people are no longer willing to 
farm. The base has been in a barren and abandoned state.

(2) The relationship between the site and the old town is weak
The length of the building interface of the site is about 500m, but there are 

only four entrances that allow people to enter the new district. Therefore, the 
new buildings on both sides of the provincial highway looks like a barrier, which 

3.1.2 Analysis of site in 2018
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partially weaken the connection between the site and the old town. At present, 
the new district has a path leading to the old street, a road leading to the canal, 
and a path leading to the southeast street of the ancient town.

(3)The current traffic situation on the provincial road prevents people from 
entering the site

As the new provincial highway is still under construction, the current pro-
vincial highway is still in use, a large number of vehicles are passing through 
this road. And because the commercial function on both sides of the provincial 
road is to sell construction equipment, furniture, etc., the vehicles are loaded and 
unloaded on both sides of the road, and the goods are transported to other towns 
through the provincial road. There are fewer trees on the both sides of the pro-
vincial road, and there are lots of dust due to the vehicles. There are currently no 
zebra crossings on the provincial highway. These factors reduce the willingness 
of people to cross the provincial road and to reach the site.

(4) The embankment cut the connection between the site and the river bank
In order to prevent flooding disasters, local Government built a embankment 

with width of 11 meters and height of 4 meters on the bank of Shechuan River., 
above this embankment is a road for cars. At present, there is only one narrow 
staircase with steep slope leading to the river bank. The embankment not only 
blocked people’s view to admire Shechuan River, but also affected the accessi-
bility of the river bank. (Fig. 3-2)
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Fig. 3-2 Analysis of site in 2018
 Drew by author, overlapping the google map of Fenghuang town in 2018



81

(1) Strength of the site
① There are a large number of unused land available for development and 

utilization.
② There are rivers and mountains in the new district, which have great po-

tential of landscapes.
(2) Weakness of the site
① The surrounding buildings are in poor condition. The ugly facade brings 

a bad viewing experience.
② The accessibility of the site is not high.
③ The embankment currently built makes people unable to get close to the 

natural water system. The children in the ancient town will turn over the guard 
of the embankment to play water, which has certain safety hazards. 

④ The current landscape of the river bank is poor. The water area of the riv-
er changes with the annual rainfall. The current water area is small and the water 
quality is poor. 

(3) Opportunities of the site
① Restore the farmland texture, build a small number of homestays, farm-

land, exquisite farmhouses and landscape elements such as mountains and rivers 
to create a unique rural and garden experience zone.

② Establish more links with the old streets of the old city to improve acces-

3.2.3 SWOT analysis of the site
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sibility of the site.
③ Design nodes and implant more activities so that people can fish, view 

flowers, view the landscape, and conduct activities about farming. Get close to 
nature and improve the vitality of the area.

(4) Threats of the site
① Vehicle that passing through the newly built provincial exhausts road will 

emit some harmful gases, which may pollute the farmland next to the provincial 
road.

② Long-term construction may affect the soil quality.
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3.2 GENERAL STRATEGY OF THE CORE AREA OF FENGHUANG TOWN

Yingpan mountain is in the South and Fenghuang mountain is in the north 
of Fenghuang town. Mountain and forest resources is rich in the town. The three 
rivers, shechuan River, Zao River and shuidigou River, meet in the ancient town, 
and there are canals utilized to irrigate farmland, Fenghuang town is also rich in 
hydrological resources. In addition, the ancient town has a long history, many 
precious historic and traditional buildings, It also rich in historical and cultural 
resources, but the mountain, river, historical culture and historical resources have 
not been fully explored and utilized, the continuity and comfort of pedestrian 
system are poor, and the connection between different areas is weak.

In the general urban design strategies, we find out the important nodes in 
the old urban area, including some important historic buildings, public space 
and green space, and the main nodes in the new area. Through the planning of 
the pedestrian system, different areas including Yingpan Mountain area, the old 
town, the new area on the north side of the provincial road and the shechuan 
River bank are linked together , so that the local residents And tourists can fully 
enjoy the mountain and river scenery and appreciate the traditional buildings and 
experience the leisure life in the ancient town.. (Fig. 3-3)
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Fig. 3-3 General urban strategy
 Drew by author, under the guide of  Prof. Laura Anna Pezzetti for Thematic studio, Politecnico di Milano
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3.3 STRATEGIES OF THE PROJECT 

(1) In terms of functions
Restore the functions of agricultural production and landscape in this space, 

plant local crops and fruit trees with high economic value, and the site could 
also serve as a picking garden to create unique rural landscapes, attracting tour-
ists, and enhancing the agricultural economic effect. It can also improve the 
micro-environment of the area and effectively enhance the carbon sink of the 
area[23]. The new design buildings are designed to be scattered in the farmland. 
Its function is commercial and residential. The ground floor is commercial and 
the upper floor is accommodation. In addition, some public service facilities 
such as tourist facilities, community center, basketball court, etc. are planned in-
side the site.

(2) In terms of farmland texture
The radial line centered on Yingpan Mountain controls the farmland texture 

and building growth[5-6]. (Fig. 3-4)

3.3.1 Restore the original function and texture of the site(Step1)

[5]  Laura Anna Pezzetti, Li Kun . Exploring a Regenerative Structure Integrating Conservation, Remodelling, and Development for Feng-
huang Historic Rurban Landscape. Journal of Urbanistica Informazioni, 2019.

[6] Laura Anna Pezzetti, Layered Morphologies and Latent Structures Reading, Decoding and Rewriting to Enhance Historic Rurban 
Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. Tongji University Press. 2019.

[23] Chance T. Towards Sustainable Residential Communities; the Beddington Zero Energy Development (BedZED) and beyond. Journal 
of  Environment & Urbanization. 2009(2): 527-544.
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The buildings on both sides of the provincial road are like continuous walls, 
which cut off the connection between the site and other areas of Fenghuang 
town. By adjusting the boundary of the site, the permeability of the boundary 
would be improved, new paths would be planned, the newly planned public ser-
vice node in the base is connected to the existing key node space in the old area 
through the path.

There are only four entrances into the area, and the entrances are very nar-
row and separated by a long distance. Improving the accessibility of the area is 
very important for activating the area. Therefore, several new entrance spaces 
are added and the opening width need to be widened.

Design the first level of vertical paths: five paths with width of 4 meters, 
connecting the old city and the site. Design the second level of vertical paths: 
three paths with width of 2 meters, leading to the provincial road.The two-level 
road establishes the connection between the site and the old town.

The current provincial road will be downgraded to the main life road of the 
city, and the newly planned provincial road will be rerouted to the north bank of 
Shechuan River. This reduces transit vehicles passing through urban areas, in-
creases trees on current provincial roads, and improves pedestrian paths on both 
sides of provincial roads. It will improve the current state of road traffic and re-
duce the negative impact of provincial roads on the accessibility of the base.

3.3.2 Improve the accessibility of the site
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Fig. 3-4 Strategies of the project(step1-step2)
Drew by author
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The new designed residential and commercial buildings are scattered in the 
base, and each building is designed on both sides of the first-level or second-lev-
el vertical path, so that it is convenient for people to reach these buildings 
through the vertical paths from the outside.

In addition, important public buildings and small squares are arranged on 
both sides of the first-level vertical roads. For example, the existing buildings on 
the side of the first-level paths on the west and east are used as tourists. facilities. 
We design small squares and a basketball court on the side of the path that con-
necting the old street and the site. What’s more, stairs are arranged at the end of 
the first-level vertical path, which can lead to the embankment.(Fig. 3-5)

3.3.3 Connect the important nodes on the site with the key nodes in the old 
town
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At present, the main function of the embankment is to prevent flooding and 
there is a road on the top of it that vehicles can pass through. The embankment 
has been built for many years, so we try to use it instead of demolishing it. We 
design type C buildings to lean on the embankment, so that not only people on 
the embankment can directly enter the building, but also the people inside the 
buildings can enjoy the beautiful river view. The width of the embankment is 10-
11 meters, the height is 4 meters. The width of the building leaning on the em-
bankment is 4 meters, and there is another 2 meters away from the red line of the 
building. The 6-meter wide part will be transformed into a green belt, and resi-
dents can plant some low vegetation and flowers on this green belt. The remain-
ing 4-5 meters wide part is planned as a sidewalk around Shechuan River and a 
path for cycling.

In addition, staircases are designed at the ends of three vertical main roads. A 
total of six staircases can facilitate people to climb from the site to the embank-
ment, and then from the embankment to the river bank.

These methods not only makes use of the existing embankment, but also 
weakens the effect of the embankment on the splitting of the site and the Shech-
uan River.(Fig. 3-5)

3.3.4 Make use of the embankment 
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Fig. 3-5 Strategies of the project(step3-step4)
Drew by author
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3.4  ACTIVITIES MASTER PLAN AND BIRD VIEW

In the past, due to the abandoned status of the base, there were very few ac-
tivities in the base. Only a small number of residents planted vegetables here. 
Occasionally, some children would climb over the barrier of the embankment 
to play on the river bank, which also caused a certain degree of safety risks. In 
our project, the function of the base is designed as a comprehensive agricultural 
park, and the function of new building combines shops and accommodation for 
residents and tourists[6]. There are also tourist facilities and the community cen-
ter. The whole area is activated, and the activities that residents and tourists can 
carry out in the site become more diversified.

First of all, in the design of residential buildings, the bottom floor of some 
buildings is some shops selling local products, which can also be used as restau-
rants, or B & B rental[6], while the upper floor is mainly the residential space for 
local residents and tourists. The design of residential buildings also has a front 
yard and a backyard. Residents can plant vegetables and fruits, or plant flowers 
to decorate their courtyard. On other lands, economic crops such as wheat and 
corn as well as vegetables and fruits can also be planted, Tourists can pick fruits 
here and experience other agricultural activities. In addition, nearby primary 

3.4.1 Activities on the site

[6] Laura Anna Pezzetti. Layered Morphologies and Latent Structures Reading, Decoding and Rewriting to Enhance Historic Rurban 
Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. Tongji University Press. 2019.
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schools, middle schools and universities can set up bases here to learn about ag-
riculture and nature.

Secondly, some existing buildings of the base are selected and their func-
tions are changed through negotiation with residents. Tourist facilities are set at 
the entrance and exit square of the site to solve tourist problems, like luggage 
storage, tour route consultation and rest. In addition, the community center of 
Fenghuang town is located in the northeast corner of the town, which is very 
inconvenient for local residents to use, so in our project, we set up a community 
center in the site, where residents can play cards, play mahjong, sing opera and 
hold some activities. On the small square, tousits can have a tea break on some 
open-air bars, and local residents can dance square dance here.

In addition, tourists and residents can also rent bike and ride in the site, walk 
in the fields and the riverbank. Tourists and residents can bask in the sun, fish, 
play with sand, and play with ball.

Compared with the activities in the old town, there are more activities relat-
ed to traditional culture, and the activities related to agriculture and nature are 
more in the site.(Fig. 3-6)
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Fig. 3-6 Activities in the project
 Drew by author
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3.4.2 Master plan

Fig. 3-7 Master plan
 Drew by author
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3.4.3 Ground floor plan

Fig. 3-8 Groud floor plan
 Drew by author
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3.4.4 Bird view

Fig. 3-10  section in project
 Drew by author

Fig. 3-9 Bird view of the project 
 Drew by author
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3.4.5  Model

Fig. 3-11 Photo of model
 Made by author
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Fig. 3-12 Photo of model 2 
 Made by author
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3.5 ANALYSIS OF THE PROJECT

In terms of private buildings, the function of new design building is mainly 
the combination of residence and commerce. In terms of public buildings, the 
base contains tourist facilities s and community centers for local residents. In 
terms of public space, basketball court and small square are designed for tourists 
and residents.(Fig. 3-13)

3.5.1 Function of design buildings

Fig. 3-13 Function 
 Drew by author



100

There are three types of design buildings. typeA is mainly for local residents, 
and TypeB and TypeC are designed for local residents and tourists.(Fig. 3-14)

3.5.2 Different types of design buildings

Fig. 3-14 Three types of new buildings in the project
 Drew by author 
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Some important nodes are designed in the site, such as tourist facilities, 
community center, basketball court, and three stairs leading to the embankment, 
all these important nodes are connected with the important nodes in the old town 
through the vertical paths.(Fig. 3-15)

3.5.3 Important nodes 

Fig. 3-15 Important nodes in the project
 Drew by author
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The green space in the base is mainly divided into three categories: one is the 
green space belong to the design building, which is a private green space, where 
residents can plant vegetables and flowers to decorate their private garden; the 
second is the farmland in north of the horizontal road, which would be allocated 
to the local residents, residents can plant economic crops such as wheat, corn or 
other vegetables, fruit trees, etc. The third type is the green space in the south of 
the horizontal road, including the private green space belonging to the buildings 
on the side of the provincial road, which is the buffer space between these build-
ings and the site.

As the area is mainly farmland, trees can not be planted randomly, since 
trees would affect the growth of crops, so trees are mainly designed to be planted 
in four spaces. Firstly, in order to restore the wetland space on both sides of the 
river bank, we plant trees, flowers and vegetation to create a pleasant microcli-
mate, and plant local plants as much as possible; secondly, as the construction 
of the new provincial road will have adverse effects on the farmland in the site, 
trees and shrubs should be planted at the junction of the site and the new planned 
provincial road, so as to reduce the noise, air and landscape pollution caused by 
the provincial road; thirdly, plant trees on both sides of the main vertical paths, 
they can cover the pedestrian space and strengthen the vertical texture of the site; 
fourthly, the deciduous trees are designed to be arranged in the front space and 

3.5.4 Green space
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rear yard of the new design building, so as to shield the solar radiation on the 
buildings and courtyards in summer, and do not affect the sunshine of buildings 
and courtyards in winter.(Fig. 3-16)

Fig. 3-16 Types of green space in the project
 Drew by author
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In terms of roads, 307 provincial road will be downgraded to the main liv-
ing road of city level in the future. The new provincial road will be changed 
to the North Bank of shechuan river[24]. The road on the embankment will also 
be changed from the roadway to the sidewalk and bicycle lane with a width of 
about 5 meters. 

In terms of fire lane, the four main vertical roads are the main pedestrian 
lanes at ordinary times, but they would be used as fire lanes in special periods. In 
addition, the main horizontal roads in the site, the present provincial roads and 
new provincial roads are set the bicycle lanes for cycling, and there are some bi-
cycle rental and parking points on the bicycle loop . 

In terms of parking, in the past, due to the lack of parking space, vehicles 
parked randomly on both sides of the provincial road, which affected the traffic 
conditions and pedestrian safety on the provincial road. In the project, we set up 
two underground parking spaces on side of the provincial road to solve the park-
ing problem in the base and the present 307 provincial road

3.5.5 Road and bike system

[24] Zhashui Urban Construction Bureau, and Shangluo Construction survey and design institute. Zhashui County Fenghuang Town Reg-
ulatory Detailed Plan(DP). 2013.
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In terms of public transport, there are no bus stops in the current town. With 
the development of public transport in Fenghuang town in the future, two bus 
stops is arranged near the entrances of the site in our project.(Fig. 3-17)

Fig. 3-17 Road and bike system
 Drew by author
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The pedestrian system is divided into four levels. The first level includes five 
vertical roads and one horizontal main road, the second level is the vertical roads 
leading to the present 307 provincial road, the third level is the access to the 
household. the fourth is lane in the fields.(Fig. 3-18)

3.5.6 Pedestrian system

Fig. 3-18 Pedestrian system
 Drew by author
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(1) Type A is mainly designed for local residents.
① On the ground floor, they can place their agricultural equipment or use it 

as commercial functions, or B & B rental. The first floor and second floor are for 
living.

② The dimension is 12meters * 16 meters, they are arranged on the flat 
ground.

(2) Type B is for local residents and tourists. 
① The ground floor is for hostel reception and commercial functions. the 

first and second floor are hostel for tourists and living space for local people.
② The dimension is 12 meters * 23 meters, they are also arranged on the flat 

ground.
(3) Type C is for local residents and tourists. 
① The ground floor is commercial function, the first ground includes hostel 

reception, living space for visitors and local people. the second floor includes 
bedrooms for villagers and tourists. 

② The dimension is 12 meters * 23 meters, and part of it leans on the em-
bankment(4 meters)

The axonometry of the three types of buildings and landscape elements are 
shown in Fig. 4-1&Fig. 4-2

4.1.1 Function and dimension of three types of new buildings

4.1 THE CONCEPT OF THE NEW BUILDINGS
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Fig. 4-1 Patial axonometry of three types of new buildings
 Drew by author
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(4) landscape elements(pavilion for rest and entertainment）

Fig. 4-2 Different kind of landscape elements
 Drew by author
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4.1.2 Form generation

After researching the traditional buildings, we determined our architectur-
al prototype—which include the existing building types (courtyard and cou-
pled blocks) and other components (earthen wall, courtyard sequence, changed 
horsehead wall, impluvium, backyard, curved roof, basement) that exist in tradi-
tional buildings in order to form a type through classification and adjustment, by 
resemanticising conventional forms, rooted in local traditional culture and cus-
toms.

The type of new building should be low-carbon and sustainable. It can be 
used as a reference for building other buildings because of their logical struc-
ture and inner rationality of forms. A slow selection usually presides over the 
evolution of a type across history[6]. And the new building can not blindly copy 
elements from the old building, because all new things always need to be in-
novative, our new building type is derived from the old building type, but after 
some changes to adapt the radial farmland texture which is a new challenge for 
Fenghuang town.

In order to respect the old farmland system, the radiation of the farmland is 
often a continuation of the boundaries of traditional buildings, so the reference 

[6] Laura Anna Pezzetti. Layered Morphologies and Latent Structures Reading, Decoding and Rewriting to Enhance Historic Rurban 
Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. Tongji University Press. 2019.
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for the building scale in the design should come from traditional buildings. In 
the previous analysis of the scale of the traditional buildings, we can see that 
the width of the traditional three-jian buildings vary from 8 to 12 meters. There-
fore, we still use the dimension in new buildings. Due to the functional needs 
and the radial farmland in the area along the river, we finally chose 12 meters as 
the width of new buildings. For the depth of the new building, because the new 
building is mostly three floors, in order to make the volume of the building not 
abrupt, and due to the rotation of the inner courtyard, the depth of the new build-
ing (23 meters) is smaller than the depth of the traditional buildings. In contrast, 
traditional buildings with two courtyards and three-bay are between 30 and 35 
meters.(Fig. 4-3)
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Fig. 4-3 Building prototype composition
 Drew by author, inspired by Prof.  Laura Anna Pezzetti, Layered Morphologies and Latent Structures Reading, Decoding and Rewriting 

to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town. 
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Taking type A as an example, we show the relationship between the tradi-
tional three-story, one-entry building and type A through seven specific evolution 
steps. The evolutionary steps of Type B and Type C are similar to Type A.

I to II: In order to respect the laws and rhythms of the local landscape struc-
ture, the architectural scale adopted in the new type is derived from the scale of 
traditional buildings in the old street. Because modern buildings require more 
space, the scale of the new type will also be larger than that of traditional build-
ings. In order to avoid this situation, we will rotate the courtyard to obtain a hor-
izontal courtyard, and occupy the position of the wing rooms.

II to III: The horsehead wall in traditional buildings is a symbol with a 
strong sense of form. The traditional horsehead wall decorative elements applied 
on both sides of the old S307 provincial road have labeled the building "an-
tique", especially kitsch. The form we adopted in the new type is a wall that rises 
slightly from the roof all around, used to shield the solar panels on the roof and 
hide the organized drainage.

III to IV: Most of the modern buildings on both sides of S307 Provincial 
Road have basement as the ground floor business, and the gray space formed by 
the first floor has become a type of local buildings, so we also apply this type to 
In the new building.

IV to V: Due to technical limitations, double-slope curved roofs are very rare 
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in traditional buildings. But the current construction technology makes curved 
roofs possible, so we imitate the continuous mountain intention in the surround-
ing landscape and apply double-slope curved roofs to new buildings.

V to VI: The rotating courtyard divides the first floor into two, but the house 
often needs a corridor to connect the various rooms. Therefore, we set up a traf-
fic space at the location of the original compartment to connect the blocks on 
both sides of the courtyard. The combined courtyard becomes the building's im-
pluvium.

VI to VII: Considering the specific shape and function, a wide space and a 
narrow space are formed on the facade on both sides. In the organization of the 
internal space, the wider side is a private space and the narrower side is a public 
space.

VII to VIII: In order to connect the farmland on both sides of the ground 
floor of the building, and the lower part serves as a traffic space to connect the 
horizontal roads in the farmland, we open up the basement on both sides of the 
ground floor of the house.(Fig. 4-4)
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Fig. 4-4 Form generation
 Drew by author



117

4.1.3 Group of people corresponding to different types of new buildings

Fig. 4-5 Group of people corresponding to the different types of buildings
 Drew by author,inspired by Prof.  Laura Anna Pezzetti, Layered Morphologies and Latent Structures Reading, Decoding and Re-

writing to Enhance Historic Rurban Landscape---Enhancing Fenghuang(Shaanxi) Famous Historic Cultural Town.
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(1) Roof form:
We design the curved slope roof mainly because:
① The continuous slope roof makes the building facade look more integrat-

ed and elegant, and the undulation and form of the roof curve correspond to the 
shape of the mountain in the distance[25].

② We will design the roof as accessible roof, and add a platform in the area 
where the roof curve is relatively smooth, so that people can sit or stand on the 
roof to overlook the distant mountains, river and farmland.

(2) Facade:
① Due to the limitation of rammed earth materials and to enhance the ther-

mal performance of buildings of buildings, we have limited the area of windows. 
② Use windows at the corners to obtain a better view.
③ Add glass bricks to the rammed earth to bring sunlight from the outside 

into the interior, Especially in some vertical traffic spaces.
④ Design skylight on the roof 
(3) Staircase
The style of staircases is designed to be coordinated with the curve roof of 

the new buildings.

4.1.4 Spatial characteristics of the new buildings

[25] Zhang Yu, Min Yan. Interpretation of Xinhang Style Residential Compound in Dongzi Guan Village. Journal of Design. 2018(05): 
144-145.
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4.2.1 TypeA’s plan

4.2 TYPE A’S PLAN FAÇADE SECTION AND SPATIAL ANALYSIS

Fig. 4-6 Plan of type A
 Drew by author
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4.2.2 TypeA’s façade

Fig. 4-7 Facade of type A
 Drew by author
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4.2.3 TypeA’s section

Fig. 4-8 Section of type A
 Drew by author
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Type A (for local residents): 
(1) we add the wing rooms to connect two halls on one side and the design 

an opening on the other side making people fully enjoy the field scenery. 
(2) The form of type A is a courtyard surrounded by a C shaped building 

volume. 
(3) On one side of the C shaped volume is the more public area and on the 

other side is the more private area. Wing room serving as a traffic space as well 
as a bar to connect public space and private space. Residents sit here drinking tea 
and chatting, facing the windows to see the courtyard and distant fields.(Fig. 4-9)

 4.2.4 TypeA’s spatial analysis

Fig. 4-9 Spatial analysis of type A
 Drew by author
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4.3.1 TypeB’s plan

4.3 TYPE B’S PLAN FAÇADE SECTION AND SPATIAL ANALYSIS

Fig. 4-10 Plan of type B
 Drew by author
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4.3.2 TypeB’s façade

Fig. 4-11 Facade of type B
 Drew by author,
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4.3.3 TypeB’s section

Fig. 4-12 Section of type B
 Drew by author
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Type B (for local residents and tourists):
(1) This type of building consists of a C shaped building block and a“—

”shaped building block.
(2) C shaped block serves as a homestay for tourists. “—”shaped block is 

host’s living space.
(3) The living space of residents and tourists has their own courtyard. The 

courtyard is designed in different dimensions, separated by fences, and the two 
courtyards have their own stairs to enter. It is convenient for the host to manage 
the whole accommodation space, while not interfering with each other.(Fig. 4-10)

 4.3.4 TypeB’s spatial analysis

Fig. 4-13 Spatial analysis of type B
 Drew by author
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4.4.1 TypeC’s plan

4.4 TYPE C’S PLAN FAÇADE SECTION AND SPATIAL ANALYSIS

Fig. 4-14 Plan of type C
 Drew by author
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4.4.2 TypeC’s façade

Fig. 4-15 Facade of type C
 Drew by author
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4.4.3 TypeC’s section

 Fig. 4-16 Facade of type C
 Drew by author
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(1) Similar to type B, this type of building consists of a C shaped building 
block and a “—” shape block and two courtyards, which serve the host and tour-
ists respectively. 

(2) The difference is that the tourist reception of Type B is on the ground 
floor. But in type C, we arranged the reception on the first floor and design an 
entrance so that the tourists on the other level can also easily access to the hostel 
and the people in the hostel can conveniently to go to the riverbank. Besides, the 
arrange of the bedroom is also different.(Fig. 4-11)

 4.4.4 TypeC’s spatial analysis

Fig. 4-17 Spatial analysis of type C
 Drew by author
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4.5 PERSPECTIVES

Fig. 4-18 Perspectives
 Drew by autho
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Fig. 4-19 Perspectives
 Drew by author
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Fig. 4-20 Perspective and Bird view
 Drew by autho
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Energy consumption caused by human activities are mainly concentrated in 
transportation, buildings construction, industrial production and forest reduction. 
In Fenghuang town, In terms of traffic energy consumption, the residents in the 
ancient town mainly walk in their daily life, and the number of vehicles owned 
by residents is low. Therefore, the current traffic energy consumption in the town 
is not high. In terms of industrial energy consumption, as a famous historical 
and cultural town, there is no high energy consumption industry in Fenghuang 
ancient town, so the industrial energy consumption is low. The buildings in Fen-
ghuang ancient town are mainly residential buildings, and the energy consump-
tion of residential buildings accounts for a large proportion of the total energy 
consumption of the whole Fenghuang ancient town.

The life cycle of the building includes the production of building materials, 
transportation, construction, use and maintenance, demolition. Among them, the 
energy consumption of building use and maintenance accounts for the highest 
part in the whole life cycle. The new building area in China is about 2 billion m2 
every year, which accounts for 50% of the world’s total new building area, and 
the building energy consumption has exceeded 20% of the total social energy 
consumption. With the promotion of urbanization and the increase of new con-
struction, this proportion is likely to rise[4].

 [4] Li Xun, Liu Yan. Low Carbon, Ecology and Green: Strategic Choice of Urban Transformation and Development in China . Journal of 
Urban Planning. 2011(02): 1-7.
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Fenghuang ancient town mainly contains two types of buildings: traditional 
residential buildings—“Fenghuang old street courtyard buildings” and modern 
residential buildings. This chapter will introduce the current energy consumption 
condition of these two types of buildings and try to find the factors that affect the 
energy consumption, What’s more, we hope to design a low-carbon, low-energy 
consumption , sustainable building  in Fenghuang town through some strategies. 
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5.1.1 The wall has cracks without any thermal insulation or moisture-proof 
layer

5.1 CURRENT CONDITIONS OF “FENGHUANG OLD STREET COURTYARD 
BUILDINGS”

Rammed earth buildings are normally perceived to have desirable thermal 
performance due to the thermal mass effect of the walls[26].The rammed earth 
wall of Fenghuang old street courtyard building is generally 250mm thick with 
20mm lime coating on both sides. Currently, some residents’ housing appears 
large cracks in rammed earth walls, and even the whole wall of some ancient 
dwellings inclines and collapses. The wall is now in an unstable state, and Figure 
5.1 shows the typical wall profiles of Fenghuang old street courtyard buildings 
and wall photos of existing cracks. The cracks appear in the wall result in the in-
door heat to flow from the cracks to the outdoor in winter and from the outdoor 
to the indoor in summer. 

Generally, there are two reasons for cracking and tilting of rammed earth 
wall. The first reason is that almost all traditional rammed earth wall houses are 
built on the basis of experience, so they have issues of unreasonable size or im-
proper foundation treatment. The uneven or soft soil in the building construction 
area will not only destroy the integrity of the building, but also cause the wall 
to crack and tilt etc. The other reason is that the wind erosion, rain erosion and 

[26] Xiang Dong, Veronica Soebartob, Michael Griffitha. Achieving Thermal Comfort in Naturally Ventilated Rammed Earth Houses. 
Journal of Building and Environment. 2014: 588-598.
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alkali erosion destroyed the surface of rammed earth wall, resulting in the wall 
plastering peeling, loose soil, and fragile pulverization etc. In winter, the water 
penetrates into the wall, it freezes and expands, causing cracks in the soil[27]. At 
present, almost no thermal insulation treatment has been done on the outer walls 
of ancient houses, and no moisture-proof layer on them.(Fig. 5-1)

[27] Chen Ting. Research on Construction Technology and Optimization Application of Rammed Earth Walls in Traditional Village.
Master Diss., Chongqing University. 2018.

Fig. 5-1 Typical wall section of traditional dwellings in Fenghuang Town and photos of existing cracked walls
 Drew by author, Photo shot by author
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The air tightness of the windows in Fenghuang old street courtyard buildings 
are not strong enough. Firstly, due to the style of the windows, most of the win-
dows in Fenghuang old street courtyard building are traditional wooden window. 
Exquisite and beautiful hollow patterns are made on the windows of large hous-
es, while ordinary people are simple panes. In ancient times, due to underdevel-
oped science and technology, residents used hemp paper to stick on the inner 
side of wooden windows, which has the advantage of turning direct sunlight into 
diffuse light. Until today, there are still a large number of ancient houses use pa-
per to stick windows without installing glass. In winter, heat will lost through the 
pores of the window pattern and in summer, hot air will enters the room. 

Secondly, the ancient residential buildings in disrepair not only lead to obvi-
ous deformation of windows and holes, but also cause many gaps between win-
dow frames and walls due to deformation and extrusion, which eventually leads 
to poor air tightness. 

Thirdly, it is due to improper handling of the windows on the façade. Cur-
rently, the residents of the ancient town mainly deal with it by four treatment 
methods: the first one is to paste the windows with hemp paper; the second is to 
cover the window with wooden boards; the third type is to fill the window with 
cement; and the fourth is to add a new window inside of the original wooden 
window.(Fig. 5-2)

5.1.2 The air tightness of the window is not good, and the U-value is high
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These four ways of dealing with the window on the facade will cause differ-
ent problems respectively. Although the first one uses hemp paper, he air tight-
ness is still not good. In winter, a lot of heat will lost through hollow wooden 
windows. In the second and third ways, wooden boards are used to block win-
dows and cement is used to seal windows, which can not effectively ventilate in 
summer. The fourth way is to add new window inside the original wooden win-
dow. The newly added windows not only have high heat transfer coefficient and 
poor energy saving effect, but also affect the appearance of traditional houses. 
Therefore, these practices can not effectively improve the indoor thermal com-
fort; on the contrary, some methods affect the indoor thermal environment, and 
then increase the energy consumption of heating and cooling, in addition to this 
also affect the historical features of buildings.(Fig. 5-3)
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Fig. 5-3 Typical window section of Fenghuang old street courtyard buildings and photos of Rujuxing-
wooden hollow window

 Drew by Zesongxiong, Photo shot by author

Fig. 5-2 Present situation of window on facade of Fenghuang old street courtyard building
 shot by author
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The original entrance doors of the ancient town are spliced with black lac-
quered walnut boards, which can be installed or disassembled according to the 
needs of residents to control indoor ventilation. Currently, some residents of 
Fenghuang town changed the original black lacquered walnut door panel into 
glass wooden door or hollow wooden door, but they did not install glass on the 
hollow part which decrease of the air tightness of the entrance door. In addition, 
the color of the glass, the position of the window and the size of the window are 
not well controlled, which not only violates the principle of authenticity and in-
tegrity in the protection of the monuments , but also destroys the style of the an-
cient town and affects the indoor thermal comfort.(Fig. 5-4)

Fig. 5-4 Photo of improrer transformation of entrance door of Fenghuang old street courtyard buildings
 Shot by author

5.1.3 Improper transformation of the entrance door 
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5.1.4  Roof with poor air tightness and without any thermal insulation layer. 

The sloping roofs of Fenghuang old street courtyard buildings are complicat-
ed in height and structure, which greatly increases the difficulty of maintenance. 
After hundreds of years of wind and rain erosion, the phenomenon of moisture 
and condensation appeared in the roofs of some dwellings. The materials and 
construction skills adopted by wealthy families in the town are relatively good, 
so the quality of the roofs of houses is better then others. Nevertheless, the roof 
boards of some ordinary families are cracked or damaged, and the purlins in 
the current dwellings are deformed. Some residents used cardboard or wood-
en boards to temporarily cover the gaps in roof panels, while some rooms even 
experienced rain leakage. From the typical roof section of Fenghuang old street 
courtyard buildings and the indoor roofs photos of the of ancient dwellings, it 
can be seen that the roof slope and the existing ancient dwellings does not have 
insulation layer or waterproof layer. (Fig. 5-5)
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Fig. 5-5 Typical roof section and current roof photos of one of Fenghuang old street courtyard buildings
 Drew by Xiongzesong ,Photo shot by the author
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Most of modern buildings in ancient towns are brick-concrete structure. 
Before 2010, solid clay brick became the main wall material and was widely 
used in the ancient town because of its low price and convenient-access. How-
ever, clay material comes from precious cultivated land resources, it is not en-
ergy-saving and environment-friendly, so the country issued relevant policies in 
2010 to ban this kind of brick. In recent years, new buildings have responded to 
the national policy of wall reformation and started to use sintered porous bricks, 
while a small number of buildings use hollow bricks[28]. However, modern build-
ings with solid clay bricks as the main wall materials still account for the highest 
proportion. Because the construction cost of brick-concrete structure is relative-
ly high, the villagers save money by reducing the thickness of the wall, and the 
internal and external walls are not insulated, so their thermal insulation perfor-
mance is very poor

Moreover, as the rainy summer and high air humidity in the modern build-
ings of the ancient town, the modern buildings are mostly built with stone foun-
dation to prevent moisture. Stone is also a major building material in architec-
ture. Most of the roofs of modern buildings in ancient towns are flat roofs, and a 
few are sloping roofs. The sloping roofs are generally paved with clay tiles, 

5.2 CURRENT CONDITIONS OF THE MODERN BUILDINGS

[28] Chen Sai. Research on Low-carbon Design Strategy of Rural Dwellings in Southern Shaanxi. Master Diss., Xi’an University of 
Architecture and Technology. 2018.

5.2.1 Poor thermal performance of building envelope
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and there is basically no insulation structure on the flat sloping roofs. The 
gate is generally a single-layer wooden door, and the window is basically a sin-
gle glass of aluminum alloy or plastic steel material, which has high thermal 
conductivity and poor thermal performance. 
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Building shape factor is an important index that affects building energy 
consumption. Shape factor is the ratio of the exterior surface area of a building 
to the volume of a building, which is essentially the exterior area of a building 
per unit building volume[28]. The larger the shape  factor, the larger the building 
surface area per unit volume, and the heat transfer consumption is proportional 
to the heat transfer area, so the larger the heat dissipation area per unit building 
volume, the higher the building energy consumption. Therefore, buildings with 
small shape factor have low energy consumption, while buildings with large 
shape factor have high energy consumption. 

The research shows that, taking residential buildings in hot summer and cold 
winter areas as an example, based on the simulation results of DeST-h software, 
if the shape coefficient of buildings with the same height increases by 0.1, the 
corresponding building energy consumption will increase by 13%[28]. 

Too many concave and convex architectural forms are the reasons that lead 
to the oversize modern architectural forms in Fenghuang Ancient Town. The De-
sign Standard for Energy Efficiency of Residential Buildings in Hot Summer and 
Cold Winter Zone JGJ 134-2010 stipulates that the shape factor of residential 

5.2.2 Excessive large shape factor of the modern building

[28] Chen Sai. Research on Low-carbon Design Strategy of Rural Dwellings in Southern Shaanxi. Master Diss., Xi’an University of 
Architecture and Technology. 2018.
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buildings below three floors should not exceed 0.55; the shape coefficient of res-
idential buildings on floors 4-11 should not exceed 0.4; Lots of the shape factor 
of modern buildings in the town exceed the requirements of the Standard. 
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[29] Huang Guangde. Analysis of Residential Building Energy Consumption in Hot summer and Cold winter area. Master Diss., Chongq-
ing University. 2006.

The window opening will not only affect the facade effect, lighting and ven-
tilation of buildings, but also greatly affect the energy consumption of buildings 
as a key part of heat exchange. For the lighting, the larger the window area, the 
more light it gets. In order to get more nature lighting, the residents of ancient 
towns generally have too large window area. However, in terms of energy con-
sumption, solar radiation enters the room through external windows in summer, 
which increases the cooling load. The energy consumption of air conditioning 
increases with the increase of window to wall ratio, and there is a linear relation-
ship between them. In winter, solar radiation has obvious influence on heating 
compliance, and heating energy consumption decreases with the increase of win-
dow to wall ratio[29]. In hot summer and cold winter areas, the increase of cool-
ing energy consumption caused by the window to wall ratio is far greater than 
the decrease of heating energy consumption in winter. Therefore, as the window 
to wall ratio getting increased, the heating energy consumption decreases and 
annual energy consumption increases, so it is quite crucial to control the window 
to wall ratio. 

In addition, the window to wall ratio in different functional rooms has differ-
ent effects on energy consumption. The research shows that the change of win-

5.2.3 Excessive large window to wall ratio(WWR)
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[28] Chen Sai. Research on Low-carbon Design Strategy of Rural Dwellings in Southern Shaanxi. Master Diss., Xi’an University of 
Architecture and Technology. 2018.

[29] Huang Guangde. Analysis of Residential Building Energy Consumption in Hot summer and Cold winter area. Master Diss., Chongq-
ing University. 2006.

[30] Sun Jie. Study on Energy Conservation Design of Multi-storey Office Buildings in Hot Summer and Cold Winter Area with the Same 
Shape Coefficient -- A Case study of Multi-story office buildings in Xinxidi Huaqiao Logistics Center, Kunshan, Jiangsu. Journal of Green 
Building. 2010, 2(02): 26-31.

dow to wall ratio in rooms without air conditioning, kitchens and bathrooms has 
less impact on building energy consumption. The window to wall ratio with dif-
ferent orientations has different influences on the energy consumption of build-
ings[29-30]. The research shows that in hot summer and cold winter areas, for ev-
ery 0.1 increase in the window to wall ratio, the energy consumption of rooms in 
the west increases by 6.6%, which in the east increases by 6.5%, that in the north 
increases by 4.7%, and that in the south increases by 1%. The energy consump-
tion of buildings in the range of 0.25~0.65 has little change when the window to 
wall ratio is in the south direction[29]. Therefore, the southbound window can be 
expanded appropriately[28].

The window to wall ratio of modern buildings in ancient towns is generally 
excessive large, which is a major factor affecting building energy consumption. 

According to the Design Standard for Energy Efficiency of Residential 
Buildings in Hot Summer and Cold Winter Zone (JGJ134-2010), the require-
ment of window to wall ratio of residential buildings in hot summer and cold 
winter zones are shown below：North- orientated :0.4; South- orientated:0.45 
East and West-orientated: 0.35.
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In the core area, plastic steel or aluminum alloy materials are widely used 
in window frames for residents, which have high thermal conductivity. When it 
comes to glass selection, most villagers choose single-layer glass because of its 
low price and easy processing. However, the thermal insulation performance of 
single-layer glass is not good, and many northern small towns are no longer in 
use. In terms of air tightness of doors and windows, sealing strips are not used, 
which will lead to air leakage and heat loss.

At present, the residential buildings in the core area are mainly formed 
through the ground floor entrance and the rear door. There are two main ways to 
sun shade the buildings: one is to shade each other between buildings, the oth-
er is the building structure itself, such as corridor shading and balcony shading. 
Nevertheless, the second floor of modern buildings in ancient towns is often with 
canopy, and grey space is formed on the bottom floor. Some courtyards rely on 
trees for shading, but due to the low coverage rate of trees and vegetation in an-
cient towns, only a few courtyards have trees for shading at present. Moreover, 
there are no other sunshade devices and measures in residential buildings.

5.2.4  Poor air tightness of doors and windows 

5.2.5  Lack of shading devices
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5.3 ENERGY ASSESSMENT OF A NEW BUILDING PROPOSAL
5.3.1 Shadow analysis and shading mask of the new buildings

Fig. 5-6 Shadow analysis of the buildings on the site
 Drew by author

3
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BUILDING 1

Fig. 5-7 Shading mask 
 Drew by author
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BUILDING 2

Fig. 5-8 Shading mask 
 Drew by author
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BUILDING 3

Fig. 5-9 Shading mask 
 Drew by author
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BUILDING 4

Fig. 5-10 Shading mask 
 Drew by author
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5.3.2 Solar elevation angle analysis 

Fig. 5-11 Projection altitude angle analysis
 Drew by author
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Fig. 5-12 Sunlight angle of the example buildings
 Drew by author
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Fig. 5-13 Sunlight angle of the window oriented to south
 Drew by author
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Fig. 5-14  Section of the wall with the waterproof layer
 Drew by author

5.3.3 Verification of interstitial condensation in walls

After the design of the profile structure of the external wall, we will intro-
duce the design of the wall and the data of the wall into the software to calculate 
whether the waterproof layer is needed. If the wall does not need a waterproof 
layer, three conditions must be met: sum of the water accumulations = 0; 

moisture content g / M < 500; no mould growth risk
① Sum of the water accumulations=0
② The moisture content in December is 5864, which is larger than 500.
③ There is a risk of moss in four months.
So our walls need a waterproof layer (Fig. 5-14)
The process of moisture analysis (Fig. 5-15)
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Fig. 5-15 Moisture analysis
 Drew by author



163

5.3.4 Evaluation of the building energy performance

3 types of buildings are distributed in the fan-shaped area, the orientation 
of each building is different. It is impossible to analyze each building.  Because 
type B is more complex than type A, it needs more calculation.Therefore, We se-
lect a type B building in the middle of the site as the object to analyze(Fig.5-16).

The height of the selected building is 3 floor, the volume of this building is 
1713.3 m³, and the surface area is 1079.56 m2. Therefore, the shape factor S / V  
is 0.63.

Fig. 5-16  Section of the typical building for analysis
 Drew by author

(1) Main information of the selected building
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In order to avoid the influence of western sun exposure, we reduce the area 
of the western windows of the building.

 ① WWR of exterior window oriented to south is 0.21
 ② WWR of exterior window oriented to east is 0.18
 ③ WWR of exterior window oriented to west is 0.09
 ④ WWR of exterior window oriented to north is 0.12
WWR of the new building all meets the requirements of Standard for En-

ergy Efficiency of Residential Buildings in Hot Summer and Cold Winter Zone 
(JGJ134-2010)

We divide the model of the building into four thermal zones to calculate in 
BESTenergy. The main function of the first thermal zone is residential for local 
people; the second one is residential for tourists; the third is for commercial; the 
fourth are auxiliary rooms for residential area. In addition,  the building are shel-
ter from some walls and stairs (Fig. 5-17 & Fig. 5-18)

It can be seen from the figure (Fig. 5-19) that the exterior window should 
have good thermal insulation performance. We  selected a glass with U-value of 
0.79 W /m2· K; solar heat gain coefficient is 0.5 and visible transmission is 0.73.



Fig. 5-17 The BESTenergy model of the building 
 Drew by author

Fig. 5-18 Thermal zones divison 
 Drew by author

Fig. 5-19 The main 
feature of the transperant 

components
 Drew by author
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From the chart (Fig. 5-20) , we can see the material of each part of the build-
ing and the thickness of the material. After summary and calculation: 

The external wall U-value = 0.2W / (K * m2);
Interior floor U-value = 0.23W / (K * m2);
Exterior floor U-value = 0.19W  / (K* m2);
Roof U-value = 0.22W /(K*m2);
Interior ceiling U-value = 0.23W /(K*m2);
Interior wall U-value = 0.2W /(K*m2);

From the chart (Fig. 5-22) , It can be seen that for the residential part of 
the building, the people occupancy rate is 0.04, the electric equipment thermal 
load is 4W/m2, the ventilation airflow rate is 0.3, the heating setting temperature 
schedule is 20 ℃, and the cooling setting schedule is 26 ℃. 

For the commercial part of the building, the people occupancy rate is 0.1, the 
electric equipment thermal load is 6W /m2, the ventilation airflow rate is 0.8, the 
heating point temperature schedule is 20 ℃, and the cooling setting schedule is 
26 ℃.



Fig. 5-20 The different layers of the opaque components
 Drew by author
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Fig. 5-21 The main feature of the layers
 Drew by author
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Fig. 5-22 the user profile adopted
 Drew by author
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(2) Heationg and cooling energy demand calculation
It can be seen that the heating demand of the building is 12485.96kWh ev-

ery year and the cooling demand of the building is 7900.43kWh every year. Be-
cause our building area is 393.1 m², so the heating demand per square meter is 
31.76kWh and the cooling demand per square meter is 20.10kWh (Fig. 5-23)

From this table, It can be seen  that max peak heating load of the building is 
8.73kW and  max peak cooling load of the building is 8.82kW.

(3) DHW consumption (Fig. 5-25)
Domestic hot water (DHW) consumption=30×393.1×365=4304445Wh=4.3

MWh 
(4) Electricity consumption (artificial lighting and equipments) (Fig. 5-24)
The total area of the building is 393.1m², which include 128.3m² commercial 

area, 43.7m² service area and 221.1 m² residential area. So electricity consump-
tion = (221.1+43.7) × (3+15) + 128.3 × (15+20) = 9256.9kWh = 9.3MWh

(5) Total thermal energy demand of the building: 
From those charts, It can be seen  that total thermal energy demand of the 

building = 12485.96kWh (heating demand)+ 7900.43kWh (cooling demand)+ 
4304.44kWh (DHW) = 24690.83kWh
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Fig. 5-23 Heating and cooling energy demand
 Drew by author

Fig. 5-25 Energy demand for domestic hot water
 Source:CTI – R 03/3

Fig. 5-24 Electricity consumption (Artifical light-
ing and equipments) water

 Source: Thematic Studio Prof. Rajendra Adhikari
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5.2.5 Energy consumption calculation

(1)SWH calculation and product selection
We selected the solar water heater manufacturer whose production place 

is located in China. The selected product is the Sijimuge OP series solar water 
heater. Its overall dimension is 2350 mm × 800 mm × 80 mm, so the gross area 
of one collector is 1.88 m². After data import calculation, the total gross collector 
area is 20.7 m² which means we need 20.7 m² of roof space to arrange the panels 
of solar water heaters to meet the needs of 10 people. At the same time, using 
solar water heater to heat cold water can reduce the GHG emission reduction by 
2.00 tCO2/year.(Fig. 5-26)

(2)Heat pump calculation and product selection
We selected the heat pump manufacturer whose production place is located 

in China. Its model is LF320-BC. Heating capacity is 12.8kW. Cooling capacity 
is 9.8kW. COP is 4.06. EER is 2.84. All the data can meet the demand of heat 
pump in our calculation. After being imported into excel, the results are as fol-
lows:

① heating electricity used = 3.5 MWh
② cooling electricity used = 3.4 MWh
At the same time, the use of the ground source heat pump can reduce the 

GHG emission reduction by 6.08 tCO2/year.(Fig. 5-27)
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Fig. 5-26 SWH calculation and product selection
 Drew by author
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Fig. 5-27 Heat pump calculation and product 
 Drew by author
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5.2.6 Energy delivered by a photovoltaic system and CO2 emission reduction

We chose a solar panel manufacturer whose production place is located in 
China. This is a kind of solar tile produced by Hanneng Commpany, which can 
keep the roof as clean as the ordinary tile roof. Three main information can be 
seen  from the graph: It is polycrystalline module; Output power of each panel 
is 270-285W; Maximum efficiency is 17.4%; Dimension of each panel groups is 
992mm*1650mm.(Fig. 5-28)

Total electricity demand of the building=9.3 MWh(electricity consump-
tion)+3.5 MWh(heating electricity used of the heat pump)+3.4 MWh(cooling 
electricity used of the heat pump)=17.2 MWh

After importing the above data into the software for calculation, the software 
shows that we need to arrange a solar panel with a roof area of 94.8 ㎡ . At the 
same time, the use of the solar panel can reduce the GHG emission reduction by 
20.5 tCO2/year.(Fig. 5-29)
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Fig. 5-28 PV product 
selection

 Source: https://www.
trinasolar.com/cn/product/

Tianjing60-pe06h
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Fig. 5-29 PV panel calculation
 Drew by author
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(1) Required roof area
94.8 ㎡ (PV array area)+20.7 ㎡ (Total gross collector area)=115.5 ㎡

Because our roof is curved, it is difficult to calculate the specific slope of each solar 
tile. We can calculate that the average slope of the roof is 22°, so we apply this value to 
the table. In addition, the azimuth of PV array is 23.2°.

So we need a total of 115.5 square meters of roof area to install solar water heaters 
and solar tile. The roof area of our building with solar panels is only 97.9 square meters, 
which can satisfy 85% of the total electricity demand of the building, but we can use 
17.6 square meters roof space of other buildings on both sides of the provincial road to 
arrange solar panels (Fig. 5-30), making our building a zero energy building. 

(2) GHG (Greenhouse Gas) emission reduction:
We can see from the chart (Fig. 5-33) that the main power source in China is 

coal, accounting for 72%. The second was hydroelectric, accounting for 18.55%. The 
remain-ing electricity comes from natural gas (2.02%), oil (0.17%), nuclear (2.34%) 
and other energy sources (4.29%). And we got the information from the chart (Fig. 
5-34) above:

2.00 (SWH)+ 6.08(Heat pump)+ 12(PV)=20.08 tCO2/year 
So after using solar water heater system, ground source heat pump system and solar 

panel system, the building can reduce carbon dioxide emissions by 20.08 tons per year.



Fig. 5-30 Place solar panels on roofs
Drew by author
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Fig. 5-31 Structure and section of PV tile 
Source: http://www.hanergy.com/hw/index.html#page6

Fig. 5-32 Installation steps of the PV tile 
Source: http://www.hanergy.com/hw/index.html#page6
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Fig. 5-33 Power generation composition by source in major countries (2014)
Source: World energy balances 2016 Edition

Fig. 5-34 GHG (Greenhouse Gas) emission reduction comparison 
Drew by author
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5.4  NEW BUILDING STRUCTURE AND DETAILS

5.4.1 Analysis of the details of excellent rammed earth buildings 

Fig. 5-35 Building climate demarcation 
Drew by author
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Fig. 5-36 Analysis of the details of excellent rammed earth building
 Drawings from Sauer Marko,  Kapfinger Otto. Martin Rauch: Refined Earth Construction& Design with Rammed Eart . Detail. 2015.
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Fig. 5-37 Analysis of the details of excellent rammed earth building
Drawings from Sauer Marko,  Kapfinger Otto. Martin Rauch: Refined Earth Construction& Design with Rammed Eart . Detail. 2015.
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Fig. 5-38 Detials of the new building  
Drew by author

5.4.2 Details of the new buildings
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