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 1  INTRODUCTION 

 Beijing, China is like many other metropolis where the population in the city is so large 

that water and natural landscape resources of the city are strained to meet current residents' 

needs, and the population is growing. The on-going population growth coupled with an 

increasingly fast-paced life has also had a negative impact on community well-being. This is 

evident in a weak sense of belonging, absence of social support, and increased youth obesity. 

To address these complex issues and keep rapid development within limited natural water 

resources in Beijing, sustainable development is perhaps one of the best solutions to this issue. 

Sustainable development doesn't simply refer to environmental sustainability. Sustainable 

development also needs to take economic and social sustainability into account (United and 

Nations Secretariat (UN/DESA)). 

 In Beijing, there are more than 1,500 courtyard communities (Ming) that have been built 

more than 35 years ago. The environment in these communities cannot meet the social and 

economic needs of residents' modern lives. People who live and work in and around these 

communities are those who have lower household incomes and elderly people.  

 Examining the historic forms and use of the design of the courtyard home may provide a 

key to bringing back the sense of belonging in these communities while concurrently 

addressing flooding and water consumption issues. The model used is based on the spatial 

organization of Beijing traditional courtyard house (siheyuan). This project uses stormwater 

management methods to minimize the negative impact of storm water while increasing 

community well-being through the design of social space in the modern courtyard.  
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2  PROBLEM STATEMENT 

 2.1  Project Statement 

 This project addresses the redesign of a 1.33 acre site including a 0.7 acre courtyard and 

two residential buildings in central Beijing, China. The courtyard selected for this project is 

typical of this contemporary residential landscape type. The project includes green 

infrastructure to reduce the use of water resources and reduce flooding, and provides a sense 

of belonging by providing community events and creating experience with cultural identity.  

 The design of the courtyard brings back the sense of belonging of the communities by 

programming community events and by providing activities. The spatial organization of the 

courtyard is based on Beijing traditional courtyard house (siheyuan), which forms a strong 

family feeling through the design of the courtyard and the cardinal orientation of buildings 

and walls.  

 This project uses stormwater management methods to minimize the impact of stormwater 

runoff and celebrates the stormwater on site. The reused stormwater is the resource for water 

features. By cleaning and reusing greywater from bath and laundry, the waste water dumped 

into city swage system is remarkably reduced and the demand for fresh water is cut down. 

Using the reused water from stormwater and greywater, the green walls around the buildings 

and the rooftop are used for food production. The black water is treated and becomes 

fertilizers for food production. As a strategic design solution for contemporary courtyard 

projects, the project will greatly contribute to the sustainable development of urban areas for 

more than one million people and will positively impact public health and social justice in 

China. 

 2.2  Research Question 

 What principles of design best shape the 21st century courtyard? 

 1: How can cultural identity be presented on this site? 
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 2: How can this project be designed to reinforce the community? 

 3: How can stormwater and wastewater be treated on site? 

 2.3  Significance 

 This project designs stormwater harvesting and waste water cleaning infrastructure, and 

includes green walls and rooftop greenhouses to produce community access to fresh and 

healthy food. The project also looks at social aspects of the courtyard. The project adds 

aesthetic value to residences and reinforces the community, as well as improves the quality of 

life and well being.  

 The project also could be used as a model in other courtyard designs with similar 

conditions in Beijing to maximize the positive impact of the water system on a city wide 

scale. According to China National Radio, Beijing will update 63 million square feet of 

construction area in old communities (Zhang). The average construction area in Beijing is 

340 square feet per person (Beijing Morning Post). 184,750 residents are impacted in this old 

community update project. If all of these kinds of projects are net positive, the total water that 

will be saved is approximately 870 million gallons per year, which equals to 1322 times the 

water required to fill an Olympic sized swimming pool. 
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3  ASSUMPTIONS 

 The project makes the following assumptions: 

 This project assumes the building structure can be made strong enough to allow 

green infrastructure to be attached to it.  

 This project assumes that the cost of the reconstruction of the courtyard will be 

offset by reduced health costs of improved community well-being, reduction in costs 

and positive impact on water consumption and reduced costs of flood control. 
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4  DELIMIATIONS 

 The following delimitations express issues the research does not fully address: 

 This project does not include the detailed design of buildings surrounding the 

courtyard space. 

 This project does not cover details of economics related to the full cost-benefit of the 

proposal at this phase. 

 This project does not include detail construction documents, detailed policy changes 

or detailed public participation plans or other tools for implementation. 
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5  DEFINITIONS 

 Greywater: 

 Greywater is wastewater from kitchen, bath and laundry excluding wastewater from 

toilets, kitchen sinks, dishwashers, and laundry water from soiled diapers (Ghaitidak and 

Yadav). 

 Stormwater runoff: 

 Stormwater runoff is generated from precipitation that flow over land or impervious 

surfaces and carries pollutants, such as chemicals, oils, and sediment, to the water body 

without soak into the ground (EPA "National Pollutant Discharge Elimination System 

Stormwater Program")  

 Community well-being:  

 Health at the social and individual level, opportunities for social exchange in a 

supportive (age-specific) environment, a sense of belonging as a result of civic space and 

shared space design 
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6  LITERATURE REVIEW  

 6.1  Introduction 

 The percentage of global population living in cities has seen a huge increase since 1950, 

and this trend doesn't show any sign of stop for the next 20 years (Brown). With the growth 

of population and longer lives of people, the resources are not enough and the earth will be 

exhausted at the end (Rogers et al.). In order to accommodate growing cities without adding 

pressure on surrounding rural areas and limited resources, sustainable development is of great 

importance. The following literature review addresses research questions that guide the 

design process of a courtyard in a high density residential area in an urban center that 

maximizes conservation of water resources, and provides aesthetic value with cultural 

identity. Site programming is discussed from the design of green infrastructure in a Beijing 

traditional courtyard house (siheyuan). The role that green infrastructure plays in 

development is addressed in the stormwater management section. The aesthetic and social 

aspects of courtyard design are addressed in traditional courtyard house (siheyuan) section 

and reinforcing community section. Design principles and design guidelines come from the 

literature research and case studies. 

 6.2  Courtyard Design and Community Well Being 

6.2.1  Courtyard design principles 

 The design principles of the courtyard are categorized into five general goals (Gillem, 

Fifield and Cunningham):  

 1. Create versatile courtyards 

 Courtyards allow people to enjoy the outdoor environment and form a strong sense of 

community in dense urban centers by providing shared outdoor spaces that can meet the 

needs of families with children, serve as a gathering place for residents, providing safety and 

security for all residents, and provide stormwater management and other environmental 
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benefits (Gillem, Fifield and Cunningham). In order to fit these functions into one tiny 

courtyard, the sizing of spaces is important. The dividing between different function is 

another thing to consider in the small courtyard design. Design space organization that is 

multi-functional is a good idea. For example, in this project, the bio-detention ponds can be 

programmed as children play areas because they are only used for stormwater detention 

during the first 48 hours after heavy rain. Creating a series of sub-spaces which are functional 

is also a good idea in small courtyard design (Patrick). For example, in this project, dividing 

different functional spaces by low, narrow walls can save a lot of space, because the buffer 

spaces between different activities is reduced and additional informal seating is provided. 

According to Smriti Saraswat, courtyards need to have different activities at different times of 

the year through a year (Saraswat). To use the space in courtyards efficiently, the designers 

need to consider the overlay of different functions across time.  

 2. Build identifiable homes 

 One of the problems of multi-family housing is that all the individual units look the same, 

which is difficult for the residents to identify their own home. The designers need to design 

identifiable homes to accommodate household variety (Gillem, Fifield and Cunningham). In 

order to form a strong sense of belonging, the courtyards need to be designed with different 

views from different units, unique view of the entrances of the building, and diversity of 

planting materials. By forming different elements and spaces in the courtyard, the residents 

feel a greater connection to their home (Gillem, Fifield and Cunningham). For example in the 

existing condition of this project, the residents added pavement, benches, canopy and cat 

house into the courtyard through time, making the connection between courtyard and people 

stronger. The design of the courtyard needs to have some flexibility and adapt to the changes 

by the residents.  

 3. Use sustainable solutions 
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 Designs should recognize the importance of sustainability through the use of sustainable 

technologies, resource conservation, and energy efficiency (Gillem, Fifield and Cunningham). 

The courtyard design needs to function as a part of the passive energy solution and 

stormwater management solution. Saraswat also put that the courtyard served as a 

micro-climate modifier (Saraswat). The day light, the air flow through the buildings and the 

courtyard, green roof, green wall, sustainable building material, and sustainable landscaping 

are encouraged to be considered in the courtyard design. 

 4. Make interior/exterior connections 

 Courtyard housing projects should address the relationship between indoor and outdoor 

spaces in a way that balances community orientation with privacy needs, as this balance is a 

central design issue for housing oriented to shared courtyards (Gillem, Fifield and 

Cunningham). To prevent the potential privacy problem, the courtyards need to have a 

hierarchy of the space from private to semi-private to semi-public to public (Gillem, Fifield 

and Cunningham). The series of space organization in the traditional courtyard house in 

Beijing (siheyuan) is from building to porch, to gardens or verandas, and reach the entrance 

of the courtyard. In the existing condition of this project, the path from the home to the 

entrance of the courtyard is through a corridor in the building and garden. The view 

connection between home and the courtyard serves as a surveillance system that has security 

and livability benefits (Gillem, Fifield and Cunningham). For example, parents who stay in 

the balcony can watch and even yell at the children who play in the courtyard. 

 5. Respond to the context 

 The design should effectively engage the street, providing a positive relationship 

between the public realm of the street and sidewalk and the more private realms of the 

buildings on the site (Gillem, Fifield and Cunningham). In traditional street in Beijing 

(hutong), there are fences at the end of each street that are closed at night and the streets 
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become semi-private spaces that people living nearby can enjoy. In modern community 

design, the site is always closed with walls or fences. The absence of street engagement 

makes the streets less active. In 2016, the Chinese government encouraged designers to tear 

down the walls and open up the community and make the streets more active.  

6.2.2  Reinforce community in the courtyard 

 Courtyards as shared outdoor spaces are very important in people's life. People have the 

need to be involved in groups which are larger than family and smaller than community 

(Marcus). With both of the parents working in the family, a safe and interesting play area is 

needed right outside the home (Marcus). And the houses need buffers, such as a yard or 

balcony between private home and public space (Marcus). Most dialogues happen in the 

middle of main flow of people's movement (Whyte). The design needs to allow the residents 

to change a little bit in the courtyard. Dwellers' direct control of their living quarters can help 

them build connection to the environment (Casault). The changes can be as small as putting 

their own blanket in a public bench. 

6.2.3  Traditional programming of the use of the courtyards 

 Traditional courtyards are enclosed by houses or walls. According to Kun Zhao, 

courtyards can be seen as extensions of the houses in traditional courtyard houses to make up 

the shortage of the limited interior space in surrounding houses. A courtyard functions as an 

outdoor living room (K. Zhao). Courtyards are always used for activities such as eating, 

chatting, relaxing, playing, taking exercise, washing clothes, playing cards, and playing chess. 

It also a space for gathering with friends and family and also for the grandparent and 

grandchild relationship to be played out.   

 In summer, people are always sitting in a rocking chair under the canopy and eating 

watermelon while chatting with each other. In winter, there are no fresh vegetables in Beijing 
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because of the lack of greenhouses. People will buy a lot of cabbages before winter comes 

and store them together with blanket covers in the courtyard for vegetables during winter.  

 6.3  Chinese Traditional Courtyard House (siheyuan) 

6.3.1  Basic elements 

 Traditional courtyard houses are organized based on tiers, also called jin, which includes 

one courtyard and four surrounding houses. One tier courtyard house is the most simple form 

of a courtyard house. The typical courtyard has three tiers.  

 For one tier courtyard houses, the house on the north is called the main pavilion, or front 

house (zhengfang). The main pavilion can be separated into three parts: a living room at the 

middle and one bedroom at each side. Grandparents live in the left side of the main pavilion; 

parents live in the right side; the middle of the main pavilion, called tangwu, is the family 

living room (Wang, Zhang and Sun).The main pavilion has two wings on the west side and 

the east side of the house, also called erfang or ear pavilion, which could be used as 

bedrooms or as storage (Y. Zhao). The house on the west of the courtyard is called west 

pavilion, also called xixiangfang (Wang, Zhang and Sun). It is the space for son and daughter  

(Y. Zhao). The house on the east of the courtyard is called east pavilion, also called 

dongxiangfang. It is the space for grandchild (Y. Zhao). These houses are similar with the 

main pavilion (house). The room at the middle of the pavilion is the living room, and the 

rooms at two sides are bedrooms. The first child lives in left room; the second child lives in 

right room (Wang, Zhang and Sun). According to Chan, the location of each houses are 

shown in Figure 1 (Chan and Xiong). 
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Figure 1 Elements and locations in one tier courtyard house 

 The gate of the courtyard house (siheyuan) is located at the southeast corner, which 

means travel safely in fengshui (Li) There is a shadow wall, also called screening wall, at the 

north of the entrance court in front of the gate to prevent the sight from directly looking into 

the courtyard and providing privacy. The shadow wall sometime shares the wall with the east 

wing. The restroom or kitchen is always located at the southwest of the courtyard house 

because this direction is ominous according to fengshui (Wang, Zhang and Sun).  

 Canopies, fish bowls, and pomegranate trees are the elements that represent the courtyard 

in courtyard houses in Beijing (Z. Wang) (Figure 2). Fishbowls can be located at the middle 

of the courtyard or at the back of the screening wall (Gao). The material of fishbowls are 

porcelain or ceramic (Gao). People who love fish will have five for six of different kinds of 

fishbowls in their courtyards and hire other people, called yubashi, to take care of the fish 

(Gao). Xueyan Li states that fishbowls at the middle of the inner courtyard can add moisture 

to the air, add aesthetic value, and prevent fire (Li). Pomegranate trees are always placed in 

the courtyards for its flowers in the spring, shadow in the summer, and fruits in autumn 

(Gao). 

 Canopies in the courtyards could be temporary structures. According to Wei Gao, a lot of 
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residents hire pengpu, people who build canopies for living, to build temporary canopies in 

the summer. Pengpu can finish this construction in a half day. The residents rent the materials 

from pengpu, and in autumn, pengpu tears down the temporary canopy and takes the material 

back (Gao). In big courtyards, people will have a Chinese artificial rock mountain and pool in 

the courtyard. In small courtyards, people tend to build pavilions with loofahs or grapes 

climbing on it (Li).  

 

Figure 2 Courtyard in traditional courtyard house (Architectural Review) 

 Most of time, two tier courtyard houses add an external court to the one tier courtyard 

houses on the south side, so that the public spaces, the external courtyard, and the private 

spaces, the inner courtyard, in the courtyard houses are separated by chuihua door (Figure 3). 

The external court is enclosed by a daozuofang on the south and walls on the other sides. 

Daozuofang is the space for guests and menservants. The chuihua door, also called second 

door, is located at the middle of the north wall of the external court, which is the main axis of 

the courtyard house (Z. Wang). The chuihua door is very important in courtyard house 

design. Guests are not allowed to pass the chuihua door and enter the inner court (Wang, 

Zhang and Sun). Some of the two tier courtyard houses don't separate the public spaces and 

the private spaces. In this case, a back courtyard is added to the one tier courtyard houses to 
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make up a two tier courtyard houses.  

 According to Yuchun Zhao, the ear pavilions on the south side of the west pavilion and 

east pavilion is called luding. The luding on the southeast is used as kitchen, and the one on 

the southwest is used as restroom. There are no ear pavilions on the north side of the west 

pavilion and east pavilion (Y. Zhao).  

 

Figure 3 Elements and locations in two tier courtyard house  

 The three tier courtyard house adds a back court to the two tier courtyard house on the 

north side (Figure 4). The court is enclosed by a house on the north side, called houzhaofang. 

Houzhaofang is the space for unmarried daughters and maids (Gu, Song and Sun). The back 

court is entered through a gate on the east side of the main pavilion. Every time a daughter 

goes out of their space, they are overseen by their parents.  
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Figure 4 Elements and locations in three tier courtyard house  

6.3.2  Courtyard houses in different parts of China 

 The Courtyard proportion in courtyard houses in different areas of China is different. The 

courtyards in Beijing, in the northeast of China, are square from the plan view (Figure 5). The 

courtyards in Shanxi, in central China, are longer from north to south (Figure 6). The 

courtyards in Sichuan, in northern China, are longer from west to east (Li) (Figure 7). The 

other difference of the courtyard houses is that the houses in Beijing are not connected to 

each other directly, instead they are connected by a veranda at the corners (Li). 
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Figure 5 Courtyard houses in Xisi, Beijing 

 

Figure 6 Courtyard houses in the Qiao's family compound, Shanxi 
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Figure 7 Courtyard houses Master-of-Nets Garden in Suzhou 

6.3.3  Space organization 

 Order and hierarchy are very important in traditional courtyard houses. From south to 

north, there is a sequence from public to private. In a three tier courtyard, the external 

courtyard is used for meeting with guests; the inner courtyard is used by the family; the back 

courtyard is for unmarried daughters and maids (Figure 8)(Wang, Zhang and Sun). Between 

the external courtyard and the inner courtyard, there is a door, called the chuihua door, that 

separates the courtyard house into two parts (Z. Wang). Unmarried daughters and maids are 

not allowed to pass through this door without permission.  
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Figure 8 Zoning in a typical three tier courtyard house 

 Some of the courtyard houses have a row of houses on the west or east side of the 

courtyard houses, called qunfang. Those are spaces for servants' living and kitchens. This 

area allows servants to serve in the back courtyard and external courtyard without going 

through the inner courtyard where most of the family living occurs. In this case, the zoning of 

the spaces in the courtyard house is shown in Figure 9. 
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Figure 9 Zoning in a three tier courtyard house with qunfang  

 The house on the north is the most important house in the courtyard, and the base of this 

house is the highest; The house on the east side is more important than the west side, and the 

base of the east house is lower than the main house but higher than the west house (Wang, 

Zhang and Sun).  

 The hierarchy of the courtyard house is achieved by the walls and doors. Doors and walls 

add complexity and layer to the courtyard house. Walls block views and provide privacy in 

the courtyard house (Wang, Zhang and Sun), and create space and form of the space, as well 
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as different spaces for different functions (Casault). The doors represent the stage of entry, 

which helps people limit themselves to their proper interior social layer. Doors represent the 

zoning of the courtyard house. Doors should be clear and standout in shape and location (Gu, 

Song and Sun). 

6.3.4  Arrangement of courtyard houses in blocks 

 When building a courtyard house, the best orientation is north-south (Casault). The basic 

unit of a courtyard house is a courtyard with a house surrounded by four sides. Three tier 

courtyard houses are the most common style of courtyard houses. A four tier courtyard house 

or a five tier courtyard house is a three tier courtyard house plus one or two basic units on the 

north side of the chuihua door. The biggest courtyard house in the north-south direction is 

five tier courtyard houses based on the length of the distance between hutongs (Y. Zhao). In a 

four tier courtyard house, where two basic units meet in north-south direction, the two houses 

at the middle changed into one house that is two rooms deep, called tingtang (Figure 9 and 

Figure 10). It is open both on the north and south side (Casault).  

 

Figure 10 Movement through tingtang in Zhouzhuang, Jiangsu  

 If two basic units meet in east-west direction, the wall between two houses cannot be 
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omitted (Casault) (Figure 11). The courtyard on the west and east is called kuayuan (Y. Zhao). 

Based on Wang's diagram in Embodiment of Chinese Traditional Culture Concept in Beijing 

Quadrangle House, the author suspect that the movement through this kinds of the courtyard 

houses are shown in Figure 11 (Wang, Zhang and Sun). 

 

Figure 11 Movement through Keyuan in Beijing 

 When building in the north-south direction is not possible, the courtyard house can be 

built along the east-west axis (Casault). According to Xicheng Zhang's painting (Figure 12), 

in this case, a private corridor could be added between two basic units, allowing maids to 

enter the back courtyard without go through the inner courtyard.  
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Figure 12 Movement through north-south direction courtyard  

 In a block, the courtyard houses cannot always get the best location, but the order in the 

courtyard remains. The courtyard houses tend to open to the northeast, and keep the sequence 

of entry from north to south (Figure 13).  

 

Figure 13 The entrances of courtyard houses (Wang, Zhang and Sun) 

6.3.5  Planting 
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 Mulberry trees, pear trees, locus trees are not allowed to be planted in the courtyard. This 

is because mulberry and funeral have the same pronunciation in Chinese, pear and leave have 

same pronunciation, and the character for locust is ghost and wood. Pomegranate, which 

means more children, Chinese crab (Malus spectabilis),which represents wealth, and jujube 

and sweet osmanthus (together meaning give birth to baby early in Chinese) are 

recommended in the courtyard (Wang, Zhang and Sun). 

 Locust (Styphnolobium japonicum), elm (Ulmus), magnolia (Magnolia denudata), clove 

(Syzygium aromaticum), persimmon (Japanese Persimmon), pomegranate (Punica granatum), 

and jujube (Ziziphus jujuba) are typical trees in the courtyard house (W. Wang). Moutan 

(Moutan peony), peony (Paeonia lactiflora), hosta (Hosta), chinese rose (Rosa chinensis), and 

calabash (Lagenaria siceraria) are typical flowers in the courtyard house (W. Wang). 

6.3.6  Changes through time 

 The construction of the courtyard house in Beijing started during the Yuan Dynasty, but 

most of them didn't survive now because the material of the main structures is wood. Most of 

the courtyard houses being used now are built during the Qing dynasty. This study 

concentrates on the forms of courtyard built between Qing dynasty (1616 to 1912). 

 After the end of the Qing Dynasty, society was experiencing a transformation from a 

feudal society to a semi-feudal society. The social structure was weakened and destabilized 

by wars. Ideas brought by the coming foreigners had a huge impact on the built environment 

(Casault). Poverty made it difficult for one family to occupy the whole courtyard house 

(Casault). Families started to move into one house, and renting out or selling their other 

houses. After the founding of the People's Republic of China, the rapidly increased 

population density in the urban center made the courtyard house unsuitable for future 

developments because courtyards take up too much land and the population density was too 

low. People stopped building courtyard houses and additions started to appear in existing 
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courtyard houses (Figure 14).  

 The changes of the courtyard houses in Beijing can be grouped into six stages. The first 

stage is that the owners move into one house and rent out or sell the rest of the houses (Figure 

14-a). The rental houses start with the houses in the external courtyards. After renting out or 

selling all the extra houses, the living spaces for each family is small and people start to build 

additions, and the changes in the courtyard houses move to the next stage. In the second stage, 

the additions are built at the corners (Figure 14-b). The third stage happens after the corners 

are occupied, in which the additions are added along the veranda (Figure 14-c). In the fourth 

stage, the additions are added against the wall but not at the corners (Figure 14-d). In the fifth 

stage, the fronts of pavilions are occupied by additions (Figure 14-e). The sixth stage is 

developing the middle of the courtyard (Figure 14-f). The sixth stage happens after all the 

space is taken in the courtyard. Construction starts outside the courtyard house into hutong 

(Figure 14-g) (Casault).The last stage, which has happened recently, is separating the 

courtyards by walls, so that each of the families in the courtyard can have a small private 

courtyard (Figure 14-g). 
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Figure 14 The location of additions in the courtyard houses  

6.3.7  Providing a sense of place of traditional courtyard houses 

 Traditional courtyard houses have a lot of features that can affect the residents' 

experiences in the environment, and let them feel the relationship with the culture. Among all 

the features of traditional courtyard houses, eight main features stand out to represent the 

main characteristics of the courtyard house (W. Wang). Five of them are related to courtyard 

design:  

 1. The feeling of enclosure.  

 The courtyard house is clearly surrounded by walls. Courtyards are the center of the 

courtyard house. Surrounding houses enclose four sides of the courtyards, helping the 

environment to achieve sense of place (W. Wang).  

 2. The main color is grey. 

 The color in the residence is strongly related to the social status of the master of the 
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courtyard house (Gu, Song and Sun). People are not allowed to use colors for higher social 

status, such as gold. For the general public, the main color is grey with red, green, and blue 

for decoration (Zhang and Liu). The color of the roof, pavement, and bricks is grey. The 

decoration on the beams under the roof is colorful (Figure 2).  

 3. The courtyard provides green space and space for activities. 

 The courtyard has a cross shape pavement at the middle, and other parts are soil for 

planting (Wang, Zhang and Sun). Each courtyard can have separate activities and all the 

courtyards are connected to each other by corridors, creating a flow through spaces (Gu, Song 

and Sun). 

 4. Houses are organized with order (explained in Chapter 6.3.3 Space organization).  

 5. A lot of detail. 

 The details are always on the plates of the pavilion and corridors and under them. The 

drawings on the plates are always from famous scenes in novels and stories. 

 Based on the features of traditional courtyard house, David Wang lists seven ways to 

provide a sense of space for Chinese courtyard (D. Wang):  

 1. Cleary bounded;  

 2. Regulated but flexible plan;  

 3. Physical forms correspond to social roles;  

 4. Layers of space;  

 5. Element of nature;  

 6. Community event;  

 7. Transmits a tradition.  

 6.4  Green Infrastructure  

 The traditional courtyard house has no relationship with green infrastructure - neither in 

function nor aesthetic. However, it highly contributed to social sustainability for centuries, 
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forming the backbone of the social structure of Beijing during the reign of emperors. Today, 

the new social order requires a courtyard that supports a more equitable social order to 

maximize principles of social justice. Instead of building a picturesque traditional courtyard, 

designing a courtyard that is functional and has traditional living experiences is more 

meaningful. Sustainable green infrastructure needs to be rooted in sensitive design of social 

spaces to be truly sustainable today. 

6.4.1  Green infrastructure concept 

 According to J. Ahern, green infrastructure is a design and planning notion that is 

principally structured by drainage network, complementing and linking green area that 

provides ecology functions (Ahern). Green infrastructure also refers to systems and practices 

that use natural processes to infiltrate, evaporation, or reuse stormwater runoff where it is 

generated (EPA "What Is Green Infrastructure?"). David C. Rouse put those two ideas 

together by saying that green infrastructure is the processes that connect the built and natural 

environments, performing multiple functions and yielding associated benefits for the health 

and well-being of people and wildlife (Rouse and Bunster-Ossa).  

6.4.2  Green infrastructure design principles 

 There are six key principles in designing a green infrastructure (Rouse and Bunster-Ossa). 

Three of them could be applied in this project. 

 1. Multi-functionality  

 Multi-functionality principle is based on the environmental, economic, and community 

benefits provided by green infrastructure (Rouse and Bunster-Ossa). The pattern of the green 

infrastructure should work with the function (Turner). This principle asked the designer and 

planners to combine different functions of the green infrastructure, such as flood control, and 

food production. Being creative and bringing different functions together can increase the 

quality of the space by making the function more flexible (Van Bohemen). Tjallingii also 
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thinks combining different functions is a good idea for landscape ecology because this 

provides opportunities for grey infrastructure to become more sustainable (Tjallingii). To 

achieve this goal, the designers need to have a deep understanding about the pattern of the 

landscape and the process of the system dynamic (Ahern).  

 2. Connectivity  

 Connectivity principle means that when green infrastructure is physically connected, the 

system is more effective (Rouse and Bunster-Ossa). For example, eco-systems that are 

connected by corridors are more valuable. Green infrastructure system is the same thing. J. 

Ahern also states that the physical linkages are where the important connections exist, or 

where connections should be made (Ahern). Similar to the transportation system, the 

connections of the green infrastructure should have hierarchy and be designed in different 

scales. The designers and planners need to use the hierarchy theory to address multi-scale 

approaches (Ahern). The green infrastructures as a whole should be treated as a system. The 

green infrastructures network needs to be divided into regional scale, community scale and 

site scale. Its hierarchy should have enough complexity, just like the hierarchy of the road 

system.  

 3. Habitability  

 This principle means green infrastructure should provide habitat for people, plants, and 

animals (Rouse and Bunster-Ossa). In order to create habitats for humans, the design of the 

green infrastructures should encourage people to access nature by providing spaces for 

outdoor activities. A human's habitat is similar to animals' habitats. It needs to have its unique 

characteristics, which requires designers and planners to form a sense of place. Just as Rouse 

put it, creating a perceptible identity and sense of place is a central motivation of landscape 

architects (Rouse and Bunster-Ossa). Designers and planners need to create special and 

valued attributes that makes people want to live in or visit. It is also a process of creating 



 

29 
 

visitors' experiences and forming residents' memories. Green infrastructures also need to 

provide native habitats for other creatures living in the city. According to European Centre for 

Nature Conservation, green infrastructure is viewed as one of the main tools to keep the 

biodiversity reduced by habitat fragmentation, land-use change and loss of habitats 

(Mcintosh).   

 6.5  Stormwater Management 

6.5.1  Stormwater issues in the city 

 Stormwater runoff is a major cause of water pollution in urban areas (EPA "Green 

Infrastructure Basics"). Stormwater runoff is increased by the hard surfaces in the city. When 

rain falls on hard surfaces, the water cannot soak into the ground and be absorbed by 

soil. Instead, the stormwater, which carries trash, bacteria, and other pollutants from the 

urban landscape, is drained through engineered collection systems and discharged into nearby 

bodies of water. The Stormwater runoff in urban areas may cause a lot of water problems 

such as pollution, erosion, and flooding (EPA "Green Infrastructure"). Stormwater runoff is 

not just a problem in city scale. According to the city of Seattle, aged water supply systems 

and waste water treatment systems built in early 20th century keep bring significant 

water-related challenges to communities (Cascadia Green Building Council). Decentralizing 

the stormwater and treating it near the source is a sustainable and effective way to deal with 

the stormwater runoff. Every site matters, and can make a different in the whole system. With 

thousands of courtyards that are continuing to age and needing to be updated in Beijing, 

stormwater management in courtyards has great impact in the development of the city.  

6.5.2  Stormwater-related green infrastructure 

 Storm water management is an important part of green infrastructure benefit. Green 

infrastructure reduces and treats storm water at its source while delivering environmental, 

social, and economic benefits (EPA "Green Infrastructure Basics"). Green infrastructure can 
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reduce stormwater runoff resulting in successful infiltration practices, increased groundwater 

discharge, reduced downstream flooding and pollutant loading, and reduced combined sewer 

overflows (LaDuca, John Kosco and Tetra Tech). The water-related green infrastructures that 

can be used in small site are listed as follow. 

 1. Rainwater harvesting 

 In a residential or small-scale application, rainwater harvesting can be as simple as 

channeling rain running off a roof to a planted landscape area via contoured landscape 

(Brown, Gerston and Colley). Rainwater harvesting system includes gutter, downspout, 

first-flush diverter, and cistern. Downspout disconnection is an important process in rainwater 

harvesting. Downspout disconnection separates roof downspouts from the sewer system and 

redirects roof runoff onto pervious surfaces (Water Environment Research Foundation). This 

infrastructure allows the rainfall to be storage in rain barrels or cisterns instead of flow to the 

CSO system. First-flush diverters are used in this process to make sure the most polluted 

rainwater is treated.  

 2. Rain gardens or bioretention 

 Rain gardens, also known as bioretention areas, are intended to be landscaped areas that 

treat stormwater runoff (Hunt and White). Rain gardens provide an inexpensive and aesthetic 

way to remove pollutants by absorption, infiltration, sedimentation and filtration.  

 The absorption takes place on mulch and soil particles which can result in dissolved 

metals and soluble phosphorus. Microbes living in shallow root zone-soil break down organic 

substances and eat harmful pathogens. Nitrogen and phosphorus are the nutrients plants take 

up as they grow. Sunlight and dryness can also helps kill pathogens. One drawback to this 

process is that the soil particles can only take a limited number of metals and soluble 

phosphorus. After the soil is full, the ability of absorption reduces significantly. The capacity 

of soil to retain pollutants could last for more than 10 years. The soil’s absorptive capacity 
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can be replenished by decomposed mulch. Putting a new layer of mulch every year is 

important to rain garden maintenance. Pets should be kept away from the rain garden to 

prevent their waste. Dead plants need to be removed from the rain garden to prevent the 

release of nutrients from getting back into the system (Hunt and White).  

  Rain gardens also treat pollutants by infiltration. Water gets clean when it flows through 

soil. Sedimentation occurs when water slows down once it enters a rain garden. Filtration 

happens when stormwater pass through vegetation. Some pollutants can be clogged by the 

plant mass. Rain gardens are very rarely used for sedimentation control and rain gardens are 

not effective at removing nitrate-nitrogen, but that treatment could occur later when water 

passes through other vegetated areas, such as riparian buffers (Hunt and White). 

 3. Bio-swales  

 Bioswales are vegetated channels that provide treatment and retention as they move 

stormwater from one place to another (EPA "What Is Green Infrastructure?"). When there is a 

steep slope or level change, bioswale can be combined with step pools. Bioswale can also 

clean water. After flowing through 200 feet of the bioswale, most of the pollution is gone and 

the water is clean enough for people to play with (Jurries).  

 4. Permeable pavements 

 Permeable pavements can infiltrate, treat, and/or store rainwater where it falls (EPA 

"What Is Green Infrastructure?"). According to William F. Hunt, permeable pavements 

substantially and significantly reduce runoff volumes, limit peak flows, sequester many types 

of pollutants, improve ground water recharge, and reduce runoff temperature. They do this by 

allowing water to pass through the surface layer and temporarily collecting in underlying 

aggregate storage layers, and then either release the water through under drains system or 

infiltrate into the underlying soil, or a combination of both (Hunt). The infiltrated water from 

permeable pavers has significantly lower levels of copper and zinc than the direct surface 
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runoff from the asphalt area (Brattebo and Booth).  

 There is no asphalt area in this project. The quality of the pollutants on the surface are so 

minimal that the permeable paver solution to recharge is appropriate in the courtyard context.  

 5. Urban tree canopy 

 Tree canopies can reduce and slow stormwater by intercepting precipitation in their 

leaves and branches (EPA "What Is Green Infrastructure?"). A mature tree in full leaf can 

reduce up to 60% of 0.25 inch rainfall, up to 40% of 0.50 inch rainfall, and up to 10% of 1.0 

inch or greater rainfall (Kelsey).  

 Typically, green space in traditional courtyard houses are between 2.9% and 12.5% (Ren). 

Increasing tree canopy coverage will increase the capacity for interception proportionally. 

 6. Green roofs  

 Green roofs are covered with growing media and vegetation that enable rainfall 

infiltration and evapotranspiration of stored water. (EPA "What Is Green Infrastructure?"). 

According to the case study of Sidwell Friends Middle School listed on the Landscape 

Performance website of Landscape Architecture Foundation, 4 inch media depth on the green 

roof can capture 46% of the rainfall on average (Kweon, Ellis and Storie). The coefficient 

number of the green roof range between 33% and 48% (Palla, Gnecco and Lanza). This 

favorably compares with a coefficient of runoff of 95% for traditional hard surface rooftop 

runoff. 

6.5.3  Net-zero water 

 Net-zero water is a water concept in Living Building Challenge, a benchmarking 

standard and certification program that measure sustainability in the built environment (see 

international living future institute website). This standard related to net-zero water is that 

100% of occupants’ water use must come from captured precipitation or closed loop water 

systems. These must account for downstream ecosystem impacts that are appropriately 
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purified without the use of chemicals. All of stormwater and building water discharge must 

be managed on-site to feed the project’s internal water demands or released onto adjacent 

sites for management through acceptable natural time-scale surface flow, groundwater 

recharge, agricultural use or adjacent building needs (Cascadia Green Building Council).  

 Rainwater is typically treated after storage and before use. Rainwater can be converted 

into drinking water by filtration and sterilization. A series of diminishing size cartridge filters 

are used in the filtration process. Sterilization processes include ultra-violet (UV) treatment 

that removes microorganisms and carbon filtration that absorbs organic material and 

chemicals (Cascadia Green Building Council). Greywater can be cleaned by biological 

wastewater treatment systems such as a solar aquatic system or a sort of wetlands. 

 6.6  Waste Water Treatment 

6.6.1  Basic Greywater Guidelines 

 The greywater treatment system is different from the stormwater system and requires 

different guidelines. Greywater action organization suggests six guidelines for greywater 

reuse (Greywater Action). Among those, four of them can be used in this project. Green 

Building Alliance added another two guidelines to them (Green Building Alliance). 

 1. Do not store greywater 

 Untreated greywater cannot be stored (more than 24 hours) because the nutrients in it 

will break down and smell bad (Greywater Action; Green Building Alliance). 

 2. Minimize contact with greywater.  

 Greywater could potentially contain a pathogen. The system should be designed for the 

water to soak into the ground so that it is unavailable for people or animals to drink or play 

(Greywater Action; Green Building Alliance). 

 3. Infiltrate greywater into the ground 
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 When infiltrating the greywater into the ground, the designer needs to know how well 

water drains into the soil or the soil percolation rate to prevent runoff. The greywater should 

not be allowed to pool up because it can provide mosquito breeding grounds (Greywater 

Action; Green Building Alliance). 

 4. Keep the system simple  

 Simple systems last longer, require less maintenance and less energy, and cost less 

money (Greywater Action). 

 5. Don’t use greywater to irrigate edible root plants (Green Building Alliance)  

 6. Label any pipes carrying greywater  

 All the greywater pipes need to be labeled as “Non-Potable Water – Do Not Drink” to 

prevent people from drinking and to show where the water is going (Green Building 

Alliance). 

6.6.2  Greywater-related green infrastructure 

 The greywater reuse system is an important part of green infrastructure. When recycling 

water, it is important to select water that would not have pathogens. The benefit of greywater 

system is saving drinking water and reducing the stress of the city sewage system. Even 

without a greywater system, greywater can still be reused. For example, clear water from 

showers warming up can be collected to water plants (Green Building Alliance). Greywater 

systems can be as simple as laundry-to-landscape systems, which are just pipes from washing 

machines that do not use cleaning agents which have toxic chemicals.  

 1. Laundry-to-Landscape 

 Laundry-to-landscape is a gravity-driven system. It allows water to either be sent outside 

or to the sewer, and does not require any plumbing system (Green Building Alliance).  The 

greywater coming from washing machines is directly attached to pipes that have an outlet 

near plants. This system is low cost, easy to install, and gives significant flexibility for 
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irrigation (Greywater Action). When using this system, people need to use laundry soaps that 

have no chlorine bleach, dyes or chemical scents to prevent harm to plants' roots (Tadas). 

 2. Branched drain system 

 Branched drain systems are also a gravity-driven system. It is more complicated 

compared with the laundry-to-landscape system because it uses water from multiple sources, 

such as laundry, shower, and sinks (Green Building Alliance). 

 3. Sand filter-to-drip irrigation 

 Sand filter-to-drip irrigation systems are pumped systems. In this system, greywater 

flows to a tank, and then to sand filters, and then goes to the irrigation system.  This system is 

a fully automated and highly water-efficient system that cleans filters automatically by 

sending pressurized potable water backwards through the filter (to the sewer) to remove 

debris (Green Building Alliance). 

 4. Solar aquatics system (SAS) 

 Solar aquatics systems, also called living machines, are ecological wastewater treatment 

systems. It uses highly varied ecosystems with a wide range of organisms—algae, aquatic 

plants, marsh plants, worms, crustaceans, mollusks, and vertebrates—supporting the 

populations of bacteria that break down wastes and eliminate nutrients from the wastewater 

(Building Green). As water moves through the system, the cells are alternately flooded and 

drained to create multiple tidal cycles each day, much like natural wetlands, resulting in high 

quality reusable water (Living Machine Technology "Tidal Flow Wetland Living Machine 

System"). Solar aquatic systems can work with existing buildings (Seshagiri). 

 According to John Todd and Beth Josephson, a 4,090 square feet greenhouse structure 

can have four rows of waste water treatment units. Each unit has six steps as a whole waste 

water treatment process (Figure 15). The first treatment step consists of five translucent tanks 

to mix and aerate with fine bubble diffusers and bacteria. Each tank is 6 feet in diameter and 
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6.5 feet high with a working volume of 1,200 gallons. The second step is a same tank without 

fine bubble diffusers to settle the solids. Bacteria living in plants' roots break down wastes. 

Solids that contain bacteria are recycled to the first tank. The supernatant flows to the third 

step of the treatment, which includes two 8 feet long, 3 feet wide, and 1.5 feet deep gravel 

bed marsh trays with wetland species and bulrushes in it. The flow fills one of these marshes 

at a time for 12 hours, allowing the other marsh to drain and dry. The fourth step is six tanks 

with diverse tropical and temperate plants, fish, snails, bivalve mollusks and zooplankton. A 

2.5 feet diameter biofilter is the fifth step. The final step is a tank filled with gravel and 

wetland species (Todd and Josephson). If we want to increase the quality of the purified 

water, we can add a disinfection process with ultraviolet (UV) light after this water treatment 

system and prior to discharge into surface waters or into groundwater through an infiltration 

bed (Building Green). 

 

Figure 15 Solar aquatic system flow diagram (Todd and Josephson). 

 The typical scale of the solar aquatics system is about 150 square feet for every thousand 

gallons of wastewater per day (Living Machine Technology "Ecologically Inspired"). So each 

row of wastewater treatment has 15 units and can treat 6,817 gallons of wastewater per day. 
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7  CASE STUDIES 

7.1  Sidwell Friends School 

 This project is a stormwater courtyard in front of a school building, which is similar to 

my site. The stormwater system works well and could be applied in this project. The process 

of cleaning stormwater is done by a series of bioswales. When overflow occurs, the water 

will find its way to the next bioswale. The flow chart shows how the stormwater flows 

through the site (Figure 16).  

 

Figure 16 Stormwater treatment flow diagram. 

 The other inspiration from this case study is its attitude toward stormwater. It makes all 

of the transportation and treatment system of stormwater visible instead of putting it 

underground, providing a series of features to educate people about the treatment of 

stormwater (Figure 17) . 
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Figure 17 Sormwater transportation system in sidwell school (Andropogon Associates) 

7.2  200 5th Avenue 

 The project on 5th Avenue in Boston faced the same issue in this site, which is 

surrounded by tall buildings at all sides, and cannot get enough sunlight in the courtyard. This 

case study provides a way to get sunlight into the courtyard in winter, which is to raise the 

ground (Figure 18). The raising of the ground also adds more fun to the courtyard by 

providing views from above the courtyard, space for people watching, and buffers between 

private space and public space. 

 

Figure 18 Courtyard of 200 5th avenue concept diagram (Landworks Studio). 
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7.3  Teardrop Park 

 

Figure 19 Teardrop park master plan (Michael Van Valkenburgh Associates).  

 This case study has a similar condition of this project, which is a courtyard surrounded 

by a high density of residential buildings (Figure 19). The way this project deals with storm 

water is that all the stormwater goes to the underground tanks and is reused for all the 

irrigation in the park (Berrizbeitia and Michael Van Valkenburgh). The elements designed in 

the Teardrop Park is the inspiration of the children's play area in this project. The 

arrangement of the spaces and the hierarchy of the site in this project is also inspirited from 

the Teardrop Park.  
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8  METHODOLOGY  

 8.1  Observation and Data Collection 

 The site selected for this design project as the test project location was known to the 

designer because of her familiarity with the site and some residents living in the community. 

This reduced the amount of time normally needed for collection of background information 

and greatly expedited the amount of preparatory analysis normally needed in the design 

process. The site was visited during the design period and on-site observations took place 

from May 2, 2015 to August 18, 2015. Observations included data collection, mapping and 

photography on site. The existing facilities, structures, existing plants, micro-climate, and 

existing use of the site were collected as data and used in site inventory and analysis. 

Deliverables from observation are photography and reflective writing (see Chapter 9.1.1  

Location and basic information and 9.1.2 Site history and existing condition). The total 

number of hours spent on site were 10 hours.  

 8.2  Literature Review 

 The literature review includes the courtyard design, stormwater system, wastewater 

system, traditional courtyard house in Beijing, and shared outdoor space. The main books 

referenced are Green Infrastructure: A Landscape Approach, Beijing traditional courtyard 

building skills, and The Social Life of Small Urban Spaces. The articles referenced are The 

design of living technologies for waste treatment, Shared Outdoor Space and Community Life, 

and Understanding the Changes and Constants of the Courtyard House Neighborhoods in 

Beijing. The literature review formed the base of the research of the creative project. The 

literature explained the main principle and technology used in this project.  

 8.3  Case Studies 

 The case studies explored projects related to the social dimension and physical 

dimension of courtyard design, and green infrastructure that can manage stormwater. 
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Technology, design method, design thinking, and design guidelines are learned from those 

case studies. Deliverables from case studies are photography, diagrams, and reflective writing. 

The photos of the case studies can be used as an inspiration of the design. 
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9  INVENTORY & ANALYSIS  

 9.1  Site Inventory and Analysis 

9.1.1  Location and basic information 

 Regionally, the site is located in north west Beijing, China (Figure 20). The site is located 

between the second ring and the third ring, which is part of the urban center of Beijing. The 

site is a typical residential site built in the 70s-80s. It is not a historical site. The site is owned 

by Iron and Steel Research Institute of China. The site is about 277 feet long, 210 feet wide 

(1.34 acres) with a courtyard that is 110 feet by 250 feet located in the center. The site 

includes two six-story high density residential buildings (60 ft, 19m) and a 28,000 square feet 

courtyard (0.64 acres).  

 

Figure 20 Site location 
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9.1.2  Site history and existing condition 

 The courtyard is about 40 years old. When the courtyard was designed, it was not 

designed based on the traditional courtyard house aesthetic. I think the design is influenced 

by western ideas: the design uses curves instead of straight lines as a design language, and 

more turf is used. The design is lacking of open space for people to gather. Maybe the 

designers assumed that people could hang out on the turf; but it turned out to be unsuccessful 

because of Beijing's lack of water and there were too many people walking on the grass, 

which made the grass die quickly. The result was a social space that was not welcoming or 

valid. 

 The existing condition of the site is not so good because a lot of site elements are in poor 

condition and there are a lot of things that need to be added to the site to meet the needs of 

residents (Figure 21). Some trees are dead, a lot of plants are overgrown, and some of the 

green spaces are used as parking lots. Maintenance could be improved, but it would not solve 

the fundamental commitment to social space and equitable access to nature as problems. 

 The residents have changed the site step by step in their attempts to make the site 

function for their needs. The changes of the site show the needs of the residents. The newly 

placed benches (approximately 35 years after the original design) in the center open space 

and the corner of the raised garden show that people need more sitting areas. The 

arrangement of the newly placed benches in the site show that the residents desire to sit as a 

group. The handmade canopy attached to the existing canopy shows that the residents wants 

more shade and need some places to grow food. Also, a cat house was built and maintained 

by one of the resident to settle homeless cats.  
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Figure 21 Site photo (Photographed by Author) 

 All those site elements built by the residents should be included in the design of the new 

courtyard. The similar site elements can perform as a continuation of the residents' memories 

of the old courtyard, and help them get involved in the new courtyard. This kind of 

involvement is part of the culture sustainability agenda promoting in this project.  

 When the tree at the middle of the site died, the residents paved the green space where 

the tree was. This action created a center open space in the courtyard (Figure 22). The open 

space at the middle of the courtyard makes the courtyard start appear similar with the 

courtyards in the traditional courtyard house (Figure 23). 
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Figure 22 Original site design and existing condition 

 

Figure 23 Relationship between the existing condition and the traditional courtyard house   
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9.1.3  Water  

 1. Water need 

 The water need is 85-140 L per person per day (22- 37 gallons per person per day) in 

Beijing (Ministry of Housing and Urban-Rural Development). This design uses the higher 

level of data in China because the goal is not to use less water. As a result, The total amount 

of water needed for 353 people is 4,767,300 gallons. The water-use break up is listed below 

(Figure 24).  

 

Figure 24 Average family water use break down 

 If people use recycled water for toilet flushing and flower watering, the potable water 

need per year is 3,098,700 gallons as opposed to 4,767,300 gallons if they did NOT use 

recycled water, a difference of 1,668,600 gallons per year, which equals to 2.5 times water 

required to fill an Olympic sized swimming pool. 

 2. Waste Water  

 The waste water from the residential area accounts for 70% to 90% of the water use 

(Ministry of Environmental Protection of the People's Republic of China). The amount of 

waste water collected in the site area per year is from 3,337,110 gallons to 4,290,570 gallons, 

which is 9,143 gallons to 11,755 gallons per day. If the project uses solar aquatic systems to 
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treat the wastewater (see Chapter 6.6.2-4 Solar aquatic system), the space needs for the 

wastewater treatment system is 1,022 square feet per building. 

 3. Total rainfall  

 The average total amount of rainfall per year in Haidian, Beijing from 2005 to 2014, was 

21.2 inches (Reliable Prognosis). The area of roof in this project is 33,784 square feet. The 

amount of rain water that could be harvested on average on the roof is 59,685 cubic feet 

(446,475 gallons). 

 4. Rainfall intensity  

 The design rainfall in Beijing can be separated into two parts (Beijing Municipal Institute 

of city planning & design) (Figure 25). The site follows the data of part II, which is listed 

below (Beijing Municipal Institute of city planning & design) (Figure 26). 

 

Figure 25 Rainfall zoning and site location (Beijing Municipal Institute of city planning & 

design) 
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Figure 26 Rainfall intensity (Beijing Municipal Institute of city planning & design).  

 5. Stormwater calculation 

 The stormwater calculation in this project uses the Rational Method (q=CiA). The areas 

that have been calculated in this project are only within the boundary of the site because 

water from other parts of the watershed directly goes to the city water system.  

 The runoff from the green roof, roof of the corridors (Figure 43), and pavement areas are 

treated in the planted areas. The runoff from green roofs (Area 2 and Area 12) are treated at 

the bioretention area near the building (Area 1 and Area 11). Runoff from pavements (Area 

3,4,5, and 6) and roofs (Area 8 and 9) are treated at planting areas (Area1,7,10). The 

following diagram shows how the runoff from pavement is treated and the capacity of water 

storage and depth of each planting areas (Figure 27).  
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Figure 27 Rainfall makeup area and flow diagram  

 When calculating the volume of the stormwater that needs to be stored, the infiltration 

rate is considered. In Beijing, the infiltration rate for an artificial lawn is 0.066 cm/min 

(Zhang et al.). 

 The stormwater storage volume in Area 1 is 1572 cubic feet, which means the average 

depth of this area needs to be no more than 3 inches. The stormwater storage volume in Area 

10 is 4383 cubic feet, which means the average depth of this area needs to be no more than 

6.8 inches. The stormwater storage volume in Area 7 is 132 cubic feet, which means the 

average depth of this area needs to be no more than 1.1 inches. The stormwater storage 

volume in Area 11 is 1617 cubic feet, which means the average depth of this area needs to be 

7.2 inches.  

 6. Water System  

 Based on the net-zero water system (see Chapter 6.5.3 Net-zero water), the water system 

in this project causes neutral or positive impact to the city sewage system (Figure 31 and 54). 

The water runoff from roofs is collected and cleaned by UV lights, filters, and bioswales 

before it is used for food production. The greywater and black water is treated in the solar 



 

50 
 

aquatic system on the rooftop. The purified water is used for watering flowers, flushing 

toilets, green wall irrigation, and food production.   

9.1.4  Sun and Shade 

 The summer sun angle in Beijing is 73.5°, and in winter, the sun angle is 26.5°. The 

Chinese architecture standard requires that sun light needs to be able to reach the room on the 

first floor through the window at least two hours in winter. The site is about the narrowest 

space between buildings that standards allow. The shadow length caused by the buildings on 

the north side of the site is about 120 feet, which does not allow light in the courtyard in the 

winter. And in summer, there are 17 feet along the north wall of the south building which is 

not reachable by sunlight. 

 In order to allow the residents to enjoy the sunlight in winter, a balcony is added in the 

courtyard (see Chapter 7.2 200 5th Avenue)(Figure 28).  

 

Figure 28 Sun and shade diagram  

9.1.5  Conclusion 

 The site condition is very common in Beijing, which allows this project to be a model for 

other courtyards that share similar conditions. Everything included in this courtyard is doable 

in other similar courtyards.  

 The site conditions provide an opportunity to find a solution that brings back the memory 

and fun of living in Beijing in a traditional way, which is living in a courtyard house with 
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family. The project finds ways to balance between private and public areas in a shared 

outdoor space. The site conditions also provide an opportunity to explore the path to build a 

sustainable water system that is suitable for high-density residential areas in Beijing.  

 9.2  Social Inventory and Analysis 

9.2.1  Basic information 

 There are 144 households around the courtyard. Among them, there are 120 households 

that have at least one window facing the courtyard. The boundary is defined by the property 

line. From the sixth population census in Beijing in 2010, there are 2.45 people in a family on 

average. According to the data in Beijing, people under the age of 14 count for 8.43% of the 

total population; people aging from 15 to 59 are 79.28%; people (“elderly”) above 60 occupy 

12.29% (Census Office of China and Population and Employment Department of National 

Bureau of Statistics). Applying the data into the site, there are approximately 353 residents 

living in the site. Among them, there are 30 children and 44 elderly.  

9.2.2  User groups 

 There is only one green space that is within a 5 min walk from home in this community 

(Figure 29). However, this green space is belongs to Iron and Steel Research Institute of 

China and only accessible for people who work there or retire from that company. Other 

residents living in the community are not allowed to use that green space. As a result, the 

courtyard needs to include the spaces designed for the working age residents and elderly to 

gather as groups. The play area for children is equally important in the courtyard design. 

 The design user groups of this project should be elder people and children, primarily 

because of the duration of their daily use of the site which is greater than other age groups. 

Young adults may meet their groups in a place that is more fun and provides more choices 

than the courtyard and the working age residents are out at work for most of the time. 
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However, for elderly people and children, there is no other choice. They have no access to a 

place that is beyond walking distance.  

 

Figure 29 Pedestrian distance 

9.2.3  Activities 

 The residents using this courtyard can be grouped as three main types: children with 

working parents, adults who work in their offices during the day, and retired elderly people. 

According to the life style of different aged people and the site visit in summer, the activities 

in the courtyard can be simplified into 4 basic types of activities: gathering, talking, playing, 

walking, and people watching (Figure 30). The activities that happen in early morning are 

generally people passing by. In the late morning, the courtyard is occupied by elderly people 

walking and chatting. The peak time happened in the afternoon after school and before dinner 

when children play in the courtyard and elderly people watch their grandchildren. After 

dinner, elderly people and adults will come out for a walk and chat with each other. 
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Figure 30 The timeline of the courtyard on a typical day during good weather  
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 9.3  Strengths and Problems  

9.3.1  Strengths  

 The residents are willing to be involved in the courtyard living.  

 The changes in the courtyard show the residents' life style is similar with the 

traditional living.  

9.3.2  Problems 

 The living condition is different from traditional living, which changes from 

single family living to multi-family living. It is not easy to design the edges to 

balance between private and public areas.  

 The climate is not pleasant in summer nor in winter. Beijing is very windy and 

cold in winter. It is not easy to get people outside. In summer, Beijing is hot and 

humid.  

 The stormwater runoff sometimes causes flooding in the site.  

 The site is lacking sunlight.  
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10  SITE DESIGN  

 10.1  Introduction 

 The creative project has two basic intentions: to address basic needs for the residents, and 

to integrate sustainable design strategies. This chapter provides direction for the courtyard 

design. This chapter demonstrates how to transform a traditional courtyard house living 

experience to a modern courtyard design, and how to manage stormwater and wastewater in 

the courtyard and surrounding buildings.  

 Two main design goals and corresponding objectives address these intentions.  

 10.2  Goals and Objectives 

 Goal 1: Provide the residents a courtyard that has culture identity  

 Meet the needs of residents' modern living. 

 Provide the community a sense of family living by providing public space and 

programming community events. 

 Provide a sense of place in traditional courtyard houses and traditional living 

experiences of Beijing. 

 Combine green infrastructure functions, techniques and methods with the 

achievement of traditional Chinese aesthetic. 

 Goal 2: Apply sustainable water ideas in residential courtyard design 

 Establish systems that can harvest, clean, and reuse stormwater on site. 

 Clean wastewater and discharge the groundwater. 

 Balance the needs and uses of water to achieve no water runoff from the site. 

 Make good active social spaces that are flexible and supportive of community 

 10.3  Concept 

10.3.1  Water concept 
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 The water aspect of this project aims at forming a closed loop water circle on site 

between the courtyard and the surrounding buildings. The outcome of the design is having no 

water runoff from the site and not releasing on site waste water to the city sewage system 

(Figure 31).  

 

Figure 31 Water Concept 

10.3.2  Design concept 

 The courtyard shares a similar space organization with two tier courtyard houses. The 

design has a sequence to transform from a public entrance to a private interior, from outside 

to inside, and from the edge to the center (Figure 32). 
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 10.4  Design Process 

 

Figure 33 Design process 

 The design process starts with program identification. Research and case studies are done 

to help select an appropriate site, forming a base of evidence for the design, and inspiring the 

design and programming (Figure 33).  

 The design focuses on the landscape and open space design. The only changes of the 

surrounding buildings are adding doors to access to the balcony, the green wall on the north 

side of the buildings, and the rooftop water treatment system and urban agricultural elements.  

 The design includes three major spaces: wastewater treatment area, stormwater 

management area, and residents’ activities area. The wastewater treatment area is on the roof 

and it is not reachable by the residents. The stormwater management area and residents’ 

activities area are in the courtyard. These two areas have some overlay on each area, 

depending on whether there is a rain event. In the residents activities area, the living 

experience, public and private, and activities are considered.  

 Design elements, including elements that can bring back the memory of the old courtyard 

and the memory of living in traditional courtyard houses, are keys to forming the courtyard 

design. 

 10.5  Program 
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 Each season and festival has different activities and programs to meet the goal of 

providing a courtyard with culture identity by forming a family living experience in the 

communtiy.  

10.5.1  Acitvities from past and present to the future 

 The activities in this creative project combine the activities in the traditional courtyard 

house and activities in the modern courtyard. The spaces needed for different activities are 

listed in the following program diagram (Figure 34). 

 

Figure 34 Program diagram for good weather daily events 

10.5.2  Festival event 

 The programming in the courtyard includes traditional Chinese special events through 

out a year (Figure 35). This festival celebration usually is among family members. In this 

project, the celebration is at a community scale, which helps establish a family-living feeling 
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and sense of belonging in the community. The use of the courtyard in different festival event 

is shown blow (Figure 36). 

 

Figure 35 Festival events schedule  

 

Figure 36 Use maps in different festival or season 
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10.5.3  Seasonal event 

 Different seasons have different programs in the courtyard. In summer, people can hang 

out under the pavilion and play with water. In winter, people can enjoy the sunshine on the 

balcony, ice skating around the waterfall, and sitting and talking in the covered pavilion. 

10.5.4  Daily use 

 During the day, the main activity in the morning is to simply pass through. Elderly 

people and small kids populate the courtyard in late morning (Figure 37). The activities in the 

courtyard are kids playing and adults watching the kids. Around noon, the main users are 

passerbys. Late afternoon is the peak hour in the courtyard, big kids coming back from school, 

small kids are playing, and their grandparents are watching them (Figure 37)  

 

Figure 37 Users map over a 24 hour period 

 10.6  Design Explanation  
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 The project has five main areas: the guest area, the inner courtyard, the center pavilion, 

the back courtyard, and the children play area (Figure 38-39). The guest area performs like 

the external courtyard in a Chinese traditional courtyard house, which is the place for people 

to meet with visitors. The inner courtyard provides space for people to sit and watch people. 

The function of the center pavilion is similar with the tingtang (see Chapter 6.3.4 

Arrangement of courtyard houses in blocks), where it is used to host events. The back 

courtyard is a relatively quiet space. The children play area has a lot of elements that are 

related to the elements in a traditional Chinese garden. The order of those five spaces has a 

strong relationship with Chinese traditional courtyard houses that have a sequence from 

public to private.  

 

Figure 38 Master plan showing courtyard and building circulation and open space plan 
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Figure 39 Roof plan showing vegetation arrangement for maximizing productive agriculture 

10.6.1  Main Entrance 

 The main entrance is located at the east side of the courtyard. It includes a moon gate and 

a water wall (Figure 40). The narrow entering experience makes the courtyard feel lager 

when people arrive at the open space.  

 The moon gate is updated from the existing moon gate. Glass windows are added to the 

wall at both sides of the moon gate to allow people to see through the other side of the gate 

before they arrive to the gate and makes the entrance more safe. The water wall performs like 

the screening wall in a traditional courtyard house. It prevents directly viewing into the 

courtyard from the street to provide more privacy. The water feature in here can perform as a 

destination and welcome people home. The sound of the water can reduce the sound of the 

street inside the courtyard. In winter, when water is frozen, the water feature looks unique 

and it could be an attraction for children.  
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Figure 40 Perspective of main entrance 

10.6.2  Guest area 

 On both sides of the main entrance, there are two different guest areas. People can access 

the guest area through the doors on the north and south.  

 The guest area on the north side of entrance is a semi-public sitting area that allows the 

residents to meet and talk with their guests (Figure 41 and 42). This area is for small groups. 

The space is narrow, and the special experience in this area is similar with Chinese traditional 

boats. The window with the outside planting allows the residents to keep an eye on this area, 

but also reduce direct views of the courtyard.  
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Figure 41 Perspective of north guest area in summer 

 

Figure 42 North guest area spatial diagram 
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 The guest area on the other side of the courtyard is a green space with a canopy and 

sitting areas (Figure 43 and 44). The space is enclosed by walls. The wall on the west is made 

of traditional wood wall modulus that have openings on them. Each modulus is not connected 

to each other, instead, they connect to a frame, which allows them to turn to open and close. 

As a result, the people in this area can chose to have a more private area or a more public area. 

This area provides the visitors and residents a flexible group meeting space.  

 

Figure 43 Perspective of south guest area in spring 
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Figure 44 South guest area spatial diagram 

10.6.3  Edge of the building on the south side of the courtyard 

 Between the guest area and the building on the south, there is a public corridor that is 

close to the building (Figure 45-48). Unlike the building on the north side of the courtyard 

where the windows are from the living rooms and balconies, the edge of the south building is 

difficult to balance the private space and public space because the windows are from the 

residents' bedrooms.  

 This project provides four different ways to deal with the private/public space challenge. 

Each one has advantages and disadvantages. 

 1. Prevent direct views by planting  

 This edge treatment stops the views from the public to the bedroom windows by planting 

a tree or bamboo buffer (Figure 45). The advantage of this edge treatment is that the planting 

areas between the public corridor can be accessed by all of the residents, both visually and 
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physically, and the view from the inside is pleasant. The disadvantage is that other people still 

have a chance to have partial view into the windows. It is not a big problem because people 

who are living on the first floor readily have an awareness about this problem and they can 

manage it inside their home.  

 

Figure 45 Planting edge diagram 

 2. Frosted glass wall 

 The second way to deal with the edge is to add a frosted glass wall between the public 

corridor and the windows (Figure 46). The advantage of this is that the sunlight can easily go 

through and it is difficult for people from the outside to know what is going on inside. From 

inside, the residents can see blurred images when people are passing by. The disadvantage is 

that the other residents cannot have physical access to the planting areas between the public 

corridor and building.  
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Figure 46 Frosted glass wall edge diagram 

 3. Wall with traditional window 

 The third way to treat the edge is to add a wall with traditional windows on it (Figure 47). 

The advantage and disadvantage of this are significant. This is normal in traditional Chinese 

gardens to add more fun walking in the courtyard. The bamboo behind the windows looks 

like a painting when passing by, creating a pleasant view from the inside. The aesthetic of 

this solution is more suitable in a courtyard in China. The disadvantage of this kind of wall is 

that it limits the sunlight to the inside and the planting area is not physically accessible.  

 

Figure 47 Wall with traditional window edge diagram 
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 4. One-way glass wall 

 The last way to solve this conflict is by adding a one-way glass wall between the public 

corridor and windows (Figure 48). This is a fun way to deal with the edge. The one-way glass 

looks like mirror from outside, but functions like normal glass from inside. The residents 

living inside can have a lot fun watching people, especially visitors who think it is a normal 

mirror. The disadvantage is that the sunlight cannot go through and the walking experience at 

night is a little bit odd.  

 

Figure 48 One-way glass wall diagram 

10.6.4  Inner courtyard 

 After passing the guest area, people arrive at the external courtyard through the door on 

the west of the main entrance area and the public corridor near the buildings. The inner 

courtyard is a green space with seating. This space is relatively quiet. It is a transition 

between two active spaces: the main entrance and the pavilion. This space has some benches 

for people to sit and talk. The slowly flowing water provides the space a peaceful feeling.  

 This space also could be active when kids are playing hide-and-seek. There are plenty of 

spaces where kids can hide. The single-log bridges through the bamboo are also playing 

equipment for kids. 

10.6.5  Central pavilion  
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 After going through the inner courtyard, people arrive at the pavilion. The pavilion is 

located at the center of the courtyard and it is the most frequently used place in the courtyard 

because it is a multiuse open space. This space is used for community events. The open space 

under the canopy allows children to play different games. A swing is attached to the north 

west sides of the pavilion as play equipment and sitting area. The north wall of the pavilion 

has some angles, which allows the parents to sit or lean while chatting with each other or 

watching their kids. The angle of the wall on the back of the pavilion provides spaces to fit in 

a cats' house that replaces the old one.  

 From the pavilion, the residents can easily reach the entrances of buildings by paths, 

bridges ,and stepping stones. They are still available when the courtyard floods. 

 During events, the creek that runs through the pavilion could be covered by wood boards, 

creating a lager open space. In winter, the pavilion is covered with plastic, which could 

perform like a green house and help keep the inside warm to encourage the residents to go 

outside in winter.  

10.6.6  Back courtyard 

 The back courtyard can be reached through the bridges from the pavilion. This area 

includes a big planted area which functions as a bioretention area during and after storm 

events. Children can play in it when there is no water. The bridges make sure the access paths 

to the entrances of the building are not flooded for 50-year events.  

10.6.7  Children play area 

 After passing the pavilion, people arrive at the children play area through the path at the 

middle axis. This area has a big water feature that is inspired by traditional Chinese artificial 

rock waterfalls (Figure 49 and 50). This area is designed for children. The water feature has 

some paths in it, a looped path to the top of the waterfall ,and a cave that people can walk 
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through. The other side of the cave is a waterfall with a fake boat that cannot move, but looks 

like it is going through a waterfall.  

 When the pool is full of water after a storm event, the fake boats in this area provide 

people an experience of boating on a lake.  

 During duanwu festival, the traditional activity is to host a boating competition. Before 

this event, the community can have a workshop that help the kids to make their own boats. 

And on duanwu festival, the pool with be filled with some purified greywater and kids can 

boat in there with their own boats in this community based boating competition. The kids also 

can have a paper boat competition on one of the raised pools. 

 In winter, the water feature will be filled up with water. Some paths and the fake boats 

will be under water. When the temperature is low enough, the water will freeze and create an 

ice skating field.  

 

Figure 49 Perspective of the children play area in autumn 
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Figure 50 Children play area spatial diagram 

10.6.8  Balcony  

 On the north side of the courtyard near the building is a balcony (Figure 51 and 52). This 

balcony is a public space that is accessible for all the residents. People who are not living in 

the north building can access the balcony through the stairs on the northwest of the back 

courtyard. The balcony is a free-standing, long, narrow structure with some enlargements for 

sitting areas. It is attached to the building through the doors changed from windows. The door 

is in the turnaround area of the stairs above the second floor. The height of the balcony itself 

is similar to the second floor, which will not block the views to the courtyard through 

windows on the second floor. The size of the balcony is carefully designed so that all the 

shadows of the balcony will be on the wall without shade from windows at noon in winter, to 

make sure the residents can get enough winter sunlight in their apartments.  
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Figure 51 Perspective of the balcony in winter 

 

Figure 52 Balcony spatial diagram 

10.6.9  Hydrology  
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 Most of time the story of the courtyard is a traditional living experience. However, 

during and after the storm event, the story of the courtyard changes to sea, island, and boats. 

The courtyard may flood and some of the paths are underwater, but it is okay. Residents can 

still get access without stepping into the water (Figure 53). The design changes the flooding 

experience to a fun experience in the courtyard. When it is flooded, people still have access to 

the buildings. The design of the entrances of the building on the south and the north guest 

area are related to the traditional Chinese boats. The transpiration through bridges, steps, and 

the pavilion reminds the residents of loading on boats on a island, transporting from one boat 

to another boat, and stepping on wood boxes that are flowing on the water surfaces. In the 

children play area, the waterfall plaza is filled up with water, allowing children to have water 

activities including kayaks, canoes, and playing with stand-up paddle boards. 

 The green roof has a first flush divider that can separate the first two inches of runoff and 

release them at the start points of the bioswales to make sure the most polluted water flows 

the longest ways (Figure 54). After the water is cleaned through the bioswale, it can be stored 

in the water pool in children play area to be used for food production and the water features. 

The water will not stay long in the pool to prevent mosquitoes. Some of the water is released 

to the bioretenion area for underground water discharge. Some of the water will be 

transported to the water feature at the main entrance through a water channel along the 

middle axis. 
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Figure 53 Layer diagram 
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10.7  Material 

 The main color of the materials should be grey to match the color of the traditional 

courtyard house (Chapter 6.3.7 Providing a sense of place of traditional courtyard houses). 

The materials used in this project should have some relationship with Chinese culture. The 

pattern of the matrial of the project is show blow (Figure 55). 

 

Figure 55 Pattern diagram 

 Tiles are typical materials for roof in traditional courtyard houses. Grey tiles are for 

residential use of the populaces. Nowadays, tiles are used more creatively in walls and 

pavement. Designers always use the curve of the tiles to creative patterns, providing a more 

modern look from the old materials. 

 Stones are typical materials in traditional Chinese gardens for pavement. In traditional 

Chinese gardens, there are a lot of pictures based on stories that are made of different types of 

stones of different colors. The most famous stone arts are along both sides of the paths in the 

garden of the Palace Museum (Figure 55). To create a modern look of the courtyard, the 

stone arts need to use similar materials and skills, but create an abstract pattern instead of a 

realistic painting.  
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Figure 56 Stone art (Zhu, "The details of the Palace Museum - gravel road in imperial 

garden") 

 Another material is wood. Woods are typlical materials for pavilions in Chinese gardens. 

Woods can creative a warm and friendly feeling in the courtyard. The seats are made of wood 

to increase the comfortability of the sitting area.  
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11  CONCLUSION 

11.1  Summary 

 The creative project redesigns a courtyard in Beijing to provide the residents a 

sustainable and cultural living experience. The project also provides a case study for other 

courtyard designs that have similar conditions in Beijing. If implemented, this project could 

have an impact on 184,750 existing Beijing residents and impact the future of 388 hectares of 

storm water across the landscape of the city.  

 The project required understanding ecology water treatment principles, traditional 

Chinese landscape and architecture features, and landscape architecture design 

methodologies. The courtyard is addressing the problem of stormwater runoff and lack of 

public spaces and children play areas. With this situation, the primary goal of this creative 

project is to design a modern courtyard that deals with the stormwater runoff, treats the 

wastewater, and provides the living experience of Beijing.  

 The project follows the principles of sustainable design methods including a stormwater 

system to solve the problem of flooding, a wastewater system to reduce the use of fresh water 

,and the principles of courtyard design to meet the residents' needs and add more fun to their 

lives. Complex but unique social and community factors are considered to make an integrated 

solution for the environmental and social justice challenges, fostering community well-being 

in a sustainable solution for residential development for Beijing. Using traditional materials 

and handcrafts as part of the design elements can increase the relationship between people 

and culture, and can prevent the handcraft from disappearing because of the lack of use.  

11.2  Further Research Needs 

 The detail of the changes in the buildings is not fully addressed in this project. The 

design of some structures is needed at the outside of the surrounding buildings to hold the 

weight of solar aquatic systems and the urban agriculture. The details of how to change the 
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existing waste water circulation to work with the solar aquatic system in the buildings is 

another topic to be addressed. The cost of the construction of the project and the energy need 

to keep the system work are needed to be added in the future.  
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