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Abstract: The target of sponge city construction proposed by General Office of the State Council makes a

clear request and brings challenges to sponge transformation of existing residential areas that 80%



urbanized district meets the target of sponge city construction. Based on the surveys of 32 existing
residential areas from 1980to 2010 located in Tianjin center area, this paper carries out a comparative
analysis on stormwater management of different residential areas. The surveys reveal the common
problems that lack of stormwater management and insufficient utilization of rainwater resources, which
leads to a widespread demand of sponge transformation in all residential areas from different periods. This
paper firstly clears the current situations and common problems on stormwater management in different
runoff spaces of existing residential areas, Tianjin. Then authors propose the corresponding transformation
measures to provide valuable reference information for the sponge transformation of existing residential
areas in China.
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Figure 1 Research Objects and their Distribution
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Figure 2 Current Problems of the Communities Investigated
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Figure 3 The Current Situation of the Building Apron and Downspout in Tianjin Community
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Figure 5 Green Space next to the Building Apron

6~8m

K6 fa XSk S 2, TBUE R S A R s

Figure 6 the Typical Layout of Building Drainage, Green Space and Municipal Pipe Network in Communities
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Figure 7 The Residents Spontaneously Extend the end of the Downspout to the Surrounding Green Space
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Figure 8 The Residents pontaneously harvest rainwater to irrigate vegetable or garden
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Figure 9 the Retrofit Mode of Building Apron basing on the Principle of Source Stormwater Management
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1 Analysis of Investigation and Research Background

In November 2015, Guiding Opinions of the General Office of the State Council on Advancing the
Construction of Sponge Cities [issued by General Office of the State Council (2015) No.75] states clearly
that the construction of sponge city can minimize the impact of urban development and construction on the
ecological environment, and absorb and utilize 70% of the rainfall on the spot. By 2020, more than 20% of
the urban built-up areas will meet the target requirements; by 2030, more than 80% of the urban built-up
areas will meet the target requirements [1].

Taking Tianjin as an example, according to the 2015 Statistical Yearbook of Urban Construction, according
to the construction area of 885 square kilometers in Tianjin, the area of sponge city transformation will be
nearly 700 square kilometers by 2030. Different from the new area in the planning and construction stage to
consider the application and landing of sponge measures, there are more difficulties and challenges in the
spongy transformation of existing residential areas.

When the existing residential area was just built, the construction content of sponge city was not taken into
account, and the drainage and waterlogging prevention could only rely on the municipal pipe network. In
addition, after 20 or 30 years of use, most of the pipe network drainage capacity is insufficient, aging
damage and other problems, which directly bring hidden dangers to the drainage safety of residential areas.
Based on the current urban development model in China has entered the stock renewal development stage,
in view of the goal of sponge city construction in China, how to carry out the spongy transformation of
existing residential areas has become an urgent problem to be solved.

From the point of view of actual investigation and research, combined with the basic principles and
strategies of sponge city construction, this paper deeply investigates the problems of drainage and
waterlogging prevention in existing residential areas. Thus, this paper identifies the spatial conditions that
the existing residential areas can achieve the goal of "natural accumulation, natural infiltration, natural
purification", so as to provide theoretical and data reference for more spongy reconstruction projects of

existing residential areas in the country.

2 Basic Situation of Investigation and Implementation

2.1 Research Object Selection

The subjects of this survey are concentrated in 32 residential areas of Jiefang South Road and Xiaobailou
District in Tianjin, including 5 residential areas built in the 1980s, 13 residential areas in the 1990s, and 14
residential areas from 2000 to 2005. The size of the residential area ranges from 1.4 to 20 hectares (figure
1). It is found that the residential areas investigated are more or less due to the lack of rain and flood
management caused by the building infrastructure flooding moisture, cracking, as well as local water and
even waterlogging and other problems, as detailed in figure 2.

2.2 Determination of Investigation Method

Through the field investigation, first of all, according to the different underlying surface produced by rain

water runoff, the space of the site is classified and sorted out. The outdoor space of residential area is



divided into building rain pipe space, road and parking space and green space. Secondly, it focuses on the
problems caused by the lack of stormwater management in these spaces, and records the current situation of
the site by taking pictures and so on. The photos of the same type of space in 32 residential areas were
compared to extract the common problems in stormwater management of a certain kind of space. Finally,

the paper summarizes and deals with the research information, and deeply explores the possibility and way

to solve the corresponding stormwater management problems.
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Figure 10 The Building Apron in Chengdu

3 Investigation and Analysis on the Present Situation of Stormwater management in
Existing Residential Areas

3.1 Investigation and Analysis on Stormwater Management of Building Roof in Residential Area
The investigation shows that the management mode of rain water runoff on building roof in all kinds of
residential areas is similar, that is, using rain pipe to diversion rain water runoff from building roof to the
ground. The end of the rain pipe is generally located at the 15-20cm above the apron of the building. After
the Rain water runoff flows out of the rain pipe, it flows directly on the apron. The survey found that this
kind of stormwater management has a universal negative impact on buildings, roads and residents' travel.
The main manifestations are as follows: (1) Due to the long-term scour of the rain pipe, the apron is
damaged, cracked and even partially collapsed (figure 3A). (2) The corner of the building wall and even the
building foundation around the end of the rain pipe are wet, showing the phenomenon of wall skin cracking
(figure 3B). (3) Among the subjects surveyed, 17% of the building entrances and exits were arranged with
rain pipes, and the ground depression in the entrance area was caused by rain water's longterm scour. The
problem of stagnant water in the rainy season was prominent, which caused inconvenience for residents to
enter and leave the house (figure 3C). Generally speaking, the method of repairing building apron is to seal
or fill the cracks and collapses with cement mortar. The treatment process is not difficult, but according to
the housing management department, the timeliness of this method is short.

In the course of the investigation, it is found that there are three types of land next to apron under the



building rain pipe (figure 4 and 5). (1) Road land in residential area. (2) Bicycle / car parking space. In
these two cases, after the runoff flows from the rain pipe to the road surface, due to the sudden slowdown
of the flow velocity, the large particles of solid pollutants deposited in the flow, it is very easy to appear the
local silting phenomenon of the road surface. This phenomenon is particularly obvious for bread brick
pavement. (3) Green land next to the house. The green space beside the house is higher than apron,
separated by curbstone, because the runoff of rain water is stagnant in the corner of the building wall, it is
difficult to discharge. The above three types of land use accounted for 17%, 57% and 26% of the survey
samples, respectively.

3.2 Investigation and Analysis on Stormwater Management of Roads and Parking Lots in
Residential Areas

All the residential roads surveyed adopted grey stormwater management, that is, through the road to find
slope, the road rain water runoff directly to the municipal pipe network along the road. The plane layout
relationship between roads, rain water pipelines and buildings in residential areas in China is mainly
characterized by "entering the house in the north of the building and arranging the pipe in the north of the
road", that is, the space between the two north-south residential buildings is separated by a 2.5 to 3 m wide
interhouse path. Since most of the houses are north entrance, the interhouse path is located on the south
side between the north and south buildings, and has won a larger area of interbuilding greening for the
north side. The water collecting port of Rain water drainage pipe network in the residential area is located
near the green space side of the interhouse path, which is 6 to 8 m away from the building [2](figure 6). In
this survey, 74% of the residential areas adopt this layout model. It can be seen that in the rain and a period
of time after the rain, in addition to its own runoff, Rain water on the road also includes Rain water runoff
flowing out from the end of the building rain pipe and overflowing to the road. Due to the existing
residential areas, especially the old residential areas, there are many phenomena of pavement damage and
local depression, as well as the vertical problems of the intersection in the initial construction process,
resulting in more water accumulation points on the pavement of the existing residential area, which brings
inconvenience to the residents to travel. This is also consistent with the situation of stagnant water found in
interviews with residents.

In addition, due to the insufficient estimation of the number of cars at the beginning of construction, the
parking spaces occupy the roads, public space and activity space in the residential area, resulting in the
shortage of land in the residential area. This also brings difficulty to the construction and transformation of
stormwater management measures in sponge cities.

3.3 Investigation Conclusion

Through the above research, it is found that the existing residential stormwater management model is single,
lack of source emission reduction. There are many common problems, such as lack of source stormwater
management measures under rain pipe, lack of functional design of stormwater management in green space
design, failure to make full use of green space and public space for organized drainage on the ground, and

so on. These problems not only increase the pressure of flood control and drainage in residential areas in



China, reduce the utilization rate of rain water resources, but also have a negative impact on the working
life and environmental quality of residential areas.

In the investigation, it is found that some residents living on the first floor have taken some spontaneous
improvement measures to solve the problems that the rain pipe water scour destroys apron and the roof rain
water is not fully utilized. For example, in Rose Garden, Yushui Garden and Xingtu apartment, it is found
that the residents on the first floor extend the end of the rain pipe to the green space next to the house by
means of water pipes, so as to reduce the scour of apron to protect the building wall (figure 7). In
residential areas such as Rose Garden, Mingdu New Garden, Qixiang Nanli, Pingshan apartment, Xingjun
apartment, and so on, it is found that residents put their abandoned bathtubs, plastic buckets, plant irrigation,
car washing, etc. (figure 8). These phenomena not only express the residents' demand for the
transformation of the stormwater management mode in the residential area, but also the simple and even
crude source stormwater management mode brings inspiration to the spongy transformation and

construction work.

B 55 kit B REBOR I 00

')

1

I
&
——————
$——————
¢ ——————

skt B+ #%a ot

I
'I.‘
{1
I
I
1]
i
I
fl
I
1
g
mmm———
m—————
P R —
\
|

\i = - ——
I 33 (REFR
R #E st o L] L BEEREGRE)

B 11 55 s us i
Figure 11 The Retrofit Mode of the Green Space next to the Building

4 Spongy Transformation Strategy of Existing Residential Areas in Tianjin
Based on the analysis and summary of the existing research objects, and based on the common and
individual problems in stormwater management in existing residential areas in Tianjin, the transformation

strategy is divided into two categories: universal strategy and targeted strategy. The universal strategy is



suitable for all kinds of residential areas, and the targeted strategy needs to formulate the corresponding
transformation plan according to the specific situation and transformation orientation of the residential area.
4.1 Targeted Strategy

4.1.1 Structural Updates: Changing Traditional Apron Patterns

(1) In the case of the external placement of the building rain pipe, that is, when the outlet height of the rain
pipe is adjustable, a high planting platform design which is integrated with the building apron and the
structural wall is added to make the roof rain water runoff flow directly into the planting pool (figure 9).

(2) When the building rain pipe is built in, that is, when the space in the lower part of the rain pipe is
limited, a gravel shallow ditch can be set up along the outer edge of the apron (figure 9). The rain water
runoff on the apron can be collected centrally to slow down the flow rate, which realizes source
management. Similar practices have long been used in southern cities such as Chengdu, Changsha,
Chongging, and so on, which have a good effect on the protection of apron and building structural
foundation (figure 10), which realizes organized drainage and short-term storage of runoff around the
building foundation. However, it is impossible to slow down the collection speed of runoff, which has little
effect on reducing the pressure of municipal drainage pipe. Through the simple treatment of placing stone
in the trench, it can slow down the collection rate of runoff and preprecipitate the runoff.

(3) The practice of setting up rain water bucket or concrete gravel pool at the lower end of the rain pipe
(figure 9).

4.1.2 The Principle of Proximity: Making Full Use of the Green Space Next to the House for Stormwater
Management

The kerb between apron, road and other hard pavement and green space can be selectively removed, and
the rain water runoff and road rain water runoff from rain pipes can be directed to the green space next to
the house through shallow trenches, gravel grooves, dark grooves and gaps. At the same time, it is
necessary to block the access from the roof and the road to the municipal pipe network.

When the green space next to the house is wide, especially when the width is more than 5 m, (1) the
concave green space, biological detention pool or rain water planting pool can be set up in the green space
more than 3 m away from the building foundation. (2) in the residential area which emphasizes the
construction of landscape quality, the banded rain water wet house green space can also be designed. When
the width of the green space next to the house is narrow, (3) it is suggested that the drainage shallow ditch
or gravel ditch should be set up along the long side of the green space next to the house and the long side of
the vertical green space. Rain water runoff is directed through shallow or gravel ditches to concentrated
concave green spaces or underground storage facilities (figure 11).

4.1.3 Establishing Links: Realizing Multi-level Drainage of Green Infrastructure and Grey Infrastructure
Adhering to the basic idea of source control and the combination of gray and green, the new rain and flood
management mode in residential area has been reformed. The first is to give priority to local treatment to
cut off the direct connection between roof and road runoff and municipal pipe network. If there is overflow

runoff, it is then transmitted to a centralized green infrastructure in an organized manner. In the end, the



runoff which still exceeds the storage volume is sent to the municipal pipe network system, that is, to
realize the twolevel management of sponge city low impact development rain water system and municipal
drainage system. Therefore, it is suggested that the planning layout of open or dark trenches should be
added in the residential area. The easiest way is to set up shallow ditches with a width of 50-100 cm and a
depression of 3-5 cm on both sides of the road. According to the actual situation, horizontal shallowditches
can also be arranged at equal intervals along the road direction, so as to strengthen the organized
management of surface rain water runoff, while the continuity of source management and end management.
This model is common in road drainage in European cities such as Amsterdam in the Netherlands and
Stockholm in Sweden. The method can not only make use of precast concrete structural units, reserve
cracks to form drainage lines, but also use plants, gravel and blocks to lay shallow ditches. In addition, due
to the small traffic intensity of residential areas, according to the actual situation, vertical and horizontal
shallow trenches can also be hidden under the surface rain grate that runs through the road (figure 12).

4.2 Targeted Strategy

4.2.1 Residential Areas Before 2000

The characteristics of Chunguang Building, Rong Hua Village, Xingjun apartment and other residential
areas are that the road pavement is seriously damaged, and because of the insufficient estimation of the
number of cars owned by residents at the beginning of planning and design, the parking demand on both
sides of the road is prominent. Therefore, the spongy transformation of this kind of residential area should
take into account the needs of community restoration and renewal, and it is suggested that when renovating
and upgrading the pavement of residential area, permeable pavement should be adopted and ecological
parking lot should be added.

There are three kinds of permeable pavement: permeable concrete, permeable brick and permeable asphalt.
Related studies show that the three permeability from good to poor are permeable concrete, permeable
asphalt, permeable brick.

In terms of durability, the service life of permeable concrete pavement is generally 15 to 30 years. Asphalt
pavement is easy to soften in summer and brittle in winter, and its service life is generally 5 to 15 years.
Because the permeable brick is easy to break, damaged and difficult to maintain, its durability is the worst,
and its service life is generally 2 to 5 years. When reforming the road pavement in existing residential areas,
it is suggested that the corresponding permeable materials [3] [4] should be selected according to the
requirements of traffic intensity, water permeability and cooling performance.

4.2.2 Residential Areas After 2000

After 2000, the first phase of Taida Garden, Yushui Park, Golden Bay and other 9 residential areas, all with
community parks, larger green space area, about in 1000-5000 m2. The green space in the existing
community park has the conditions and potential for centralized spongy transformation. The centralized
rain water garden can be planned and designed while the activities and needs of residents in residential
areas are taken into account. Typical cases include Tangnaquan Community in Portland of Oregon in

America, Hoyt apartment, 88 Rendoff in Berlin in Germany, and Trabrennbahn Farmesen Residential area



in Hamburg [5]. In addition, according to the actual demand, in the case of comprehensive consideration of
reconstruction funds and costs, a number of abandoned sports venues such as tennis courts and basketball
courts, which need to be renovated, can be used to add underground water storage facilities. These can be
used for excessive Rain Water runoff storage in residential areas in summer, for plant irrigation, community
cleaning and so on. However, this approach may incur more engineering costs, and later need to develop

standardized management and maintenance methods and codes.
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Figure 12 The Retrofit Mode of the Street Drainage in Communities

5 Conclusion

Under the background of actively carrying out the construction of sponge cities in the whole country,
because the existing residential areas account for a large proportion in the central urban areas of our country,
our attention should not only focus on the sponge planning and design of the newly built areas. It is very
important that there is a universal design method for the spongy transformation of existing residential areas
and taking into account the transformation of residential areas in different construction ages. In addition,
for the spongy transformation of existing residential areas, the systematic transformation strategy based on
a large number of investigations is only one aspect of the spongy transformation strategy in the central
urban area. It is also necessary to keep pace with the times to design the relevant planning standards and

implementation policies, and timely and actively supplement and improve them.
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