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Abstract: Sponge city is a sustainable construction mode to solve the problem of urban water
environment in the construction of ecological city civilization. At present, sponge city
construction in China is in the initial stage, which has not yet reached a high degree of integration
with landscape ecological environment construction and cultural construction. Based on a large
number of domestic campus sponge construction cases, this paper expounds the characteristics of

the campus site, and puts forward the transformation procedures and implementation paths of



campus sponge under the construction of "sponge +" composite mode, which is interdisciplinary,
comprehensive and innovative. Through the construction of scientific rain and flood management
on campus, the campus space image is reconstructed and enhanced by "sponge + landscape", and
the campus cultural characteristics are shaped by "sponge + culture”, so as to organically integrate
and form a complete construction system of sponge city. Taking the project of Furong Primary
School as an example, this paper explores the strategic paths of the integration and reconstruction
of campus sponge, landscape and cultural elements, in order to provide useful references for the
research and practice of sponge city construction.

Key words: sponge transformation; stormwater management; landscape environment; cultural

education

#70/1988 R/ Tl AuizK S ( ) BBA RN R SR AR BT A SR
AR T

JEIREE IEFE (Corresponding author E-mail) : 495645241@qg.com

0

HAN Yuan, male, was born in 1988. He is a senior engineer in the Beijing Enterprises Water
Group Limited. Research direction: landscape planning and design, sponge city design
VETE1983 AN B Ak sy (hED BRARA R SBEE HFTTTI: KR
WANG Yang, male, was born in 1982. He is a senior Manager in Beijing Enterprises Water
Group Limited. Research direction: water environment treatment

WRiscHE/1982 R4 531 AbizKSs ChED B8t A IRA dlEMI R TR A FET7 1 KA
IR R

CHEN Maofu, male, was born in 1982. He is an environmental protection engineer in Beijing
Enterprises Water Group Limited. Research direction: water environment treatment

R511983 AN FIWADI Wit CRuthiiet) SR, =y s st/ st oe o7 1) :
RIS, RSO 4T

WU Hao, male, was born in 1983. He is the general manager of WADI studio, and registered
landscape architect in the Netherlands. Research direction: eco-water environment, landscape

architecture and sponge city design




Ju
i

AR, BT BT B B AIARK A AR diEis ™ B K B kA — R H1I
KA RIS L 7K 22 A RK G5 0 PO e A, o [T s 20 3 5 A7 398 T 7K 3R G K A i -
P R  SKIABI SR, KRR SR T K R G S A2 ™. 2013 4, 313k
PEACAE (R UUEEAL TAE U0 BURET5RIE: B AR AREE. AREER
CEEARINTT. HFARRTAE LS. W B @ ML HPON TR R I R
—ARum &R 2R 2 HbR. RGEHE IO KPR [ 8, 72 SR T T P 058 o 4
77 T Rk e

H 2015 LK, ERGEEEARIE 30 AN @ il ALl it @l o m
TR XN I I 2 55 — i i g ik, FAR A A S X 4n A BSis AT U 24 X
L HAHTEE X AR AL e o MR (AL RUITT Al rhC s PE PRI (X2 10D (2016 4R
— 2035 4F) ) #OR, ORI RBCASOITT . AR AT, BRI
NSCHET S BRI, BN E R — BRI A i i B R A e . BT
DR EEERESR, QI =EREIRR, WA XA T B R, S
JE—HERTHE S AT R IR TESH .

ARSI DX A T s XA A A X BL A S AN B/ iR R AL g o 2, e
RIS AR ST 72%. FRMZEMEHLIE, FFAE S MRS g
o Bk, AR b SRR A R UL R G AT AT SR UK B I R K AR
FVE R AR MG R AR, B IO B ALE RIABTA  BE /7E
I LA P B AR el g 4 A S I 75 SR - 3 R RS E TR e SO A S i I H 5 22 RHE
T KO LR A VBT B A, R W A R 5 s R Sy — A Bk Tk
F LKA R A% L B b, 385 2 0 R Al 15 Bt S D R R AR AR DSk« e R AN R o 1) 4 i A
R KRR S KRGS &, R O a2 A RE a5 K BRI A, SOULAI R
RGP RSB AR R TR B B A A RS, Ht AT BRI S KRR AR 4
BURHE S RIS &, O T2 B e R 20,

i



BN, WTE. BHEE. JOUREIGE. BREH. BER. DRkoE. S

L_ﬂxﬁm F*% RETEGE. ROSOAEE. WL, FERR REREREEYEE ‘

AR ER.
RS

1

SROERRY. SROERE. FKAE, ENRNSE, s ‘

‘ BiztiE

_____________

_____________

- 7N | |
Fiics | mgﬁg];}g_%;@:_]m_] |
B | o] il i it a I
. | TR |
I FEEERWTRE I
[ WK1 |

F,{ FATAFHREFAEN , ARMENESR , STIRS , GFRGZMAEGE. £F

HREM e

1

BT “§% -+ Sl TRERNZNSES
Procedures for Campus Landscape Reconslruction Based on "Sponge +" Composile Mode

RO, el 5 A el M D RE AR B 7 oK, 3TIE — AR AR . FOlise 3
IR SR AR S 5 AT ) o (R AR ] 2 1] s oAy o 2 A el AR v 0 e i 5 B e AR
S F A RITEMEAR, SR I 1A+ R A AR SO UG R e KR AR,
FEUATER N i+ QR SE OB, D93y g s X AR el i AR A U S A R e 2 %

L+ R G AR E RN BUEREF 5 LHgsk
il i+ S AR el S5 A A 4 A R el W A I R it DA+ B

NI EMR A IS, A4+ S0 T BB IE R e SR, i TE R — D ThRg i
B ARG ERMIGAE A
L1+ R AR RUSERF

B 56 FARFE M T A B 3 10 7K AT 42 8 A0 2 L U I A AT s 2 xt
F2 Pl 30 2 18] 2 FEAL IR 7 SRA A W i+ SO, — D T LR AR SR 14 22 AEAL I P A 3l
2], 53— J7 R TS e SOU I G HL BAT SR B 1 R (10 o SERFAE AN S o (RIS 4230 A% el
SCACIR, R+ SO B, AR ST, MG R AR Bl SCAR (A R, AR
AR B RO . R B R AT SO EE M A (A PR S B AL O
87, =ZHREEM. ARSI R R4+ = G AR el S s R 4
1.2 “Hgdh+ R AR AR SO BiE se g 12



(1) CAREY A TR, AR A A MR R RSOt BB ss
BEAT VEARES B RBE, AT R S AR
(2) A RO : ZrE 75 FEIMAEAT . o0 B S0 T 2 REAL R 2 1A FH Th RE A 75 K
(3) LAHF NS EERRE G ERSROHT 55 % ME G ) MER
RSS €t EN TF- SR LIV 2 SN P 7 b T e Y s e = v [y
A HRE K FOWH LR RILT R, W F S I F € o il KE SRS IR,
feth dpan+ B a BT R SN SuERF (B D .

gR LT, Kb pdn+ R ERASE SEitige, EREERm, SREkEHE. &
FEfzfil. RGURENTE B, BRFSEDR. R B KRS SR, L
Zrth LID PCKIRFHFB R SO T, SRE RS, W &L 1 B R @ N
BER ARG FOUEM, BEEEF. ER. el RE. P, B, KR XS
SRR N G SO AT A S ER T BB e s ) B FR DD R E AL, FERL I R UL
ARG 5% AR bl % D RE X IR KSR, B RGZMGE IS, FLRK
HERE TR

2. RE/NFIURVEA K 19 R

FBNFIENT 2012 4E 9 H, R I OATIE R IR AL, Zp B R E R A
FRONITAE IE TH0F AN KR BRSO o MRS AL T3 DX e 2 3k T 1 22
SR, FE AR el W 3 i A [ 308 3o 47 3 B B AR el S5O 5 5, A T PR el A o )
CAR
2.1 BRFMaHT

P DX KRR KRR, P FE KR 585 mm, 24 HFEXHM, KN 27
AiAY), Hrb 65% MIFRKERIE 7 H —8 Ay, @WKkKAERR. . KK R
SEHL T KA BERAE 9.30 m — 13.50 mz [8], 39237 28 Kl a2 40 B0 5 /K HR A3 I 1] 25K
2.2 BURPRUT e il R A

KR/NF T AR 22 959 m2, PEWLRLEEF I (B 2) o IREELZ M X BUREE
S B GNRE Tel A T AL R EE AN BRI (3R 1)



RBNFEARSHE
Status Analysis Chart of Furong Primary School
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Table 1 Analysis and Evaluation and Problem Identification
of the Current Status of Furong Primary School
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Table 2 Construction of "Sponge +" Composite Mode System in Furong Primary School
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Technical Route of Rainwater Management System
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Sponge Facilities Layout of Furong Primary School
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Sponge Renovation Landscape Plan of Furong Primary School
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Sponge Renovation Space Division Map of Furong Primary School
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Transformation of Sunken Green Space
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Entrance Reconstruction of Furong Primary School
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Table 3 Index Analysis of Furong Primary School after Sponge Transformation
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Schematic Diagram of Rainwater Collection and Recycling System in Campus
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Rainwater Treatment System in a Wetland Gallery
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Students Closely Observe the Ecological Purification System

Courtyard Rain Garden Reconstruction
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Transformation of a Comer of Campus Vegetable Garden
Introduction
Aiming at a series of problems on city water ecology, water environment, water safety and water
resources in city construction in recent years such as ponding and waterlogging, serious runoff
pollution and water resource shortage, it is urgent for China to re-consider the connotation of city
water system and coordinate relations between city construction and water environment, and to
recover and strengthen the resistance and resilience of city water system ™. As emphasized by

General Secretary Xi Jinping in his speech Working Conference about Urbanization in 2013,



it is needed to construct the “sponge city” with natural storage, natural permeation and natural
purification. Sponge city solves the problem of city water environment in a systematic way by
utilizing multi-layers and multi-objectives with “source emission reduction — process control — tail
end storage and utilization” by means of “leakage, retention, storage, purification, utilization and
drainage”, with obvious effects on aspect of improving city environment quality .

Our country has set two batches including 30 experiment units for sponge city construction since
2015, in which Lianghe District, Sub-center of Beijing City, was selected into the second batch of
the experiment units, including specific contents of the sponge-oriented reconstruction of the
constructed districts as well as the sponge-oriented construction of the administrative areas and
other newly constructed districts. According to the requirements in Regulatory Detailed Plan of
the Sub-center of Beijing (street layer) (2016-2035) , the sub-center shall be constructed as a green
city, a forest city, a sponge city, an intelligent city, a humanistic city and a livable city, and
become a new landmark of the capital as well as the demonstration for city construction and
development in the new era. Based on the requirements of the high starting point and the high
standard of the sub-center, after practical exploration of 3 years, initial success has been made for
sponge city construction of the experimental unit, forming a batch of promotable and reproducible
demonstrative projects.

Most of the constructed areas of sponge city experimental unit in Tongzhou District of Beijing are
sponge reconstruction of public buildings and residence communities, in which the school area
occupies 72% of the total area of public buildings. Taking security into consideration, it is not
suitable to utilize the dredging method for pressure of rain water discharge for the school.
Therefore, scientific rainfall flood management system can be established in the campus to relieve
problems such as ponding and waterlogging, pressure from rain water drainage and so on. The
“sponge campus” means that the whole campus has certain resilience and environment change
adaptation ability like sponge . There has been a batch of excellent cases about campus sponge
reconstruction in our country in recent years: The landscape environment reconstruction project of
Sheng Yin College of Tsinghua University has proposed the comprehensive design idea about
landscape hydrology, and lays integration of the rainfall flood management measures

and historic landscape environment [*; Kunshan Duke University takes water environment

protection as the core objective, to realize whole-process governance of rainfall runoff in source,



process and tail end from the green infrastructure. It integrates landscape function and the water
system, to make the campus a big system like “sponge” that can adjust water resource, space and
landscape ©); College of Electrical Engineering of Beijing Jiaotong University conducts ecological
and energy-saving reconstruction to the courtyard, to integrate light, new energy and rainwater
garden, and to embody integration between technologies and the nature, which is a demonstration
for a conservation-oriented campus.

This shows that the building of a campus space integrated with harmonious ecology, beautiful
landscape, prominent cultural atmosphere, strong sense of participation of teachers and students
and sense of identity is the difficulty and the emphasis of planning and designing a sponge campus.
Based on interdisciplinary methods and technologies, this paper creatively proposes the
procedures and paths for campus landscape reconstruction under the “sponge+” composite mode.
In addition, with the innovative practice of “sponge+” of Furong Primary School, it provides

references for related practices for campus sponge reconstruction in the constructed areas.

1. Procedures and Implementation Paths for Campus Landscape Reconstruction of the
“Sponge+” Composite Mode

The campus landscape reconstruction based on the “sponge+” composite mode means
reconstruction of the campus space image by means of “sponge +landscape” and reconstruction of
the cultural features of the campus by means of “sponge + culture” based on solving the problem
of the rainfall flood in campus, so as to form a sponge campus environment with integrated
functions and a complete system.

1.1 Procedures for Campus Landscape Reconstruction of the “Sponge+” Composite Mode
Firstly, control and manage rainwater in the field with low-influence development technologies;
secondly, construct the “sponge + landscape” mode aiming at the demands of diversified activity
spaces in the campus based on behavior modes of teachers and students. On one hand, provide
teachers and students with diversified outdoor activity space; on the other hand, improve campus
landscape image to provide it with distinct and unique aesthetic characteristics and significance.
At the same time, explore the cultural connotation of the campus, construct the “sponge + culture”
mode, and extend the context in the campus, so as to build good cultural value atmosphere of the

campus and generate unconscious influence on students. “Constructing the ecological basis in a



sponge way” “reconstructing the space environment with landscapes” and “building core values
with culture” are integrated and overlapped to constitute the campus landscape reconstruction
system with the “sponge+” composite mode.

1.2 Implementation Paths for Campus Landscape Reconstruction of the “Sponge+”
Composite Mode

(1) Take problems as the orientation: Search for data about the field, investigate and research the
campus space, constituting elements, features of campus culture and teaching philosophy, and
identify and arrange problems.

(2) Take demands as the basis: Take the demands on the diversified campus space using functions
based on conducts of teachers and students and psychological pattern into consideration.

(3) Take the objectives as the guidance: Quantitative indexes are determined as per requirements,
according to the Measures for Performance Evaluation and Assessment of Sponge City
Construction (Trial) , such as the control rate of the annual runoff volume, the reduction rate of
non-point source pollution and the rainwater resource utilization rate [". At the same time, on the
aspect of qualitative indexes, they are determined jointly by combining demands on space
functions, demands on landscape appearance and demands on cultural expression.

Based on practice and exploration, the procedures for campus landscape reconstruction of the
“sponge+” composite mode have been proposed (figure 1). In conclusion, with respect to the
implementation paths of the campus reconstruction based on the “sponge+” composite mode, on
the layer of rainfall flood management, the guiding ideas of resource emission reduction, process
control and systematic governance, the principles of overall coordination, questionorientation,
adjusting measures to local conditions and combination between grey and green are observed. The
rainfall flood management system is constructed with the principal of the construction of LID
source emission reduction facilities, with measures such as leakage, retention, storage, purification,
using and drainage. On the aspect of landscape, approaches such as space sequence, image,
proportion, scale, texture, color, pattern and cultural symbols are adopted to reconstruct and
improve the environment and the culture. That is to say, through the determination of the goals
and functional orientation of the transformation, highlight landscape environment and cultural
features of each functional area of the campus based on the scientific rainfall management system,

and take overall planning among different systems, so as to play comprehensive roles.



2. Current Status Evaluation and Problem Identification of Furong Primary School
Established in September, 2012, Furong Primary School is a regional famous school. With the
operating philosophy of “fresh and integration”, the school builds fresh, harmonious, generous and
compatible cultural atmosphere for teachers and students. According to the requirements on the
experimental unit of the sponge city in Tongzhou District, Beijing, it is needed to improve the
campus landscape environment quality by means of field reconstruction at the same time of
solving the problem of rainfall flood, to inspire the vitality of the old campus.

2.1 Analysis on Natural Conditions

Tongzhou District is situated in the area of mainland monsoon type climate, with average annual
precipitation of 585 mm. Influenced by the winter and summer monsoon, it has non-uniform
spatial and temporal distribution in rainfall, in which 65% of rainfall concentrates in July and
August, with frequent spring droughts and summer floods. According to field investigation, the
depth of the stable underground water level is between the ranges of 9.30 m~13.50 m, and the soil
permeability coefficient can meet the requirements on time of water storage and drainage of
sponge facilities.

2.2 Current Status Evaluation and Problem Identification

With a site area of 22,959 m2, Furong Primary School has the planar graph as follows (figure 2).
According to field investigation and data collection, the spatial composition elements and the

current problems are concluded (table 1).

3. The Sponge Reconstruction of Furong Primary School Based on the “Sponge+”
Composite Mode

3.1 Function Orientation

By taking comprehensive overall requirements on experimental unit of sponge city construction in
Tongzhou District, Beijing into consideration, based on the green rainfall flood management
system, it is needed to provide teachers, students and their parents with ideal environment based
on updating of fields and infrastructures, to make campus environment an important link for
growing of primary students. Therefore, the scheme tries to integrate three functions of
experiencing, enlightening and education into sponge reconstruction, to build a participatory and

experiential "sponge campus" and natural classroom for students.



(1) Experiencing function: The water, air, soil, flowers and grass that can be seen, heard and
touched;

(2) Enlightening function: Give full play to student abilities in perception, appreciation, dependent
thinking and aesthetic judgment, participation and practice;

(3) Education function: Inspire students to protect the environment, and help them form good
environment value system and conduct method and care about others, life and the nature with their
emotions and conducts.

3.2 Construction of the “Sponge+” Composite Mode of Furong Primary School

The sponge reconstruction is integrated with the innovative design, and constructs the “sponge+”
composite mode system in a comprehensive and multi-specialty way (table 2), so that students can
experience the sponge technologies and culture and interact with water, to build the first “sponge+”
campus in Tongzhou District, Beijing by teaching through lively activities.

3.3 Strategies for Campus Space Reconstruction of Furong Primary School of the “Sponge+”
Composite Mode

On the rainfall flood management layer, according to space arrangement of the campus, in
combination of the demands on connection between rainwater facilities in vertical and

surrounding areas, the “sponge+” campus rainfall flood management system technical route is
formulated with the full-course control principle of the “source-process-tail end” of rainwater
runoff (figure 3) and clarifies the low-influence development measure layout (figure 4). On the
landscape layer, the center entrance is taken as the main landscape axis, to divide the campus into
four landscape space patterns (figure 5~figure 6), which are “entrance of colorful campus, core
area of energetic campus, court of science and education themes and stadium area”.

(1) The main entrance of the campus is a region showing the features and the image of the campus.
The large areas of waterproof hardened pavement with great damages are reconstructed as colorful
pervious concrete, and rainwater is led into the surrounding greenbelts for absorption through
vertical adjustment of roads and holes on road traffic stones (figure 7). The excessive rainwater
overflow is drained to the rainwater pipelines. The terrain of the greenbelts surrounding the
hardened pavement has been re-constructed, and facilities such as grass ditches, concave
greenbelts and rainwater parks are arranged according to practical conditions. Plants resistant to

water dampness and easy for maintenance such as day lily, fleur-de-lis, iris ensata, Chinese



pennisetum, rudbeckia hirta, Echinacea purpurea, blood grass, calamagrostis epigejos, hairawn
muhly and maiden grass are planted, to enrich the plant configuration and combination. are
patterns of “lotus” with color matching, and cultural publicity and guide system are equipped. A
whole set of fresh, harmonious, generous and compatible campus culture atmosphere is
emphasized with unified color matching and strong exhibition performance (figure 8).

(2) The core area of the energetic campus is the central activity area in the campus. Wetland
rainwater treatment system is added to the original green space. The system includes a set of
complete underground rainwater collection, treatment and recycling facilities (figure 9). To be
specific, the collected rainwater runoff flows through the front-end rotational flow sand
pre-treatment and then flows into the underground reservoir. The rainwater runoff in the water
storage pool is conducted with treatment of the padding in the stair-type undercurrent filter
chamber (figure 10), and then connects with the irrigation system on the greening irrigation. The
system realizes rainwater retention, storage and recycling through tail-end storage, so as to reduce
rainwater drainage volume out of the field, and to play roles of recycled utilization of rainwater
resource and saving water resource.

The wetland gallery is the core landscape of the campus, and the ecological filter chamber takes
lotus as the theme, matched with different quantic and wetland plant landscaping (figure 11). The
beautiful lotuses in the pool not only highlight the ecological water landscape of wetland but also
explain the teaching idea of “showing in the world like lotus growth from clean water” of the
school. The external facade of the ecological filter pool is made of rusted red steel plates and
green plants, forming the comparison between roughness and fineness and between heaviness and
lightness. The newly constructed gallery frame has platforms of different scales to meet demands
of students in exchange, parties and rest. In addition, trees with good growing trend are left in the
greenbelts, and flower border is supplemented in the space under forests, to enrich landscape
experience on visual layer, and to provide teachers and students with harmonious and quiet space
atmosphere (figure 12). Besides, in combination of small meteorological

stations as well as sponge supervision and sponge exhibition plates, it provides primary school
students with a site to observe, perceive and participate in water ecology knowledge in close
ranges (figure 13), playing the role of propaganda for sponge cities.

(3) The internal court for theme scientific teaching provides teachers and students with site for



break activities. The building rainwater down pipe disconnecting treatment method is adopted for
this region, to collect rainwater in the rainwater tank, and the excessive rainwater is introduced
into the rainwater park in surrounding greenbelts for absorption. Small-sized wooden trestle is set
in the rainwater park, so that students can observe the working principles of the rainwater park
(figure 14). According to appeals from teachers and students, the damaged activity field is
reconstructed as colorful permeable pavement (figure 15), which can also be utilized to protect
large-scale trees in the field. The scheme creates the natural science garden and the humanistic
vigor court with color and pattern division, to add knowledge and interests of the field, and solves
the problem of insufficient activity field. At the same time, picture posters about sponge cities are
drawn on walls of teaching buildings, to popularize environment protection related knowledge.

(4) The existing plastic track in the playground is relatively new, with smooth overall water
drainage, and there is only the problem of ponding in some damaged places. Therefore, in addition
to repairing the damaged plastic, it is only needed to add linear drainage ditch and rainwater
garden around the playground for rainwater drainage and adsorption. In addition, a corner of the
campus is reconstructed as a vegetable garden, in combination of water collection and drainage
measures such as rainwater gathering tank and ecological sewer (figure 16). With leading of
teachers, students can get close to the nature, learn to use rainwater collection tanks and
experience happiness of vegetable planting.

3.4 Index Analysis of Sponge Reconstruction of the Campus

Please refer to table 3 for the sponge facilities scale calculation of Furong Primary School, to
verify that it meets the requirements on sponge construction of the experimental unit. According
to calculation, when the rainwater recycling facilities achieve the volume of 140 m3, it realizes
rainwater utilization volume of 1579 m3 in the whole year, equivalent to realization the
replacement rate of tap water of 60%. With the implementation of the “sponge+” mode of Furong
Primary School, the “classroom for sponge knowledge” and the appraisal of “sponge ambassador”
are held by the school, to strengthen the experience and cognition of primary school students to
LID technologies, wetland rainwater treatment system, rainwater recycling and intelligent campus.
The sponge reconstruction of Furong Primary School not only solves the problem of water
environment but also realizes environment cognition and experience interaction due to integration

with the idea of environment education. It is welcomed by teachers, students and parents; in



addition, it is highly appraised by leaders and experts in the industry.

4. Conclusion

The sponge reconstruction project of Furong Primary School is an innovative attempt to solve the
problem of rainfall flood in cities and realize sustainable development of environment in the
complex conditions of high-density constructed areas in cities. In order to respond to practical
exploration and demands of sponge city construction, the “sponge+” composite mode is proposed
in this scheme, clarifying the construction procedures and the implementation paths of
multi-objective campus landscape reconstruction system, exploring the mode integrated with
rainfall flood management, landscape environment, culture building and popularization of science
for students, and making it a new campus space with multiple functions of “sponge + landscape +
culture”. It breaks through the single project objective; at the same time of solving the problems
related to water ecology, water environment, water safety and water resources, it conducts
horizontal expansion and multi-specialty coordination based on field features, to realize

integration of water landscapes and water culture.
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