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Fig. 1 Bed structure and device layout of fiber cotton permeable pavemen

1.2 BEMERIKE

RIET 2021 4 7 H—2021 4F 10 A #:47, <R
K 33~ 25 °C, {BJE N 96% ~ 58%. X5 #8435 Ky
6 L/min A1 11 L/min, P& 7 85> 30 min, 22 [/
R 53 S5 bR v, T AR N A TR A5 90 43 0l Ry K 7 °
SRERFE

FEPIFIRE RN 9B T, 20 B0 58 A [6) [ B R 0okt
T35 K A K s PR RE 0 R ), AL S WK AR Y
PRV ] VEE . BRI AB RS, e
32 K BB K AR L R E . & W i, DG A

VB0 1] I o T 7 2 2 R 1T 7 A RRUK, O P o W O
B 1 h, BRI TIETOF, B B AR HE S, TACh R
REWIRA . BRI R L 1 35 LARE
T FF iy FsF 0 Sy i 2 s 221, U0 55 25 8 R0 1 9 5 0L
ESE IR AR I 20 . ZEREFIET 10 min, &:0% 1 min
05 1 YR, R SRR BRI KN, R 2.
5. 10 min i SEIZEZIH K, B 2R R E
R e DNy L el ) L g = R A
XK, Hezs B BN E K, DL — 0Ol 617 . Fl
FH Origin A% 45 s 26475347

#EREL R 1221



#20% # 6 WALAGAKABKCEE) 2022 4 12 A

&1 HKEARET

Tab. 1 Experiment programme design
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(Lemin™) L min d
1 2021-07-23 6 180 30 0
2 2021-07-22 6 180 30 1
3 2021-08-23 6 180 30 3
4 2021-08-01 6 180 30 5
5 2021-08-08 6 180 30 7
6 2021-08-17 6 180 30 9
7 2021-09-03 6 180 30 11
8 2021-09-04 11 330 30 0
9 2021-09-05 11 330 30 1
10 2021-09-13 11 330 30 3
11 2021-09-13 11 330 30 5
12 2021-09-20 11 330 30 7
13 2021-09-29 11 330 30 9
14 2021-10-09 11 330 30 11
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Fig.2 Porous fibre cotton water-holding curve
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Tab.2 VG curve fitting parameter values

ZH 0/(cm’em™)  6/(em’-em”)  a/(cm™) n R

ZHUE 0.025 0.953 0.10452 291 0.999
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Tab.3 Parameters for each layer

, 6/ 0./ al K/
iJf 3 -3 3 -3 -1 a7l
(cm’scm °) (cm’scm ) (cm ) (cmemin ')
A 0.045 0.430  0.01100 553  0.021 0.5
ZHAHRZ 0.025 0.953  0.10452 291 13700 0.5
)2 0.035 0.450  0.06500 1.70 15220 0.5

x4 WHERBETAREREXEME E. BN A
Tab. 4 Fitting Eyg values and R’ at different intervals

for two rainfall intensities

(ST 1] 10 [ A R SU R 15 S R
(Lemin ) d o & o R

0 0565 0673 0965  0.984

1 0.862  0.883 0945  0.997

3 0580 0822 0738  0.997

6 5 0713 0836 0882  0.995

7 0519 0700 0919  0.982

9 0215 0454 0921 0.968

11 0.197 0335 0842 0.960

0 0965 0976 0993  0.999

1 0814 0838 0979  0.997

3 0.758 0797 0995  0.998

11 5 0585  0.654 0990  0.997

7 0438 0560 0982  0.993

9 0479 0598 0947  0.989

11 0.158 0450 0962  0.989
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Fig. 3 Bottom outflow rate curve and total outflow process curve for two rainfall intensities
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Fig. 4 Water storage process curve
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Tab. 6 Total rainfall reduction rate %
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Preliminary research on hydrodynamic process of sponge permeable pavement

LI Ting', SONG Xinshan', DING Xiangyi’, WANG Yuhui'

(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China;
2. China Institute of Water Resources and Hydropower, Beijing 100038, China )

Abstract: The rapid development of urbanization has led to a dramatic increase in the proportion of hardened
subsurface, which has had a significant impact on urban water generation and concentration, leading to urban
flooding, the urban heat island effect, and the rain island effect. The sponge city is a new type of rainwater
management measure. Permeable paving, as a multi-layer infiltration media system, is one of the LID technologies
commonly used in sponge city construction, which can effectively absorb rainwater, and achieve the urban water
cycle of regulation and storage.

To alleviate urban flooding and improve the infiltration, storage, and drainage performance of permeable paving,
a sponge permeable paving system filled with porous fibre wool was built as the paving substrate, and a Hydrus-1D
numerical simulation model was constructed based on indoor physical experiments to simulate rainfall. Under
different rainfall intensities and rainfall intervals, the flow production curves of the permeable pavers were obtained
through flow production tests and verified by simulation using Hydrus-1D software. The control characteristics of
the fibre wool permeable paving structure on the amount of rainfall runoff were analyzed, the one-dimensional
hydrodynamic process of the permeable paving structure was investigated, and the peak flow reduction effect and
outflow characteristics under different structural layer ratios were simulated using the numerical model.

The results showed that the Hydrus-1D numerical model can simulate the flow production process of sponge
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permeable paving well. The flow rate and total flow rate curves were well-fitted for intervals of 0 d,1 d, 3 d, 5 d, and
7 d. However, for the flow rate curve at 11 d intervals, the simulated curve was shifted to the right by a larger
amount than the measured curve. The model also fitted the storage process well for the rainfall phase, and the
simulated curve lagged behind the measured curve to a certain extent when the rainfall stopped. Fibre wool
permeable paving could effectively reduce the peak flow rate and had a good outflow delay performance, which had
a significant retarding effect on the drainage process. The lower the intensity of rainfall and the longer the interval
days, the more significant the effect showed. The maximum water storage performance of the permeable paving was
achieved at a rainfall interval of 3 days, and the best peak flow reduction was achieved at a rainfall interval of 9
days. At a rainfall interval of 9 days, the porous fibre wool layer to gravel layer ratio of 1 : 3 showed the best effect
in terms of smooth water circulation.

The experiments showed that sponge permeable paving had a more obvious water control effect at rainfall
intensities below heavy rainfall, effectively absorbing rainwater and reducing peak flows. However, the effect of
water control under extreme rainfall conditions such as very heavy rainstorms is limited. Sponge permeable
pavement flow production curve indicated that it had an obvious slowing effect on the drainage process while
reducing runoff, and cutting peak flow so that the drainage process flow remained stable. In practice, the sponge-
permeable pavement can reduce the impact on the urban sewage network during heavy rainfall and reduce the
pressure on the urban network. The experiments also provided data support for the establishment of numerical

simulation methods for urban subsurface runoff water control processes.

Key words: permeable pavement; porous fibre cotton; Hydrus-1D; simulation
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