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Abstract: Permeable pavement is an important measure for sponge cities, which can reduce urban surface
runoff and peak runoff. To clarify the comprehensive control effect of typical permeable pavement structures
on rain runoff in China’ s urban roads, 3 typical structures of permeable pavements ( surface drainage, base
course storage and drainage, and fully permeable) are summarized and recommended by collecting an atlas of
permeable pavement structures in typical areas of sponge cities in China. On this basis, selecting a 2-way 2-
lane road in Xi’ an as the research object, the design parameters of stormwater intensity are determined, a
stormwater management model ( SWMM ) is established, and the reduction effects of the 3 permeable
pavement structures on the total runoff depth, runoff peak flow, peak time, runoff coefficient, runoff time,
and runoff duration under different rainfall recurrence periods are simulated and analyzed. The result shows
that (1) the rainfall recurrence period, permeable layer structure combination and permeable layer thickness

are the main factors affecting the reduction of runoff from the permeable pavement; (2) the surface drainage
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structure pavement could reduce the total runoff depth and runoff coefficient by more than 14% , and delay the

runoff time and runoff duration by more than 40 min; (3) under the same recurrence period, the permeable

cement concrete surface pavement structure with the asphalt layer has the greatest effect on the reduction of

various runoff indicators; (4) base course storage and drainage pavement structure produces surface runoff

only for a recurrence period of 50 years; (5) fully permeable pavement structure does not produce runoff for

all rainfall recurrence periods. Finally, based on the SWMM simulation result, a range of runoff coefficients

is recommended for typical permeable pavement structures, which can provide technical support for the design

and implementation of permeable pavements in sponge cities.
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Fig. 1 Road cross-section in study area (unit; cm)
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Tab.1 Value ranges of hydrological parameters

S8 Fiens]
BB K IR/ mm 27
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TCHEH B KA | 43 L/ % 0~100
KB B/ (mm - h) 25~254
F/NBEH%E/ (mm - h™h) 0.25~120. 4
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Fig.2 Rainfall simulation result
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Tab.2 Simulation parameters of surface drainage permeable pavement
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Fig.3 Surface drainage permeable pavement structure
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Tab.3 Simulation parameters of permeable pavement

LID &%k BPAP- | BPAP-1I BPCC- [ BPCC-PA- [ BPCC-T BPCC-PA-1I
E KR/ mm 2 1.5 1.5 1.5 2 2
EE KEHRE 0.1 0.13 0.1 0.13 0.1 0.1
LB /% 1.5 1.5 1.5 1.5 1.5 1.5
B UL: 40 SL. 80 FL: 40 <L %0 FL; 40, UL: 40
5 mm 5L SL:
M LL: 60 SL: 80 SL: 80 LL: 60
B R UL: 0.25 FL. 0.25 FL: 0.25 UL: 0.25
A FLBR L SL: 0.3 SL: 0.3
LL: 0.27 SL: 0.30 SL: 0.30 LL: 0.27
BIBEK/ (mm-h') 3736 60 104 3736 60 104 3736 3736
220~340 220~340
JELBF/mm 300~ 800 220~ 340 220~ 340 150~ 600
KR 150 150
LB 0.28 0.33 0.33 0.33, 0.28 0.33, 0.28 0.28
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Fig. 4 Base course storage and drainage permeable pavement structure
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Tab.4 Simulation parameters of full permeable pavement

LID &%k FPAP FPCC FPCC-PA
KR/ mm 1.5 2 2
B FI RS RE 0.13 0.1 0.1
FIH YL % 1.5 1.5 1.5
JELE/mm SL: 80 FL: 40 UL; 80 UL: 40, LL; 60
BHKZE LB SL: 0.3 FL: 0.25 UL; 0.30 UL; 0.25, LL; 0.27
BHEZRE/ (mm - hh) 60 104 3736 3736
JE B/ mm 220~340, 150 220~340, 150 150~ 600
k2 LB 0.33, 0.28 0.33,0.28 0.28

BB R 100 100 0
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Tab.5 Reduction rate of runoff coefficient for different

permeable pavement structures (unit: %)

R R I/ a

FeAl 1 2 5 10 20 50
XJHREH 0 0 0 0 0 0
SPAP- [ 46.7 32.1 23.6 19.6 16.9  14.1
SPCC 96.3 69.7 51,2 42,6 36.5  30.7
SPAP-T  100.0 80.3 59.0  49.1 42.0 353
SPCC-AP  100.0  100.0 74.8 62.2 53.3  44.8
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Fig. 6 Result of different surface drainage type permeable pavement structures on runoff reduction
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Tab. 6 Simulation result of BPAP-I on runoff reduction

with different subgrade thicknesses

BRI ARwiE VRS RS PUUREE AR

e E S|
PSS eEE/m {H/CFS Z/min Z/min K/min REK
BT 60.24  6.22 49 1 120 0.976
15 6.9 0.51 80 79 42 0.112
BPAP-T 6 471 0.36 89 88 33 0.076
RN 17 252 0.26 101 100 21 0.041
45$4/cm ' ' ’
18 0.33  0.17 119 118 3 0.005

i 5 7 BB AH He, BPAP-T A2 I 28 B50H) I 38 ik
89%L) L, JEPRIEHEE A HE K I BPAP-1 (17 J= 2
NIBEIKIZ, PRAIE T BRI R IR, (15 g
% Je PRl , RIEAE P=1~20 a i BPAP-1 fig
o8 WICNK o TIfE P=50 a If, 15 em [ K EE
JZEJREBE TG 1l AN AR AR AL Y 2R, A b s
TS — 05 375 7K 2 J2 JE JEE A RE A8 DRAIE R 7K BE A8 i %
I SCHEE

BEsk, BPAP-IL fy F 3 J2 TR 2 7 i3 K=,
BISH)IE K 2 AR I AR 4. BPCC BiE R H
R, WOBKIEZEE T BRAA 1S em Wi R A= A48
MHYESR o T BPCC-AP Fe B A Mg i s, ik
KIEZJELRE T BRAEL 1S em Wil A P AEAR T A 23K
2.3 £EXHKFHRNRREIRR

SWMM FLUL 45 5 R W] 2 R P=1~50 a
WA . SRR HEOK BB KA T, 4
BRI IR Z A TR R A B B (BER
B=1x10"" em/s) , & AGHEEEH A KT L3
EEAFRHEK RS AN, @ R A e
UK, DRI T KA 5 DR B o A Y 2
XEEMZAME T, HBMA KT 50 a, 2 B4R
NS RRRARL
2.4 #il

_E3d SWMM BREADLZE R 2 W 328 7 A 3 0 Dl /M T
WERNRR AR, AN A WA, H AT,
e [ T 2 T Mt DXAS R B e R T 2 22 L (3 oMK
BOTHTE)  (GBS50014—2016) RHREE TAR I A £k
e BUE TR R, IREE . T I AR AR
W 0.85~0.95, B A7 Bl ) Bl 26wl 101 5 2 1T 4% ol
MR A iR AR TR AR KON 0.55~0. 65, Z LR A1 %<
AR R B8 0.40~0.50, SR, X T2 Ff 1 1Y
BKERE, JUHRRZHKELE KW, etz A
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Tab.7 Runoff coefficients of typical permeable pavement

structures
B GRL (eS¢
SPAP- | 0.5~0.8
SPAP-1I 0.35~0. 65
FJZHEK B K i pec 020,45
SPCC-PA
B Z KB K i — <0.15
LB KA — 0
3 #it

AMFFEBE PG 2 17— 25 A ) A GE A %, R
SWMM AFAS 7] 3 R 2 390100 AN [7) 325 7K 24 45 g
L RAR TSR, AT 458 .
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