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Abstract; With the development of sponge city construction, permeable brick is widely used.
Thus, the permeable bricks consisted of sandstone, cement and ceramic and two kinds of common pave-
ment surface structure (A and B) were selected as the object of this study. Permeable bricks and under-
lying surface structures were combined to build the physical models. Under the designed rainfall intensity
of 8, 16 and 25 mm/h respectively, the runoff, seepage and drainage processes and related indicators
were studied under different paving schemes. The results showed that the six paving schemes all demon-
strated excellent performance in reducing runoff and drainage. Among them, the ceramic permeable
bricks had the best performance in reducing runoff and infiltration of the rainwater, the underlying surface
B had stronger permeable drainage ability, and the combination of cement permeable bricks and underly-
ing surface A offered the best water retention.
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U AL BE AT, AME LT 0 BB R i R AR K 41,
1117 EL A B8-S 250 70 M DXCHEZK AN gy i H BBUK TR
AT AT A R AR KOANE . A, R /K Bl B4
T, S R K SR ARG B FE AR o X bk
(DR, e [l $ 11 1 Vg 2 iy A OB, v, 1B Kk
2R R 8 Sl T A T — R P R T B, X
FZK T2 bR AT B SRR

I s (ML) T 8 K PR B — b, ) iz
AT R/NX GE B FEbRap LS5 Al . FeEVFZ
BB K A0 BE B K RS T gt AT T
FE o ARAESE IR R 3 K Bk 1 7 R AR T
2 IRITC A R E DL b 7K it JBE 45 TR 2R 0 i K 1
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Blo L, A LI T B LAY 3 Fhod K G A4 R
2 Fof I g 2 4 R D I SR G, X B K B R A
TR A AN TR 2 5 T SR R AR IR L A B i R
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1 M5
1.1 st

TR UG 7 TEYI T 6 A B X 5 i AR S b 47, 3l
b Ja8 S P 2 XU, AR 2SR 22. 4 °C L [T
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Tab.1 Performance of pavement materials
MO e e it s | P e | e
VLG 3.8~4.7 C25-C35 0.035 =60 <3 —
K rE 3.0~4.0 C10 - C30 0.050 50 ~60 <3 59
Ve e hits 6.0~9.0 C30 - C50 0.300 40 ~50 TR AR

IR e HT 2 Tl IS ST 25, 449 Sy v 4 T A
HRHE B B TR 2 B AT TR R B 1 VR A
AARAIFR AL 2 BN B ZS A s 1 R, 4 5l
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Fig. 1  Structure diagram of underlying surfaces
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mm [ K FRA HFA FEY  0TE B 2 A E) BR A —
FE A 100 mm [ 4E B, 38 1 375 B SRR ] LSS T
ARG A SRR A K D EAR A
100 mm FHEAK A AT W2 i /K o, R 3R 1
UK I — iV RDKIRYE, TR ARR T
JEHK T, $2 JZ — NB1700 1 2242 7o 1 16 il e
T AU JEI 242 B 0. 8 mm JEE (19 0023 990 e} 5S4 2 DA
WE R B MK 23R iR K D . N TR
BFWRZ W SR T R 2 m, R
RFR3 mx3 m i KR 0.3 m*/h, SF
KIA]E 4 0. 875,
1.3 R H=*
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S o Rkt A P AN T TR TR 2 5 R RN R
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W 3 4l TP - 32 — G Wi A5 A, XoF 52 b e Wi 5t
JEEAT W, a0 7 5 22 U, g 2 A 5 ST T e
SR H RS R 0 3 IR E B AE N i
2
Mo AR R ] JZ - NB1700 M 2% 4% 3 A3 )
FE, BRRID 5 60 min PN SRR s N B FTK HHE
AR HE SR 2 B R A, R il Ik
3 60 YR ; FF 4R B 7K i [B] R0 3K B 5 KB 7K i 1 B[] F
TR R 5 Foe R8s i 3 D Ay W om0 B 1] 9% 7K 3 32 1Y)
WA 5 A2 TSR AR 19 2 (] — B () B P it 3w A2 1
AR (mL) 57K & (mL) B9 HUAE ; B K3R48 1
2 ) —Fsf (i) B3 P e 4 T AR 11478 8 /K & (mm) 5[
KL (mm) 5 FUAR; FRZKARFR Q B33 an T
Q =qFcos(tan”'s)t (1)
Horr, g S 52 R 58, mm/hg FOoR IR 56 Al 2R AT
L, m? 5 G R ¢ R R ], b
IR B K SPSS15. 0 #4740 3
R 5t
8 mm/h MR TARHIE T RASHEAKTL
7E 8 mm/h [ [ R O B AR, ARVl R 7 &
A ISR L3R 2
x2 8 mm/h R TARHERRNERIER

Tab.2 Runoff index of different schemes under 8 mm/h of

2
2.1

rain intensity

R WK Feit/ml WRER | HRENR
gig | ABY/mL | T e | R EU%
6889.6+ | 64.37 % 0.037 2+ 0.938 +
© 152.5" 4,54 0.002 6" 0.086™
7033.7+| 76.90 = 0.044 5 + 1.095 +
@ 76.3" 6.87a™ 0.004 0™ 0.107*
6860.7+ | 4.20=+ 0.002 4 + 0.102 =
® 152.5° 2.15% 0.001 2™ 0.012™
6774.3 = 1.70 = 0.001 0 = 0.025 =
@ 76.3" 1.70% 0.001 0™ 0.025™
6 889.6 = 0.00 = 0.000 0 = 0.000 =
© 28.8* 0.00™ 0.000 0™ 0.000™
6 889.6 = 0.00 = 0.000 0 + 0.000 =
© 76.3" 0.00" 0.000 0™ 0.000™
& AR NG R R WE K F=0.05 19
Duncan 7522 PR AT RIZEF4E, KG FHER R B
FE MK F =0.01 1) Duncan 7225 5 M40 A [R] 2%
T4, T,

2 ATAL, FROM@ OMOZ HHEA
FHES, FROMOM M RZFIEELE F =0.05
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J PR I 22 5 1T 6 52 S s I K PR R ) 2 i g 7= 24

DA B8 325 7K i Sl TR R A R WA
A MR, KU 3% /KA 2 T 77 A T AR B S i AR
(R AR B BM 0. 102% F10.025% ) . LATh 3
25 KAt Ry 2 THTER 26 A4 AL 7 DRI b A2 I
AR5 0. 037 2 F10. 044 5 mm, Hi F 42 5% R 508
FEAT 1% , 3 Z A1 JC i 35 22 5, 3K 30045030 1 g
M T 5 IR R AR A R . TR T R R
PRI YR T R B aie S5 N 7E 2014 4F X3
DX I AN ] - o ) 2SI 2545 05T b Bk AR B 251
ARSI RN R AR IR (3 ~4 mm) |, L
WA

I, ZERE IR R 8 mm/h (1, R 8 i
SER I 25 50 M R AR A 7 AR R R B Y
M), 24 S5 AT 114 b 86 428 0 7 394 8 R[] A 95 0 2 R
LR RIA o TEBLREM 20T, B fitis
Tl ST 7R A I Y M R AR, o AR
75 7Tk S B2 2 THT 114 7 58 X A% 7 ) 9 o A8 SR e U
A UL AT L, 3 R K% 76 8 mm/h AR 45144, 38
FEI ARG (17355 K D RE , JCIEHIWR T s A2

75 8 mm/h [ [ W 3 B 25 1R, R [l O &
(B HEKIE LR 3. AT, 7 R @M © 1) e K HE
KRR I 2 A 5 5 6T IR IE B HE K Y
], FEOMQZ A2 H A 8%, H 8 ER T HAL
Y15 R@ ~ @B TERE M5 1E ATk 2 K HE KRR,
BERFHMA; BRI ZOMOMHKE R E & T
TEOLIAN, HAKAMHKREF AR,

76 8 mm/h [ [ FR B8R BE T, R 40 B K R IR B
FEETBE AT RER R 3w b X AR R R AR R A
2, N B RESAE 5 S5 A At 1) E 4R 1B K R HE K T
RENE R AHEK R, H5 3G A A HEK & HE
KRZEFAN S B N EE B A3 K K M fE
WAL T T Ao HuER 3 Rl ke | 7K U8 % A B %
TEART= AR, HF S 15 K HEKE R FRCR
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Tab.3  Drainage index of different schemes under 8 mm/h of rain intensity
= S R s
FRED | 1 hHkRmm | PHRERS i min | SEURREE g
(mm * min"") [+ [E]/min
@ 3.193 £0.094" 0.106 £0. 003" 13.3+0.9° 36.3 +0.3" 40.12 +1.50"
@ 3.443 £0.088" 0.123 +0.004" 13.3 +0.3" 34.7 +1.4® 42.35 +1.33"
® 3.401 £0. 048" 0.118 +0.002" 9.3+0.9" 32.3+1.4" 42.89 +0.70"
@ 3.534 +0.083" 0.133 +0.001° 8.7+0.3" 27.7+1.2° 45.16 £1.56"
® 3.507 £0. 099" 0.119 +0.002" 8.0+0.6" 28.3 +0.3° 44.03 +1.23"
© 3.632 £0.049" 0.134 £0.001" 7.3+0.3" 28.0+0.6° 45.62 +1.02°
2.2 16 mw/h MBTARESEEFRMOBHKEL B, FHRIE B KT RORBLE AL E— R

18 16 mm/h {YREFT58R EE J5 AR, AN [ A 7 58
AR TSI W 4,
x4 16 mm/h MR T AR RNERIER
Tab.4  Runoff index of different schemes under 16 mm/h

of rain intensity

FE| MKE FELE/ | RN MR
g5 | F/mL mL RE/mm B %
© 13923.3+ [352.27+ | 0.407 + 2.528 +
86.5" 62.69° 0.072° 0.438°
) 13951.8+ [324.13+ | 0.375+ 2.325 ¢
179.9° 28.17® 0.033" 0.231*
® 13923.3+ |229.97+ | 0.266 = 1.654 +
229.2° 38.20" 0.044° 0.296"
@ 13951.9+ |230.30+ | 0.266 = 1.651 +
132.3° 32.29" 0.037" 0.230"
5 13923.3+ | 6.30+ 0.007 = 0.046 +
86.5" 6.62° 0.008° 0.049°
® 13894.7+ | 8.03 = 0.009 = 0.058 =
132.3" 2.45° 0.003° 0.018°

FIZR 4 T AR R B R AR 1Y) O 58 22 18] P
EROE AR R BB BFE S 16 NI A
ST ARG AR AR R R AR 2 0] 22 57 25, D
P RE T A4 L o i /L, IR YRR IR, VS A Y o

AR IK e RE YD RERE Z [ i 22 5 AN .35 (A —4
FR e , TEICRRERE 250 T, B Be 188 K A VS Bl B A e HT)
WA TE AR SR, BT A ey
SRR ] AR v T (kR SN AR o) (GB/
T 50378—2014) HHLE ) fie = S (70% ) , HAm A%
TR BT IE) (GB 50014—2006 ) L %E
MR £R G423 (0.6 ~ 0. 8) , HA RLAF 94T

15 16 mm/h RRERTSREE S PE T, AR A2 7 56
FBHEKIEOLINER S fis. WA, 7 RO
IR, 7 BRI 1 56% 5 )7 2 O HEK 7 i
FIRTHABT S FEM RSB PE TS, T 4m
B A HEKRCR S T MR A o fEMF T
G A AET  HEK R AR K SR 28 10 14 2 B K B &
fik > K Pekit > Y Hefite, H2E 5+ B3, 7 RO
BAJZEHRHR, T RO Z, “HERAREHY]
BT HAMT R, i RORE HBUR MK, IrE
@A R ARHKE R, T RO, “HERA
B, 58 mm/h FERT IR T ARl R HE
KR G R S, T B AR ERT
T A 4

%5 16 mm/h MR T AREHE A RMSHIKIER
Tab.5 Drainage index of different schemes under 16 mm/h of rain intensity
i | Unbkim | FOSREES ggin| SEEOSEE ) orsm
) 7.020 +0. 100" 0.376 0. 006" 7.0+1.0" 35.3£2.6° 43.61 +0.90"
@ 7.912 +0.344° 0.431 +0.005" 6.7 £0.6" 32.7 £0.6™ 49.03 +1.52°
) 7.627 £0.294° 0.397 £0.005" 9.2+0.6" 34.3 +0.6" 47.36 +1.24°
@ 8.656 +0.239" 0.425 +0.012* 6.7+0.6" 31.0 £1.0" 53.66 +1.87"
® 8.542 +0.137" 0.393 +0.009" 4.3£0.6° 33.3£1.5" 53.05 +0.52"
© 9.012 +0. 161" 0.412 +0.009° 3.7+0.6° 30.3 +1.5° 56.10 +1.54"
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AR L, 76 16 mm/h (R SR T, V36 K
Yeifs /KAt R B T /D s AR UL, T P 8 325 /K e R T
AT HE W AR, (] B 5 325 7K e e 8% 7 T Ja B
(] A T GHEK 18 B W T8 e 7 2 i 3 T FR K A2 1Y
[ ] DAL E R ZK B ) 38 AR SR, 2P R
X T ] AR B T REPE o 7K Ui K it H) el dak
(R BE K 3D T P s 32 K i 1T 45y b 3 b AR T Vb KR
KAt AB LT 1) T HE K 38 38 B A HE 7K 83 (14 B
[ 157 Ay e A, 8 B HC B 06 7 3% T 40 30 B 22 it v K
TR AP, 5 8 mm/h (K FETE SR AR 1L, 16
mm/h FERR5E BE T T S HEK P RE 1Y 22 5 5K
&, T B AR P B S ACHB K A K, 3]
AEJE 1 T HA M o8 2 Wl 7R &G+ LB
JEB R, AR T RZK AP T %, M T 04 s R
IKBETTBR K K ORAFTE TR B A8
2.3 25 mm/h SR TAREHEARWESHKET K

7 25 mm/h FREFSREE T , ARl % 7 2042
AR DL 6, RN, A [R] 63 2 A ) 36 T A 428
TR OL2E 5 02, AR AR B I R TR S R
MR B EERE < Ktk < Vb ek . FEAR R Ty,
T ZOMOZIAFAE % 22 5%, T 5 ORI R B
BEMTHREQ, ML= RmIRE AR

3 WHE bR, BIAAE T A < T B AYIE, i
TERIRBORBIZRME R, NI A 21 BRI ™
T T B 2. SRR, BT A A3 7 S 7E
W26 1F B ROt ) T AR e A AR R AR KL
PR T — BRI SR
F6 25 mm/h SR T AR RNFRRIERR
Tab.6 Runoff index of different schemes under 25 mm/h of

rain intensity

FE| WAKREE/ FER HIRAR IR R
e mL H/mL YR/ mm 2B %
D 21735.3+ | 653.6+ 0.459 + 3.010 =
303. 7" 39.8" 0.014" 0.222°
@ 21764.1+ | 716.4 + 0.545 + 3.292 +
180. 0" 45.0" 0.026" 0.211°
® 21533.5+ | 526.4+ 0.390 = 2.446 +
149. 8* 50. 4" 0.037° 0.251"
@ 21735.3+ | 535.8+ 0.397 = 2.465 +
217.6° 37.3" 0.028° 0.157"
5 21648.8+ | 379.3 = 0.281 = 1.752
49.9° 22.9° 0.017¢ 0.106°
® 21591.2+ | 397.2 + 0.294 + 1.840
132.1° 33.3° 0.025° 0.158°

7525 mm/h BYRE TSR EE 20T, A R4l 2R 5 58
B HEK GBI 7,

RT7 25 mm/h R TARGHE T RESHIKIER

Tab.7 Drainage index of different schemes under 25 mm/h of rain intensity

FEES | 1kt | SRR i | SEERREER s n
(mm * min~") [} [E]/ min
@ 14.34 £0.17° 0.675 +0.013° 4.7 +0.3" 27.7+1.2° 57.38 +0.69°
@ 15.43 +0. 13" 0.693 +0.010° 2.7+0.3% 26.7 £2.9® 61.73 £0.50"
® 17.44 0. 19* 0.701 +0. 020" 3.7+0.3"™ 26.0+2.6™ 69.76 +0.75"
@ 17.61 +0.08" 0.737 £0.010™ 4.7 £0.3" 23.7+0.6" 70.46 +0.31°
® 17.58 £0.25" 0.748 0. 007" 2.3+0.3" 26.7 £0.6™ 70.34 +0.99°
©® 17.64 +0.12" 0.771 +0.004" 2.3+0.3" 25.7+1.2" 70.57 +0. 46"

L TR ~ @Z EHEK R 2 5 A B it
B T ROMQ, b r RO HPK BB %5 T 05
FDo 1 h AHEAK S 5 SRR A IR A R Y
M. AT L, PR KSR BT, K YE i /K ik A K
BB K% W HEAR ROCRAL T U0 32 7K %, ELAH [+ Bl 2
FOBET AN #8000 9 7 58 B HE R PR BE 22 5 AN 3%
A B AL TR AR A 2. DLYD IR B
PR 5 SO HRK BEAUIN, R HORBL T N 3 i
fR 22 S 0 HEZK B A T B, T AR B ARk
TR N HIAT Y 25 S 0 B R HEZCGH R B R AN
F, NI B ALNE R TR AR A A5 K EE Y 22 5

XHERHE AR AR R 2, B it > K Jefk > Vb Xk
e , ARIR) T SR B0 T AR % 5 A P P 22 53 AN S
#o HOKRBG R AR I )5 1, 7 28 QO F1© HI I g
i, 0T ZOM@OAI el o 5 Z@TT R IR Y
] T B G T 1 7 5k 1 e A 7K 3R (s AR T 07 58
© , W HAZ 7K it A R 4R T o R A8 DR BE 2 1 7K
3, BIAR A A [ MR SE 22 1 1) HEK g o A
BERERE 25 0F T, 07 SR B A B i KK R,
I 2253 A K

3 #Zi

@  HRER 7 RTE 3 MR 25 N A
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KA A MRS R, R LRI 5, B % + TR
I B %) 2 7E 8 M1 16 mm/h FENSRE T ¥k
FEA B AR, 7E 25 mm/h RN SR T M RAR I R
BURT 2% , A HIEAE T R 5o 10 ) 58 5 P e 0 +
THE A YRR T R RN, 25 S OR W, IR
Sl R AR A AT U %o

@ 7E8 mm/h FEFNHEE T, M2 R BHE
IKPERE 22 FARE A5 R, AT B B HEK
PEREOE T A A, AR RHE B HEK M 6E
R P BTG > KRB KEE > VW IE KTk, 2257
REBZE. 1E16 mm/h FERGERE T, B HEK M G R I
2 BRIV A B ), 12 HEK M B8 23 50 2 Bk
T B > NV A B & B KR > KR IE KR >
WIE KL, 2 R B E . 78 25 mm/h [ W58 8
T HEK PR 322 R e AR HE K PERE RN
Ve g5 K iy > KR i 7K bt > Vo IEd K%, Forb B
FK V7 K ik 2 8] 22 57 AN 5 35 5 AN TR I 448 18 45 44 %)
B ZABHEKPERER AR 3

@ KBTI GG Lo P a8 K ik A A 75 1
AKPERE, T A M HE B B KB (HAR KM RE
U, B L T HEZK RGN 58 35 1 X, 1T DAAR
Pt R KRB KA + THI A AL G T L K
TR 7K B 22 1 A R 1 T R AT 2 e AR A1t v AR K )
A REME o
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