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Abstract To simulate the influences of road surface runoff and drainage system overflow on road waterlogging,
2D surface runoff model is adopted for road catchment areas, 1D model is adopted for other catchment areas and
underground pipe networks, and then a 1D and 2D coupling waterlogging model is developed based on PCSWMM.
A quantitative source analysis method for road waterlogging is also proposed, which takes the contribution ratio of
surface runoff from local road or overflow from drainage system to road waterlogging water as the indexes. After
calibration and validation based on the measured water level in the manholes and the measured waterlogging depth
on the road, the model is used to simulate the road waterlogging in a drainage area of Nanshan District of Shenzhen
City under designed storm events. The results indicate that there are four main road waterlogging points (A, B, C,
D) in the study area; overflow occurs on two points (A, D) under the storm event with a return period of 5 years,
the overflow volume accounts for 24% and 61% of the total volume of waterlogging water respectively; while
overflow occurs on three points (A, C, D) under the storm event with a return period of 50 years, the overflow
volume accounts for 49%, 62%, and 73% of the total volume of waterlogging water, respectively; and the
contribution of the overflow volume from manholes to the total waterlogging volume increases as the storm
intensity increases. The dynamic change of road waterlogging is comprehensively affected by many factors such as
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the sources of waterlogging water, downstream blockage, local terrain and so on. For the waterlogging points

where overflow volume accounts for a large amount of waterlogging water, it is recommended to improve the

drainage capacity of the drainage system and promote the sponge city construction in the upstream catchment; for

the waterlogging points where the local road surface runoff volume accounts for a relatively large amount of

waterlogging water, it is recommended to promote the sponge city construction in the local area, and properly

modify the local terrain or increase pump stations for drainage.

Key words road waterlogging; PCSWMM; 1D and 2D coupling; urban flooding; source analysis

FEIR T AL IERE rp, R 22 3T s B ™ E Y
PN ), HL rp o SRR () N P, 2 T 3
3 I AR 0 T AR R A S o 3T T R OR TR
F BT AR G T K FHE A A A I R . AR
MK 25 R R e . WK O HEZK BE 7 A0 g ifg
BBEEENEREAAL, ki i £ 2 559 MHK EE
J1R b BE K DX P A O o M 4R I I BRK
AR, AT LAA 43 B BRI R R R IE BT P 7 £ AR
AR

39T W AR AT R R E BT, R
H BRI A SWMM, MIKE-Urban, Info Work CS
I MOUSE!MAE [ N 42 35 | FH 3k 26 450 7 Xof 3 Tl
FRUBE A PN B st 2 A ARV TP B T R A i 9>,
o 38T TE AR K B AREAE R PR R N 5 AR
(A EE o T 2 o A O A 2 ST R A 3 T 8t AR A
A, FFEAC RIS T A BUK AR . gk a A )
L5 RS B2 DEM A, 0 408 1 5 ARUK I B i R
IR BE FEAT AR . Starita 255 i S SR G
R FRRIRY, ASTAUL U KON B A 2 A A A A 1A [ )
K . R, A MR — A X HEK R4
T 95 A Hb T [ b AR I T I RRUK B 2 ), B
Z BRI B ARK R T Y Ak AT

SRy PR AU %+ e AR O AN HE ZK 2R G i U X T S AR
IR FEMR, AW 5T X T8 FEIC 7K XCR FH b 36 — ZEASTAY,
Xof AT K DX 7 P SR P — AR, A e
T PCSWMM (1 — 4 & i Al . B T RO
SZEIL, Ha DA Bl T K RIS 2 T i T X ALK
DUHR E AR T8 B i) T8 I FROK B R B A e BT T v, OF
DA R Ll DX HE K B X 1, RIS e 0 3 B R
KB RLIA

1 ARF=E
1.1 FRXE

RIS AR W PR S I Rk T, 248
VIR o 1944 mm, 4—9 J AR T & 5 2 4F 84%
DL b, TR & o AR S0k B F 5% IX SR (& 1)

e XA 3 AN HEK R X, 1 FARE HEK R G B
U W A . WFSE X b A S R A, 5
Bk 269 hm?, Horp g5 M Y 72%, 3222 4 Hb
RN B M . R A Tl s, I
FHRFFIZCE ot o Bl 80T P76 B T RE A
K, X N B DU AR A BT SR, {0 i X AT
FETEWN BT RS, H BRI E B ok )m
TS P95 114 ) 0 S A 2 4 1 AR ) 4 A
B FELK B A

1.2 B B FR K AR B

1.2.1 PCSWMM #& &

PCSWMM Sz F Jiil 52 K 7K 773+ 5 1 58 Fif (Com-
putational Hydraulics International, CHI)JT % [ LA
SWMM W AZ.Cr 38 T I bR, SR FH—ZE(1D) b T
HK R4 5 e D) R HK RGER G 19 3HEK 7
gi. o, R HEK R Ge AR Ge i3k HE KA R
g5, iR HEK 2R G0 i i R A BT 22 (8] (Y R
BORMBUKE R s R . M R HEK RS —
YT RN FHE K 28 G0 0 4 s AL 10 ek
B E D BRI ) TR T
B AT O
1.2.2 —#HEK RGEHEL

HEZK G2 0 HE Ak B 45 X6 45 09 2 5 0 Tl 3 114
b SWMM 17K 77 %2 2 AL 16 45 Be fn iy s #h, 5
SR EAE WA A K T4, BN SR
KR FIRKE . B TABRNHK RS A —1
He Ok AIE, LA S8 EAT AL .l TR
3 TIT M DX B b AR, I LA R b DX R B T
WAL . N HEK R G AL T 4k 486 4> (K
), BIEE R 476 1
1.2.3 Z#HEK RGEHRL

Y AR S0 R B R E B RUK, BT LA A2
ArcGIS $E B W5 X N 38 30 TR . SRR
MRS AL G 7S IATE . ). [ IS FTE TR 4 RS
T I8 I B — MR FH A ) A, S T T A i T
B BUKIE O, BALR HSTE MAE . it

717



QR R EM(ARPIER) 578 4 202147 H

FRAE DEM A B, $RHOKS B2 el RS S R A e, B~ 1)
& B Ay A — A R A S, R R R M
A, AR U A I IR . R T Y
i A8 It 49601~

AHABAS A I 22 (R R R 30 m A W R A,
b % W] 2 SR ABEAULRH 408 b 2% IO A% B0 22 W] K A U B,
WIS 1Y 5 FE AR AR bR BT T AR E . i TSR
DA AR TR DI, BT DAk TR ER AL 1 3% 2 07 20k
TS R HOK R GG . I E TR
1129184,
124 CAKRBHU R ——HERNBE

SR AU 5% b e AR U A HE 7K R G Y Y %o T I AR

AVAQVA el A
It Ao |
A

Ty

4885 688UNNENNNINYIN

400 m
[

& 2

718

o WLHN A
©  BUKMNIA
[ RS
[ itssshi

HRXE
Study area

TR FEMA, XTSRS Y 0 AL R e o B0 K X 43
/XA K X (1D) FIE B K X (2D . /N XL
IRIX B K B HE A —ZEHEK R0, T8 K XK
B B HEK R, TEA I B FUK SE A
MR K R, R FEE AT —4EHEK R
Gt o BRI K X5 AT LS G 6o S 3 N B AT
B AS T

AN K AR A ) | T B A X, R A 3
Yo R R AT IR AR 43 o ARPRAE Y A, SRS
T2 NIE 0 I 50 5 KA KX 153 4~ (] 2) . /MK
TR X A3 B S~ 33 B, HCHE AR iR TR YK 55 4
VAT B HEZK B8 ki o ] 3 8 T K X 1817 4

= Lo

« 2DV

o IDWHE
— 2D&iE
= ID%HE
[ IDYC/AKIX
[ 2DJC AKX

LR &5

Fig. 2 Division of subcatchment



B — TR N B A AR 1 30 T S AU R AL A BT

B T UK X (2D) R F S 8 MAs AT 4y, 5
PCSWMM iy i & HEZK R 42 2D A% K/ TR, I
i 2 B B K XA HE O 4505, BRI K
Seit AR e WIS, AR MUY AT MK, AR5
AL A —GEHEK R G . AR SCHAETE [ A% Hh 5
JEBUK I 4 sh, /NKAL K XA I 7K B 3 A —
HeHK R 5

i it ArcGIS Mib#% FR 3 T B, IFEIL KX
HI3E B o A I K X T AR T BE AR B, 45 3]
FICK X IC I 9 B o 3T ArcGIS A1t 44> FIL
AKX H 5 i [ T R T A AT ) FAS 18 385 156 1 (32
B S SN T Y b, DTSRI K XY
ANBBER,
1.3 RKIEIRERIEE

ARSCHRYEFRUK A AR . URBE RN LAY 1] 3 448
B R4 M i B BUKRRIE . BUK HETFFE bR M K IR KT
S B AR B ABUK T R o AR A AR Y K X TE AR B
1], BRK R BE R BUK S0 e KRB, BUK B[] R 7K
TR T 5% 130 L R R 2 B4 et (1] o

BUKM E 2R A S WHKEE AR . I A
K XRBIE R @55 . N T A a B3k i oy 87
BB, AR SCHR Y P B e B KOR TR A o 1 4 B 7
Bio MAEREAFE, 71K N BT S BUK M —
J5 N PR b T 67K AS e R s HE = AR i RRK, 52
FUK SR EB Y | I T 12 3 M TN /K T HEZK 58 ) 55
PRI, 55— 28 R PR TR /K ok 22 1 DA i 4 T
A i AR B BUK, 32 EIERIE K X @ HE2K 5 D
K AEPIHE K BE T 85 IR B2 . 5 0 i ™ A, 136
FUK &R FARMBUK, & G =4, v LR
s 74 b, T BT A RIS e i T 0T RR K 8 TR L A7) >k

ENWMAE

5.0
4.5

@ ‘
(2018/6/8)

T T T T T
o N A DO

% & /mm

1.0+

03:00  05:00 07:00 09:00 11:00 13:00
i %1

Sy MARRUK EZE A

FRAE PN 5 A B BB A 45 SR, i — B BTN TR ok
PRAUK B & B 1) a8 b 3 — 2 RS 8 BUK T R
AR IO P % B A5 380 b R UK S 2) — 4457 I
2 T Sl AL B, KL I s R R
ARy, ATAS R AL O Bk, B iE KRS0 I,
Wi =K, oK E <0 B, R I =05 3) ¥
FEUK B 25 s T 7K B, 9 21 A i f VT K BT ik 1)
K,

1.4 #=BIEF

AR SCPAAGE A S A i 2 A0 A0 R AR R R
AT EA TR TR (19 53 S R IE

G2 AT WA A7k el B 5 VAR B S S
F(E 1), H4E20184F 6 A 5 H (K 4 27.5 mm,
Py it 3.5 /e A1 6 H 8 H (B Wi &4 57.6 mm, [y i}
8.5 /INHSF ) 4 47 ok W 1 S5 100 e R s, ol X
B AT S B0R 2 FUERAIE, %R 8 NS R 500 51
0.95 F10.91 (I 3(a)F1(b)).

FEIK W I o557 7 P L DX T % P 1L o 85 0 4
EP CPY T HFTAY IE 9 B (D)o FRATIE NI 4 37
W, A6 A 8 HMS A 7 H K WM BIEMARE, 8
H 20 HA19 H 16 H Y Wa AL A5 e ik . 45 SR =,
B W 25 AR W& (& 1),
1.5 %t &

BT BTS2 ORI 2 M A =
HREER) (2015 W), RATEREBR F7Z 0 2
JNEF F B AT R N L AR A, R R DT B 3 /A
i[RI IR A 14040, MW & r=0.4, 3583 E B
W45, 20, 50 F1 100 4F Y R TR 3 72

e
2.8 W (mﬁﬂ%ﬁ i
261 (2018/6/5) 2

24 F4

£52] i

gzm [ e GE

i 1.8 BUE| s o

# 6l - a2

b r108
1.4
1.2] F12
1.0 14

8

0. T T T T T -
07:56 08:37 09:18 09:59 10:40 11:21 12:02
B 21

B3 SRS R AL

Fig.3 Comparison between measured and calculated water level in manhole model calibration and model validation
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Fig. 4 Road Waterlogging under different return period of storm events
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Fig. 5 Variation of urban road waterlogging under storm with 50-year return period
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