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Fig. 1 Overall distribution of the study area
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Table 1 Setting of various flow producing surface parameters

PRI AR E FWERN  EERRAK WEE/(om-hT') RBE/(mm-hh) HEAEK S2TRH
T8 % 0.001 5 WA BE 0.7 0.02
fe:si) 0.001 0 (ERE S 6FS 0.8 0.02
Lt 0.003 0 BT Bk 60 3 3 0.20

At 0.005 0 T T Bk 20 1 3 0.05
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Table 2 Statistics of the maximum water depth of waterlogging points in rainstorm on July 20

BT L SRR/ m BRI/ m FART R 22/ %
£/NDKAG T B 2.1 2.10 0
f/NX R 1.1 1.03 6.4
a /NX P I 0.5 0.56 12.0
/N R 138 0.5 0.49 2.0
o /NXZRTTE % 0.6 0.63 -5.0
k /NG5 0.9 0.88 2.2
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Fig.2 Distribution of roads near the north entrance
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Fig.8 Flood flow process in underground space
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Table 3 Summary of simulation results of different scenarios

- Wk it/ BT/ HEK A B S min HAHA TEERE/ (m - s7h)
mm (mm - h™") WF2 2 WF1Z It S it

1 710.1 201.9 15. 35—15. 42 15. 42—17. 07 92 23.89 16.72 1.07
2 435.6 30.6 17. 22—17. 34 17. 34—22. 03 281 17.56 — —
3 310.8 201.9 16. 33—16:; 39 16. 39—17. 49 76 21.59 15.32 —
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Fig. 11 Disaster- causing rainfall under different fields
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Table 5 3 h disaster-causing rainfall under different rainfall characteristics
R kA PR AT o FREA T/ mm BRI/
0~1h 1~2h 2~3h (mm+h!)
20160801 MIEALESEE, MEEAEILN 0.5 19.8 46.2 66.0 132 66
20180801 WA B S, WEREH R 0. 65 8.2 37.8 86.0 132 86
20161108 ML E SRS, WAL 0.8 4.3 21.7 105.0 131 105
20130606 A E R EEEE 0.5 15.5 67.0 51.5 134 67
20210720 553 WIEALE E T, ARSI 0. 65 25.9 87.0 21.1 134 87
20140619 A E R ME(EAELIE 0.8 21.6 107.0 5.4 134 107
20120827 FIWEALE ST, WEEMS 0.5 69.0 43.5 25.5 137 69
20170706 TN EAEET, WEHARELLA 0. 65 89.0 38.0 9.0 136 89
20180810 FIEA B AEET, ME(EAEILN 0.8 110.0 43.5 25.5 138 110

XU et K [ e 22 e SRR S SR B e o, S5 S BT B PUE(R R, 10 —E AT FEK A o0 T~
TEWTA [F] P& 90T Y BCR B IE . SBORIXT #4571 20160812 37k BEAKAE A AT R K A, JHE45 2R L3k
6, FfH BUESFLR LT, BORMGRZHET TR, S OIUESEYCT BT =S RN 112 mm/h, L6
EFEHT WBCKIRAUN 43 mm/h, BN ERTIOCH M T 25 B 529, “7 - 207 FF AN TS 7E /R 5 AR 7
T ARIZE L AR 1 2 T S TEDIR B0 B T 23 (6] 32 GARIE , ST By k5 2 B 2 A PG A e, o7 B AR R A
TS EEEF BB HEAROK

x6

FARELER THRGE

Table 6 Disaster-causing rain intensity under different warning levels

T A4 AT 7K 2/ mm FICHISR/ (mm - h™")
i3 50(12 h) 112
5} 50(6 h) 101
Lisa 50(3 h) 87
a 100(3 h) 43
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Simulation of the flood process in urban surface-underground
space under extreme rainfall -
GUO Yuan', WANG Luyao', CHEN Nengzhi®, JIN Juxiang’

(1. College of Water Resources and Civil Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Fujian Provincial
Investigation, Design & Research Institute of Water Conservancy & Hydropower, Co. Litd, Fuzhou 350000, China;
3. College of Civil Engineering, Fuzhou University, Fuzhou 350100, China)

Abstract; Urban waterlogging due to extreme precipitation presents an increasingly serious challenge. Pooling of
large volumes of surface water can result in flooding of underground spaces. However, there remains limited studies
on flooding of underground spaces through the application of hydrological and hydrodynamic models. This study exam-
ined flooding in an urban district of Zhengzhou City, China during an extreme rainstorm event on 20th July, 2021.
An integrated simulation model of regional surface and underground spaces was established based on InfoWorks Inte-
erated Catchment Model (ICM) software. The generalized reservoir and hydraulic connectivity methods were used to
simulate underground spaces. Factors contributing to the initiation and development of flooding of underground spaces
were analyzed. The results showed that underground waterlogging was less conducive to alleviation of surface water
ponding. The advantages of the generalized reservoir method were shown to be its relative simplicity and feasibility,
whereas that of the hydraulic connection method was its detailed representation of underground flooding. Both the cu-
mulative quantity of rainfall and rainfall intensity were shown to have important effects on underground inundation.
The results of this study can help to improve urban stormwater forecasting and warning systems, and provide a theoret-

ical basis for regional disaster prevention and reduction.

Key words: extreme rainfall; underground space; integrated surface- underground space simulation; urban water-

logging; disaster causing rainfall
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