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Abstract; [ Objective | Flash floods are often exacerbated by factors such as flood diversion, sediment deposition, and debris

blocking bridge openings, Resultsing in significant uncertainty. Using a hydrologic-hydrodynamic model, the amplification effects
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of bridges under different levels of blockage on flash flood disasters was quantitatively assessed. [ Methods ] Taking the Zhaigang
River in Liannan County, Qingyuan City, Guangdong Province as an example, the China Flash Flood Hydrological Model
(CNFF-HMS) as hydrological model and the Integrated Flood Modeling System (IFMS) as hydrodynamic model were employed.
Parameter calibration and result validation of the hydrological and hydrodynamic models were conducted using 11 and 4 sets of
rainstorm flood data, respectively. Using the typical flood event on June 21, 2022, variations in water levels and inundation
extent at the bridge cross section were calculated under three conditions: unblocked, partially blocked, and fully blocked.
Contributing factors of water blockage caused by bridges were also analyzed. [ Results] The results showed that: (1) bridge
blockage caused a significant rise in upstream water level, with a 1. 5-meter increase in water level under the fully blocked
condition compared to the unblocked condition. (2) Bridge blockage led to a noticeable expansion in the inundation extent.
Specifically, the inundation area under the fully blocked condition was 0. 99 km” larger, or 1. 34 times larger than the unblocked
condition. (3) Bridge blockage reduced the bridge’ s conveyance capacity, with the flow area under the fully blocked condition
being only 38. 4% of that under the unblocked condition. [ Conclusion ] Bridge blockage has an amplification effect on flash flood
disasters. As the severity of bridge blockage increases, the bridge’ s conveyance capacity weakens, and the upstream water level
rises more noticeably. This significantly increases the risk of flooding and expands the inundation extent. In this study, the
amplification effect of the disaster has been quantitatively assessed, providing more precise and scientifically grounded support for
the early detection of flash flood disaster risks and for guiding evacuation and relocation efforts.

Keywords: flash flood disaster; quantitative assessment; hydrologic-hydrodynamic model; numerical simulation; rainstorm

flood ; bridge blockage; conveyance capacity
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Fig. 7 Hydrodynamic model simulation performance for the event on June 7, 2020
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Fig. 8 Hydrodynamic model simulation performance for the event on June 9, 2020
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Fig. 9 Hydrodynamic model simulation performance for the event on June 21, 2022
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Table 3  Simulation results of two-dimensional
hydrodynamic model
cmpe | PRGRC [ PRCK [ REDEL | A
- A/ m JKE/m /m R%E/ %
T3 FaRr K 1.50 1.67 0.17 11.30
DAL c3ii i Wk 0.45 0.53 0.08 17. 80
FE IR S 0. 80 0. 83 0.03 3.75

TRZE R 17. 8% F1 3. 75% . TFMS 5 FU A] A5 iy b A
FURFFE X PR B RE R Wi S BHKGE e (k4
S HER B K B

3 BrRMAKDM

RGBT A LR, AL 0 4 AR, Hr
AWK S) TR Z | BBV, SRR
%, BT HAERURMTFR TR, [R5 825t 4
PIMIAFAER 2 e B, R HTR % 4 1 D AR SR BELAK 52 i)
SRR, SR FKSOK 8 BRI 2022 4F 46 -
217 PR RIS R4 T 00 R Ik E

46

3.1 HESHEE

B 4 MR SR 0 SEA T HE R S 40 s,
PR 36.33 m, MRS H 3.35 m, fAAEMA
LRI R 0. 80 m (UATREE, HRARJE R 0. 80 m, Z%AFEE:
PRETCHA BRSO, BRI O ) AR TETATRAR LA
BEAL A K TS HE , ST AR B i T e i, I
123.90 m, HEFEEI N R, E N 36.33 m;
IR S Ak Ak A 7K T SRR T TR o Ay il
B A, BEE N 119,75 m, R T AR O
FESHR 2 A, B N 12310 m, TR 58 R A 42
KW AMIATERE, W8k 34.73 m, RBSHE
=k 4 fry,

F4 HRERSHEE

Table 4 Bridge model parameter settings

F 5 KT A3 &/ m Bimf/m | JEREE/m
1 HE(Hri) 36.33 133. 90 —
2 IR EICRED 34.73 123. 10 119.75
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