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Fig. 1

The sketch map of Meixi River catchment and location of each bridge of urban area in Honglai Town
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Tab.1 Parameters of bridges

AR BEEEARRLAED/m HK/m HSE/m  FEE BEOBIR  BGE/m /AR BRRR S K I A QBB £y )
M, 90 30 8 1 B 10.0 2.0 90°
M, 400 33 9 2 354 7.0 1.3 60°
M; 540 25 12 2 5] 1 7.6 1.3 75°
M, 1100 20 9 1 Y 6.0 1.5 65°
Ms 1780 20 8 HE 90°
Ms 2 025 22 9 2 354 4.7 1.5 90°
My 2 650 17 10 1 L3I 4.1 75°
M 3 240 19 6 e 90°

KA LAgFR o T77



194 &40 wAGHE 5 AMFHCPED) 2021 £ 8 A

B2 2016“R=F"aRFHREHEBXRKXERKR
(B4 B3kl 19])
Fig. 2 Map of maximum inundation depth in Honglai Town during

Typhoon "Meranti" during 2016 (The map is adapt from reference [197)
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Fig. 3 3D model of bridges and river channel by equal proportion (only three different bridges are shown as examples)
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Fig. 4 Computational scale and mesh generation in FLOW3D and local 3D model at downstream outlet
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Tab.2 Boundary conditions of upstream discharge and

downstream water level in each return period

I /a 5 10 20 50 100
3 V2 9% B
LURRRR/ 189 271 . A326 \ 379 445
(md s 1)
e {975 Eb
L”,JHE%I B/, 213 264 314 380
(mé » s 1)
Tk /m 28.39 26,76 29.06 29.32  29.77
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Tab. 3 Results of simulated water level verification using three retturn-period scenarios

I /a
. -
s fir Egﬁf - mn - ZO‘A - JOL
KA IR AL A%t TRAL IR AL A%t KA KA #ax}

BUME/m  PORME/m  R25/m  BME/m BORME/m  #R2E/m BUE/m BPEEME/m  #R2E/m
M, Fii 10 m 80 28. 820 28.78 0. 04 29. 24 29. 08 0.16 29. 39 29. 34 0. 05
M, |ii# 130 m 220 28. 820 29. 00 —0.18 29. 34 29. 30 0. 04 29. 70 29.56 0.14
M, Fiff 30 m 370 28. 940 29.03 —0, 09 29. 34 29. 44 —0.10 29. 67 29.70  —0.03
M; Fii# 20 m 520 29. 080 29. 14 —0.06 29. 63 29.53 0.10 29. 84 29. 79 0. 05
M, Fi#7 15 m 1180 29. 350, 29.81 0. 05 29. 64 29. 61 0.03 29. 92 29. 87 0. 05
M; Fii# 120 m 1 660 29. 650 29749 0.16 29. 80 29. 79 0.01 30. 21 30. 05 0.17
M; Fiff 40 m 2 065 29,810 29. 62 0.19 30.13 29. 92 0.11 30. 28 30.18 0.10
M; Fi# 30 m 2 680 29,580 29. 60 0. 02 29.76 29. 92 —0.16 30. 25 30.18 0. 07
Mg [+ 100 m 3 340 29.718 29. 87 —0.15 30. 29 30. 26 0. 04 30. 45 30.52  —0.07
YR P/ m 0. 02 0.05 0. 04
Nash 2%k 0. 83 0. 77 0. 81
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Fig. 5 Backwater of each bridge in different return periods
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Fig. 6 Contribution of bridge backwater to maximum inundation

water depth in floodplain in different return periods
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Tab.4 Comparison of simulation average velocity and

calculation velocity in different return periods

g AR IR FIW/a
gy V e FIAR DS 1
M Wk Vim/(m/s™ 1) 5 10 20 50 100

y Ve 3.86 4.08 4.29 4.38 4.46
! Vim .93 3.11 3.52 3.62 3.59
“ Ve 3.89 4.17 4.31 4.39 4.44
: Vim 276 3.92 4.32 4.94 5.16
y Vel 3.50 3.68 3.82 3.97 4.12
: Vim L71 196 2.13 2.58 2.82
M Vel 3.95 4.18 4.20 4.24 4.27
! Ve 3.20 3.80 400 4.30 4. 80
y Vel 3.81 4.03 4.24 4.32 4.34
’ Viim 3.13 4.05 4.15 4.89 5.73
y Vel 3,94 4.11 4.20 4.26 4.35
¥ Vim 3.87 4.28 4.60 5.01 5.54
" Vel 3.59 3.70 3.80 4.07 4.23
‘ Vi 3.54 5.07 5.33 6.35 7.69
" Ve 3.84 4.11 418 4.24 4.35
¢ Vi 3.32 3.85 4.16 4.55 5.54
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Fig. 7 Bridge water level increment with bridge hole clogging
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Fig. 8 The water level distribution about 50 m in front of

the bridge corresponding to the clogging M7 for each scenario
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Numerical simulation of Meixi River bridge backwater based on
3D.hydrodynamic model FLOW3D in Honglai Town
JIANG Weiwei' , YU Jingshan' ,CHEN Yinsheng® , LIU Yanmin', JIANG Qi'
(1. Beijing Key Laboratory of Urban Water Circulation and Sponge City Technology .College of Water Sciences ,
Beijing Normal University ,Beijing 100875, China; 2. Quanzhou Channel Levee Management Bureau of
Jinjiang River ,Quanzhou 362000, China)
Abstract: The calculation of bridge backwater of piers played an important role in both the riverbanks and the floodplain. Previ-
ous studies showed that the bridge backwater of piers could not be ignored. However, in the simulation of floodplain inundation
caused by river overbank, the influence of bridge was not considered in river flood simulation. Bridge hole clogging is a common
phenomenon in narrow rivers of mountainous areas, it is, therefore, necessary to study the influence of bridge hole clogging. For
this reason, the contribution of bridge backwater of piers and bridge clogging to flooding is explored, which provides the founda-
tion for the actual bridge maintenance and protection and floodplain disaster reduction.

A catastrophic flood took place in the Honglai Town of the downriver reaches of the Meixi River catchment during the
typhoon "Meranti" in 2016. As a result, the inundation depth of the floodplain around the Meixi River was nearly 3 m. The
typhoon "Meranti" caused a total of 6. 881 billion direct losses according to statistics from the government. The bridge backwa-
ter of piers may play an important role in the flooding during the typhoon "Meranti". Therefore, eight bridges along the Meixi
River in Honglai Town were selected. To relatively veritably reflect the different shapes and structures of bridges and riverbeds,

a refined three-dimensional model was built by three-dimensional hydrodynamic software (FLOW3D). According to the meas-
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urement result by unmanned aerial vehicle oblique photography, the surface data was obtained with 1 meter DEM resolution in
the Honglai Town. After that, the river channel and adjacent floodplain three-dimension models were generated. In addition, as-
sociated with field investigation of each bridge, the refined three-dimensional model of each bridge was also depicted in equal
proportion by FLOW3D,

The model calculated the river water level changes and the backwater of piers of each bridge in five return periods. The
observed water level data of different locations along the Meixi River was used to validate the FLOW3D model in 10-year, 20~
year,and 50-year return periods. The maximum relative error between the simulated value and the data value is 0. 19 meters in a
single point. The simulated value using the average water level of each cross-section might be one of the reasons for explaining
the error. As a whole,most of the simulated water level values were larger than the observed data values. In addition, it was ver-
ified that the absolute errors of the abovementioned three return periods are less than 0. 1 meters. The average absolute errors of
the 10-year, 20-year,and 50-year return period were 0. 02 meter,0. 05 meter and 0. 04 meter, respectively. The Nash coefficients
were 0. 83,0. 77,and 0. 81 respectively, which indicated that the simulated values fit the observed data well. Based on the veri-
fied FLOW3D model, the backwater of piers for each bridge in different return periods were calculated.”The influence of bridge
hole clogging degree was also simulated. The results show that most of the upstream bridge’s backwater values were greater
than the downstream bridges. Among them, the backwater of bridge number seven had the greatest impact. The river water will
overflow to the floodplain near the bridge when the return periods larger than 10 year since its‘obstruction effect can even reach
to 47% in channel cross-section. When the return period was more than 20-year, its contribution to the floodplain’s maximum
inundation depth was more than 15% in front of the bridge number seven. In almost all return periods, the average velocity un-
der bridge number seven was greater than the calculated critical velocity, whichimay cause scouring of the riverbank. The
increasing proportion of the bridge hole clogging degree was linear with the increase of water level in front of the bridge. Com-
pared with the situation without clogging, the contribution ratio with 20%clogging to the floodplain maximum inundation depth
in front of the bridge will increase 21%. The average water level in front of bridge number seven with 20% clogging in 50-year
was larger than that in 100-year without clogging.

The variations of backwater of piers in front of each bridge ‘along the Meixi River were calculated and the inundation
contribution of each bridge to its adjacent floodplain was revealed. The flow simulated velocity and calculated velocity under
each bridge were compared for all five return periods.and all bridges can be used to simply estimate flood scouring to the ri-
verbank. The effect of bridge hole clogging on upstream water level rising was determined. It is implied that reducing the ob-
struction in channel cross-section will have a relatively significant effect on decreasing adjacent floodplain inundation extent.
It is suggested that removing the retaining ‘part of piers extending into the river channel of bridge number seven. If no corre-
sponding measures can be taken, monitoring -equipment should be installed at bridge number seven to prevent the bridge
from clogging. The abovementioned findings can provide important references for flood control, disaster reduction, and
bridge safety.

Key words: bridge backwatet; ELOW3D model ; mountainous river;bridge clogging; regional flood control
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