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These cascading dams subject to external factors poses a
potential catastrophic consequence of dam-break
floods.The water in the upstream reservoir rushes
downstream, causing extensive damage to downstream
areas and even the potential failure of cascading
reservoirs. This study offers valuable scientific guidance
and technical support for disaster prevention and
mitigation strategies concerning cascading dam-break
floods.

Research background

Part 01   Cascading Dam Break Floods

Fig. 5(a) Two-stage cascading dam-breaks, Derna,  Libya, 
20000 deaths, 2023.9 (Marshall. Nature, 2023)

Fig. 5(b) 60-stage cascading dam-breaks, Henan,  China, 
200000 deaths, 1975.8 (Xu. 2013)

Fig. 5(c) 4-stage cascading dams downstream of Jinshajiang
River, China, all are top eight hydropower stations in the world



02 Experimental  Methods

The dam-break phenomenon was simulated in the
laboratory. The evolution of dam-break waves and their
interaction with structures under different inflow, initial
water depth ratio, bottom slope and steep overcurrent
structure conditions were studied. The equipments
required for the experiment diagram are as follows.

Fig.6 Experimental device.

Part 01   Cascading Dam Break Floods



02 Experimental Materials and Methods

The experiment of cascading dam-break floods will be
conducted in the laboratory. The evolution of dam-break
waves and their interaction with downstream structures
and dams under different inflow, initial water depth ratio,
bottom slope will be studied.

Fig.7 The schematic diagram.

Part 01   Cascading Dam Break Floods



03

Firstly, a shallow water model based on MUSCL-
Hancock Finite-volume method was developed to
conduct the study.

Research findings

Part 01   Cascading Dam Break Floods

Fig.8  3-stage Cascading Dam-break Floods Benchmark 
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where U is vector of conserved variables; F and G are flux
vectors in the x and y directions; Sb is bed slope source term
vector; Sf is friction source term vector; h is water depth; U
and V are depth-averaged velocity in the x and y directions; β
is the correction factor for the non-uniform vertical velocity
profile, which equals 1.016 when a seventh power law
velocity distribution is assumed (Liang et al. 2006); g is
gravity acceleration; θ is the slope angle of the bed; zb is the
bed elevation; n is Manning coefficient.



Fig.9 shows the comparisons of the impact pressures
calculated by the numerical model with and withoutt
considering the bed slope. It can be seen that the
calculated results of the two numerical models are
basically consistent, which are in good agreement with
the measured results.

Fig.9 Comparisons of the measured and calculated 
pressure history of 4 runs for S = 4°
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Fig. 10 shows that  for the same volume of water in the 
downstream reservoir, steeper bed slopes result in higher 
impact pressure and force, and earlier impact time.

Research findings

Fig.10 The impact pressure history of 4 gauge points and 
impact force history for different bed slopes.
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Because many parameters will affect the pressure at each
point, this paper comprehensively analyze the effects of
slope, dam spacing, water depth, etc., on the impact
pressure and force on the downstream dam .

It can be seen from Fig. 11 that three-stage dam-break
have larger pressure and force peaks than two-stage dam-
break, and the impact time of the former one is still later.

Fig.11 Comparisons of impact pressure of 4 gauge
points and impact force of two-stage and three-stage
dam-break for S =8°.

Research findings
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Discussion and Conclusion  
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01 Research background

Global warming and accelerated urbanization process
results in severe urban floods all over the world.The
grate inlet is a key element for the exchange of surface
water flow and underground drainage network flow in
urban floods.Quantifying the exchange discharge of
grate inlets plays an important role in the simulation of
urban floods and design of sustainable urban drainage
systems.

Part 02   Grate Inlets in Urban Floods

Fig.12  Urban floods (a)urban drainage of grate inlets; (b)flooding; (c) 
intrusion into subway.
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A rectangular channels with adjustable
horizontal and vertical slopes to simulate
the real road surface in urban areas.The
channel is 7 meters long, 2.33 meters
wide, and 0.15 meters deep. The right
side of the channel is equipped with
grate inlets and slots for experiments.

Experimental Materials and Methods

Part 02   Grate Inlets in Urban Floods

Fig.13 Experimental platform in Dalian University of Technology, China
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Due to many influencing parameters of discharge
coefficient, this work will comprehensively compare and
analyze all parameters, mainly using the above formula
to analyze the relation among discharge Q, discharge
coefficient m, and all remaining influencing parameters
Q/m, as shown in the figure on the right.

Research findings
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The following formula was used to calculate the 
discharge coefficient of the grate inlets:

Part 02   Grate Inlets in Urban Floods

Fig.14 The relationship among Q, m and Q/m.

(1)
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Based on the Buckingham's theorem of
dimensional analysis, the general
relationship between the discharge
coefficient of grate inlets and other
effective influencing parameters:

Research findings
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In this study, the discharge coefficients of parallel and 
vertical water grates were considered in the following 
nonlinear regression form:

Part 02   Grate Inlets in Urban Floods

(2)
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We can obtain 12 sets of discharge coefficient
calculation formulas for a series of parallel and
vertical grate inlets, but we only list 6 sets here.
Formulae for parallel grate inlets:

Research findings
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(4)
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The influencing parameters of the formula change 
from more to less, and R2 gradually decreases as 
well.
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Formulae for vertical grate inlets:
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Fig. 15 shows the comparisons
between the calculated values
and the measured values of each
group of formulas for the
calibration and validated runs.

Research findings

Part 02   Grate Inlets in Urban Floods

Fig.15 Comparisons between the calculated discharge coefficients 
and measured ones.
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We also conducted a detailed
study on the relationship between
the discharge coefficient and the
approaching Froude number of
six grate inlets. When the Froude
number increases, the discharge
coefficient decreases.The R2 of
parallel grates is greater than that
of vertical grates, indicating that
the discharge capacity of parallel
grate inlets is more closely
related to the Froude number.

Research findings

Part 02   Grate Inlets in Urban Floods

Fig.16 The relationship between the discharge coefficients and 
approaching Froude number.
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We use previously published experimental
data to verify that there is a clear power
function relationship between discharge
coefficient m and Fr, which is similar to the
research results in our paper. This further
indicates that the research results in this
paper have accuracy and generality.

Research findings

Part 02   Grate Inlets in Urban Floods

Fig.17 The relationship between the discharge coefficients and 
approaching Froude number for published experimental data 
(Cosco et al. 2020).
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A new urban flood experiment platform considering the sewer
network is being built, which is located in the Engineering
Hydraulics Laboratory of the School of Water Resources and
Architectural Engineering, Northwest A&F University.

(1)The top image shows the experimental urban road using a
rectangular channel with adjustable horizontal and longitudinal
slopes. The left side of the channel is equipped with grate inlets
and slots for experiments, and different geometric parameters of
grate inlets can be installed as needed.

(2)The below image is integrated platform with road surface and
underground sewer network, which can simulate the interaction
between surface water flow and sewer flow.

Part 03  Experimental and Numerical Progress of Exchange Flow Between Surface and Sewer

Fig.18 New experimental platform of urban floods 
considering sewer network. 



Currently, I am using the dual drainage model Iber-SWMM to study the exchange discharge of grate inlets by
implementing the formulae (20) in our paper (only considering Froude number and void rate) into the codes of
subroutine interchange_2D1D_inlets. Primary results have been obtained, showing good agreements between
experimental and calculated exchange discharges. Some limitation exists in this version due to the formulae
focusing on supercritical flow conditions. In the near future, we will obtain some other accurate formulae of
different grate inlets considering subcritical and supercritical flow, surcharging flow and vice versa. As well, we
expect to do some wash-off experiments on the new platform by rainfall simulator, to study the exchange of
sediment and pollutants.

Part 03  Experimental and Numerical Progress of Exchange Flow Between Surface and Sewer
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