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ABSTRACT
Laboratory experiments were conducted on the breaching of homogeneous non-cohesive sandy fluvial dikes induced by flow overtopping. Tests were
conducted using a main channel, an erodible lateral dike and a floodplain. The main channel width and Froude number prior to overtopping were
systematically varied. Breach discharge was deduced from water level measurements and mass conservation. High-resolution 3D reconstructions of
the evolving breach geometry were obtained using a non-intrusive laser profilometry technique. The main channel width and Froude number show
significant influence on the breach expansion and hydrograph. Breach hydrographs are divided into three types, depending on the Froude number and
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a non-dimensional main channel width. An adapted fluvial dike breaching model based on the concept of “effective breach width” is proposed. Using
the laboratory data, the computed breach discharge is found extremely satisfactory, although the breach downstream expansion is not accurately
reproduced by the model.

Keywords: Breach; channel width; fluvial dike; laboratory experiment; non-cohesive; numerical model; overtopping flow

1 Introduction

Failure of fluvial dikes (i.e. levees) induced by overtopping
flows can lead to devastating floods, causing significant loss
of lives and damage to infrastructure and environment (Di
Baldassare et al., 2015; Ward et al., 2017). Accurate predic-
tion of the breach expansion and outflow discharge is crucial
to achieve a sound assessment of the inundation risk and to
design appropriate countermeasures (ASCE/EWRI Task Com-
mittee on Dam/Levee Breaching, 2011; LaRocque et al., 2013;
Onda et al., 2019). A comprehensive understanding of dike
breaching processes and how various factors (e.g. soil, hydraulic
loading conditions, dike geometry, overtopping duration) affect
the breach expansion is therefore required. In the following, we
focus on non-cohesive homogeneous fluvial dikes.

Dike breaching has received renewed attention in recent
years, as evidenced by the increasing number of experimen-
tal research studies (see review by Rifai et al. (2017) and
Schmitz et al. (2021)). Along with the non-symmetrical expan-
sion of the breach in fluvial dike, the complexity of the breach
problem is attributed to the multiplicity of involved physical
processes, such as surface erosion and side sloping, among oth-
ers (Powledge et al., 1989; Schmocker et al., 2014). Available
experimental works have attempted to clarify the role of some
parameters on the breach expansion, including main channel
inflow and downstream boundary condition (Michelazzo et al.,
2018; Rifai et al., 2017), floodplain backwater (i.e. presence of
water in the floodplain or leveed area prior to dike breaching)
(Rifai et al., 2018), grain size of the dike material (Islam, 2012;
Kakinuma et al., 2013; Rifai et al., 2021), fine sediment induc-
ing apparent cohesion in the dike material (Rifai et al., 2021),
and dike cross-sectional shape (Schmitz et al., 2021). However,
other factors still require investigation, such as the main channel
width.

To our knowledge, no experimental works were conducted
on the effect of channel size for fluvial dike breaching. This issue
is of particular interest as the channel size may influence the
water level evolution following the breaching. In narrower chan-
nels, water level responds rapidly to changes in the boundary
conditions, in comparison to wider channels, which are charac-
terized by a greater inertia in water level evolution. This effect
interacts directly with the breach flow and, therefore, the breach
expansion dynamics. On the other hand, the channel size influ-
ences the flow velocity in the near field of the breach with
subsequent effects on the breach evolution.

The first aspect, i.e. water level response, was addressed for
dam breaching. Wallner (2014) performed laboratory experi-
ments on overtopping induced spatial breaching of dams under

different reservoir total volume and shape conditions. Results
showed that large storage volumes induce larger breach hydro-
graphs and, for the same storage volume but different reservoir
shapes, the highest peak breach discharges were observed for
nonlinear reservoir characteristics, e.g. a V-shaped reservoir
induces a higher peak breach discharge than a rectangular
shaped reservoir with the same storage capacity. These results
were confirmed experimentally by Frank (2016). Different reser-
voir sizes were tested by a real-time adaptation of the reservoir
inflow discharge to water level measurements. Results showed
that larger reservoir water volumes lead to larger breach hydro-
graphs. Two tests with equal initial storage surface area, but
of different reservoir shapes (rectangular vs V-shaped), were
compared. With the same surface area, the V-shaped reser-
voir had smaller overall storage volume. The same peak dis-
charge was observed for both tests and differences between the
breach hydrographs appeared only past the peak occurrence.
Froehlich (2008) related the final average width of an embank-
ment trapezoidal breach as a function of the reservoir volume
at the time of failure. Larger reservoir volumes induced wider
breaches and longer breach formation times. Using a dataset
of 74 cases, Froehlich (2008) showed that reservoir volume
was at the forefront of parameters intervening in the breaching
process.

The second aspect, i.e. flow velocity field, was briefly anal-
ysed by Charrier (2015). Based on water surface velocity mea-
surements, he defined a partition channel width that separates
the flow deviated in the breach from that remaining in the main
channel. Charrier (2015) showed that for identical breach width,
the higher the channel inflow discharge the smaller the partition
width and, for the same inflow discharge, the partition width
increased with the breach width. Charrier (2015) assumed that
no alteration of the velocity field is induced if the partition width
is smaller than the channel width, so that the breach discharge is
expected to be the same for wider channels.

The present work is part of an ongoing experimental research
program on the breaching of non-cohesive sandy fluvial dikes
due to flow overtopping. The main objective of this paper is to
assess the effects of main channel width on the breach expansion
and discharge. Laboratory observations include time series of
water levels in the main channel, time series of flow discharges
in the main channel and across the breach, and high-resolution
3D reconstructions of the evolving dike geometry by the laser
profilometry technique (LPT). The paper is organized as fol-
lows: in Section 2, a description of the experimental set-up,
measurements, and test program is provided. General results are
presented in Section 3 and discussed in Section 4. Conclusions
are drawn in Section 5.
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Figure 1 Experimental set-up: (a) plane view; (b) dike cross-section, highlighting modular channel width

2 Laboratory experiments

2.1 Laboratory set-up

The experiments were conducted at the National Laboratory
of Hydraulics and Environment of the Research and Devel-
opment (R&D) division of Electricité de France (EDF) using
the same experimental set-up as Rifai et al. (2019) (Fig. 1a).
The experimental set-up consisted of a 16.9 m long horizon-
tal, straight main channel of trapezoidal cross-section. Its bed
width, wmc, could be varied using movable lateral wooden pan-
els, as depicted in Fig. 1b. In this work, four channel widths
were considered: 1, 1.4, 1.8 and 2.25 m. A 7 m long trape-
zoidal dike was built along the right side of the main channel
toward a 1 × 7 m floodplain. The dike material was uniform
non-cohesive sand of median diameter d50 = 1 mm. The dike
height, hd, and crest width, Lk, were set at 0.3 m and 0.1 m,
respectively, while both side slopes were fixed to 1:2 (V:H). The
main channel and floodplain were at the same level and covered
with an impermeable whitewash coating to ensure roughness
continuity between the flume, floodplain and dike (Rifai et al.,
2017). A drainage system was placed under the dike to prevent
seepage flow. As shown in Fig. 1a, a honeycomb straightener
was placed upstream of the main channel. A perforated plane
was used as regulating weir at the downstream end of the main
channel to control water level. Holes were evenly distributed
to favour a quasi-uniform velocity distribution over the cross

section. Downstream from the perforated plane, a reservoir col-
lected the outflow discharge. Prior to each test, a 2 cm deep
and 10 cm wide notch was dug at the dike crest, 2.5 m from its
upstream end, to trigger breaching at this specific location.

2.2 Test program and test procedure

Table 1 presents the overall experimental program with the
tested inflow discharges, Qin, and the corresponding inlet initial
Froude numbers computed before overtopping, which is written:

F = Qin

Ah
√

gAh/wmc
(1)

with Ah the flow cross section and wmc the main channel width.
Four different channel widths were considered, with varied
inflow discharge. In several previous studies (Rifai et al., 2018;
Schmitz et al., 2023), the dike height, hd, was used as a reference
for normalizing geometric quantities. Hence, here also we used
hd as a scaling parameter to define a non-dimensional channel
width, which can be interpreted as an aspect ratio of the main
channel cross section. In total, 10 configurations were tested.
Repeatability and reliability of measurements were verified by
performing two or three identical experiments for the selected
configurations (i.e. configurations C2, D1 and D2).

For each test, the perforated plane was calibrated so that the
water level in the main channel, zw, reached the dike height
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Table 1 Test program. Configurations ID ending with 1, 2 and 3 correspond to lower, intermediate and higher Froude
numbers, respectively

Conf. ID Test ID from Rifai et al. (2019) wmc (m) Qin (10−3 m3 s−1) wmc/hd F

A2 32 1 48 3.33 0.153
B1 33 54 0.108
B2 34 1.4 74 4.67 0.147
B3 35 92 0.184
C1 36 72 0.102
C2 37/38 1.8 98/99 6 0.139/0.140
C3 39 125 0.177
D1 40/41 98/101 0.105/0.108
D2 42/43/44 2.25 139/140/141 7.5 0.149/0.150/0.151
D3 45 160 0.171

for the design inflow discharge. Overtopping started at the ini-
tial notch location. Breach discharge was freely released from
the floodplain without any storage change nor tailwater effects.
Tests were stopped when the breach downstream side closely
approached the concrete part of the side opening.

2.3 Measurements

Ultrasonic sensors continuously measured the water level (accu-
racy of ± 1 mm) at three locations in the main channel (G1,
G2 and G3), in the outflow tank (G4), and in the drainage tank
(G5). An electromagnetic flowmeter measured the inflow dis-
charge, Qin (accuracy of ± 4%). The outflow discharge (accu-
racy of ± 3.5% of Qin) and drainage discharges were deduced
via water level variation at G4 and G5, respectively. The breach
discharge, Qb, was determined from mass balance in the main
channel (Rifai et al., 2017). The uncertainty affecting the com-
puted breach discharge may be appreciated by comparing breach
discharge estimates in repeated tests. Considering the repetitions
of Tests D1, C2 and D2 (Fig. 2), it could be estimated that the
uncertainty affecting the breach discharge is of the order of 2%
of the inflow discharge on average, while never exceeding 8%.
For more details on the monitoring of water levels and flow
discharges, readers may refer to Rifai et al. (2018, 2019, 2021).

The 3D breach evolution was monitored continuously by
a non-intrusive profilometry technique consisting of a sweep-
ing laser plan (Rifai et al., 2021). Using a digital camera set
on a full HD resolution (1920 × 1080 pixels), the recording
was performed at 60 frames per second. The 3D reconstruction
algorithm of the dike geometry includes optical distortion and
refraction correction modules for submerged dike portions. Fur-
ther details on the breach geometry reconstruction are given in
Rifai et al. (2020).

3 Results

The evolution of the ratio of the breach discharge to the inflow
discharge, Qb/Qin, is presented in Fig. 2a for the first 1000
s of each experiment. Figure 2b shows the time-evolution of

the breach extremities location at the crest level. The water
level in the main channel is displayed in Fig. S1 in the online
supplemental data.

3.1 Overall breaching dynamics

The breaching process in non-cohesive homogeneous fluvial
dikes can be categorized into three stages (Michelazzo et al.,
2018; Rifai et al., 2017):

• Stage 0: Overtopping starts at the initial notch and breach-
ing initiates. The breach expands relatively slowly due to
low overtopping flow depth and velocity.

• Stage 1: As the overtopping flow depth and velocity
increase, erosion intensifies. Both breach deepening and
widening are promoted with a shift of the breach cen-
treline toward the channel downstream end. The breach
sides encounter repeated sudden collapses. The breach dis-
charge and the water level in the main channel increases
and decreases sharply, respectively.

• Stage 2: The water level in the main channel and the
breach discharge tend to stabilize. Breach stops deepening
while keeping on widening in the downstream direction
only, at a slower pace. The expansion is controlled by side
slope failures.

In the following analyses, Stage 0 has been systematically dis-
carded due to the overwhelming influence of the initial notch
characteristics during this stage.

Both Stages 1 and 2 are clearly visible in Fig. 2 for all
tests. The non-dimensional breach discharge sharply increases
for all curves during Stage 1 and tends to stabilize during Stage
2 (Fig. 2a). Similarly, the breach widens quickly during Stage
1 in both upstream and downstream directions (faster toward
downstream) while deepening until reaching the main chan-
nel bottom (Fig. 2b). During Stage 2, the breach expands only
toward downstream at a quasi-constant, slower pace. In general,
the transition between both stages becomes more distinct for
narrower channels and low Froude numbers, e.g. configurations
B1 and C1.
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Figure 2 (a) Non-dimensional breach discharge and (b) location of breach extremities (at crest level, along centreline), with initial notch extremities
located at 2.5 m and 2.6 m from the dike upstream extremity (dotted lines)

3.2 Influence of main channel width during Stage 1

Results show that part of the hydrographs exhibits a global
maximum (Fig. 2a), which gets more distinct when the initial
Froude number in the main channel is low and the main chan-
nel is narrow. Conversely, it completely fades out for larger
Froude numbers and channel widths. Indeed, with a wider chan-
nel and for a given breach width, a larger fraction of the main
channel flow is not deviated toward the breach, leading to
a smaller non-dimensional breach discharge (Charrier, 2015).
Another interesting feature is the initial increase rate in the
breach discharge that rises when considering a smaller main
channel width. This trend is magnified when the Froude number
in the main channel is larger.

During Stage 1, erosion is particularly intense, and the
dike widens and deepens sharply (Fig. 2b). In all experi-
ments, the downstream widening is significantly larger than the
upstream expansion. Though, upstream erosion intensifies when
the Froude number in the main channel is reduced. Conversely,
the downstream erosion rate rises with the Froude number. This
is consistent with earlier observations by Rifai et al. (2017);
who showed a substantial increase in the angle between the
main channel axis and the breach flow main direction when
the Froude number was increased from 0.066 to 0.166. For
higher Froude numbers, the flow follows a sharper curve to enter
the breach (Charrier, 2015; Rifai et al., 2017). Hence, the load
applied by the flow on the downstream breach extremity to mod-
ify its direction is higher. For a larger inlet Froude number and

flow momentum along the main channel, the velocity compo-
nent normal to the main channel axis becomes smaller close to
the upstream breach extremity. Consequently, the erosion inten-
sity is more limited in this area. This leads to a gradual shift of
the breach centreline towards the channel downstream end as
the initial Froude number is increased.

Enlarging the main channel width also influences the breach-
ing dynamics. For similar Froude numbers, increasing the main
channel width leads to stronger erosion on the breach upstream
extremity. The beginning of Stage 1 corresponds to a sud-
den breach expansion and release of water volume from the
main channel into the floodplain. When the main channel is
larger, the water level decreases slightly more slowly due to
the greater water volume stored in the channel (Fig. S1). Addi-
tionally, the breach mean depth, i.e. ratio between breach area
and breach width at crest level, evolves in the same way in
all tests during Stage 1 (Fig. S2). A larger water volume in
the main channel leads to an increased difference between the
main channel water level and the breach bottom. This induces a
greater breach discharge, which fosters breach upstream erosion
process.

3.3 Influence of main channel width during Stage 2

During Stage 2, the breach discharge in all cases tends to a
quasi-stabilized value (around 80% of the inflow discharge),
which is hardly affected by the main channel initial Froude
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number (Fig. 2a). This is in good agreement with conclusions
drawn by Schmitz et al. (2021).

Here, we additionally highlight the relatively low influence
of the main channel width on the breach discharge during
Stage 2. During this period, breach deepening almost com-
pletely ceases, as shown in Fig. S2. With the increase in breach
width, erosion on the breach upstream extremity stops as well
(Fig. 2b). However, erosion resumes around 800 s for interme-
diate and high Froude numbers. This phenomenon appears due
to the large velocity in the main channel induced by a decrease
in the water level (Fig. S1), i.e. flow section, whilst the inflow
discharge is kept constant.

The resulting Froude number in the main channel is signifi-
cantly increased, which favours erosion in this area. After some
time, this lateral erosion reaches the dike centreline and becomes
visible in Fig. 2b.

The velocity of the flow impacting the breach downstream
extremity grows with the Froude number in the main chan-
nel. This induces more pronounced breach erosion and down-
stream expansion. Varying the main channel width has a non-
monotonic impact on the breach downstream expansion rate.
To understand this feature, two phenomena should be consid-
ered (Fig. 3). On one hand, the quasi-stabilized non-dimensional
breach discharge is similar in all tests (Fig. 2a) meaning that, for
a given Froude number, the breach discharge, Qb, increases with
the main channel width. For a given breach width, the breach
discharge is thus larger, so is the flow velocity through the
breach, Ub. This increases erosion intensity and breach expan-
sion rate. On the other hand, when the channel width is reduced,
the volume stored in the channel decreases and the water level
drops more quickly, as shown in Fig. S1. For a given Froude
number, the resulting flow velocity in the main channel, Umc,
is significantly increased, leading to a stronger impinging jet on
the breach downstream extremity (Charrier, 2015; Rifai et al.,
2017).

However, the relative weight of each phenomenon depends
on the Froude number in the main channel. For low Froude
numbers, Fig. 2b shows that erosion is maximum for the widest
channel (wmc = 2.25 m, test D1). By contrast, the narrowest
channel induces the strongest erosion rate when the Froude
number is large (wmc = 1.4 m, test B3). This suggests that
increasing the Froude number favours the contribution of the
second erosion phenomenon listed above.

4 Discussion

4.1 Classification of hydrographs

Three main hydrograph types emerged, as illustrated in Fig. 4.
The first type (Type A) presents a global maximum during
Stage 1, referring to tests B1, C1 and A2. The second type
(Type B) exhibits a local maximum discharge at the end of
Stage 1. Experiments D1, B2 and C2 correspond to Type B.
All remaining tests belong to Type C, in which no maximum is

Figure 3 Summary of the impact of variations in the main channel
width on the breach expansion rate

Figure 4 Three main breach hydrograph types (A, B and C)

observed during Stage 1. During Stage 2, all hydrographs tend
to a quasi-equilibrium value, irrespectively of their type.

These three types of hydrographs (A, B and C) were spotted
by Schmitz et al. (2021) who suggested that the hydrodynamic
process related to fluvial dike failure can be described as a com-
bination of an embankment dam failure, i.e. a sudden water
release from a reservoir, and the water flow in a straight open-
channel system. Type A hydrographs correspond to a situation
where the reservoir feature is prevalent. Conversely, Type C
hydrographs are more akin to an open-channel system. Type B
lies in-between.

Figure 5 summarizes the partitioning of hydrograph types
according to the initial Froude number and the non-dimensional
main channel width, wmc/hd. Eleven experiments led by Rifai
et al. (2017), two by Michelazzo et al. (2018) and one by Elalfy
et al. (2018) are presented along with tests performed within the
present study. It appears that an increase in the Froude num-
ber leads to the disappearance of the hydrograph maximum, i.e.
transition from Type A to Type C, which agrees with observa-
tions by Schmitz et al. (2021). The same trend appears when
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Figure 5 Partitioning of hydrograph types according to initial Froude
number in main channel and non-dimensional main channel width.
The non-dimensional main channel length l∗mc = lmc/hd is provided for
each test campaign

the non-dimensional channel width is enlarged, but to a much
smaller extent. Nonetheless, no clear-cut regions related to spe-
cific hydrograph types can be identified, especially for small
non-dimensional channel width. This suggests that other param-
eters affect the hydrograph topology, as for example the drainage
system (as highlighted by Michelazzo et al., 2018) or the water
volume stored in the main channel. The channel length, lmc, used
in this study is about twice that used by Rifai et al. (2017). For
a given channel width, it corresponds to an increase of about
50% in the volume stored in the main channel. After breaching,
the water level in the main channel drops more slowly when
the stored volume is larger, leading to a greater breach dis-
charge during Stage 1. When F ≈ 0.15 and wmc/hd = 3.33 (Test
A2), the hydrograph exhibits an absolute peak discharge during
Stage 1 while only a local maximum appears in the correspond-
ing test led by Rifai et al. (2017). In full-scale dike breaching
events, the ratio between the main channel width and length is
much larger than in laboratory experiments, suggesting that all
hydrograph types might not be encountered in practice. How-
ever, experimental tests are still extremely useful to validate
physically based numerical models, which aim at reproducing
physical behaviour of the breaching process regardless of test
scale. This is the goal of the following section.

4.2 Numerical modelling

The influence of the main channel width on the breach discharge
and expansion results from a complex combination of physical
phenomena. Here, we adapted an existing semi-analytical phys-
ically based dam breaching model to the case of fluvial dike
breaching. Our aim is to explore whether the model can capture
the influence of the main channel width on the dike breaching
dynamics.

The original model is DLBreach developed by Wu (2013),
which is composed of three coupled modules: a hydrodynamic

module, a sediment transport module, and a dike morphody-
namic module. A flow chart of the numerical model is provided
in Figs S4, S5 and S6, while Table S1 describes each involved
parameter. The flow is assumed uniformly distributed through
the entire trapezoidal breach and the breach expansion is sym-
metric. However, in fluvial configurations, the flow inertia in
main channel direction plays an important role in the breach-
ing process. Laboratory experiments (Fig. S3) and detailed 2D
computation (Charrier, 2015) show that the flow through the
breach is not uniformly distributed along the breach width,
but rather concentrated in the most downstream part of the
breach. This phenomenon induces a greater water velocity near
the downstream breach extremity (Charrier, 2015), which leads
to more intense erosion at this location. Conversely, limited
erosion appears on the upstream extremity, leading to largely
non-symmetrical breach expansion in the case of fluvial dikes.

In our modified implementation of the model of Wu (2013),
we introduced the concept of “effective breach width” to
describe the fraction of the total breach width that is effec-
tively used to convey water. During Stage 1, flow velocity fields
along both breach extremities tend to be similar due to the
small breach width, which leads to a rather symmetrical breach
expansion. Consequently, we kept the initial breach expansion
description proposed by Wu (2013) until the breach bottom
reached the channel bottom. Then, asymmetrical breach widen-
ing was enforced by considering an effective breach width equal
to beff % = 50% of the total breach width, which seemed in line
with experimental observations (Fig. S3). This leads to higher
flow velocity for a similar breach discharge, so that:

Ub = Qb

Ah,eff
(2)

with Ah,eff = f (beff %) the effective breach flow section. Ero-
sion was computed based on this increased velocity and the
related effective breach area. Erosion only appeared on the
downstream breach extremity and breach expansion speeded up
in that direction. No backwater effect is considered in our model.

Figure 6a compares hydrographs obtained experimentally
and numerically using the modified model. Fig. S7a provides
a similar comparison using the original dam breaching model
(Wu, 2013). Comparisons of the position of the breach extrem-
ities are provided in Fig. 6b for the dike breaching model
and in Fig. S7b for the original dam breaching model, while
Fig. S8 compares the water levels predicted by both numeri-
cal models. Overall, results are greatly improved with the dike
breaching model, especially for the breach hydrograph. The
breach expands toward downstream slightly more quickly with
the Froude number, which is consistent with experimental data.
However, the new model fails to qualitatively reproduce the
non-monotonic influence of the channel width on the breach
expansion, i.e. enlarging the channel width always leads to a
reduction of the breach widening rate during Stage 2. As men-
tioned in Section 3.3, this non-monotonic behaviour results from
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Figure 6 Comparison between results obtained experimentally and numerically with the dike breaching model, i.e. adapted model: (a) breach
hydrographs; (b) position of the breach extremities

the competition between two processes, namely the water vol-
ume stored in the main channel and the impinging jet on the
breach downstream extremity. The adapted numerical model
captures the former aspect while being unable to represent the
latter. The intensity of the impinging jet on the breach down-
stream extremity is expected to rise with a decreasing channel
width. Our adapted model currently considers the flow through
the breach to be parallel to the breach extremities, which is
not consistent with this observation. The insufficient breach
expansion rate toward downstream during Stage 1 may also be
attributed to this phenomenon.

In addition, the experimentally observed breach width is
affected by substantial uncertainties because the actual breach
geometry is complex and, for the sake of clarity, only the exper-
imentally breach width at the crest level is reflected in Figs 2b
and 6b. This cannot reflect all the breach geometric features
which influence the flow.

5 Conclusions

This paper highlighted the influence of the main channel width
on the breach discharge and expansion in a homogeneous
and non-cohesive fluvial dike. Laboratory experiments were
conducted, while varying systematically the main channel width
and inlet Froude number prior to overtopping. Results showed
that the breach hydrograph shape and the breach expansion
dynamics highly depend on the main channel inlet Froude num-
ber and width. During Stage 1, the initial increase in the breach

discharge became more gradual and no maximum was reached
when the Froude number was increased. Enlarging the main
channel has a similar effect as increasing the Froude number, i.e.
smoother initial increase in breach discharge and disappearance
of the maximum at the end of Stage 1. This influence got par-
ticularly pronounced for low Froude numbers. However, neither
the Froude number nor the channel width significantly impacted
the quasi-stabilized breach discharge value during Stage 2. Note
that other test features may still influence this value, such as the
downstream boundary condition (Rifai et al., 2017) or the main
channel bed erodibility (Michelazzo et al., 2018).

During Stage 1, the breach quickly deepened and widened,
mainly in the downstream direction. Increasing the Froude num-
ber and reducing the main channel width reduced the upstream
erosion while having almost no influence on the breach down-
stream expansion. During Stage 2, both breach deepening
and upstream widening stopped. The breach expanded toward
downstream at a relatively constant pace, which increased with
rising Froude number. The relation between the channel width
and the breach erosion rate appeared to be non-monotonic,
though of limited amplitude. It is expected to be driven by the
combination of two physical phenomena related to the amount
of water stored in the main channel on one hand, and the veloc-
ity of water impacting the downstream extremity of the breach
on the other hand. Their relative weight determined the breach
expansion rate.

Hydrographs were categorized in three types, according to
the classification proposed by Schmitz et al. (2021). Their par-
titioning according to the Froude number in the main channel
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and the non-dimensional channel width highlighted that Type A
hydrographs mostly appear with low Froude number and nar-
row channels whilst Type C hydrographs emerged with larger
Froude numbers and channel widths. Type B hydrographs were
obtained for intermediate configurations. However, no clear-
cut limits between type zones could be identified. Additional
parameters should thus be considered to fully describe this
classification.

A semi-analytical physically based fluvial dike breaching
model corresponding to an adapted version of the model pro-
posed by Wu (2013) was introduced and its capabilities were
assessed using the presented experimental data. The main model
improvement consisted in the introduction of the concept of
“effective breach width”, which lumps the effect of non-uniform
flow distribution through the breach. The accuracy of numer-
ical results was significantly improved. However, the new
model failed to capture the non-monotonic relation between the
channel width and the breach downstream erosion rate during
Stage 2.

A wider range of main channel widths should be tested to
better understand the impact on the breaching dynamics. Also,
the influence of other parameters should be investigated system-
atically, e.g. dike material properties, drainage system, channel
bottom erodibility, but also scale effect. Indeed, larger water
volumes are expected to be stored in real world river chan-
nel, leading to much slower water level decrease. This would
particularly affect flow dynamics and breach expansion during
Stage 2. Finally, a way of improving the predictive capabilities
of the model presented in this paper would be to include the
impact of the impinging jet on the breach downstream extremity,
which is expected to boost erosion rate at this location.
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Notation

Ah = flow cross section (m2)

Ah,eff = effective breach flow section (m2)
beff % = ratio between the effective and total breach widths (–)
d50 = median diameter of material (m)
F = Froude number in the main channel prior to overtop-

ping (–)
g = gravity acceleration (m s−2)
hd = dike height (m)
Lk = dike crest width (m)
lmc = main channel length (m)
l∗mc = non-dimensional main channel length (–)
Qb = breach discharge (m3 s−1)
Qin = inflow discharge (m3 s−1)
t = time (s)
Ub = flow speed through the breach (m s−1)
Umc = flow speed in the main channel (m s−1)
wmc = main channel bed width (m)
zw = water level in the main channel (m)
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