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Abstract: Laboratory experiments of dam-break flows are extensively used in investigations of
geophysical flows involving flood waves, to provide insight into relevant aspects of the physics of
the process and collect experimental data for validating numerical models. A dam-break flow is
a typical example of a highly unsteady free surface flow with high reproducibility. Indeed, dam-break
experiments can be repeated several times under the same test conditions obtaining large amounts
of different types of data (possibly using various measuring techniques) that can be combined in
a single rich dataset. Moreover, laboratory tests on dam-break flows are widely considered a valuable
benchmark for the validation of numerical models, since field data from historical events are scarce,
sparse, and highly uncertain. However, no systematic review of laboratory investigations of dam-
break flows and existing related datasets are available in the literature to provide a comprehensive
overview of the test conditions considered, the measuring techniques used, and the experimental
data collected. This review article aims to fill this gap, focusing on laboratory tests in schematic and
idealized setups with a fixed, non-erodible bed. In particular, this review aims to help researchers and
modelers to: (a) select the most appropriate laboratory tests for validating their numerical models;
(b) facilitate access to databases by indicating relevant bibliographic references; (c) identify specific
challenging aspects worthy of further experimental research; and (d) support the development of new
or improved technologies for the mitigation of the impact of dam-break flood waves. The references
reviewed are organized into tables according to the purposes of the laboratory investigation, and
comprehensive information is provided on test conditions, datasets, and data accessibility. Finally,
suggestions for future experimental research on dam-break flows are provided.

Keywords: dam-break flow; experimental tests; datasets; validation of numerical models; review

1. Introduction

The technique of suddenly removing a gate placed between a reservoir storing a mass
of water initially at rest and a downstream area is extensively used to generate unsteady
free surface flows in experimental investigations of a variety of geophysical phenomena
involving flood waves, such as dam-break floods and tsunamis. Despite active research
(both theoretical and numerical) in this field in the last decades, physical modelling remains
a widely used approach to provide insight into the features of the flow and collect valuable
data for validating numerical models.

A dam-break flow is a typical (albeit extreme) example of an unsteady and rapidly
varying flow. It is characterized by rapid and abrupt flow depth and velocity changes
and by the presence of wetting and drying fronts. Hence, a dam-break flow is usually
considered a stringent and probative validation test for numerical models. Indeed, it can
be assumed that a numerical model able to cope with dam-break flows will also be able to
simulate accurately less severe, slower floods.
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Physical modelling in laboratory conditions on schematic, idealized geometries allows
“for assessment within a controlled environment, enabling the isolation of individual
processes and close study of their effect on the modelled system. The complexities of
modelled systems are reduced to what is practical and feasible to model in a physical
scale environment” [1]. Dam-break flow experiments are then relatively ‘easy’ to perform
on the laboratory scale, since a small quiescent water volume must be released without
the need to set up complex recirculation systems and regulation devices. In addition,
dam-break flows are highly reproducible in controlled laboratory conditions, which allows
experimental runs to be repeated several times under the same test conditions to collect
a large amount of data of different types and merge them to form a complete database. This
ease of implementation has fostered the investigation of various scenarios and situations
characterized by different geometries and the presence of singularities and obstacles of
various shapes. Therefore, even though laboratory setups do not reproduce, in general,
the complexity of real situations in which various singularities and complex flow features
simultaneously occur, conducting multiple idealized experiments focusing on specific
singular features allows for an in-depth investigation of possible realistic flow conditions.

The physical quantities relevant to describe the process can be acquired with high accu-
racy in the laboratory via advanced and sophisticated measuring techniques. In particular,
the advances in measuring techniques in the last two decades, especially the non-intrusive
ones, have considerably enlarged the types of data that can be collected, and have improved
their accuracy (e.g., [2-4]). Conversely, recovering reliable and accurate validation data
from historical documents on real dam-breaks is unlikely because such catastrophic events
are, fortunately, rare and seldom well documented [5]. Moreover, laboratory dam-break
tests on scale physical models with real topography (which sometimes combine the real
topography with an idealized situation [6]), are sporadic [5,7,8] although recent examples
can be found in the literature [9].

Due to the advantages previously mentioned, a large number of laboratory tests on
dam-break flows were performed in the past, and high-quality datasets are now available to
the scientific community. However, a systematic review of laboratory investigations of dam-
break flows, which provides a comprehensive overview of the test conditions, measuring
techniques and available datasets, is missing in the literature. Only fragmentary or partial
information is reported in some documents (e.g., [10-12]). Therefore, this review attempts
to fill this gap, focusing on experiments conducted in schematic, idealized laboratory setups
with a fixed, non-erodible bottom. It covers a period from the beginning of the 1900s (when
the noteworthy early experiments on dam-break waves were performed) until the end of
2022. In particular, this review aims at helping researchers and dam-break modelers: (a) to
select the most appropriate laboratory test cases for validating their numerical models;
(b) to facilitate access to datasets and reference material through the indication of relevant
bibliographic references; (c) to identify specific aspects regarding dam-break flows worthy
of further insight and future research; and (d) to support the development of improved
technologies to mitigate the impact of dam-break flood waves.

This review is limited to investigations with flood waves or bores generated by a typi-
cal dam-break mechanism, characterized by the total removal of a gate, and releasing the
liquid mass stored behind. Investigations using different wave generation mechanisms
(based on piston- or pumping-type wave makers, vertical release systems, and underflow
gates) have not been considered. Furthermore, experiments on dam-break flows over
an erodible bed with sediment transport, gravity currents, granular flows, and debris
flows are not considered here in order not to overextend the scope of the review. Each of
these topics would deserve a specific review (e.g., [3]) due to the relevance of the related
applications and the amount of experimental research carried out.

2. State of the Art Experimental Investigations of Dam-Break Flows

Typical setups for dam-break flow studies are illustrated in Figure 1. Figure 1a shows
an experimental facility for the simulation of a total dam-break, consisting of a rectangular



Water 2023, 15, 1229 3 0f 51

flume equipped with a sluice gate, which can be suddenly removed to release a mass
of quiescent water behind it. In the beautiful historical photo taken during Dressler’s
experiments in the 1950s [13], the wall of water released by the gate removal can be
appreciated. The side walls of the flume are typically transparent to allow direct observation
of the phenomenon and the use of image processing techniques. Figure 1b shows a typical
laboratory setup for the study of partial dam-break phenomena. It consists of a tank in
which a portion acting as a reservoir is separated from a floodable area through a partition
wall, in which a sluice gate is located. In the case shown in the picture, the bottom of the
tank (made of opalescent material) is backlit in order to apply a colorimetric technique
based on light absorption to measure the free surface [14].

-:-f'
"

Figure 1. Pictures of typical experimental facilities for dam-break flow investigations. (a) Total dam-
break in a rectangular channel (reprinted with permission from Ref. [13]; courtesy of International
Association of Hydrological Sciences). (b) Prismatic tank for partial dam-break experiments (reprinted
with permission from Ref. [14]).
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References retrieved in the literature review are classified according to the objectives
of the experimental investigation and organized into different tables.

Table 1 reports basic investigations of the physical characteristics of dam-break flows
in straight (typically rectangular) channels or spreading on a plane. Such investigations
mainly aim to explore the fundamental aspects and features of dam-break wave generation
and propagation. Most reported cases concern smooth horizontal channels, but some
studies also consider sloping channels or rough beds. Figure 1 shows typical laboratory
setups for the study of total and partial dam-break flows.

Table 2 includes laboratory investigations of dam-break waves through geometric
singularities (channel constrictions, bottom sills, curves or bends, etc.) to examine the effect
of geometric elements and transition structures on the flow.

Table 3 lists experimental investigations of the dam-break wave impact against iso-
lated obstacles, such as walls or vertical columns of various shapes. The disturbance
induced on the flow by the presence of the obstacle is mainly analyzed in such experiments.
Sometimes, the wave impact dynamics and the hydrodynamic load on the structure are
also investigated.

Table 4 shows laboratory investigations of dam-break floods in idealized urban areas
aiming to offer insights and an advanced understanding of urban flooding resulting from
a dam-break event. In this field, the problem can be considered an extension of that
presented in Table 3, since multiple obstacles are placed in the floodable area to reproduce
a structured urban layout where more complex flow processes occur.

Table 5 reports experimental investigations concerning the propagation of tsunami
bores (generated by a gate removal) in the swash zone. Such studies typically analyze
the run-up over an adverse slope or the effect of coastal protective structures. Although
a tsunami bore cannot strictly be considered a dam-break wave, these two wave types
have many affinities, so tsunami bores are sometimes generated in the laboratory through
the sudden removal of a gate. This review includes only investigations which use this
technique to simulate a tsunami bore.

Table 6 lists experimental investigations of green water events in ships or offshore
structures. In naval and maritime engineering, a ‘green water’ event is related to the
presence of water on the deck of a ship or platform due to high waves exceeding the
freeboard. Only the studies in which the wave overtopping onto the deck is produced by
the sudden removal of a gate are considered in this review.

Table 7 includes experimental investigations and databases of dam-break waves of
non-Newtonian liquids. Such phenomena are commonly observed in nature as well as in
many industrial processes.

Table 8 shows laboratory investigations of dam-breaks in cascade reservoirs formed by
multiple dams placed in sequence along a channel. In this case, a dam-break flood hazard
assessment should consider that the collapse of the upstream dam could cause a flood
wave involving the downstream dams, potentially inducing their overtopping or failure
in a domino effect. Cascade reservoirs ensure flood hazard mitigation depending on their
filling level and mutual distance.

Table 9 reports experimental investigations of dike-break-induced flows on a lateral
floodplain. The break of a lateral structure produces significantly different effects com-
pared to the collapse of a frontal one. Indeed, the flooding resulting from a dike-break is
asymmetric, characterized by a long-term evolution, and is strongly influenced by the flow
conditions in the main channel.

Finally, Table 10 contains details of experimental studies on the catastrophic failure of
storage tanks with consequent potential overtopping of secondary containment systems
(such as dikes or bunds). Such an application is of considerable interest in the industry
when cylindrical tanks are used to store hazardous liquids whose sudden release could
cause catastrophic effects.

Studies investigating multiple topics of those previously mentioned and potentially
falling into many categories appear in all relevant tables for clarity.
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Each table consists of 11 columns, which contain the information described below.

Column 1 provides the references in which the experimental investigations are pre-
sented and described.

Column 2 indicates the test conditions and the main characteristics of the dam-break
flows investigated. In particular, this column specifies whether the dam-break is total or
partial and whether the downstream channel is initially dry or wet. Moreover, it reports the
types and dimensions of the singularities or obstacles interacting with the dam-break wave.

Column 3 describes the geometric configurations of the laboratory facilities and pro-
vides their main dimensions and roughness conditions.

Column 4 indicates the initial conditions of the experimental tests, namely the water
depth behind the dam and the downstream water depth in wet bed conditions.

Column 5 reports the breach width, which can be different from the channel width in
the event of a partial dam-break.

Columns 6 and 7 indicate the laboratory and the year in which the experiments were
performed, respectively.

Column 8 gives the physical quantities measured, and Column 9 lists the measurement
techniques and devices used.

Column 10 indicates whether experimental databases are freely available and down-
loadable in digital format.

Finally, Column 11 informs whether the experimental data were used to validate the
dam-break numerical models in the original reference. In particular, this column specifies
the types of numerical models used (among the many existing dam-break and flooding
models reported, e.g., in [15-18]) and the value of the roughness coefficient set in the
numerical simulations, if available. The knowledge of the roughness values proposed in
the related references facilitates modelers, who can thus avoid laborious calibrations of
this model parameter. In drafting Column 11, we have neglected the use of the data to
develop and validate theoretical approaches or analytical solutions. Moreover, we have
not investigated the subsequent use that other modelers may have made of the various
databases in subsequent numerical studies.
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Table 1. Basic experimental investigations of fundamental dam-break wave physical characteristics.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial Conditions

2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 5

Schoklitsch [19]

Total;
dry bottom

Rectangular channel
Exp. (@) L=26m, W=0.6 m
Exp. (b) L=150m, W=1.3m
Lr>8m, S =0; smooth

(a) hy <025m
(b)hy <1m

(a) 0.6 m
(b) 1L3m

Technischen Hochschule,
Graz, Austria

1917

Wave profiles; depth at the dam
section as a function of hy

Metal plates covered with
washable colored stripes
quickly dipped and lifted

X

Trifonov [20,21]

Total;
dry bottom

Rectangular channel
L=30m, W=04m
Lr=N.A., § = 0.004; smooth

hy =0.3,04m

0.4m

Research Institute of
Hydraulic
Engineering,
Leningrad, Russia

1933

Wave profiles

Eguiazaroff [22]

Total
(partial opening
of the gate with

different velocities)

Rectangular channel
L=30m, W=N.A.
Lr=N.A,S=0;
smooth and rough

hy =03m

Hydro-electric Laboratory,

Leningrad, Russia

1935

Negative wave:
free surface profiles
at selected times;
flow depth time
series at six locations
Positive wave:
wave front celerity; free surface
profiles at selected times

Electric chronograph;
floating flow level recorder

(y=0056m!/2,

Levin [7]

Total;
dry and wet bottom

Rectangular, triangular, and
trapezoidal channels

Lr=NA,5=0;
smooth and rough

/ldﬂlu =0-0.75

Belgrade
Polytechnic, Serbia

1952

Flow depth at the dam site and at
some representative sections of the
wave profile

N.A.

7=04ml/2)
1D
SWE
(graphical method)

(n=0007sm~1/3,
n=0026sm~1/3)

Martin and Moyce [23]

Collapse of a liquid
column;
dry bottom

L>3Lr, W=0.
Lr=0.057m, S =0;

hy =0.114, 0.057 m

0.057 m

1952

Wave front position; stage
hydrographs

Video camera
(300 fps)

Dressler [13]

Total;
dry bottom

Rectangular channel
L=65m, W=0225m
Lr=N.A.,, § = 0; rough

(3 roughness values)

hy =0.22,0.11,
0.055 m

0.225 m

US Bureau
Standard, USA

1954

Front positions,
water depth profiles

Video cameras
(1800 fps)

WES [24]

Total;
dry bottom

Rectangular channel
L=121.92m, W=1.22m
Lr =60.96 m, S = 0.005; smooth

hy =0.3048 m

0.07-1.22m

Vicksburg,
ississippi, USA

1960

Stage and discharge hydrographs

Video cameras
(16 mm movies,
8-12 fps)

(n=0.009s ft—1/3)

WES [25]

Total;
dry bottom

Rectangular channel
L=12192m, W=122m
Lr =60.96 m, S = 0.005; rough

hy =0.09,0.18,
0.30m

0.18-1.22 m

Vicksbur%
Mississippi, USA

1961

Stage and discharge hydrographs

Video cameras
(16 mm movies,
8-12 fps)

0.04<n<0.12sft=1/3)

Faure and Nahas [26]

Total;
dry bottom

Rectangular channel
L=406m, W=025m

Lr=203m,$=12-10"%; rough

hy =023 m

0.25m

Laboratoire
National
d’Hydraulique de
Chatou, France

1961

Water depth
time series;
front propagation

Video cameras

n=0036sm~1/3)

Estrade [27]

Total;
dry bottom

Rectangular channel
L=N.A,W=02505m
Lr=N.A., S = 0; smooth

hy =02-0.3m

0.25,0.5m

1967

Wave profiles
at different times

N.A.

Nakagawa et al. [28]

Total;
dry and wet bottom

Rectangular channel
L=30m, W=05m
Lr=5m, S =0; smooth

Iy =015-04m
hg =0-035m

0.5m

Kyoto University, Japan

1969

Wave profiles;
flow depth hydrographs at
three positions; flow velocity at
two locations; wave celerity;
bore height

Video cameras
(8-64 fps);
pressure gauges

Chervet and Dalléves [29]

Total;
dry bottom

Rectangular channel
L=35m,W=03m

Lr=5,75,15m, S = —1, 4, 10%; rough

hy =03m

Laboratory of
Hydraulics,
Hydrology and
Glaciology,
Zurich, Switzerland

1970

Water depth and discharge
hydrographs;
front position
and velocity

Video cameras

1D
SWE
MOC

(1=0.0077-0.0167 s m~1/3)

Cunge [30],
Cavaillé [31]

Total;
dry and wet bottom

Rectangular channel
L=40m, W=025m
Lr=20m, S =0; rough

iy =0.23 m
hg =0,0.005,
0.01,0.04m

0.25m

National
Laboratory
of Hydraulics,
Chatou, France

1970

Water depth hydrographs;
propagation path and
discontinuity height

N.A.

1D

SWE

FD
n=001s m’1/3,
n=00125sm~1/3)
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Table 1. Cont.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial Conditions 2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 3

Maxworthy [32]

Total;

‘wet bottom;
reflection against
the closed end wall;
interaction between
solitary waves

Rectangular channel
L=5m W=02m,Lr=N.A,
S =0; smooth;

hg =0.045-0.067 m
solitary waves with
height of 0.31-0.5

02m

University of Southern
California,
Los Angeles, USA

1976

‘Wave motion; maximum wave
amplitude; qualitative wave
profiles at selected times

Video camera (64 fps)

X

Xanthopoulos and Koutitas [33]

Total;
dry bottom

Rectangular channel
L=6m,W=025m
Lr=12m, S =0; rough

hy =0.02-0.15m

0.25m

Aristoteles
University,
Thessaloniki, Greece

1976

Water depth and discharge
hydrographs; front propagation

Video cameras

2D
SWE

FD
(1=0.033sm~1/3)

Barr and Das [34]

Total;
dry bottom;
reflections against the
end wall

Rectangular channel
(@)L=335m,W=15m,
Lr=7.62m,S5=0;
(b)L=44m, W=038m
Lr=10m,S=0;
smooth and rough

(a) Iy =0.3048 m
(b) hy =0.1676-0.3048 m

(a) 1.5m (b) 0.38 m

University of Strathclyde,
Glasgow, UK

1980

Water depth hydrographs; water
surface profiles;
front trajectories

Video cameras

1D
SWE
FD
(& =0.0134-0.0387 m)

Barr and Das [35]

Total;
wet bottom;
reflections against the
end wall

Rectangular channel
L S5m, W=15m
Lr=7.62m, S =0; rough

Iy =0.3048 m
hg =0.0762 m

15m

University of Strathclyde,
Glasgow, UK

1981

Water depth hydrographs; water
surface profiles;
front trajectories

Video cameras

1D
SWE
FD
(¢ =00134m,
€ =0.0387 m)

Memos et al. [36]

Total;
dry bottom

Tank
L=25m,W=15m
Plane W = -, S = 0; rough

hy =0.03-0.105 m

0.05 m

National Technical
University of
Athens, Greece

1983

Front propagation, velocity of the
front along the x axis, flow profile
near the dam

Video camera (18 fps)

(n=0.01s m’1/3)

Townson and Al-Salihi [37

Total;
dry and wet bottom

Rectangular channel
L=4m W=01m,Lr~19m,
§ = 0; smooth

hy =0.10 m
hg/hu =076

0.1m

University of Strathclyde,
Glasgow, UK

1989

Water depth hydrographs; water
surface profiles at selected times

Video camera; resistance
wave probes;
pressure transducers

1D
SWE (radial)
MOC

Menendez and Navarro [38]

Total;
dry bottom
(different gate
removal times)

Rectangular channel
L=30m, W=0.31m,
Lr~15m, S = 0; smooth

hy = 0.38 m (max)

0.31m

Universiz of Buenos
Aires, Argentina

1990

Flow images;
discharge and flow depth
hydrographs
at the gate site

Wire gages; video cameras

Iverson et al. [39]
Logan et al. [40]

Total; dry bottom
(steep bottom slope)

Rectangular channel
L=9%m W=2m,
Lr=12m,S=0.6;
smooth and rough

Water volume: 6 m3

2m

H.J. Andrews
Experimental
Forest, Oregon, USA

1992-2017

Flow depth time series at three
locations; bottom pressure, bottom
normal and shear loads at selected

locations; propagation of the
front wave

Ultrasonic distance meters;
pressure and force
transducers;
video cameras

(videos)

Antunes Do Carmo et al. [41]

Total;
wet bottom

Rectangular channel
L=75m, W=03m,
Lr=3.85m, S = 0; smooth

Iy =0.099 m
hg/hu =0.587,0515

0.3m

University of
Coimbra, Portugal

1993

Water depth hydrographs at
four positions

Water depth gauges

X

2D
SGN
FD

Tingsanchali and
Rattanapitikon [42]

Partial;
dry bottom

Downstream plane
L=4m W=19m,Lr=28m
(Reservoir, W = 1.7 m; bottom step at
the plane inlet: 0.4 m)
S =0and 1/200; smooth

hy =0.1,0.2,025m

0.1m

Asian Institute of
Technology,
Bangkok, Thailand

1993

Wave front propagation; water
depth hydrographs at
selected positions

Video camera; water depth
gauges; mini-current meter

2D
SWE
FD

(1 =0.001-0.03 s m—1/3)

Braschi et al. [43]

Partial;
dry and wet bottom

Tank
L=14m,W=05m,
Lr=0.4m,S = 0; smooth

hy =014 m
hg =0,0.005 m

0.05m

University of Pavia, Italy

1994

Contour maps of water depth at
different times

Video camera (25 fps)

2D
SWE
MOC-based

(1=001sm~1/3)

Manciola et al. [44]

Total; wet and dry
bottom; open and
closed downstream
end (three different

opening velocities)

Rectangular channel
L=9m, W=0.49 m, Lr = 3.366,
5.876 m, S = 0; smooth

Iy =0.2,0.22,
0.35m

0.49 m

University of Pavia, Ttaly

1994

Discharge hydrograph at the gate

section; front celerity hydrographs;

water depth time series at the gate
section; wave front propagation

Video cameras (25 fps)

1D
SWE

FD
(1=0015sm~1/3)

Aguirre-Pe et al. [45]

Total;
dry bottom;
highly viscous fluid

Rectangular channel
L=7m,W=1m,Lr=hy/sin®,
§=0.03,0.05,0.07, 0.1, 0.15; smooth

hy =0.05,0.08, 0.1 m

University of Los Andes,
Mérida, Venezuela

1995

Wave front propagation; wave
profile at selected times; flow depth
time series at selected locations

Video camera (30 fps)

1D
SWE
FD

Fraccarollo and Toro [46]

Partial;
dry bottom

Plane
L=3m W=2m,Lr=1m,
S =0and 7%; smooth

hy =0.6m
(0.64 m)

0.4 m

University of Trento, Italy

1995

Bottom pressure time series
at 14 points; water depth time series
at nine points; time series of flow
velocity components at
14 locations

Pressure transducers;
capacitance wave meters;
electromagnetic
velocity meters
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Table 1. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
2D
X Rectangular channel R Water depth . .
Jovanovi¢ and Djordjevié [47] gl L=45m W=015m, hy =03 m 0.15m Bel If“;ve;f“y ‘,’fﬁ " 1995 hydrographs, water izp\,tihdmpacn‘:yrpr(’b% X i
Y Lr=225m, S = 0.1%; smooth clgrade, Yugosiavia water depth profiles @ o camera (1=0.009sm—1/3)
2D
. Downstream plane ersi Water depth o .
Jovanovi¢ and Djordjevi¢ [47] drpfgltat};m L=1m W=08m,Lr=1m hy =0.15m 0.1m Bel. I‘.—In‘;ve:{s!ty (_’]2 ;i 1995 hydrographs, water i;p‘::\dcapacnlz) rprobes X SI‘T%E
Y (Reservoir, W =1m), $ = 0; smooth clgrade, Yugosiavia water depth profiles @ o camera (1=001sm~1/3)
4 Tl‘)?fall Rectangular channel U . Water denth profl D
Koshizuka and ry bottom; L=0584m, W=N.A, _ niversity of ater depth profiles, . N R
Oka [48]; Koshizuka et al. [49] impact on SLV :00.146 mh/ by =0292m N.A. Tokyo, Japan 1996 wave front evolution Video camera (50 fps) x I\NA%E
a vertical wall = 0; smoot]
Rectangular channel Free surface profiles, velocity and
L - Total; L=14m W=05m, _ - . . . . . 6
auber and Hager [50] dry bottom Lr=35m hy =03m 0.5m ETH Zurich, Switzerland 1998 discharge profiles, Video camera (50 fps) X (e =5x10°m)
¥ S=0; smooth wave front position
Rectangular channel Surface profiles velocity
L - Total; L=14m W=05m, _ . . PR y i . R 6
auber and Hager [51] dral 1m0 Iy =03m 05m ETH Zurich, Switzerland 1998 distribution at fixed positions; Video camera (50 fps) X (e =5x 106 m)
4 $=0.1,05; smooth discharge hydrographs
Stansby et al. [52] Total; Rectangular channel I =0.1,0.36m 04 University of 1998 Water elevation profil Lacer vid - X
ansby et al. [52 dry and wet bottom Lr 66 20 smogth hg = 0,001y, 0.45hy 4m Manchester, UK ater elevation profiles aser, video camera (25 fps)
Total: Rectangular channel X 3
Blaser and Hager [53] drv B L=14m W=05m, hy =02-0.6m 05m ETH Zurich, Switzerland 1999 Wave front velocity and location N.A. (e =25 x 103 m)
¥ bottom Lr=N.A. § = 0-0.5; rough
=N.A. § =0-0.5; roug
Total; dry bottom; Rectangular channel Université . . Video camera
Nsom et al. [54] Newtonian solution L=5m W=03m, Lr=hy/S, I =0.055m 03m de Savoie, 2000 Fl"wtfie?‘? {ime series at 2 Selt‘?“e‘i (1000 fps); X
(glucose syrup-water) $=3-12°; smooth Cedex, France section; front wave propagation ultrasonic distance meters
Tank : - 2D
N : Total; X hy=01m University of . y .
Gallati and Braschi [55] ] L=12m, W=0.05m, u 0.05m . 2000 Water elevation profiles Video camera (24 fps) EUL
dry and wet bottom Lr=03 m; rough hd =0-0.02m Pavia, Italy X SPH
Liem et al [56] Total; L - (Rectangular channel Iy =0.3,0.35, 05 Aachen University of 2001 Front position Video camera X A
temetal 1o dry bottom T G smootn. 0.4,045m =>m Technology, Germany and velocity (4500 fps) FE, FV
Total; Rectangular channel hy = 8-3%0-35/ 04, Aachen U . Water depth hydrographs in
. " - Kt . L=122m,W=05m, 45 My achen University of six sections; Video camera
Briechle and Kongeter [57] . jfrg v?/l:i :]\;eetrlzgrtzr:“ Lre365m, steady inflow: 05m Technology, Germany 2002 front position (4500 fps) X
$=0.002; smooth 0,40,80,1201s1 and velocity
. s 1D
Total; Tank: L=10m, W>1m Université . .
Soares-Frazao and Zech [58] wet bottom Channel: L =26.15m, W=1m Different values of hy —hd 1.0m Catholique de 2002 Water dLPth h){c!mgraphs at Water level gauges X BOU ]
(undular bore) 5= 0; smooth Louvain, Belgium six positions Hybrid FV-FD
;S ain, belgl (n=0)
. . 2D
. . Tank Kyushu Institute of Wave front position, flow depths o] vide N
Shige-eda and Akiyama [59] Partiel (asymmetric) L=48m Wr=298m hu=04m 05m Technology, 2003 and surface velocity hydrographs at Digital video tape X W
y Lr=1.93m, S = 0; smooth Kitakyushu, Japan six points ’ (1<0.07s m71/3)
. . . 2D
. B .. . . Tank _ Delft University e o N Water depth resistance
Ste”m%)i?:mD‘;]:n[:e;]]er tooh dry ancl tom L=31m W=756m,Lr=24m, o 04m of Technology, 2003 Water depth hydrographs; front probes; X S
ejerto 4 §=0; smooth (s The Netherlands pos ety video camera (30 fps) (1=00125m—1/3)
Rectangular channel i i S i
P Total; - = hy =0.1m University of e eloci Particle tracking and
Chegini et al. [62] dry bottom LrI;;ngszmmS, ZV()- gﬁon(:t/h hg = 01055 hy 0.4 m Manchester, UK 2004 Flow field and velocity streak velocimetry X
2D
Partial; Tank Images of the flow field in the flood SWE
Gallati and Sturla [63] g L=14m W=05m, hy =0.08 m 0.155 m University of Pavia, Italy 2004 . . . Video camera (25 fps) X SPH
dry bottom Lr=04m, S =0; smooth plain at different time steps
am o=t (1=001sm~1/3)
. Tank SVE iversi ; iles:
Janosi et al. [64] dry andTaztg:'bottom L=993m, W=0.15m, hy =0.11-0.25 m 015m Eotvos University, 2004 Water surface profiles; Video cameras X

Lr=0.38m, S = 0; smooth

hg =0,0.018,0.038 m

Budapest, Hungary

front position and velocity
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Table 1. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Rectangular channel Russian Academy of
- Total; g hy =0.205m : y . Wavemeters,
Bukreev and Gusev [65] g L>>13m W=02m, u 02m Sciences, 2005 Water level profiles . .
dry and wet bottom Lr>>03m, S = 0; rough hd =0.0,0.02m Novosibirsk, Russia video camera x
N Tank iversi Video stereoscopy,
Partial; hy =0.1,0.2,03m University of Alberta, . . )
Eaket et al. [66] / L=475m, W=231m, Y= 0.89 m 2005 Water surface profiles and velocities Video cameras
dry and wet bottom Lr=232m, S = 0; smooth hg=005,01m Edmonton AB, Canada 30 fps) X
Total;
dry l?o?tom; lieitanguba\/rf ha%mel Université Joseph Fourier, Wave front position with time; flow Video cameras
Piau and Debiane [67] highly viscous =5m, W=0.3m, Jy =0.054,0.055 m 03m P . 2005 pos e (25,1000 fps); X
! . Lr=2,4,6,8hy, Grenoble, France depth profiles at selected times N X
Newtonian solution = 0: smooth ultrasonic distance meters
(12, 85,130 Pa s) ’
Rectangular channel iversi i
. o Total; = . _ University of Queensland, Shear stress; free surface Shear plate, ADV, acoustic 3
Barnes and Baldock [65] dry bottom LYL:_Z%ZI[; ™ ?]:_Oq'?or:éh h =02m 04m Brisbane, Australia 2006 elevation; velocity displacement sensors X (e=01x107 m)
Total; Channel: L=9.0m, W=04m, Technical University of Vid
Bateman et al. [69] dry bottom; Lr=2.0m, S =27°; rough; hy =05m 04m Catalonia, 2006 Water surface profiles %Oe(iégér\feras x
end platform Platform: 4 m x 2.4 m Barcelona, Spain 0 Ps)
Total;
dry bottom; .
. . k P Water depth time 2D
Cruchaga et al. [70] impact on a vertical - W=0228m, I = 1Lr, 2Ly 0.228m University of 2007 series at selected Video cameras X NSE, ETILT
wall (two different Lr=0.114m, S = 0; smooth Santiago, Chile sections; wave front positi FE
fluids: shampoo =0. ,5=0; sections; wave front position
and water)
1D
Tank SWE
Total; dry bottom; _ ° s N iles; - :
Maranzoni et al. [71] horizontal and L=1 m, W=018m, hy =01m 0.18 m University of Brescia, Italy 2007 Water surface profiles; Water Video camera X v
sloping channel g Lpsotldm, depth hydrographs (25 fps) - LZR/ o
=0, 6%; smootl .,
FV
2D
. Tank _ Water surface at 10 times; water : . =)
Aureli et al. [14,72] a rtial; L=26m W=12m Lr=08m, hy =015 m 03m University of Parma, Italy 2008 depth time series Video camera (3 fps); V4 SWE
ry and wet bottom 5= 0; smooth hg=001m ata gauge point ultrasonic distance meters 1/3
;s (n=0.007sm™ ")
Rectangular channel W ; il b
- Total; L=122m W=122m, hy =0.3,0.45,0.6 m University of Hawaii ater surface profiles in time, bore Video camera
Mohamed [73 dry and wet bottom Lr=3.60m, § =0; concrefe botfom and Iy =0,0.025,0.05 m 122m at Manoa 2008 height, shape and speed (30 fps) X
glass side walls, smoot]
Total;
dry bottom; Rectangular channel : L Free surface (imaging technique)
Ancey et al. [74] highly viscous L=4m, W=03m Massggwsilg%x'gierx otr: 0.3m Laueannlcaps}:vl;ftzcrlalxd 2009 and flow depth profiles at selected Video camera X
Newtonian fluid §=0,6,12,18,24°; smooth el R times; front position with time
(glucose solution)
Rectangular channel 3D
- Partial; L=28m, W=16m,Lr=10m, hy =04m Tsinghua University, Water depth hydrographs; velocity Pressure probes, PIV, video
Yang etal. [75] wet bottom $ =0; concrete bottom and glass side hy=012m 0.2m Beijing, China 2010 fields at fixed times X RANFS\’,VOF
walls; smooth
2D
Ozmen-Cagata: d . Rectangular channel _ Cuk Uni . . . . RANS, YOF
gatay an Total; —9m 03 m, Lr = 4.65 m. hy =0.25m 03m ukurova University, 2010 Water depth profiles at different Video camera X Fv;
Kocaman [76,77] dry and wet bottom T S 0 smonths 4 hy=0,0.02501m - Adana, Turkey time steps (50 fps) 2D
4 Y = 0; smooth; d g ) P P: SWE
FV
Duarte et al. [78]; el Rectangular channel I = 04,041,042 m v:jref(:\;naiffil:: aalte:e;:cdt:; Ctli]:::'l
Boilat et al. [79] silied-up reservois L=55m W=042m, "(sediment depth: 0.42m ! 2011 ediment deposition; water front Video camera X
oL L dry bottom; Lr=15m, S = 0; smooth 8 pth: - Lausanne, Switzerland sediment deposition; water front (15 fps)
Ribeiro et al. [80] multiphase flow (2 mean grain size diameters) 0.22-0.39 m) propagation; maximum wave
p! depth profile
Rectangular channel Wave front position and velocity; (3‘3’"0 rough
Total; — _ Water volume in the EPFL, water surface profiles at selected N ottoms:
Marra etal. [81] dry bottom S= 1_5L—£4% n:,rnvt\:&h .;nxcxl],rough reservoir=3,4,5,6,7,81 0lm Lausanne, Switzerland 2011 times; water depth hydrographs at Video camera (500-800 fps) X n=00133s m*l/S,

two positions

n=00153sm~1/3)
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Table 1. Cont.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics

1

(4) Initial Conditions 2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 3

Aleixo et al. [82-85]

Total;
dry bottom;
first stages
(upward and
downward
moving gate)

Rectangular channel

S = 0; smooth

L=6m, W=025m,Lr=3m,

Iy =0.325,0.4 m

0.25

Université
Catholique de
Louvain, Belgium

2011

Flow images;
velocity field and components
at selected sections

Video camera
(100 fps); PIV

X

Feizi Khankandi et al. [86]

Total;
four different reservoir
geometries;
dry and wet bottom

0,51 m,
Channel:

hy =0.35,0.4, 045 m
hd =0, 0.08 m

0.51m

Amirkabir
University of Technology,
Tehran, Iran

2012

Water depth, velocity and discharge
hydrographs at different positions;
water surface profile at
different times

Ultrasonic distance meters;
ADV, video camera (110 fps)

(n=0011sm~1/3)

Oertel and Bung [87]

Total;
dry bottom

Rectangular channel
L=22m, W=03m,
Lr=13m, S = 0; smooth

hy =0.1,02,03,04m

0.3m

Bergische Universitit
Wuppertal, Germany

2012

Water depth in seven measuring
points; water depth profiles at
selected times; velocity field at

selected times

Ultrasonic distance meters;
video camera
(1000 fps); PIV

2D
RANS, VOF
FV

(e =0.0015 x 1073 m)

LaRocque et al. [88]

Total;
dry bottom

Rectangular channel
L=731m, W=018m,
Lr=337m,

S =0.93%; smooth

hy =0.25,0.3,0.35m

0.18 m

University of South
Carolina, USA

2013

Water surface profiles
at selected times;
velocity vertical profiles at
eight locations

Ultrasonic distance meters;
ultrasonic Doppler
velocity profilers

2D
RANS, VOF
Fv

(e =0.01 x 1073 m)

Miani et al. [89]

Total;
wet bottom

Rectangular channel

L=10m W=05m,Lr=1

S =0; smooth

m,

hy =04m
hy=01,02,04m

0.5m

Joint Research Centre,
Ispra, Italy

2013

Water depth hydrographs at
10 locations

Ultrasonic distance meters

1D
SWE
Fv

Hooshyaripor and
Tahershamsi [90]

Total;
dry bottom

Rectangular channel
L=93m W=051m,
Lr=45m, S = 0; smooth

hy =035m

051 m

Amirkabir University of
Technology, Iran

2015

Water depth hydrographs at
11 points; velocity and discharge
hydrographs at
six locations

Ultrasonic distance
meters, ADV

3D
RANS, VOF

(m=0011s m71/3)

Jiang and Baldock [91]

Total;
dry bottom

Rectangular channel

S =0; smooth

L=3m W=04m,Lr=17m,

hy =0.1,0.15,02m

04m

University of Queensland,
St. Lucia, Australia

2015

Flow depth and bottom shear stress
time series

Acoustic displacement
sensors; shear plate; PIV

2D
SWE

FV
(n=0.01,0011,
0.019sm—1/3)

Jiang and Baldock [91]

Total;
dry bottom
(fixed sand false bed,
two grain sizes
dsq =0.22,2.85 mm)

Rectangular channel

$=0,1/10; rough
(fine and coarse)

L=3m W=04m,Lr=1m,

Iy =0.08-0.22 m

04m

University of Queensland,
St. Lucia, Australia

2015

Flow depth and bottom shear stress
time series

Acoustic displacement
sensors; shear plate; PIV

2D
SWE
FV
(n=0.01,0011,
0.019sm—1/3)

McMullin [92]

Total;
dry and wet bottom
(two gate
removal mechanisms)

Rectangular channel
L=05m, W=0.175m,
Lr=02m, S =0; smooth

hy =0.06-0.14 m
hy =0.005-0.02 m

0.175 m

University of
Nottingham, UK

2015

Wave front position in time; wave
profiles at selected times;
horizontal and vertical velocity at
selected times and positions

Video cameras, PIV

2D
NSE, VOF
FD

Mrokowska et al. [93]

Total;
‘wet bottom;
closed
downstream end

Rectangular channel

S =0.002; smooth;

L=60m, W=06mLr=5m,

hy =0.31,0.36 m
hy =0.04,0.06,0.08 m

0.6m

Polish Academy
of Science,
Warsaw, Poland

2015

Water depth hydrographs at seven
locations;
velocity fields

Water level sensors;
video camera
(520 fps); PIV

Aleixo et al. [94]

Total;
silted-up reservoir
(tailings dam-break);
dry bottom;
sudden enlargement

Plane
L=7.66m, W=3.66m,
S = 0; smooth
Reservoir
Lr=324m, Wr=05m

hy =04m
(sediment depth 0.2 m)

0.5m

National Sedimentation
Laboratory, Oxford,
Mississippi, USA

2016

Velocity fields

Video cameras
(400 fps); PIV-PTV

Elkholy et al. [95]

Partial;
dry bottom

S =0; smooth

Tank
L=11m W=43m,Lr=3m,

hy =0.25,0.5,075m

0.4 m

University of South
Carolina, USA

2016

Pressure head at the bottom in nine
points; water surface elevations and
surface velocity; velocity profile at
the center of the gate section

Pressure sensors;
PTV (video cameras, 60 fps);
ultrasonic
velocity profiler

Javadian et al. [96]

Total;
dry bottom closed
downstream end

Rectangular channel

S = 0; smooth;

L=2m, W=02m,Lr=1m,

hy =0.11,0.12,0.13 m

0.2m

Sharif University of
Technology, Tehran, Iran

2016

Water surface profiles at selected
times; wavefront position
in time

Video camera
(24 fps)
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Table 1. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Rectangular channel
L=93m, W=051m,
§ = 0; smooth . . N - L
. - Total; 4 . Amirkabir University of Water depth and flow velocity time Ultrasonic distance
shya . ’ Rese : =03 . N N
Hooshyaripor etal. [97] dry bottom Lr=45 f:‘v:rv\\//o;rz.zs m = 0.35m 051m Technology, Tehran, Iran 2017 series at selected locations meters; ADV X
(different side slopes
and lengths)
Total: Rectangular channel Ty =0.16-0.36 Zheiiang Universit Water surface profiles at selected Video camera
Liu and Liu [98,99 otal; L=65m W=04m,Lr=15m, u =0.16-0.36 m 04m jlang "sity, 2017 times; water depth time series; flow 150 fps); capacitive wave
dry and wet bottom hg =0,002,0.04 m Hangzhou, China P P
S =0; smooth ¢ velocity time series gauges; ADV
Reservoir W . lected
L. Lr=1Tm;W=1m . . arai ater surface at selecte _times; .
Cordero et al. [100] g al Floodable area i =0.1,015,02m 1214'3\(/"‘;‘“3') b "lytec;‘m_c U[rt‘“l ersity of 2018 water depth time series; V‘C(llc(‘]’ocfa“;‘)cm X
Y SL :0411;3, W, 3 mh LV slope urin, ftaly water depth profiles P
=0, ; smoot]
. Rectangular channel hy =0.6m . — Water surface and average flow .
Liuetal. [101] dry an dTa'tgglbottom L=18m W=1m, I’d =0.06,0.12, Im Sléiuanfméﬁl;slty, 2018 velocity profiles at selected times; v‘difscfa r;\)eras x S%/E/)E
Y Lr=837m, 5 =0; smooth 0.18,024m engdu, China wave front celerities P
Total; University of
t Rectangular channel . . Water depth and flood wave . . 2D
Hamid et al. [102,103] dry bottom L=67m W=03048 m, I =0762m 0.3048 m Engineering and 2018 velocity time series at Point gauges and X SWE
open and closed Lr=213m,’S = 0.002; smooth Technology, lected secti velocity sensor FV
downstream end Y T Peshawar, Pakistan selected sections
Total; : : .
X ! swi Rectangular channel . . Water depth time series at four Capacitance wave gauges; =
Stolle et al. [104]; wet bottom; swing L=30m, W=15m, hy =02,0.3,04,05m 14m University of 2018 locations; flow velocity at a selected propeller velocity flowmeter; X (¢ =0.001-103 m,
von Hifen etal. [105] gate (opening Lr 2155 . & = O rotieh Ottawa, Canada : A se : A =0.014, 0.0293)
time influence) r=21.55m, 5 = 0; roug] location; wave front arrival time video cameras (70, 120 fps)
Video i 5
Total; Rectangular channel Iy =0.4m Sichuan Universit water surfalceeorlc:l;i?;g: Zt selected Vid 2D
Liu et al. [106] oftal; L=18m, W=1m,Lr=837m hy =0.02,0.04,0.08,0.12, 1m rety, 2019 \ proiie: ) ideo cameras X RANS, VOF
wet bottom $ = 0; smooth 0.16 m Chengdu, China times; water depth time series at (48 fps) BV
. | selected locations
Total; Rect lar ch 1 1D
dry bottom; ectangular channel P i iversi . .
Melis et al. [107] effoct of oot L=11.6m, W=05m,Lr=N.A, Iy =0.15,02,0.25,03 m 05m Folytechnic University of 2019 Water surface profiles Videg cameras V4 SWE
veget =0, 1,2, 3%; smooth, rough urin, Italy P ~1/3
(polymeric cylinders) (n=0.05sm )
Total; . ; iles at s
. b . Rectangular channel _ Adana Science and Water surface profiles at selected § 3D
Turhan etal [[ : 8?3]] dfy ard\ddwet bfﬂom/ L=1216m, W=02m, bl by 2 OdSm 02m Technology 2019 times; water depth time series at V‘d(eﬁ‘é Gamera X RANS, VOF
5 cl Oesfd' S:ﬁra]sa{:?m Lr=0.3m,S = 0; smooth; d /e =1, 0 Bes B University, Turkey four locations P SPH
Rectangular channel
. . . Water surface profiles at selected .
Total; (rectangular and hy =0.4,0.6m Sichuan University, : . N Video cameras
Wang etal. [110] g triangular section) u = U 1m ; 2019 times; water depth time series at X
t botte hy/hy =0.1,02,03,04 2 . 48 fps
wetbottom L=18m W= 1miLre837m, 1/ =01, Chengdu, China selected locations (48 fps)
S = 0; smooth
Water depth hydrographs at 2D
Total; Rectangular channel _ i iversi Atiomas BOU
K ~ o e hy =0.16,0.28 m Dalian University of 12 locations; i ) B
Wuetal. [111] V\ée(::xgiﬁcn;hglg;gd LrL=7514%3mH§ Z\/Ol?n.hloron[,l’r hy=012m 04m Technology, China 2019 flow velocity time series at Wave gauges; ADV X Hybrid FD-FV
: . o ’ four locations (n=0.01s m71/3)
hy =02m . . X
. Rectangular channel - . . versi Video images; .
Livetal. [112] Total; L=18m Wolm Lre 837 m hy =0-0.18 m; 1m Sichuan Univ e\_'slty, 2020 water surface and mean velocity Video cameras X
dry and wet bottom o . hy =04m Chengdu, China " . (48 fps)
§=0,0.003, 0.02; smooth hg =0-036 m profiles; wave front celerity
Total; Rectangular channel Technical University of Water depth at three selected Ultrasonic distance meters;
Qertel and Siifke [113] dry bottom L=125m W=03m,Lr=65m hy =02,03,04m 03m Applied Sciences, 2020 locations; flow velocity video camera (732 fps); PIV X
Y S = 0; smooth Luebeck, Germany vertical profiles and optical flow methods
Total; Rectangular channel hy =03,04m National Cheng K 121 Wta,ter L?lept? hmefsenes a;'l ¢ Capacitance wave gauges;
Shugan etal. [114] dry and wet bottom; L=25m,W=03m,Lr=~11m, hy =0,0.03, 03m 5}‘]?\‘,‘;5]. l e‘T‘fiW;‘:‘é 2020 ocations; water surface profile video camera (30 fps); PIV X
first stages S =0; smooth 0.06,0.09 m Y h selected times; . (video camera, 1000 fps)
front wave celerity; velocity profiles
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Table 1. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total; hy =03m . .
. o silted-up reservoir Rectangular channel hy= 0.32, 0.04, 0.05 m . . . Video images; water surface Video cameras NSEs?/OF
Vosoughi et al. [115-117] dry and wet bottom; L=6m, IS/V:OQ'Sn?:)VolE}:: 1.52m (sediment depth: 03m University of Shiraz, Iran 2020 profjle§; Wa.ter- m‘qd s']eﬁdim'ent-dePfh (50 fps) N / NSE: TEM
multiphase flow Y 0-0.24 m) time series at 16 points v
Rectangular channel Water surface profiles at selected
Total; (triangular section) hy =02,04,0.6m Sichuan University, times; water depth time series at Vide s
W tal. [118 gular sectio u , 0.4, s; water dep! e series ideo cameras
ang et al. [118] dry and wet bottom L=18 m,SWg 1m, L&‘: 837m, hg/hy = 0-0.9 Im Chengdu, China 2020 selected locations; wave (48 fps) X
= 0; smoof front celerity
Rectangular channel . P Water surface profiles at selected . 2D
Total; ) Iy =02,04,06m Sichuan Universit . Vid
Wang et al. [119] . L=18m, W=1m,Lr=837m (4 o 1m Y 2020 times; water level hydrographs at ideo cameras x RANS, VOF
wet bottom " " . 4 hy/hy = 0.05-0.9 i i ydrographs a /
§ = 0; smooth it Chengdu, China selected locations (48 fps) v
Partial (trapezoidal Rectangular channel Tokai Uni it Water depth
Ahmadi and Yamamoto [120] and triangular breach); L=12m, W=05m,Lr=25m, hy =0.25,03m 02,03m okal Lniversity, 2021 hydrograph at a point located 50 cm Video camera X
dry bottom = 0; smooth Kanagawa, Japan upstream of the gate
. otal: Rectangular channel hy =0.15m id D
Ansari etal. [121] dry and wet bottom L=37m W=0.6m,Lr=06m, hy =0,0.015,0.03, 0.058, 0.6m University of Zanjan, Tran 2021 Water surface profiles e X (Molecular dynamics
§ = 0; smooth 0.07 m P software) SPH
Total; Rectangular channel
dry bottom; L=37m, W=06m,Lr=06m Jye =02 m ] 2D
Ansari etal. [121] interaction of (2 opposite reservoirs at the i ul 0 2'0 3 0.6 m University of Zanjan, Iran 2021 Water surface profiles Vlde(:)(JEamera x (Molecular dynamics
. iw?7 opiosﬂe cshar:)nel endiz, up =0.2,0.om (60fps) software) SPH
am-break waves = 0; smoo
Total; dry bottom; Rectangular channel . e
Birnb: tal. [122 thrcc—phgsc L=12m,W=0.15m, —0. 3 Columbia University, Wave front position Video cameras
irnbaum et al. [122] Newtonian I - 'Zom w :: ﬁm)/ Iy =0.04-0.13 m 0.15m New York, USA 2021 with time (1 £p% 30 fps) v
suspensions =0; smoo
Total; Rectangular channel hy =0.1,02,04m Universidade N 3 .
Espartel and Manica [123] dry and wet bottom; L=671 %nu, W=024m, Iy =0,002, 0.24m Federal do Rio Grande do 2021 Water surface Pmﬁlcs at Video cameras X
first stages Lr=0.71m, § = 0; smooth 0.04, 0.08 m Sul, Porto Alegre, Brazil selected times (240 fps)
3D
. Tank ) Water surface at selected times; ' RANS, VOF
Partial; hy =0.15m Iskenderun Technical A h v Video camera (50 fps); FV;
Koca et al. = = = i er def Ps) ;
ocaman et al. [124] dry and wet bottom L=1m, Ig\/: [ggrrToloLllr'\ 0.25m, hd =0.015,0.030 m 0.1m University, Turkey 2021 water d;istehpt:::‘e:erlcs at ultrasonic distance meters X SZD
> WE
FV
Total;
dry and wet bottom; Rectangular channel iy = 0.11 Université de . 3D
Nguyen-Thi et al. [125] water and three L=2m, W=0.055m, u= m 0.055 m Picardie Jules Verne, 2021 Water surface profiles Video can\1era RANS, VOF
fer an hy =0-0.066 m P 203 fi 4
high-viscous Lr=0.28m, S = 0; smooth d . Amiens, France (203 fps) FV
Newtonian fluids
Total; Rect lar ch. 1 Bottom pressure time series at fo P
. dry bottom; ectangular channe! i 5S series at four Tessure Sensors;
Takagi and Furukawa [126] g fferen}l, gate opening L=3m W=038m,Lr=05m, hy =05m 038 m ;rgcl;‘;g:oizsm?;e :rf‘ 2021 points along the channel centerline; video camera X
velocities (0.2-2.5 m/s) § = 0; smooth 53 1ap water surface profiles (2400 fps)
Triangular channel : : n 2
Total; hy =0.2,04,0.6 m Sichuan University, Water surface profiles; water level Vid S
Wang et al. [127 L=18m W=1m,Lr=837m, u =02 0% Y profiies; ideo cameras
ang etal. [127] dry bottom ms - 0; 5;?0051 m hg/hy =0-0.9 1m Chengdu, China 2021 hydrographs, wave front celerity 48 fps) X
Rectangular channel i : N
. Total; 8! hy =04m University of Queensland, She tress; wate: Shear plate; acoustic
Xu etal. [128 J = =0. =N.A. i . y g ear stress; water plate; _
u etal. [128] dry and wet bottom L=13 rg’!gm%]z??;éé; NA, hy =0-0.098 m 025m Brisbane, Australia 2021 depth hydrographs distance sensors X (e =0.084 m)
Total;
! oo Rectangular channel Adana Science and N N e . 2D
Ozmen-Cagatay et al. [129] dry bottom; closed L=1216m, W=02m, I =015m 02m Technology 2022 Water surface profiles, water Video camera RANS, VOF
domnstream erf\]d, éhree Lr=03m,S =0; smooth University, Turkey depth hydrographs (60 fps) =0
ewtonian fluids o ’ 4
Total; Rectangular channel hy =0.13-0.483 m Southwest Jiaotong Water depth hydrographs; wave 2D
Yang et al. [130,131] dry and wet bottom L=10.72m, W=1.485m, hy =0.02,0.04, 0.06, 0.08, 1.485 m University, 2022 front celerity; Wave gauges; ADV x RANS, VOF
Lr=458m, S = 0; smooth 0.1,0.12,0.14 m Chengdu, China FV

flow velocity
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Table 1. Cont.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial Conditions 2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 3

Nielsen et al. [132]

Total;
dry and wet bottom

Rectangular channel
L=13m W=05m,

Lr = 0.625 m, § = 0; smooth and rough

(4 different values)

hy =04m
hy=0018m

0.5m

University of Queensland,

Brisbane, Australia

2022

Water depth and bottom shear

stresses hydrographs; dam-break

front celerity

Acoustic transducers;
shear plates

X

Zhang et al. [133]

Total;
dry and wet bottom

Triangular channel
(side slope: 45°)
L=18m, W=1m,Lr=837m,
§=0,0.003, 0.01, 0.02; smooth

hy =0.6m;0.4m
g/ =0,0.1,02,04

Sichuan University,
Chengdu, China

2022

Water surface profiles; water
depth hydrographs

Video cameras
(50 fps)

X

Note(s): ! L = facility length; W = facility width; Lr = reservoir length; Wr =
hy = downstream water depth; 3> ADV = acoustic Doppler velocimeter; PIV = particle image velocimetry; PTV = particle tracking velocimetry; * X = not freely available;
V/ = freely available; > Approach: 1D = one-dimensional; 2D = two-dimensional; 3D = three-dimensional-Mathematical model: BOU = Boussinesq equations; ETILT = edge-tracked
interface locator technique; EUL = Euler equations; NSE = Navier-Stokes equations; RANS = Reynolds-averaged Navier—Stokes equations; SGN = Serre-Green-Naghdi equations;
SWE = shallow water equations; VOF = volume of fluid-Numerical method: FD = finite difference; FE = finite element; FV = finite volume; MOC = method of characteristics;
MPS = moving particle semi-implicit; SPH = smoothed-particle hydrodynamics; TEM = two-fluid method-n = Manning roughness coefficient; ¢ = surface roughness; A = friction factor;

7 = Bazin roughness coefficient; N.A. = not available.

Table 2. Experimental investigations of dam-break waves through geometric singularities.

reservoir width (if different from W); S = bottom slope; 2 h, = upstream water depth;

(4) Initial .
(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 Conditions (5) Breach Width (6) Laboratory (7) Year ® MDe:tZured (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total; Rectangular channel Laboratory of Hydraulics, Water de . 1D
v _ a pth and discharge
Chervet and Dalléves [29] th bnftom, adverse L=23m W=03m hy =03m 03m Hydrology and 1970 hydrographs; front position Video cameras X I\S/[VC\/)E
slope; converging- Lr=5,75,15m,5 = —1,4,10% g =0.02m Glaciology, A veloci
diverging walls rough channel Zurich, Switzerland and velocity (1 =0.0077-0.0167 s m~1/3)
Total; Tank with S%/]\JDE
Matsutomi [134] dry bottom; L=39m,W=03m,Lr=15m, hy =013 m 03m University of Akita, Japan 1983 Wave front trajectories N.A. X FD
adverse slope S =—0.075, —0.15; rough (specific resistance law)
Total: Radial reservoir with variable radius r Dresden Technical Discharge hydrograph at the dam Photographic film sheeting; 1D
Martin [135] dry and wet bottom and diverging vgalls hy =0.36m r x 0 variable Univ‘ersity, Germany 1983 position; water surface profile; uscill()grqph; ) X I\SAVSE
(0 =5.71-90°) water level hydrographs photogrammetric plotting
Total;
om: Rectangular channel _ R Water depth hydrographs at four 2D
Michouev and Sladkevich [136] sudden o L=88m W=16m, i =N.A 04m State University of 1983 locations; water depth profiles at NA. X SWE
argement Lr=dm Wiz04m S=0 hg=01hy Moscow, Russia . FD
at the dam r=4m, Wr=04m,5= three times
Total Rectangular channel Water depth hvd hs at th X b 1D
Miller and Chaudhry [137] dry bottom; L=ld4m W=03m; Iy =0.1,0.152, 02, 03m State University of 1988 ater depth hydrographs at fhree Capacitance probes; X SWE
v 180° d channel Reservoir 0254,03m ’ Washington, USA Jpoinis in the ch d videa camera D
curved channel Ly ool sm ive points in the reservoir p: (1=0.014-0.018 s m—1/3)
B dTotal;b Rect lar ch 1 High speed tape 1D
’ T ry and wet bottom; _ Jectanguar channe hy =0.1m University of Strathclyde, Water depth hydrographs; wave recorder; resistance . .
Townson and Al-Salihi [37] converging diverging L=4 m,SV\iBOS]l“T(;thr ~19m, hy/hy =0.176 0.1m Glasgow, UK 1989 front position; water surface profiles wave probes; X Swﬁ%'icdml)
walls (8 =5°) ' pressure transducers
Total; Reservoir hy =0.15,0.2,0.25, - apaci .
Bell etal. [136] dry and wet bottom; LYR:eCZé?\ mll:l\'/rcl?aﬁglm 0.3,035m 0.305m State University of 1992 Water depth hydrographs; wave Lap‘?;ltance probes; X ~1/3
erhetal b 180° curved W=03m,5=0; hy =0,0.013,0.025, 0.051, - Washington, USA front position vi (eé%cfargn)em (n=00165,0.04s m )
rectangular channel smooth and rougi1 0.0761 m ps
Total; Rect lar ch 1 2D
. ectangular channe _ iversi . .
Bellos et al. [139] dry and wet b(?ttom, Leolom Weldm, h_u =0.15-0.3m 06m Univ erslt.y of Thrace, 1992 Water depth hydrographs; water Y\/ave met‘ers, X X SWE
gradually variable Lr=85m. S =0-00L smooth hg =0,0.053,0.101 m Xanthi, Greece pressure transducers

channel width

surface profiles at 10 positions

FD
(1=0.012sm~1/3)
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Table 2. Cont.

L (4) Initial . 8) M d
(1) Reference (2) Dam-Break Type (3 Setup Characteristics 1 Conditions 2 (5) Breach Width (6) Laboratory @) Year (8 Measure (9) Measuring Technique 3 0 Data? (1) Numerical Simulation 5
Total; .
. Water depth time series in 31 points;
dry bottom; Rectangular channel R . cep points; . 2D
Cetina and Rajar [140] sudden enlargement L=20m, W=04and 2.8 m, hy =0.25,0.35,045 m 04 m University of Skop]e, 1994 longitudinal and, cross—secuona} Capac]tanc.e wave gauges; X SWE
(4 m downstream Lr=8m, Wr=12m,S = 0.2%; smooth North Macedonia water surface profiles; flow velocity velocity probes FD
of the dam time series at selected points (1=0.0137sm~1/3)
) p
Total;
wet and dry bottom; Discharge and water depth 1D
" _ Rectangular channel hy =0.2,0.22, P .
Manciola et al. [44] adverseslope (C003 | —gm, W=049m, Lr=3366, 5876 m, 03,035m 0.49m University of Pavia, Ttaly 1994 hydrographs at the gate section; Video cameras X SWE
—0.096, —0.15) $'= 0, smooth Iy =0,0.021 front celerity hydrographs; wave (25 fps) FD
three different eat , SMOO 1 =0,0.021m ~1/3
( ree ¢t erlen.tga )e front propagation (1=0.015sm )
opening velocities)
Total; Rectangular channel hy =0.292,0.342, . e
Aureli etal. [141] dry and wet L=7m W=1m,Lr=225m, 035m im University of Parma, Ttaly 1999 Water depth and Video camera X SWE
; = ; , velocity hydrographs (25 fps); ADV FD
bottom; bumps § =0-0.033; smooth above the bump 'y hydrograp! P 1
(1=001sm~1/3)
2D
Total; SWE
Soares-Frazao and Zech [142] dry and wet bottom; L=239 m?IY)V =244m Iy =02 Université Catholique di Water depth LB
S 12230 ¢ Pl 90° bend Channel with 90° bend u=02m 0495 m niversite Catholique de 1999 time series at Water level probes (bottom:
Soares-Frazao et al. [143] (step at the channel L=7535m, W =0495m g =0,001m Louvain, Belgium Slelocathml‘s; " ater level probes / 1= 00095 s m—1/3,
entrance & = 0.33 m) S = 0; smooth wave front velocity side walls:
n=00195sm~1/3)
2D
B Tgf?%; Tank Water depth SX\éE
. ry bottom; L=239m,W=244m iversité ; gy
Soares-Frazao and Zech [142]; o A 5 hy =025m Université Catholique de i i t .
Fraza 3 45° bend Channel with 90° bend u 0495 m . i 1999 ime series a Water level probes (bottom:
Soares-Frazao et al. [143] (step at the channel L =82m, W= 0495m }zd =0,0.01 m Louvain, Belgium nine locatmns;_ ater level probes / 1=0.0095sm—1 /3.
entrance & =0.33 m) S =0; smooth wave front velocity side walls: !
n=00195sm~1/3)
otal; Rectangular channel with 1D
) _ dry and wet bottom; dverse sl hy = 021,025, Water depth and i SWE
Aureli et al. [144,145 adverse slope .292 1 iversi ater depth and Video camera
[ 1 adverse slope L=7m, IO/V =1m,Lr=225m, hg = 0%_84;"0_05 m m University of Parma Italy 2000 velocity hydrographs (25 fps); ADV X FD
(—8, =9, —10%) $=0,1,2%, smooth and rough (1=0.01,0.025sm~1/3)
Total;
s vet bottom; Rectangular channel : <o Téeni Water depth
Bento Franco and Betamio de b hy =0.504 m Istituto Superior Técnico, a P!
, Ay sudden enlargement L=193m, W=05m,2.3m, u= 0.5m "0 SUP! 4 2000 hyd: hs at N.A. - -1/3
Almeida [146]; Viseu et al. [147] (6.45 m downstream Lr=6.11n, S = 0; smooth Iy =0.003 m Lisbon, Portugal ysf)?%]:i};t: al / (n=0.009 s m )
of the dam)
Total;
- 48] dfr);bmlllo? UPSt;‘fam Rectangular channel hy =075 m Laboratoire de /
iver [1 of the sill, dry and wet L=38m, W=1m,Lr=155m, - 1m Recherches Hydrauliques, 2000 Water depth hydrographs Gauge measurements =0.0125 -1/3
bottomldogvnstreanﬁ $ =0; smooth and rough hg =0,015m Chatelet, Belgium (r=00125sm™%)
triangular bottom sil
Total; closed
downstream end dry
bottom upstream of . . 1D
3 - Rectangular channel Université
Soares-Frazdo et al. [149]; the sill, wet bott & =0. b ide s 3
GoarenFaasso (4] “dovmstream; Ls56mW=05m, g 2 502, 0,035 m 05m Catholique de 2002 Water surface profiles Yideo cameras v W
tri lar bott i Lr=2.39m, S = 0; smooth d =Y 4 Louvain, Belgium (25 and 40 fps) 13
rlal(\illl) ﬁ ? om sil (n=0.011sm™ / )
.14 slopes,
0.065 m high)
Total; Tank
dry bottom; L=239m W=244m N ) ) ) Hybrid 1D-2D
Soares-Frazo and Zech [151] 90° bend Channel with 90° bend Iy =025m 0495 m Université Catholique de 2002 Water depth profiles; Video camera X SWE
(step at the channel L=7.335m, W = 0.495m Louvain, Belgium velocity field at the bend (200 fps and 40 fps); PIV Fv
entrance & =0.33 m) S =0; smooth (n=0.011sm 1/3)
Total; Channel
Bukreev [152] dry ;;‘S;;;eld l;gttom; L= 4']% e[?érli\r]oi:ro‘zoz h('i 1: g,%7_15'2100221'g!112’ 0202m Rgssian Acader.ny.' of 2003 .Dinrensionless height r?f water Powder coating X
(5-001.0 07}; ) L=33m W=1m, Iy = N.A. Sciences, Novosibirsk impingement on a vertical wall on end wall
=005, 0072m S =0; smooth
Total; L gl o0 Je = 0.125m dimengmcers‘:i}(?y‘i]rggiphs of
dry and wet bottom; =4.2m, W=0.202m ue i .
Bukreev and Gusev [153] Y El;ttov::drgp o Reservoir hy =0.022,0.032, 0.05, 0.202m sRI:lSSlan ﬁa‘}eriy 0{( 2003 water depth for different reservoir Y?Yemeters, X
H Lr=33m W=1m, 0.056,0.072, 0.1 m ciences, Novosibirs and channel depths, water profiles video camera
(8 =0.072m) S = 0; smooth P P

at selected times
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Table 2. Cont.

(4) Initial

(8) Measured

(1) Reference (2) Dam-Break Type (3) Setup Characteristics | Conditions 2 (5) Breach Width (6) Laboratory ) Year Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
. . 2D
Total; Rectangular channel . L . Water depth time series at Water level gauges;
Soares-Frazo et al. [154] dry bottom; L=7.6m, W=012-0.496 m, hy =02m 0.12m Université Catholique de 2003 five locations; surface-velocity water-level follower; X W
sudden enlargement Lr=4m,S =0; rough , belgl fields at selected times digital imaging (1=0015s m,1/3)
Total; Channel
q L=7.07m, W=0.202m _ ] iles .
Bukreev et al. [155] dry E’na wet‘l:mfom Rotervoir hh“—_o obog)?lbzggm 0202m R‘Jsslal? Acade!}\y. of 2004 Water-level profiles, water Wq;l/e recorders; X
( BU &bn:] 2 ep) Lr=33m, W =1-0.202 m, 4 =0,0.01,0.09 m Sciences, Novosibirsk depth hydrographs video camera
=0.06 m § =0; smooth
al; Rect lar ch 1 hy =0.1-04 m 2D
; . ectangular channel hy=0,<0.02m; i i : .
Bellos [156] dry f‘j“dﬁ” e‘,b‘?‘t’]m' L=212m, W=14m, P 0.6m U“‘VE‘S}‘\‘Y of Thrace, 2004 Water depth time series at Pressure transducers X SWE
graduatly varaie Lr=85m, S = —0.005, 0, 0.01; smooth 4 = 0.0635 m for Xanthi, Greece en positions FD
channel width S =-0.005
Total;
dry bottom; 1D
sluice gates Rectangular channel i
Natale et al. [157] (gate 1: x=84m, L=93m, W=048m, hy =02m 048 m University of Pavia, Italy 2004 Water depth profiles Video camera X SK,E
a=0.04m; Lr=336m, $ = 0; rough (25 fps); s
gate 2. (=93 m, ’ ’ ’ (n=012sm™ / )
a=0.02m)
Total;
dry and wet bottom; Rectangular channel hy =0.066,0.13, i Piezometers;
Bukreev [158] bottom step L=72m, W=02m, 0.15m 0.2m SR\AJsslan‘ ?\;adef.rg. 0{( 2005 Water-level profiles ‘wave recorders; X
(8 =0.038, 0.056 m; S =0; smooth Ig =0.055 m clences, NOVOSIDITS video camera
1=0.036, 0.257 m)
dry anghal om: Tank and channel (closed end) Water-level profiles; depth
Bukreev [159] " bottom ste ! L=72m, W=0202m, Iy =0.145,0.16 m 01m Russian Academy of 2006 hydrographs and longitudinal and Video camera; x
) 5 = 0055 m Lr=Z32m, Wr=1m; hg =N.A. : Sciences, Novosibirsk vertical velocities at PIV
(1 -0.69 m1)11, §=0; smooth three cross sections
Partial; Tank hy =0.15m Water surface profiles; water Video camera (3 fps); S%/?E
Aureli etal. [14,72] dry and wet bottom; L=26m W=12m Lr=08m, u=Dom 03m University of Parma, Italy 2008 R vt Irasomio o v FV
bottom sill 5= 0; smooth 7 =0. lepth hydrographs ultrasonic distance meters (1=0007s m—1/3)
Total R lar ch . Free-surface hydrographs at
otal; ectangular channe ints; i
Gusev et al. [160] wet bottom; L=7.06 '5?1 W =0.202 m hy =0.205m 0.202 Russian Academy of 2008 two Polrgts;l’,‘ye:ilotf‘lly ?f Fhe front Wavemet X
usev et al. [16 bottom step Lr=476m, Wr=10m, hy =0.01-0.205 m 202m Sciences, Novosibirsk e e Step avemeters
(5 =0.05m) S = 0; smooth velocity of the front reflected by
the step
Partial (vertically); wet
bottom; lateral i si ss
- o Rectangular channel _ . Dimensionless
Bukreev et al. [161] b ;?"S“‘f‘“’(“b "f‘goé L=83m W=020m, 008(u-9) < hy 0.06 m SR'.‘SS‘?“ ?\I‘a‘yie“’{’y, "{( 2008 bore depth and Wavemeters X
! g\mlie(;’38 ;\ : Lr=N.A.,, S =0; smooth <11(t-8) clences, Novosibirs propagation speed
5'=0.072m)
Total Rectangular channel o
. ectangu el iversi . 2 .
Evangelista etal. [162,163] dry bottom; L=9m, W=04m, Lr=NA, I =04 m 04m University of Cassino and 2011 Water surface profiles Videa camera X W
bottom step S = 0; smooth Southern Lazio, Italy at two selected times (30 fps)
(5 =0.05m) ¢ (1=0.0125sm~1/3)
2D
di Tgtﬂ; Rectangular channel i ; 3 . RANS, VOF
Ozmen-Cagatay and ry bottom; Lo89m W =03m, Iy =025 m 03m Cukurova University, 2011 Water surface Proﬁles Video cameras x FV;
Kocaman [164] trapezoidal bottom sill Z o Adana, Turkey at selected times (50 fps) 1D
Lr=4.65m, S = 0; smooth
(8=0.075m,/=1m) S;/\\//E
Total;
dry bottom; X
7 Rectangular channel . N Water surface profiles at selected . 3D
Ozmen-Cagatay and trapezoidal ectang . _ Cukurova University, A Video cameras
Kocaman [165] (Bogngraclﬁon L i :1259;1'5@6031'\1:&}\ hy =025m 03m Adana, Turkey 2012 times; w;tte;'et\:l/i?‘ﬂ;ggimgmphs (50 fps) X RANFS\,/VOF
.95 m long, Y e >

contraction ratio: 1/3)
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Table 2. Cont.

(4) Initial

(8) Measured

(1) Reference (2) Dam-Break Type (3) Setup Characteristics | Conditions 2 (5) Breach Width (6) Laboratory ) Year Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total;
dry bottom; Rectangular channel arai Water surface profiles at selected . 3D
Ozni‘ﬁ%?agl:n?] 66] triangular obstruction L= 8.9%71, W=03m, hy =0.25m 0.3m Cukurova University, 2012 times; water deith hydrographs at V}deé)ocfameras x RANS, VOF
gatay 1160 (0.95 m long, Lr=465m,S = 0; smooth Adana, Turkey sixpoints (50 fps) =
contraction ratio: 1/3)
2D
dryTl;)ct)ﬂé)m' Rectangular channel Cukurova Water surface profiles at selected Vid RANFS\'/_VOF
Ozmen-Cagatay et al. [167] triangular bu1;1p L=89m, W=03m, hy =0.25m 03m University, 2014 times; water depth hydrographs h ?;cha[;ems x 1D
(5=0075m,1=1m) Lr=465m, 5 =0; smooth Adana, Turkey at six points P o
FV
Rectangular channel
Total; s
N ’ L=10m, W=0.254m hy =04m - o 1D
Degtyarev et al. [168] coxr;atcl?i(:)trﬁo:?%he Reservoir hd =0.04, 0.06,0.08, 0.1, 0254 m I\Sjtafe l.Jbr.\l\ Erity o.f 2014 Water de{alh hyd.mgraphs at Cym?duct:vL X SWE
dam location Lr=5m, Wr=0.38m, 0.12,0.14, 0.16,0.18, 0.2 m ovosibirsk, Russia three points wave meters (1=0)
S = 0; smooth
Rectangular channel
Total; with 90° bend o ) D
Wood and Wang [169] dry bottom; L=672m, W=0273m it = 02794 m 029m University of Huston, 2015 Water depth hydrographs at Resistance-type water X 5]‘:/‘1/)15
90° bend Reservoir Texas, USA four points level measurements
©! Lr=0.89 m, Wr=0.89 m, (1=0.009sm—1/3)
§ =0; smooth
dryTlgct)ﬂi)m' LRCC;%ng“l‘:; Cl’z]a;‘i"t‘l Water depth hydrographs at 3D
¢ ; 4 =93m, W=051m, i ir Universi is o
Hooahyarlpgr and reservoir with sloping $2 0 smooth iy =035 m 051 m Amirkabir University of 2015 11 points; velocity and discharge Ultrasonic distance x RANS, VOF
Tahershamsi [90] sides (side angle = 30° Reservoir Technology, Iran hydrographs at meters, ADV 13
45°,60°) ’ Lr=45m, Wr=225m six locations (1=0011sm~1/3)
Total: Rectangular channel . X 3D
om: L=6.6m, W=0.3m, : . Water depth time series; water .
. . dry bottom; oo1m, ! 4 _ Hong Kong University of N Video cameras RANS, VOF
Kikkert et al. [170] sudden contraction S= %{/e ng;jfﬂ?oth hy =035m 0.3m Science and Technology 2015 depll‘} pmﬁ]teis :r:?mwave (90 fps) X v
at the gate site Lr=75m, Wr=2m,S=0 propagatio ¢ (e =5x10"5m)
Rectangular channels with junction
(Y-shaped;
Total; 30°,45°, 60°,90°) . N . 3D
Chen etal. [171] wet bottom; Side channel (with dam): hy =03,04,045m 03m Sichuan Univ erlty, 2019 Water depth and pressure Video cameras; PIV; x RANFS\,/VOF
Y-shaped junction L=25m W=03m,Lr=1m hy LA Chengdu, China; hydrographs; velocity field pressure gauges 13
Main channél: (1=0008sm~1/3)
L=5m, W=03m
S =0; smooth
Total; wet Meandering rectangular channel iy = 0285 m University of Flow depth transversal profiles in 1D
Kobayashi et al. [172] bottom o ters L=161m, W=08m, PV 08m Hiroehi 4 2019 P P Wave gauges X SWE
; Lr=15m,S = 1/600; smooth 4 =0.107, 0. m iroshima, Japan eight cross-sections MOC
Total; Rectangular channel _ ; o . e —0,10,16,
Kavand et al. [173] dry bottom; W=02m,S=0; h‘é hy 0‘25/50'35’ 02m University of Ahvaz, Iran 2020 Wave front celerity; wave height al Video camera X (e=0, 3
three 90° bends smooth and rough y 000 m the bend sides 20 x 1072 m)
Total; RAN35DVOF
dry bottom; Rectangular channel . A _— . g
Kocaman et al. [174] triangular and L=89 %n, W=03m, hy =025m 03m Cukurova University, 2020 Free surface profiles; flow Video cameras X v
trapezoidal Lr=4.65m, S = 0; smooth Adana, Turkey depth hydrographs (50 fps) S%/E)E
channel contractions FV
Total; Rectangular channel oy =02 Vide 3D
Ansari etal. [121] dry and wet bottom; L=37m W=06m, Lr=06m, hL 0, 007 m 0.6m University of Zanjan, Iran 2021 Water surface profiles h &% ?“39“‘ X RANS
triangular bottom sill § =0; smooth d =5 ps SPH
Re.ctangula;cdhan;\els v\l'i(th ?lz(;lsha];ed hfll dioozoshig;booif
Total; junction Side channel (with dam): 0.052 m - Outflow hydrographs downstream
Ismail et al. [175] wet bottom; Ll; = ég? 2 gvfo[‘]'s‘?’[?‘tgt‘]g (flow rate and velocity in 0.304 m Cartiﬁg:r?guﬁgioauﬁs A 2021 of the junction; water surface Ultrasonic distance meters X
Y-shaped junction s  chann the main channel: ! . elevation at the outlet

Main channel:
L=335m, W=0.304m

=1.87-2.641/s;
v =0.145-0.181 m/s)
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Table 2. Cont.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial
Conditions 2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured
Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 5

Gamero et al. [176]

Total;
dry and wet bottom;
closed downstream
end; Gaussian bottom
sill in the reservoir

Rectangular channel
L=15m, W=0405m,
Lr=9.275m,
§=0.0015; smooth

hy =0302,03m
hg=0,012,
0.18,0.24 m

0.405 m

University of
Coérdoba, Spain

2022

Piezometric measures along the
centerline
of the obstacle;
water surface profiles

Piezometers;
video cameras
(25 fps)

v

2D
VAM
Hybrid FV-FD
(1=001sm~1/3)

Kobayashi et al. [177]

Total; wet
bottom; meanders

Straight rectangular channel
=1

L=161m, W=04m,
Lr=1.68m, S = 0; smooth
Meandering rectangular
channel
L=161m, W=0.39m,
Lr=1.66 m, S = 0; smooth

Straight
hy =03m
hy =0.02m
Meandering
hy =0.285m
hy =0.107 m

Straight 0.4 m
Meand.
0.39m

University of
Hiroshima, Japan

2022

Wave height time series in eight
cross-sections; free surface profiles
at selected times

Wave gauges

2D
SWE;

3D
RANS, VOF
FvV

Vosoughi et al. [178,179]

Total; silted-up
Teservoir
(multiphase flow);
dry and wet bottom;
semi-circular bottom
sill (& =0.045 m,
1=0.09m; 5 =0.075m,
1=0.15m)

Rectangular channel

L=6m, W=03m,Lr=152m,

S = 0; smooth

hy =03m
(7 sediment depths:
0.03-0.24 m)
hy =0,0.02,
0.04,0.05m

0.3m

University of Shiraz, Iran

2022

Water surface profiles; profile of the
saturated sediment layer

Video cameras

(50 fps

v

3D
NSE, VOF
FV

Note(s): 1 L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 6 = inclination angle; 6 = bottom step/bump height;
| = singularity length; b = constriction width; 2 i, = upstream water depth; i; = downstream water depth; > ADV = acoustic Doppler velocimeter; PIV = particle image velocimetry;
4 X = not freely available; v = freely available; > Approach: 1D = one-dimensional; 2D = two-dimensional; 3D = three-dimensional-Mathematical model: NSE = Navier-Stokes
equations; RANS = Reynolds-averaged Navier-Stokes equations; SWE = shallow water equations; VOF = volume of fluid-Numerical method: FD = finite difference; FV = finite volume;
MOC = method of characteristics; SPH = smoothed particle hydrodynamics—# = Manning roughness coefficient; ¢ = surface roughness; N.A. = not available.

Table 3. Experimental investigations of the dam-break wave impact against obstacles.

(1) Reference

(2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 5
Total;
dry bottom; Tank D
impact on containment an . - :

Greenspan and Young [180] o (0 —00° 600 L=122m, W=023m, g 02032 m 023m Massachusetts Institute of 1978 Spillage fraction Video recording X SWE
lykes (6 =90°, 60°, =023 m: S = 0; smooth Technology, USA dependence on dyke inclination MOC
30°; variable dyke - !

distance from the gate)
Total; . . .
- Rectangular channel Laboratoire National Water depth and celerity of the " T S
Sicard and Nicollet [181] V:];t;uct:g:’ L=18m, W=0.6m,Lr=3m; ;:" _]I\\]I,Q 0.6 m d’Hydraulique, 1983 incoming wave; pressure time series PlCZD:CSlS:{VL pressure X
a vertical wall S = 0; smooth d N Chatou, France on the wall at seven elevations ransducers
Total; hy =0.502 m Force and pressure
el . Rectangular channel “0m: P . Impact force; pressure at the wall; § 5 :
Ramsden [152] dry and wet bottom; L=366m, W=0.3%m, g =0m; 039 m California Institute of 199 position of the wave; 2D profiles transducers; contact probes; X
impact on a vertical Lr=897m.S=0; Iy =0.4801 m Technology, USA Argon-ion laser; video
r=897m; S =0; smooth [ near the wall
wall 17 =0.28 m camera (300 fps)
Total;
wet bottom;
impact on a vertical
orous structure S { imes:
Liu et al. [183] 029m long, 0.37 m L0892 m W 044 m hu =035,025, 0.15 m 044m Cornell 1999 Hater o N Frﬁf‘l% I Camera (10 fps); X RANS, VOF
- 11O hi e o, vy = Y Iy =0.02m g University, Ithaca, USA . water level time series wave gauge d
igh, located 0.02 m Lr=0.28 m; S = 0; smooth in the center of the porous structure FD
downstream of
the gate;
2 porous materials)
Total;
dry bottom;
imy ac}t] on obstacle Tank hy=01m 2D
Gallati and Braschi [55] P! L=12m, W=0.03m, ;l‘ _ 0 0.03m University of Pavia, Italy 2000 Water surface profiles Video camera (25 fps) x EUL
(0~03 x 01)[6 m, 0.1f7 m Lr = 0.3 m, rough g =0m SPH
lownstream of

the dam)
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Table 3. Cont.

5

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation
Total; Tank .
. wet bottom; L=l +l,Lr=1 05 < (hu-hy)/hy <14 Russian Academy of Maximum water level at the wall, Video camera (25 fps), 1D
Barakhnin et al. [184] impact on a reflective 50 <l /hy <90 Iy =0.03,004m 0.06 m Sciences, Novosibirsk 2001 Spl'iSh'fup pmf:!le’ free resistive wavemeter X BOU
vertical wall I} =N.A. surface profiles
Partial: Water depth hydrographs at
S Fraza d wet bot‘to’m' Rectangular channel hy =04 Université six locations; Resistive level gauges; ADV:
oares-Frazao an ) om; L=36m; W=36m u =04m 1m Catholique de 2002 velocity fields at selected times; - Bavgss AUV v (n=001sm~1/3
Zech [185,186] impact on an isolated 4 >0 M, hy=0.02m ) 8 as a t g video camera (40 fps) n=0.01sm )
building (0.4 x 0.8 m) Lr=6.9m, S = 0; smooth Louvain, Belgium flow velocity time series at the
& O : gauge points
8 Partial (asymmetrical); . . . . 2D
Brufau et al. [187]; hy =0.5m University of La Water depth time series at
: . wet bottom; s 0.293 m I k 2002 . N.A. X SWE
Meéndez et al. [188] pyramidal obstacle hy=01-03m Coruna, Spain several points FV
Total; Tank
dry bottom; impact on _ _ versi . Net force on the structure and 3D
Ciobataru et al. [189] pillars (square: L= }ﬁ"i%mg’nﬁ\.] 5 0 '8.1 m hy =01-03m 0.61m Univ e';"«vlaf V{’fsszmg“’“’ 2003 velocity hydrographs, free surface Load cell; LDV; PIV X NSE
0.12m x 0.12m; smooth and m_ugh cattle, profile at mid-channel ELMM
circular: D =0.14 m)
] i ) Total, Rectangular channel he=0.04m Maximum run-up, pressure at the i 2D
TmeuaErori[\izﬁl{tgeﬁgo}?zz‘ and dry bottom; impact on L=6m, W=05m, f . 0.5m University of Trento, Italy 2003 wall, toe velocity and depth, Pressucraent]realgsélécer:), video X EUL
N a vertical wall 0<5<25° ug =277 ms wall force P Fv
Total;
dry bottom; Rect lar ch 1 1D
codime: ectangular channe R . )
Campisano et al. [192] downstream sediment L350 mW=015m, hy =0.10-0.13 m 0.15m University of 2004 Water depth hydrographs, sediment Video camera X SWE
deposit (0.03 m Lr=13m; S = 0.145%; rough Catania, Italy bed profiles (25 fps)
volcanic e =R (1=00105sm~1/3)
sand thickness)
Partial; Tank Images of the flow field in the flood Vide S%/E)E
Gallati and Sturla [63] dry bottom; impact on L=14m, W=05m, hy =0.08m 0.155m University of Pavia, Italy 2004 gl i at diff . : (ez‘; ‘;“?}era X 3PH
a square obstacle Lr=04m,S =0; smooth plain at different time steps Ps ~1/3
(m=001sm )
Total;
- Tank . N . 2D
Hu and Kashiwagi [193] digpzz‘fg*;" L=118m W=012m, Iy =012 0.12m Kyushu University, Japan 2004 Pressure hydrograph at the wall Pressure fransducers; X e
a vertical wall r=R68m S = !
Total;
wet bottom; Tank 3D
. . impact on vertical _ _ hy =03m University of Washington, Net force on the structure and o1
Raad and Bidoe [194] %olllé\mns (8 Léare: L,L: [Jlfrr:/'svi O;Os;ﬁ}ol:;tyh hd =0.01m 0.61m Seattle, USA 2005 velocity hydrographs Load cell; LDV x EIE\I\T/?I\%IC
12 m x 0.12m,
0.75 m high)
Total; dry bottom;
impact on columns Tank Net force on the structure and
- are: L=16.62m, W=0.61m, _ University of Washington, Celoci ” Load cell; LDV; video
Arnason [193] 012 gq:%.eu m; Lr=59m; S =0; fu =010-040m 0.61m Seattle, USA 2005 velocity };ydmgr;‘ff hs; free camera; PIV X
circular: D = 0.029, smooth and rough surtace protfies
0.0606, 0.14 m)
3D
. NSE, VOF
Kleefsman et al. [196]; Total; Tank MARIN (Maritime o oi . ressure .
Issa and Violeau [197]; dry bottom; L=322m W=10m, Iy =055 m 10m Research Institute, 2005 Water depth, pressure and force Height probes; pressure X N
Larese et al. [198] impact on an obstacle Lr=1.228 m; S = 0; smooth The Netherlands) ydrographs ansducers N
SPH, PFEM
Partial; B B 2D
; Tank Delft University )
. wet bottom; _ _ _ hy =0.235m Water depth hydrographs; front Video camera SWE
Liang et al. [199] impact on a column L=25 mtSV\Z —.1.6 m,d{;r =25m hd ~0.059 m 0.15m of Technology, 2007 position and velocity (25 fps) X FD
(cirmlans D = 035 m) =0; smoo The Netherlands (=001 sm—1/3)
Partial; Tank Video camera 2D
Aureli et al. [14] dry and wet bottom; L=26m W=12m, Lr=08m, b =0 lm 03m University of Parma, Italy 2008 Water surface profiles; water (3 fps); v W
insubmersible obstacle §=0; smooth 4= cpth hydrographs ultrasonic distance meters

(n=0.007sm~1/3)
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Table 3. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total;
dry bottom; .
Nouri [200]; imy ac{on columns Rectangular channel hu =0.5,0.75, 0.85, Canadian Hydraulics Pressures, water level and impact Capacitance wave gauges;
Nistor et al. [201]; P X X L=10.6m, W=27m = Tom 2.7m A 2008 4 . pa load cells; dynamometer; X
Nouri et al. [202] (Sci[;ﬁ:rpé rj\oxsg.rzn x)n, Lr=558m, S = 0; rough Om Center, Ottawa, Canada force hydrographs; point velocities pressure transducers; ADV
constrictions
Total; Rectangular channel . o N
Bukreev and Zykov [203] wet bottom; L=82mW=02m i /g = 0.186, 0,419, 0.605 02m Russian Acadery of 2008 Water depth and force hydrographs, Wavemeters; force X
vertical plate Lr>14m,S = 0; rough ciences, Novosibirs| velocity in the vertical plane 7
Total;
wet bottom; impact on Water depth and veloci
vertical columns ater depth and velocity ser i §
Tank hy =0.10-0.3 m iversi : N S Laser induced fluorescence
Arnason et al. [204] . L=16.6m, W=0.6m, (A =0.025m) 0.6m Univ e’gﬂy ‘;f "I"Ja;h‘“gm“/ 2009 hydrographs at different locations;  tochnique; particle image and X
. '11 m S _-é 12“/ . Lr=59m, S = 0; smooth hg=0.02m eattle, USA time series of the horizontal force LDV; load cell
5c\2rcu sr. _t . m,f on the columns
.2 m downstream ol
the gate)
Total; Tank wersi , 20
Cruchaga et al. [205] dry bottom; L =0.456 m, W = 0.228m I =0228 m 0.228m University of 2009 Water depth profiles at Video camera X NSE, ETILT
obstacles of Lr=0114m, S = 0; smooth Santiago, Chile different times FE
different shapes : ’ '
Total; Tank 2D
hi dry bottom; L=08m,W=02m, hy =042m Kyushu Wave front position; water surface .
Hu and Sueyoshi [206] im};acll on " Lr1~ 0.§4dm, S :t 0; smooéh; (estimated) 02m University, Japan 2010 profiles at different times Video camera X CI?%E‘PS
a vertical wa closed downstream en
Total;
dry bottom;
impact against a brick Rectangular channel i iversi it i i 3D
Yang et al. [75] 022m x 0.12m, L=7m W=03m, Iy <0123 m 03m T""l‘;gk.‘,‘.‘a U&".e?S“Y' 2010 Critical Toservoir depth /iy causing N.A X RANS, VOF
placed 0.6 m Lr=2m, S = 0; smooth cijing, China rick movement FV
downstream of
the gate)
Partial; Tank _ . Video camera
Aureli et al. [207] dry and wet bottom; L=26m,W=12m, Ju =0.080-0.064 m 03m University of Parma, Ttaly 2011 Water depth hydrographs; (65 fps); X
insubmersible obstacle Lr=0.8m, S = 0; smooth d = . ree surface ultrasonic distance meters
Total;
dry and wet bottom;
impact on structural Base shear forces and moments on Load cell; accelerometer;
1s (s structural models; acceleration and displacement transducer;
Al-Faesl LD m‘:iilsa(:qu;(r]; ::,d Llieiff; 1811;\5&8;‘“791 hy =0.55,0.85,1.15m 27 University of 2012 ° displacement at the top edge; ]p}zcssurc t-rande:chl]'s;
-Faesly et al. [208] placed 492 m =135 Ofﬂ, i m, g =NA. -/ m Ottawa, Canada pressures at 10 points; water depth capacitance wave gauges; x
downstream of the = Dismoo hydrographs on models and free-standing wave gauges;
gate); effect of channel; wave front velocity video camera
mitigation walls (flat
or curved)
Total; Rectangular channel iy =01,02, Bergische University Drag force on the obstacle; water Ultrasonic distance meters; R ANZSDVOF
Oertel and Bung [87] dry bottom; L=22m, W=03m, ’1(1)5 04m 0.3m Wug ortal Ccrmzm> 2012 depth profiles and velocity field at video camera X FV
submersible obstacle Lr=13m, S = 0; smooth e ppertal, Germany selected times (1000 fps); PIV (& =0.0015 x 103 m)
Total;
wet bottom; Tank _ P . Flow velocity time series at 3D
Lara et al. [209] impact against a solid L=16m W=06m, i =03 m 06m U‘“SV ersity d"f Csa“t,“b“a' 2012 a selected point; time history of the LDV; load cell X RANS, VOF
o sc%uare poris;r\ ) Lr=04m, S =0; smooth g =001 m antander, Spain net force on the prism FvV
.12 m x 0.12 m]
Total; Rectangular channel
Triatmadja and wet bottom; e ar cha I =06,07,08m Gadjah Mada Water depth hydrographs; force on Wave gauges;
Nurhasanah [210] impact on a building; fLrumyelsm hy =002 m 145 m University, Indonesia 012 the structure load cell X
effects of a barrier ! "
Total;
wet bottom; Rectangular channel I Iy =NA.
i vertical ectangu e =0.051, 0.076, 0.102 oxas iversi : i
Aguifiiga etal. [211] impact on a vertica L=493m, W=0305m, d m 0.305m Texas A&M University, 2013 Maximum force Spring system and X

wall placed 2.18 m
downstream of
the gate

Lr=0.305m, S = 0; smooth

(bore height: 0.157, 0.203,
0264 m)

Kingsville, USA

on the wall

video camera
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Table 3. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total;
vet bottom; . . . " .
model T-girder bridges Rectangular channel Iy =0.617 m Public Works Tsunami height and reaction force Video cameras;
Nakao et al. [212] (placed 75 m L=30m, W=1m hy =0.1,0.15,02 m 1m Research Institute, 2013 in time; dynamic pressure at wave gﬁugés' x
downstream of Lr=12m, S = 0; smooth hg=N.A. Tsukuba, Japan the girder pressure gauges
the gate)
Tank; Water surface profiles; wave front .
om: Tank : . . R Video camera
Lobovsky et al. [213] _ dry bottom; ~161m, W=015m, hy =03,0.6m 06m Technical University of 2014 propagation; water level (300 fps); Ve
impact against ~0.6m, S = 0: smooth Madrid, Spain hydrographs at four locations; ressure transducers
the downstream end ! Y pressure hydrographs at five points P
Total; Rectangular channel Water depth D
: wet bottom; closed L=6m,W=024m, hy =0.169-0.227 m University of ater deptl
Ratia etal. [214] downstream end; Lr=156m, Wr=0.84m, g =0.009-0.011 m 0.24m Zaragoza, Spain 2014 hydrographs in two positions Water depth gauges v SWE
bridge models S =0; smooth
2D
SWE
Partial; FV
dry bolttom; Tank (n=0.007 s mfl/s)
. - impact on _ _ _ R 3D
Aureli et al. [215] 2 insubmersible LrL:—OZéémm,SV;/ 5 1;3\33‘&. hy =0.07-0.13 m 03m University of Parma, Italy 2015 Impact force Load cell v RANS, VOF
obstacle o 77 FV;
(0.3 m x 0.155 m) 3D
NSE
SPH
2D
Total;
om: RANS, VOF
o Koc?:manland2 6 ir‘:';ta}cato gr?{?\’e ]Lz F:Ea.c)“ %nu,l?/{l ihggn;l, N hBU:Og.SZSUni\ 03m Cukur'ova University, 2015 Water surface profiles; water Vidcgocfamcras X %r
zmen-Cagatay [216] downstream Lr=4.65m, S = 0; smooth g =002, 0.1 m Adana, Turkey depth hydrographs (50 fps) SWE
vertical end FV
Total; 2D
dry bottom; Tank Water surface profiles and NSE, VOF
. o impact on an elastic _ _ _ Kyushu deformation of the structure (three Video camera Coupled
Liaoetal. [217] structure (0.1 m high, LrL=—002.8mm/SVZ 0 gﬁ:;’th fu=02,03,04m 02m University, Japan 2015 markers); longitudinal marker (1000 fps) x CIP, FD-FE
0.4 m downstream o . displacement hydrographs (interaction
of the gate) fluid-structure)
hy =04m - 2D
L ) Total; wet Rectangular channel hg=0.198 m; Hohai University, Water depth and flow velocity time Wave gauges; ADV; SWE
iang et al. [218] bottom: brid L=355m,W=1m, Im . A 2016 series in seven locations; pressure X FV
ottom; bridge Lr=55m,S =0; smooth hy =0.204m Nanjing, China time series on the bridee piers Ppressure sensors 13
4 4 hg =0.105 m gep (n=0.01sm )
Total;
dry bottom; Tank
impact on a vertical an Kyushu Flow images; wave front celerity; . 3D
2 = = = | Ryus "’ ’ a
Mohd et al. [219] cylinder LrL: OOZEi'nmSVX 5 9;3\33‘&. hy =04m 02m University, Japan 2017 water depth hydrographs Video cameras X LBM
(square: 0.05m x 0.05 m; o 7
circular D = 0.05 m)
Total;
Kamra et al. [220] iy bt L=08m Wo03m 1r=02m; Iy =02 02m Kyushu 2018 Water surface profiles; pressure Pressure sensors X RANGVOF
amraetat 12 impact on the closed S G oo, tu =02m - University, Japan hydrographs; wave front position cssure sensors =
downstream end o
Partial;
dry bottom;
g;il‘:ii: . Rectangular charnel Tsinghua Universit Pressure gauges;
Liu etal. [221] g L=40m, W=22m, Wr=35m, hy =0.15,02 m 0.8m ghv versity, 2018 Water level hydrographs ssur 4 X
(04m x02m x 03m, Lr=11.5m; S = 0; smooth Beijing, China ultrasonic distance meters
locked and unlocked ! ’
door scenarios)
Reservoir and
ial: rectangular channel
dr;)ablglt?(l”m_ L=6m, W=024m, University of Free surface; S%/I\J)E
Martinez-Aranda et al. [222] N . Lr=157m; Wr=0.81m hy =0.055,0.13 m 0.24 m niversity of 2018 free surface profiles; RGB-D sensor / FV
obstacles, singularities, S~ 0 (in the first 3.26 Zaragoza, Spain . N
: ~ 0 (in the first 3.26 m flow depth time series _ ~1/3
and a bridge model downstream of the gate), (n=0.008-0.012 s m )
0.0404 downstream; smooth
Wave gauges; ultrasonic
. Rectangular channel ;i : Water depth and hydrodynamic distance meters; load cell; 2D
Stamataki et al. [223] Total; dry =20m, W=12m,Lr=29m, hy =01,02m 12m University College 2018 force hydrographs; wave pressure sensors; X RANS, VOF
bottom; building S= London, UK FV

1/20; smooth and rough

front celerity

video camera
(250 fps)
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Table 3. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total; hy =0.15m .
b . Rectangular channel . vers Water depth hydrographs; water - .
Tinh et al. [224] dry and wet bottom; L=176m, W=03m,Lr=3m, ha =0; 03m Tohoku University, 2018 surface profiles; Ultrasonic distance meters; X
pact on $="1/20; smooth hy =02m Sendai, Japan flow i N video camera
a vertical structure " Iy =0.05m ow images
Total;
dry bottom; 3D
impact on the Technical Free surface profiles; tip Video camera c EU]l“ d
Demir et al. [225] downstream end; hy =03m 02m University of Erzurum, 2019 displacement of the plate; pressure (25 fps); X I(zu 7ISE
interaction with Turkey in time at the downstream end pressure transducers ;i ;
a deformable plate (interaction
P! fluid-structure)
(3 different heights)
Total; ; i Capacitance wave
Ghodoosipour et al. [226,227] impact on a horizontal L=301m W=15m, h, , 0.03, 0.06, 1.5m Ottawa, C: Y d 2019 loci ¢ location: i Yi ¢ dynamometer; X
transversal pipe Lr=2155m, S = 0; smooth 0.08,0.12,0.17 m ttawa, Canada ‘;‘e ;U:iy aclla oca.hofn, time 5‘;‘1"‘35_0 video cameras
(D=0.1m) the hydrodynamic force on the pipe (70 fps)
Total;
dry bottom;
impact on a vertical Tank o Video camera
a 208 cylinder (square and - - - - . KyL_lshu Flow images; .(1 500 fPs);
Kamra etal. [225] circular section, L=08 m,SV;/ 0; (jnZ“r)x:),ﬂI{V 02m, fuu =02m 0.2m University, Japan 2019 pressure hydrographs piezoresistive X
square: 4 pressure sensors
0.05m x 0.05m,
circular: D = 0.05 m)
Total;
wet bottom; Resist . X
impact on a vertical Rectangular channel hy =0.55,0.6,0.65,0.7, National Hydraulic Wave depth and pressure esistance “;?r: gauges;
Mokhtar et al. [229] seawall (solid or L=100m, W=15m, Lr =44 m, 0.75m 1.5m Research Institute, 2019 hydrographs; flow velocity . ADV: vid x
perforated, located 9 m S = 0; smooth hg=005m Selangor, Malaysia hydrographs; flow images Sensors; (24d f\ 1S)€0 camera
downstream of P
the gate)
Total; Rectangular channel i ; 3D
Dutta et al. [230,231]  dry bottom; L=6m W=03m,Lr=4m, hy =02,025,03,035, 03m Indian Institute of 2020 Flow velocity at two locations; L ADY; X RANS, VOF
impact on a vertical S =0; smooth 04m Technology, Kharagpur water surface profiles video camera FV
structure '
Total; Ize“la(‘)‘gul‘a; Ch‘zn;“d Flow depth time series at two
dry bottom; =Um vV=slm hy =05,1,1.25, Universiti locations; pressure time series on Capacitance wave gauges;
23 ~0: , 1,1.25, v . A
Farahmandpour et al. [232] impact on a vertical s Rg;grn;gl‘;lh 1.5,1.75,2m 3m Teknologi Malaysia 2020 the face of the structure; pressure cells; video cameras x
structure (cyli.ndri‘cal/ D=3m) wave front celerity
Partial; .
- Tank . X N : Video camera 3D
Kocaman et al. [233] ) bdry b.‘gﬁ“’“g . L=1m W=05m,Lr=025m, Jy =015 m 01m Iskenderun Technical 2020 Wave fm“;c water depth time series (300 fps); X RANS, VOF
insubmersible obstacle $ =0; smooth Y Y atfive gauge points ultrasonic distance meters Fv
(0.15m x 0.08 m)
ial: Rectangular channel
Partial; L=10m W=1m ; i i Ultrasonic
Pratiwi et al. [234] _ dry bottom; $ = 0; $mooth Iy =04m 1m Institut Teknologi 2020 Water depth and flow velocity at distance meters; X
insubmersible Reservoir Bandung, Indonesia five locations current meters
oblique obstacle Lr=2m Wr=52m N
Total; Rectangular channel Pressure time series at Pressure transducers;
- dry bottom; _ -y . _ Zhejiang University, five elevations on the vertical wall; capacitance wave gauge;
Shen et al. [235] impact on L=4 "‘rSVYO— gn‘:;rﬁ[‘r =1lm hy =0.3m 04m Hangzhou, China 2020 water depth at the wall; video cameras X
a vertical wall Bl flow images (100 and 200 fps)
Total; 3D
dry bottom; circular Rectangular channel ) N :
Ansari et al. [121] cylinder, square L=37m,W=06m,Lr=0.6m, hy =02m 0.6 m University of Zanjan, Iran 2021 Water surface profiles Vld(eg)o;:afnera X (Molecular dynamics
cylinder, and S =0; smooth ps) software)
! g g SPH
cubic obstacle
3D
Total;
dry and wet bottom; Rectangular channel ;\{,Sg‘
impact against _ © _ _ Shahid Bahonar Water surface profiles at . 3D
Memarzadeh et al. [236] an overtoppable L=1m, 'g\/;Ol?.g n[:\o/oLtlz =032m, Iy =025m 0.5m University, Kerman, Iran 2021 selected times Video camera X RANS VOF
vertical wall (0.33 m FV

from the gate)

(6 =03 %1075 m)




Water 2023, 15, 1229

22 of 51

Table 3. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
dryng?éé)m- Rectangular channel University of Naples Water surface profiles at s_elected Video cameras Su/JE
Del Gaudio et al. [237] . ! L=3m, W=04m,Lr=15m, hy =02m 04m ity P’ 2022 times; pressure time series at (164 fps); X FV
impact on the end § =0; smooth Federico I, Italy six locations on the end wall pressure transducers 1/2
vertical wall s (C/gH==22)
Total; Water depth time series at o
gl . e : Ultrasonic distance meters;
} dry and wet bottom; Rectangular channel Tongji University, fourlocal.lons./ flow velocity at "ADV; multiaxial
Fang et al. [238] effect of front L=173m, W=0.8m, hy =0.35,0.5,0.65 m 0.8 m . L 2022 a gauge point; impact force on the g 1 X
ildi Shanghai, China dynamometer; uniaxial
buildings on the wave Lr=0.625m, S = 0; smooth 4 building; pressure distribution on force transducers
impact on buildings the impact front
Rectangular channel
Total; L=07m, W=04m, hy =0.15m 2D
dry and wet bottom; Lr=0.25m, S = 0; smooth (dry bottom case); - . - Video camera NSE, VOF
Garoosi et al. [239] closed downstream (dry bottom case); Ty =020 m 04m Ecole Polytechnique de 2022 Water ’f“rf"’;e z""‘les' impact (480 fps); v/ A
end; impact on L=1m, W=04m,Lr=025m, (wet bottom case) Montréal, Canada pressures on the downstream wal pressure sensors ok
a vertical wall ] St:bo;timooth ) hy=0.02m MPS
wet bottom case;
Total;
‘wet bottom; Rectangular channel _ . - Images of the bore impact on the Video camera
Lin et al. [240] movable boulder L=25m, W=03m I = S m 03m LT “I‘J“a“lHyd;“.“]'“ 2022 boulder; boulder transportation (1000 fps); X
(placec}l\ 1 .87rr)1 from Lr=025m, S = 0; smooth d = : aboratory, Taiwan process and boulder final posture inertial measurement unit
the gate;
Total;
dry bottom; Tank Images of the wave propagation; Video camera
Liuetal. [241] impact on L=12m, W=044m, i =02,0.25,03 m 044m University of 2022 water depth time series at the (60 fps); v/
a vertical wall Lr=025m. S = 0; smooth Ottawa, Canada vertical wall; dynamic pressure ultrasonic distance meters;
(fpl‘ice‘:\QSS "‘)‘ . . time series at ten points on the wall pressure transducers
rom the gate
Total;
dry bottom; 3D
impact on flood Tank Princeton Hydrodynamic force time history; Resistive load cell; Coutled
Wang et al. [242] barriers (kinetic L=3m, W=0.56m, Iy =0.1,0.15,02m 0.616 m iversi 2022 : R - : X i
= o University, USA flow images video cameras SPH-FE
Y 8
umbrellas, Lr=0.616 m, S = 0; smooth ( B
. interaction
Flace?hl.ll tm) fluid—structure)
Tom the gate
Total;
. dry bottom; Rectangular channel - Dam-break wave front celerity; Video camera
Shim)((;zcoar:;d[z 5] closed downstream L=152m, W=042m, iy =0.08-0.14m 042m g“ﬁ‘ ersity of 2022 dam-break wave front slope; impact (500 fps); v
7 end; impact on Lr=0.51m, S = 0; smooth okyo, Japan pressure on a vertical wall pressure sensors
a vertical wall
dry and et bottom; (”dl} ﬁ:ﬁ;ﬂ»‘ziz;‘)_ Water depth hydrographs at five
impact on a circular , Rectangular channel IR Southwest Jiaotong locations; forces and moments on Wave gauges;
Yang et al. [131] pier (D =0.08 m) - Ir I:“:i 587m. m, (v\lrle;béttorﬁ cases); 1.485m University, 2022 the pier; pressure time series on load cell; X
located 4 m S = 0; smooth hg = 0.02,0.04, 0.06, 0,08, Chengdu, China 16 points on the front, back, and pressure sensors
downstream of 01,012,014 m lateral sides of the pier
the gate e

Note(s): ' L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 8 = inclination angle; D = diameter;
2 h, = upstream water depth; i; = downstream water depth; 3> ADV = acoustic Doppler velocimeter; LDV = laser Doppler velocimeter; PIV = particle image velocimetry;
4 X =not freely available; v = freely available; 5 Approach: 1D = one-dimensional; 2D = two-dimensional; 3D = three-dimensional-Mathematical model: BOU = Boussinesq
equations; ETILT = edge-tracked interface locator technique; EUL = Euler equations; LBM = lattice Boltzmann method; NSE = Navier-Stokes equations; RANS = Reynolds-averaged
Navier-Stokes equations; SWE = shallow water equations; VOF = volume of fluid-Numerical method: CIP = constrained interpolation profile; ELMMC = Eulerian-Lagrangian marker
and micro cell method; FD = finite difference; FE = finite element; FV = finite volume; MOC = method of characteristics; MPS = moving particle semi-implicit; PFEM = particle
finite element method; SPH = smoothed particle hydrodynamics-n = Manning roughness coefficient; ¢ = surface roughness; C = Chézy’s resistance factor; g = gravity acceleration;
N.A. = not available.
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Table 4. Experimental investigations of the dam-break wave propagation in idealized urban areas.
(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Partial (asymmetric); » St .
dry bottom; Tank Kyushu Institute of xj’a\ erff:oni/ploslil:&mh, ﬂdivr drep:‘h-s ¢ Digital video tape recorder; S%/E/)E
Shige-eda and Akiyama [59] impact on square L=48m, Wr=298m hy =02m 0.5m Technology, 2003 a suf ‘:e \e-izcm)f Fy‘_ tg:p sa particle tracking velocimetry; X FV
pillars Lr=193m, § = 0; smooth Kitakyushu, Japan D e il € load cells (1<0075m—1/3)
(0.06 m x 0.06 m) selected pillars .
Partial; Water levels ti 2D
‘wet bottom; - ater levels time - .
Soares-Frazo et al. [244]; three urban district rapezoidal channel it = 0.40 m L Université Catholique de 2006 series at 64 points; Resistive water Jovel gauges; X SWE
Soares-Frazao and Zech [245] layouts (blocks: Lre675 mm'S 20; s.m(];r(‘)'th g =0.011m m Louvain, Belgium water surface profiles; surface :551 a ‘m?;srl\r;g elfmr_uque/ FV
03m h 10.3 m )sﬂeetsz /oMy 2 =0 velocity measurements oronoi PTV technique (n=001sm~1/3)
.1 wide)
Partial; oD
dry bottom; g - Water depth
Szydlowski and Twarog [246] urban district layout hy =021m 05m Gdansk University of 2006 time seriel; at Pressure transducers; X S;:/\\//E
X " i Technology, Poland 11 locati depth-control gauge
with aligned buildings $'=0;'smooth ocations (1=0018s m71/3)
(0.1 m sides) :
Partial; " 2D
dry bottom; Plane U hansgement " Water depth Capacit SWE
Yoon [247] Kim et al. [248] 02 m x 0.2 m block L=30m, W=30m,Lr=5m, hy =0.3,045m 1m a8 2007 time series at apacitance X (with gorosnty)
arranged as S = 0; smooth Reslearch Ee])(ﬂer, 17 points wave gauges \%
two 3 x 3 groups Seoul, South Korea (e =03-3x10~3 m)
Total;
dry bottom; Water depth time 3D
two fixed buildings series at two locations
Rect lar cha 1 e 8 - EUL
Albano et al. [249] (0.3m x 0.15m x 0.3 m); Lf;?ﬂl ?Al}c: 81?5“; Iy =01m 05m Bas11}cata 2016 (m front of the Resistive water x (Euler-Newton equations for
three floating bodies Lr=05m, S =0; smooth University, Italy fixed obstacles); depth gauges; cameras the rigid body
(0.118 m x 0.045 m o displacement of dynamics) SPH
x 0.043 m, mass: movable bodies Y
0.025 kg)
Total;
dry bottom; Rectangular channel Scientific Research N N P . 2D
Norin et al. [250] staggered L=7m W=139m, Lr=N.A, I =0225m 139m Institute of Power 2017 Water 16&@1 “f“le series a‘;lw" points; Wa‘ﬁr level gauges; X SWE
0.1mx0.1m S = 0; smooth Structures, Russia low velocity profiles low meters BV
parallelepipeds
dr bo;{ggl';blocks Rectangular channel Université Catholique de Water depth time series at SWE
Guinot et al. [251,252] Y d L=20m,W=1m,Lr=NA, Iy =035m im 3 i 2018 P ) Ultrasonic distance meters X ) )
(0.5m x 0.75 m); $ = 0; smooth Louvain, Belgium selected locations (with porosity)
two configurations v Fv
Partial; Rectangular channel Water depth profiles at selected
dry bottom; L=10m W=1m, . X . A Pt p oo Wave probe
Kusuma et al. [253] blocks (0.1 m x 0.1 m); S=0; smooth Iy =02,03,04m Im anstitut Teknolog! 2019 times; water depth and flow and piezometers; X -
four configurations Reservoir andung, Indonesia velocity hydrographs at current meter
(1,3, 5,8 blocks) Lr=2m, Wr=4m selected locations
Partial; dry bottom; Tank : N . . 3D
Chumchan and . L Thammasat University, Flow images; Video camera
= blocks (0.085 m sides); =0.984m, W=0484m, hy =0.15m 0.1m h B 2020 RANS, VOF
Rattanadecho [254] two cﬁmﬁgurations ) Lr=024m, S = 0; smooth Pathumthani, Thailand wave front (240 fps) x FV, LB
Partial; dry bottom;
idealized urban street;
six configurations . P Water hydrographs at seven points; Ultrasonic distance meters; 2D
- (with buildings, Rectangular channel North China University of flow velocity time series at three electromagnetic SWE
Dong et al. [255] X L=205m,W=3m, hy =0.09,0.19,0.29 m 1m Water Resources and 2021 . : . . reloci X X FV
greenbelt sections, Lr=45m, S = 0; smooth points; drainage discharge time velocity meter;

sidewalks, and
an underground
sewer system)

Electric Power, China

series at inlets

electromagnetic flowmeters

(1 =0.009-0.011 s m~1/3)

Note(s): ! L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 2 h, = upstream water
depth; h; = downstream water depth; 3 PTV = particle tracking velocimetry; * X = not freely available; ° Approach: 1D = one-dimensional; 2D = two-dimensional;
3D = three-dimensional-Mathematical model: EUL = Euler equations; RANS = Reynolds-averaged Navier-Stokes equations; SWE = shallow water equations; VOF = volume
of fluid-Numerical method: FV = finite volume; LB = lattice Boltzmann; SPH = smoothed particle hydrodynamics—n = Manning roughness coefficient; ¢ = surface roughness;
N.A. = not available.
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Table 5. Experimental investigations of the propagation of tsunami bores (generated by the removal of a gate) in the swash zone.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
hu/hy=231
;that:; k g = 00975 m Longitudinal profile of the b Vige(;‘catmcorder
. wet bottom; Tanl . . - o ongitudinal profile of the bore; and photo camera
Ye}‘@:fg?{“ﬁg,v[]ﬁ 6l, sloping beach starting L=9m,W=12m,Lr=297m, (fullyhde/\;leli)qe;lzbore) g 12m Umver;llyt:])f VI\-/JaSs/l:mgton, 1988 maximum run-up height; (laser-induced X
e 0.4 m downstream Sp =7.5°; smooth u/Mg= 1. cattle, bore celerity fluorescence);
of the gate hy =0.0975 m water sensors
(undular bore)
Total;
wet bottom; Rect lar ch ) .
Petroff et al. [258] ?10P1[}g beach; L= zoer;alvw\/g: glé,cmmzl:e: 7m; hy = 0.3 m 061m University of Washington, 2001 Advection distance Video camera x (beach roughened vzlth sand:
prismatic movable 55 =01; smooth and raugh hg =0.02m Seattle, USA of obstacles (18 fps) ds0 = 0.84 x 1073 m)
obstacles of different e N
sizes and orientations
Total;
dry bottom; Tank Delft University
Anh [259] adverse slope; Vetiver L>125m, W=04m,Lr=6m, Iy =0.35-0.5 m 04m of Technology, 2007 Water depth hydrographs; Pressure transducers, water X
hedge 0.5 m thick Sp, =1/30; smooth The Netherlands overtopping discharge epth gauges
(160-530 stems /m?)
Total;
wet bottom; Rectangular channel iversi ic di
Barnes et al. [260] sloping beach starting L=20m Wo045m Lr =1m, Jiu =0.65 m 045m University of 2009 Flow depth, bottom shear stress, Acoustic displacement X
4m downstream of Sh = 0.1; smooth and rough hd =0.065 m Aberdeen, UK and flow velocity time series sensors; shear plate; PIV
the gate
Total;
y 1D, 2D
dry bottom; Rectangular channel 5 i i i
De Leffe et al. [261] sloping beach starting L=8m, W=1m,Lr=225m, hy =025m 1m Ecole (;enlrale 2010 Flow é:lepth time Sfl_'les at N.A. X g‘f)vg
1.15 m downstream of Sp =0.1; smooth Nantes, France gauge points i3
. (1 =0.001sm )
the gate
Total; Water depth Wi
wet bottom; Rectangular channel _ iversi ater depth time series at IS SWE
O'Donoghue et al. [262] sloping beach starting L=20m W=045m,Lr=1m, b = 0.65m 045m iigersity of 2010 25 locations; runup; flow velocity Capacitance depth X YV
3.8 m downstream Sp =0.1; smooth and rough a=" crdeen, profiles at five cross-sections gauges; (A =0.064
of the gate A =0.16)
Total;
wet bottom; Rectangular channel _ iversi ; i ; ;i Laser induced
Kikkert et al. [263] sloping beach starting L=20m, W=045m;Lr=1m, I h"_h%gzm 0.45m Ianl\';rSltySIf( 2012 Flow deﬁlh umf" series and ‘VEIOCHY fluorescence and X
4.82 m downstream Sp, =1/10; rough g =062 m erdeen, profiles at six cross-sections video camera; PIV
of the gate
Total; .
; Video Camera
dry and wet bottom; Rectangular channel - i 3 40 fps);
Adegoke et al. [264] sloping beach starting L=47m,W=04m, i hl‘ =015-0.55m 0.4 m I‘WEIPQOI ]o_hn Moores 2014 Wave front velocity (40 fps); . X
_ z " 17 =0.05,0.10, 0.15 m University, UK wave probes;
2.7 m downstream Lr=1m, S; = N.A.; smooth ressure transducers
of the gate pressure sducers
Total;
dry bottom;
building model .
(cubic, [ = 0.08 m) Rectangular channel i i VX‘;’;‘ :I:rli%?l
Rahman et al. [265] th platce.d ;mtfr(f)r-n lid L=175m, W=06m th’ ;5082'&2’ 0.6m KUn]WErS‘ty of T]\\/l/[allayaﬁ 2014 at four positions; WTVedprollies; X
e gate; effect of soli Lr=5m, S = 0; smooth .25, 0. uala Lumpur, Malaysia force time series oad cel
andlllpex('forate.d sea on the building model
walls (at various
distances from the
building model)
Total;
wet bottom; Water depth hydrographs at
adverse slope starting Rectangular channel It = 0.15, 0.2, three locations; Video cameras; 3D
Hartana and 5.5 m from the gate L=12m W=04m 11(’] 2503m 04m University of 2015 flow velocity hydrographs at wave gauges; x NSE, VOF
Murakami [266] building models Lr=5m,5=0, H=0.05m : Mataram, Indonesia two locations; propeller current FV FE
(0.2 % 02 x 0.26 m): Sy, = 1/40; smooth d = pressure time series at 15 points on meters; pressure gauges ’
solid and with 40% the building faces

opening ratio
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Table 5. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total; two-dam-break hu1 =0.35m, ”112 =05m,
syslemsb(l m apart) N arch ! Iy =0.035 m;
‘wet bottom; ectangular channe _ _ . N
. adverse slope of L=125m, W=03m, Iy =04m hup =04 m, Hong Kong L.Jnlverslty of ) Wafer.dep‘lh hyd.rograpl?s at Acoustic distance
Chen et al. [267] starting 3.006 m Lr=2443m,$=0,S; =1/10; ) hy =0.04m 03m Sh% Sﬁw‘ﬁnfc 2016 five locations; velocity profiles and sensors; DIV X
downstream of the smooth, rough adverse slope (time delay between the and lechnology water surface elevation
first gate; swash- opening of the two gates:
swash interaction 1.5-6.55)
Total;
dry bottom (wet Reservoir
bottom in the 2 . 3 - Water level hydrographs at Wave gauges;
Chen et al. [268] . foreshore area); area 77 m*, capacity 50 m 0_21;11_(2‘3’:06%2'?{\)V 12m University of Auckland, 2016 two locations; bore velocities; time video camera x
. impact on a wharf Rectangular channel i d U - New Zealand series of uplift pressures at (210 fps);
moﬁe} (ﬁhree geck s L_T) 154 bnl' ;go:. ;‘.12‘01'2&]1 (different gate openings) eight points on the wharf pressure sensors
eights an =0,5p =307
eight wharf slopes)
Total;
dry bottom (wet .
bottom in the et {{:ea;glr 73m Water level hydrographs at
foreshore area); impact = , VI =1 University of Auckland, three locations; bore velocities; Wave gauges;
Chen et al. [269] on a wharf model and IL{eftlar gul% Ehla 2“81 . . 12m New Zealand 2017 pressure time series on the wharf Ppressure sensors X
a protective vertical e e ey (different gate openings) d the wall
5=0,5}, =30°; smooth and the wa
wall (four positions
and three wall heights)
Total;
dry bottom (wet
bottom in the
foreshore area);
i i Rectangular channel _ Wave depth hydrographs at Wave gauges;
Esteban et al. [270] sloping bgach, impact L=14m W=041m,Lr=45m; I ’_0‘3’ 04,06 m 041 m . .Waseda 2017 six locations; overtopping flow electromagnetic current X
on different $=0,8 =1/10; i (hy=0,0.1,02m) University, Tokyo, Japan : . . H
overtoppable =05, = ; SO0 velocity; bore impact images meters; video camera
structures (high
vertical wall, low
block, dyke)
Total; Rectangular channel Flow depth and laSe‘;TE?uecded
wet bottom; L=125m W=03m, = Hong Kong University of elodis hviomian} fluorescence and PIV:
Dai et al. [271] sloping beach starting g Lp=1006m, Wr=0275m; Juz0om 03m the Science 2017 velocity hydrographs at Dhase detection X
§ = = ; =0 ve locations;
3'02? tn}:cdf;):;/tn 5:;ecam 0% dl /\1(‘]25“1“ oo‘t rone d and Technology entrained(air optical probe system; bubble
StE adverse slope image velocimetry
Total;
wet bottom; sloping Flow velocity upstream and
L i Rectangular channel _ PR . N Electromagnetic velocity 3D
Taretal. [272] B o ! L=44m W=07m,Lr=79m; oy b 07m ongersity of 2017 ownstream of the llexible pipes; meters; oad cell X RANS, VOE
8 X $=0, Sy =1/40 and 1/100; smooth d = saka, Japan ydrodynamic force on the tan| video camera FV
and protective model; flow images
multiple flexible pipes
Total;
dry bottom (wet
bottom in the Reservoir
foreshore area); Serv _ Water level time series at
Chen etal. (275 impact on the piles of L]{ :tll m,lWr E 7.3 r? ]Xll(; 03/0004572{?-1“ 12 University of Auckland, 2018 three locations; bore velocities; Wave gauges; X
en et al. [273] a wharf model; LE_C ﬁiﬁgu 3\1; d 182119 . d =% v -m New Zealand pressure time series on the piles pressure sensors
protective effect of a s :6 Sbnl 300__ el;nomoéh (different gate openings) and deck
vertical wall . .
(four positions and
three wall heights)
Total; . i Load cell;
dry bottom; Roservoir: 50 m’ s =0.3,04,0.6 University of Auckland e o o e pressure ransducers;
Chen et al. [274] impact on a bridge Rectangular channel u=03,04,0.6m 12m ersity of Auckland, 2018 ridge; pressure time series on the capacitance wave gauges; X

model (four different
contraction ratios)

L=14m W=12m,
5=0, 5, =30°; smooth

(different gate openings)

New Zealand

bridge deck; wave height
time series

video camera
(30 fps)
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Table 5. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (11) Numerical Simulation 3
Total;
dry bottom (wet
bottom in the
foreshore area); Tank . N . 3D
Ishii et al. [275 sloping beach starfing L=9m W=4mLr=NA, 4m Waseda University, 2018 Flow vortices behind the structure Load cell; RANS, VOF
Tok: g PIV
4.45 m downstream of $=0,5} ~85°; smooth okyo, Japan wave gauges, v
the upstream end;
impact on
a vertical structure
Total;
dry and wet (in the
. Rectangular channel Jy =0.08-0.24m i iversity ition: i y
Luetal. [276] foreshore area) bottom; L=65m W=04m,Lr=15m, (g =0,0.02,0.04,0.06, 04m ZI]_"IEJ”“%U"%;FS“)’ 2018 Wave front pasition; maximum V“zleé’ocf o
sloping beach starting §=0,5 = 1/7.5; smooth 0.08 m) angzhou, China run-up; flow images 50 fps
1.8 m downstream of
the gate
Total;
dry bottom;
sloping beach starting Rectangular channel
Chen et al. [277] 0A7?hmjow.nstream of L=4dm, W=03m, hy =0.06,0.1,0.14, 03m University .of 2020 Water s.urfa.ce profnles; ball Video camera
e dam; run-up Lr=129m, S =0; S =15-90°; smooth 0.18,0.22 m Fuzhou, China climbing height
height of balls with 2= ’
different diameters
and densities
Total; Rectangular channel i i i i i
Chen et al. [278] dry bottom; Leddm W=03m, hy =0.13,0.14, 0.15, 03m University .of 2020 Tsunan'?l wave height; Sh.lﬂ of the Walver level gauge;
impact on Lr=127m, 5 =0, —1°: smooth 0.16,0.17 m Fuzhou, China container model; flow images video camera
a container model i . ’ 7
Total;
dry bottom;
interaction with Wave front motion and wave height
a transverse canal Rectangular channel University of over the canal; wave profiles; water Video cameras; capacitance 3D
Elsheikh et al. [279,280] located 3 m L=1556m, W =038 m, hy =02,03,04m 0.38 m Ottawa. Ca};ada 2020 level hydrographs at four locations; wave gauge and ultrasonic RANS, VOF
downstream_ of the Lr=7.76 m, S = 0; smooth . flow velocity time series at distance meters; ADV Fv
gate (three different three points
depths P
and widths)
werlal: Rectangular channel Iy =0.128, 0.157, 0.188, ) o Water depth time serics at Capacitance gauges; D
Barranco and Liu [281] sloping beach starting LL=V 262":1’ IQ] 1=70f"9r:_" 0221 b%ggéb%gz‘%osz% 0.9m Nat:)(;r;ahlwlg.l:;;:zsﬂy 2021 seven locations; run-up on the ultrasiggeilztaargggamctcrs; (non—hs;/v;/istatic)
111 Efﬁ:’gﬁgeﬂm $=0; S, = 1/10; smooth hg =0.1 m adverse slope (100fps) FD
Total;
dry bottom; sloping
beach starting 0.76 m Rectangular channel
downstream of the L=44m W=03m, e . . .
Chen and Wang [282] gate energy Lr=129m,S=0, S}, =30°; smooth, L E ?80% 221 0.14, 03m FUmx ersity ,Of 2022 Wave maxlr?r\u.rn helght ata loca.non, Water level gauges
dissipation rough reach .18,0.22 m ‘uzhou, China wave celerity; ball climbing height
effect of grasses; (artificial grasses)
run-up height of
steel balls
Total;
dry bottom;
sloping channel Tank Wave runup on the vertical wall; o
Liu et al. [283] starting 0.45 m L=12m W=044m = 0.25 044 m University of 2022 images of the wave propagation; Ultrasor):jc dlffmnce meters;
u etal. [283 downstream of the Lr=025m,5=0; S, =5°,10°,15%; = 0.2om : Ottawa, Canada free surface profiles at selected v é%};z;em
gate; impact on smooth times; time history of the wave front
a vertical wall placed
0.85 m from the gate
Total;
dry bottom; 3D
sloping channel Tank RANS, VOF
. starting 0.45 m L=12m,W=044m, _ University of Dynamic pressure time series at . N FV;
Liu et al. [284] downstream of the Lr=025m,5=0,5, = 5°,16°,15°; hy =03m 0.44 m Ottawa, Canada 2022 five points on the wall Pressure transducers 3D
gate; impact on smooth oot
SPH

a vertical wall placed
0.85 m from the gate
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Table 5. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
ot o Rectangular chanel o
et bottomy sloping L=30m W=15 hy =0.25,0.3, Water depth time series at Capacitance wave gauges
i o y =0.25,03, o ' k n s
Rajaie et al. [285] channel starting 4.3 m Lr=21.55m,5=0, S}, =5 /u, smooth, .35, 0.4 m 15m University of 2022 two locations and in front of the and ultrasonic distance X
downstream of the rough reach hy =003 01lm Ottawa, Canada structure; flow velocity time series meters; ADV
gate insub- p gd bed) d = TEo at a gauge point i
mersible structure sand be
Total; 3D
dry bottom; ';lcpmg RANS, LSM
beach starting 10 m L2100 S 80 m, Technische Universit: Water depth time series at i
von Hifen et al. [286] downstream of the 1 4 hy =04,05,0.6m 2m echnische Universitit 2022 P “ Capacitance wave gauges x

(swing) gate
composite bathymetry
(horizontal inland)

§=0,Sp =5%, followed by a horizontal
bottom; smooth

Braunschweig, Germany

four locations

SWE
(non-hydrostatic)

(& =0.001 m)

Note(s): ! L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; S;, = beach (adverse) slope; | = obstacle
characteristic length; 2h, = upstream water depth; i; = downstream water depth; 3 ADV = acoustic Doppler velocimeter; PIV = particle image velocimetry; 4 X =not freely available;
v/ = freely available; > Approach: 1D = one-dimensional; 2D = two-dimensional; 3D = three-dimensional-Mathematical model: LSM = level set method; NSE = Navier-Stokes equations;
RANS = Reynolds-averaged Navier-Stokes equations; SWE = shallow water equations; VOF = volume of fluid-Numerical method: FD = finite difference; FE = finite element; FV = finite

volume; SPH = smoothed-particle hydrodynamics—# = Manning roughness coefficient; ¢ = surface roughness; A = friction factor; N.A. = not available.

Table 6. Experimental investigations on green water events using dam-break waves.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total; Tank Water depth hydrographs at F d
Buchner [287] dry bottom; —32mW=1m,Lr=12m, hy =0.6m 1m University of Technology, 2002 four locations; time series of impact resstre tansducers X
impact on a rigid panel § =0; smooth The Netherlands loads on the panel in different areas p

Total;
wet bottom;

Tank
L=1m W= 0355m er(J%m,
S=

hy =0.18,0.2,0.21,0.22,

Federal University of

Water elevation hydrographs at

Conductive wave probes;

Hernandez- vessel structure i o
Fontes et al. [288,289] located 0.505 m Iy i 206 0.355m Rio de Janeiro, Brazil 2017 two locations; video-images of Video cameras (500 fps) X
downstream £ =0.006, 0. 024 o 042 m /M =0 green water flow
of the gate
Total;
wet bottom; Tank Federal U ¢ Load cells;
< vessel structure .95 m, W=05m, hy =0.18,0.21,0.24 m ‘ederal University of Freeboard exceedance time series; . . 1D
Herndndez-Fontes et al. [290] located 1.258 m r S 0; smooth; hd /hy =06 05m Rio de Janeiro, Brazil 2019 vertical load on the structure deck video cam\e.ras / SWE
downstream f 0 006-0.042 m ! (500 fps);
of the gate
EgtﬁF T I = 0108, 0.12 Water elevation hydrographs at
e oottom; _ ank 1g =0.105,0.12m iversi four locations; freeboard Conductive wave probes);
Hernandez-Fontes et al. [291] yessel structure L=t B = e = 2™ hg /e = 08,07, 0.6, 0355m Federal University of 2020 exceedance time series; vertical load load cells; video cameras X
: 05,04 io de Janeiro, Brazil on the structure deck; video-images 0 fps)
downstream £=003-0.042m 5, 0. 3
of the gate of green water flow
Total; Water elevation hyd! hs at
e \tll{g:f)?; L=195m, W= OTSRHk Lr=03m,S=0; hy =0.18,0.2,0.21,0.22, Federal University of five laoi:teioex:: ;f;bzarl;loi;igej:nce Conductive wave probes);
Hernéndez-Fontes et al. [292] e 1 455 1 SO m =t = e m e =0 ,027,03 m 05m X ey 2020 time series; vertical load on the load cells; video cameras X
ocated 1.455 m smooth; s/ = 06,05,0.4 Rio de Janeiro, Brazil structure deck; video-i s of z fps
downstream £ =0.006-0.042 m 7/ hy = 0.6,0.5, 0. structure deck; video-images of 0 fps)
of the gate green water flow
Total;
wet bottom; Tank Water elevation hyd hs at
Hernéndez-Fontes et al. [293] vessel structure L=1m,W=0355m,Lr=03m, hy =03 m 0355 m Federal University of 2020 five Tocations sater surface profiles Conductive wave probes; X
- 179 located 0.505 m S =0; smooth; hy=012m e Rio de Janeiro, Brazil ’ P " video cameras (250 fps)

downstream
of the gate

=0.03m

i

video-images of green water flow
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Table 6. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Total;
wet bottom; Tank Pressure hydrographs at two points
interaction with _ _lan _ _ i vorai on the box upstream face; water Pressure probes;
‘Wang and Dong [294] a floating box L=2 m’s‘/\/:?),o_;;(;n?éé"tf 05m, hu 7}?'25' 0135' &35 m 0.6 m OQcie:ndI::“Ce}:isri;}c 2022 surface hydrographs at wave gauges; motion X
(0.3m x 0.595m x 0.1m, 7 2007 m d gdao, two locations; motion of the capture system
Pl'ic:d 0-7?\“" or 1)-2 m floating structure
rom the gate
Note(s): 1 L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; f = freeboard; 2h, = upstream water depth;
hy = downstream water depth; 3 —; 4 X = not freely available; v = freely available; > Approach: 1D = one-dimensional-Mathematical model: SWE = shallow water equations;
N.A. = not available.
Table 7. Experimental investigations of dam-break waves of non-Newtonian fluids.
3) @ (8) (C)] an
@ @ Setup Initial ©) © @ Measured Measuring a0 Numerical
-] i 4
Reference Dam-Break Type Characteristics 1 Conditions 2 Breach Width Laboratory Year Data Technique 3 Data Simulation
4 Tgtal; Rectangular channel Laboratory of Materials
Chanson et al. [295]; ry bottom; L=2m,W=034m, _ y and Structures in Civil Free surface; wave front Video cameras
Chanson et al. [296] thixotropic fluid Lr =hy /sin(15°), Iy =0.0472-0.0784 m 0.34m Engineering, Champs sur 2004 propagation; wave front profiles (25 fps) X
(bentonite suspension) $=15°; rough Marne, France
Total; dry and
wet bottom; Tank _ S : B Tog:
Janosi et al. [64] polyethylene-oxide; L=993m,W=0.15m, h;” 10[}1_})40]6255 m 0.15m BE(E‘ o8 Ul}_llverslty, 2004 £ Wa‘te.r profges,l . Video cameras x
different Lr=038m,’S = 0; smooth g = . m udapest, Hungary ront position and velocity
concentrations
Total;
dry bottom;
mixture of water and Rectangular channel PR " e . 1D
Komatina and Pordevié [297] copper tailings; L=45m,W=015m,Lr=2m, h =01-03m 0.155m University of Belgrade, 2004 Flow depth profiles Vi o X SWE
diffonmt volumoteic Wr = 0158 m, S = 0-0.01; smooth erbia & Montenegro at different times s D
concentrations of the
solid phase
Cochard and Ancey [298] Total, Plane
ochard and Ancey [298]; e L=6m,W=18m, v i
Cochard [299]; B drylb O:.“”f'l" " § = 0-18°; smooth NA. 16m Lausann et ertand 2006 Free sur face;‘;fd flow depth profiles Video camera X
Cochard and Ancey [300] Vviscopfastic Hul Reservoir sanne, erla at different times
(Carbopol Ultrez 10) Wr =1.8m, Mass = 120 kg
Total;
dry bottom;
Newtonian and
non-Newtonian fluids Rectangular channel
Balmforth et al. [301] (corn syrup and L>1m,W=01m,Lr=04m, hy =0.02-0.0435 m 0.1m N.A. 2007 Wave front position Video camera X
aqueous suspensions = 0; smooth
of xanthan gum,
kaolin, Carbopol,
and cornstarch)
Total;
dry bottom; .
visyco lastic Rectangular channel Mass in the EPFL Free surface and flow depth profiles
Ancey and Cochard [302] scoplas L=4m W=03m,Lr=051m, reservoir: 03m : 2009 at selected times; front position Video camera X
(Herschel-Bulkley) S=6,12, 18, 24°: smooth 23-43 kg Lausanne, Switzerland with time
fluid T T
(Carbopol Ultrez 10)
Partial;
dry bottom; Les55 Pla‘g\\]e 18
. B =55m, W=18m, i
Cochard and Ancey [303] Viscoplastic 5= 0-18°; smooth I =0.3-0.36 m 03m Lausanne et and 2009 Free surface Video camera X

(Herschel-Bulkley)

fluid
(Carbopol Ultrez 10)

Reservoir
Lr=051m, Wr=03m

at selected times

(45 fps)
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Table 7. Cont.

®) @ 8 ()] an
R ‘(l) b Bu)kT Setup Initial B }(\S%N'd " Lab (6)t Y(7) Mea(s|)1red Measuring (10)4 Numerical
eference am-Break Type Characteristics 1 Conditions 2 reach Widt aboratory ear Data Technique 3 Data Simulation
Total;
dry bottom;
. . : viscoplastic Rectangular channel st iversi Free surface 2D
Brondani I\I\/f[l:“;‘slsl[;l“_ﬂ de Freitas (Herschel-Bulkley) L=191m, W=032m, hy =0.07,0.1,0.13 m 0.32m Pa\illl}:stassltat‘e U?;V erilty, 2012 at selected times; wave Video camera X NSE, VOF
aciel 1 fluid (Carbopol 940, Lr=0.5m, S = 0; smooth a Solteira, Brazi front position FV
different
concentrations)
Total;
dry bottom;
viscoplastic Rectangular channel y it on- o . 1D
Bates and Ancey [305] (Herschel-Bulkley) L=35m W=01lm,Lr=03m; Fluid mass: 3 kg 01m Lansanne e erland 2017 Wave f""‘fflpf’?‘t“]’“'.waffti S“rf“e video ¥ o V4 (lubrification theory)
fluid; contact with §=12°,16°,20°,24°; smooth 4 profiles; velocity fiel GM
a stationary layer of
the same fluid
Total; Rectangular channel
om; L=6m W=03m; University of Mining and Flow depth, velocity and pressure Video cameras
Jing et al. [306] dry bottom; 5 = 0.02; smooth Iy =0.30m 03m ty of Mining ar 2019 pth, velocity and pre (300 fps); X
mudflow (three Reservoir Technology, Beijing, China hydrographs at four locations ressUre Sensors
different grain sizes) Lr=2 rr;, Wr = 0.6 m pressure sensors
Total; Tank
S dry bottom; L=152m, W=0.05m, _ Federal University of Flow images; flow depth profiles at . X
Modolo et al. [307] Bingham fluid Lr=04m,S=0; hy =024 m 0.05m Rio de Janeiro, Brazil 2019 selected times Video camera; PIV X
(different solutions) smooth and rough
Total; Rectangular channel 2D
o dry bottom; _ " e Mud volume: Sichuan University, Flow depth and bottom pressure Pressure sensors;
Tang etal. [305] mud flow (Herschel- L= 3;‘; ngoo'fgc‘ﬁ;‘f;\’(,;&“ m 38.6,36.3,341 023m Chengdu, China 2022 hydrographs at two locations laser sensors X NS]%S/OF
Bulkley fluid) T e

Note(s): 1 L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 2h, = upstream water depth; h; = downstream
water depth; 3 PIV = particle image velocimetry; X = not freely available; v = freely available; > Approach: 1D = one-dimensional; 2D = two-dimensional-Mathematical model:
NSE = Navier-Stokes equations; SWE = shallow water equations; VOF = volume of fluid-Numerical method: FD = finite difference; FV = finite volume; GM = Galerkin method;
N.A. = not available.

Table 8. Experimental investigations of dam-breaks in cascade reservoirs.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 3
Two total dam-breaks;
three different
. . . Rectangular channel . - . s
Yang et al. [309] chstantces b;m een the L=20m, W=05m, g = 0.184-0.531 m 05m Sichuan Univ ersity, 2011 Water depth hyqlrographs in Water Prubes, high X
wo dams ~12%. smooth Chengdu, China 10 positions resolution camera
(7.8,9.8,11.8 m); ;
dry bottom
. Upstream reservoir hy =01-03m
Total dan?—break, Lr= me Wr=04m, S=0 (upstream reservoir); . N Pressure hydrographs 20 positions
pressure load on g g _ Sichuan University, . N
Chen et al. [310] Rectangular channel hg=0-03m 04m . 2014 at five different elevations on the Pressure sensors X
a downstream dam; L=10m, W=04 Chengdu, China
dry bottom =10m W=04m (downstream downstream dam
S =4,8,12°; smooth reservoir)
hup =huy =03m
Reservoirs (downstream dam breaks
Two total dam-breaks; Lr=2m, W=08m 0,2, 4 s after the Changjiang River
Liuetal. [311] dry bottom Rectangular channel upstream one); 04m Scientific Research 2017 Water depth hydrographs at Ultrasonic distance meters X

(dam height: 0.4 m)

L=12m, W=04m,
S=1/12.5, smooth;

hyp =hypy =02m
(downstream dam breaks
due to overtopping)

Institute, Wuhan, China

six locations
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Table 8. Cont.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial Conditions

2

(5) Breach Width

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique 3

(10) Data 4

(11) Numerical Simulation 3

Zhang and Xu [312]

Three dams;
total break of the
upstream dam;
dry bottom;
retarding effects of
an intermediate intact
dam (dam height:
0-0.6 m)

Upstream reservoir

97 m, Wr =193 m

Rectangular channel

L=20m, W=05m,
$ =12°, smooth;

hy =0.1-0.3 m
(upstream dam);
hy =0.1-0.5m

(downstream dam);
m

(intcrmcdia&c dam)

0.5m

Sichuan University,
Chengdu, China

2017

Pressure time series
on the face of the
intermediate dam;
flow images

Pressure sensors;
video cameras

Luo etal. [313]

‘wo dams;
total break of the
upstream dam;
dry bottom; flow in the
downstream reservoir

Rectangular channel
L=10m, W=04m,
S =4°; smooth

hy =02m
(upstream dam);
hy =0.15,03 m
(downstream dam)

04 m

Sichuan University,
Chengdu, China

2019

Flow images;
water depth and pressure
hydrographs at three points

Luo etal. [313]

Three dam-breaks;
dry bottom

Rectangular channel
L=156m W=05m,
§=4°; smooth

hy =05m
(upstream dam);
hy =05m
(downstream dams)

0.5m

Sichuan University,
Chengdu, China

2019

Flow images;
water depth hydrograph at
six points

SPH

Kocaman and Dal [314]

Two dams;
total break of the
upstream dam on the
reservoir of the
downstream one;
overtopping of the
downstream dam

Rectangular channel
L=25m,W=025m,
Lr=0.75 m (both dams)
S =1/5, smooth

hy =0.15m
(both dams)

0.25

Iskenderun Technical
University, Turkey

2020

Water depth hydrographs;
images of the
free surface profiles

Video cameras
(120 and 50 fps)

X

3D
NSE
SPH

Note(s): 1 L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 2h, = upstream water depth; /1; = downstream
water depth;  — # X = not freely available; v/ = freely available; > Approach: 3D = three-dimensional-Mathematical model: NSE = Navier-Stokes equations—-Numerical method:

7

SPH = smoothed particle hydrodynamics; N.A. = not available.

Table 9. Experimental investigations of dike-break induced flows on a lateral floodplain.

(1) Reference (2) Dike-Break type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 5
Sudd dal Rectangular channel U G 2D
udden trapezoidal L=30m, W=2m,5=0 niversity of German Pressure hydro s 3 ; SWE
_ b . _ S8 y graphs at Pressure transducers;
Bechteler et al. [315] v pening ,_ Hoodplain' hu=02m 05m Federal Armed Forces, 1992 29 locations; flooded area perimeter video camera X WV
S ep $=0;smooth Y (1=0001sm™/?)
Rectangular channel
=N.A, W=N.A,S=NA. versi .
. . n ¢ b Aachen University of Water levels hydrographs in Electrode system; _1/3
Liem and Kongeter [316] NA L=85 mFll,gof 15‘“;; S =0.05; N-A. 06m Technology, Germany 1999 72 points; front wave propagation capacity sensors X =001sm~1/3)
smooth
L 11§€dalﬁ/gulgr3 chm;nelo oot Water depth hydrographs at nine - e dist 2D
=10m, W=03m, 5 = 0. ions: rorse veloci rasonic distance
Aureli and Mignosa [317,318] Sudden opening Floodplain Steady flow 028 m University of Parma, Ttaly 2002 locations; transverse velocity meters; ADV; X SWE
L=15m, W =2.6m, 5-151/s 7 profiles; discharge flowing through triangular weir 173
sm’ooth ’ the breach (m=0.01sm 2)
Compound channel Indian Insti .
L=92m W=N.A,S=NA. ndian Institute o . . .
Sarma and Das [319] Sudden opening Floodplain NA. NA Technology, 2003 Wave front in the flooding plane NA X (=0013sm-1/3)
L=2m W=25m, Guwahati, India at three times SR
S =0; smooth
Rectangular channel Steady flow: Ultrasonic distance meters; o
Briechle et al. [320]; . L=N.A,W=1m, S=NA Yy fow: Aachen University of Water depth hydrographs; wave r N d SWE
Briechle [321]; Harms et al. [322] Sudden opening Floodplain 3001/s 05m Tochnalogy, Germany 2004 front position A wolodty Video cameras X DG
by =0.3-05m (>50 fps) (1=0.0083 s m—1/3)

L=35m,W=4m,5=N.A;smooth
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Table 9. Cont.

(1) Reference (2) Dike-Break type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Breach Width (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 5
Oertel and Schlenkhoff [323]; Bergische Water depth
Oertel [%24]\ N N.A. Flo N.A. 05m University Wuppertal, 2008 contour rr?a < Ultrasonic distance meters X
3 L=dmW=56m, ermany P
= 0; smoot]
Rectangular channel 2D
Steady flow: B . . . . L.
- . L=N.A,W=1m,S=N.A. Aachen University of Surface profiles at different times; Ultrasonic distance SWE
Roger etal. [325] Sudden opening Floodplain I 109 6‘?2]1?21 03-0.7m Technology, Germany 2009 breach discharge meters; LDA X DG, FV
L=4m, W=35m,$ = 0; smooth u =03-0. (n=0.005-0.02s m~1/3)
Rectangular channel 2D
L=40m W=1m,Lr=155m . N . - .
Sun et al. [326] Sudden breaching Floodplain Steady flow: 801/s 1m Unlveri{ty of Ts'mghua, 2017 Water depth and flow v EIOC.HY Pressure gauges; ADV x S}‘:%E
L=25m W=25m, Beijing, China hydrographs at several locations; 1/3
$=0 smooth (n=0.012sm~1/?)
Rectangular channel
L=11m W=04m,5=0 . . . .
X - . 4 e Different inflow University of South Water depth T .
Al-Hafidh et al. [327] Sudden breaching Lo 1_8}?’3](;:|)d[]/)\/1€1:|1_87 - hydrographs 0.2,04,0.8 m Carolina, USA 2022 hydrographs at eight locations Ultrasonic distance meters X
smooth
Gradual trapezoidal Rectangular channel N .
: L=30m, W=5m,5=0; Institute of Civil
S breachin, 4 g 4 hy =0.3,0.35, 0.4, 05,1,15,2,25,3 : : EEn Water depth hydrographs; .
Yoon et al. [328] Lo 5 Floodplain 6’45 05 055m 7 S0 Seve S5 S5y Engineering and Building 2022 N N Wave height meters x
(shdlln\%(;\gl&:lmng) L=25m, W =30m; 145,0.5,0.55 m m Technology, Korea propagation of the wave front
U smooth

Note(s): 1 L = facility length; W = facility width; Lr = reservoir length; Wr = reservoir width (if different from W); S = bottom slope; 2 p, = water depth in the channel;
3 ADV = acoustic Doppler velocimeter; LDA = laser Doppler anemometer; * X = not freely available; > Approach: 2D = two-dimensional-Mathematical model: SWE = shallow
water equations—-Numerical method: DG = discontinuous Galerkin; FD = finite difference; FV = finite volume—n = Manning roughness coefficient; N.A. = not available.

Table 10. Experimental investigations of collapses of storage tanks and bunds or dike overtopping.

(1) Reference

(2) Dam-Break Type

(3) Setup Characteristics 1

(4) Initial Conditions 2

(5) Bund Characteristics

(6) Laboratory

(7) Year

(8) Measured Data

(9) Measuring Technique

3

(10) Data 4

(11) Numerical Simulation 5

Greenspan and Johansson [329]

Total and partial
(orifice over a 30° arc:
0.0254 m wide,
h=0.076 m high);
dry bottom

Cylindrical tank
D=0.19m,
S = 0; smooth

0.05m <hy <0.22m

Circular:
bund radius = 0.127, 0.178,

0.229, 0.279 m;
bund inclination = 30°,
60°,90°;

bund height = 0.033,
0.038,0.051, 0.064 m

Massachusetts Institute of

Technology, USA

1981

Overtopping fraction
(as a function of the
dike characteristics)

Needle depth gauge;
video camera

X

Sharifi [330]

Total;
dry bottom;
three configurations:
unconfined flow,
barrier flow, and
confined flow
(wall height = 0.25hy,)

Cylindrical tank
D =0.087 m,
S = 0; smooth

hy =0.5D,
0.75D, D

Circular:
bund radius = 0.175, 0.24,
0.258, 0.3, 0.34 m;
bund inclination = 40°,
90° bund height = 0.022,
0.032, 0.044 0.065 m

Imperial College of

Science and Technology,

London, UK

1987

Water depth hydrographs at
eight positions; wave
front propagation

Light-sensitive
photodiodes;
video camera

(128 fps)

Maschek et al. [331]

Total; dry and wet
bottom; symmetric
and asymmetric water
column
(off-centeredness =
0.055, 0.0825, 0.11 m);
effect of obstacles
in the flow: rings,
rods, and particles

Cylindrical tanks
Inner
D=0.11,0.19 m;
Outer

D=044m;
S =0; smooth

hy =0.05,0.1,0.2,0.22,

.23 m
hy =0,0.01,0.03, 0.05,
0.1m

Circular:
bund height = 0.02, 0.03 m

Karlsruhe Nuclear
Research
Centre, Germany

1992

Arrival time at the wall; time of
maximum height; maximum
height at the container wall; time
of maximum height; maximum
height at pool center

Video camera
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Table 10. Cont.

(1) Reference (2) Dam-Break Type (3) Setup Characteristics 1 (4) Initial Conditions 2 (5) Bund Characteristics (6) Laboratory (7) Year (8) Measured Data (9) Measuring Technique 3 (10) Data 4 (11) Numerical Simulation 5
Circular:
4 Tgfﬂ; bund radius =5, 7.1, 10 m;
ry bottom; bund inclination = 30°; 1
different bunding Quarter 5°,90°; Advantica Technologies Time of water arrival at i
Cleaver et al. [332]; arrangements; of cylinder tank _ bund height = 0.05, 0.1, Ltd. (for Health and e A " . .
Cronin and Evans [333] impact on =35 m; Iy =145,1.6,1.75 m 0.2 1; Square: Safety Executive), 2001 60 po:_uom, water hea? in the pre:suxt.e-transducer, ) X
an additional S = 0; smooth bund distance = 6.27, 4.43, Loughborough, UK tank; overtopping volume dept_ resistance pyobes,
cylindrical tank 8.89 m; calibrated container
(D=35m) bund inclination = 90°;
bund height = 0.05, 0.2 m
Circular:
bund radius = 0.315-1.9 m;
bund inclination = 90°; Piezotroni
Total; Quarter bund height = 0.006-0.72 m; Dynamic pressure . ‘;ZO ronic Przssure
. ; N rorti {los . ransducers; resistive wave
Atherton [334] _ dry bottom; of cylinder tank, D = 0.6 m; e =0.12,0.3, 0.6 m Triangular and Liverpool John Moores 2005 vertical profiles on the bund; gauges; X
different bunding S = 0; smooth Rectangular: bund niversity, UK wave heights; fluid mass water balance;
arrangements ’ distance = 0.441, 1.247 m; overtopping the bund B ’
bund inclination = 90°; PPN video camera
bund height = 0.012, "
0.12m
Partial; . D i Piezotronic pressure
e . arter Circular: ynamic pressure -~
(orifice: 0.019-0.084 m of C\%‘:\:er tank bund radius = 0497-1.407 m; Liver . ical £il he bund; transducers; resistive wave
i . 9 - s = 0.497-1. ; erpool John Moores vertical profiles on the bund; S
Atherton [335] slot: Ol?;exfrx;vide =0.6m; hu =012,03,0.6 m bund inclination = 90°; University, UK 2008 wave heights; fluid mass tg‘“;g?' x
: 0. , Z0 ioht — N water balance;
0.007-0.18 m high) §=0; smooth bund height =0.006-0.24 m overtopping the bund video camera
Circular:
bund radius = 0.1-0.15 m;
bund inclination = 90°;
Total; Cylindrical tank bund heiglslt =0.022-0.051 m; Mary Kay O’Connor
dry bottom; indrica’ tan’ hy > 0.3 m (for D=0.1m); quare: Process Safety Center, Fluid mass Balance;
Zhang et al. [336] straight and S :((J)ls'ngoz&\?l:' hy >0.2m (for D=0.2m) bund distance (equivalent Texas AgzM 2017 overtopping the bund video camera X
curved dikes " radius) = 0.11-0.23 m; University, USA
bund inclination = 90°;
bund height =
0.022-0.045 m
Total; bund di Squa?e: wval Mary Kay O’Connor
dry bottom; Cylindrical tank und distance (equivalent Process Safety Fluid mass Balance;
Zhang et al. [336] straight and D7: 9.229 m; hy =05m radius) = 0.516 m; bund Center, 2017 overtopping the bund video camera X
d dikes §=0;smooth inclination = 90°; Texas A&M
curved dikes bund height = 0.08-0.098 m University, USA
Circular:
bund radius =
) 0.497-1.9 m;
Total and partial bund inclination = 90°;
(slot: 0.157 m wide, bund height = D i s Piezotronic pressure
ioh): Quarter - . ynamic pressure e P
Mesdi o 0.018-0.09 m high); of cylinder tank, - 0.03- l0,72 m; Liverpool John Moores vertical profiles on the bunds; transducers; resls.h\ e wave 3D
egdiche [337] dry bottom; _ N hy =0.12,0.3,0.6 m riangular, square, N 2018 N A gauges; X RANS, VOF
) 4 D=0.6m; . University, UK wave heights; fluid mass
different bunding S =0; smooth and rectangular: . water balance, Fv
arrangements; ' bund distance = overtopping the bund video camera
viscous fluid (olive oil) 0.324-1.095 m; o
bund inclination = 90°;
bund height = 0.012,
0.12m
Circular:
bund radius =
0.272 m;
bund inclination =
Total; 45°,60°,90°,120°;
dry bottom; Cylindrical tank bund height = 0.1 m; Nanjing Tech Dynamic pressure time series at Pressure sensors; 3D
Zhao et al. [338] bunds with different D=027m; Various tank filling ratios Square: Uni J o 8 Chi 2022 selected points on the bunds balance; X RANS, VOF
shapes, inclinations S = 0; smooth (0.483 m x 0.483 m) niversity, China overtopping fraction video camera FV

and breakwaters

and rectangular
(0.341 m x 0.683 m):
bund inclination =
45°,60°,90°,120°;
bund height = 0.1 m

Note(s): ! D = diameter of the cylindrical tank; S = bottom slope; 2 h, = upstream water depth; h; = downstream water depth;
5 Approach: 3D = three-dimensional-Mathematical model: RANS = Reynolds-averaged Navier-Stokes equations; VOF = volume of fluid-Numerical method: FV = finite volume;
N.A. = not available.

— 4 X = not freely available;
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3. Discussion and Advances

Tables 1-10 show the considerable amount of experimental investigations performed,
covering a broad spectrum of dam-break flow conditions. The first laboratory tests dated
back even more than 100 years ago [19,20], but more than 70% of the dam-break experiments
reviewed here were carried out in the last 20 years, suggesting an increasing interest
worldwide in experimental research on dam-break flows.

Basic features of dam-break flows (wave profile, wavefront motion, etc.) have been
the most investigated, especially in the past, as indicated by Table 1. To this end, capacitive
or resistive probes and pressure gauges were used in most investigations before 2000. The
former probes are very easy to implement in laboratory facilities, but they are intrusive
devices locally disturbing the flow [150]. Accordingly, non-intrusive pressure gauges or
ultrasonic distance meters have sometimes been preferred (e.g., [46,95,207]), even if they
may show spurious dynamic oscillations in fast transient flows, especially when the slope of
the free surface is high [207]. The limitation of such gauges is that they provide a local flow
depth measure. Therefore, since earlier times, there has been an interest in measurements
over extended areas of the flow. Martin and Moyce [23] and Dressler [13] were pioneers
in using video cameras to record images of a dam-break flow from which quantitative
information about the wave motion, especially wave profiles at fixed times, can be extracted.
In particular, Dressler [13] used five electrically synchronized cameras with an impressive
acquisition speed for the time (1800 frames per second). Experimental wave profiles are
of utmost relevance to understanding the characteristics of the flow and verifying the
capability of the classic analytical solutions of the dam-break problem (i.e., Ritter’s [339]
and Stoker’s [340] solutions) or numerical solutions of dam-break models to predict the
dam-break wave profile (e.g., [52,76]). Recent optical and image-processing techniques
overcome the limitations of the punctual gauges and the cumbersome post-treatment of
analogic video records, allowing for the accurate non-intrusive measurement of the free
surface on an area of selected extension with a suitable time rate [4].

In addition to the wave profile, the velocity field is a flow characteristic of interest
in dam-break experiments. Earlier investigations focused only on the wavefront velocity,
tracking its position on flow images (e.g., [26,29]). Local flow velocity has often been mea-
sured using acoustic Doppler velocimetry (ADV) [186], despite the disturbances induced
by the measuring device on the flow. Moreover, the fast variation in time of the free-surface
elevation implies that the probe’s position below the free surface does not remain constant,
making it difficult to interpret the measures [186]. Velocity fields are efficiently measured on
selected regions of the flow using non-intrusive imaging techniques (e.g., particle imaging
velocimetry-PIV or particle tracking velocimetry-PTV) based on the tracking of particles
floating on the flow surface [245] or buoyant within the flow [82]. The measurement of the
surface velocity field provides insight into the flow features because it allows the recon-
struction of flow trajectories on the flow surface. Moreover, surface velocities are a good
approximation of depth-averaged flow velocities in fast transient shallow flows, where the
turbulent velocity profile is not yet established. The measurement of the vertical velocity
field (e.g., [82]) further enhances the understanding of the flow dynamics allowing the
validity of the basic assumptions of the numerical simulation tools to be checked.

Experimental investigations on the effect of geometrical singularities and the impact
of dam-break flows against obstacles have gradually taken hold alongside research on
basic features of the dam-break flow. Experiments listed in Table 2 concern flows in more
complex geometries than a simple straight channel due to the presence of contractions,
bottom sills, bends, etc. The variety of cases reported in Table 2 demonstrates the need for
an in-depth understanding of complex flow features generated by geometric singularities,
each isolated in well-defined experimental situations. Accordingly, such test cases should
not be considered scale physical models of real situations but prototype cases highlighting
specific flow features. The availability of experimental data allows for modelers to check
the treatment of each type of singularity in numerical models. The key challenge for new
numerical approaches is indeed to reproduce the effects of the geometric singularities in the
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best possible way, especially in the context of shallow water models, because most of the
considered singularities induce local deviations from the hydrostatic pressure assumption.

Table 3 reports test cases and laboratory investigations of the effects of isolated obsta-
cles or structures on a dam-break flow. The experimental analysis of such situations is of
practical interest. Indeed, natural and artificial obstacles are commonly present in real-field
applications, and flooding propagation in flood-prone areas can be strongly influenced by
such singularities, which may act as barriers to the flow. Obstacles of different sizes, shapes,
and orientations were considered in the dam-break experiments. Prismatic blocks, vertical
columns (of a square, rectangular, circular, but also pyramidal shape [187]), and solid walls
(simulating protective barriers) were mainly used as obstacles, but occasionally also bridge
models [214,218,222]. Furthermore, the obstacle’s position and distance from the gate
are crucial to defining the test conditions. A few tests involved obstacles overtopped by
the flow [87,236] or deformable structures [217,225], which induce complex flow features
and wave-structure interactions, respectively. Moreover, the impact of the dam-break
wave against a structure was investigated in detail by some studies (e.g., [215]). Other
applications concern the effect of mitigation walls placed in front of model structures for
protection purposes [208,210] or the performance of new flood protection structures [242];
others concern permeable structures (i.e., buildings with openings [221,266] or perforated
walls [229], and even the presence of movable obstacles carried away by the flow [240,258].
Despite this variety of cases investigated in the literature, the experimental analysis of flood
scenarios in which a structure is destroyed by the flow is lacking. Flow depth and velocity
were typically measured at selected locations to describe the features of the flow, especially
near the obstacles (e.g., [186]). In recent years, the use of imaging techniques to capture
wave propagation and measure the free surface over an extended area (e.g., [63,207]) has
become widespread. The hydrodynamic load acting on the whole structure (e.g., [215,223])
or impact pressures at selected gauge points on the structure faces (e.g., [218,228]) were
also measured. These data are valuable for the validation of numerical models used for
evaluating hydrodynamic forces and other hydraulic variables useful for the structural
design and verification of structural reliability.

Flood inundation of urban areas (possibly induced by a dam-break or a tsunami
invading a city) is a research topic that arouses considerable interest nowadays due to the
high exposure of residential or industrial settlements close to waterways, dams, or coastal
areas [341,342]. Table 4 lists the studies on urban flooding conducted through experimental
modelling. In these models, dam-break experiments were performed using idealized urban
districts constituted by arrays of solid blocks with different configurations and orientations,
which simulate the idealized layouts of buildings and cannot be considered scale models
of existing urban areas [245]. Complex flow processes occur in these experiments, with
multiple flow paths (dictated by the arrangement of buildings and streets) and high flow
velocities. Hydraulic variables describing flow dynamics and directly involved in flood
impact assessment were typically measured. Accordingly, flow depth and velocity time
series were usually provided at selected locations both inside and around the city layout
(e.g., [245,252,253]). Moreover, the measurement of hydrodynamic loads on buildings has
received less attention [59]. More insight into urban flooding could come from considering
quasi-realistic urban district models [255], taking into account additional events associated
with urban floods [342], such as the penetration of water into buildings through open-
ings [221], the flow exchange between the streets and the sewer system, the transport of
cars or urban debris [249], and the diffusion of pollutants. Experimental data from such
experiments would better support the validation of urban flood simulation models, which
have become increasingly sophisticated in recent years [341]. Among these numerical
models, the coarse-grid ones (for example based on the porosity approach [248,252]) can
provide accurate results preserving computational efficiency. Models of that type require
such experiments in an idealized urban environment for their validation.

Wave runup prediction on sloping beaches is one of the main concerns in the swash
zone studies. Wave runup and overtopping on coastal structures have historically been
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investigated through physical models, since storm waves occur infrequently, and field
measurements are expensive and difficult during storms. Laboratory investigations of
waves normally incident on structures and beaches were usually conducted in wave flumes.
More in-depth investigations of the wave dynamics require large basins equipped with
more complex and expensive facilities due to the nearshore non-uniformity. In laboratory
investigations, a single bore was often generated by lifting a gate separating the initially
quiescent water on the beach from the deeper water behind the gate, exploiting the strict
similarity between tsunami and dam-break waves. Table 5 includes only experiments in
which single bores were generated through a dam-break. In addition to basic investigations
of the characteristics of waves propagating on simple sloping beaches, advanced ones
considered the presence of vegetation, moving objects, wharves, overtoppable or insub-
mersible structures, floating tanks, bridges, crossing canals, vertical walls, or composite
bathymetries. Flow depth hydrographs and velocity profiles at selected positions were
often measured, as well as the wavefront position in time and the maximum run-up height,
thanks to the analysis of images acquired through video cameras. Wave profiles at selected
times were measured less frequently (e.g., [283]). Time series of pressure and force against
structures hit by the bore were measured in several studies (e.g., [269,274]), whereas data
related to overtopping phenomena are seldom recorded [270]. Only a few works focused
on bottom shear stress data, flow vortices behind structures, and phenomena related to
moving objects transported by the flow (e.g., [277,278]).

Vessels and offshore structures can be affected by extreme waves causing green water
run-up and wave impingement, with consequent extensive damage and failure to super-
structures, deck plating, hatches, and topside equipment. Moreover, green water represents
a serious concern for the safety of personnel. In past years, a significant resemblance was
recognized between the green water event and dam-break flow [343]. Therefore, as shown
by Table 6, many studies applied the dam-break theory to green water predictions [344],
and the use of dam-break solutions has become the standard design analysis approach
to estimate the front velocity in green water phenomena. For at least two decades, re-
searchers have tried to obtain experimental data useful for the validation of theories and
numerical codes through laboratory investigations of green water phenomena caused by
dam-breaks (e.g., [287,343,345]), taking advantage of the relative simplicity of dam-break
setups. Conditions characterized by different freeboards were usually considered. The
interaction between a dam-break flow and a floating box was also investigated [294]. Loads
and pressures exerted on structures are of primary interest in such applications and were
acquired through force and pressure transducers, respectively. Moreover, measures of
free surface elevation at selected positions were often performed using conventional wave
probes. In recent years, the availability of high-speed video cameras has allowed a more
in-depth investigation of the initial phases of the phenomenon (e.g., [291,292]).

The dam-break flow of non-Newtonian fluids has recently received considerable atten-
tion due to environmental and industrial applications, such as the flood hazard assessments
associated with tailings dam failures. Experimental data are even more valuable given the
complex rheological behavior of such fluids and the scarcity of analytical solutions available.
As shown in Table 7, experiments were conducted in simple laboratory facilities (planforms
or rectangular channels), sometimes with steep bottom slopes [302]. Typically, the liquids
used were aqueous suspensions or mudflows with viscoplastic behavior, but also Bingham
fluids are used [307]. Moreover, the test conditions usually considered are characterized by
a total dam-break and dry downstream bottom, with few exceptions [64,303]. Non-intrusive
imaging techniques were preferably used to record data.

Table 8 lists experimental investigations of dam-break flows in cascade reservoirs.
This line of research has recently been developed, motivated by the significant number of
cascade dams built in recent years along several rivers. In this case, the channel bottom
downstream of the dam is always assumed to be dry in the experiments. The influence of
the initial reservoir levels and the distances between the dams are analyzed to highlight
the attenuation effect on the dam-break flood in case the downstream dam does not
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fail. Flow depths time series were typically measured at selected positions. Sometimes,
pressure time series were recorded on the upstream face of the dam hit by the flood
wave [310]. Numerical simulations accompanying the experimental investigations were
usually performed through 3D models.

In experimental investigations of a dike-break induced flow presented in Table 9,
the laboratory facilities consisted of an initially dry, smooth lateral floodplain linked to
a straight main channel. A gate on the side wall of the channel was lifted to simulate the
dike failure and induce the flooding of the lateral floodplain. In most cases, the gate opening
was sudden, and the breach was rectangular or trapezoidal. Seldom was the gate removed
gradually to represent the typical progressive failure of earth-fill embankments [328]. The
flow in the main channel was typically assumed to be steady, even if a river embankment
realistically fails during a flood event [327]. The wavefront propagation and flood depth
time series at different positions in the floodplain were usually measured with non-intrusive
devices. The experimental data acquired are particularly useful for validating 2D depth-
averaged numerical models.

Dangerous liquids for industrial applications are often stored in large tanks built above
ground. The failure of such storage tanks can lead to disastrous consequences for people,
assets, and the surrounding environment, due to the sudden and uncontrolled release of
large volumes of impounded materials, sometimes potentially flammable. Many major
incidents occurred in recent years due to natural disasters, atmospheric phenomena, main-
tenance or operational errors, equipment failures, or corrosion [337]. A containment system
formed by dikes or bunds is crucial (and required by technical regulations) to mitigate
the risk associated with these catastrophic events. The bund system must be designed
to prevent massive liquid overflow and withstand the dynamic pressures generated by
the wave impact. Table 10 shows that in the past 40 years, several experimental studies
have dealt with the problem of predicting the bund overtopping fraction as a function of
the level of the impounded liquid, as well as the bund shape and characteristic param-
eters (distance from the tank, height, inclination, presence of breakwaters, etc.). To this
end, small-scale experimental investigations have typically been conducted in dam-break
setups by suddenly releasing fixed volumes of water or oil stored in cylindrical or quarter-
cylinder-shaped tanks. Few medium-scale experimental investigations have so far been
conducted [332,333]. Sometimes, the liquid release resulting from the opening of fractures
or holes in the tank walls is considered [335]. In recent years, computational fluid dynamics
(CFD) has increasingly been used in this context, since it gives the possibility to study in
detail the phenomenon. The accuracy of the CFD models is assessed through validation
against experimental data [337,338].

In over half of the total entries of Tables 1-10, a numerical analysis was coupled
with the laboratory investigation, and the experimental data were immediately used to
validate the numerical models. The information about those numerical simulations pro-
vided in Column 11 of the tables indicates that the most adopted solution approach is the
two-dimensional one (approximately 50% of cases); the one- and three-dimensional ap-
proaches are equally adopted in about 25% of cases. One- and two-dimensional numerical
models are usually based on the depth-averaged shallow water equations (SWE), while
three-dimensional models on the Reynolds averaged Navier—Stokes equations (RANS),
coupled with the volume of fluid (VOF) technique for the tracking of the free surface.
In the examined studies, the most used numerical method for the solution of the gov-
erning equations is the finite volume method (over 50% of cases), followed by the finite
difference method (over 20% of cases, especially before 2000). The mesh-free particle
methods, such as the smoothed-particle hydrodynamics (SPH) and the moving particle
semi-implicit (MPS) ones, have spread rapidly more recently and were used in about 15%
of the cases considered.

The impact of scale effects in open channel flow physical models deserves special
attention [346,347]. Some analyses in the literature have confirmed that the Froude number
is dominant in dam-break flows over a fixed bed (e.g., [150]). However, the validation of
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numerical simulation tools designed for real applications against small-scale laboratory
tests must take into account the distortions introduced by the scale effects.

In all experiments listed in the previous tables, the waves were generated by the
sudden removal of a gate. In most cases, a lift gate moving upward is used, but there are also
examples of downward-moving lift gates [82] or flap gates (e.g., [104]). Experimental and
numerical studies have compared gate-opening modalities, investigating the gate motion
effect on the dam-break flow [105,348]. However, none of these systems mimics exactly
the instantaneous disappearance of the gate assumed in the classic theoretical approach
to the dam-break problem, nor a real dam collapse. Technical regulations on dam-break
flood risk assessment adopted worldwide prescribe that the structural failure of concrete
gravity and arch dams is assumed to occur practically instantaneously (e.g., [349,350]).
If this assumption is made, the gate opening time in dam-break experiments should be
short enough to represent a ‘nearly-instantaneous’ dam collapse. To this end, suitable
criteria for the gate opening timing have been presented in the literature [50,351] and are
usually checked at the beginning of the experimental investigations. However, in the
hydraulics laboratory, the question of the ‘instantaneous’ removal of the gate (or of the
actual non-presence of the gate itself) remains a subject of debate, and often suggestive
and imaginative hypotheses are formulated in the breaks between the experimental tests to
remove the gate as quickly as possible.

The large number of articles reviewed here demonstrates that an impressive amount
of experimental work has been carried out on dam-break flows, considering a variety of
test conditions covering a wide range of flow situations. Many aspects of the physical
process having practical implications have been investigated, including the effects of
obstacles and structures that interfere with the flow. Nevertheless, the dam-break flow
remains a topic of current research that continues to attract considerable interest, also
from an experimental point of view [352]. Non-intrusive techniques appear preferable
in dam-break flow measurements as they do not disturb the flow. In particular, digital
imagery enables the acquisition of flow data (such as free surface profiles or flow depth
and velocity fields at selected times) over an extended area, but requires optical access and
often free surface seeding or the use of a coloring agent, as well as laborious calibration
procedures [4].

The literature review shows that no systematic experimental investigations have been
conducted on floods caused by a partial dam collapse in the vertical direction, producing
a breach in the upper portion of the dam. To the authors” knowledge, this dam-break
scenario was only hypothesized in a historical study based on a physical model [5,353].
Therefore, it could be considered for future research to collect experimental data to support
the development of hybrid 3D-2D numerical models simulating the breach outflow with
a 3D model and the downstream flooding with a depth-averaged 2D model (e.g., [354]).
Furthermore, the movement of the pieces of a breached dam within the flow has never
been experimentally studied since the release of the impounded water is usually simulated
by removing (and not breaking) a retaining plate. This aspect related to the collapse of
a concrete or masonry dam could also be the subject of future experimental research; after
all, the modeling capabilities of current CFD software include the possibility of handling
moving objects which dynamically interact with the flow and rigid body interactions

(e.g., [355]).

4. Conclusions

This paper provides a comprehensive review of the state-of-the-art experimental
investigations on unsteady, rapidly varying flows generated by the sudden removal of
a retaining structure. Only experiments performed in schematic laboratory setups with
a fixed, non-erodible bottom were considered. This review, based on journal papers,
reports, theses, and documents published until the end of 2022, was carried out with
passion and dedication by four researchers who share the experience of conducting physical
experimentation of dam-break phenomena for over twenty years. Although the authors
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tried to conduct an extensive and meticulous review, it may not be exhaustive. Some
studies on the subject, especially the older ones, may be missing since they were published
in journals of local diffusion or not written in a vehicular language, or those in which the
experimental data are marginal and do not represent the focus of the research.

A large number of references was reviewed and divided into tables according to the
investigation’s purposes. These tables report extensive information on test conditions,
datasets, measuring techniques, relevant bibliographic references, and data availability.

This review may guide researchers to compare existing datasets and identify remaining
knowledge gaps deserving additional experimental investigation. Moreover, it may help
modelers select suitable test cases for validating their numerical models and testing new
numerical approaches. Indeed, most experiments aimed at collecting benchmark data
were expressly designed to highlight specific computational difficulties for numerical
schemes. This review may also support practitioners looking for new technical solutions
for mitigating the destructive effects of dam-break flood waves.

Unfortunately, most datasets are not directly accessible in digital format as supplemen-
tal material linked to the original works. Therefore, we hope a public repository will soon be
made available, where experimental data can be freely uploaded to form a comprehensive
open-access database for all researchers interested in dam-break flows.

An impressive amount of laboratory investigations was carried out on dam-break
flows, and a variety of test conditions were considered in the literature. However, experi-
mental studies on flows caused by dam breaches with height and width lower than those
of the dam and on the movement of the blocks resulting from the dam collapse are still
lacking and may be the subject of future research.
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