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Abstract: In this paper the movement of a two-dimensional flood wave on dry and wet bed conditions resulting from the 
instantaneous break of a dam is experimentally investigated. In order to record the water depth variation and analyze 
the behavior of the resulting flow, pressure transducers were used. All measured signals were recorded and processed 
via a data acquisition system. Computational results, using a previously developed unsteady 2D flow program, were 
compared with measurements. All measured and predicted data refer to a converging-diverging open-channel flume 
configuration equipped with a hypothetical dam located right at the throat of the flume. Results show that the applied 
measuring technique is fast, reliable and economical. 

Key words: Experimental Setup, Two Dimensional flow, Stage Hydrographs 

1. INTRODUCTION 

Field observations of the flood wave propagation appear to have some difficulties, such as the 
isolation of the phenomenon from external influences, the nature of it (it is actually a three 
dimensional problem), and the lack of accuracy in the measurements. 

Thus, researchers prefer to perform experimental study by using suitable models in controlled 
conditions. This method allows to restrict the parameters that influence the phenomenon. The 
experimental measurements in a well equipped laboratory demonstrate higher accuracy than field 
measurements. Moreover the repetitions performed aim at a study in depth of the influence of the 
parameters to the development of the phenomenon. 

In this paper, the movement on dry and wet bed conditions of a two-dimensional flood wave 
resulting from a break of a dam is experimentally investigated as resulted from relevant work 
(Bellos et al, 1992).  Although the work took place in the same experimental set up with previous 
investigations, it is enriched with more accurate instrumentation, additional recording points and 
varied initial conditions such as higher initial depths and negative bed slopes. The necessity of this 
research arose from the fact that similar studies are rarely present in bibliography. Therefore its 
contribution to the comprehension of the phenomenon itself and in the evaluation of the respective 
computational models is highly rated. 

Similar experimental studies started several decades ago such as the ones of Schoklitsch (1917), 
Equiazaroff (1972), Dressler (1954). A series of experiments regarding the dam break under specific 
conditions was conducted in Waterways Experiment Station of the U.S. Corps of Engineers. Similar 
experimental research was the study of instant failure of a dam in a converging - diverging channel, 
performed by Townson and Al-Salihi (1989). Their physical model test results confirmed the 
general expectation that converging walls create deeper and faster flows downstream of the dam and 
vice versa. Miller and Chaudhry (1989) studied one dimensional movement of the wave in a 
laboratory flume and they manage to isolate the influence of varied parameters such as the upstream 
hydrograph and the bed roughness, in the movement of the flood wave. In the same field, 
experimental works were performed by Francarollo and Toro (1995), Jovanovich and Djordjevich 
(1995), Austria and Patino (1997), Aurelli et al. (2000) and Nsom (1992). 
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In this work an effort was made to define the flow depth in flood wave propagation in a varied 
cross-section flume. The tests were carried out using data acquisition system so that the flow 
behavior could be easily observed, recorded subsequently and analyzed. The experimental set-up 
comprises of five phases: a) the construction of a physical model, b) the definition of initial and 
boundary conditions, c) the selection of hydraulic parameters and of the methodology of the 
measurements, d) the experiment performance and e) the elaboration of the results.  

Water depth and front wave velocity were designated as the hydraulic parameters which 
determine the flow profile in varying time step. 

An indirect way of measuring flow depth using pressure transducers was applied in this study 
which under suitable electric excitation gives a signal proportional to the trained hydrostatic 
pressure in the flume bed. Thus the relevant depth is estimated under the assumption of the 
hydrostatic distribution. The analog signal can be recorded through its conversion into a digital 
signal performed by the analog - digital converter. The wave front velocity can be estimated from 
the arrival times of the front wave. 

2. EXPERIMENTAL SET UP AND INSTRUMENTS OF MEASUREMENTS 

2.1 Experimental setup 

The main element of the experimental set up is an open flume of variable cross-section. The 
construction of the experimental set up was based on the open channel of the Hydraulics 
Laboratory, Civil Engineering Department, Democritus University of Thrace. The flume has a 
rectangular cross-section and is 21.20 m long, 1.40 m wide and 0.60 m deep. It permits variable bed 
slopes up to 10± 0/00 (Photo 1). The channel bed is made of metal leaves, of 5 mm thickness, while 
the sides are vertical and transparent. Figure 1 shows the schematic diagram of the resulting flume 
geometry and the probe positioning. 

 

Photo 1. The experimental flume. 
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Photo 2. The dam gate at the throat of the converging-diverging open-channel flume. 

      In order to ensure the rigidity, all the parts of the flume are supported on powerful junction, 
which can be rotate through an horizontal axis. The system is supported across its axis of rotation 
and from its two edges at the metal pedestals. The support of the edges is achieved with a screw 
system that by using an electronic engine and a differential system of the propagation of the 
movement achieves the granted bed slope. The flow field upstream is limited with vertical 
waterproof wall (0.50 m height), since a pond was formed between the wall and the dam gate each 
time an experiment was performed. Regarding the downstream edge, free overflow condition was 
applied via a wide crest spillway. 

 In order to achieve a two-dimensional flow, the differentiation of cross-section was necessary at 
different points. The differentiation was materialized by a curved shaped plexiglass structure and in 
a manner that the width of the flume was gradually decreased from 1.40 m to 0.60 m towards the 
narrower area of the flume (throat). Thus the throat was located 8.50 m of the upstream edge and 
12.70 m of the downstream edge. Schematic representation of ground plan is given in Figure 2. A 
plexiglass gate (photo 2) was installed at the flume throat which was movable by a system of 
pulleys. The gate slides into suitable drivers so that the leak-tightness can be ensured for the 
upstream part of the flume while by using a manually-operated system it can be rapidly opened. The 
described structure simulates a dam of water storage and the abrupt elevation of the gate simulates 
the instantaneous and complete failure of the dam. 

When the dam is destroyed, a steep front wave is developed downstream arising from the strong 
downward vertical acceleration of released water. At the same time a depression wave is initiated 
and travels upstream. The total dam break is chosen because it simplifies the experimental setup and 
because of the facility of simulation of the phenomenon with a computational model. 

 
Table 1. The cross sectional width of the flume. 

No 1 2 3 4 5 6 7 8 9 10 11 12 13 
x -8.50 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 0.50 1.00 1.50 2.00 
y 1.40 1.40 1.22 1.02 90.00 0.77 0.67 0.62 0.60 0.61 0.62 0.64 0.68 

No 14 15 16 17 18 19 20 21 22 23 24 25 26 
x 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 75.00 8.00 12.00 
y 0.75 0.82 0.91 0.99 1.08 1.15 1.24 1.28 1.33 1.37 1.39 1.40 1.40 
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Figure 1. Ground plan of the experimental flume and probe position 

2.2 Measurement instruments and the setting of the sensors 

Two basic parameters define an unsteady flow, velocity and water depth. Velocity variation in 
space and time is rather difficult to be measured, except for using an expensive Particle Image 
Velocimetry method. Furthermore, it is difficult to achieve accurate measurements of water depths 
in the field, especially at small depths, because of the instrument interference with the flow. In this 
work instead of measuring water depths, it was decided to measure water static pressure variation 
from which the water depth can be derived indirectly under the hydrostatic pressure assumption.  

The system of measurement consists of two parts: a) the pressure transducers and b) the converter 
of analog signal to digital (A/D converter) connected to a PC. 

Pressure transducers are instruments that through an amplifier convert the measurement size into 
electrical signal suitable for the process. In this case the size to be measured is the pressure and 
consequently the flow depth as mentioned earlier. The measurement of the pressure is based on the 
conversion of the electric resistance of certain materials when they are altered due to the applied 
pressure. With the use of suitable electric excitation, the pressure under measurement is converted 
into voltage. At the points of the pressure measurement, apertures (with diameter 3mm) on the flume 
bed are opened vertical to the bed surface. The water from the flume bed reaches the drum of the 
gauge, which is connected with the amplifier-excitation. The deformity of the drum is converted into 
analogue signal by using an amplifier which in turn is converted into a digital signal via an A/D 
converter. The pressure measurements range from 0 to 0.2 bar and the minimal excitation is set at 
0.1 mb, while the amplifier has a limit of tendencies of 10 ±  1 V and frequency response of 0-1 
kHz. 

The A/D converter is a card of standardised electronic circuits connected to a parallel port of the 
PC. The signal converter communicates with a sensor - amplifier group through another mechanical 
converter in which one flat cable is converted into a group of separate coaxial conductors. The 12 
bits A/D converter corresponds to resolution 1/212 = 1/4096. If the converter is regulated so as the 
highest acceptable voltage to be set at 5 Volts, then the above resolution corresponds in voltage 
5x1000/4096 = 1.22 mV. Thus the operation of the A/D converter is the conversion of an analogue 
signal (voltage) into a digital one, which is stored in the functional memory of a PC. It has the 
ability of simultaneous reception of signals from 16 different sensors via channels of access with 
highest frequency of reception of 1000 measurements/sec. The characterisation "simultaneous 
reception of signals" is not absolutely confirmed because the converter "scans" the sum of channels 
therefore the successive measurements present a time lag of roughly 1/1000 sec. With suitable 
intervention in the software, the frequency of reception can be decreased and therefore increases the 
time that intervenes from measurement to measurement. The converter can accept voltage from 0-5 
Volts and it consumes energy of 2.2 Wh/hour. 



European Water 7/8 (2004)   7 

 

2.3 Calibration of the sensors 

Prior to the performance of the experiments the sensors should be calibrated. The calibration 
took place in the experimental setup with stationary water of various depths and simultaneously for 
the sum of the sensors.  The calibration of each sensor was achieved by determining the one-track 
function between actual water depth and the corresponding numerical signal which is transmitted 
from the sensor via the A/D converter to the PC. The measurements of actual water depths are 
performed by special point gauge adapted in a wheeled mobile frame. This gauge consists of a part 
which can be moved vertically and it ends up to a spike. A vernier installed at the gauge increases 
the accuracy of the measurements. The measurement of flow depth at each point takes place as 
follows:  

An indication is received by the vernier when the spike reaches the bed. Then the vertical part is 
moved until the spike hardly reaches the water surface. The difference between these two 
indications constitutes the water depth at that point. The accuracy of the depth measurements is 
0.1mm. In the range of expected depths (0-40 cm) and with a step of 3 to 4 cm for each flow depth 
two hundred (200) signals in each sensor are received via A/D converter that correspond in time of 
measurement of 0.4 sec. The mean value of the sum of signals of each sensor is calculated in order 
to avoid the influence of effect of some “noise” in the function of signal-depth. This way for each 
sensor a table is formed with pairs of values of depth-signal, and then by applying the method of 
least squares the function of depth-signal is computed which according to the constructor is linear. 
The next step involves the computation of the linear regression coefficient as well as the linear 
correlation coefficient. The calibration is repeated in the case of unsatisfactory linear correlation 
coefficient. 

3. EXPERIMENTAL PROCESS 

3.1 Classification of experiments 

The variable parameters of the propagation of a flood wave in a variable cross-section flume are: 
a) the geometry of the flume b) the roughness of its walls c) its slope and finally d) the flow depth 
upstream and downstream of the gate. The geometry and the roughness of the flume were 
considered as constants while the flume slope and the upstream and downstream depths were 
regarded as variables. Two (2) series of experiments took place under wet bed conditions, with a 
bed slope varying from 0.000 to 0.010 (Table 2). The flow depth upstream of the dam in each series 
takes values from 10 cm up to 40 cm with 5 cm intervals. Also an experimental series with negative 
slope of 0.005 m and with variable depth downstream (6.35 cm at the gate and decreased up to 0 at 
the edge of the flume) took place under wet bed conditions. 

 
Table 2. Values of the parameters of the executed experiments. 

Bed slope 
S0 

Upstream stage 
h D ( cm ) 

Downstream stage 
hk (cm) 

Sum of the experiments 

-0.005 10   (5)   40 0.0 7 

0.000 10   (5)   40 0.0 7 

0.010 10   (5)   40 0.0 7 
 Total 21 

3.2 Preparation and implementation of the experiments 

The measurements are taken in ten (10) positions along the flume; five gauges were placed 
upstream of the gate and the remaining five ones were placed downstream. The probe positions are 
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shown in Figure 2 and the abscissa x respectively to the dam position are: x= – 8.5m, x= – 7.5m, 
x = – 5.0m, x = – 2.5m, x = – 0.0m, x= + 0.0m, x = + 2.5m, x = + 5.0m, x = + 7.5m and  
x = + 10.0m. Cross sectional, gauges were positioned in the middle line of the flume. The criteria for 
this positioning were: a) gauges generally should be distributed across the entire flow field b) the 
gate position should be chosen wisely in order to avoid local phenomena in this area c) the gauges 
should be installed far from the walls so that they are not influenced by boundary layer phenomena. 
The aperture in the bed should be sufficiently smooth in order to avoid present ledges, which 
contribute to the creation of local phenomena and in false estimation of the static pressure at these 
points. 

For the performance of the experiment, the gate is closed, and the water is imported from 
upstream and when it is required from downstream too, up to the granted levels until it remains still. 
This is checked with a trial experiment. This technique also ensures the fine operation of all sensors 
due to the fact that the depths that will be measured in this phase are checked immediately with 
measurements at each point. When water becomes stationary, the data recording system is operating 
and afterwards the gate is raised. As aforementioned the gate opens with a manually operated 
system at estimated time of 0.1 sec. In the performed series of experiments differences due to the 
instability of elevation time were not observed and thus the construction of a mechanism of 
automatic gate elevation was not found necessary. The time of the water release is the time step of 
the beginning of measurements and it should be accurately estimated. The specific time is estimated 
by the disturbance of signals of the sensor that is placed immediately before and after the gate. The 
data recording is being interrupted after the evacuation of the water storage upstream of the gate. In 
this work, the data recording is being interrupted when two thousands (2000) measurements per 
sensor are obtained. The whole recording period for the experiments is 50 sec. 

4. DATA PROCESSING 

The first column of the table of the recorded data contains the time and the remaining columns, 
for each gauge, contain the results from the conversion of signals of each sensor via the A/D 
converter. The unit of time measurement of the PC is given by the constructor and equals to 1/18.3 
sec. The first stage of the data elaboration process is the accurate estimation of the specific water 
release time moment. The initial time can be detected by observing the first significant change of 
the time dependent data at the probe 5 and 6 at the dam site. The intervals of integration that were 
used are of a hundred (100) measurements that correspond to the time of one second. Trials that 
took place with smaller time intervals until 0.1 sec showed that the accuracy of results does not 
change perceptibly while in the contrary it increases excessively the time of process. The signal 
values resulted from the integration are converted into depth values with the use of calibration 
curves. The final results of each experimental process are a number of PC files, one for each 
position of measurement, which contains the variable of depth as a function of the time. 

5. RESULTS 

Figure 2 illustrates the stage hydrographs of all gauges given S0 = 0.000 and initial depth  
h0 = 30 cm.  Fig. 2a shows all the reported measurements while figures 2b and 2c show that 
integration was applied with intervals 10 and 50 measurements respectively. It is clear that 
integrating the information lag is not essential. Complete information about all the measurements is 
available by the author.  

Figures 3, 4 and 5 show the stage hydrographs where the gauges are located at  x = –8.5m,  
x = –0.0m and x = +10.0m, bed slopes are set of 0.000, 0.010 and –0.005 and initial depths in the 
place of dam range from 10 cm up to 40 cm with10 cm intervals. At the stage hydrographs that 
correspond to the upstream points of measurements, it is initially observed an abrupt reduction of 
depth, then the depth remains almost constant for a time period of 3-5 sec and finally it decreases 
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down to zero. This phenomenon is more intense at points of greater distance from the gate and it 
was not observed at the flumes of constant cross-section (eg WES 1961). This peculiarity occurs 
obviously due to the form of the flume. Indeed within the first time steps after the gate elevation the 
discharge values at the gate are relatively high because of the load difference, then however this 
difference is decreased by the sudden increase of depth downstream since, as it is shown in Figure 1, 
downstream of the gate the width of channel remains relatively small in length of 1.5 - 2.0 m. The 
velocity of the depression wave distribution, upstream, increases with the depth. As it appears in 
Figures 3c, 4c and 5c, the horizontal part of the stage hydrograph shifts to left when the initial depth 
is increased at the dam site. This occurs due to the more rapid transport of disturbance upstream. At 
the stage hydrograph that corresponds to the position of the gate, it is observed sudden depth 
reduction down to a value of approximately 4/9 of the initial, as it is resulted by the analytical 
solution of the one-dimensional problem of dam break (Ritter 1892). 

 Then an increase of the depth is observed for a few seconds and finally an additional reduction 
down to zero (Fig. 3b, 4b and 5b). It should be underlined that stage hydrographs that correspond at 
measurement points downstream of the gate area appear not as smooth as in the upstream area. This 
is due to small waves caused from abnormalities at the channel bed and at the sides of the flume and 
they are propagated in the entire water mass because of the prevailing super-critical flow 
conditions. Worthy of observation is also the fact that the front flood wave velocity increases with 
the initial depth near the gate as well as with the slope of the flume as it was expected (Fig. 3a, 4a 
and 5a). Finally figure 6 shows the comparisons of experimental results with respective 
computational algorithm (Bellos et al., 1991). These comparisons proved satisfactory under both 
sub critical and super critical flow conditions. 

4. CONCLUSIONS 

This work was an experimental study of the transmission of the wave in converging - diverging 
laboratory flume. The measurements of the flow depths were performed indirectly and were located 
at 10 cross-sections of the channel. Also the front wave velocity of flood wave was estimated 
indirectly. All the measurements were recorded and processed via a reception-process appliance of 
data connected with a PC. Finally the technique was proved satisfactorily accurate, simple and 
economical. Comparisons between actual measurements and numerical computations showed also a 
satisfying agreement. 



10 C. V. Bellos 

 

-5
0
5

10
15
20
25
30
35
40
45

-5 0 5 10 15 20 25 30 35 40 45 50 55
TIME (sec)

W
AT

ER
 D

EP
TH

 (c
m

)

probe 1 probe 2 probe 3 probe 4 probe 5
probe 6 probe 7 probe 8 probe 9 probe 10

 

Figure 2a. Reported stage hydrograph for all probes, h0 =30 cm, s0 = 0.00. 
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Figure 2b. Integrated stage Hydrograph (10 measurements) for all probes, h0 =30 cm, s0 = 0.00. 
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Figure 2c. Integrated stage hydrograph (50 measurements) for all probes, h0 =30 cm, s0 = 0.00. 
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Figure 3a. Measured stage hydrographs at x = 10 m, s0 = 0.00 
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Figure 3b. Measured stage hydrographs at x = 0  m, s0 = 0.00 
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Figure 3c. Measured stage hydrographs at x = -8.5  m, s0 = 0.00 
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Figure 4a. Measured stage hydrographs at x = 10  m, s0 = 0.010 
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Figure 4b. Measured stage hydrographs at x = 0  m, s0 = 0.010 
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Figure 4c. Measured stage hydrographs at x = -8.5  m, s0 = 0.010 
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Figure 5a. Measured stage hydrographs at x = 10  m, s0 =- 0.005 
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Figure 5b. Measured stage hydrographs at x = 0  m, s0 =- 0.005 
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Figure 5c. Measured stage hydrographs at x = -8.5  m, s0 =- 0.005 
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Figure 6a. Measured and computed stage hydrographs at x = -8.5  m, s0 = 0.00 
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Figure 6b. Measured and computed stage hydrographs at x = 0  m, s0 = 0.00 
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Figure 6c. Measured and computed stage hydrographs at x = 10  m, s0 = 0.00 
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