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A b s t r a c t  

Flooding events in rivers are usually causing an increment in sediment transport. To 

investigate the relationships between bedload, bed shear stress and wave characteristics, la-

boratory experiments were performed in a 12-m-long flume at the University of Agriculture 

in Kraków, Poland. Three sets of experiments were conducted, imposing singular trapezoidal 

flood waves as forcing terms. The maximal wave height differed between runs, but the water 

volume and bed slope stayed the same. The bed was covered with mixed gravel, and the sed-

iment was weighted using a trap at the end of the flume. The water level was measured at 

5 points along the flume, while the velocity was measured in the middle of the flume by 

Acoustic Doppler Velocimeter at a point 7 cm above the bed. Preliminary results show that 

unsteadiness of flow induces the variation of bedload transport during the wave passage and 

that the total yield of sediment is positively correlated with the wave magnitude. 
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1. INTRODUCTION 

The studies of sediment transport in conditions most comparable to that of natural watercourses 

are essential in understanding the effects of naturally and accidentally occurring events. Such 

events are associated with abrupt unsteadiness of the river flow, which causes a higher rate at 

which sediments are moved within a river, resulting eventually in morphodynamic and water 
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quality changes (Michalik and Książek 2009). Recent laboratory experiments correlated bed 

shear stress, bedload rate and stream power, and pointed out that hysteresis is present in the 

relationship between sediment flux and flow rate, as well as between other process variables 

(Mrokowska et al. 2018; Phillips et al. 2018). Moving from such findings, the present experi-

ments were designed to further investigate the characteristics of transient flows, and the influ-

ence of wave characteristics on the bedload dynamics. 

2. EXPERIMENTAL SETUP 

Experiments were performed in 12-m-long and 0.485-m-wide flume. The channel bottom was 

covered with a layer of mixed gravel with median grain size  d50 = 3.52 mm  and maximal grain 

size  dmax = 12.50 mm. Trapezoidal waves were generated varying the maximum discharge. 

Water depth was measured using 5 resistive sensors placed along the flume. The flow velocity 

was measured at a point around 7 cm above the bed, using a Sontek ADV at 50 Hz placed in 

the middle of the flume. Before each run, the bed was manually smoothed, and the flume was 

slowly filled with water, initially to discharge equal to 6 m3/h, then for 2 minutes increased to 

80 m3/h, which was estimated to correspond to incipient motion conditions. 

3. RESULTS 

Three series of experiments were conducted and repeated, obtaining 10 runs in total with three 

different wave magnitude. Accordingly, the average water depth during a wave peak was 

13.0 cm with average discharge  Q = 176 m3h–1  and stream power  ω = 2.34 Nm–1s–1  for the 

first set of tests; 11.9 cm with  Q = 150 m3h–1  and  ω = 2.91 Nm–1s–1  for the second; 9.6 cm 

with  Q = 113 m3h–1  and  ω = 1.49 Nm–1s–1  for the third test. The dimensionless shear stress 

derived from the ADV data exceeded the critical shields parameter. The bedload rate q [kgs–1] 

was an order of magnitude higher during the highest discharge case (Fig. 1a) in comparison to 

the lowest discharge (Fig. 1b).  

Fig. 1. Recorded hydrographs with discharge and bedload rate for a wave with a peak at: 180 m3h–1 (a) 

and 115 m3h–1 (b).  
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