
LABORATORY EXPERIMENTS ON EFFECTS OF DIFFERENT GROYNE
DESIGNS ON BED AND BANK STABILITY IN A TORRENTC28

ABSTRACT
Groynes can take on a variety of functions in flowing waters such as channel deepening, flow re-direction or bank protection. Since sys-

tematic investigations on the effect of groynes in torrents are lacking, physical model tests are conducted focussing on important groyne 

parameters and their effects on bed and bank stability as well as their potential to increase structural variety of a monotonous water body. 

The present study concentrates on both groyne arrangement and groyne distance.

INTRODUCTION
Groynes can take on a variety of functions in flowing waters, ranging from channel deepening, flow re-direction, bank protection, preven-

tion of bank erosion, structuring and renaturation, re-meandering to the creation of still and shallow water zones (e.g. Odgaard & Wang 

1991, Rosgen 2001, Odgaard 2009). They are used as control and bank stabilization structures and for structural improvement of monot-

onous water bodies. Thus, they fulfil both hydraulic engineering and ecological tasks. Due to their broad range of applications, there are 

various studies on groynes. However, these studies have mostly focused on bed slopes up to 1.6 % (e.g., Mende 2015 or Stephan et al. 

2018). Since groynes are also used in torrent channels with bed gradients larger than 2 % and systematic studies in this area are lacking, 

the presented project aims to contribute to closing this gap. The primary aim of the study is therefore to quantify the effect of groynes on 

torrent channels with bed gradients larger than 2 %.

METHODS
To answer these questions a physical model experiment using the Froude’s law was carried out. For all experiments, a typical torrent stretch 

of the northern part of the Austrian Alps – the Grünaubach, 13 m wide and sloped between 1 and 7 % – was used as an example in terms 

of geometry, hydrology as well as grain sizes. These experiments were carried out in a 1 m wide straight flume. According to the available 

space of the laboratory flume, the scale factor of the physical model was fixed at 1:25. The modelled river section had a model length of 10 

m and was built with a movable river bed sloped 2 %. This bed slope corresponds to the bed slope of the Grünaubach in the municipal area 

of Grünau. As this gradient is also slightly higher than bed gradients investigated so far, it was used as the starting point for the investigations 

in the lower gradient range. The grain sizes of the moveable bed were scaled down geometrically from a mean natural sieve curve found at 

the torrent stretch (see Table 1). The stone sizes of the bank protection were determined in order to prevent large-scale bank erosion on the 

one hand, but to allow a certain amount of erosion in localized areas on the other. This method made it possible to localize the particularly 

endangered areas of the banks, e.g. at the groyne roots.

Table 1: General boundary conditions of the experiments

All experiments were carried out with a movable bed and sediment input at the model inlet. The sediment transport rates for all discharges 

have been calculated according to Meyer-Peter-Müller MPM (1948) modified by Hunziker (1995) and the sediment input into the physical 
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model was added according to this estimation. All experiments were started with an amor layer. The amor layer was formed before the 

groynes were installed by loading the bed with increasing discharges up to 12.4 l/s. These discharges did not yet lead to the movement of 

the coarser grain fractions and, thus, led to the formation of a coarse armor layer. After each experimental run, the output sediment was 

dried and weighed in order to draw up a mass balance. The mass balance showed that the modified MPM formula was able to estimate the 

sediment transport capacity with rather high accuracy, as the difference between input and output sediment was only app. 2 % (see Table 

2). Thus, the bed was in a dynamic equilibrium. 2350 kg of sediment were required for each experimental run. 

Table 2: Mass balance of the amount of input and output sediment

The bed levels were measured at four different times during one experimental run by using a 3D-Laser scanner (Trimble SX10 3D Scanning 

Total Station). These measurement times were before the experiment (bed level 0), after the maximum discharge (bed level 1), after a period 

of a high steady-state discharge (bed level 2) and, finally, after the end of the wave (bed level 3) (see Figure 1). The bed level measurements 

had to be done at a dry bed surface since the measurements through the strongly undulating water surface were not possible. Thus, the 

flood wave was interrupted twice. In order to quickly stop the sediment motion during a high discharge, the water level was raised from the 

downstream end of the model. To increase discharge and water levels again after the measurement break and to continue the flood wave, 

a short period of unsuitable flow rates was accepted. However, continuous water level measurements after these breaks did not show any 

associated deviations in the bed levels. Results of these experimental runs are evaluated by comparing the bed level measurements. Table 

1 shows the dimensions of river width, experimental length, bank and bed slope as well as characteristic grain sizes and discharges of the 

experiments. Details of the model hydrograph as well as measurement times can be seen in Figure 1. 

Figure 1: Nature and model hydrograph with bed and water level measurement times

For the present study, the effect of two different groyne designs (see Figure 2 and Figure 3) onto bed and banks are compared. Table 3 

shows the characteristic groyne parameters of both experimental runs. The groyne design for Run S01 was derived from field measurements 

of groyne parameters on five selected torrents in Upper Austria/Austria (Dutzler 2017) and slightly modified for Run S02.

The groynes of Run S01 were arranged perpendicular to the banks and built in a single-layer and double-row structure. The groyne spacing 

ranged from bed width B to 1.5 B respectively and the groyne length was 0.25 B. The groynes in Run S02 were inclined at an angle of 30° 

to the current (inclined groyne design) and were also built in a single-layer and double-row structure. While the groyne spacing in Run S02 

was the same as in Run S01, ranging from bed width B to 1.5 B respectively, the groynes in Run S02 were longer at 0.35 B and extended 

into the banks to better integrate the groyne roots into the banks. However, the projected area of each groyne was the same in both runs. 

The groynes were staggered in both runs, as there is still little experience on this arrangement (DWA-M 527 2023).
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Table 3: Characteristic groyne parameters

Figure 2: Groyne design Run S01 and Run S02

Figure 3: View onto the physical model stretch (S01 left, S02 right)

RESULTS AND DISCUSSION
In order to analyse the effects of the various groyne designs on the channel bed, the bed level differences of all measurements during the 

flood wave were calculated. The results can be seen in Figure 4 and Figure 5. Blue areas indicate bed aggradation and red areas bed erosion. 

It can be seen that in both experiments there is a tendency towards bed aggradation in the rising wave and erosion, especially in the middle 

of the river but not in the groyne fields, in the falling wave. The steady-state discharge does not have significant effects on the bed levels. 

In both experiments, the overall changes in the river bed (bed level differences (3)-(0)) show erosion in the middle of the channel and 
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aggradation in the groyne fields.

Local erosion occurs in both runs, especially in the area of the groyne roots on the banks, whereby there are differences between Run 

S01 and S02. It can be seen that the groyne roots are more strongly affected by erosion in case of inclined groynes (S02), and here more 

strongly for the larger groyne spacing (right part of the model stretch) than for the smaller groyne spacing (left part of the model stretch). 

It is assumed that the deflection of the current due to an unfavourable combination of groyne angle and groyne length directing the flow 

to the groyne root results in these erosion pattern (DWA-M 527 2023). In contrast, Run S01 shows erosion patterns on the banks not only 

at the groyne roots, but also between the groynes. Different wave patterns at medium and high flow rates could be the reason for this, as 

was observed in the experiment. Thus, it turned out that the banks of river stretches with perpendicularly arranged groynes are not less 

but differently endangered to be damaged. Furthermore, it can be seen that an inclined arrangement of the groynes might cause a slightly 

oscillating watercourse due to stronger deflection of the flow even in a straight channel geometry and that a larger groyne spacing as shown 

in second half of the experimental stretch proves to be more effective for improving the structural diversity.

Figure 4: Comparison of measured bed levels (0, 1, 2 and 3) (m) for Run S01

Figure 5: Comparison of measured bed levels (0, 1, 2 and 3) (m) for Run S02
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As explained above, the flood wave had to be interrupted to carry out the bed level measurements at a dry bed surface. In order to preserve 

the sediment patterns at the time of the interruptions as well as possible, the model was dammed up from the downstream end with a simul-

taneous reduction in the discharge. As a result, the sediment motion stopped in a rather short time. After the model was slowly drained for 

the respective bed measurements, the sediment patterns became visible also for the times of high flow rates during the wave. These pattern 

can be seen in Figure 6 for the flood peak (1), for the situation after a period of a high steady-state discharge (2) and finally, at the end of the 

wave (3). During the flood peak sediment banks appear, but continuously disappear with decreasing discharges resulting again in a coarse 

armor layer at the end of the wave (3). Fine-grained sediment deposits only remain in the current shadow directly behind the groynes.

Figure 6: Sediment pattern of Run S02 after the peak (1), after a period of a high steady-state discharge (2) and at the end of the wave (3)

CONCLUSIONS
As part of physical model tests to investigate the effect of groynes in torrents, two different groyne designs were implemented into a straight 

flume sloped 2 %. Bed level changes due to a flood wave as well as sediment and erosion patterns were analysed. It turned out that the 

banks of perpendicularly and inclined arranged groynes, respectively, show different pattern of failure. While local erosion in the case 

of inclined groynes mainly occurs in the area of the groyne roots, it can also be found between the groynes in the case of perpendicular 

groynes. In case of inclined groynes, the combination of groyne angle and groyne length is considered to be important with regard to bank 

stability. Furthermore, depending on the groyne spacing, an inclined groyne arrangement might cause a slightly oscillating watercourse even 

in a straight channel geometry, thus improving the structural diversity. However, further experiments are needed to derive reliable findings 

on how groynes are to be constructed in torrents, on the one hand, to sustainably protect the river bank against bank erosion and, on the 

other hand, to efficiently direct and control the bed load transport. 
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