TORRENT PROCESSES AND CURVE SUPERELEVATION - APPROACHES
IN PRACTICE FOR HAZARD ZONE AND PROJECT PLANNING IN ALPINE
CATCHMENTS IN AUSTRIA
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INTRODUCTION

The centrifugal force is influenced by the channel geometry, whereby the flow dynamics in pendulum-shaped channels result in a greater
flow height along the outer curve when compared to the inner curve. This difference is known as the curve superelevation. The considera-
tion of curve superelevation in curved torrent channels is an essential component for the design of channel cross-sections and the estimation
of floods in the context of hazard zone planning. Our objective is to integrate literature findings with field observations, measurements, and
calculations. The study of curve superelevation in natural data aims to improve understanding and aid in determining or adjusting necessary
parameters. While there is a large body of literature on pure water runoff, few empirical formulae are known for fluvial solid transport and
debris flows processes. This paper presents a method for calculating curve overtopping for various processes based on well-documented

curve superelevation events and model calculations.

METHODS

Throughout this study, we compare the curve superelevation obtained from documented events (12 debris flow events, 3 fluvial solid trans-
port) and results from a two and three-dimensional model (three 2D and one 3D fluvial solid transport modelling result) with the ratio of
curve radius to channel width (“R/B-value”). The ratio of the radius of curvature to the width of the channel is an easily determinable field
parameter that encompasses dynamic properties arising from channel curvature. The determination of the curve radii is based on the 3-point
method according to PROCHASKA et al. (2008).

RESULTS - RATIO OF CURVE ELEVATION WITH CURVE RADIUS TO CHANNEL WIDTH (R/B VALUE) — EXAMPLE FOR DIFFERENT PROCESS
TYPES FLUVIAL SOLID TRANSPORT AND DEBRIS

The R/B value, which represents the ratio of curve radius to channel width, shows a positive correlation with curve superelevation. This
indicates that the higher the R/B value, the more pronounced the curves will be. If the curve radius remains constant and the channel
width increases, the R/B value will decrease. The curve superelevation decreases as a result. Alternatively, a higher curve elevation can be

expected with reduced channel width.
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fig 1: Comparison superelevation with the R/B-rate for different process types and 18 torrent examples (documented events: 12 debris flow events and 3 fluvial solid transport; three 2D
and one 3D fluvial solid transport modelling result)
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DISCUSSION - CALCULATION OF CURVE SUPERELEVATION FOR HAZARD ZONE AND PROJECT PLANNING IN ALPINE CATCHMENTS

This document outlines the steps required how to estimate superelevation based on channel morphology based on an epirical approach.
Firstly, it is necessary to determine the curve radius (R, 3-point method according to PROCHASKA et al. (2008)) and then calculate or
measure the average channel width (B). These two straightforward values can then be utilized to estimate the curve superelevation. For

topography estimation, the correlation between R/B and curve superelevation[Ah] must be considered for different process types (use [m]):

Ah = 0,1§+ 1.6

eq. [1] Process debris flows (Kozlowski, 2021)
R
Ah = 0,06 5 + 0,02

eq. [2] Process fluvial solid transport

CONCLUSION

Generally, the channel width has a significant impact on the curve superelevation. This implies that a hypothetical debris flow or fluvial solid
transport with a consistent volume in a "narrower" streambed (featuring a small channel width and a steep channel slope) creates a larger
curve superelevation. A potential explanation is the reduced cross-sectional area that the process through. Concerning channel hydraulics,
the R [m]/B [m] value is a pivotal factor in energy losses. These losses arise from secondary currents near the bed, which transport the sed-
iment to the inner curve. As a result, speed maxima manifest on the outer curve. The correlation between the curve elevation and channel
geometry is significant due to the ease of measuring essential parameters in the field and the dimensionless nature of the key value R [m]/B
[m]. Assuming a constant curve radius, increasing channel width leads to a decrease in the R/B value and, consequently, a decrease in curve
superelevation. Conversely, reducing channel width is associated with a higher curve elevation. Generally, the width of the channel heavily
impacts the elevation of curves. On the occurrences outlined in this study, this applies to both the movement of solid materials in rivers and
debris flows. These events occur in channels with a bed gradient that ranges from 2 % to 50 %, with R [m]/B [m] values ranging from 3,9 to
10,9 for fluvial solid transport and from 6,3 to 30,3 for debris flow processes. In this instance, curve elevations range from 0.3 to 4.8 meters.
The formulas provided in this piece of work allow for an initial estimation of the height of curve superelevations by using basic parameters.
This value can be included in further assessments by specialist staff, aiding key service areas such as expert reports, hazard zone planning,
and project planning. To include curve elevation attention should be given to documenting crucial parameters such as channel width, curve
radius, longitudinal gradient, and curve elevation. Further research is required to verify the plausibility and validity of this approach. Practical

data and numerical calculations may greatly aid this endeavor.
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