de ' 3 XXXVIII Convegno Nazionale di Idraulica e Costruzioni Idrauliche
M \ SETTEMBRE 202 | REGGIO CALABRIA Regglo Ca'abria, Settembre 2022

LABORATORY TESTING OF EQUATIONS FOR ASSESSING
ROUGHNESS COEFFICIENT DUE TO ARBOREAL VEGETATION

Lisdey Veronica Herrera Gémez 1", Giovanni Ravazzani !, Michele Ferri 2 & Marco Mancini®

(1) Department of Civil and Environmental Engineering, Politecnico di Milano, Italy
(2) Eastern Alps District Authority, Italy

*email: lisdeyveronica.herrera@polimi.it

KEY POINTS

Validation of literature models to estimate the roughness coefficient due to arboreal vegetation
The material employed to simulate vegetation is based on a scale model of real vegetation
Vegetation has been characterized based on the young’s modulus and inertia moment
Literature models are more reliable for predicting roughness when vegetation is denser

1 INTRODUCTION

The presence of vegetation on river banks and floodplains is a topic of great interest in river engineering
and risk management. The hydraulic resistance offered by the vegetation causes an increase in the water
level, a decrease in the velocity and, as a result, an increment of the flood risk.

This study aims to estimate the roughness coefficient due to two typical species of arboreal vegetation
present in the floodplains of the Piave River, located in the Veneto region of Italy. For this, literature models
were applied to experimental measurements, conducted in a laboratory model.

In case of rigid vegetation, the flow resistance is similar to the one due to immersed bodies, therefore, the
roughness coefficient can be expressed as a function of the drag force and other parameters such as the trees
density, their spatial distribution and the diameters of the trunk. Furthermore, the total resistance can be
determined from the resistance of each plant.

In total, 12 literature models were evaluated from the most classic such as: Petryk & Bosmajian (1975),
Kowobari et al. (1972), Lindner (1982), etc., up to the more recent ones such as: Cheng et al. (2011), Luhar
& Nepf (2012), Li et al. (2015). From the comparison between roughness coefficients measured in the
laboratory and the values estimated from the literature models, it was possible to determine which equations
best represent the experimental measurements. These equations were proposed by Huthoff et al. (2007),
Baptist et al. (2007), Luhar & Nepf (2012) and Kowobari et al. (1972).

2 METHODOLOGY

With the purpose of validating the models present in the literature to determine roughness due to rigid
vegetation, 28 laboratory tests were performed on a physical model in which the diameter of dowels, the
density and the degree of submergence have been varied. To simulate the vegetation in the laboratory
(dowels), an analysis based on the elastic module and the geometry of the tree species present in the Piave
River was employed.

2.1 Material to simulate vegetation

To identify the most suitable materials that represent the behaviour of rigid vegetation, rigidity tests were
carried out at Laboratory Material Testing (LPM) of the Politecnico di Milano on several samples of Robinia
and Sambuco species, typical of the study area.

As a result, the young’s module for Robinia was between 2000 - 3000 MPa, while for Sambuco the
values vary between 750 - 1000 MPa. Using these values is possible to obtain, for a given material and a
fixed geometric scale, the dimensions of the element in which the bending behaviour is equivalent to one of
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the real trees subject to the passage of flow, through theory of elastic - static models and the equation of
deflection in a cantilever beam. Thus, to represent Robinia dowels of Ayous 30cm high and 8mm diameter
were chosen, while for Sambuco, the choice was dowels of Balsa 30cm high and with 4mm diameter.

2.2  Experimental Set-up

The experiments were carried out at Laboratory Fantoli of Politecnico di Milano in a horizontal, 30m
long, 1m width and 0.60m depth flume. The dowels of 8mm and 4mm were inserted into boards of 1m x
0.5m for a total of 10 boards and 5m length. The tests included staggered and linear configurations and to
simulate different degrees of submergence and hydraulic conditions a downstream gate was used as
boundary condition. The discharges varied from 40 I/s to 100 I/s and were measured with a typical Thomson
weir.

Figure 1 shows the configuration of the experimental model.

Figure 1. Photographs of the model set-up: (a) Flume with vegetation, (b) Board with dowels inside the flume.

In total 28 experiments were undertaken, during which water depth measurements were taken every
0.50m, while velocities were measured 1 m upstream, 1 m downstream, and in 3 points within the vegetated
reach. In general, 4 groups were defined representing different geometries (diameters and configurations) in
which 6 to 8 tests with 3 and 4 flow rates and two boundary conditions (opened or closed gates) were
performed (Table 1).

Group Description Configuration Discharges [I/s] No. Test
1 L=5m, $=8mm Staggered 40, 60, 80, 100 8
2 L=5m, db=4mm Staggered 40, 60, 80 6
3 L=5m, $=8mm Linear 40, 60, 80, 100 8
4 L=5m, ¢p=4mm Linear 40, 60, 80 6

Table 1. Experimental test groups.

3 RESULTS AND DISCUSSION

To estimate the roughness coefficient in the laboratory, 12 literature models, from the classical to the
most recent ones, were evaluated and subsequently compared with the Strickler roughness coefficient (Ks)
measured in the laboratory. The Strickler coefficient (Ks) was used as the reference result since takes into
account the loss of energy generated by an obstacle, and therefore, considers the entire dissipation present in
the experiments.

The analysis performed allowed to identify the literature models that better reproduce the laboratory
roughness values calculated according to the Gauckler-Strickler equation. The tests showed that some
models significantly overestimate or underestimate the laboratory roughness value in all groups, however,
the largest discrepancies were observed in groups 3 and 4 that represent lower densities. Therefore, in the
following graphs are reported only the results of the best models in comparison with the roughness
coefficient Ks for the group 1, larger density, and group 4, smaller density.
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Figure 2. Experimental results for groups 1 and 4: (a) Ks vs degree of submergence for group 1, (b) scatter plot group 1, (c) Ks vs
degree of submergence for group 4 and (d) scatter plot group 4.

In general, it can be stated that among the 12 methods examined, the approaches developed by Huthoff et
al. (2007), Kowaobari et al. (1972), Luhar & Nepf (2012) and Baptist et al. (2007) seem to better determine
the roughness coefficient in the cases analyzed. Furthermore, the models evaluated show a greater
correlation with the experimental tests carried out on group 1 which has the highest density, on the contrary,
when the vegetation becomes more scarce the models are generally less reliable.

Regarding the correlation between the roughness coefficient Ks and the degree of submergence, it is clear
the decreasing trend as the degree of submergence increases, which indicates how resistance increases as the
water level increases.

4  ACKNOWLEDGEMENTS

This work was supported under the project "CONVENZIONE OPERATIVA ai sensi degli artt. 6 e 7 del
protocollo di collaborazione tra 1’Autorita di Bacino delle Alpi Orientali, il Politecnico di Milano -
Dipartimento di Ingegneria Civile e Ambientale e la Fondazione Politecnico di Milano"

5 REFERENCES

Baptist, M.J., Babovic, V., Rodriguez Uthurburu, J., Keijzer, M., Uittenboogaard, R.E., Mynett, A. & Verwey, A. On inducing
equations for vegetation resistance, Journal of Hydraulic Research, 2007, 45, 435-450.

Cheng, N.S. Representative roughness height of submerged vegetation. Water Resources Research, 2011, 47, W08517.

Huthoff, F., Augustijn, D.C.M. & Hulscher, S.J.M.H. Analytical solution of the depth-averaged flow velocity in case of submerged
rigid cylindrical vegetation, Water Resources Research, 2007, 43, W06413.

Kowaobari TS, Rice CE, Garton JE. Effect of roughness elements on hydraulic resistence for overlandflow. Transactions of the
ASAE, 1972, 979-984

Li, S., Shi, H., Xiong, Z., Huai, W., Cheng, N. New formulation for the effective relative roughness height of open channel flows
with submerged vegetation. Advances in Water Resources, 2015, 86, 46-57

Lindner, K. Der Strdmungswiderstand von Pflanzenbestanden. Mitteilungen 75, Ph.D. dissertation, Leichtweiss-Institut fir
Wasserbau, Technische Universitdt Braunschweig, 1982

Luhar, M. & Nepf, H.M. From the blade scale to the reach scale: A characterization of aquatic vegetative drag. Advances in Water
Resources, 2012, 51, 305-316

Petryk, S., Bosmajian, G. Analysis of flow through vegetation. Journal of Hydraulic Division, 1975, 101, 871-884



