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Abstract: In this study, effect of two types of groynes; bar and blade types on river outer bark protection has
been mvestigated by a physical model. Model includes a canal with 73 cm width, 45 cm height and 115 cm long
with two intakes and four bends of 45, 90, 135 and 180°. Experiments have been performed on the 45° bends of
model. Results show that permeable groynes in both bar and blade types are effective in outer bank protection.
Comparison of two bar and blade types groynes show that blade-types groynes are more economical, but their
disadvantages are scour around the groynes. Finally combination of two bar and blade types groynes can be

the solution of this problem.
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INTRODUCTION

River banks erosion is one of the main sources of
sediment. Many methods such as gabions, submerged
vanes and groynes have been used to protect the river
banks especially at river bends. Hydraulics of flow in river
bends has been considered by many researchers. Yen and
Lee (1965) has been considered the hydraulics of flow and
shear stress distribution of river bends with constant bed.
Engelund (1974) has been investigated two dimensional
river bed variations. Bridge (1992) has been considered
the mnteraction between flud flow, sediment transport, bed
topography and sediment size at river bends. Nagata et al.
(2000) have been considered the changes of bed in rivers
with banks made of erodible matenials. Uijttewaal ef al.
(2001) through a scaled model of the Dutch river wall
have been studied the exchange process between a
river and its groyne fields, with emphasis on the
characteristics of the exchange process in relation to
turbulent motions.

Groynes can be considered n two types: permeable
and impermeable. Permeable groynes usually made of
materials such as wood and Bamboo, while materials
such as rocks, gravel and gabions can be used for
umpermeable groynes. Based on the design conditions
they can be used in two floating and unfloating states
(Przedwojski et al., 1995). The distance between groynes
15 dependent to the mver width, groyne length, flow
velocity and angle of groyne to the river bank
(Przedwojski et al., 1995). Uijttewaal (2005) througha 1:40
scaled model of Dutch waal river has been considered
four types of groynes, include: type A (impermeable

groyne with slope of 1:3 at the groyne head), type B
(impermeable groyne with slope of 1:6 at the groyne
head), type C (permeable groyne) and type D
{combination of types B and C). Uyjttewaal (2005) reported
that, groynes type B with smoother slope of head can
prevent creation of vortex and produces flow with low
turbulence. In groynes type C, flow passes through bars
without creation of vortex. Groynes type D create some
fluctuations i velocity and causes stability of flow.
Weithrecht and Tirka (2001) have been performed some
experiments on a flume 20 m long, 1.8 m width and
adjustable slope with flow velocity of 16 m sec™ and
4.6 cm depth. They used the ratio of w/L = 0.4 (w 1s the
groyne length and 1. represents the distance between
groynes) and different angles of groyne with bank (¢ = 90,
64 and -64°). In another experiment, Weitbrecht ef al.
(2004) used this model and performed experiments for
different ratios of w/L. (w/L. = 0.17, 3.5). Experiments on
geometries that more realistically resemble groyne fields
are scare and mostly restricted to field measurements
(Brinke et al., 1999). In addition to field measurements, the
flexibility in geometry and control of flow parameters make
laboratory  experiments of key importance for
understanding the physics behind water motion and the
associated exchange process (Chen and Ikeda, 1997).
Substantial experimental worle on exchange processes has
been performed on model harbors, clearly because of its
relevance regarding dredging problems (Westrich and
Clad, 1979; Booij, 1989; Langendoen et al., 1994; Altai and
Chu, 1997). In the present study using a physical model,
effect of two types of groynes; blade and bar types on
canal outer bank protection has been considered.
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MATERIALS AND METHODS

A physical model was built in September 2007 at the
Shahid Bahonar University of Kerman in an area of 600 m”,
This model consist of a rectangular channel of 115 m long,
0.73 m wide and 0.35 m height with four bends of 45, 90,
135 and 180° and two intakes of 45 and 90° (Fig. 1). To
construct the model, a 10 cm layer of cultivated soil was
removed and the ground surface was compacted. Base of
model at 2.2 m width graded by a teodolit camera and
compacted. Then, 10 cm concrete of 150 kg m™ cement
was covered over the compacted surface. The canal
sidewalls were built at a distance of 75 m from each other
and 40 cm height. The canal bottom was coated with a
5 em concrete of 250 kg m™ cement. Inside of canal
sidewalls were coated by a 1 cm layer of fine mortar to
become uniformly smooth (Fig. 2). The bottom slope of
model was regulated equal to 0.0025. Water was supplied
through a well by an electrical pump and convey to the
model by a 70 m long canal. A 90° triangular weir made of
0.55 mm thickness of galvanized plate was established at
the end of the model to measure the flow rate. A 10 cm
layer of sand with a median diameter of 1.6 mm and
geometric standard deviation of 8, = 3.88 was covered on
the bottom of model. Hydraulic parameters of flow
through the experimental canal were presented in Table 1.

Experiments were performed on the 45 degree bend
using groynes with different percentage of opening. Two
types of iron-bar and iron-blade groynes were used
through experiments (Fig. 3a, b). Groynes were made such
that the distance between bars or blades was adjustable
to fix a specific percentage of openings.

Required time period for each experiment was
measured equal to 2.5 h. After this period, canal bed will
reach an equilibrium such that, no sediment transport
occurs. As a result, for more confidence, a time period of
3 h foe each experiment has been specified. After this
period, inflow to model has been shut down and bed
elevations were measured using Sand Surface Meter
WH-406 with commercial name of KNEK, made of Japan
with 0.5 mm accuracy. Measurements have been done
from 30 cm before the bend to 120 cm after the bend along
the straight canal. The measured region was divided into
13 equal parts at wide side and 24 parts longitudinally,
such that a network with 312 nodes has been produced
and measurements were performed at these notes (Fig. 4).

First experiment has been performed without groynes
to obtain basic data for comparison. Second experiment
has been performed using a single bar-groyne of 70%
opening. Third experiment has been performed using
two bar-groynes of 63% opening at a distance of 150 cm
from each other. Experiments have been continued
using  bar-groynes and blade groynes of different
opening percentages and distances between them.
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Fig. 1: Plan view of model
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Fig. 2: Details of canal cross-section (section A-A of
Fig. 1)
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Fig. 3: Two types of groynes (a) blade and (b) bar types

Table 1: Hydraulic parameters of the physical model

Parameters Values

Bend 45

Flow rate (Q) 0.035 m* sec™!
Flow depth (h,) 0.08 m

Long slope (S,) 0.0025
Velocity (i) 0.59 m sec”!

Overall 21 experiments with bar-groynes, 2 experiments
with blade-groynes, one experiment with a mixed bar and
blade groynes have been performed.

Opening percentage of groynes can be computed by
the following equation:

Opem’ng(%):[l—nXbelOO (1
w
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Fig. 4: Longitudinal and wide side sections of canal

where, n represents number of bars or blades in a groyne,
b is the diameter of a bar or effective width of a blade and
w is the length of groyne.

RESULTS AND DISCUSSION

Results of first experiment which has been performed
without groyne show a severely scour at the outer bank
of bend (Fig. 5). It is started a small distance after the
beginning of bend (x5 of Fig. 3) and continued to the
downstream of the bend (x19 of Fig. 3).

Second experiment has been performed using a
single groyne of 70% opening. This groyne was installed
at the x7 station. Results of this experiment show that the
eroded zone was moved towards the downstream of
groyne (Fig. 6).

Next experiment has been performed using two
groynes of 63% opening with 150 cm distance between
groynes. Results show that erosion of the canal outer
bank at the groyne field was reduced. Severe erosion at
stations of 150 and 300 cm of Fig. 7 should be related to
the groynes pits. In continuation. experiments have
been performed using groynes of 63, 70 and 66%
openings with 30, 70, 90 and 110 c¢cm distances between
successive groynes and 73% opening with 50. 75, 90 and
110 cm distances between successive groynes (Fig. 8).
Groynes have been installed perpendicular to the canal
outer bank in submerged conditions through whole
experiments. Regression analysis of data of Fig. 8 results
Eq.2to 5:
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Fig. 5: Erosion of bend outer bank without groyne
installation

0.12-| —— Wiflow G —s— With G =+ With IBE

0.104
0.08°
0.06-

0.04-+

Seadiment depth (m)

0.02-

0.00 ; . : nap :
0 100 200 300 400 500

Outer bend length (m)

Fig. 6: Longitudinal profiles of bed with and without
groyne installation

—o— Wiflow G —=— With G n=11 —— With IBE

0.06

0.04+

Seadiment depth h (m)

0.02

0.00

0 100 200 300 400 500
Canal outer bend L (m)

Fig. 7: Longitudinal profiles of bed with and without
groyne installation
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Fig. 8 Maximum erosion depth (dh) as a function of groynes distance (Ls) for groynes of different percentage of

openings (1)
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Fig. & Sediment depth (h-m) as a function of canal width (B c¢m) (a) section 3, (b) section 7, (¢) section 11 and (d)

section 15
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In which, dh represents the maximum scour depth, h,
15 average depth of water, L, 1s distance between
successive groynes, I is distance between groynes bars
and w 1s the groyne length (w = 29 cm in these
experiments).

Results of experiments using blade-type groynes of
43% opening with 90 cm distance between successive
groynes have been compared with similar bar-type

groynes. Figure 9 shows that blade-type compares to
bar-type groynes creates more scour at the center of
canal.

CONCLUSION

Application of groynes reduce scour at the canal
outer bank significantly. Among different types of
groynes, experiments show that application of permeable
groynes resulted better scour protection compare to the
two other types. Groynes with more permeability results
less scour, but the groyne fields should be reduced, as a
result, the number of groynes in a specified length of river
should be increased which is not economical. Application
of groynes with variable permeability across the length,
result better scour protection at the canal outer bank.
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Application of blade-type groynes can be more
effective m bank protection, but erosion at the center of
canal increases. So, application of combined bar and blade

type groynes result better protection of river bend outer
bank.
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