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Photo 1 Rubble mound weir in Jobaru River
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Photo 3 Rubble mound groin in Akechi River
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(a) Flow over a rubble mound
weir mound groin

(b) Flow around a rubble

Fig.2 Laboratory models for rubble mound weir and
rubble mound groin and their coordinate systems.
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(a) Measurement cross sections in rubble mound weir model
(Vertical cross sections in a x-z plane).
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(b) Measurement cross sections in rubble mound groin model.

Fig.3 Measurement cross sections in rubble mound weir
and rubble mound groin models.
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Fig.4 Velocity vectors in a vertical cross section,
y=2.0cm (rubble mound weir).
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Fig.5 Velocity profiles on boundaries between rubble
mound weir and ambient water (y=2.0cm).

-u'w'
(cm?2/sec?)

z (em)

Fig.6 Reynolds shear stress, —y'y', in a vertical cross
section, y=2.0cm (rubble mound weir).
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Fig.7 Velocity vectors in a horizontal cross section,
z=1.0cm (rubble mound groin).
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Fig.8 Velocity profiles on boundaries between rubble
mound groin and ambient water (z=1.0cm).
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Fig.9 Reynolds shear stress, —yz',', in a horizontal

cross section, z=1.0cm (rubble mound groin).
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Fig.10 Schematic of submerged flow through rubble
mound weir.
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Photo 4 An experimental setup for flow over a rubble
mound weir.
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Fig.13 Schematic of flow over a rubble mound weir.
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Fig.14 Analogical model for describing flow transition

from the section 0 to the section I in the rubble
mound weir system.
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Fig.16 Longitudinal variation of discharge in the upper
and lower layers (qu, ¢s); comparison between the
theoretical solution (thin solid and thin broken lines) and

laboratory data (circles). Thick lines are numerical

solutions from a two-dimensional shallow water model.
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Fig.17 Normalized discharge F as a function of dimensionless weir height w(=W/h), weir length L/h, and grain
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Fig.18 Longitudinal variation of wall shear stress, Fy,
interfacial shear stress between the upper and lower
layers, F;, and drag force acting on grain, Fp
(Case-5; 0=16.8 I/sec, d,=4.1cm, L=60cm).
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Fig.19 Seepage force vector for the case in Photo 5 (0=27.92 I/sec, d,,=4.8cm).
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Fig.24 Dependency of rotation, potential p,, on 6 and
variable slope angle o.
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Fig.25 Rotation potential p,, for varied slope angle a and
ambient fluid velocity V.
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Table 1 Hydraulic conditions in laboratory experiment on
rubble mound groin

(a) Submerged flow (Case-A)

Case A Case A-1] Case A-2 ] Case A-3 ] Case A-4] Case A-5

permeability impermeable| permeable (rubble mound)
length / (m) 1
Groin width b ,(m) 0.3
geometry height / ,(m) 0.2
grain diameter d ,,(m) 0019 | 0035 [ 0019 [ 0035
porosity 7 033 | 038 033 | 038
back water effect No Yes
discharge O (m*/s) 0.05193
channel width B (m) 2.0
bed slope i 1/800

water depth at upstream end /4 (m) 0.103 0.098 0.096 0.100 0.099
water depth at downstream end /2 ;(m) || 0.029 0.034 0.037 0.060 0.061
erage velocity at upstream end U, (m/{|  0.270 0.288 0.283 0.284 0.307

friction velocity U.=(gh,i)"> (m/s) || 0.036 0.035 0.034 0.035 0.035

Froude number at upstream end F 0.250 0.270 0.279 0.262 0.268

Froude number at downstream end | 1.712 1.296 1.169 0.564 0.549
water temperature 7' ("C) 26 28.5 26.5 28.5 27.7
kinematic viscosity v_(m”/s) 8.47E-07 | 7.79E-07 | 8.33E-07 | 7.79E-07 | 8.01E-07

Reynolds number at upstream end Re || 3.1E+04 | 3.3E+04 | 3.1E+04 | 3.3E+04 | 3.2E+04
grid interval Ax (m) 0.05
Ay (m) 0.05
time step At (sec) 5.0x10°
(b) Overflow (Case-B)
Case B Case B-1][ Case B-2 ][ Case B-3 ]| Case B-4
permeability permeable (rubble mound)
length / ,(m) 0.2
Groin width b (m) 0.1
geometry height 4 ,(m) 0.05
grain diameter d ,(m) 0.035 0.020
porosity n 0.373 0.318
back water effect No [ Yes No [ Yes
discharge O (m’/s) 0.010583
channel width B (m) 0.4
bed slope i 1/400

water depth at upstream end / o(m) 0.077 0.077 0.079 0.080
water depth at downstream end 7 ,(m) || 0.039 0.063 0.037 0.063
verage velocity at upstream end Uy (m/§f 0.320 0.313 0.304 0.314

friction velocity U.=(gh ,i)"” (m/s) || 0.043 0.043 0.044 0.044

Froude number at upstream end F, 0.396 0.396 0.377 0.373

Froude number at downstream end F | || 1.102 0.534 1.184 0.534

water temperature 7 ("C) 23.2 232 23.2 28
kinematic viscosity v_(m’/s) 9.2E-07 | 9.2E-07 | 9.2E-07 | 7.9E-07
Reynolds number at upstream end Re || 2.9E+04 | 2.9E+04 | 2.9E+04 | 3.3E+04
L Ax (m)
grid interval Ay (m) 0.02
time step At (sec) 1.0x10°

h,=0.0961(m)
U,=0.283(mvs)

Case A-3 h/he=12 1 08 06 04 02 0
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Fig.31 Horizontal distribution of water depth /.
(submerged flow : Case A-3)
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Fig.32 Horizontal distribution of velocity vector
(Submerged flow : Case A-3)
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Fig.34 Profiles of velocity #  (submerged flow, cross
section at downstream side of groin, x/hy=2.5)
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Fig.35 Horizontal distribution of water depth # (flow
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Case B-1~4).
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Hydrodynamic properties of rubble mound weir and groin installed in an open channel
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Synopsis

In order make suitable design of nature-friendly river structures, hydrodynamics of rubble mound weir

and groin were investigated. Fundamental properties such as flow fields inside and around the structure

and structural stability against flow force were experimentally examined. Applying a non-Darcian flow

resistance law for describing momentum balance in the rubble mound, a theoretical model was developed in

order to describe the flow fields with weirs or groins installed. The analysis shows very good agreement

with laboratory data.

Keywords: permeable structure, rubble mound, weir, groin



