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1 -
Fig. 1- Illustration of the experimental flume and pattern of rock fragment distribution on soil surface

1 -
Table 1- Description of the flow hydraulic parameters

*)Flow hydraulic parameter()Equation(
)Mean flow velocity(Vm=XT-1

)Flow velocity near bed surface(V=aVm

)Reynolds number(Re=VD -1

)Froude number(F=V(gD)-0.5

)Manning’s n(n=V-1D0.667S0.5

)Mean shear stress(= SDV
)Flow depth(D=qV-1

*Vm)(X)(TV)(a

67/0)Li et al., 1996(Re)=6-10(Fg)
(D)(nS)()(
) (q) (.

Vm;  Mean  flow  velocity  (ms-1), X; Distance (m), T; Time (s), V; Flow velocity near bed surface (ms-1), a; a
coefficient equal to 0.67 (Li et al., 1996), Re; Reynolds number, ; Kinematic viscosity of water (=10-6 m2s-1), F;
Froude number, g; The acceleration of gravity (ms-2), D; Mean flow depth (m), n; Manning roughness coefficient,
S; Slope of flow surface (mm-1), ; Flow shear stress (Pa), ; Water density (kgm-3), q; Unit flow discharge (m2s-1)
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Table 2- Some physic-chemical properties of the loess soil used in the experiments

OMClaySilt Sampling depth
)m(pHEC

(dSm-1)(%)Texture

0-0.27.832.41.032069Silt loam
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Fig. 2- Effect of surface rock fragment cover on relative flow

 velocity at different flow discharges
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3-
Table 3- Effect of surface rock fragment cover on flow hydraulics

Flow discharge
)10-4 m3s-1×(

Rock fragment
cover

Mean flow depth
)10-3 m×(

Mean flow velocity
)10-4 ms-1×(

Froude
number

Reynolds
number

00.6216.12.06100
101.208.30.76100
201.566.40.51100 0.5

302.005.00.36100
01.2215.41.49200

101.209.10.62200
203.006.70.39200 1.0

303.775.30.27200
01.5319.61.60300

102.8810.40.62300
204.177.20.36300 1.5

305.265.70.25300

4-
Table 4- Effect of surface rock fragment cover on flow hydraulics

Flow discharge
)10-4 m3s-1×(

Rock fragment
cover

Maning’s n
)m-1/3s(

Shear stress
)Pa(

Soil loss
)gm-2h-1(

00.0080.1849.3
100.0230.3530.0
200.0360.4619.4 0.5
300.0550.5913.5
00.0120.3679.6
100.0320.6538.1
200.0530.8825.2 1.0
300.0791.1115.6
00.0120.4594.6
100.0340.8536.0
200.0621.2335.4 1.5
300.0921.5516.6

3 -
Fig. 3- Effect of rock fragment cover on flow shear stress and

 Manning’s n at different flow discharges
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Laboratory Investigation of Surface Rock Fragment Cover Effects on
Roughness Coefficient, Shear Stress and Soil Loss
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ABSTRACT
Soil surface conditions such as roughness, structure, vegetation and rock fragment cover have very
important effects on in ltration, run-off and soil erosion. Rock fragments at the soil surface directly
affects soil erosion processes, particularly in arid and semiarid environments where vegetation cover is
poor. The objective of the present research was to study the influence of rock fragment cover on the
rate of soil loss and the hydraulic properties of flow such as roughness coefficient and shear stress in a
loess soil sample from Golestan province. The investigation was conducted using a flume with 6 m
length, 0.5 m width, and 3% gradient. The treatments included rock fragment covers (0, 10, 20 and
30%), and flow discharges of 0.5, 1.0 and 1.5 (10-4 m3 s-1). With increasing of rock fragment cover
from 0 to 30% in flow discharges of 0.5, 1.0 and 1.5 (10-4 m3 s-1), relative velocity of water flow
decreased 68.9, 67.7 and 70.9%, respectively. The value of relative roughness coefficient and shear
stress increased linearly (R2=0.99) with increasing of rock fragment covers. In addition, with
increasing of rock fragment cover from 0 to 30%, the rate of relative soil loss in flow discharges of
0.5, 1.0 and 1.5 (10-4 m3 s-1) decreased 85.0, 83.7 and 73.6%, respectively. Decreasing soil loss rate
was related to Rock fragment cover by an exponential function (R2=0.98).

Keywords: Rock fragment cover, Roughness coefficient, Shear stress, Soil loss
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