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Abstract

Study of sediment transport in river morphological problems requires proper relation to be established for the estimation of the
terminal velocity, also known as fall velocity of particles. A large number of formulas have been developed by many researchers
to determine fall velocity for particles size of various ranges. Present work aims to determine the applicability of the unit stream
power equation of Yang (1979) for predicting total load transport rate using different fall velocity functions of VVan Rijn (1984 b),
Cheng (1997), Julien (1995) and Soulshby (1997) for a range of hydraulic parameters. Flume data of Wills et al. (1972) and Stein
R.A. (1965) are used to analyse the Yang’s total load function. Graphical representation of 152 data points and plot of observed
and predicted total load transport for the selected data sets shows the scattering of value from the line of perfect fit within small
range of errors of +_100% for the data sets of Stein R.A. (1965) and Wills et al. (1972) for all the selected fall velocity functions.
Applicability of Yang’s total load function is also verified using different statistical parameters such as mean square error, Root
mean Square Error, Inequality coefficient and Discrepancy ratio.
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I. INTRODUCTION

The physical properties of a sediment particle are not an adequate measure of the behavior of the particles in motion in a fluid.
Studies of the transport of sediments in streams require knowledge of the dynamic properties of the particles in a given fluid.
Among the various dynamic properties of the fluid flow, the velocity of fall i.e. fall velocity of the individual particles is the most
fundamental hydraulic characteristic which is required to be measured. Fall velocity is defined as a fundamental property that
governs the motion of sediment particle in fluid, which is a function of its shape, size, density and viscosity of flowing fluid.
Formula for the fall velocity was firstly given by Stokes in 1851. Rouse (1937) and Brown and Lawler (2003) fall velocity formula
are applicable only to spherical particles. Further researchers like Rubey (1933), Ferguson and Church (2004), Yalin (1977), Julien
(1995), Cheng (1997), Soulshy (1997) etc., had developed empirical or semi-empirical relations for estimating the settling velocity
of sediment particles.

Many researchers such as Bagnold (1966), Toffaleti (1968), Graf (1971), Shen and Hung (1972), Engelund-Hansen
(1972), Ackers and White's (1973), Yang (1973), Yang (1979), Yang (1984), Karim and Kennedy (1990), and S. K. Sinnakaudan
et. al (2006) contributed in the effort of finding the suitable functions for predicting the total load sediment transport rate of alluvial
river based on many concepts like energy power, unit stream power approach, regime condition etc. (Waikhom and Yadav, 2014)
. Yang’s unit stream power approach is well verified by many investigators. Prajapati et.al (2015), Waikhom et.al (2015a, b) also
found good results for Yang’s unit stream power approaches. In the present study the effect of fall velocity in Yang’s 1979-unit
stream power approach for predicting total load transport rate is verified using different fall velocity functions of Van Rijn (1984
b), Julien (1995), Cheng (1997) and Soulsby (1997).

Il. METHODOLOGY

Field data of Wills et al. (1972) and Stein R. A. (1965) are used to verify the applicability of Yang’s 1979-unit stream power
function for total load using fall velocity functions of Van Rijn (1984b), Julien (1995), Cheng (1997) and Soulsby (1997). The
various hydraulic parameters range of the selected flume data varies from 0.35 to 1.84 for mean velocity (m/s), 0.07-0.48 for
discharge (m3/s), 0.11-0.38 for flow depth, 0.00027-0.0169 bed slope. The median diameter of particle range varies from 0.0001
to 0.00039 (m). Graphs are plotted so that the scattering of the values from the line of perfect agreement can be determined. Various
statistical parameters such as mean square error (MSE), Root Mean Square Error (RMSE) and discrepancy ratio (DR) are calculated
to determine the applicability of Yang’s total load function.
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A. Chih Ted Yang (1979) Total Load Function
Chih Ted Yang (1979) modified Yang’s (1972) unit stream power function and provides the best correlation between total
sediment concentration C; and unit stream power ( Vs/t) as

Vs
Further from multiple regression analysis with 463 sets of laboratory data from uniform flows, the following equations were
obtained for I, and J; parameters.

wd,_ i,
I, = 5.165- 0.153 log ( )— 0.297 log (—) (2)
= ]
wd, u,
J1 = 1.78 - 0.36 log (—)— 0.48 log (—} (3)
7 ]

Where, C; is the concentration in parts per million by weight for the particles in the sand size range with ds as median
sieve diameter of bed material.

B. Selected Fall Velocity Functions

Present research work makes the use of following settling velocity formulas to verify the predictability of Yang’s 1979 total load
function.

Van Rijn (1984 b) settling velocity formulae is given as

w, = (102 ){[1+ (0.01 A g D}/v*)]** — 1} @)
£

Cheng (1997) settling velocity is given as

W = v/d [(25+ 1.2d «*)%5 — 5]15 (5)
Julien (1995) settling velocity is given as

_ 2220845\

W = Siﬂfd[(lﬁ-?) —1] (6)
Soulsby (1997) settling velocity is given as

iy , 01560945 0.5 _

W = (10.36v/d) [{1 + s ) 1] @)

I11.VERIFICATION OF YANG’S (1979) UNIT STREAM POWER FUNCTION USING SELECTED FALL VELOCITY

FUNCTIONS

To verify the applicability of Yang’s (1979) unit stream power function (USP), graphical comparison between the predicted total
load and observed total load is carried out using different fall velocity functions as shown in Figure.1 and Figure.2.

Observed Vs. Predicted Total Load For Wills et al. (1972) Observed Vs. Predicted Total Load For Wills et al.
data using Van Rijn FVF (1972) data Cheng FVF
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Fig. 1: Comparison between observed values and predicted results for the Yang’s (1979) total load transport function using fall velocity
functions of Van Rijn, Julien, Cheng and Soulsby for Wills et. al data set

From Figure 1, it can be observed that the Yang total sediment transport function over predicted as well as under predicted
with an error range of -30% to +90% for the data set of Wills et al. (1972) when fall velocity function of Van Rijn (1984 b) and
Soulsby (1997) and Cheng (1997) and Julien (1995) are used.
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Fig. 2: Comparison between observed values and predicted results for the Yang’s (1979) total load transport function using fall velocity
functions of Van Rijn, Julien, Cheng and Soulsby for Stein R.A. data set
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From Figure 2.it is observed that total load transport predicted using Yang,s USP approach , scatters over small range of
errors from the line of perfect fit i.e. from -30% to +90% for flume data of Stein R. A.(1965) when the fall velocity functions of
Van Rijn (1984 b), Julien (1995), Cheng (1997) and Soulsby (1997) are used.

IV.STATISTICAL PARAMETERS CALCULATION

To evaluate the performance of the Yang’s 1979-unit stream power equation for total load, statistical parameters calculation such
as Mean Square Error (MSE), Root Mean Square Error (RMSE), percentage error and Discrepancy ratio (D.R) are calculated.
Comparative values of each of the statistical parameters used for the analysis of the Yang’s function for the data set of Wills et al.
(1972) and Stein R.A. (1965) are shown in each of the Table 1, 2, 3nd 4 respectively.

Sr No. | Data Set Comparatively Discrepancy Ratio (D.R)
Van Rijn (1984 b) | Cheng (1997) | Julien (1995) | Soulsby (1997)
1 Willis 1.18 1.77 0.01257 117
2 Stein 0.86 1.13 0.85509 0.84
Table 1: Comparative summary of the Discrepancy Ratio for the data set of Wills et al. and Stein R.A.
Sr No. | Data Set Comparatively Mean Percentage Error (MPE) (%)
Van Rijn (1984 b) | Cheng (1997) | Julien (1995) | Soulsby (1997)
1 Willis 18.43 77.34 -98.74330 16.56
2 Stein -14.49 13.43 17.73448 -16.41
Table 2: Comparative summary of the Percentage Error for the data set of Wills et al. and Stein R.A.
Sr No. | Data Set Comparatively Root Mean Square Error (RMSE) (%)
Van Rijn (1984 b) | Cheng (1997) | Julien (1995) | Soulsby (1997)
1 Willis 0.65 1.27 1.78 0.64
2 Stein 0.49 0.25 0.31 0.52
Table 3: Comparative summary of the Mean Normalized Error (MPE) for the data set of Wills et al. and Stein R. A.
Sr No. | Data Set Comparatively Inequality Coefficient (U)
Van Rijn (1984 b) | Cheng (1997) | Julien (1995) | Soulshy (1997)
1 Willis 0.18 0.28 0.97 0.17
2 Stein 0.11 0.05 0.06 0.22

Table 4: Comparative summary of Inequality coefficient (U) for the data set of Wills et al. and Stein R. A.

V. CONCLUSION

Present study concludes the following findings:
Yang’s (1979) total load function predicts well for Wills et al. data set when the fall velocity value computed using Van Rijn
and Soulshy is used giving an average error of 18.43% and 16.56% respectively.

— Predicted values of the total load transport for the data set of Stein R.A. data set using the computed fall velocity value of Van
Rijn and Soulsby fall velocity functions lies within small error range of -14.41 and -16.41 respectively.

— Total load predicted using flume data of Wills et al. scatters over wide range of error for the fall velocity function of Cheng
(1997) and Julien (1995) as compared to the fall velocity functions of Van Rijn (1984 b) and Soulsby (1997)

— Little variation in result is observed when total load transport is predicted using the selected four fall velocity function for
Stein R.A data set.

—  Yang’s (1979) total load function performed better for Stein R.A data set as compared to Wills et al. data set with minimum
discrepancy of near equal to 1.
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