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ABSTRACT

The friction factor of an open channel flow is generally affected by the characteristics of the fluid, flow,
Geometry of the channel and the characteristics of the channel boundary. Large research has been carried out
for the study of friction factor using one or more parameters like Froude number, Relative flow depth,
hydraulic mean depth, slope, flow Reynolds number, size of the particles etc. However, in each study only
limited numbers of the parameters has been considered. In alluvial rivers depending upon the flow conditions
any of the above parameters may vary and predominate to change the friction factor. So, here the attempt has
been made to compute the friction factor following the different methods and approach based on the field data
of 15 years of Tapi river for monsoon season and study its variation with the fiction factor Mobility Index
(MI) and Sedimentation Parameter (G) The mathematical model to predict the friction factor for the Tapi river
at Sarngakheda Gauging station has been developed by using the average value of the friction factor obtained
by various methods and approaches and the multiple regression analysis. The multiple regression analysis has
been carried out by using the non-linear curve fitter of the origin 7.5 software. Finally, the mathematical model
has been developed relating the Mobility Index (MI) and Sedimentation Parameter (G) with the friction factor.

Key words: Friction factor, sedimentation parameter, mobility Index, multiple regression analysis.

Introduction

The subject of sediment transport and flow in alluvial streams are gaining importance with the increasing
utilization of water resources, considerable development has taken place in the field of fluvial hydraulics which
is considered as complicated branch of engineering. Valuable information are available in numerous journals,
monographs and research publications on sediment transport relating to the problems of incipient motion, flow
regimes, resistance to flow, bed load, suspended load, total load transport and flow of sediment  in pipes etc.
based on various approaches and concepts used by various research scientists and thousands of equations are
developed.

The problem of predicting flow resistance in alluvial channels with sufficient accuracy is of great interest
to hydraulic engineers. The difficulty arises because the flow boundary in alluvial channels is not fixed but
continually undergoes changes in its characteristics geometry and dimensions through mutual interaction
between the flow and bed. 

A quantitative description of the evolution of bed configurations with changing flows is still only
approximately known. Most of the existing resistance relationships do not take into account the role of the all
variables affecting the grain and form resistance and also the bed configuration in their formulations.None of
the friction factor relations available in literature have been used widely by hydraulic engineers. The ensuing
analysis presents the development of the friction factor relation in the framework of the Manning’s equation,
Chezy’s Equation, Darcy’s friction factor and other important flow parameters, sediment characteristics and
fluid characteristics with objective of taking advantage of the widespread use of the latter with advanced
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methods for the hydraulic resistance for flows in the alluvial channels.
Moreover, knowledge of the resistance characteristics of alluvial streams is of great value when dealing

with the location of bridges, training works, flood control works, navigation and channel improvement,
backwater computation due to confluences and barrages, mathematical and physical modelling of flow,
prediction of aggradations and degradation due to presence of hydraulic structures and so on.

There are number of approaches used to compute the friction factor but in this study following eight
methods are used to compute the friction factor. 

The methods are listed as below:
1. Karim’s Formula (1995) (f1) [9]
2. Yuhong and Wenxin Formula (2009) using ANN Model (f2) [15]  
3. Yuhong and Wenxin Formula (2009) using Kelengen’s Equation (f3) [15]  
4. Bjerklie et al Formula (2005) using Modified Manning’s  method(f4) [5]
5. Bjerklie et al Formula (2005) using Modified Chezy’s  method(f5) [5]
6. Motamedi et al. Formula (2010) using multiple regression analysis neglecting the Slope and the Froude

number (f6) [12]
7. Motamedi et al. Formula (2010) using multiple regression analysis With considering Froude number (f7)

[12]
8. Motamedi et al. Formula (2010) using multiple regression analysis using Slope and Froude number (f8)

[12]
9. Average friction factor of above eight approaches (favg)
10. Friction factor obtained by Multiple regression analysis (fMR)

In this paper, the evaluation of friction factor by various approaches and methods has been discussed based
on the average size of the particle and the relation between the friction factor and various non-dimensional
parameters has been established. 

The field data of 15 years for the Sarngakheda gauging station of Tapi river has been analyzed and
computer programming in Ms-excel and origin has been used to analysis of the data. The various relationships
are established between the various parameters as mention below:

1. Relationship between Friction Factor and Mobility Index (MI) 
2. Relationship between Friction Factor and Sedimentation Parameter (G)

The above relationships are developed using field data for the monsoon seasons. The graphs are plotted
for the above parameters using origin software and on the obtained results statistical analysis is carried out.

Objectives:

The main objectives of this paper are:
1. To compute the resistance to flow in alluvial channel using various recent methods,Study of effect of three

parameters  on the resistance to flow 
2. To establish relation between the non-dimensional parameters like Mobility Index (MI), Sedimentation

Parameter and friction factors using different methods.To built the mathematical model to predict the
friction factor using the non-dimensional parameters   

Study area and data collection:

Tapi originated from Miltai (Betul district, Madhy Pradesh) and it is the second largest westward flowing
river of peninsular India. The total length of the river is 724 kms from origin to Gulf of Cambay. The Tapi
basin is situated between latitudes 20o N to 22o N, 80% of the basin lies in Maharashtra and the balance in
the state of Madhya Pradesh and Gujarat as shown in Map1.

Central Water Commission, Tapi Division, Surat is regularly collecting daily and monthly data of of
discharge, area, velocity, wetted perimeter, hydraulic mean depth, average diameter of sediment , maximum
diameter of sediment, Chezy’s roughness  coefficient and Manning’s roughness coefficient at gauging site
Sarngakheda on river Tapi. Sarngakheda is situated at a distance of about 399 kms from origin. The daily data
during monsoon are collected for 15 years period from 1980 to 1996. Daily data and monthly data colleted
from Central Water Commission are converted into seasonal data. Collected data are of two categories, viz,
observed data and calculated data. The missing data are calculated by statistical analysis by using nonlinear
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square fitter of Micro cal Origin software. Interpolation and extrapolation of missing data is done by using
statistic weights and direct weight to the collected data.

Discharge and sediment observations:

Discharges are observed once in a day at 08:00 hours at all the sites and calculated by area-velocity
methods. Cross-section is divided into 15 to 25 segments as per IS1192:1981. Depths are measured by
sounding rods as per IS 3912: 1966. Necessary air and wet line corrections are done as per IS 1192:1981.
Velocity is measured by cup-type current meter as per 3910:1966 suspended sediment samples are collected
in Punjab Bottle Samplers at a depth of 0.6 D from the water surface.

Computation of the Friction Factor and Other Dimensionless Parameters:

The computation of friction factor has been done by using the eight methods mentioned in the introduction.
These methods have been selected as they are based on different approaches and include all the important
variables affecting the resistance of the flow. In order to develop the flow resistance equation for the Tapi
river, average of the all the 8 methods have been utilized and then the multiple regression analysis has been
carried out for the developing the final equation of resistance to flow. The entire analysis is done based on
the average size of particle for the computation of friction factor during monsoon period. Friction is computed
using the recent methods like Karim (1995), Yuhong and Wenxin Formula (2009) using ANN model, Yuhong
and Wenxin Formula (2009) using Kelengen’s Equation, Bjerklie et al Formula (2005) using Modified
Manning’s  method, Bjerklie et al Formula (2005) using Modified Chezy’s  method, Motamedi et al. Formula
(2010) using multiple regression analysis, Motamedi et al. Formula (2010) using multiple regression analysis
with considering the effect of Froude number and Motamedi et al. Formula (2010) using multiple regression
analysis with considering the effect of both Slope and Froude number as the f1,f2,f3,f4,f5,f6,f7,f8 respectively.
Then after, Average of the friction factor obtained by all the eight methods (f1 to f8) is calculated and also
the friction factor using multiple regression analysis has been found out using statistical analysis tool of Origin
7.5 software.

Sedimentation Parameter:

The Sedimentation Parameter is

  (1)
2 2
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G
d g S d

 


 


This dimensionless number occurs in resistance formulas and is a determining factor for the computation
of the fall velocity of solid particles. 

5.2 The Mobility Index:

The mobility index is 

  (2)
 shear velocity (m/sec) *

 velocity (m/sec)
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fall w
 

This dimensionless number is useful to help predict bed forms and it is encountered in the resistance
formulas for the prediction of the height of the bed-forms.

Table 1: Different Variable used for the Computation of Friction Factor
Friction Factor Investigators Variables

f1 Karim (1995) , , , , ,
avg

h H u
S Fr n

d h w

f2 Yuhong and Wenxin (2009)-ANN Model
*

,
, , Re

R u R u

davg v u

f3 Yuhong and Wenxin (2009)-Kelengens Equation
*

,
, ,

R u R u

davg v u
f4 Bjerklie et al (2005)-Modified mannings eq. , , , ,Q A n R S
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Table 1: Continue

f5 Bjerklie et al (2005)- Modified Chezy’s eq. , , ,Q C R S

f6 Motamedi et al. (2010)-Without S and Fr

*

, ,
,

h u

davg c u




f7 Motamedi et al. (2010)- Without S and With Fr

*

, , ,
,

h u
Fr

davg c u




f8 Motamedi et al. (2010)- With S and With Fr
*

, , , ,
,

h u
Fr S

davg c u




favg Average of f1 to f8 Average of f1 to f8

fM.R. Multiple regression for favg , , , , , , , ,favg Q A V R S davg w u

Results of friction factor:

From the observed and calculated daily data like discharge, area, velocity, wetted perimeter, hydraulic
mean depth, Manning’s and Chezy’s constants, average diameter of sediment, mean diameter of sediment etc.
are grouped under mainly five heads i.e., monthly, pre-monsoon, monsoon, post-monsoon and yearly to
facilitate the use of these data in analysis by different approaches. In this paper the discussion is done for
monsoon only.

Multiple Regression Analysis:

The friction factor using multiple regression analysis has been found out using statistical analysis tool of
Origin 7.5 software. Finally equations are derived for the following form using measured and calculated basic
data for both gauging station of Tapi river.

fMR= Co + C1 x ( Q) + C2 x(A)  +C3xS + C4 x Bw +C5 x V + C6 x HMD + C7 x Dia + C8 x u* + C9
x w                                          (3)

In the Eq. (3),
C, C1 , C2, C3, C4, C5, C6, C7 , C8, C9 are multiplying constants for Q,A,S,Bw,V,HMD,Dia, u*and w as

shown in Table 1. The statistical analysis, multiple regression and curve fitting (by nonlinear square fitter) is
carried by using Origin 7.5.

Table 1: Multiplying constants for Multiple Regression Analysis of Friction Factor Eq. (3)
Station Name C0 C1(q) C2(area) C3(slope) C4(BW) C5(velocity) C6(hmd) C7(dia) C8(u*)
Sarngakheda 0.01402 7.51E-06 -4.18E-05 3.27E+01 9.62E-06 -0.01749 2.14E-02 -3.98E-04 0.00845

Result analysis

Result of Friction Factor and Mobility Index (MI)and Sedimentation Parameter (G) for River Tapi at
Sarngakheda (Fig. 1 to 2) during Monsoon season are shown in figures. Also the Variation of Mobility Index
(MI) and Sedimentation Parameter (G) with friction factor f1 to f8 and average of f1 to f8 and f using multiple
regression analysis are shown in Fig.1 and Fig.2. Friction factor by all the eight methods gives the value of
friction factor different from each other due to the different parameters used for estimating the friction factor.
The results of the mathematical model which has been developed relating the Mobility Index (MI) and
Sedimentation Parameter (G) with the friction factor are shown in Table 2 and Table 3 for the friction factor
obtained by each methods.

Table 2: Mathematical Models Using Mobility Index(MI) For Tapi Sarngakheda Monsoon Season
NAME OF SCIENTS EQUATION
Karim (1995) f1=-1.25247+1.30511*(MI) 0.0070

Yuhong and Wenxin (2009)-ANN model f2 = 0.02262+ 0.01095* (MI) 
Yuhong and Wenxin (2009)-Kelengens Eq. f3 = 0.02262+ 0.01095* (MI)
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Table 2: Continue
Bjerklie et al. (2005)- Modified Manning’s equation f4 = 0.05092* (MI) 0.85748

Bjerklie et al. (2005)- Modified Chezy’s equation f5 = 0.05092* (MI) 0.85748

Motamedi et al. (2010)-Without S and Fr f6  = 0.04594* (MI) 0.75577

Motamedi et al. (2010)- Without S and With Fr f7 = 0.03478* (MI) 0.49036

Motamedi et al. (2010)- With S and With Fr f8 = 0.05021* (MI) 0.8446

Average of f1 to f8 favg = 0.03424* (MI) 0.25602

Multiple regression Analysis f MR = 0.03429* (MI) 0.25693

When the value of mobility index varies from 0.186 to 0.546, the diameter varies from 1.65 to 9.21 mm
and the friction factor f1 obtained by Karim(1995) is highest and friction factor f8 obtained by Motamedi et
al. (2010) using multiple regression analysis with S and with f7 is lowest.

Map 1: Tapi river basin showing the Sarngakheda gauging station

Fig. 1: Friction factor Vs Mobility Index (MI) For Sarngakheda Station

Table 3: Mathematical Models Using G For Tapi Sarngakheda Monsoon Season
NAME OF SCIENTS EQUATIONS
Karim (1995) f1 = 0.04369 - 75.65023* G
Yuhong and Wenxin (2009)-ANN model f2 = 0.03013 - 71.17937* G
Yuhong and Wenxin (2009)-Kelengens Equation f3 = 0.03013 - 71.17937* G
Bjerklie et al. (2005)- Modified Manning’s equation f4 = 0.02598 - 66.16018* G
Bjerklie et al (2005)- Modified Chezy’s equation f5 = 0.02598 - 66.16018* G
Motamedi et al. (2010)-Without S and Fr f6  = 0.02689 - 118.762* G
Motamedi et al. (2010)- Without S and With Fr f7 = 0.02345- 43.11653* G
Motamedi et al. (2010)- With S and With Fr f8 = 0.02656 - 91.11001* G
Average of f1 to f8 favg = 0.0291-75.41473* G
Multiple regression Analysis f MR = 0.02906 - 73.04593* G
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Fig. 2: Friction factor Vs Sedimentation Parameter (G) For Sarngakheda Station

The pattern of variation for f1 to f8 and favg and fMR are similar. The Non linear curve fitter of Origin
7.5 has been used for establishing relation between mobility index and friction factor using Allometric function.

When the mobility index increases from 0.173 to 0.536, the friction factor f1 obtained by Karim (1995)
increases from 0.039 to 0.043 with the increases in diameter from 1.65 to 9.21 mm.

Similarly, variation of the friction factor obtained by other methods are as under:

When the Mobility index varies from 0.186 to 0.546, 
C f1 increases from 0.039 to 0.043.
C f2 increases from 0.026 to 0.028.
C f3 increases from 0.026 to 0.028.
C f4 decreases from 0.012 to 0.030.
C f5 increases from 0.012 to 0.030.
C f6 increases from 0.012 to 0.029.
C f7 increases from 0.015 to 0.026.
C f8 increases from 0.012 to 0.030.
C favg increases from 0.024 to 0.031.
C fMR increases from 0.024 to 0.030.

In the lower range of MI from 0.186 to 0.546, the f1 gives highest value of friction factor and the f8 gives
lowest value of friction factor. The f2 and f3 are higher than fMR. fMR is higher than favg. favg is higher than f7.
f7 is higher than f6. f6 is higher than f4. F4 is higher than f5 and f5 is higher than f8.

In the higher values of MI from 0.186 to 0.546, the f1 gives highest value of friction factor and the f7
gives lowest value of friction factor. The fMR is higher than favg. favg is higher than f2 and f3. f2 and f3
are higher than f8. f8 is higher than f4. f4 is higher than f5. f5 is higher than f6 and f6 is higher than f7.

As the diameter increases from 1.65 to 9.21 mm, the Friction factor obtained by all the methods increases.
When the value of Sedimentation parameter G varies from 4.4285E-6 to 7.20185E-5, the diameter varies from
1.65 to 9.21 mm and the friction factor f1 obtained by Karim(1995) is highest and friction factor f4 obtained
by Bjerklie et al. (2005) using Modified Mannings eq. is lowest. The pattern of variation for f1 to f8 and favg
and fMR are similar. The pattern of variation for f1 to f8 and favg and  fMR are similar. The Non linear curve
fitter of Origin 7.5 has been used for establishing relation between Sedimentation parameter G and friction
factor using 1st order polynomial function
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When the value of Sedimentation parameter G increases from 4.4285E-6 to 7.20185E-5, the friction factor
f1 obtained by Karim (1995) decreases from 0.043 to 0.038 When the diameter increases from 1.65 to 9.21
mm. 

Similarly, the variation of the friction factor obtained by the other methods are as below:
When the Sedimentation parameter G varies from 4.4285E-6 to 7.20185E-5, 
C f1 decreases from 0.043 to 0.038.
C f2 decreases from 0.030 to 0.025.
C f3 decreases from 0.030 to 0.025.
C f4 decrease from 0.0256 to 0.021.
C f5 decrease from 0.0256 to 0.021.
C f6 decrease from 0.026 to 0.018.
C f7 decrease from 0.023 to 0.020.
C f8 decrease from 0.026 to 0.020.
C favg decrease from 0.029 to 0.0236.
C fMR decrease from 0.029 to 0.024.

In the range of the Sedimentation parameter G from 4.4285E-6 to 7.20185E-5, the f1 gives highest value
of friction factor and the f6 gives lowest value of friction factor. The f2 and f3 are higher than fMR. fMR is
higher than favg. favg is higher than f4. F4 is higher than f5. F5 is higher than f8. F8 is higher than f7 and f7
is higher than f6.

As the diameter increases from 1.65 to 9.21mm, the Friction factor obtained by all the methods increases
with the increases in the value of Sedimentation parameter G from 4.4285E-6 to 7.20185E-5.

Result and Discussion

C In all the three cases, The friction factor obtained by f1 by Karim (1995) gives much higher than other
methods because in computation of f1 the effect of fall velocity w and relative height of Bedform are
considered. 

C The common variable used for finding out f2 by Yuhong and Wenxin (2009) using ANN Model and f3

by Yuhong and Wenxin (2009) using Kalegans Equation are (                ), while the additional variable*

*

, ,
u RR u

davg u
used for finding out f2 is Reynolds Number Re. In both the methods even though the conditions used for
hydrodynamic classification of the boundary are different and the result obtained gives the same
characteristics of the boundary that is Rough boundary for the given case of Sarngakheda. For the given
case of Sarngakheda, the value of Re is greater than 14.142(R/d)/f 0.5 means f2 satisfy the condition of

Rough boundary. Similary, f3  also satisfy the condition of rough boundary that is Rc*=        is greater*u R


than 70 for the given case of Sarngakheda. Hence, the results obtained by both the methods f2 and f3 are
similar. 

C The friction factor obtained by Bjerklie et al. (2005) using Bjerklie et al (2005) using Modified Chezy’s
method(f5) give lowest value in comparison to the other methods because in computation of f5 the effect
of Q, A, n, C, R, S are considered but the parameters like u/u*,τ*/τ*c H/h, u*/w, Fr, S and R/dia are not
considered.

C At the higher discharges when the motion of the large sized particles start leading to increase in the
resistance and the friction factor also at higher discharges the concentration of suspended load also
increases which adds to the friction factor or resistance to flow. Therefore, As shown in the Fig. 2, At
the higher discharges when the particle diameter increases the Sedimentation parameter G decreases and
the resistance to flow or friction factor increases.

C M.I increases with increase in diameter and friction factor during monsoon indicating increased sediment
transportation due to increased flow. Friction factor show almost nonlinear relationship with Mobility
Index.(Fig.1)

C As shown in the Fig.1, when the particle diameter increases the Mobility Index (MI) increases and the
friction factor also increases. So, when Mobility Index (MI) increases the friction factor increases. 

C Comparing the curve of friction factor by multiple Regression with all other curves at both the stations,
it can be seen that the multiple regression curve gives the maximum value of R^2 as 0.9621 and minimum
value of Chi^2 as 0.0035 using Sedimentation parameter, giving best fit curve.
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C Therefore, the curve obtain by Multiple Regression analysis can be used successfully for predicting friction
factor for Tapi River at Sarngakheda as given here.

Tapi (Sarngakheda) For Monsoon season:

C The equations obtained for the prediction of friction factor as 

f MR = 0.03429* (MI) 0.25693                                     (4)

C Mobility Index (MI) varies between 0.186 to 0.546 when the diameter increase from 1.65 to 9.21mm.
C The equations obtained for the prediction of friction factor as 

C f MR = 0.02906 - 73.04593* G                                     (5)

C Sedimentation parameters varies between 4.4285E-6 to 7.20185E-5 when the diameter increase from 1.65
to 9.21mm.
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Abbreviations:

A Wetted cross section area
B Width of the channel
C Chezy’s resistance factor
ds Diameter of grain or sediment in meters davg,d Average diameter of grain or sediment in meters
f1 Friction factor obtained by Karim (1995)
f2 Friction factor obtained by Yuhong and Wenxin (2009) using ANN Model
f3 Friction factor obtained by Yuhong and Wenxin (2009) using Kelengens Equation
f4 Friction factor obtained by Bjerklie et al. (2005) using modified Mannings equation
f5 Friction factor obtained by Bjerklie et al. (2005)- Modified Chezy’s eq.
f6 Friction factor obtained by Motamedi et al. (2010) neglecting the Slope and the Froude number
f7 Friction factor obtained by Motamedi et al. (2010) With considering Froude number
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f8 Friction factor obtained by Motamedi et al. (2010) With using Slope and Froude number 
favg Friction factor obtained by Average of f1 to f8

fMR  Friction factor obtained by Multiple regression   Analysis
Fr Froude number of the flow
G Sedimentation Parameter

     is the submerged specific weight of the particle with diameter ds's

h depth of the flow ln(h/dia) Log of Relative flow depth
n Manning’s co-efficient 
Q Flow discharge in cumecs
R Hydraulic Mean depth
Re Flow Reynolds number
Ss Specific gravity of submerge grain
S Slope of the channel 
u* Shear velocity
υ Kinematic viscosity of water (m2/sec)
u Mean velocity of the cross-section
τ*c Critical shear stress
τ* Sheild Entrainment function
H Height of bedform
Af adjustment factor for cahnnel
Δ Relative roughness

Appendix A

Relations Used for the Computation of Friction Factor Karim (1995)

He yields following relation for Manning’s n:

                                (A.1)

0.465

0.126
50[0.037 1.20 8.92 ]

H
n Af D

h

      
  

Yuhong and Wenxin (2009) using ANN Model:

He derived the artificial neural network (ANN) model to predict the complex non-linear relationship
between the friction factor f and its influencing factors.

For the fully rough Turbulent Region as

                                                                  (A .2 )
1

2.21 2.033lg
R

f

     
1 1

:14.142 Re 198
R R

when
f f

           

For the smooth Turbulent Region as

                                                                                          (A . 3 ) 1
0.231 2.033.lg(Re) 2.033lg f

f
  

1
: Re 14.142

R
when

f

    

Yuhong and Wenxin (2009) using Keulegan’s equation

For the hydraulic smoothness region, the distribution of the cross-sectional mean velocity in the form of
friction factor f is

                                 (A.4)*

*

8
5.75lg 3.25

u Rv

u f 
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For the hydraulic roughness region, the distribution of the cross-sectional mean velocity is

                                 (A.5)
*

8
5.75lg 6.25

v R

u f
  



Bjerklie et. al (2005) using Modified Manning’s equation

Q = -338.47 + 1.24*A - 2755.33*n + 274.14*R + 297051.68*S for Sarngakheda                   (A.6)

the friction factor f can be calculated from the Modified Manning’s n using eq. (A.7) as 

                                 (A.7)
1/ 6 8R

fn g


Bjerklie et. al (2005) using Modified Chezy’s equation:

Equation (A.8) is derived from the Modified Chezy’s method as

Q = -1118.65 + 17.77*C + 432.16*R + 1165550*S for Sarngakheda                                   (A.8)

Finding out C from the Chezy’s equation using the modified Q from above equation (14) the friction factor
f can be calculated from the Modified Chezy’s C using eq. (A.9) as

                                 (A.9)
8C

fg


Motamedi et al. (2010) using the Multiple Regression Analysis without using Slope and Froude number

In the ranges of (0.01<      <0.05) and mild slope( 0.00081<S<0.01), the friction factor for the case of*C

Sarngakheda was predicted using the Multiple regression analysis without using Slope and Froude no.

       =      = -0.872 x             +12.33- 2.48x      ,                                 (A .10)
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Motamedi et al. (2010) using the Multiple Regression Analysis with using Froude number

In the ranges of (0.01<      <0.05) and mild slope( 0.00081<S<0.01), the friction factor for the case of*C

Sarngakheda was predicted using the Multiple regression analysis without using Slope and with using Froude
no. as

       =      =18.40 -0.21x      -1.438 x             -33.12 x Fr                                 (A .11)
8

f *

u

u
*

*c




1
ln

h

k d
 
 
 

Motamedi et al. (2010) using the Multiple Regression Analysis using Slope and Froude number both

In  the ranges of (0.01<     <0.05) and mild slope( 0.00081<S<0.01), the friction factor for the case of*C

Sarngakheda was predicted using the Multiple regression analysis with using both Slope and Froude no. as

        =     = 18.56 - 0.57 x              -22342.12 x S + 54.28 x Fr + 0.0058 x                    (A.12)
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