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Abstract 

Understanding flow resistance equations, such as Manning’s roughness equation, is essential for river design and 

improvement. Estimating Manning’s roughness coefficient becomes more complicated when sediment transport is 

involved. This study takes an alternative approach by using velocity profiles to examine how sediment transport affects 

Manning’s roughness coefficient. To achieve this goal, 1200 velocity profiles with sediment-feeding (SF) and non-

sediment-feeding (NSF) flows are evaluated to determine the (composite) Manning’s roughness coefficient. Sediment-

feeding flows describe sediment flow under equilibrium conditions, whereas non-sediment-feeding flows represent 

sediment flow under nonequilibrium conditions. A Sontek 16-MHz Acoustic Doppler Velocimeter is used to measure the 

velocity (and turbulence) profiles. In addition to the present data, 225 secondary velocity profile data sets are analyzed in 

this study. The research findings indicate that the composite Manning’s roughness coefficient nco can be determined from 

Manning’s roughness coefficient nz/B at z/B in the transversal direction, using two points of the velocity profile at y/H = 0.2 

and 0.4 in the vertical direction. The differences in the velocity profile shape (u/U) due to sediment feeding, particularly 

in inner regions (y/H ≤ 0.2), affect the value of nz/B. nco for sediment-feeding flows are generally higher than the cross-

section Manning roughness coefficient n. As nco (based on nz/B) is based on the velocity profile, the nco values change with 

sediment transport. Meanwhile, the n values remain unchanged because the equation variables cannot detect the presence 

of sediment transport. For non-sediment-feeding flow, the differences in nco with n are 14.80% for a fixed bed (FB) and 

18.17% for a movable bed (MB). The differences are even more pronounced for sediment-feeding flow at 33.01% for a 

fixed bed and 36.52% for a movable bed. The point where nz/B/nco = 1 occurs at z/B = 0.2 from the channel sidewall. This 

suggests that nz/B, measured at z/B = 0.2 from the channel sidewall, provides a good representation of nco for the section. 

Keywords: Manning Roughness Coefficient; Velocity Profile; Sediment Feeding. 

 

1. Introduction 

Manning’s roughness coefficient (n) is a crucial parameter in hydraulic studies. It quantifies flow resistance along 

channel surfaces and plays a key role in the planning and analysis of water resource infrastructures, including rivers, 

canals, and drainage systems [1, 2]. Conventionally, Manning’s roughness coefficient is determined using empirical 

tables or subjective assessments based on channel characteristics [3, 4]. However, these methods often introduce 
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uncertainties and inconsistencies, particularly in dynamic sediment transport conditions. Given these challenges, a 

deeper understanding of how sediment transport influences Manning’s roughness coefficient is essential for improving 

the accuracy of hydraulic modeling. 

One of the key factors affecting Manning’s roughness is sediment transport, which can occur in either 

equilibrium (where sediment inflow and outflow are balanced) or nonequilibrium conditions (where discrepancies 

exist between sediment entering and leaving the section). These imbalances can cause significant changes in 

riverbed configuration, such as degradation or aggradation, ultimately affecting Manning’s roughness coefficient. 

To better understand these interactions, several studies have examined how sediment transport influences flow 

resistance and bed roughness. 

For instance, Rad et al. (2025) [5] demonstrated that different flow rates, categorized as low and high flow, 

significantly influence Manning’s roughness coefficient. Furthermore, in sediment-laden flow conditions, Manning’s 

roughness varies because of changes in flow velocity, sediment distribution, and channel geometry characteristics [6, 

7]. Meanwhile, Zhang et al. (2010) [8] found that under sediment-laden flow conditions with a maximum concentration 

of 974 kg/m³, Manning’s roughness coefficient increased by 51.27% compared with that of a sediment-free flow. 

Similarly, Maini et al. (2024) [7] showed that sediment-feeding flow led to a 19% increase in Manning’s roughness 

coefficient compared with non-sediment-feeding flow using 0.92-mm sand sediment. Additional research has confirmed 

that bedload sediment transport increases the channel bed roughness [9-11] and reduces flow velocity [12, 13]. In 

turbulent flow regimes with rough channel beds, the logarithmic velocity distribution has been successfully modeled 

using semiempirical logarithmic law approaches [14, 15]. Still, significant knowledge gaps remain despite these studies, 

particularly in real-world applications beyond controlled laboratory environments. 

Conventional or empirical methods derived from the cross-sectional mean velocity still fail to capture real-time 

flow variability and dynamic bedform adjustments, which are crucial for accurate hydraulic modeling. Meanwhile, 

recent literature (2024–2025) has shown advances in measurement techniques, mainly through the application of 

acoustic sensor technology and numerical models, which enable more precise estimation of Manning’s roughness 

under complex sediment transport conditions. For example, Maini et al. (2024) [7] used acoustic Doppler 

velocimetry (ADV) to determine Manning’s roughness based on velocity measurements at two points (0.1H and 

0.2H), providing a more representative approach to the velocity distribution in sedimented flows. Meanwhile, Zhang 

et al. (2025) [16] conducted laboratory experiments using numerical models to analyze sediment transport capacity. 

Furthermore, Hou & Zhang (2025) [17] analyzed a validated numerical model using field measurement data from 

downstream of the Yellow River. They found that the water depth calculated using the friction correction curve 

method showed that under flat and static riverbed conditions, the absence of resistance due to sand waves caused 

low flow resistance. 

This study proposes an alternative approach for determining Manning’s roughness based on two-point velocity 

measurements and logarithmic velocity profiles to address the above limitations, particularly those associated with 

conventional or empirical methods. Unlike conventional or empirical methods, this approach dynamically accounts 

for real-time flow conditions, bedform changes, and sediment transport, thus improving prediction accuracy. 

Furthermore, it provides dynamic roughness values that evolve with the flow depth and velocity, enhancing 

adaptability to unsteady flow conditions. To validate the proposed approach, this study uses laboratory measurement 

data (for equilibrium and nonequilibrium sediment transport conditions) and field data from constructed irrigation 

channels and natural rivers. 

This article is structured into several key sections. The first section explains the experimental setup and measuring 

equipment used in the study. The following section develops Manning’s roughness values using two-point velocity 

measurements. The results and discussion section presents the findings along with the data analysis. Finally, this article 

concludes with the main findings of the analysis. 

2. Methodology and Theoretical Background 

The stages of this research are illustrated in the flowchart in Figure 1, which depicts the experimental process and 

analysis of the flow velocity distribution and Manning’s roughness coefficient in a laboratory flume. Velocity profile 

measurements were conducted using an ADV. The quality of the obtained data was evaluated on the basis of the signal-

to-noise ratio (SNR) threshold (>15 dB) and correlation level (>70%) to ensure the validity of the measurement results. 

The experiment included parameter variations such as channel bed roughness, flow discharge, channel bed slope, 

sediment grain characteristics, and sediment load. The analysis involved calculating average velocities and determining 

Manning’s roughness coefficient using two-point velocity measurements, including variations in the two-point velocity 

measurement locations. 
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Figure 1. Flow chart of research 

2.1. Experimental Set-up and Measuring Equipment 

The experiments were conducted at the Hydraulics Laboratory, Department of Civil and Environmental Engineering, 

Universitas Gadjah Mada, Yogyakarta, Indonesia, using a 10-m-long, 0.6-m-wide, and 0.45-m-high inclined flume. 

Flow circulation was maintained by a main pump with a capacity of 119 l/s and a secondary pump with a flow rate of 

65 l/s, ensuring continuous flow with up to 3% sediment by weight, with a maximum particle size of 3 mm. To prevent 

the sediment from settling, a hydrocyclone pump was employed to recirculate the sediment from the tank continuously. 

A schematic of the flume used in this study is shown in Figure 2. 

The study investigated two types of bed conditions: a fixed bed and a movable bed. The fixed bed was made of 

coarse sand glued to a plate, with roughness heights of 1.55 and 1.85 mm, whereas the movable bed consisted of uniform 

coarse sand with average diameters of 1.55 and 1.85 mm and a thickness of 10 cm. These sediment sizes were chosen 

considering that the maximum allowable particle size for flowing in the flume system was 3 mm. Additionally, these 

sediment sizes are commonly found in natural rivers. The flow discharge ranged from 50 to 70 l/s, and three different 

bed slopes were tested: 0.15%, 0.25%, and 0.35% for sand bed material 1 and 0.20%, 0.30%, and 0.40% for sand bed 

material 2. Sediments transported in the channel were collected using a sediment trap and recirculated upstream at 

controlled feeding rates between 0.0049 and 0.0264 kg/s to achieve equilibrium and nonequilibrium sediment transport 

conditions. The bed surface experienced a reduction of 0.5 to 1.6 cm/hour, depending on the sediment load carried by 

the flow. 

The velocity (and turbulence profiles) were measured using a SONTEK 16-MHz MicroADV Probe with a 99% 

accuracy rate. Under steady uniform flow conditions, three-dimensional velocity measurements were taken at a 

sampling frequency of 50 Hz for 60 s, resulting in 3,000 instantaneous velocity data points. Measurements were 

conducted at two sections: x = 5.6 m (Section 1) and x = 6.6 m (Section 2) from the entrance of the flume, covering 

half of the cross-section. At each section, five vertical profiles were measured at the following positions: VA = 

1/2B, VB = 1/3B, VC = 1/4B, VD = 1/6B, and VE = 1/12B. Each profile consisted of 16 to 32 measurement points, 

with intervals of 0.2 cm in the inner region (y/H ≤ 0.2) and 0.5 cm in the outer region (y/H ≥ 0.2). Data were analyzed 

if they had an SNR greater than 15 dB and a correlation score above 70%. Because of the ADV limitations, 

measurements could not be taken within 5 cm of the free surface or within 4.83 cm of the channel sidewall. A sketch 

illustrating the limitations of the ADV and the vertical measurement positions of velocity in the flume cross-section 

is provided in Figure 3. 
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Figure 2. Schematic of flume 

  

(a) (b) 

Figure 3. (a) Sketch of the limitations of ADV in measuring velocity, and (b) vertical measurement positions in the flume 

cross-section 

2.2. Cross-section Manning’s Roughness Equation 

The cross-section Manning’s roughness n can be determined using Manning’s formula [18]: 

𝑛 =
𝑅2/3𝑆1/2

𝑈
  (1) 

where U is the cross-sectional mean velocity, R is the hydraulic radius, and S is the energy slope, typically estimated as 

the slope of the free water surface in uniform flow conditions. The cross-section Manning’s roughness coefficient n can 

be determined from the R (or flow depth H), U, and S measurement data. However, the accuracy of Manning’s roughness 

coefficient from Equation (1) relies heavily on the precise measurement of the free water surface slope. As this slope is 

usually very small, even slight errors in the measurement of the water level due to free water surface fluctuations can 

result in significant inaccuracies in the calculated Manning’s roughness coefficient. Furthermore, this equation cannot 

detect changes in Manning’s roughness when sediment transport occurs. 

2.3. Velocity Distribution  

The velocity distribution profile in open channel flow generally follows a logarithmic pattern, often called the log 

law. This principle has been essential in hydraulic engineering since it was introduced by Keulegan (1938) [19]. The 
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similarities in the behavior of velocity distributions in clear water flow and sediment-laden flows demonstrate the 

usefulness of logarithmic velocity profiles. In this respect, Woo et al. (1988) [20] and van Rijn (1993) [21] formulated 

a general expression for the logarithmic velocity distribution at various flow depths in smooth and rough flows: 

𝑢 =
𝑢∗

𝜅
ln (

𝑦

𝑦𝑜
)  (2) 

where u is the mean point velocity at a distance y from the reference level. The shear velocity (𝑢∗) is calculated using 

the Clauser method [22-24]. The Karman constant, denoted by κ, has a value of 0.4. The zero-velocity level, where u = 

0 at y = yo, also known as the reference level, is denoted as yo. In the case of a rough boundary, the exact position of the 

zero-velocity level is uncertain because of its dependence on various factors such as the height, concentration, and 

gradation of the roughness elements. Some researchers suggest that the reference level can be determined through trial 

and error so that the universal log law can accurately reproduce the measured velocity profile, especially in the inner 

region (y/H  0.2). Some literature suggests that the reference level is related to the bottom roughness. The reference 

level, denoted as y₀, is typically positioned between the top and bottom of the surface elements and is measured 

downward from the average top roughness level [21]. For instance, Einstein & El-Samni (1949) [25] indicated y₀ = 

0.20ks, whereas Grass (1971) [26] found y₀ = 0.18ks. In this study, the reference level is considered as y₀ = 0.2ks, which 

is in reasonable agreement with the findings of Hinze (1975) [27] and Kironoto & Graf (1994) [28]. 

The general expression for the logarithmic velocity distribution at the flow depth for hydraulically rough flows can 

be expressed as follows [28]: 

𝑢

𝑢∗
=

1

𝜅
ln (

𝑦

𝑘𝑠
) + 𝐵𝑟  (3) 

where kₛ represents the Nikuradse roughness height and Br is the integration of the numerical constants; Br = 8.5 for 

hydraulically rough flows [7, 29, 30]. 

2.4. Developing Manning’s Roughness Coefficient based on Two-point Velocity Measurements 

The mean-point velocity for the rough hydraulic flow regime (𝑅𝑒∗ =
𝑢∗ 𝑘𝑠

𝜈
  70)  can be determined using Equation 

4 [21]: 

𝑢

𝑢∗
= 5.75 log (

30𝑦

𝑘𝑠
)  (4) 

By introducing the definition of Chezy (C) and Darcy–Weisbach (f) as roughness coefficients and integrating 

Equation 4 over the entire flow depth H, the depth-averaged velocity 𝑈𝑦 can be obtained as follows: 

𝑈𝑦

𝑢∗
=

𝐶

√𝑔
= √

8

𝑓
= 5.75 log (

12𝐻

𝑘𝑠
)  (5) 

Equation 4 can be expressed using the velocity measurement data at y = aH and y = bH, that is, 𝑢𝑎𝐻 and 𝑢𝑏𝐻, where 

a and b are constants. 

For y = aH, (6) 

𝑢𝑎𝐻

𝑢∗
= 5.75 log (

30𝑎𝐻

𝑘𝑠
)  (7) 

Eliminating 𝑢∗ from Equations 6 and 7 and defining  =  𝑢𝑏𝐻 /𝑢𝑎𝐻, we can obtain: 

log (
𝐻

𝑘𝑠
) =

1.477(1−)+log(𝑏)− log(𝑎)

(−1)
  (8) 

Substituting the log (
𝐻

𝑘𝑠
) value of Equation 8 into Equation 5, 

𝑈𝑦

𝑢∗
=

𝐶

√𝑔
= √

8

𝑓
= 5.75 (

1.477(1−)+log(𝑏)− log(𝑎)

(−1)
) + 6.21  (9) 

Substituting Equation 9 into the correlation between the Chezy & Manning roughness coefficients, 𝑛 =  𝑅1/6/𝐶, 

Manning’s roughness n at a specific position z/B, where the velocity profiles were measured, can be expressed as [7]: 

𝑛𝑧/𝐵 =
𝐻1/6

√𝑔(
(5.75 log(𝑏)+2.28)−(2.28+5.75 log(𝑎))

(−1)
)
  (10) 

Equation 10 provides a method for calculating Manning’s roughness coefficient, nz/B, using the velocity data from 

two specific points: y = aH and y = bH. 
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The Manning’s roughness coefficient for the cross-section, called the composite Manning’s roughness coefficient, 

can then be calculated using the composite Manning’s roughness coefficient equation nco as proposed by Lotter (1933) 

[31]: 

𝑛𝑐𝑜 =
𝑃𝑅5/3

∑
1

𝑛𝑧/𝐵
𝑃𝑧/𝐵𝑅𝑧/𝐵

5/3  (11) 

where 𝑃𝑧/𝐵  and 𝑅𝑧/𝐵  are the wet perimeter and hydraulic radius for each subarea at z/B, respectively; P and R are 

respectively the total flow area’s wet perimeter and hydraulic radius at a cross-section. 

3. Results and Discussion 

3.1. Description of Measurement Data 

This paper analyzed 1,200 experimental data sets (from 120 flow runs) of velocity profiles and their characteristics 

under sediment-feeding and non-sediment-feeding flow conditions. In this study, the sediment-feeding flow represented 

equilibrium sediment transport, whereas the non-sediment-feeding flow corresponded to nonequilibrium sediment 

transport. The research considered the physical properties of two types of sand and various hydraulic characteristics. 

Measurements were conducted in both fixed-bed and movable-bed channels, with specific parameters used for 

identification. Table 1 summarizes the main flow parameter data collected from the measurement results. Given the 

large amount of data analyzed in this study, not all data can be included in Table 1. More complete and detailed running 

flow data can be found in Maini (2024) [32]. 

Table 1. Summary of the main flow parameters for some examples of runs 

Run Sw 
H 

(m) 
B/H 

R 

(m) 

T 

(oC) 
Re Fr 

U 

(m/s) 

Q 

(l/s) 

Qs 

(kg/s) 
Re* = u*.ks/v 

Non-sediment feeding flow with fixed bed (NSFFB) 

NSFFBA1-Sand1 0.0015 0.128 4.69 0.090 22.90 351121 0.58 0.651 50 0 72.49 

NSFFBA1-Sand2 0.0020 0.119 5.04 0.085 23.20 353570 0.65 0.700 50 0 97.49 

….. …. …. …. …. …. …. …. …. …. …. …. 

NSFFBO1-Sand1 0.0035 0.121 4.96 0.086 24.10 505346 0.88 0.964 70 0 113.80 

NSFFBO1-Sand2 0.0040 0.119 5.04 0.085 23.30 496143 0.91 0.980 70 0 141.46 

Sediment feeding flow with fixed bed (SFFB) 

SFFBA1-Sand1 0.0015 0.128 4.69 0.090 23.10 352753 0.58 0.651 50 0.0064 71.19 

SFFBA1-Sand2 0.0020 0.119 5.04 0.085 22.70 349492 0.65 0.700 50 0.0049 87.83 

….. …. …. …. …. …. …. …. …. …. …. …. 

SFFBO1-Sand1 0.0035 0.121 4.96 0.086 21.70 477957 0.88 0.964 70 0.0403 112.08 

SFFBO1-Sand2 0.0040 0.119 5.04 0.085 21.30 473457 0.91 0.980 70 0.0264 131.98 

Non-sediment feeding flow with movable bed (NSFMB) 

NSFMBA1-Sand1 0.0015 0.134 4.48 0.093 23.10 352753 0.54 0.622 50 0.0235 70.80 

NSFMBA1-Sand2 0.0020 0.125 4.79 0.088 23.20 353570 0.60 0.666 50 0.0179 88.23 

….. …. …. …. …. …. …. …. …. …. …. …. 

NSFMBO1-Sand1 0.0035 0.134 4.48 0.093 22.80 490428 0.76 0.871 70 0.1481 119.82 

NSFMBO1-Sand2 0.0040 0.134 4.48 0.093 23.30 496143 0.76 0.871 70 0.0965 134.53 

Sediment feeding flow with movable bed (SFMB) 

SFMBA1-Sand1 0.0015 0.131 4.58 0.091 23.70 357668 0.56 0.636 50 0.0294 70.52 

SFMBA1-Sand2 0.0020 0.122 4.91 0.087 22.70 349492 0.62 0.682 50 0.0223 83.02 

….. …. …. …. …. …. …. …. …. …. …. …. 

SFMBO1-Sand1 0.0035 0.128 4.69 0.090 22.30 484742 0.81 0.912 70 0.1852 116.76 

SFMBO1-Sand2 0.0040 0.125 4.80 0.088 21.30 473457 0.84 0.934 70 0.1206 142.32 

Note: B: channel width (= 0.60 m); d50: median diameter of particle (Sand1: uniform sediment = 1.55 mm and Sand2 = 1.85 mm); U: cross-section 

mean velocity (𝑈 = 𝑄/𝐴); Q: flow discharge; Qs: measured sediment bedload (kg/s); Sw = slope of the water surface; Re = Reynolds number; Fr 

= Froude number; B/H = aspect ratio width to flow depth; T = temperature; Re* = particle Reynolds number, ks = the Nikuradse roughness height; 

n = the viscosity of water. 

The flow codes were based on the parameters used in the measurement. “SF” denotes sediment-feeding flows, 

whereas “NSF” stands for non-sediment-feeding flows. “FB” indicates fixed-bed flows, and “MB” signifies movable-

bed flows. Letters A to O represent the discharge and channel slope variations, whereas numbers 1 and 2 indicate the 
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measurement sections 1 m apart. For instance, the code “NSFMBA1-Sand1” indicates that the measurement is from a 

non-sediment-feeding flow with a movable channel bed, specific discharge, and slope variations, taken from section 1, 

with bed material referred to as Sand1. 

3.2. Velocity Distribution 

Figure 4 presents the dimensionless velocity distribution u/U, where u is the point velocity and U is the cross-

sectional average velocity. Both flow conditions showed similar trends, with the velocity decreasing near the channel 

walls due to friction, most notably at vertical positions adjacent to the wall. Additionally, near the channel bottom (y/H 

< 0.2), flows with sediment feeding showed lower u/U values than those without feeding. Specifically, Figure 4-b 

indicates that sediment transport (fixed bed with sediment feeding) results in lower velocity compared with the non-

sediment transport condition in Figure 4-a (fixed bed without sediment feeding), suggesting that sediment transport 

reduces velocity despite similar flow rates. The position where u/U = 1 varies with the transverse position (z/B), typically 

occurring at z/B = 0.10–0.20, indicating that the velocity at this location represents the cross-sectional average velocity. 

Furthermore, the velocity at y/H = 0.4 is generally regarded as the average depth velocity, as supported by Colebrook & 

White (1937) [33], Keulegan (1938) [19], Maini et al. (2024) [7]. 

     

Figure 4. Typical velocity profiles, u/U vs. y/H; Non-sediment feeding fixed-bed (NSFFBA1-Sand1), (b) Sediment feeding 

fixed-bed (SFFBA1-Sand1) 

Figure 5 reveals notable differences in the velocity ratio u/U. In particular, in the inner region (y/H ≤ 0.2), sediment-

fed flows exhibited lower velocities than non-sediment-fed flows. In contrast, the velocity increased in the outer region, 

as indicated by the arrows in Figure 5. Additionally, the inner region (y/H ≤ 0.2) displayed a more “slender” velocity 

profile for sediment-fed flows. A comparison between NSFFBA1 (non-sediment feeding on a fixed bed) and SFFBA1 

(sediment feeding on a fixed bed) confirmed this trend, with higher u/U values in NSFFBA1 than in SFFBA1. 

     

Figure 5. Comparison of the flow velocity distributions between non-sediment feeding and sediment feeding flows: (a) Fixed 

bed (NSFFBA1-Sand1 and SFFBA1-Sand1); (b) mobile bed (NSFMBA1-Sand1 and SFMBA1-Sand1) 
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The experimental results also showed that the flow characteristics with sediment feeding for fixed-bed and movable-

bed channels differed in the flow velocity distribution in the inner and outer regions (y/H ≤ 0.2 and y/H ≥ 0.2). In fixed-

bed channels, the flow velocity distribution with sediment feeding in the inner region (y/H ≤ 0.2) was 16.61% lower 

than that without sediment feeding. Meanwhile, in movable-bed channels, the flow velocity with sediment feeding in 

the inner region was 13.16% lower than the flow without sediment feeding. 

3.3. Shear Velocity, u*, and Integration Numeric Constant, Br 

The Clauser, energy gradient, and Reynolds stress methods of Kironoto & Graf (1994) [28] can accurately determine 

the shear velocity. The velocity profiles in log-law coordinates (u* vs. y/ks) measured in both fixed-bed and movable-

bed channels, with and without sediment feeding, are shown in Figures 6-a, 6-b, 6-c, and 6-d, respectively; the data 

given in the figures are velocity profile data at the center of the channel. The log-law equation confirms that it adequately 

explains the data within the inner region [28], with slight deviations occurring in the outer region. The figures show that 

the measurement data in the inner region follow a logarithmic velocity distribution, allowing for the determination of 

the shear velocity (and the integration constant Br) using the Clauser method. This method involves fitting the data from 

the inner region (y/H ≤ 0.2), represented in logarithmic coordinates as u versus ln(y/ks), to Equation (3), using a least 

squares adjustment with the Karman constant κ = 0.4. In the outer region, the velocity profiles slightly deviate from the 

log-law velocity distribution. This deviation is more pronounced for sediment-feeding flows. There was no significant 

difference in the velocity profiles for the fixed- and movable-flow data. 

  

  

Figure 6. Clauser’s method for determining shear velocity (u*) and integration constant (Br): (a) Non-sediment feeding with 

a fixed bed (NSFFBA1-Sand1), (b) sediment feeding with a fixed bed (SFFBA1-Sand1), (c) non-sediment feeding with a 

movable bed (NSFMBA1-Sand1), and (d) sediment feeding with a movable bed (SFMBA1-Sand1). 

In Figure 7, the shear velocity at a given position z/B, normalized by the shear velocity at the center of the channel 

(𝑢∗𝑧/𝐵/ 𝑢∗𝑉𝐴), is plotted against z/B. The plotted data show that the shear velocity decreases as it approaches the channel 

walls. The same trend was observed for all the data obtained in this study, that is, for sediment-feeding and non-

sediment-feeding flow conditions and fixed and movable beds, even though scattered data were more commonly 

observed for the plotted data of Sand2, particularly for the data points closer to the channel wall. 
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Figure 7. Influence of channel walls on the shear velocity values of the plot of u*z/B/u*VA vs. z/B: (a) Sand1 and (b) Sand2 

The plotted data in Figures 8-a and 8-b show the Br values obtained using the Clauser method at the center of the 

channel (i.e., at z/B = 0.5). For non-sediment-feeding flows, the Br values were generally around 8.5 ± 15 (as stated by 

Reynolds (1974, 1979) for clear water flow [34]) and remained relatively constant with log(u*ks/ν), with the average 

values of Br = 7.57 ± 0.45. In contrast, Figure 8-b shows that the Br values for sediment-feeding flows tended to decrease 

with log (u*ks/ν), with some values falling below and outside the range of 8.5 ± 15. There was no significant difference 

in the Br values for the fixed and movable bed flow data and the bed roughness of Sand1 and Sand2 

 

 

Figure 8. (a) Variation of Br with roughness Reynolds number Re* = u*ks/v for non-sediment-feeding flows. (b) Variation of 

Br with the roughness particle Reynolds number Re* = u*ks/v for sediment-feeding flows 
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In Figure 9, the Br values obtained from the Clauser method, using the velocity profile data measured in the inner 

region at a specific z/B position, are plotted against z/B in the transverse direction. The Br values at each z/B position in 

Figure 9 are the average of all data obtained at that specific z/B. In the figure, the Br values are plotted and distinguished 

based on the sediment-feeding and non-sediment-feeding flow conditions and the fixed-bed and movable-bed 

conditions. The plot data indicate that the Br values decrease as they approach the channel wall in the transverse 

direction, and there is a significant difference in values for the sediment-feeding and non-sediment-feeding flows. 

Kironoto et al. (2019) [23] observed the same pattern for flow in the field, both in the artificial Mataram irrigation 

channel and in natural rivers, such as the Kuning River and Opak River in Yogyakarta, Indonesia. Figure 9 also shows 

that the distinction between the fixed and movable beds is not noticeable. 

 

Figure 9. Plot of Br values vs. z/B for non-sediment-feeding and sediment-feeding flows in fixed and movable beds 

The plot data in Figure 9 indicate that the Br value tends to decrease as it approaches the channel sidewall, leading 

to the derivation of an equation that predicts the Br value at various vertical positions from the center to the edge of the 

channel. The regression curves for the Br value as a function of z/B can be derived from the correlation presented in 

Figure 9. Considering that the differences between the fixed- and movable-bed data are insignificant, the correlation of 

the Br value equation as a function of z/B is only differentiated for sediment-feeding and non-sediment-feeding flows. 

The regression curves for Br as a function of z/B can be derived and are given in the following equations. 

For non-sediment feeding flow, 

𝐵𝑟 = 0.21ln (
𝑧

𝐵
) + 8.65  (12) 

For sediment feeding flow: 

𝐵𝑟 = 0.30ln (
𝑧

𝐵
) + 7.80  (13) 

At z/B = 0.5, which corresponds to the center of the channel, the Br values are about 8.5 and 7.6 for the non-sediment-

feeding and sediment-feeding flows, respectively. 

Thus, on the basis of the laboratory measurement data obtained in this study for both non-sediment-feeding and 

sediment-feeding flows, the velocity distribution at a specific vertical position in the transverse direction z/B can be 

determined using Equation 3. The Br values for the non-sediment-feeding and sediment-feeding flows are provided by 

Equations 12 and 13, respectively. Additional factors that may influence the velocity distribution, such as bed roughness 

and material gradation, require further verification for laboratory and natural river flows. 

3.4. Manning's Roughness Coefficient (nz/B) Equation Based on Two-Point Velocity Measurement 

In principle, Equation 10 can determine nz/B on the basis of the velocity measurements at two points, y/H = a and b, 

where a and b represent any given location of vertical positions at a given depth, as long as the logarithmic law of 

velocity distribution remains valid throughout the entire flow depth. However, because Equation 10 is derived under the 
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assumption that the velocity profile follows the logarithmic law, which is theoretically valid in the inner region (y/H ≤ 

0.2), as stated by Nezu & Rodi (1986) [35] and Kironoto & Graf (1994) [28], the use of the two points of y/H in the 

inner region is preferred. Meanwhile, Keulegan (1938) [19] demonstrated that for practicing purposes, the logarithmic 

law of velocity distribution can be applied across the entire flow depth, allowing the use of measurement points in the 

outer region. Given these conditions, Equation 10 for determining nz/B can be evaluated using velocity measurements at 

two points at any specific y/H location. This applies to the inner and outer regions, provided that the velocity 

measurements at the two points are accurate and adhere to the logarithmic law. 

In this study, these points were taken in the inner and outer regions at the following pairs of points: y/H = 0.1 and 

0.2, y/H = 0.2 and 0.4, y/H = 0.2 and 0.6, and y/H = 0.2 and 0.8. Using different pairs of y/H values, specifically y/H = 

0.1 and 0.2, y/H = 0.2 and 0.4, y/H = 0.2 and 0.6, and y/H = 0.2 and 0.8, the expression for Equation 10 can be rewritten 

as Equations 14 to 17, as presented in Table 2. 

Table 2. Manning’s roughness coefficient equations based on two-point velocity measurements at any point of y = aH and y = bH 

Two-point velocity measurement at: 

 y = aH and y = bH ( 𝒖𝒂𝑯 and 𝒖𝒃𝑯) 

Manning’s roughness  

coefficient equation 
Equation Number 

𝑢0.1𝐻 and 𝑢0.2𝐻 

𝑛𝑧/𝐵 =
𝐻1/6

[
−5.45 + 10.9 (

𝑢0.2𝐻

𝑢0.1𝐻
)

(
𝑢0.2𝐻

𝑢0.1𝐻
− 1)

]

 

(14) 

𝑢0.2𝐻 and 𝑢0.4𝐻 

𝑛𝑧/𝐵 =
𝐻1/6

[
−0.03 + 5.45 (

𝑢0.4

𝑢0.2
)

(
𝑢0.4

𝑢0.2
− 1)

]

 

(15) 

𝑢0.2𝐻 and 𝑢0.6𝐻 

𝑛𝑧/𝐵 =
𝐻1/6

[
3.15 + 5.45 (

𝑢0.6

𝑢0.2
)

(
𝑢0.6

𝑢0.2
− 1)

]

 

(16) 

𝑢0.2𝐻 and 𝑢0.8𝐻 

𝑛𝑧/𝐵 =
𝐻1/6

[
5.40 + 5.45 (

𝑢0.8

𝑢0.2
)

(
𝑢0.8

𝑢0.2
− 1)

]

 

(17) 

On the basis of these pairs of velocity measurements, Equations 14 to 17 can be used to calculate nz/B in the transverse 

direction z/B. The resulting values of nz/B derived from these equations may vary depending on the quality and accuracy 

of the velocity measurement data and the degree to which the measured velocity profiles conform to the logarithmic 

velocity distribution law. 

3.5. Composite Manning Roughness Coefficient, nco 

The composite Manning’s roughness coefficient, nco, was determined using Manning’s roughness coefficients 

at different values of z/B within a cross-section, based on Equations 11 and 10 or their derivative equations, as 

provided in Table 2. Figure 10 plots nco as a function of the cross-section mean velocity, U, calculated using 

Equations 11 and 15 for non-sediment-feeding and sediment-feeding flows, respectively. The values range between 

0.01 and 0.025. The figure indicates that the nco values for flows with sediment feeding are higher than those without 

sediment feeding. Comparing the nco values between the bed materials Sand1 (ks = 1.55 mm) and Sand2 (ks = 1.85 

mm), we observed that Manning’s roughness coefficient for Sand2 was higher and more significant than that for 

Sand1. 

In this study, under fixed-bed conditions without sediment transport, Manning’s roughness coefficient ranged from 

0.010 to 0.017. When sediment was introduced at concentrations between 4.9 and 40.3 g/s, the coefficient increased 

from 0.013 to 0.022. Under movable-bed conditions, the coefficient increased from 0.019 to 0.025 as the sediment 

concentration increased to 22.3 and 120.6 g/s. Maini et al. (2024) observed an even more significant increase, with the 

coefficient reaching between 0.022 and 0.036 for sediment concentrations of 65.1 to 181.5 g/s. 

This study also quantified the increases in roughness due to sediment feeding. Compared with clear water flow, 

sediment transport increased Manning’s roughness coefficient by an average of 31.32% in fixed-bed channels and 

by 27.37% in movable-bed channels. This occurred because the sediment particles reduced the flow velocity and 
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created a “slender” velocity distribution, resulting in greater roughness (see Figure 5). However, the study was 

limited to a specific range of sediment concentrations, leaving the effects of higher concentrations unexamined. 

Further research is needed to determine the upper limits of sediment influence and to enhance our understanding of 

sediment-laden flow hydraulics. 

 

Figure 10. Plot of nco vs. U 

3.6. Validation of Manning Roughness Coefficient Equation 

For practical purposes, nco (Equation 11) or n (Equation 1) is more practical and valuable compared with nz/B 

(Equation 10 or its derivative equations in Table 2). Although its calculation is more complex, nco, derived from nz/B, is 

more accurate than n. Furthermore, this equation can also detect the presence of sediment transport on the basis of 

changes in the velocity profile caused by sediment transport. 

The accuracy of nco depends on nz/B, which depends on the velocity measurement accuracy. To ensure the validity of 

Equation 10 or its derivatives (Equations 14 to 17 in Table 2), nz/B was evaluated using two velocity measurement points 

from 1,200 velocity profiles (from 120 flow runs) measured in this study, covering flows with and without sediment 

feeding over fixed and movable beds. Additionally, secondary laboratory data obtained by Kironoto (2008) [36] and 

secondary field data obtained by Kironoto et al. (2018; 2019) [23, 24] were used for further analysis. Kironoto (2008) 

[36] collected 50 sets of velocity profile data for suspended sediment flow, measured at the Hydraulics and Hydrology 

Laboratory, Research Center for Engineering Science, Universitas Gadjah Mada in Yogyakarta, Indonesia, covering 

flows with and without sediment bedload.  

Furthermore, 70 sets of velocity profile data from the Mataram irrigation channel in Yogyakarta, Indonesia, 

collected by Kironoto and Yulistiyanto (2016) [22], 25 sets from the Opak River (Kironoto et al., 2018)[24], and 

30 sets from the Kuning River (Yulistiyanto et al., 2019) [23] were included for further analysis. Thus, a total of 

225 secondary velocity profile datasets were used as supplementary data to verify and validate the Manning’s 

roughness coefficient equations. 

Composite Manning’s roughness coefficients nco obtained from Manning’s roughness coefficient at z/B and at 

specific positions of y/H, namely, nco (y/H), calculated using Equation 11 together with Equations 14 to 17, were 

compared with each other and plotted in Figures 11-a to 11-c. In Figure 11-c, because of the limitations of the ADV 

equipment used in this study, which could not measure the velocity at y/H = 0.8, the nco values based on nz/B for y/H = 

0.2 and 0.8 were not included. 
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Figure 11. Comparison of nco (y/H) values based on the two-point velocity at (a) y/H = 0.1 and 0.2 vs y/H = 0.2 and 0.4, (b) 

y/H = 0.1 and 0.2 vs y/H = 0.2 and 0.6, and (c) y/H = 0.1 and 0.2 vs. y/H = 0.2 and 0.8 
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The data plotted in Figures 11-a to 11-c show that when nco calculated using Equations 10 and 14—for y/H = 0.1 

and 0.2—was set as the reference value and compared with the values calculated using the three other equations 

(Equations 15, 16, and 17), the comparison showed a poor match, especially for the field data, either for irrigation 

channel or natural river data. This discrepancy was most likely caused by the challenges and potential inaccuracies 

associated with the flow velocity measurements in the inner region, even though the velocity measurement data in this 

region (y/H ≤ 0.2) should be more favorable as they followed the logarithmic law of velocity distribution [28]. 

The comparison of nco values illustrated in Figures 11-a to 11-c shows that nco calculated using nz/B with velocity 

data from points at y/H = 0.1 and 0.2 produced different results compared with those derived from other pairs of points 

of y/H, such as y/H = 0.2 and 0.4, y/H = 0.2 and 0.6, or y/H = 0.2 and 0.8. Consequently, it was not possible to definitively 

conclude which position of y/H offers the most accurate prediction of nco. Considering the inadequacy of the comparison 

results in Figures 11-a to 11-c, we must determine which pair of y/H provides nco values closest to each other or offers 

the best prediction of nco. To achieve this, calculations and comparisons were performed using the same methods and 

equations described earlier. After conducting several calculations and comparisons, nco determined using nz/B with the 

paired values of y/H = 0.2 and 0.4 (Equation 15) had the best agreement with nco calculated using other paired y/H-

values. Figure 12 compares the nco values calculated using Equation 15 (y/H = 0.2 and 0.4) and Equation 16 (y/H = 0.2 

and 0.6). These positions lay in the region around the inner and outer regions. Notably, most velocity profile data within 

the 0.2 ≤ y/H ≤ 0.60 range closely aligned with the logarithmic velocity distribution law, especially for the present 

laboratory data (see Figure 6 above). Therefore, calculating nz/B within this position range can provide reasonable 

predictions of nz/B. The data quality within this range is likely more reliable as the potential difficulties in velocity 

measurement are relatively less challenging than those in the inner region (y/H ≤ 0.2). For the field data, scattering was 

observed, which might also be related to measurement data difficulties and was more challenging than that of the 

laboratory measurements. 

 

Figure 12. Comparison of nco values determined using nz/B with the two points of velocity at y/H = 0.2 and 0.4 and at y/H = 0.2 and 0.6 

For y/H > 0.6, some measurement data showed deviations from the logarithmic velocity distribution, following the 

velocity distribution law in the wake zone [28]. Consequently, the pair values of y/H = 0.2 and 0.8 did not give better 

results than those of the pair points y/H = 0.2 and 0.4. In conclusion, given the above-analyzed data, nco can be 

determined using nz/B with velocity data taken from paired points of y/H = 0.2 and 0.4. 

In addition to nco, n, as given in Equation 1, is often used for practical purposes. A study and comparison assessed 

how well the composite Manning’s roughness coefficient values calculated using Equations 11 and 15 align with those 

calculated using Equation 1. The plot of nco and n for flow data with SF and NSF of the present data is shown in Figure 

13. The data fell close to the line of perfect agreement, indicating that nco, calculated using Equation 11 together with 

Equation 15, and n, calculated using Equation 1, provided nearly identical predictions, particularly for the data without 
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sediment feeding. However, for the data with sediment feeding, it could be observed that nco was greater than n because 

nco incorporated velocity distribution data, whose distribution shape was known to change due to sediment feeding (bed 

load). In contrast, Equation 1, which was used to calculate n, could not account for the presence or absence of sediment-

feeding effects. 

 

Figure 13. Plot of nco using two points of velocity at y/H = 0.2 and 0.4 vs. n 

Many significant scattered data were observed for the field measurements, likely due to challenges and potential 

inaccuracies in the flow velocity measurements. Another factor that may have contributed to the data scatter was the 

influence of suspended sediment (and bed load sediment) on the velocity profile (Kironoto, 2008) [36]. These factors 

influenced the composite Manning’s roughness coefficient, which was determined from two-point velocities. However, 

their impact on the velocity distribution, including their effect on nco, could not be thoroughly evaluated in this study. 

Conversely, n remained unchanged despite the sediment transport. 

nco, calculated using Equations 11 and 15, was generally higher than n obtained from Equation 1, particularly for 

sediment-feeding flows (see Figure 13). The differences reached 33.01% for the fixed bed and 36.52% for the movable 

bed. The difference was smaller for non-sediment-feeding flows, with increases of 14.80% for the fixed bed and 18.17% 

for the movable bed. Despite these variations, the values remained within the acceptable limits for practical applications. 

The higher nco can be attributed to the physical processes occurring within the flow. The composite Manning approach 

considers velocity variations across vertical subareas within a single cross-section, providing a more accurate 

representation of flow inhomogeneity. In contrast, cross-sectional methods rely on a cross-sectional average, which does 

not fully capture the detailed velocity distribution. 

The increase in Manning’s roughness coefficient caused by flows carrying sediment particles suggests that sediment-

feeding flows likely consume more energy and result in more significant energy losses as a substantial amount of energy 

is expended in lifting and transporting sediment particles, as stated by Chow (1959) [1], Song et al. (1998) [12], Maini 

et al. (2023) [37], and Maini et al. (2024) [7, 38]. 

3.7. Determination of Composite Manning Roughness Coefficient, nco, as a function of z/B 

As previously mentioned, the calculation of the composite Manning’s roughness coefficient using Equations 11 and 

15 requires velocity data at several transverse positions (z/B) within a cross-section and at specific vertical positions 

(y/H). This process can be quite time-consuming. Therefore, a method is needed where the required velocity 

measurement data are limited to particular z/B positions only. While the y/H positions have been discussed and proposed, 

such as at y/H = 0.2 and 0.4, the evaluation of nz/B/nco as a function of z/B is presented in the following. 

Figure 14 shows the plot of nz/B/nco as a function of z/B in the transverse direction, where nz/B represents Manning’s 

roughness coefficient at z/B and nco is the composite Manning’s roughness coefficient for the section. The regression 
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curve presented in the figure is based on the laboratory data obtained in this study. The curve in the figure indicates that 

the nz/B/nco values for the present data tend to decrease as they approach the channel sidewall. It is also observed with 

small data scatter that the point where nz/B/nco = 1 occurs at z/B = 0.2. This suggests that nz/B measured at z/B = 0.2 from 

the channel sidewall provides a good representation of nco for the section. Although this assumption may be sensitive to 

variations in channel cross-sectional shape and width-to-depth ratio, the present laboratory data — characterized by 

rectangular cross-sections and B/H ratios between 3.85 and 6 — did not exhibit significant sensitivity, as the variation 

remained within an acceptable scatter range. 

 

Figure 14. The plot of Manning roughness coefficient 𝒏𝒛/𝑩/𝒏𝒄𝒐 vs. z/B 

The same figure also includes secondary data from Kironoto (2008) [36], Kironoto & Yulistiyanto (2016) [22], and 

Kironoto et al. (2018, 2019) [23, 24]. In contrast, the field data displayed greater scatter, likely due to more irregular 

channel cross-sections and wider variability in width-to-depth ratios. For instance, the Mataram irrigation channel has a 

trapezoidal cross-section, while the Opak and Kuning Rivers exhibit natural, irregular cross-sections, differing 

substantially from the rectangular sections used in the laboratory experiments. Therefore, further research is 

recommended to evaluate the validity of this assumption under more complex and variable channel geometries. 

After evaluating the plot data in Figures 13 and 14, it can be suggested that nco can be determined using velocity 

measurement data at depths of y/H = 0.2 and 0.4 and at a transverse position of z/B = 0.20 from the channel sidewall. 

3.8. Comparison of Manning’s Roughness Coefficients in the Present and Previous Studies 

Figure 15 compares Manning’s roughness coefficients from this study with those of previous research by Boyer 

(1954) [39], Zhang et al. (2010) [8], and Maini et al. (2024) [7], along with the previously mentioned secondary data. 

The present study included experimental results under fixed-bed and movable-bed conditions, both with and without 

sediment transport. Meanwhile, Boyer (1954) [39] analyzed velocity distribution data from 22 natural rivers in the 

northwestern United States, reporting H/ks values ranging from 1.3 to 220, with most values below 20. Boyer (1954) 

[39] estimated Manning’s roughness coefficient based on the velocity at points y/H = 0.2 and y/H = 0.8 to determine the 

cross-sectional Manning’s roughness coefficient and did not calculate the composite Manning’s roughness coefficient. 

Zhang et al. (2010) [8] estimated Manning’s roughness coefficient using the average cross-sectional velocity, obtaining 

H/ks values below 40. This study recorded H/ks values above 50, whereas Maini et al. (2024) [7] reported values 

exceeding 100. Except for some data from Zhang et al. (2010) [8], all the plotted data fell within a similar n/H1/6 range 

and followed a consistent trend: Manning’s roughness coefficient (n) decreased as the H/ks values increased. This 

indicates that in deeper flows, bed roughness has less influence on the velocity near the surface, resulting in lower 

roughness values. 
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Figure 15. Comparison of Manning’s roughness coefficients in the present and previous studies 

4. Conclusions 

This study takes an alternative approach by using two points of velocity profiles to examine how sediment feeding 

affects Manning’s roughness coefficient. After analyzing the velocity data profiles of primary and secondary data sets, 

some findings are drawn as follows. 

 In sediment-feeding flows, particularly in inner regions (y/H ≤ 0.2), the flow velocity (u/U) is lower than that in 

non-sediment-feeding flows. However, farther from the wall, the velocity in sediment-feeding flows is relatively 

higher than that in non-sediment-feeding flows. This change in the velocity profile, especially in inner regions, 

impacts the shear velocity u* and the logarithmic velocity distribution law’s numerical integration constant Br. 

 The Br value obtained using the Clauser method decreases as it approaches the channel sidewall; non-sediment-

feeding flows have higher Br values than sediment-feeding flows; that is, Br = 8.5 ± 15%. Meanwhile, the Br value 

in flows with sediment feeding tends to be smaller (less than 8.5), where some values fall below and outside the 

range of 8.5 ± 15%. 

 nz/B in the transverse direction can be determined using two points of the velocity profile at z/B, with y/H = 0.2 and 

0.4, according to Equation (15). The differences in the shape of the velocity profiles (u/U) due to sediment feeding, 

particularly in the inner region (y/H ≤ 0.2), affect the value of nz/B. 

 nco can be determined from nz/B using Equations (11) and (15). The values of nco are generally higher than n 

obtained from Equation (1), particularly for sediment-feeding flows. 

 In the case of non-sediment-feeding flow, the differences in nco compared with n are 14.80% for a fixed bed and 

18.17% for a movable bed. These differences are more pronounced for sediment-feeding flow at 33.01% for a 

fixed bed and 36.52% for a movable bed. In addition, the nco value for sediment-feeding flows tends to be higher 

than the nco value for non-sediment-feeding flows. 

 The point where nz/B/nco = 1 occurs at z/B = 0.2 from the channel sidewall, which suggests that nz/B measured at z/B 

= 0.2 from the channel sidewall provides a good representation of nco for the section. 

 The Manning roughness coefficient, n, decreases as H/ks increases, as deeper flows reduce the influence of bed 

roughness. This trend is consistent with previous studies compared with the present data. 
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