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Objectives

Brief overview of examples and techniques:
1. Fall Velocity; 
2. Turbulent Velocity Profiles;
3. Incipient Motion;
4. Bedforms. 
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1.  Fall Velocity
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Los Corales
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Sand Gravel Cobbles
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Laboratory Techniques for 
Measuring Fall Velocity

Visual Accumulation Tube method 
VAT

• Direct Method 

• Particle Size
– Between 0.062 mm to 2 mm
– Sands

• Equipment
– Special Settling Tube
– Recording Mechanism
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Bottom Withdrawal Tube method
BWT

• Direct Method

• Particle Size
– Smaller than 0.062 mm
– Fine Sands and Silts

• Equipment
– Special Settling Tube as shown
– 10 mL samples are withdrawn 

based on a time schedule
– Samples are placed on 

evaporation dishes to determine 
weight

Pipette Method
• Indirect Method

• Particle Size
– Smaller than 0.062 mm
– Silts and Coarse Clays

• Equipment
– Concentration is measured 

at a predetermined depth 
as a function of settling 
time
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Hydrometer Method
• Indirect Method

• Equipment
– Determines the 

Specific weight of the 
mixture

Example - Fall Velocity
• Assumptions

– T = 15º

v = 1.14*10-6 m2/s
– G=2.65 quartz

• Given
– ds = d50 = 1.182 mm
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2.  Turbulent Velocity 
Profiles

Open Channel Flow
• Pressure Distribution

• Shear Stress

• Shear Velocity
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Turbulent Flow Equations
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Logarithmic Velocity Profile
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Depth Average Velocity
• One Point Method

– Measured down from water surface at 60% of the total flow 
depth

• Two Point Method
– Average the velocity at 20 and 80% of the total flow depth

• Three Point Method
– Average of the one –point and two-point methods. 

• Surface Method
– Determine surface velocity using a float and multiply the 

velocity by a coefficient to determine the average velocity

Resistance to Flow
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Saint-Venant Equation
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Example – Rhine River 
In 1998 a flood was 
observed on the Rhine 
River, in the Netherlands.  
The following is the data 
that was obtained on the 
Rhine on November 3rd.

Q = 9,464 cms
S = 13.12 cm/km
h = 9.9 m (from velocity profile)
W = 260 m 
d90 = 12.190 mm
d50 = 1.182 mm

The velocity profile is 
given as follows:

Determine the shear, 
mean and fall velocities.  

Depth Velocity Depth Velocity
m m/s m m/s

0.3 0.74 2.2 1.63
0.3 0.81 3.5 1.92
0.3 0.72 4 1.85
0.4 0.47 4.1 1.86
0.5 0.84 5.3 1.99
0.8 1.22 6 1.98
0.9 1.34 7.3 2.08
1.2 1.38 8 2.04
1.3 1.47 9 1.9
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Example - Shear Velocity
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Example - Mean Velocity
• Method A – at 60%

• Method B – at 20% and 80%

• Method C –
Average of Method A and Method B

This image cannot currently be displayed.

s
mv

s
m

s
m

v

mhz
mhz

mh

mean

mean

82.1

2

59.104.2

98.1
92.7

9.9

%80

%20











s
mv

mhz
mh

mean 86.1

96.3
9.9

%60




 Depth Velocity

m m/s
3.5 1.92

3.96 1.86
4 1.85

Depth Velocity
m m/s
1.3 1.47

1.98 1.59
2.2 1.63

Depth Velocity
m m/s
7.3 2.08

7.92 2.04
8 2.04

s
mv

s
m

s
m

v

mean

mean

84.1

2

82.186.1








14

3.  Incipient Motion

Angle of Repose 
Effects of Angularity

Motion occurs when 
the center of gravity 
(G), is inline with the 
point of contact (C). 60 
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Angle of Repose
Particle Orientation
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Angle of Repose 
Boundary and Particle Size

Los Corales
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Incipient Motion

Shields Parameter
• Ratio of 

Hydrodynamic Forces 
to Submerged Weight
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Calculating Critical Shear Stress
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4.  Bedforms

What are bedform?
Initiation of Bedforms on a flat bed

Wind Blown    
Ripples on Dunes

Antidunes

Ripples

Dunes
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Lower Regime - Ripples
• Small Grain Diameter

– d50 < 0. 6mm
• Manning n

– 0.018 to 0.028
• Concentration 

– 10 to 200 mg/L
• Small Features

– Less than 20 cm long 
– A few cm high 

• Dominant Roughness
– Form

Linguoid current ripples              
Kennetcook River

Lower Regime - Dunes
• Coarser Grain Diameter

– d50 < 2 mm
• Manning n

– 0.02 to 0.04
• Concentration 

– 200 to 3000 mg/L
• Large Features

– Up to tens of meters in 
height 

• Dominant Roughness
– Form

• Field Characteristic
– Boils on the water surface
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Transition - Washed Out Dunes

• Manning n
– 0.014-0.025

• Concentration 
– 1,000 to 4,000 mg/L

• Water Surface Profile
– Out of Phase

• Dominant Roughness
– Form or Grain

Upper Regime - Plane Bed
• Manning n

– 0.010 to 0.013
• Concentration 

– 2,000 to 4,000 mg/L
• Water Surface Profile

– Parallel
• Dominant Roughness

– Grain
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Upper Regime – Antidunes
• Manning n

– 0.010 to 0.020
• Concentration 

– 2,000 to 5,000 mg/L
• Water Surface Profile

– In Phase
• Dominant Roughness

– Grain

Upper Regime – Chutes and Pools

• Manning n
– 0.018 to 0.035

• Concentration 
– 5,000 to 50,000 mg/L

• Water Surface Profile
– In Phase

• Dominant Roughness
– Variable



24

Bedform 
Prediction Methods
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Bedform Classification
• Bedforms are 

classified based on:
– Shape
– Resistance to Flow 

(Energy Dissipation)
– Sediment Transport
– Relationship between 

the bed and water 
surface Forms of bed roughness in sand channels                          

(Simons and Richardson 1963, 1966)

Based on the Shields Number
Chabert and Chauvin, 1963
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Based on Stream Power
Simons and Richardson, 1963, 1966

Based on Transport-Stage Parameter
van Rijn, 1984b
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Laboratory Bedform Geometry from 
van Rijn, 1984

Bedform Profiles
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Dune Height from Large Rivers

Dune Steepness from Large Rivers
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Resistance to Flow

Resistance to Flow

• Grain Resistance
– Accounts for Forces Acting on an Particle 

• Form Resistance
– Accounts for Bedform Configuration

• Total Resistance
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Engelund’s Resistance  Method

• Assume value for h’

• Calculate τ’*

• Determine τ* from Figure

• Calculate h

• Calculate V

• Calculate h using Continuity
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van Rijn’s Resistance Method
• Calculate d*

• Calculate critical bed shear

• Determine τ’* from Engelund
• Calculate Transport Parameter

• Determine Bedform from Figure 
• Calculate bedform height

• Calculate bedform length
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Example - Rhine River
In 1998 a flood was observed on the Rhine River, in the 
Netherlands.  The following is the data that was obtained on the 
Rhine on November 3rd.

Q = 9,464 cms
S = 13.12 cm/km
h = 9.9 m (from velocity profile)
V = 1.83 m/s
W = 260 m 
d90 = 12.190 mm
d50 = 1.182 mm

Determine the bed form type based on Simons and Richardson 
and the van Rijn methods

Example – Bedform Predictor
• Stream Power

• ds = 1.182 mm
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Simons and Richardson’s method predicts washed-out dunes
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Example - van Rijn
• Calculate d*

• Calculate critical bed shear

• Determine τ’* from Engelund

• Calculate Transport Parameter
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Based on result the expected bed forms are DUNES.  In the field, dunes 
0.9 m high and 20 m long were observed. 

Example - Determine τ*’
• Calculate Shields Parameter

• Using Engelund’s Figure determine τ*’
    666.0

001182.0*165.2
0001312.0*9.9

1 50
* 







m
dG

hSo

2.0'* 



33

Example – Dune Height and Length

• Bedform Height

• Bedform Length
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In the field, the dunes are measured to be 0.9 m high and 20 m long were 
observed.

Rhine River Flood 1988
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Rhine River Flood 1998

Study Area of the Rhine River
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Field Surveys on the Rhine River

Bedform Profiles
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Dune Height during the Flood

Manning n during the Flood
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Example Amazon River
In 1984 data were collected on the Amazon River 

at Obidos
T =  28°C So = 0.0000138
W =  2,200 meters h = 48.50 meters
d50 = 0.122 mm d90 = 0.662 mm
Q = 177,000 m3/s

Determine the bedform type based on Simons and 
Richardson and the van Rijn methods.

Calculate 
Depth and Velocity

• Need to Determine 
Velocity

• Assume value for h’
h’ = 26 m

• Calculate τ’*

• Determine τ* from Figure
τ* =3.11

• Calculate h

• Calculate V

• Calculate h
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Simons and Richardson
• Stream Power

• ds = 0.122mm
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van Rijn
• Calculate d*

• Calculate critical bed shear

• Determine τ’* from Engelund

• Calculate Transport Parameter
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