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Objectives
Erosion and Sedimentation:

1. Sediment Properties and Fall Velocity; 
2. Flow Properties;
3. Incipient Motion;
4. Riprap Design;
5. Bed Load and Suspended Load;
6. Flow in Bends.

1. Sediment Properties and 
Fall Velocity



2

Los Corales

Sand Gravel Cobbles
v.f. fine med. c. v.f. fine med. c.v.c. v.c. small large

100

90

80

70

60

50

40

30

20

10

0

%
 b

y 
w

ei
gh

t f
in

er
 th

an

25612864321684210.50.250.1250.0625

d d d10 50 90
Diameter (mm)

Vs

d d d16 50 84

Vv

φ



3

Fall Velocity
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2. Flow Properties

Logarithmic Velocity Profile

o

x

z
z

u
v ln1

* κ
=



4

Open Channel Flow
• Pressure Distribution

• Shear Stress

• Shear Velocity

( )zhgp

gdzdp
h

zp

−=

−= ∫∫
ρ

ρ
0

( )
fo

fzx

ghS
Szhg

ρτ

ρτ

=

−=

f
o ghSu ==

ρ
τ

*

Sw

So

Datum

zo

h

SfV2/2g

g

g sin a
t o

t zxp

Q

x

z

Example - Shear Velocity

s
mu

m
s
mghSu f

113.0

0001312.0*9.9*81.9

*

2*

=

==

Resistance to Flow



5

3. Incipient Motion

Incipient Motion

Angle of Repose 
Effects of Angularity

Motion occurs when 
the center of gravity 
(G), is inline with the 
point of contact (C). o60== φθ
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Angle of Repose
Granular Material

Shields Parameter
• Ratio of 

Hydrodynamic Forces 
to Submerged Weight
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Critical Shear Stress

4. Riprap Design
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CHANNEL PROTECTION - RIPRAP
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Velocity Method
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Riprap Design

Gradation of Riprap
• Well graded riprap 

scours less than 
uniform size riprap due 
to the process of 
armoring

• Suggested Riprap 
gradation from USACE 
is shown to the right

• Riprap with poor 
gradation may be used, 
but a “filter” layer is 
required



10

Gravel Filters
• Gravel filters should 

not be less than 15 
to 23 cm 

• ½ thickness of 
Riprap layer is a 
good guideline

• Suggested gravel 
filter gradation 
equations are 
shown to the right
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5. Bedload and 
Suspended Load

Incipient Motion
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Medición Transporte Sedimento 36 Prof. Em. Ing. J.J. Peters | ConsultorProf. Em. Ing. J.J. Peters | Consultor

Muestreador US BL-84
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Collapsible-bag
sampler array

As used in:
Amazon
Orinoco
Mississippi
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AGU Hydrology days 2005 Flood Damages

6. Flow in Bends
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Old River Control Complex

Mississippi RiverMississippi River

Outflow ChannelOutflow Channel

Example 3-D Model Mississippi

Erosion and River Mechanics Textbooks
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pierre@engr.colostate.edu

THANK YOU 
for your Attention!


