
“Dry” Motion 



“Dry” Motion 

Angle of Repose: 

θ 

Granular Geometry of Slope 

What balance of forces create:   
 1) a static friction angle 
  
  
 
 2) a dynamic friction angle 
 



Fluid Motion 

Properties and Parameters of Fluids Relevant to Sediment Transport 

ρ     Density  [kg/m3]   g  Gravity [m/s2] 
ν     Viscosity [m2/s]   U  Velocity [m/s] 
H  Depth [m] 

Flow ρ ν g H U Re Fr 

Air 100 10-8 ? 101 >>103 ? 

Water 103 10-6 101 100 100 106 10-1 

Ice 103 107 103 10-7 1011 10-9 

 Dimensionless Scales of Fluid Motion 

𝑅𝑅 =
𝑈𝑈
𝜈  

𝐹𝐹 =
𝑈
𝑔𝑔

 

Balance of Inertial Scale to Viscous Scale 

Balance of Kinetic & Potential Energy Scales 



Fluid Motion 

  Q: How is force applied to sediment by fluid? 

Fg 

Fb 
Fw Ff 

Force balance on a single grain 

Force balance for an entire bed (shear stress) 

τb 
Force 
Area 

= = f(vertical velocity gradient near the bed) 

= 𝝆𝝆𝝆𝝆 τb in a river- with some caveats… 



Fluid Motion 

  Q: How & when do fluids move sediment? 

= 𝝆 𝒖𝟐 τb * 

Definition 

no motion 

motion 



Fluid Motion 

Bedload = saltation, rolling, sliding 
  
 Criteria: > τb τcr 

(from Shields curve) 

Rouse Number, the ratio of fall velocity, ws, and 
shear velocity, u* determine style of transport 

𝒑 =
𝒘𝒔

𝒖∗
 

𝑤𝑠
𝑢∗

 > 3 



Fluid Motion 

Suspension = flights of particles in occasional contact with bed
  
 Criteria: > τb τcr 

(from Shields curve) 

Rouse Number, the ratio of fall velocity, ws, and 
shear velocity, u* determine style of transport 

𝒑 =
𝒘𝒔

𝒖∗
 

𝑤𝑠
𝑢∗

 < 1 



Fluid Motion 

Typical vertical profiles in a river for velocity & concentration 
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Fluid Motion 

0.2      ~Fr        0.7 
A B C D E F 

Typical fluvial bedforms 

>3           <3    ~p      <1       <<1 
0.04       ~τ*           >0.3 













Stratification from Bedform or Bar form? 



Stratification from Bedform or Bar form? 



Graded Beds 



Thalassinoides 

Bioturbation  Ichnofossils 

Burrowing 
Surface Locomotion 
Feeding 
Anchoring 



Soft-Sediment Deformation   

Load Structure 
 
 
 
 
 
 
 
 
Liquefaction 
 



Other Deformation   

Cracking 
 
 
 
 
 
 
 
Splashing      Sole Marks 
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