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Soils
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Soil Creation
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Soil Classification
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Soil Classification
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Name of soil separate
Diameter limits (mm) 
(USDA classification)

Clay less than 0.002

Silt 0.002–0.05

Very fine sand 0.05–0.10

Fine sand 0.10–0.25

Medium sand 0.25–0.50

Coarse sand 0.50–1.00

Very coarse sand 1.00–2.00
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Rock Classification
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Particle Size Distribution

Faculty of 3mE - Dredging Engineering

© S.A.M

[7]



Parameters
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Atterberg Limits
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Plastic Limit
Liquid Limit
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Mass Volume Relations
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Density
Specific Gravity
Relative Density
Porosity – Void Ratio
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Relative Density vs SPT Value
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Permeability
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Angle of Internal Friction
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SPT Penetration, N-Value (blows/ 
foot)

Density of Sand φ  (degrees)

<4 Very loose <29 
4 - 10 Loose 29 - 30 
10 - 30 Medium 30 - 36 
30 - 50 Dense 36 - 41 

>50 Very dense >41 
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Angle of Internal Friction Rock
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Angle of External Friction
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20����  steel piles (NAVFAC) 
0.67 0.83⋅ ϕ − ⋅ ϕ⋅ ϕ − ⋅ ϕ⋅ ϕ − ⋅ ϕ⋅ ϕ − ⋅ ϕ   USACE 
20����  steel (Broms) 
3
4

⋅ ϕ⋅ ϕ⋅ ϕ⋅ ϕ  concrete (Broms) 

2
3

⋅ ϕ⋅ ϕ⋅ ϕ⋅ ϕ  timber (Broms) 

0.67⋅ ϕ⋅ ϕ⋅ ϕ⋅ ϕ   Lindeburg 
2
3

⋅ ϕ⋅ ϕ⋅ ϕ⋅ ϕ  for concrete walls (Coulomb) 
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Cohesion/Adhesion
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SPT Penetration 
(blows/ foot)

Estimated 
Consistency

U.C.S.(kPa)

<2 Very Soft <24
2 - 4 Soft 24 - 48
4 - 8 Medium 48 - 96
8 - 15 Stiff 96 – 192
15 - 30 Very Stiff 192 – 388

>30 Hard >388
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Unconfined Compressive Stress
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σ

ε

Brittle

Stress-strain diagram

W d= σ ε

UCS

E
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Unconfined Tensile Strength
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Brazilian Tensile Strength
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Brittle vs Ductile
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Testing
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Standard Penetration Test
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Cone Penetration Test
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Cones
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Tri-axial Test
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Tri-axial Test
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Direct Shear Test
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Vane Shear Test
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Questions?
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