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Relative Density

■ Definition of Relative Density (ID 
or Dr both used)

■ emax = void ratio of the soil 
in its loosest condition

■ emin = void ratio of the soil in 
its densest condition

■ e = void ratio in the natural 
or condition of interest of 
the soil

■ Convenient measure for the 
strength of a cohesionless 
soil

■ Alternative definition:

 

⚪ γdmax = dry density in the 
densest condition

⚪ γdmin = dry density in the 
loosest condition

⚪ γdfield = dry density in the 
field



Relative Compaction



Coefficients of Uniformity and 
Curvature; Atterberg Limits



Permeability



Constant Head Permeability 
Test
● Compute the coefficient

of permeability, k for 
laboratory test:
● k20 = coefficient of 

permeability, cm/sec at 20º 
C

● Q= quantity of flow, cm³
● L = length of specimen 

over which head loss is 
measured, cm.

● h = loss of head in length, 
L, or difference in 
piezometer readings = h1 - 
h2, cm

● A = cross-sectional area of 
specimen, cm²

● t = elapsed time, sec.



Falling Head Permeability Test

● Compute the
coefficient
of permeability, k
● a = inside area of standpipe, cm²

● A = cross-sectional area of specimen, cm²

● L = length of specimen, cm

● t = elapsed time (tf - to), sec

● ho = height of water in standpipe above discharge level at time to, 
cm

● hf = height of water in standpipe above discharge level at time tf, 
cm



Flow Nets-Counting



Flow Nets—Interpretation 

● Basic Equation

 

●hw = elevation difference between upstream and 
downstream limits of water head driving the flow 
net

●Nf = number of flow channels for net

●Nd = number of equipotential drops for net

●Assumes that the “aspect ratio” of the flow spaces is 
unity



Soil Boiling and Critical 
Gradient

Critical Gradient:

Exit Gradient ie is 
the gradient 
where the water 
flowing through a 
net exits

Factor of safety 
against seepage:



Primary Consolidation 
Settlement

Ultimate 
consolidation 
settlement in soil 
layer:

Stress increase:



Normally Consolidated Soils

Compression Index

As a function of 
LL:



Preconsolidated or 
Overconsolidated Soils

☞Formula, ’σ o + ’ > ’Δσ σ c (to the right of “F”)

 

☞Formula, ’σ o + ’ < ’Δσ σ c (to the left of “F”)

 

☞Recompression
Index
 



Consolidation: Settlement in 
Time

☞ Time Factor

 

☞ t =  time of consolidation

☞ Tv = time factor for 
vertical drainage

☞ Hdr = longest distance of 
drainage to pervious 
surface

☞ Usually depth of 
layer for single 
drainage, half of 
layer depth for 
double drainage

☞ cv = coefficient of 
consolidation

■ Degree of Consolidation

 

■ Expressed as a 
percentage

■ Expresses ratio of 
both pore 
pressures and 
settlement

■ Allows relating 
settlement to time 
(consolidation)



Consolidation: Settlement in 
Time



Mohr-Coulomb Failure

s = mean normal stress = (σ1+σ3)/2
σ1 = major principal stress
σ3 = minor principal stress
c = cohesion

 = friction angle φ



Stresses in Soils

●σN = total normal stress = 
P/A

● P = normal force

● A = cross-sectional 
area over which force 
acts

●  = shear stress = T/Aτ

● T = shearing force

● ’ = effective stress σ
=  – uσ

● u = pore water 
pressure = huγw

● hu = uplift or 
pressure head



Vertical and Horizontal 
Pressures in Soils

From EM 1110-2-2502



Uniform Surcharge and 
Unbalanced Hydrostatic Forces

From EM 1110-2-2502



At Rest Earth Pressures

Normally 
Consolidated

Overconsolidated 
or
Preconsolidated



Rankine Active Earth 
Pressures



Rankine Passive Earth 
Pressures



Bearing Capacity



Retaining
Walls

Notes:

Sliding FS contains additional 
term in denominator for 
passive pressure

Maximum base stress qmax is 
referred to as qtoe, which in 
fact it is

 = kδ 1φ1, ca = k2C2

½ < k1 or k2 < 2/3, given



Planar Sliding Slope Stability

T = wm sin β (driving force) 

N = wm cos β (normal force)

S = cLs + N tan φ (resisting force)

FS = S/T 

 

wm = weight of soil mass

 = β slope angle

c = soil cohesion

Ls = contact of soil mass with 
slope

 = φ friction angle of soil

FS = factor of safety



Unified Soil Classification



Unified Soil Classification



AASHTO System



AASHTO System



Questions?
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