
Soil Stresses

We now have sufficient information to define stresses in soil due to self-weight in 
various states of saturation.  

We can build on that to include stresses due to applied loads under structural 
foundations as well as overburden of imported or excavated soil.
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Text: Das, 2010. Chapters 9 and 10



Self-weight, Buoyancy and Seepage

Soil layers of varying bulk density γb and saturation 
density γsat overlay to produce total and effective 
stresses σ and σ' related by the pore water pressure 
u. 

The effective stress σ' represents the mean stress 
between soil particles as a measure of the effect of 
self-weight on the bearing capacity of soil particles. 

As with hydrostatic pressure the depth and hence 
pressure (stress) increase in the downward direction. 

Each soil layer of distinctly different bulk density 
must be treated as a separate integration step. Only 
the pore pressure increases at a uniform rate.
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A quick recap on soil stresses due to soil and water forces:

1. Hydrostatic: Assuming zero groundwater flow, pore water stresses are 
hydrostatic and no seepage forces are present:



Self-weight, Buoyancy and Seepage

Soil layers of varying hydraulic conductivity overlay 
to produce a sequence of hydraulic gradients. 

The effective stress σ' is modified by converting the  
head loss to pressure loss and adding (or 
subtracting) this to the hydrostatic case:
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A quick recap on soil stresses due to soil and water forces:

2. Seepage: With downward or upward seepage the effective stress increases 
or decreases due to a hydraulic gradient imposing drag forces on particles. 

ΔP is added in the case of 
downward flow, or 
subtracted for upward flow.



Effective Stress in the Capillary Zone
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In the capillary zone, bulk density and the effect of capillary tension 
are both functions of variable saturation.

Where h is the height above the water table. Saturation does not fall to zero, so the top of the 
capillary fringe is the point where S becomes more or less constant.  

The net effective stress includes the effect of saturation on bulk density and pore pressure:

Porosity and moisture content both vary with depth in the 
capillary zone. An estimate of the average bulk density 
uses a mean saturation (>50%) and S=WG/e 

Pore pressures are negative in the capillary zone. This has 
the effect of increasing the effective stress:

Bulk density

Where Z is the depth below the ground surface.



Soil Stresses from Surface Loads
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The effect of a surface load on soil stress at a given depth and 
offset from the load depends mainly on the load geometry.

We often need to know the distribution of stress in soil to predict 
settlement and failure. 

Loads may be applied at a point, such as a pier or vehicle load, or on a 
line or strip such as a wall footing, or over regular/irregular-shaped 
areas such as column footings and building foundations. 

Stresses include normal and shear stresses induced by the applied 
load. Failure of soil is generally due to shear on a maximum shear plane 
which depends on the combination of horizontal and vertical loads. 

Mohr's circle provides a means to predict shear stresses and angles of 
slip failure planes.



Lateral Stress

Poisson's ratio can be included in Hooke's law to estimate this effect:
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Lateral stresses arise because a soil mass in compression is confined by 
the surrounding soil. Soil's tendency to expand laterally under pressure 
(Poisson's ratio) is constrained, which results in a stress in that direction.

εX is the constrained x-direction strain given 
Young's modulus and Poisson's ratio for horizontal 
and vertical stresses σx , σy  and σz 

The constraint allows us to solve for zero. The 
same result applies in the other lateral direction, 
so σx = σy.

The result is that lateral stress in either the x or y 
direction is a simple function of vertical stress and 
Poisson's ratio.

This form of lateral earth pressure is unfortunately not accurate, mainly 
because soil is not ideally elastic. Other forms of lateral earth pressure will 
be developed when we cover the topic of retaining walls.



Total and Effective Stress

This effect is most obvious in impermeable soils. In sandy soils, 
stress is almost immediately transferred to effective stress. 

For a given increase in stress Δσ the immediate increase in pore 
pressure is 
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Surface stress is initially absorbed by an increase in pore pressure, but as 
pore water escapes under pressure the stress is transferred to effective stress. 

After a period of consolidation, the stress transfers to effective stress 
such that:



Soil Stresses from Surface Loads
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1. "Infinite" Uniform Load. This idealised load is realistic close to 
the centre and base of any finite load, or for wide-area loads such 
as imported fill or extensive raft foundations over an entire site.

If the extent of area of the applied load is large 
relative to the depth (Z < half of the width and 
near the centre) the total stress is modified by 
simply adding the applied load:



Soil Stresses from Surface Loads
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2. Point Load. Another idealised load: this is accurate at a 
reasonable distance from the centre and base of any finite and 
symmetrical load such as a square or circular footing.

Boussinesq's solution (1883) provides corrections in the 
three principal directions x, y (horizontal) and z (vertical). 

Assuming no other horizontal stresses, the x, y 
corrections are the total stress in those directions. 

The z correction is added to vertical stresses due to self 
weight, seepage etc. 

μ = Poisson's ratio = lateral strain per vertical strain



Soil Stresses from Surface Loads
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3. Line Load. Similar to a point load, the idealised line load 
solution is realistic at a reasonable distance from the centre and 
base of any finite strip load such as a wall footing.

Again, the formula determines the increase in total stress 
due to an applied load. Other total stresses due to self-
weight and seepage must be added to this: 

As with a point load there are increases in horizontal and 
vertical stresses. Assuming the line load is parallel to the 
y-axis, however, there is no effect on lateral stresses in 
that direction.

As with a point load, the 
resulting stress 
distribution resembles a 
bulb with diminishing 
stress at increasing 
distance from the load



Soil Stresses from Surface Loads
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4. Strip Load. More realistic than the idealised line load, the strip 
load solution is accurate at any distance from a finite strip load, 
including any point immediately below the strip.

In this case the formula depends on the geometry of 
angles between the two sides of the strip load. 

To determine these angles correctly, note that at the 
base of the load, α = π and β = 0. At any other point 
α < π. For x < B, β < 0 (right hand rule).



Soil Stresses from Surface Loads
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5. Banked Strip Load. A common problem is the stress imposed 
by an embankment with sloping faces. The trick is to superimpose 
triangular load solutions with a uniform strip load.

Again, the formula depends on the geometry of 
angles between the two sides of the strip load. The 
angles are defined in the same way as before, 
noting that the triangular embankment is to the left or 
right of the uniform central area of the embankment..



Soil Stresses from Surface Loads
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6. Uniform Circular Load. Finite load geometries more complex 
than a strip generally do not have a simple analytic solution. 
Instead, numerical analyses have been tabulated or graphed.

(Vertical stress only)



Soil Stresses from Surface Loads
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7. Uniform Rectangular Load. In most cases the vertical stress 
increase below the centre of a rectangular load is most important. 

(Vertical stress only)



Soil Stresses from Surface Loads
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7. Embankments. Embankment loads can be calculated by 
superposition of partial sections of the embankment:  
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Approximate 60 degree Method



Soil Stresses from Surface Loads
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8. Uniform Load of any shape. Boussinesq's solution can be 
generalised in such a way that the effect of loading by any shape 
can be calculated from an influence diagram.   

(Vertical stress only) 

I is the influence value plotted on the chart, equal to 1/ 
the number of grid elements in the chart eg 0.005 = 
1/190 

m is the number of grid elements inside the plan of the 
loaded area, plotted to scale such that the distance AB is 
equal to the depth z. 

This routine can be automated for computer program 
solution, which provides the basis for load-stress 
calculations in some commercial geotechnical software.  



Example 10.10
The cross section and plan of a column footing are shown in the figure. Find the 
increase in vertical stress at point A.
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Readings
Chapter 9-10 Das 

Decker, 1910: Load Stress  Reading 8
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