BEARING CAPACITY OF
SHALLOW FOUNDATIONS
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* The lowest part of a structure is generally referred to as the
foundation.

e The load per unit area of the foundation at which

e Its function is to transfer the load of the structure to the soil on
which it is resting.

* To perform satisfactorily, shallow foundations must have two main
charactersitic:

1. They have to be safe against overall shear failure in the soil that
supports them.

2. They cannot undergo excessive displacement or settlement.
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On the basis of experimental results, Vesic (1973) proposed a relationship for the mode of bearing capacity failure of
foundations resting on sands

elative density, LI,
0.5 06

lelative density, D,
0.4 0.6

Punching

shear Local shear

Rectangular

Punching shear Local shear General
= plates

failure failure shear

failur Circular plates
ailure

O

Dry unit weight, vy

Unit weight of water, -y,

Modes of foundation failure in sand (After Vesic, 1973) Rapge of settl.ement of circplar and rectaggular plates at
ultimate load in sand (Modified from Vesic, 1963)



Terzaghi’s Bearing Capacity Theory

Terzaghi (1943) was the first to present a comprehensive theory for the evaluation of the ultimate bearing
capacity of rough shallow foundations

Foundations with equal to 3 to 4 times their width may be defined as shallow foundations.

Terzaghi suggested that for a continuous, or strip, foundationthe failure surface in soil at ultimate load may be
assumed to be similar to that shown in Figure
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Bearing capacity failure in soil under a rough rigid continuous (strip) foundation
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The effect of soil above the bottom of the foundation may also be assumed to be replaced by an equivalent
surcharge.

The failure zone under the foundation can be separated into three parts

1. The triangular zone ACD immediately under the foundation

2. The radial shear zones ADF and CDE, with the curves DE and DF being arcs of
a logarithmic spiral

3. Two triangular Rankine passive zones AFH and CEG



Using equilibrium analysis, Terzaghi expressed the ultimate bearing capacity in the form
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q. = ¢'N. + gN, + 7yBN, (continuous or strip foundation)

Where,

c’=cohesion of soil

y=unit weight of soil

q=yDf

Nc, Nq, Ny=bearing capacity factors.
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Terzaghi’s Bearing Capacity Factors—Eqgs. (3.4), (3.5), and (3.6) a From
Kumbhojkar (1993)
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Factor of Safety

Calculating the gross allowable load-bearing capacity of shallow foundations requires the
application of a factor of safety (FS) to the gross ultimate bearing capacity, or

However, some practicing engineers prefer to use a factor of safety such that

net ultimate bearing capacity
ES

Net stress increase on soil =

The net ultimate bearing capacity i1s defined as the ultimate pressure per unit area of the foundation that can be
supported by the soil in excess of the pressure caused by the surrounding soil at the foundation level

qn-:l.-:u] — qu o f-}'

qu — 4
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Modification of Bearing Capacity Equations for Water Table

Case l. If the water table is located so that 0 <=D1<=Df the factor ¢ in the bearing capacity
equations takes the form

g = effective surcharge = Dy + Dy(v., — V)

Case ll. For a water table located so that 0<=D1<=Df

l_, Groundwater table o
——————————————————————————— Case II

Year = Saturated
Case lll. When the water table is located so that d>=B, the water will have " unil weight
no effect on the ultimate bearing capacity.




The General Bearing Capacity Equation

The ultimate bearing capacity equations are for continuous, square, and circular foundations only; they do not address
the case of rectangular foundations

Also, the equations do not take into account the shearing resistance along the failure surface in soil above the bottom
of the foundation

In addition, the load on the foundation may be inclined.

To account for all these shortcomings, Meyerhof (1963) suggested the following form of the general bearing capacity
equation:

q. = ¢'N.F,F,F; + qN,F,F,F,; + 5yBN,F,F,F,

g= gs= ga™ g Y

cohesion

effective stress at the level of the bottom of the foundation
= unit weight of soil

width of foundation (= diameter for a circular foundation)

= shape factors
depth factors
load inclination factors
bearing capacity factors




Bearing Capacity Factors

Bearing Capacity Factors ' N, N,
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Shape Factors Inclination Factors

DeBeer (1970)

£ = inclination of the load on the
foundation with respect to the vertical

For & = 0 For ¢&» = 0:
or ¢ = O

= F,=1+04 tan I( = )
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Eccentrically Loaded Foundations

In several instances, as with the base of a retaining wall, foundations are subjected to moments in addition to the
vertical load. In such cases, the distribution of pressure by the foundation on the soil is not uniform.

For e>B/6, qmin

will be negative, which means
that tension will develop. The
value of gmax

is then.,
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Ultimate Bearing Capacity under Eccentric Loading—One-Way Eccentricity
Effective Area Method (Meyerhoff, 1953)

In 1953, Meyerhof proposed a theory that is generally referred to as the effective area method.

Step 1. Determine the effective dimensions of the foundation

B’=effective width=B-2e
L’= effective length=L
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Step 3. The total ultimate load that the foundation can sustain is




Bearing Capacity—Two-way Eccentricity

qi. = ¢'N.FJFyF; + qN,Fp FyuF, + 3YB'N,F, F F,

A' = effective area = B'L’
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Case V. (Circular Foundation)

Variation of A"/R* and B'/R with
€/ R for Circular Foundations
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