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The problems of soil 

mechanics can be divided 

into two principal groups   

stability problems 

elasticity problems 
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foundations are generally grouped into two 

categories:

foundations are designed to transmit load from the 

structure they support to the soil

1.Shallow Foundations

2.  Deep Foundations
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modes of failure
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General Shear Failure
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 For general shear failure, the ultimate bearing capacity has been defined as the 

bearing stress that causes a sudden catastrophic failure of the foundation.

 As shown in the above figure, a general shear failure ruptures occur and 

pushed up the soil on both sides of the footing (In laboratory).

However, for actual failures on the field, the soil is often pushed up on only one 

side of the footing with subsequent tilting of the structure 

Occurs over dense sand or stiff cohesive soil.

Involves total rupture of the underlying soil.
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The following are some characteristics of general shear failure:
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Local Shear Failure
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The following are some characteristics of local shear failure:

Occurs over sand or clayey soil of medium compaction.

Involves rupture of the soil only immediately below the footing.

There is soil bulging on both sides of the footing, but the bulging is not as significant 

as in general shear. That’s because the underlying soil compacted less than the soil in 

general shear.

The failure surface of the soil will gradually (not sudden) extend outward from the 

foundation (not the ground surface) as shown by solid lines 

Because of the transitional nature of local shear failure, the ultimate bearing capacity 

could be defined as the firs failure load (qu,1) which occur at the point which have the 

first measure nonlinearity in the load/unit area- settlement curve, or at the point where 

the settlement starts rabidly increase .

In this type of failure the value of (qu) it’s not the peak value so, this failure called (Local 

Shear Failure).
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Punching Shear Failure
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The following are some characteristics of punching shear failure:

 Occurs over fairly loose soil.

The soil outside the loaded area remains relatively uninvolved and there is a

minimal movement of soil on both sides of the footing.

The process of deformation of the footing involves compression of the soil

directly below the footing as well as the vertical shearing of soil around the

footing perimeter.

Beyond the ultimate failure (load/unit area) (qu,1), the (load/unit area)-

settlement curve will be steep and practically linear.
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Terzaghi’s Bearing Capacity Theory

1. The foundation is considered to be shallow if (Df ≤ B).

2. The foundation is considered to be strip or continuous if (B/L → 0.0). (Width to 

length ratio is very small and goes to zero), and the derivation of the equation is 

to a strip footing.

3. The effect of soil above the bottom of the foundation may be assumed to be 

replaced by an equivalent surcharge (q = γ × Df). So, the shearing resistance of 

this soil along the failure surfaces is neglected (Lines ab and cd in the below 

figure)

4. The failure surface of the soil is similar to general shear failure (i.e. equation 

is derived for general shear failure) 
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qu = cNc + qNq + 0.5BγNγ            (for continuous or strip footing)

qu = 1.3cNc + qNq + 0.4BγNγ     (for square footing)

qu = 1.3cNc + qNq + 0.3BγNγ     (for circular footing)
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local shear failure 
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General Bearing Capacity Equation 

(Meyerhof Equation)

qu = cNcFcsFcdFci + qNqFqsFqdFqi + 0.5BγNγFγsFγdFγi

Fcs, Fqs,  Fγs  = Shape factors 

Fcd, Fqd, Fγd = Depth factors 

Fci , Fqi,  Fγi   = Inclination factors 
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Modification of Bearing Capacity Equations for Water Table

The values which will be modified are:

1.(q for soil above the foundation) in the second term of 

equations.

2.(γ for the underlying soil) in the third (last) term of 

equations .

Case I. The water table is located so that 0 ≤ D1 ≤ Df

q = D1 × γ + D2 × (γsat − γw)
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Case II. The water table is located so that 0 ≤ d ≤ B 

The factor ,q, (second term) q = Df × γ

The factor , γ, (third term)

Case III. The water table is located so that d ≥ B

in this case the water table is assumed have no effect on the ultimate bearing capacity
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Eccentrically Loaded Foundation

Ultimate Bearing Capacity under Eccentric 

LoadingــــOne-Way Eccentricity
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1 2
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Ultimate Bearing Capacity under Eccentric 

LoadingــــOne-Way Eccentricity
Effective Area Method:

E.zainab asaad



31

1. Determine the effective dimensions of the foundation:

effective width = B′ = B − 2e

effective Length = L′ = L 

If the eccentricity were in the direction of

(L) of the foundation:

Effective width = B′ = B Effective Length = L′ = L − 2e 

2. If we want to use terzaghi’s equation The value of B (in last term) will be B′

3. If we want to use Meyerhof Equation The value of B (in last term) will be B′ 

In calculating of shape factors (Fcs, Fqs, Fγs) use B′ and L′ 

In calculating of depth factors (Fcd, Fqd, Fγd) use the original value (B)

4. If there is a water table (Case II), we need the following equation to calculate 

(γ) in the last term of equations (Terzaghi and Meyerhof):

The value of B used in this equation should be the original value (B) 
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Bearing Capacity of Layered Soils
1. Stronger soil Underlain by Weaker Soil:

Case I: If the depth H is relatively small compared with the foundation width 

B (upper layer can’t resist overall failure due to its small thickness), a 

punching shear failure will occur in the top soil layer, followed by a general 

shear failure in the bottom soil layer so the ultimate bearing capacity in this 

case will equal the ultimate bearing capacity of bottom layer (because 

general shear failure occur on it) in addition to punching shear resistance 

from top layer
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qu = qb + Punching shear resistance from top layer (qpunching) 

for square, circular and rectangular footing  use:
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Case II:
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Ks = Punching shear coefficient
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2.Weaker soil Underlain by Stronger Soil

D

Case II

Case I
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Case I:                                The failure surface in soil at ultimate load

will pass through both soil layers (i.e. the ultimate bearing capacity of soil 

will be greater than the ultimate bearing capacity for bottom layer alone).

Case II:                                 The failure surface on soil will be fully located

on top ,weaker soil layer, (i.e. the ultimate bearing capacity in this case is 

equal the ultimate bearing capacity for top layer alone).
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Bearing Capacity of Foundations on Top of a Slope

H = height of slope 

β = angle between the slope and horizontal 

b = distance from the edge of the foundation to the top of the slope

qu = cNcq + 0.5BγNγq
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Problems

1
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2
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