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Lecture Outline

 Limit Analysis of Bearing Capacity

 Method of Slip lines

 Application of Numerical Analysis

 Advantages of Numerical Analysis



The bearing Capacity Problem
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A simple surface foundation problem
Conventional Analysis

1. Settlement Analysis 
using elastic soil 
properties and 
Boussinesq equations

2. Ultimate load using 
bearing capacity 
equations. 

Assumptions
• Dry or saturated soil
• Layers are not considered
• Mohr Coulomb failure 

criterion only



Let’s try limit analysis

 A strip footing on soil surface 
 c = 50 kPa, ∅=0, γ’=0
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qmax = cNc = 5.14c
qmax = 257 kPa



Lower Bound Theorem
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Distribution of Stresses
A Stress Field

Tresca Failure Criterion

Lines of Discontinuity
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The Maximum Load (LB)
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Upper Bound Theorem
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Mechanism of Failure
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The Minimum Load
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Lower Bound Solution

 The optimized stress field associated with the 
maximum loads 

 Solution does not observe compatibility
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Upper Bound Solution

 The optimized failure mechanism associated 
with the minimum loads

 Solution does not observe equilibrium
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 Substitute stresses-at-yield (in terms of σ, θ) into 
equilibrium equations

 Result is a pair of hyperbolic PDEs in σ, θ

 Characteristic directions turn out to coincide 
with α and β ‘slip lines’ aligned at θ ± ε

 Use α and β directions as curvilinear coords → 
obtain a pair of ODEs in σ, θ (easier to integrate)

 Solution can be marched out from known BCs

Lower bound stress field





Bearing capacity – ABC software

Rigid strip footing

B

q = γDq = γD

Semi-infinite soil
c, φ, γ, ψ = φ

• Idealised problem (basis of design methods):
Central, purely vertical loading

qu = Qu/B



 Shape of ‘false head’ region emerges naturally
 qu from integration of tractions
 Solution not strict LB until stress field extended:

Example problem: stress field (partial)

Symmetry: θ = 0 on z axis (iterative construction req’d)

σ known (passive failure); θ = π/2

β

α



Potts 2003 footing on weightless 
soil
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𝜙𝜙 = 25𝑜𝑜, 𝑐𝑐′ = 0, 𝛾𝛾 = 0



Potts 2003 – footing with no 
surcharge
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𝜙𝜙 = 30𝑜𝑜, 𝑐𝑐′ = 0, 𝑞𝑞𝑞 = 100, 𝛾𝛾 = 1.8𝑡𝑡/𝑚𝑚3



Nγ
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Mechanisms
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Pisa Tower
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Leaning Instability
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Thank you
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