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Outline

+ Bearing capacity factor N

+ Superposition principle
+ Inclined loading
+ Eccentricity
+ Shape – 2D to 3D
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The bearing capacity equation:

where Nc, Nq, Ng = bearing capacity factors – functions of f
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The bearing capacity equation:

where Nc, Nq, Ng = bearing capacity factors – functions of f

Undrained: 

Drained: 
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The bearing capacity equation:

where

(EC7)

(Brinch Hansen)

(Meyerhof)
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Weightless soil: 

where

This solution is exact (Prandtl 1921, Reissner 1924)
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qu (kN/m2)

LB UB (LB+UB)/2 Exact Error (%)

509.5 525.7 517.6 518.7 ‐0.2%

10,000 elements (LB/UB) + 3 adaptive iterations (sol time  20 sec):

OPTUM G2 
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Weightless soil: 

where

This solution is exact (Prandtl 1921, Reissner 1924)
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Ponderable soil – superposition: 

where

This solution is conservative – provided that Ng is exact
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Exact Ng – zero cohesion + zero surcharge: 

or

100 year search for exact Ng
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60 Ng expressions (Diaz‐Segura 2013)
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60 Ng expressions (Diaz‐Segura 2013)
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60 Ng expressions (Diaz‐Segura 2013)
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http://www2.eng.ox.ac.uk/civil/people/cmm/download/iacmag05_cmm.ppt
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http://www2.eng.ox.ac.uk/civil/people/cmm/download/iacmag05_cmm.pdf
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Exact Ng – zero cohesion + zero surcharge: 

or

Exact Ng determined by CM Martin in 2005 using method of characteristics
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Exact Ng – zero cohesion + zero surcharge: 

or

Exact Ng determined by CM Martin in 2005 using method of characteristics

Analytical expression not available, but still exact
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Exact Ng – zero cohesion + zero surcharge: 

or

Exact Ng determined by CM Martin in 2005 using method of characteristics

Analytical expression not available, but still exact

Good approximation: 
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f () Exact Approximate Ng error (%)

15 1.1814 1.0763 ‐8.9

20 2.8389 2.7274 ‐3.9

25 6.4913 6.3952 ‐1.5

30 14.754 14.705 ‐0.33

35 34.476 34.512 +0.11

40 85.566 85.716 +0.18

45 234.21 234.71 +0.21

Good approximation: 
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Good approximation: 

f () Exact Approximate f error ()

15 1.1814 1.0763 ‐0.52

20 2.8389 2.7274 ‐0.25

25 6.4913 6.3952 ‐0.10

30 14.754 14.705 ‐0.02

35 34.476 34.512 +0.005

40 85.566 85.716 +0.008

45 234.21 234.71 +0.009
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Final equation: 

where

This solution is conservative1

1To within the approximation of Ng
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Final equation: 

where

This solution is conservative1

General solution: numerical analysis

1To within the approximation of Ng
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qu (kN/m2)

LB UB (LB+UB)/2 BCE Dev. (%)

915.4 950.8 933.1 783.4 +16%

10,000 elements (LB/UB) + 3 adaptive iterations (sol time  20 sec):

OPTUM G2 
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Inclined load
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Inclined load
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Inclined load

Modified equation: 

where (EC7, strip)
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Inclined load

Surface foundation, c = 0: 

where

(EC7)
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Inclined load

Surface foundation, c = 0: 

where

(EC7)

(DNV)
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Inclined load

Surface foundation, c = 0: 

where

(EC7)

(DNV)

However: 
for (sliding)
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Inclined load

Surface foundation, c = 0: 

where

(EC7)

(DNV)

Alternative: 
,  
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Inclined load

VH diagram:



BEARING CAPACITY EQUATION

37

Inclined load

VH diagram:

or:
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Inclined load

VH diagram:

or:

where
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Inclined load

EC7
DNV
Alternative, G2

Sliding limit:

V/Vmax
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VH diagrams using Limit Analysis
1. Determine Vmin and Vmax

V/Vmax
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VH diagrams using Limit Analysis
1. Determine Vmin and Vmax

2.   Determine H for fixed V in between Vmin and Vmax

V/Vmax
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VH diagrams using Limit Analysis
1. Determine Vmin and Vmax

2.   Determine H for fixed V in between Vmin and Vmax

V/Vmax
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VH diagrams using Limit Analysis
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Eccentricity
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Eccentricity

Modified equation: 

where
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Eccentricity

Modified equation: 

where
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Eccentricity

Modified equation: 

where
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Eccentricity

Determine max external load with given eccentricity 
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Eccentricity

Sand, no surcharge

EC7

OPTUM G2, weightless foundation

e/B
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Eccentricity

e/B = 0.4, weightless foundation
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Eccentricity

e/B = 0.4, weightless foundation
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Eccentricity

Sand, no surcharge

OPTUM G2, weightless foundation

EC7
OPTUM G2, 
foundation weight = 20 kPa

e/B
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Eccentricity

e/B = 0.4, foundation weight = 20 kPa
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Eccentricity

e/B = 0.4, foundation weight = 20 kPa
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Eccentricity

Undrained, no surcharge:

where
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Eccentricity

EC7

OPTUM G2

Undrained, no surcharge, 
weightless foundation

e/B
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Eccentricity

OPTUM G2
full tension

EC7 OPTUM G2
no tension

e/B

Undrained, no surcharge, 
weightless foundation
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Eccentricity

e/B = 0.4

Full tension at interface

No tension at interface (tension cut‐off)
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Eccentricity

e/B = 0.4

Full tension at interface

No tension at interface (tension cut‐off)

Tension 
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Shape

Modified equation: 

where (EC7)
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Shape

Modified equation: 

Two families of shape factors: 

EC7: : independent of f and always  1

Meyerhof: : dependent on f and always   1
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Shape

Meyerhof

EC7

Circular (B’/L’ = 1)
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Shape

Two families of shape factors: 

EC7: : independent of f and always  1

Meyerhof: : dependent on f and always   1
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Shape

Two families of shape factors: 

EC7: : independent of f and always  1

Meyerhof: : dependent on f and always   1

Who is right? –Only one way to find out: OPTUM G2

Strip: plane strain (s = 1)
Circular: axisymmetric


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Shape

Meyerhof

EC7

Circular (B’/L’ = 1)

OPTUM G2



BEARING CAPACITY EQUATION

73OPTUM G3

Hold on: N should be calculated on the basis of the plane strain angle

That is why s = 0.7 – both shape and stress states not corresponding to plane strain

Shape
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Hold on: N should be calculated on the basis of the plane strain angle

That is why s = 0.7 – both shape and stress states not corresponding to plane strain

Shape

Assume:

and

calculate on the basis of 
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Hold on: N should be calculated on the basis of the plane strain angle

That is why s = 0.7 – both shape and stress states not corresponding to plane strain

Shape

Assume:

and

Shape factor:

calculate on the basis of 
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Shape

Meyerhof

EC7

Circular (B’/L’ = 1)

OPTUM G2
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Hold on: N should be calculated on the basis of the plane strain angle

That is why s = 0.7 – both shape and stress states not corresponding to plane strain

Shape

Assume:

and

Shape factor:

calculate on the basis of 

However: not in triaxial compression everywhere for a circular foundation
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FASD

OPTUM G3 Data: Lade & Wang (2001)

TXC TXEPS

(Kulhawy & Mayne 1990)

Matched in TXC and: 

Old Danish: 

New Danish: 

Stakemann (1976):

Loose

Medium

Dense
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FASD Sand

OPTUM G3

FASD
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Loose

FASD
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Medium

FASD
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Dense

FASD
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FASD
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Shape

Meyerhof

EC7

Circular (B’/L’ = 1)

OPTUM G3 (FASD)
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Shape

Meyerhof

EC7

Square (B’/L’ = 1)

OPTUM G3 (FASD)
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suc = su

sue = su

Undrained analysis

Tresca
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sue < suc

suc

Generalized Tresca (suc, sue)

Shape

Undrained analysis
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Yield surface

Undrained true triaxial tests on NC Edgar Plastic Kaolinite (Lade 1990)

sue/suc = 0.7
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Generalized Tresca

1 3 1 2( / 1)( ) 2u ue uc ucF s s ss s s s= - + - - -
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Generalized Tresca + AUS
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Conclusions

+ The bearing capacity equation is pretty good
+ However issues with: 

‐ N (exact solution has been available for the last 15 years)
‐ Superposition (well known + conservative)
‐ Inclined loading (sliding)
‐ Eccentricity – requires some attention to detail (upcoming webinar)
‐ Plane strain  3D: reconsideration of soil model (MC  FASD, Tresca

GT/AUS)
‐ Proper modelling of embedment rather than via surcharge
‐ All the other well‐known limitations – layered soils, increase of strength with 

depth, effects of torsion (upcoming webinar), etc
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Exact Nc and Nq are universally accepted, so why not exact Ng?

+ Martin’s solution is not exact
+ Numerical solutions don’t qualify as exact
+ The concept of exactness is meaningless 
+ It’s complicated, there are so many approximations
+ What about the flow rule, large deformations, softening, etc? 
+ There are more important problems (e.g. cure for cancer)
+ The drained case is never critical, hence Ng is not relevant
+ q‐term always dominates, hence Ng is not important
+ Our Ng is based on experiments (carried out in the 1950s or 60s)
+ Long standing practice will be disrupted
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There now remains the much more challenging problem of purging spurious Ng
values from the geotechnical literature
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