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ult c c c,E q q q,E γ γ γ,E

1
q cN s i qN s i γBN s i

2
       [1] 

where c is the cohesion, q the lateral surcharge, γ the unit 
weight of the soil beneath the footing, B the footing width, 
Nc, Nq and Nγ bearing capacity factors depending on the 
friction angle φ of the soil, sc, sq and sγ foundation shape 
factors, and ic,E, iq,E and iγ,E seismic inclination factors. 
The latter are obtained by multiplying the static inclination 
factors by appropriate reduction factors ec,E, eq,E and eγ,E 

c,E c c,Ei i e  q,E q q,Ei i e  γ,E γ γ,Ei i e    [2] 

Use of Eq. 1 implies that soil is a cohesive-frictional 
material with linear Mohr-Coulomb failure envelope, and 
cohesion and friction mobilized at the same shear strain 
level. For total stress analyses, c is replaced by the 
undrained shear strength su. 

 

2.2 Bearing capacity factors 
 
The bearing capacity factors Nq and Nc are known 
exactly, 

2 π tanφ
q c q

π φ
N tan ( )e , N (N 1)cotφ

4 2
     [3] 

whereas for Nγ several solutions have been proposed as 
summarized by Magnan et al. (2003), or Orr (2010). The 
EN 1997-1 equation derives from that given in DIN 4017  

γ qN 2(N 1) tanφ      [4] 

It yields a higher bearing load than all other equations in 
the literature, and has been introduced to reflect the 
experimental findings on large scale tests on footings 
resting on uniform sand conducted by the Degebo in 
Berlin in the 1960s. These tests are well documented in a 
series of extensive reports including investigations on the 
effects of embedment, load inclination and eccentricity, as 
well as on the foundation shape. For an overview refer to 
Muhs & Weiss (1970), (1973). 

In the last two decades, numerical results have been 
obtained using the method of characteristics (slip line 
method), Martin (2005), Cascone & Casablanca (2016), 
or by explicit numerical solution of the simultaneous 
partial differential equations, Smith (2005). Meanwhile, 
these solutions are considered as exact. It should be 
mentioned that the results strongly depend on the contact 
conditions at the interface footing-soil, expressed in terms 
of a global interface friction angle δ. For a perfectly 
smooth interface (δ = 0) the bearing capacity factor is 
approximately half the value of that for a perfectly rough 
interface (δ = φ). At φ = 30°, for example, Nγ = 7.65 for 
δ = 0, and Nγ = 14.75 for δ = φ. The contact stress 
distribution and the shape of the failure mechanism 
depend on the interface condition. This has to be 
considered when such solutions are verified by 
conventional numerical methods (FEM, FDM). In the 
paper by Cascone & Casablanca (2016), an 
approximation for Nγ is given for the two limiting cases of 
the interface contact condition. 

Another point that deserves attention is the selection 
of the friction angle. The Degebo tests were back-
analysed for the friction angle at peak as determined by 
direct shear tests. The use of the residual or critical 
friction angle is not recommended as this would yield the 
same bearing capacity for loose and dense sand. 

Investigations by Smith (2005) to assess the effects of 
superposition in the bearing capacity equation in 
cohesionless soil showed that coupling of the two effects 
(lateral surcharge and soil weight) results in an increase 
in bearing resistance. The ratio between the fully-coupled 
solution and the superimposed solution is denoted by μ, 
and its value depends on the surcharge ratio q/γB, on φ, 
and on δ. It is shown that μ ≥ 1 always holds. For 
example, for φ = 30°, q/γB = 1, and for a rough footing, μ 
approximately equals 1.20. This fact provides an 
additional margin of safety when using the classical three-
term equation in design. 
 
2.3 Shape factors 
 
The shape factors have been determined mostly from 
model and large scale tests, Magnan (2003). They are not 
considered further herein. 
 
2.4 Load eccentricity 
 
Load eccentricity is customarily considered by reducing 
the strip foundation width B to an effective one B´ 

B B(1 2e / B) , e M / V       [5] 

with M denoting the moment and V the vertical force. 
Eccentrically loaded footings on cohesionless soil 

have been investigated by Krabbenhoft et al. (2012) by 
lower bound calculations based on the finite element 
method. The simultaneous presence of soil weight and 
lateral surcharge has been considered. For vanishing 
lateral surcharge it was shown that eccentricity is well-
captured by Eq. 5. For the coupled case (both q and γ ≠ 
0) the complete analysis for various values q/γB shows 
that the results when split into two additive terms 
reproduce approximately the (1-2e/B) assumption. 

Eccentricity was addressed also by Paolucci & Pecker 
(1997). Applied to Eq. 1 their suggestion is slightly 
different, with B´= B (1-2e/B)

0.9
. 

 
2.5 Load inclination factors 

 
The static inclination factors given in EN 1997-1 are 
dependent on c and φ whereas in the current edition of 
DIN 4017 (2006) this dependency has been retained only 
for ic. The respective DIN-equations for a strip footing are: 

q q
c

q

i N 1
i

N 1





   for φ 0  [6a] 

c

H
i 0.5 0.5 1

B c
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