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Eurocode 7 Part 1, Section 6 : Spread foundations

§6.1 General §
§6.2 Limit states 
§6.3 Actions and design situations
§6 4 Design and construction considerations§6.4 Design and construction considerations
§6.5 Ultimate limit state design
§6.6 Serviceability limit state design
§6.7 Foundations on rock; additional design considerations
§6.8 Structural design of foundations
§6 9 Preparation of the subsoil§6.9 Preparation of the subsoil
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§6.1 General
Section 6 of EN 1997-1 applies to pad, strip, and raft foundations and some

i i b li d t d f d ti h iprovisions may be applied to deep foundations, such as caissons.

§6.2 Limit states
• loss of overall stabilityy
• bearing resistance failure
• failure by sliding
• combined failure in the • combined failure in the 

ground and in the structure
• structural failure due to 

foundation movementfoundation movement
• excessive settlements
• excessive heave due to 

lli f t d th  swelling,frost and other 
causes

• unacceptable vibrations
Some of above are ultimate limit states and 
some are serviceability limit states – both 
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need to be considered
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§6.3 Design situations and Actions

Design situations shall be selected in accordance with 2.2.
(the actions, their combinations and load cases; overall stability; the 
di iti d l ifi ti f th  i il d l t f disposition and classification of the various soils and elements of 
construction; dipping bedding planes; underground structures; 
interbedded hard and soft strata; faults, joints and fissures; possible
instability of rock blocks; solution cavities; the environment withininstability of rock blocks; solution cavities; the environment within
which the design is set….. earthquakes, subsidence, interference with 
existing constructions).

Actions include (weight of soil and water; earth pressures; free water 
pressure, wave pressure; seepage forces; dead and imposed loads
from structures; surcharges; mooring forces; removal of load and from structures; surcharges; mooring forces; removal of load and 
excavation of ground; traffic loads....)
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§6.4 Design and construction considerations

A number of things that must be considered when choosing the depth
of a spread foundation.
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One of the following design methods shall be used for shallow foundations:
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ULSULS

Limit state design implies the application of partial factors toLimit state design implies the application of partial factors to
actions (or effect of actions) to obtain Ed and to
geotechnical parameters or resistances to obtain Rd.d

Ed ≤ Rd

SLS

check for Ed ≤ Cd

C i th li iti d i l f th ff t f ti
©2013. Giuseppe Scarpelli. All rights reserved7

Cd is the limiting design value of the effect of an action
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Representation of the design action
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Gkj: characteristic permanent loadsGkj: characteristic permanent loads

Qki: characteristic variable loads 

ψ0i : factors for combination value of variable loadsψ0i : factors for combination value of variable loads

γGj : partial factors for permanent loads

γQi : partial factors for variable loads
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γQi : partial factors for variable loads
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§6.5 Ultimate limit state design

Overall stabilityOverall stability
Overall stability (ULS) check has to be performed for foundations on
sloping ground, natural slopes or embankments and for foundations
near excavations retaining walls or buried structures canals etcnear excavations, retaining walls or buried structures, canals etc.

With DA-1 and DA-3 the stability check is carried out by using (almost)
the same partial factors. DA-2 is slightly more conservative if φ’k is notthe same partial factors. DA 2 is slightly more conservative if φ k is not
too great.
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Direct Method

1 ULS verifications with the three possible Design Approaches1.ULS verifications with the three possible Design Approaches

• DA1    - Combination 1    A1+ M1+R1

- Combination 2    A2+ M2+R1Combination 2    A2+ M2+R1

• DA2   A1+ M1+R2

• DA3   (A1 o A2)*+ M2+R3( )

*(A1 for structural actions and A2 for geotechnical actions)

– Undrained Conditions

– Drained Conditions

2. SLS check the performance of the foundation
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Partial factors on actions (γF) 
or the effects of actions (γE)

Action Symbol Set

A1 A2

Permanent Unfavourable γG 1.35 1.0

F bl 1 0 1 0Favourable 1.0 1.0

Variable Unfavourable γQ 1.5 1.3

Favourable 0 0

Partial resistance factors

Partial factors for soil parameters (γM)

Soil parameter Symbol Value

M1 M2
for spread foundations (γR) 

Resistance Symbol Set

R1 R2 R3

M1 M2

Shearing resistance γϕ1 1.0 1.25

Effective cohesion γc 1.0 1.25

U d i d t th 1 0 1 4
Bearing γRv 1.0 1.4 1.0

Sliding γRh 1.0 1.1 1.0

Undrained strength γcu 1.0 1.4

Unconfined strength γqu 1.0 1.4

Weight density γγ 1.0 1.0

11

1 This factor is applied to tan ϕ'
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There are two ways of performing verifications according to Design There are two ways of performing verifications according to Design 
Approach 2, either by applying them to the actions (at the source) or 
by applying them to the effect of the actions.

In the design approach referred to as DA-2, the partial factors are 
applied to the characteristic actions right at the start of the pp g
calculation and design values are then used.

In the design approach referred to as DA-2*  the entire calculation isIn the design approach referred to as DA-2*, the entire calculation is
performed with characteristic values and the partial factors are 
introduced only at the end when the ultimate limit state condition is
checkedchecked.
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DA-2DA-2*.

Determination of the ground bearing resistance in design
procedures DA-2 and DA-2*. Design approach DA 2* gives
th t i ( l ti ) d i

13

the most economic (or less conservative) design.
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Bearing resistance

V ≤ RVd ≤ Rd

Vd should include the self-weight of the foundation and any 
backfill on it  This equation is a re-statement of the inequality: Ed ≤ Rdbackfill on it. This equation is a re statement of the inequality: Ed ≤ Rd

Design action Vdd

• Variable vertical load
• Permanent vertical load
a) Supported permanent load
b) Weight of foundation
c) Weight of the backfillc) Weight of the backfill
d) Loads from water pressures
e) Uplift
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R/A’= c'Ncbcscic+q'Nqbqsqiq+1/2γ'B'Nγbgsgiγ DRAINED CONDITIONS
Annex D

/ c c c c q q q q q / γ γ g g γ

R/A’= (2+π)cuscic+q UNDRAINED CONDITIONS

with the dimensionless factors for

• the bearing resistance:

Nq=  e π x tanϕ’ tan2(45°+ϕ’/2)q

Nc=  (Nq-1) cotϕ’

Nγ =  2 (Nq-1)  tanϕ’

• the inclination of the foundation base: bc, bq, bγ

• the shape of foundation: sc, sq, sγ

• the inclination of the load: ic, iq, iγ

A’ = effective foundation area (reduced area with load acting at its 
centre)

15

centre)
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The eccentricity of the action from the 
centre of the footing should be kept

i hi h  f ll i li i (k h  within the following limits (known as the 
foundation’s ‘middle-third’) to avoid the 
loss of the contact between footing and 

dground:
eB ≤ B/6  eL≤ L/6

where B and L are the footing’s breadthwhere B and L are the footing s breadth
and length respectively and eB and
eL are eccentricities in the direction of B 
and Land L.
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R/A’= c'Ncbcscic+q'Nqbqsqiq+1/2γ'B'Nγbgsgiγ DRAINED CONDITIONS/ c c c c q q q q q / γ γ g g γ

iq= (1 - 0.70 x H / (V + A’ x c’x cotanφ’))m

m=mB= [2+(B’/L’)]/[1+(B’/L’)]B

m=mL= [2+(L’/B’)]/[1+(L’/B’)]
m=mθ=mLcos2 θ +mBsin2θ

ic= (iqx Nq - 1) / (Nq - 1)
iγ= (1 - H / (V + A’ x c’x cotanφ’))3

sq= 1 + (B’ / L’) x senφ’ (rectangular shape)sq  1 (B  / L ) x senφ      (rectangular shape)
sq= 1 + senφ’ (square or circular shape)
sc=  (sqx Nq - 1) / (Nq - 1)
sγ=  1- 0.30 x (B’ / L’) (rectangular shape)

0 70 ( i l h )sγ=  0.70 (square or circular shape)

bc = bq - (1-bq) / (Nc tan φ’)
bq = bγ=(1-α tanφ′)2

17

bq  bγ (1 α tanφ )
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R/A’= (2+π)cu bcscic+q UNDRAINED CONDITIONS

b =1 2α/(π+2)bc=1–2α/(π+2)
α is the inclination of the foundation base to the horizontal

sc = 1+ 0.2 (B'/L')   (rectangular shape)c ( ) ( g p )
sc = 1.2             (square or circular shape)

ic=0.5(1+√(1-H/(A’cu)))
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D = zw = 2m    B/L=1

Global safety factor of the foundation designed according to 
EC7 Mandolini & G  Viggiani  2004

19

EC7, Mandolini & G. Viggiani, 2004
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ConsiderationsConsiderations

For drained conditions water pressures must be included as 
actions. How to apply the partial factors to the weight of a 
submerged structure? Since the water pressure acts to reduce 
the value of Vd, it may be considered as favorable, while the d, y ,
total weight is unfavourable. Physically however, the soil has 
to sustain the submerged weight.

For the design of structural members, water pressure may be 
unfavorable.
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Q
Gk
Qvk

Qhk

Vunfavourable. Hunfavourable

V =γ G +γ ψ Q H = γ QVd=γG Gk+γQvψ0 Qvk Hd= γQ Qhk

γG=1.35. γQv=1.5. γQh=1.5

Vunfavourable. Hunfavourable
As the eccentricity influence the 
effective base dimension it could be 

Vd=γG Gk+γQv Qvk Hd= γQh ψ0 Qhk

γG=1.35. γQv=1.5. γQh=1.5

Vfavourable. Hunfavourable

effective base dimension it could be 
necessary to analyze different load
combinations, by considering the 
permanent vertical load both Vfavourable. Hunfavourable

Vd=γG Gk+γQv Qvk Hd= γQh Qhk

γG=1.00. γQv=0.0. γQh=1.5

favourable and unfavourable and by 
changing the principal variable load.

21 ©2013. Giuseppe Scarpelli. All rights reserved



Eurocodes:
Background & Applications

GEOTECHNICAL DESIGN ith k d l 13 14 J D bliGEOTECHNICAL DESIGN with worked examples 13-14 June. Dublin

Sliding resistance
Hd ≤ Rd + Rp.d
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For drained conditions the design shear resistance  R  shall be For drained conditions the design shear resistance, Rd, shall be 
calculated either by factoring the ground properties or the ground
resistance as follows;

Rd = V'd tan δd or Rd = (V’d tan δk) / γRh

Normally it is assumed that the soil at the interface with concrete is 
disturbed  So the design friction angle δd may be assumed equal to the disturbed. So the design friction angle δd may be assumed equal to the 
design value of the effective critical state angle of shearing resistance, 

'cv,d, for cast-in-situ concrete foundations and equal to 2/3 'cv,d for 
smooth precast foundations. smooth precast foundations. 

Any effective cohesion c' should be neglected.

For undrained conditions  the design shearing resistance  Rd  shall be For undrained conditions, the design shearing resistance, Rd, shall be 
calculated either by factoring the ground properties or the ground
resistance as follows: 

R = A c or  R = (A c )/γ

23

Rd = Accu,d or  Rd = (Accu,k)/γRh
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Considerationso s d o s

The maximum available sliding resistance is likely to be mobilized with 
relatively little movement (and may reduce as large movements take 
place)  Hence it could be difficult to mobilize the maximum value of place). Hence it could be difficult to mobilize the maximum value of 
both Rd and Rp,d. Considering also the remoulding effects of excavation, 
erosion and shrinkage the passive resistance should be neglected.

In undrained conditions. in some 
circumstances the vertical load is

Light precast footing

circumstances the vertical load is
insufficient to produce full 
contact between soil and 
foundation: the design resistancefoundation: the design resistance
should be limited (0.4 Vd).

Cast in situ  footing

24 ©2013. Giuseppe Scarpelli. All rights reserved
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§6.6 Serviceability limit state design§ y g

With direct methods, settlement calculations are required to check SLS

For soft clays settlement calculations shall always be carried out.

For spread foundations on stiff and firm clays in Geotechnical Categories 2 and 3. 
l l ti f ti l di l t h ld ll b d t kcalculations of vertical displacement should usually be undertaken.

The following three components of settlement have to be considered:

•s0: immediate settlement; for fully-saturated soil due to shear deformation at constants0: immediate settlement; for fully saturated soil due to shear deformation at constant 
volume and for partially-saturated soil due to both shear deformation and volume 
reduction;

•s1: settlement caused by consolidation;s1: settlement caused by consolidation;

•s2: settlement caused by creep.

25 ©2013. Giuseppe Scarpelli. All rights reserved
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In verifications of serviceability limit states:

- Partial factors are normally taken as 1
- Combination factors  are those for characteristic, frequent or quasi 

permanent combinations (ψ )permanent combinations (ψ2)

©2013. Giuseppe Scarpelli. All rights reserved26
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Annex H: definitions
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Ideal approach (deterministic): solution of the interaction
problem and calculation of the stresses induced in the foundation
(use of FEM or subgrade reaction models)

Conventional approach (semi - empirical): 

• wmax calculation

• empirical evaluation of δ and β=f(wmax, foundation, ground)

• admissibility check for δ and β=f(structure, type of damage)

28 ©2013. Giuseppe Scarpelli. All rights reserved
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The total settlement of a foundation on cohesive or non cohesive soil may beThe total settlement of a foundation on cohesive or non-cohesive soil may be 
evaluated using elasticity theory through an equation of the form:

w = p×b×f / Em

where:

Em is the design value of the modulus of elasticity (operative modulus )

f  is an influence settlement coefficient

p is the (average) pressure at the base of the foundation

To calculate the settlement caused by consolidation, a confined one-dimensional 
deformation of the soil may be assumeddeformation of the soil may be assumed

29 ©2013. Giuseppe Scarpelli. All rights reserved
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Empirical correlations 
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Limiting values g
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Annex H  - Limiting values of structural deformation and foundation

movement

The maximum acceptable relative rotations for open framed structures, 
infilled frames and load bearing or continuous brick walls are unlikely to be infilled frames and load bearing or continuous brick walls are unlikely to be 
the same but are likely to range from about 1/2000 to about 1/300, to 
prevent the occurrence of a serviceability limit state in the structure. A 
maximum relative rotation of 1/500 is acceptable for many structures. The 

l ti  t ti  lik l  t    lti t  li it t t  i  b t 1/150relative rotation likely to cause an ultimate limit state is about 1/150.

For normal structures with isolated foundations, total settlements up to 50 
mm are often acceptable. Larger settlements may be acceptable provided the 

l ti  t ti  i  ithi  t bl  li it  d id d th  t t l relative rotations remain within acceptable limits and provided the total 
settlements do not cause problems with the services entering the structure, 
or cause tilting etc.
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Foundations of buildings (EC7, Annex H)

•Serviceability limit states (SLS) : β ≈ 1/500•Serviceability limit states (SLS) : βmax ≈ 1/500
•Ultimate limit states (ULS) : βmax ≈ 1/150
•smax ≈ 50 mm

33 ©2013. Giuseppe Scarpelli. All rights reserved
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ft
2 )

q 
(t

/f

Foundation width B (ft)

Terzaghi Peck 

As the foundation width increases, the controlling limit state 
changes from bearing failure (ULS) to excessive settlement (SLS). 

e ag ec
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• The Terzaghi & Peck design charts demonstrate how in practice 

foundation design can be governed either by ULS or by SLS limit 

states.

• A sound foundation design shall always be based on both checks; 

• The calibration of partial factors in EC7 is such that ULS and SLS  

have a balanced weight for normal design situations. 

• This may be not the case with the adopted partial factors in the 

different countries (as for the Italian Code of Constructions)

©2013. Giuseppe Scarpelli. All rights reserved35
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