
FOUNDATIONS

Prof.dr.ing Adrian CIUTINA

Universitatea Politehnica Timişoara

Facultatea de Construcţii

Departamentul de Căi de Comunicație Terestre, Fundații și Cadastru

- CURS 4 -

Foundation movements



§ 4.1 Introduction

Adrian Ciutina, Foundations

 The structural loads induced in the foundations lead to movements of 

the footing of the foundation in regard to the initial position (prior loading 

or prior execution). 

 The components of foundation movement, which should be 

considered include settlement, relative (or differential) settlement, 

rotation, tilt, relative deflection, relative rotation, horizontal displacement 

and vibration amplitude (EN 1997-1).

 The vertical displacements of the foundations (and implicitly of the 

building) is named settlement.

 In usual manner, the foundation settlement is denoted by s (NP112-

2014 and EN 1997-1).

 Usually the design settlement represents the calculated settlement 

on the basis of soil mechanics rules. This could be different from the 

real settlement, measured on site.
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§ 4.2 Types of settlements
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 The following types of settlement could be distinguished: 

 Absolute settlement s – represents the vertical settlement of a point of 

a foundation or an entire single or continuous foundation.

Absolute settlement

 Average settlement sm – computed as the mean of the absolute 

settlements for at least three individual foundations. Condition for 

individual settlement: Is-smI<0.5sm

 Relative settlement srel – representing the difference between two 

adjacent foundations in regard to the distance between them, 

considering the ULS combination of actions: srel=(s1-s2)/l

Relative settlement



§ 4.2 Types of settlements
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 Foundation inclination (tanθ) – measures the angle of possible 

differential settlement between the edges of the foundation. This is due 

to eccentric loading or differences in soil characteristics at foundations 

edges: tanθ=(smax-smin)/l.

Foundation inclination 

 Relative bending of the foundations f – represents the ratio between 

the absolute deflection of long foundations and its length:

Relative bending of the foundations 



§ 4.3 Design principles of foundations to settlements
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 In the design of foundations to settlements, the soil is assumed to 

behave as a linear deformable medium. In consequence, for design the 

following conditions should be fulfilled: 

 For centrically loaded foundations: pef ≤ ppl

 For uni-axial eccentrically loaded foundations:

pef ≤ ppl and pef,max ≤ 1.2ppl

 For bi-axial eccentrically loaded foundations:

pef ≤ ppl and pef,max ≤ 1.4ppl

where:

pef is the average effective pressure under foundation footing

pef ,max is the maximum effective pressure under foundation footing 

derived from eccentrically applied loads.



§ 4.3 Design principles of foundations to settlements

Adrian Ciutina, Foundations

 The following condition should be fulfilled when checking the 

foundation deformations:



§ 4.3 Design principles of foundations to settlements
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EN 1997 limiting values of structural deformations and foundation 

movement:
 For normal structures with isolated foundations, total settlements up 

to 50 mm are often acceptable. 

 Larger settlements may be acceptable provided the 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.

definitions of settlement s, differential 

settlement δs, rotation θ and angular strain 

α according to EN 1997-1

definitions of relative deflection Δ and 

deflection ratio Δ/L according to EN 1997-1



§ 4.3 Design principles of foundations to settlements
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EN 1997 limiting values of structural deformations and foundation 

movement:
 The maximum acceptable relative rotations for open framed 

structures, infilled frames and load bearing or continuous brick walls 

ranging from 1/2000 to 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 relative rotation likely to cause an ultimate limit state is 

about 1/150.

definitions of tilt ω and relative rotation (angular distortion) β according 

to EN 1997-1



§ 4.3 Design principles of foundations to settlements
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NP 112/2014 limiting values of structural deformations and 

foundation movement:

 The maximum rough values of deformations and displacements of 

foundations for buildings are given in table below:



§ 4.3 Design principles of foundations to settlements
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NP 112/2014 limiting values of structural deformations and 

foundation movement:



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 Frequently the foundation soil profile is formed from several different 

sub-soil layers with finite thicknesses and different physic-mechanical 

characteristics.

 In such cases, starting from the known vertical variation of  the 

vertical stress, the foundation settlement can be estimated as a sum of 

settlements on sub-layers. Soil profile sub-divided in 

sub-layers
 Considering a foundation of width B, having 

the footing at the level Df below the natural 

ground level. 

 The contact pressure transmitted by the 

foundation pef is:
where:

N - the axial load induced by the structure

A – footing area

Gf+p – design load of the foundation and soil over the foundation.



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 Net pressure is used for the evaluation of the settlement:

where:

γ represents the average volume weight of the soil layers above foundation

 The compressible layers within active zone are divided in elementary 

layers (sub-layers) considering the lithologic limits soils and a 

maximum depth of a sub-layer of hi≤0.4B (B-width of the foundation).

 The principal vertical stresses due to net pressure at the separation 

limits of the sub-layers are found by:

where:

σz  - is the vertical stress at depth z below the footing level structure

α0 – distribution coefficient of vertical stresses in foundation centre for 

uniform pressures under foundation.



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 α0 is a coefficient, given in 

tables in function of:

 The ratio L/B  between the 

length  (L) and the width 

(B) of a rectangular 

foundation;

 The ratio z/B between the 

depth of the sub-soil in 

regard to the footing level 

and the width (B) of a 

rectangular foundation;



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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Values of α0 coefficient:



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 The depth of the active zone z0 (depth used in the evaluation of 

settlements) is determined by consecutive checks of the vertical 

stresses due to net pressure σzi and comparison with the vertical 

stresses generated by the geological pressure - σgzi.

 The inferior limit of the active zone is considered the level at which 

the following condition is achieved:

Obs: If at bottom of the active zone there is a soil layer having a deformation modulus 

E ≤5000 kPa, the depth z0 is extended up to a sub-layer satisfying: 

Obs: If on the active zone there is an incompressible soil layer having a deformation 

modulus E >100 000 kPa, then the depth z0 is limited to the upper surface of the 

incompressible layer. 



where:

σmed
zi - vertical average stress:

Esi is the modulus of linear deformation of the soil layer i

σsup
zi , σinf

zi vertical stress at superior and respectively inferior borders of 

sub-layer i

§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 The settlement of an sub-layer considered linear deformable 

environment is computed on the Hooke’s law basis:

 The absolute settlement of the 

foundation is computed by:

with: n - the number of sub-layers within the active zone

β – correction coefficient: β=0.8



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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Usual values of the linear deformation modulus of soils (E):



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 The supplementary settlement due to the influence of adjacent 

foundations or due to the soil overloading in the proximity of the 

foundation could be found by using the corner points method.

 According to this method, the total vertical stress σz  located on the 

vertical axis of a corner point of a foundation is computed by:

With αC – coefficient 

of distribution of 

vertical stresses at 

the foundation 

corner, given in 

tables in function of 

ratios L/B and z/B.

Interpolation is 

possible for other 

values.



§ 4.4 Evaluation of foundation settlement by summing 
the sub-soil layer settlements 
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 By superposing the effects, the total vertical stress σz  on the vertical 

axis of a point P under a foundation located at a certain distance from 

another rectangular foundation ABCD, loaded by an uniform net 

pressure pnet, could be determined as follows:

where:

αC1  - the distribution coefficient of 

stresses for the rectangle AEPG

αC2  - identical, for rectangle GPFD

αC3  - identical, for rectangle BEPH

αC4  - identical, for rectangle HPFC

Obs: Special foundation forms are approximated by admitting the foundation form as a 

sum of rectangular shapes and computing σz by multiple superposition.


