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A toolbox (STANDARD) for verification that 
your geotechnical structure is within the cube.

The aim of Eurocode

A tool to prove that the structure comply with the

fundamental requirements

ÅSafety ï safe enough for the considered use

ÅServiceability ï the desired function is achieved

ÅDurability ï throughout the design service life

ÅRobustness ï to handle the unexpected

ÅSustainability ï building with consideration of the future

ULS

Safety

SLS

Serviceability

Durable

Robust

Sustainable

If we agree on how to prove the compliance with the fundamental requirements, it will facilitate the 

open (and fair) trade within and between countries.
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Mitigation of risk using Geotechnical Category ï through the process

Ground 
Model

Design 
model

Verify the 
structure

Execution Maintenance

Verification of limit state

Geotechnical Design Model

Design situation

Physical 
conditions 

[+ GM]
Time frame

Rep.
Value

Actions

Load
Environmental 

influences

Limit state

ULS
failure mode

SLS

Prescriptive 
Rules

Calculation

Observational 
Method

Testing

EN 
1990

EN 
1997-2

EN 
1997-1

EN 
1997-3

Zone of 

influence

Tools in

Eurocode 7

GC3

GC2

GC1
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Serviceability limit state
EN1997-1, 9

Structural aspects

[EN 1997-1, 9.4]

Å Failure in structural element 

due to deformation in ground

Å Failure of existing structural 

element due to execution of 

another structure

Ground movement 

[EN 1997-1, 9.3]

Å Account for

Å Loading distribution

Å Consolidation creep

Å Changes in groundwater

Å Degradation ï cyclic effects

Å Changes in zone of influence

Åéé..

Hydraulic aspect

[EN 1997-1, 9.5]

Å Serviceability criterion to 

avoid failure of the 

structure or server impact 

within the zone of influence 

Impact within zone-of-influence

EN 1997-1, 4.2.5

Serviceability criteria

EN 1997-1, 9.2
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Ultimate limit state
EN1997-1, 8

Excessive deformation

[EN 1997-1, 8.1.2]

Å Failure in structural element 

due to deformation in ground

Å Failure of existing structural 

element due to execution of 

another structure Hydraulic failure

[EN 1997-1, 8.1.4]

Å Hydraulic heave

Å Internal erosion and piping

Rupture 

[EN 1997-1, 8.1.1]

Å Rupture in ground

Å Translation or rotational failure

Å Bearing capacity

Å Loss of geotechnical 

resistance of element in the 

ground

Loss of static equilibrium

[EN 1997-1, 8.1.3]

Å Loss of rotational 

equilibrium

Å Loss of vertical equilibrium 

(uplift)

Impact within zone-of-influence

EN 1997-1, 4.2.5

ULS

Safety
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Robust, Durable and Sustainable
EN1997-1, 4.1.4, 4.1.6, 4.1.7

Durability

[EN 1997-1, 4.1.6]

ÅDefinition EN 1990, 3.1.2.31

Å ability of a structure or 

structural member to satisfy, 

with planned maintenance, its 

design performance 

requirements over the design 

service life

Robstness

[EN 1997-1, 4.1.4]

ÅDefinition EN 1990, 3.1.2.30

Å ability of a structure to 

withstand unforeseen adverse 

events without being damaged 

to an extent disproportionate to 

the original cause

Sustainability

[EN 1997-1, 4.1.7]

ÅDefinition EN 1990, 3.1.2.32

Å ability to minimize the adverse 

impact of the construction works 

on non-renewable resources in 

the environment, on society, and 

on economy during their entire 

life cycle
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Geotechnical Design Model, 
GDM
[EN 1997-1, 4.2.3.1]

The basis of design is compiled in a GDM.

ñGDM a carrier of all needed information for 

your verificationò

GDM shall

Á Be developed for each design situation.

Á Include corresponding combination of actions.

Á Include associated relevant limit states.

Á Based on a validated Ground model.

Á Include representative value

Verification of limit state

Geotechnical Design Model

Design situation

Physical 
conditions 

[+ GM]
Time frame

Rep.
Value

Actions

Load
Environmental 

influences

Limit state

ULS
failure mode

SLS 

ZoI 

Time

Appropriate reliability
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EN 1997-1, 4.3.2

ÅRepresentative value of ground properties

ÅCharacteristic ï statistical evaluated

ÅNominal ï selected cautious estimate

ÅBest-estimate ï for prognosis

Representative

Nominal

Characteristic

Best-estimate

Desk study
Site 

inspection
Lab 

investigation
Field 

investigation Monitoring

Theory, correlation or 

empiricism
Back-analysis

Derived values

Design value

Acceptable reliability
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Åcontinuous, managed, integrated 

process of design, construction 

control, monitoring and review 

that enables previously defined 

modifications to be incorporated 

during or after construction as 

appropriate 

Observational method

Åpre-determined, 

experienced-based, and 

suitably conservative rules 

for design 

Prescriptive rules

Verification by testing

Å testing performed to verify 

that the performance of the 

geotechnical structure (or 

part of the structure) is 

within the limiting values 

Verification
[EN 1997-1, 4.4, 4.5, 4.6, 4.7]

Verification of limit state

Geotechnical Design Model

Design situation

Physical 
conditions 

[+ GM]
Time frame

Rep.
Value

Actions

Load
Environmen

tal 
influences

Limit state

ULS
failure 
mode

SLS 

ZoI 

Time

Prescriptive 
Rules

Calculation

Observational 

Method
Testing

[EN 1997-1, 4.4][EN 1997-1, 4.5]

[EN 1997-1, 4.7][EN 1997-1, 4.6]
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Verification with calculation using partial factors

MFA (Material Factor Approach)

Action Material Resistance

ÅAction (EN 1990)

ÅMaterial (EN 1997-1)

ÅResistance (EN 1997-3)

RFA (Resistance Factor Approach)

Action Material Resistance

Ὁ <Ὑ

EN 
1990

EN 
1997-2

EN 
1997-1

EN 
1997-3
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Ensuring Reliability - The recommended measures

Basic variables

Material properties

Mechanical modelsPrevent errors

Adequate inspection 

and maintenance

CC3

CC2

CC1

EN1990, 4.1 (2)

é.appropriate degrees of reliability and in an 

economical way 

Different type/extent of measures are needed for different 

consequence class - flexibility

EN 1990, 4.2 (3) NOTE 3 Levels of reliability for 

structural failure and serviceability are achieved 

by:

Å appropriate representation of the basic 

variables;

Å accuracy of the mechanical models used and 

interpretation of their results;

Å prevention of errors in design and execution of 

the structure, including gross human errors;

Å adequate inspection and maintenance 

according to procedures specified in the project 

documentation.
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Why introduce
Geotechnical Category?

Geotechnical Engineers

Ç Work with the given material at site, can not select a 

building material with well defined material properties.

Ç Minimize uncertainty by adding information, knowledge 

and experience during the design and execution.

Ç Need to adapt the geotechnical structure to the expected 

and unexpected conditions at the building site.

Ç Therefore, the measures we need to take to ensure the 

appropriate reliability is also linked to the Geotechnical 

Complexity

We need a Ground Model

that describe the complexity.

Might be a challenge to achieve!

F
o

to
: 

G
. 
F

ra
n
z
é
n

F
o

to
: 

G
. 
F

ra
n
z
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n
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Ensuring reliability
Geotechnical Complexity Class

- Uncertainty in ground conditions

- Variability/difficulty of the ground

- Sensitivity to groundwater/surface 

water conditions

- Ground structure interaction

considerable

highly variable

significant

negligible

uniform

low

GCC3GCC1



18 The second generation Eurocodes: key changes and benefits through design examples

Online workshop, 3-5 June 2025 

To be sure that the structure are within the cube
We need to ensure appropriate reliability ï Geotechnical Category

Parameters for design

Calculation models

Possible to increase 

target value

KF, KM, KR

Increased amount of measures to limit 

probability of errors

Maintenance

Execution

Design

ÅInspection

ÅMonitoring

ÅInspection + Testing

ÅSupervision

ÅMonitoring

ÅGM, GDM

ÅVerification

ÅReport, Execution specification

Prevent errors

Implementation of designTarget reliability depend on CC and is national choice. 

The measures to ensure appropriate reliability for geotechnical 

structure to be within the ñcubeò depend on GC (GCC +CC)



EN 1997 
Spread foundation
Key changes

Example
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Clause 5. Geotechnical design of spread 
foundations 

Application to:

ÅPad, strip and raft foundations

ÅUnreinforced working platforms

ÅLoad transfer platforms (LTP) over rigid inclusions (partly)

ÅDeep foundations as caissons (behaving as spread foundations)

ÅGravity retaining walls (partly)
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Clause 5. Geotechnical design of spread 
foundations 

Ç Specific design situations (in addition to the general ones):

Á Soluble, expansive and collapsible soils

Á Particular features of rock

Á Potential scour

Ç Geometrical properties ï tolerances, working space requirements, size of the supported 

structural element, embedment depth 

Ç Specific actions to be considered, including due to frost, swelling, shrinking, collapse, heave, 

seasonal cycles, cyclic and dynamic actions (vibrations, liquefaction, damping,  é) etc.

Ç Environmental effects to consider  ï frost, drying/wetting, scour, soluble materials
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Clause 5. Geotechnical design of spread 
foundations 

ÇMinimum ground investigation ï zone of influence 

+ provisions in Part 2 ï depending on the ground conditions



23 The second generation Eurocodes: key changes and benefits through design examples

Online workshop, 3-5 June 2025 

Clause 5. Geotechnical design of spread 
foundations 
ÇMaterials 

ÁNatural Ground (see EN 1997-2) or engineered fills ï to be verified either by 

using effective or total stress properties, taking into account the permeability, 

potential failure mechanism, rate and duration of loading

ÁConcrete and other materials 

ÇGroundwater

ÁTo consider levels and pressures affecting bearing / sliding resistance, stability 

against uplift, loss of equilibrium, settlement 

ÁWhere GWL is close to the foundation level effects of pore water suction should 

be considered (or avoided by appropriate measures)
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Clause 5. Geotechnical design of spread 
foundations 
ÇGeotechnical analysis 

ÁVerification of limit states 
Design 

verification

ULS

Bearing Sliding 
Rotational 

(overturning / 
toppling)

Structural 
failure due to 

excessive 
movements

SLS

Settlement Heave
Rotation and 

tilting
Horizontal 

displacements
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS resistance - calculation models

ÁBearing:

VSoils and fills:

ï calculation models for drained and undrained, ground underlaid by a weaker layer;

- empirical model based on Menard pressuremeter

VRock mass

ÅSliding: drained and undrained 
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Clause 5. Geotechnical design of spread 
foundations 

ÇSLS 

ÁSettlement

V Immediate settlement

VSettlement caused by consolidation

VSettlement caused by creep

VSettlement caused by cyclic and dynamic actions
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Clause 5. Geotechnical design of spread 
foundations 
ÇSLS 

ÁSettlement - Calculation models in Annex B:

o Based on elasticity

o Based on stress ï strain method

o Without drainage

o By consolidation

o Time-settlement behaviour

o Using pressuremeter

o Using CPT
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Clause 5. Geotechnical design of spread 
foundations 

ÇSLS 

ÁHeave
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Clause 5. Geotechnical design of spread 
foundations 
ÇSLS 

ÁGuidance on bearing pressures for structural analysis

VRigid and flexible foundations

VRelative stiffness of a spread foundation and subgrade modulus

VLinear elastic spring stiffness
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Clause 5. Geotechnical design of spread 
foundations 
ÇULS verification ï calculation (partial factor method), prescriptive, large-scale 

testing

ÅBearing : Nd ¢ RNd
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Clause 5. Geotechnical design of spread 
foundations 
ÇULS verification ï calculation (partial factor method), prescriptive, large-scale 

testing

ÅSliding : Td ¢ RTd, base + RTd, face
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS verification ï calculation (partial factor method), prescriptive, large-scale 

testing

ÅSliding : Td ¢ RTd, base + RTd, face
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS verification ï calculation (partial factor method), prescriptive, large-scale 

testing

ÅSliding : Td ¢ RTd, base + RTd, face
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS verification ï calculation (partial factor method), prescriptive, large-scale 

testing

Å  Toppling ς acc. to EN 1990 (static equilibrium) (VC1)
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS verification ï calculation 

(partial factor method), prescriptive, 

large-scale testing

Á  Partial factors for resistances

+ partial factors on actions and 

effects-of-actions (EN 1990)

+ partial factors on materials (EN 

1997-1)

- MFA ï either combination a and b, 

or c

Å  
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Clause 5. Geotechnical design of spread 
foundations 

ÇULS verification ï calculation (partial factor method), prescriptive, 

large-scale testing



37 The second generation Eurocodes: key changes and benefits through design examples

Online workshop, 3-5 June 2025 

Clause 5. Geotechnical design of spread 
foundations 

ÇSLS verification  

ÅSettlement

ÅTilting

ÅVibration 
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Clause 5. Geotechnical design of spread foundations 

Design Example ï spread 
foundation on sand ï TGB2

Å design a square spread 
foundation 

Åstructure assigned to 
consequence class CC2 and 
structural sensitivity class SSC3

Åassumed thickness of 1.0 m and 
embedded at a depth of 1.0 m 
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Clause 5. Geotechnical design of spread foundations 

Design Example ï spread 
foundation on sand ï TGB2

Å  Actions:

- permanent: 

Á self-weight 

Á from the structure

- Variable

Á from the structure

Á wind
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Clause 5. Geotechnical design of spread foundations 

ÇDesign Example ï spread foundation on sand ï TGB2

ÅGround parameters

- medium dense silty sand from ground level to a significant 
depth beyond the zone of influence of the foundation. 

- Groundwater level is assumed to be at the ground surface 
level.
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Clause 5. Geotechnical design of spread foundations 

ÇDesign Example ï spread foundation on sand ï TGB2
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Clause 5. Geotechnical design of spread foundations 

ÇDesign Example ï spread foundation on sand ï TGB2

ÅDesign situations -3 examples considered
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Clause 5. Geotechnical design of spread foundations 

ÇDesign Example ï spread foundation on sand ï TGB2



44 The second generation Eurocodes: key changes and benefits through design examples

Online workshop, 3-5 June 2025 

Clause 5. Geotechnical design of spread 
foundations 
ÇDesign Example - spread foundation on sand ï TGB2

Å ULS ï bearing resistance verification- drained conditions
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å ULS ï bearing resistance verification Ὑὔ= ὃᴂήᴂὔήὦήὨήὫήὭήίή+ 0.5‎ᶻὄᴂὔ‎ὦ‎Ὠ‎Ὣ‎Ὥ‎ί‎  
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å ULS ï bearing resistance verification
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å ULS ï sliding verification
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å ULS ï eccentricity ï (eB / B)2 ¢ 1/9 (rectangular)

Load combination Gv + Qv + Qh,psi(0.6) + Qm,psi(0.6) Gv + Qv,psi(0.7) + Qh + Qm Gv,fav + Qh + Qm 

Partial factor combination a b c d e a b c d e a b c d e 

B = L m 1.37 1.73 1.82 1.53 1.53 1.63 2.02 2.06 1.78 1.78 1.71 1.91 2.05 1.83 1.70 

eB,d m 0.27 0.30 0.26 0.26 0.26 0.43 0.49 0.42 0.43 0.43 0.58 0.50 0.57 0.58 0.43 

(eB,d/B)2 < 1/9 (0.11) - 0.03 0.02 0.02 0.02 0.02 0.06 0.04 0.03 0.05 0.05 0.05 0.04 0.03 0.04 0.05 
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å SLS ï settlement

- Allowable settlement: 30 mm (SSC3)

- Annex B
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Clause 5. Geotechnical design of spread 
foundations 

ÇDesign Example - spread foundation on sand ï TGB2

Å SLS ï settlement

- For B = 1.85 m (RFA)

The resulting range of expected settlements (16-25 mm) is within the limitation for 

structures assigned to CC3 (30 mm).

B m 1.85 

A m2 3.42 

Vk kN 851 

p kPa 249 

Is - 0.82 

 ˄ - 0.3 

E lower kPa 14000 

E upper kPa 22000 
  

 

s lower est mm 25 

s avg mm 19 

s upper est mm 16 

 



EN 1997 
Piled foundation
Key changes

Example
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Content of clause 6  ïPile foundation
Annex C  ´Piled Foundations´  (informative)

C.3 Examples of pile types (Classification)

 Calculation of axial pile resistance based on 

C.4,C.5 é ground parameters

C.6 é CPT profiles

C.7 é PMT profiles

C.8 é empirical tables

C.9 Calculation of downdrag due to vertical ground movements

C.10 Pile groups subject to axial tension

C.11 Calculation model for single pile settlement using load transfer functions

C.12 Calculation model for single pile lateral displacement using load transfer 

functions

C.13 Calculation model for buckling and second order effects

C.14 Determination of axial pile resistance under cyclic loading

EN 1997-3:2025, Clause 6

6.1 Scope and field of application

6.2 Basis of design

6.3 Materials

6.4 Groundwater

6.5 Geotechnical analysis

6.6 Ultimate limit states

6.7 Serviceability limit states

6.8 Implementation of design

6.9 Testing

6.10 Reporting

Annex C
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Main principles for axially loaded piles 

The rules are presented for all types of piles: Displacement piles (EN 

12699) and Replacement piles (EN 1536).

The fundamental equations are the following (no change with the 

previous EN 1997):

Ὑ Ὑ Ὑ
Ὑȟ Ὑ

Ὑ ὃή

Ὑ ὃȟήȟ

Several ways are presented to account for the weight of the pile.

Displacements to mobilize both the pile base resistance and the pile 

shaft resistance should be checked when the ground at the pile base 

(the rock mass) and the ground along the shaft  (soft overlying soil) 

show a large difference in terms of stiffness ( see also transversal 

loading for socketed pile)
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Verification of limit states ïAxially loaded piles
For axially loaded piles (single pile, group of piles, piled-raft), for ULS, the verification is only based on:

VC1 and RFA

VC1 (Verification Case 1 ïsee EN 1990) : factors are applied on the actions at the the top of the pile

RFA (Resistance Factor Approach ïsee EN 1990) : resistance factors are applied on the bearing capacity, the shaft resistance 

and the base resistance

╕╬▀ ╡╬▀(ULS verification)

Action: ╕╬▀ Ȣ ╖▓ Ȣ╠►▄▬
(Qrep is the caractersitic value, the combination value, the frequent value or the quasi-permanent value)

Resistance: ╡╬▀
╡╬ȟ►▄▬

♬╡╬Ȣ♬╡▀
▫►

╡╫ȟ►▄▬

♬╡╫Ȣ♬╡▀

╡▼ȟ►▄▬

♬╡▼Ȣ♬╡▀

‎ , ‎ , ‎ : partial factors to account for limit states

‎ : model factor to account for the model

Ὑȟ , Ὑȟ , Ὑȟ can be obtained by testing or by calculation
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Representative values ïVarious available 
methods

Ὑȟ , Ὑȟ , Ὑȟ can be determined by:

Testing (static or dynamic) / Calculation (ground model and pile model) / Prescriptive rules

(Observation method is very rare for piles and foundations in general)

For the different methods, the safety framework is based on the consideration of three issues:

Å (1) the ground uncertainty (with correlation factors x- with the elaboration of the ground model)

Å (2) the uncertainty of the calculation model or the testing procedure (model factor)

Å (3) the verification of limit states than can vary for each European country

Pile bearing capacity

10 % of the pile diameter of 

maximum applied load

EN 22477-1

from ground parameters

(Cu, c and j, pl*, qc, NSPT, etc.)

óground modelô

Ὑȟ =Ὑ

from N field test profiles

(N CPTs, N PMTs, N SPTs, etc.)

ómodel pileô

Ὑȟ άὭὲ Ƞ

from tests Ὑȟ άὭὲ Ƞ
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Calculations methods

Ground parameters: 

qs,rep with: a.cu and b.sôv
qb,rep with Nc and Nq

Axial pile resistance from PMT profiles:

qs,rep with apile-ground.f(pLM*)

qb,rep with kp.pLM,e*

Axial pile resistance based on CPT profiles:

qs,rep with cs.qc

qb,rep with cb.kshape.qc

CPT or PMT data:

qs,rep=f(ground type, pile, qc or pLM*)

qb,rep=f(ground type, pile, qc or pLM*)

 

Axial pile resistance based on empirical tables:

Representative values of 

unit shaft resistance qs,rep 

for bored piles in soils

Three calculation models compatible with óground modelô or ómodel pileô methods
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Synthesis
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Example - Testing

Results of 4 pile load tests  

From the load-settlement graphs for each pile this gives:

ÅPile 1 Rm = 2.14 MN

ÅPile 2 Rm = 1.96 MN

ÅPile 3 Rm = 1.73 MN

ÅPile 4 Rm = 2.33 MN

The mean and minimum measured pile resistances are:

(Rm)mean = 2.04 MN

(Rm)min = 1.73 MN

xmean = 1.10 and xmin = 1.00.
Hence the characteristic pile resistance :
Rc;rep = min{2.04/1.1;1.73/1.0} 
Rc;rep = Min{1.85;1.73} = 1.73 MN

Rd (pile) = Rc;rep /(gRd*gRc)

gRd = 1,0

gRc = 1,1

Rd (pile)  = 1.73 /(1.0*1.1)=1.57 MN

Spatial 
variation of 
the ground

Uncertainty of the 
measured values

+
Design values
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Example ïPile model

The calculated pile resistances 

are as follow:  

ÅCPT 1 Rcal = 2.14 MN

ÅCPT 2 Rcal = 1.96 MN

ÅCPT 3 Rcal = 1.73 MN

ÅCPT 4 Rcal = 2.33 MN

The mean and minimum 

measured pile resistances are:

(Rcal)mean = 2.04 MN

(Rcal)min = 1.73 MN

Assume all CPTS are in a straight line along the site:

CPT 1,2,3 are 1 dataset with CoV = 11% :

(Rcal)mean = 1.94 MN (Rcal)min = 1.73 MN

 xmean = 1.33 and xmin = 1.23 

The characteristic pile resistance is :

Rc;rep = Min{1.94/1.33;1.73/1.23} 

Rc;rep = Min{1.46;1.41} = 1.41 MN

CPT 4 is considered alone with 

(Rcal)min = 2.33 MN

xmean = xmin = 1.40 

Hence Rc;k = 1.66 MN 

For now, we assume CPT 4 is not in the area 

Where the building is foreseen so we continue with 

The outcome of dataset CPT 1,2,3.

Spatial variation 
of the ground

Uncertainty of the calculation 
model (CPT model)

+
Design values

Rd (pile) = Rc ;rep /(gRd*gRc)

gRd = 1,1

gRc = 1,1

Rd (pile) = 1.41 /(1.1*1.1)=1.16 MN

Implicit statistical 

analysis
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Example ïGround model

4 ground layers ïCFA pile with 

a.cu method :

Åqs1=15 kPa - 3 m

Åqs2=45 kPa - 4 m

Åqs3=62 kPa - 4 m

Åqs4=90 kPa - 5 m

Åand qb=4000 kPa

B=0.8 m (diameter)

and D=16.0 m (depth)

Ὑ Ὑ Ὑ

Ὑ ὃή

Ὑ

ὃȟήȟ

Rc;rep=2.32+2.0=4.32 MN

Representative value 
of the bearing capacity

Uncertainty of the calculation 

model (a.cu method)
+

Design values

Spatial variation of the ground 
is considered though a cautious 
estimate of the shaft friction and 

bearing pressure values

Rd (pile) = Rc ;rep /(gRd*gRc)

gRd = 1,3
(extensive comparable experiences 
witout site-specific pile load tests)

gRc = 1,1

Rd (pile) = 4.32 /(1.3*1.1)=3.02 MN
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Negative skin friction

Simplified approach for calculating 

downdrag:

The dragforce Drep is calculated by 

considering the appropriate thickness of 

ground where the ground settlement is 

higher than the pile settlement (neutral 

plane). 

Ὀ ὖ†ȟὨᾀ
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Negative skin friction

Rigorous approach for calculating 

downdrag:

The dragforce Drep is calculated by 

considering the interaction between the 

ground submitted to a settlement sground(z) 

and the pile with its settlement spile(z) 

considering the amplitude of the actions 

(ULS and SLS):

Ὁὃ
Ὠί

Ὠᾀ
Ὧὖί ί π

ς ὛὒὛί Ὢ Ὃȟ ὗȟ ‪ȟὗȟ

ρ ὟὒὛί Ὢ ‎ȟὋȟ ‎ὗȟ ‎ȟ‪ȟὗȟ

The dragforce Drep is lower for ULS cases than for SLS 

cases 
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Interaction with the other foundation concepts
Smooth transition from spread foundations via ground improvement to piled rafts and piled 

foundations with comparable equivalent global safety level
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Pile groups

ÁVerification:
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1  pile-soil interaction

2  pile-pile interaction

ÁVerification:

Piled raft groups

3  raft-soil interaction

4  pile-raft interaction

5 pile pile interaction
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Numerical modelling

6.5.6 Piled raft

(5) Analysis of a piled raft may 

be based on numerical 

modelling including 

nonlinear stressïstrain 

models for the ground, the 

structural flexural stiffness of 

the raft and the interactions 

between ground, raft and 

piles.

EN 1997-1, 8.2 provides

guidance for verification by 

numerical models 
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Cyclic effects
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Other aspects

Å Guidelines for the selection of t-z curves and the assessment of pile settlement 

Å Guidelines for the selection of p-y curves and the assessment of laterally loaded piles

Å Buckling (various approaches are proposed)

Å Thermoactive structures, Integral bridges

Å Interactions with EN 1992 for concrete piles, EN 1993 for steel piles and EN 1995 for timber 

piles
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Conclusions for piled foundations

Å Pile design acc. to EN 1997:2025 is an evolution of 1st generation rules (no revolution é)

Å Many new design aspects are covered: pile groups, piled rafts, numerical calculations, é

Additional guidance for engineering practice 

Å Code specifies basic requirements for analysis and verification of piled foundations, 

(no comprehensive text-book é)

Additional national guidelines, recommendations, textbooks may be applied 

Å All sets of factors are ´Nationally Determined Parameters´ (NPDs) and  can be adjusted 

according to national experience 

Å  Clause 6 reflects up to date European consensus for pile design   

Å  EN 1997:2025 provides a modern framework for state-of-the-art pile design

 that can be combined with national experience and approaches  



EN 1997 
Conclusion!
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Conclusion
An updated toolbox for 

verification!

Applicable for all ground 

conditions!

Added flexibility with four 

main verification methods

ULS

Safety

SLS

Serviceability

Durable

Robust

Sustainable

Prescriptive 
Rules

Calculation

Observational 

Method
Testing



Thank you!
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