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EN 1997 Introduction

Key changes




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

A Safety i safe enough for the considered use

A Serviceability i the desired function is achieved

X

A Durability i throughout the design service life
A Robustness i to handle the unexpected
Durable

Robust
Sustainable

A Sustainability 7 building with consideration of the future
SLS
Serviceability

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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Verify the
structure

Maintenance

Clause 5.2.5
Monitoring

Clause 5.2.4
Design
investigation

! Observational
Method

| Zone of
s oo influence
R

Verification of limit state

Testing

+

GC3
GC2
Presﬁllr(iepstive Calculation \ ' GC1

Clause 5.2.3
Preliminary
Investigation

+

Clause 5.2.2
Site inspection

Geotechnical Design Model

Design situation Rep. Actions Limit state
Value
Physical -
conditions Time frame Load Er?xlfll'lcj)grr:::%r;tal failutJeLr?'node SLS
[+ GM]

+

| Gblosz .
(Eurecode =

Clause 5.2.1
Desk study




Serviceability limit state
EN1997-1, 9

Ground movement Structural aspects
[EN 1997-1, 9.3] [EN 1997-1, 9.4]
Account for Failure in structural element

due to deformation in ground
Loading distribution

Failure of existing structural
Consolidation creep element due to execution of

_ another structure
Changes in groundwater

Degradation i cyclic effects

Changes in zone of influence

SLS
Serviceability

é é.
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Impact within zone-of-influence
EN 1997-1, 4.2.5

Hydraulic aspect
[EN 1997-1, 9.5]

Serviceability criterion to
avoid failure of the
structure or server impact
within the zone of influence

C,, Limiting value of the
serviceability criterion

Serviceability criteria
EN 1997-1, 9.2



Impact within zone-of-influence
EN 1997-1, 4.2.5

Ultimate limit state
EN1997-1, 8

Loss of static equilibrium

Rupture Excessive deformation
[EN 1997-1, 8.1.3]
[EN 1997-1, 8.1.1] [EN 1997-1, 8.1.2]
Loss of rotational
Rupture in ground Failure in structural element equilibrium
due to deformation in ground
Translation or rotational failure Loss of vertical equilibrium
Failure of existing structural (uplift)
Bearing capacity element due to execution of
another structure Hydraulic failure

Loss of geotechnical
resistance of element in the
ground

[EN 1997-1, 8.1.4]

ULS

Safety Hydraulic heave

Internal erosion and piping
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Robust, Durable and Sustainable
EN1997-1,4.1.4,4.1.6,4.1.7

Sustainability

Robstness Durability

[EN 1997-1, 4.1.4] [EN 1997-1, 4.1.6] [EN 1997-1, 4.1.7]
Definition EN 1990, 3.1.2.30 Definition EN 1990, 3.1.2.31 Definition EN 1990, 3.1.2.32
ability of a structure to ability of a structure or 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

withstand unforeseen adverse structural member to satisfy,

events without being damaged  with planned maintenance, its

to an extent disproportionate to  design performance

the original cause requirements over the design
service life

@@ SE&E&JL‘GE%G ALS

X SLS

NO cl WAI
POVERTY AND WELL-BENG IEIUIJ.IIUM T\‘ SANITAI
Durable - oy ffﬂl’;ﬁ“?:ﬁ'ﬂ. 2 WERMTES 11 .U_ll'l 12 poierd
Robust Serviceability
Sustainable
CLIMATE ure
ACTION BELOW W ON|
[]
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Geotechnical Design Model,
GDM

[EN 1997-1, 4.2.3.1]

The basis of design is compiled in a GDM.

nNGDM a carrier of al |
your verificationo

GDM shall Geotechnical Design Model

A

Verification of limit state

Be developed for each design situation.

Design situation Rep. Actions Limit state
Value

Include corresponding combination of actions.

Include associated relevant limit states.

Based on a validated Ground model.

Include representative value
Appropriate reliability

GC3

GC2
’ GC1

11



EN 1997-1, 4.3.2

A Representative value of ground properties

4 )

A Characteristic i statistical evaluated Representatlve Best-estimate
A Nominal i selected cautious estimate Nominal
A Best-estimate i for prognosis R
Characteristic
\_ o,

Derived values

Theory, correlation or

N Back-analysis
Acceptable reliability

empiricism
GC3 Id
Site Lab Fie
GC2 Desk study inspection investigation  investigation
GC1
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Verification

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

Prescriptive

Rules

[EN 1997-1, 4.6]

N 1997-1, 4.4]

Calculation

Observational
Method

Verification of limit state
Geotechnical Design Model
ctions i

A pre-determined,
experienced-based, and
suitably conservative rules
for design

A testing performed to verify
that the performance of the
geotechnical structure (or
part of the structure) is
within the limiting values

A continuous, managed, integrated
process of design, construction
control, monitoring and review
that enables previously defined
modifications to be incorporated
during or after construction as
appropriate



Verification with calculation using partial factors

A Action (EN 1990)
_ MFA (Material Factor Approach) § RFA (Resistance Factor Approach)
A Material (EN 1997-1)

A Resistance (EN 1997-3)

Action Material Action Resistance

14



Ensuring Reliability - The recommended measures

EN 1990, 4.2 (3) NOTE 3 Levels of reliability for EN1990, 4.1 (2)

structural failure and serviceability are achieved ¢.appropriate degamesgn of
by: economical way

Different type/extent of measures are needed for different
consequence class - flexibility

appropriate representation of the basic

variables;

: CC3
accuracy of the mechanical models used and
interpretation of their results; cCo
prevention of errors in design and execution of ’
the structure, including gross human errors; ‘ CC1

adequate inspection and maintenance
according to procedures specified in the project
documentation.

Prevent errors Mechanical models

Adequate inspection Basic variables
and maintenance Material properties

15 The second generation Eurocodes: key changes and benefits through design examples
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Why introduce
Geotechnical Category?

Geotechnical Engineers

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

building material with well defined material properties. , =

““We need a Ground Model
that describe the complexity.™

C Minimize uncertainty by adding information, knowledge

and experience during the design and execution. Might be a challenge to achieve!

C Need to adapt the geotechnical structure to the expected

and unexpected conditions at the building site.

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

appropriate reliability is also linked to the Geotechnical

Complexity

16



Ensuring reliability
Geotechnical Complexity Class

U n C e rt ai n ty i n g r O u n d C O n d iti O n S NOTE 6. Specific features to consider when selecting the GCC are given in Annex E.

Table 4.1(NDP) - Selection of Geotechnical Complexity Class

Variability/difficulty of the ground

GCC3 Higher Any of the following apply:

®  considerable uncertainty regarding ground conditions

Se n S |t|V|ty tO g r O u n d W at e r/S u rfaC e ®  highly variable or difficult ground conditions

® significant sensitivity to groundwater and surface water conditions

W at e r CO n d iti O n S ®  significant complexity of the ground-structure interaction

GCEC2 Normal GCC2 applies if features of GCC 1 and GCC3 are not applicable

GCC1 Lower All the following conditions apply:
® negligible uncertainty regarding the ground conditions

Ground structure interaction o pagm e

®  low sensitivity to groundwater and surface water conditions,

®  low complexity of the ground-structure-interaction

NOTE: The terms ‘considerable’, ‘significant’, ‘highly’ etc. are relative to any comparable experience that exists for
the particular geotechnical structure, design situation, and ground conditions.

negligible considerable

uniform hi g h |y variable (2) <RCM> A preliminary GCC should be selected as part of the desk study (EN 1997-2, 5.2.1).
low significant

GCC1 GCC3

The second generation Eurocodes: key changes and benefits through design examples
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To be sure that the structure are within the cube
We need to ensure appropriate reliability T Geotechnical Category

Possible to increase
target value
KF, KM, KR

Table 4.2(NDP) - Relationship between Geotechnical Category, Consequences Class, and
Geotechnical Complexity Class

Consequence Class Geotechnical Complexity Class (GCC)
(cc) Lower Normal Higher
(GCc1) (GCC2) (GCC3)
Higher (CC3) GC2 GC3 GC3
Normal (CC2) GC2 GC2 GC3
Lower (CC1) GC1 GC2 GC2

Increased amount of measures to limit
probability of errors

Target reliability depend on CC and is national choice.
The measures to ensure appropriate reliability for geotechnical

structure to be within the

Maintenance jgrecton

Alnspection + Testing

Execution ASopervision

AMonitoring

Prevent errors

AGM, GDM

Des | g N Averification
AReport, Execution specification
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EN 1997
Spread foundation

Key changes

Example




Clause 5. Geotechnical design of spread
foundations

Application to:
Pad, strip and raft foundations

Unreinforced working platforms

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

Deep foundations as caissons (behaving as spread foundations )

-
-

Gravity retaining walls (partly)

,,,,,
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Clause 5. Geotechnical design of spread
foundations

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

Soluble, expansive and collapsible soils

Particular features of rock

Potential scour

Geometrical properties i tolerances, working space requirements, size of the supported
structural element, embedment depth

Specific actions to be considered, including due to frost, swelling, shrinking, collapse, heave,
seasonal c¢cycles, cyclic and dynamic actions (vV

Environmental effects to consider i frost, drying/wetting, scour, soluble materials &

21 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

Minimum ground investigation T zone of influence

+ provisions in Part 2 7 depending on the ground conditions

Table 5.1 (NDP) — Minimum depth of field investigation for spread foundations

Application Minimum depth= Mlustration

Square or circular spread | dmim=max{3B; 6 m}
foundation

dmin

Strip spread foundation dmin= max{5B; 6 m}

Raft or structure supported by a | dmin=max{1,5B8; 6 m}
group of spread foundations

dl'l'lill

3  Bisrelated to the foundation system behaviour: the width of the shallow foundation for a single or a strip
foundation, the width of the foundation group for a structure supported by many shallow foundations (to take
into account group effects)

29 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

Materials

Natural Ground (see EN 1997-2) or engineered fills i to be verified either by
using effective or total stress properties, taking into account the permeability,
potential failure mechanism, rate and duration of loading

To consider levels and pressures affecting bearing / sliding resistance, stability
against uplift, loss of equilibrium, settlement

Concrete and other materials

Groundwater

Where GWL is close to the foundation level effects of pore water suction should
be considered (or avoided by appropriate measures)

23 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

Geotechnical analysis

Verification of limit states I o

|

ULS SLS

_ Structural
Rotational i - .
Bearing Sliding (overturning / faelzlgcr:ESdsl;\?eto SEllEmE! gae ROt%}'Ifionngand dis'—é?;ggrzglns
toppling) movements
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Clause 5. Geotechnical design of spread
foundations

ULS resistance - calculation models

B - B'
Bearing: o — G ,k e
N Jr____fu_l______;_\‘—l
Soils and fills: , s

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

Y

- empirical model based on Menard pressuremeter NP ——— izz
l N .
ROCk Mass L ]Zf, _______________ 08

|
!
!
!
]
1
\/s//
1
]
]
!
Figure B9 —

B. Bearing resistance for spread foundation on horizontal surface of rock mass

Sliding: drained and undrained
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Clause 5. Geotechnical design of spread

foundations

SLS
Settlement

Immediate settlement

(5) The following factors, which can potentially cause additional settlement to the components in (1),
should be considered:

NOTE

the effect of a change in the effective stress due to reduction in the groundwater pressure;
the effect of self-weight compaction or volume loss of the soil;

the effects of self-weight, flooding and vibration on fill and collapsible soils; and

the effects of stress changes on crushable coarse soil.

An example of volume loss causing settlement is the oxidation of peat above groundwater level.

(6) The settlement of spread foundations should be determined assuming a distribution of bearing
pressures resulting from the ground-foundation interaction.

(7) Allowance should be made for differential settlement caused by variability of the ground unless it is
prevented by the stiffness of the structure.

Settlement caused by consolidation

Settlement caused by creep

Settlement caused by cyclic and dynamic actions

The second generation Eurocodes: key changes and benefits through design examples
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27

Clause 5. Geotechnical design of spread

foundations
SLS

Settlement - Calculation models in Annex B:
Based on elasticity

Based on stress 1 strain method

0 01 02 03 04 05 06 X

0

Without drainage

- >
By consolidation B>}3
Time-settlement behaviour 2
Using pressuremeter
Using CPT . /T

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations
SLS

5.5.5 Heave

Heave (1) Analysis of heave shall consider the following potential mechanisms:

— reduction of effective stress;

— volume expansion of partly saturated soil;

— death or removal of vegetation;

— seasonal changes of the water content;

— increase in groundwater as a result of water leaking from damaged pipes;

— constant volume deformations in fully saturated soil, caused by settlement of an adjacent
structure; and

— chemical reactions in the ground.

NOTE An example of a chemical reaction in the ground causing heave is the transformation of anhydrite
(anhydrous calcium sulphate) to gypsum.

(2) Calculations of heave shall include both immediate and delayed heave.

28 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread

foundations
SLS

Guidance on bearing pressures for structural analysis
Rigid and flexible foundations
Relative stiffness of a spread foundation and subgrade modulus

Linear elastic spring stiffness

(1) The relative stiffness K; of a rectangular spread foundation may be determined assuming elastic

behaviour for the foundation and the ground from:
Ef\ (1—v 3
D 557( f)( g)( ) (f) (B.15)
(3) The linear elastic spring stiffnesses of a rectangular foundation on the surface of a homogeneous Eg (1 uf} L
half-space may be calculated using:
Kyy = 2 [2 425 (E)"'BS] ®17 (2) Afoundation may be assumed to be rigid when K; is greater than 10 and flexible when K is less than
0,05.

= [1,2 +33 (E) ] (B.18)
K= [07341 s4(2)” ] ®19) (3) When designing a spread foundation as a beam resting on a series of springs, the coefficient of
o= 2 [0+ 32(2) 520) subgrade reaction ksupgrage may be determined from:

“ 0,65E'

By = s(:.— [3 e ] (B21) ksubgrade - B(1—v2) (B16]

Ky =2 [4,1 +4.2 (E 2'45] (B.22)

29 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

ULS verification 7 calculation (partial factor method), prescriptive, large-scale
testing

Bearing : Ny ¢ Ry4

NOTE Overturning verification is included in the verification carried out with Formula (5.9).

(4) For afoundation subject to eccentric loads, the reduction of the plan area 4 to the effective plan area
A" should be limited so that any potential foundation rotation does not cause a limit state to be
exceeded in the foundation or overlying structure.

(5) The design eccentricity should be determined using design actions.
NOTE1 The design eccentricity is calculated using the partial factors given in 5.6.6.
NOTE2  Limit values for design eccentricities in ULS verification can be specified in the National Annex.

(6) The following precautions shall be taken when the eccentricity of loading exceeds 1/3 of the width
of a rectangular foundation or 0,59 times the radius of a circular foundation:

— careful review of the design values of the actions; and
— designing the location of the foundation edge by considering the magnitude of construction

tolerances.
NOTE Numerical methods can be more appropriate than the procedures given in 5.5.2 when there are large
eccentricities.

30 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

ULS verification i calculation (partial factor method), prescriptive, large-scale
testing

Slldlng Td ¢ RTd’ base + RTd, face

[4-) The values of Rtabase and Rrdsace shall be related to the scale of movement anticipated under the limit

state design loading.

(7) Consideration shall be given to the absence of face resistance due to potential removal of ground in
front of the foundation.

(8} When the Material Factor Approach is used, the design undrained sliding resistance Rrugpase along
the base of a spread foundation on soil or fill shall be determined using:

Curep (5.13)

RTud = Ared kcu Cud — ‘qred kcu o
(9) When the Resistance Factor Approach is used, the design undrained sliding resistance Rrugpase along

the base of a spread foundation shall be determined using:

(5.14)

AredKcuCurep
RTud,base =

¥Rt

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

ULS verification i calculation (partial factor method), prescriptive, large-scale
testing

S“dmg : Td ¢ RTd’ base + RTd, face
(10) In addition to (8) and (9) if:

— it is possible for water or air to reach the interface between the foundation and the surrounding
soil or fill; or

— the formation of a gap between the foundation and the surrounding soil or fill is not prevented
by suction in areas where there is no positive bearing pressure,

then Rtudpase shall comply with:

RTud,base =04 Nrep (5.15)
where
Nrep is the representative value of the force acting normal to the foundation base, considered as a
favourable action.

NOTE1  The factor 0,4 in Formula (5.14) is to limit the load inclination and ensure that, for foundations subjected
to inclined loads and small normal load, simultaneous shearing and bearing failure does not occur as a result of the
reduced contact area due to the inclined loading.



Clause 5. Geotechnical design of spread
foundations

ULS verification i calculation (partial factor method), prescriptive, large-scale
testing

Slldlng Td ¢ RTd’ base + RTd, face

(11)When the Material Factor Approach is used, the design drained sliding resistance Rtgpase along the
base of a spread foundation shall be determined from:

tan Srep

Rrgpase = (Ng — Ug) tandg = (Ngq — Ug) (5.16)

Ftans

(12)When the Resistance Factor Approach is used, the design drained sliding resistance Rrapase along the
base of a spread foundation shall be determined using Formula (5.17) for VC1 or Formula (5.18) for

VC4:
Ng—U i}
Rpq = (Ng—Ug) tan drep (5. 1?)
¥RrT
Nyan—U tand
RTd _ ( rep rep) an drep [5. 18}

¥RT



Clause 5. Geotechnical design of spread
foundations

ULS verification i calculation (partial factor method), prescriptive, large-scale
testing

Topplingg acc. to EN 1990 (static equilibrium) (VC1)

34 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

ULS verification T calculation

Table 5.2 (NDP) — Partial factors for the verification of ground resistance of spread foundatio
for fundamental (persistent and transient) design situations

. . . Verification of Partial Symb Material Factor Resistance Factor
(par‘“al factor methOd)’ prescn pt|ve, factor on ol Appm_ach,_ either both Appro_ach! either
combinations (a) and combination (d)

large-scale testing (b) or the single or (e)°

combination (c)

] ] (a) (b) (c)d (d) (e)
Partial factors for resistances Overall stability See Clause 4
Actions, ¥F,YE vCcia V(C3= VC1=a VCil= VC4

Effects of

+ partial factors on actions and
effects-of-actions (EN 1990) Ground |y | M1® | M2 | M2 | Notfactored

properties

Bearing and

] ] sliding resistance Bearing VRN Not factored 1,4

+ partial factors on materials (EN
Sliding ¥RT Not factored 1,1

1997— 1) resistance
Passive YRT face Not factored 1,4

resistance

- MFAT either combination a and b, ;

Values of the partial factors for Verification Cases (VCs) 1, 3, and 4 are given in EN 1990:2023, Annex AP
Values of the partial factors for Sets M1 and M2 are given in FprEN 1997-1:2024, 4.4.1.3

O r C ¢ Use combination (d) except where specified otherwise in 5.6.6(2)

d  In this combination, the consequence factor on material properties is omitted

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

ULS verification 1 calculation (partial factor method), prescriptive,
large-scale testing

(2) When the Resistance Factor Approach is used to determine the bearing resistance of a spread
foundation under inclined loading, Verification Case 4 may be used instead of Verification Case 1,
provided the following condition is satisfied:

Trep = 0,2Npep (5.19)

where

Trep s the representative value of the force acting tangential to the foundation base;

Nrep is the representative value of the force acting normal to the foundation base, considered as a
favourable action.

36 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

SLS verification

S ttl t (1) To limit a potential physical gap forming beneath the foundation, the eccentricity of load at the
etiemen serviceability limit state shall not exceed specified limits.

T| |t| N g NOTE The specified limits are given in Table 5.3 (NDP) unless the National Annex gives different limits.

Table 5.3 (NDP) — Limits to load eccentricity at the serviceability limit state

Vibration

Loading effects | Strip foundation | Circular foundation Rectangular foundation
i e 1 e 1 e, € 1
Permanent action es_1 ez L f_2
effects only B 6 R 4 L B 6
(No tension gap)
Permanent and € _ 1 € <059 i]z [E_E]z - 1
variable action B~ 3 R L Bl — 9

effects

e is the eccentricity of the load

ep is the eccentricity of the load in the direction of the smaller foundation width B
eL is the eccentricity of the load in the direction of the greater foundation width L
R is the radius of a circular foundation

The second gener
Online workshop, 3-5 June 2025




Clause 5. Geotechnical design of spread foundations

Design Example 1 spread
foundation on sand i TGB2

design a square spread Q, =200 kN (imposed)

foundation Gy, = 600 kN
_ Q;, « = 50 kN (wind) Q=200 kNm (wind)
structure assigned to Ground level
1.0 m
consequence class CC2 and
structural sensitivity class SSC3 . B=?m |
What is the required foundation size?

assumed thickness of 1.0 m and
embedded at a depth of 1.0 m

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread foundations

Desi%n Example i spread

foun

39

ation on sand i TGB2
Actions:

permanent:
self-weight
from the structure

Variable
from the structure

wind

Q, x =200 kN (imposed)
G, = 600 kN
Qi = 200 kNm (wind)

Q,, = 50 kN (wind)

Ground level 10m

B=?m

What is the required foundation size?

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread foundations

Design Example i spread foundation on sand i TGB2

Ground parameters

Q, x =200 kN (imposed)

- medium dense silty sand from ground level to a significant

. . Gyk=
depth beyond the zone of influence of the foundation. 0= 5010 () o0 K ()
. Ground level 10m
- Groundwater level is assumed to be at the ground surface - !
Ievel . What is the required foundation size?
@' 39.0 deg
tang' 0.81 [-]
Y 9.00 kN/m?
E tower 14  MPa Inferior and superior representative
E upper 22  MPa values of stiffness considered

- [EN 1997-3, 5.7.2(2)]

OIIIII IT VWWUIRDJIIUY, O70 JUIIT £VULO

40



Clause 5. Geotechnical design of spread foundations

Design Example i spread foundation on sand i TGB2
National Annex can specify which factor approach to use.

Table 5.2 (NDP) — Partial factors for the verification of ground resistance of spread foundations

for fundamental (persistent and transient) design situations

Trep < 02Ny,
[EN 1997-3, 5.6.6(2)]

I\ LIV I\ /[

Table A 1.8 (NDP) — Partial factors on actions and effects for verification cases VC1 to V(4 for
persistent and transient (fundamental) design situations

Verification of Partial Symb Material Factor Resistance Factor
factor on ol Approach, either both Approach, either
combinations (a) and combination (d)
(b) or the single or (e)c
combination (c)
(a) | (b) | (c)d (d) (e)
Overall stability See Clause 4
Actions, ye,ye | [VC1a | V(3= VC1a VC1a VC4 |
Effects of
actions
Ground YM M1b M2k M2v Not factored
properties
3 B‘earmgland Bearing YN Not factored 1,4
sliding resistance .
resistance
Sliding Yrt Not factored 11
resistance
Passive VRT.face Not factored 1,4
resistance

€ Use combination (d) except where specified otherwise in 5.6.6(2)

In this combination, the consequence factor on material properties is omitted

@ Values of the partial factors for Verification Cases (VCs) 1, 3, and 4 are given in EN 1990:2023, Annex AP
Values of the partial factors for Sets M1 and M2 are given in FprEN 1997-1:2024, 4.4.1.3

[EN 1997-3. 5.6.6(1), Table 5.2]

[EN 1990-1, Table A.1.¢

Action or effect Partial factors yp and yg for verification cases
Type ‘ Group | Symbol ‘ Resulting | Structural | Static equilibrium|  Geotechnical
cflect  Lresistance o auduplits desien
Verification case AIHE VC2(a)® | VCZ(M)®| VC3< | Vead
Permanent |All Yo unfavourabld 1,35k 1,35k 1.0 1.0
?Eillon Water! Vow |/destabilizing L2k L2k 1.0 1,0
i Yastn W O R T fﬂ"t:::;
Water! | Vo 100 | 10 | used
Al Yojae | favourabler 10 10 1w | 10
R i
Variable aur Yo L5k L5k, 15k | 13 Fored
action unfavour:
o \Watarl Yo 135k 1.35ke | 135k | 115 10
Al Yo | favourable 0
Effects of actions (E) ¥e unfavourabld L35k
¥e isnot applied
Ve far favourable 1.0
Table 4.8 (NDP) — Partial factors on ground properties for persistent and transient design
situations
Ground property Symbol Mia ‘ M22
Soil and fill
Shear strength in effective stress analysis® (1) HE 10 125 km ﬂ
Coefficient of peak friction (tan ¢7a)¢ Jamp 10 125k ||
Peak effective cohesion (cp) o 10 125k ||
Coefficient of friction at critical state (tan ¢/'s)® Yoo 10 i ||
Coefficient of residual friction (tan ¢/,)¢ Senar 10 11k ||
Residual effective cohesion (¢'s) e 1.0 1.1 ) |I
Shear strength in total stress analysis® (cy) Feu 10 14km
Unconfined compressive strength (qu) o Same as ye ‘l
ToCK material and rock massy I
Shear strength [r) [ = | 10 [ 125k
Unconfined compressive strength® (qu) | Fau ‘ 10 | 14 ko ‘l
Rock discontinuities |I
Shear strengthe [ re | 10 [ 135k ||
Coefficient of residual friction’ (tan /ac) | stonptir 1w [ 11k |f
Interface |I
Coefficient of ground/structure interface friction Hanz 10 125k

(tan 5)

4M1 and M2 are alternative sets of material factors. prEN 1997-3:2022 specifies which set to use for specific

geotechnical structures.
® Intended to be used for

[EN 1997-1. Table 4.8]

— _ —



Clause 5. Geotechnical design of spread foundations

Design Example i spread foundation on sand i TGB2

Design situations -3 examples considered

Q, « = 200 kN
(imposed)
G, =600 kN

Q=30 kN
(wind)

Gv + Qv + Qh,psi(O.S) + Qm,psi[O.G)

Imposed load as
dominant variable

Online workshop, 3-5 June 2025

Q= 120 kNm

Q, =140 kN
(imposed)

G, , = 600 kN

Q, =50 kN
(wind)
Q,, x =200 kNm
(wind)

Gv + Qv,psi[o.'l) + Q.h + Q.m

Wind load as
dominant variable

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

Q= 50 kN G, =600 kN
(wind)

Q, = 200 kN
(wind

Gv_.fav + Qh + Qm

Vertical load as
favourable
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Clause 5. Geotechnical design of spread foundations

Design Example i spread foundation on sand i TGB2

Design width:

Bq = Byom — AB [EN 1997-3, 5.6.3(7)]
(measures are specified to control the dimensions)

Effective area of the foundation:
A =B"x L' =|(B }{ 2eg)(L -{2¢ep) [EN 1997-3, 5.5.2.1(2)]

Design values

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025

€B

B

[EN 1997-3, Figure 5.1]



Clause 5. Geotechnical design of spread
foundations

Design Example - spread foundation on sand i TGB2

ULS T bearing resistance verification- drained conditions

Verification of bearing capacity: Overturning verification is included

N4 < Rng [EN 1997-3, 5.6.3(1)] [EN 1997-3, 5.5.2.1(4) Eq. 5.9]

&

Resistance for a single homogeneous ground layer: [EN 1997-3, 5.5.2(4)]

Maintext: Ry = A'(cNebedegeicSd+ 4 Ngbqdq9qiqSql+ 0.5v' BN, b,dygyi,s,)
\ J J

\ \
Y Y |
Contribution of Contribution of Contribution of
effective cohesion ground above ground below
the foundation the foundation
Annex B (informative): Non-dimensional factors

[EN 1997-3, Annex B.4]

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025



Clause 5. Geotechnical design of spread

foundations

Design Example - spread foundation on sand 1 TGB2

ULS T bearing resistance verification 'Y;

N,

_ mta 2 er
q = e™ ¢ tan (4—5 + ?)

N. = (Nq — l)cottp’
N, = Z(Nq + l)tantp' for arough base (i.e. 5z ¢'/2)

where

¢ s the effective angle of friction (in degrees); and

& isthe angle of interface friction between the foundation and the ground.

(5) The following non-dimensional factors may be used in Formula (5.5):

— base factors b, bq, and by;

— depth factors d., dg, and d;

— ground inclination factors g, gq, and g;
— load inclination factors i, i, and i; and
— shape factors s, 54, and s,.

(B:3)

~
]

(6) The non-dimensional factors in Formula (5.5) may be calculated from:

be = bq—(Nl_bq );bq =b, = (1—atang’)?

ctang’
B 1-dg \
de = da () v = 1
dq =1+ 2tang’ (1 —sine")*(Dg/B") for D¢/B' < 1.0
dg=1+2tane' (1 —sing’)?tan *(D¢/B") for D¢/B' > 1.0

1-g gqlNg—1
gc:gq_( q):(qugl):Qq:Qy:(l—mnﬁ)z

Netan g’
=i —( g ) = (M)~ (1—1)m-i = (1_1)’"“
€79 \Ntang' Ng—1/'9 Ny N
_ _ 2+(Br/L1) . . . '
m=mg =10 when T acts in the direction of B
2+(L1/B . R
m= — 2(Ly/Bn) when T acts in the direction of L'

myp =
1+(Lr/Br)
m = mg = my cos? 6 + mpsin® § for other loading directions

_ (saNq—1
e = ( Ng-1 )
r
Sq=1+ (%) sin ¢’ for a rectangular or circular (B’ = L") foundation
5
sy=1-03 (%) for a rectangular or circular (B’ = L") foundation

where, in addition to the symbols defined for Formula (B.3)

¢ is the effective angle of friction;
N is the force applied normally to the base of the foundation; and

g isthe angle on plan between the L"axis and the direction of T.

45 The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread
foundations

Design Example - spread foundation on sand i TGB2

ULS T bearing resistance verification

What is the size of required foundation?

Load combination G, + Q, + Qu psif0.6) + Qum,psifo.6) Gy + Qupsifo.7) + Qn + Qi Gyfav + Qn + Qn

Partial factor combination a b c d e a b c d e 3 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 | 1.71 191 2.05 1.83 1.70
L Y J 1 Y J | Y J
1.73 m 202m 1.91m

N kN 1148 905 1177 1157 1157 | 1074 843 1106 1084 1084 | 644 655 663 650 869
Rnd kN 1169 908 1178 1172 1172 | 1092 852 1114 1095 1095 | 648 656 674 656 888
No/Re ) 98.2 997 999 987 987 | 983 989 993 990 990 | 994 998 983 991 9738

% % % % % % % % % % % % % % %

What if we were in CC3?

cC2 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

CC3Ke | 1.41 - 1.89 | 158 | 1.58 | 1.67 - 2.12 1.83 1.83 1.81 - 2.15 1.93 1.74

min. B
cC3

K

- 1.93 - - - - 2.21 - - - - 2.09 - - -




Clause 5. Geotechnical design of spread

foundations

Design Example - spread foundation on sand i TGB2

ULS T sliding verification

Resistance to sliding is checked by:

Td < RTd,base + RTd,face
[EN 1997-3, 5.6.4(2) Eq. 5.12]

T

Passive resistance on the sides
of the foundation was ignored

Resistance to sliding is calculated as:

MFA: Rtdbase = (Ng — Ug)| tandq F (Ng — Ug)

Summary of the results:

Vertical load

[ 6ot Qi+

favourable

c

Tq kN

75

65

75

75

75

o deg

39.0

329

32.9

39.0

39.0

tand

0.81

0.648

0.648

0.81

0.81

Yar

1.00

1.00

1.00

1.10

1.10

Rty kN

522

424

430

479

473

To/Rra

14.4%

15.3%

17.5%

15.7%

15.8%

tan Srep

Ytans

(Ng—Ugq]tan bep
RFA: VC1:  Fma= B

YRT

I
tand < kinterface tan @

[EN 1997-3, 5.6.4(11) Eq. 5.16]

VC4 R 4= (Nyep—Urep tan Srep
. Td —

¥RT

Full friction (tan ¢',), between the cast in-place
foundation and the ground was assumed (K ieriace = 1.0).

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread

foundations

Design Example - spread foundation on sand i TGB2

ULS i eccentricity i (eg / B)? ¢ 1/9 (rectangular)

Load combination G/ + Q + Qi psi0.6) Qn,psi0.6) G + Qpsiont @+ Qn Gifavt Qi+ Qn
Partialfactor 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
€B.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
(esd/ B)2 <1/9 (0.1)) 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

The second generation Eurocodes: key changes and benefits through design examples
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Clause 5. Geotechnical design of spread

foundations

Design Example - spread foundation on sand i TGB2

SLS T settlement
Allowable settlement: 30 mm (SSC3)

Annex B

B.7 Calculation model for settlement evaluation based on elasticity
(1) The total settlement s of a spread foundation in homogenous ground may be determined from:

.2
s _ PrepB(1-0%)ls (B.10)

Em rep

where

prep 1S the representative value of the bearing pressure linearly distributed on the base of the
foundation;

B is the width of the foundation;
I

is an influence factor;

[

Enrep is the representative value of the ground elasticity modulus (see also (4) for rocks); and

v is Poisson’s ratio of the ground.

Table B.3 — Values of the influence factor I,

Foundation Value of the influence factor I for foundation shape
stiffness
Circle Rectangle with L/B equal to
1 2 3 4 5 10

Flexible middle | 1,00 middle 1,12 1,53 1,78 1,96 2,10 2,54

edge 0,64 corner 0,56 0,77 0,89 0,98 1,05 1,27

average | 0,85 average 0,95 13 1,53 1,7 1,83 2,25

Rigid 0,79 0,83 1,21 1,43 1,59 1,72 2,13




Clause 5. Geotechnical design of spread
foundations

Design Example - spread foundation on sand 1 TGB2

SLS T settlement B m | 185
A m2 3.42

Vk kN 851

- For B = 1.85 m (RFA) - 15
Is - 0.82

A - 0.3

Elower kPa 14000
Eupper kPa 22000

slower est mm 25

savg mm 19

supper est mm 16

The resulting range of expected settlements (16-25 mm) is within the limitation for
structures assigned to CC3 (30 mm).

The second generation Eurocodes: key changes and benefits through design examples
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EN 1997
Piled foundation

Key changes

Example




Content of clause 6 T Pile foundation

EN 1997-3:2025, Clause 6 > Annex C "Piled Foundations™ (informative)

6.1 Scope and field of application C.3 Examples of pile types (Classification)

82 EEE ol tlReigl Calculation of axial pile resistance based on

6.3 Materials C4C5¢é ground parameters
6.4 Groundwater C.6 &€ CPT profiles
6.5 Geotechnical analysis C.7 é¢ PMT profiles
6.6 Ultimate limit states C.8 € empirical tabl es
6.7 Serviceability limit states C.9 Calculation of downdrag due to vertical ground movements
6.8 Implementation of design _ _ _ _
: C.10 Pile groups subject to axial tension
6.9 Testing
6.10 Reporting C.11 Calculation model for single pile settlement using load transfer functions
Annex C 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

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

Y Y Y Js1

Yip Y

Y 0N D

aas

Y 0 rN &

o

e

e

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

W
S
e

Displacements to mobilize both the pile base resistance and the pile A AR AN
shaft resistance should be checked when the ground at the pile base R,
(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)

53 The second generation Eurocodes: key changes and benefits through design examples
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Verification of limit states i Axially 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 17 see EN 1990) : factors are applied on the actions at the the top of the pile
RFA (Resistance Factor Approach 1 see EN 1990) : resistance factors are applied on the bearing capacity, the shaft resistance

and the base resistance

74m 9 .m(ULS verification)
Action: Jim 8 |L
(Qrep Is the caractersitic value, the combination value, the frequent value or the quasi-permanent value)

Resist : A=, 1frg= 1o
esistance: 4 1m Rl

,7 ,[ :partial factors to account for limit states
[ : model factor to account for the model
Yr ., YR ,Yp canbe obtained by testing or by calculation

The second generation Eurocodes: key changes and benefits through design examples
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Representative values 7 Various avallable
methods

Yrn ,Yn .Yy canbe 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)

from ground parameters
(Cu,candj, pi* dc, Ngpr, etc.) Yi =Y
Pile bearing capacity oground model 0
10 % of the pile diameter of from N field test profiles
maximum applied load (N CPTs, N PMTs, N SPTs, etc.) Yr @ o%( U S }
EN 22477-1 O6mod el pil ed
from tests Y a "Q%( R }

For the different methods, the safety framework is based on the consideration of three issues:
A (1) the ground uncertainty (with correlation factors X - with the elaboration of the ground model)
A (2) the uncertainty of the calculation model or the testing procedure (model factor)
A (3) the verification of limit states than can vary for each European country

55 The second generation Eurocodes: key changes and benefits through design examples
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Calculations methods

Three calculation models compat.

Ground parameters:
Osrep With: a.c,and b.sQ
b rep With N. and N,

bl

e

Wi

t h

Ogr oul

CPT or PMT data:

qs,rep:f(ground type’ p”e’ g or pLM*)
Ob,rep=T(ground type, pile, q. or py*)

Axial pile resistance based on CPT profiles:

qs,rep with Cs-dc
qb,rep with Cb'kshape-qc

qb,rep with kp-pLM,e*

Axial pile resistance from PMT profiles:
CIs,rep with apiIe-ground-f(pLM*)

Axial pile resistance based on empirical tables:

Fine soils

Coarse soils

Representative values of strengthapm) | O resistanceq ea) | T OE”

unit shaft resistance g e, 60 30-40 75 55-80

for bored piles in soils 150 50-65 15 105-140
=250 65-85 =25 130-170

b Intermediate values can be obtained by linear interpolation

a2 The lower value represents the 10% quantile and the upper value the 50% quantile

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

Testing Calculation (or Testing indirectly)
Input Data Meerd e, |6 Ground Model Model Pile
4 (static, dynamic, rapid) }
R e L T
Spatial c lation fact | . :
Variability of orrelation ractors L, Assessment of representative Correlation factors
the ground Emin(N,S) and &;,¢(N,S) values of ground properties  &,,,,(N,S) and &,,.(N,S)
Model factor — Model factor l
Uncertainty of Yr-¢ depending Model factor — y.4 depending on the type of input data and
the calculation on the test type accounting for the uncertainty of the calculation model)
models or of
the measured
values
To design Design combinations (VC1 + RFA)
values YRc > YRb 5 YRs 5 YRst

The second generation Eurocodes: key changes and benefits through design examples
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Settiament, mm

20

=
=

il
=

100

120

140

160

Example - Testing

Pile settlements

0,5 1 1

g 2

Load, MHN

2.5

3

™

L

—a— Pl 1
—m— Pl 2
—aa— [Filer 3
—i— Pl 4
—— b man

Results of 4 pile load tests

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

A Pile 1R, =2.14 MN

A Pile 2 R, =1.96 MN

A Pile 3R,,=1.73 MN

A Pile 4 R, =2.33 MN

The mean and minimum measured pile resistances are:
(Rm)mean =2.04 MN

(R)min = 1.73 MN

Xmean = 1.10 and X, = 1.00.
Spatial Hence the characteristic pile resistance :
variation of Re ep = MiN{2.04/1.1;1.73/1.0}
the ground Re.rep = Min{1.85;1.73} = 1.73 MN

Uncertainty of the Ry (pile) = Resrep /(Gra*Gre)

measured values Gka= 1.0
+ g:zC — 111

Design values
R piley = 1.73 /(1.0¥1.1)=1.57 MN

The second generation Eurocodes: key changes and benefits through design examples
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Example T Pile model

Uncertainty of the calculation

Spatial variation model (CPT model)
‘ of the ground ‘ +

The calculated pile resistances
are as follow:

A CPT 1R =2.14 MN

A CPT 2R, =1.96 MN

A CPT 3R, =173 MN

A CPT 4R =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 =1.73MN
Xmean = 1.33 and X, = 1.23
The characteristic pile resistance is :
Implicit statistical Rerep = Min{1.94/1.33;1.73/1.23}
analysis Rerep = Min{1.46;1.41} = 1.41 MN

CPT 4 is considered alone with
(Rcal)min =2.33 MN
Xmean - Xmin - 1-40
Hence R, =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.

59 The second generation Eurocodes: key changes and benefits through design examples
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Design values

Ra pile) = Re rep /(Gra™Gre)

kq=1,1
Gre=1,1

Rg ite) = 1.41 /(1.1%1.1)=1.16 MN



Example T Ground model

Spatial variation of the ground Uncertainty of the calculation
is considered though a cautious ‘ Representative value ‘ model ( &.cu method)
estimate of the shaft friction and of the bearing capacity +

bearing pressure values Design values
dl I h N
4 ground layers i CFA pile wit : o B
a.cC, method : 0 ﬁril S Y on Rd (pile) — Rc ;rep /(g?d*g?c)
A qy=15kPa-3 m 13
A q,=45kPa-4m Gra = L |
A g .= (extensive comparable experiences
Js3=62 kPa -4 m : : : : : R
3™ Y Y Y witout site-specific pile load tests)
A qy,=90 kPa -5 m —11
A and q,=4000 kPa Gre = &
B=0.8 m (diameter) Reep=2.32+2.0=4.32 MN Rd (piley = 4-32 /(1.3*1.1)=3.02 MN
=0. | ’
and D=16.0 m (depth)

The second generation Eurocodes: key changes and benefits through design examples
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Negative skin friction

Simplified approach for calculating | i
downdrag:

The dragforce D, is calculated by
considering the appropriate thickness of
ground where the ground settlement is
higher than the pile settlement (neutral
plane).

(@) 0t 5 Qa
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Negative skin friction
(P) YO "Yi C( " "Or I 0 j Rl RO ﬁ)

O
¢

C
¢

—

¢

C
¢
v

Rigorous approach for calculating (¢) YO i
downdrag:
Fh
The dragforce D, Is calculated by
considering the interaction between the Fy Y drag Drep U5
Spile
-

ground submitted to a settlement s,,,,4(2) -
and the pile with its settlement s;.(2)
considering the amplitude of the actions
(ULS and SLS):

H3

L

e !\,Q i ~ 5 r 14
C)()-:Eig——— g)l(l l ) Tt
The dragforce D, 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

i Load tranfer _—""~~_ rigid inclusions/\ Structural — piles e

con necti?'ns
8 )

platform

\>

Negative " ‘q k
skin friction ___‘ | M | k
Positive .‘ ‘ 1 t
skin g __
friction
Clause 5 Clause 12 Clause 6 Clause 6
Spread Foundation Ground improvement Piled raft Piled foundation
with rigid inclusions with rigid inclusions
and LTP without LTP
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Pile groups

6.5.5 Resistance of pile groups N . - . )
AVerification:
(1)| The design of pile groups shall consider the effect of:
— pile-soil interaction; and Fd S Rgroup d
— pile-pile interaction.
(3) Pile group design shall consider that the resistance and load-displacement behaviour of single piles R
in a group might show significant variation compared to the behaviour of single piles. R q = group,rep
group,d —
(6) The ultimate compressive resistance of a pile group Rgroup should be determined from: VR,groquRd,group
Rgroup = min{X} R;; Rpjock} (6.6)
where
R is the ultimate axial resistance of the i-th pile in the pile group, taking full account of the effects
of pile interaction;
i is an index that varies from 1 to n;
n is the number of piles within the piled foundation; and

Roiocx  is the ultimate vertical resistance of the block of ground bounded by the perimeter of the pile
group.

The second generation Eurocodes: key changes and benefits through design examples
Online workshop, 3-5 June 2025




Piled raft groups

6.5.6 Resistance of piled rafts

(1)|The design of piled rafts shall consider the effects of:

pile-soil interaction;
pile-pile interaction;
raft-soil interaction; and
pile-raft interaction.

(2) Considering the compatibility of the displacements of the piles and the raft, the ultimate compressive
resistance of a piled raft Rpied.raie Should be determined from:

Rpiled—raft = 2:1 Rc,i + Rraﬂ (6-?)

where

Rei

R raft

is the compressive resistance of the i-th pile;
is the number of piles supporting the piled raft;
is an index that varies from 1 to n; and

is the additional bearing resistance from the raft.

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

Fd = Rpiled—raft.d

Rpiled—raft,rep

R,; =
iled—raft,d
P VR, piled-raft'¥Rd,piled—raft

T

T i

! |
- +
b Y
o 4
g 1

-

gs1(2) i (Z)

b1 o
e e

T T 1

_ - _ 3 raft-soil interaction

1 pile-soil interaction _ _ _
I _ 4 pile-raft interaction

2 pile-pile interaction o _
5 pile pile interaction




Numerical modelling

6.5.6 Piled raft

(5) Analysis of a piled raft may
be based on numerical O
modelling including
nonlinear stressi strain
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

Cyelic and Dynamic actions
Cyclic actions. degradation of
strength and stiffness properties

inertial effects
(seismic actions
are not covered)

Variable actions: wind, waves,
actions from macheniery. efc.

Dynamic aclions:

1Q1/R.

0.9

0.3

07

0.6

0.5

0

0.3

LW

(1R

.8

 Stability diagram EN 1997 — not applicable
(fnspired from Poulos) (Domain 3)

Simpified cyclic analysis
(Domain 2)

Cyclic analysis (s not usefif
(Domain 1)
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Other aspects

Guidelines for the selection of t-z curves and the assessment of pile settlement
Guidelines for the selection of p-y curves and the assessment of laterally loaded piles
Buckling (various approaches are proposed)

Thermoactive structures, Integral bridges

Interactions with EN 1992 for concrete piles, EN 1993 for steel piles and EN 1995 for timber
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Conclusions for piled foundations

Pile design acc. to EN 1997:2025 is an evolutionof 1sSgener at i on rul es

Many new design aspects are covered: pi
‘ Additional guidance for engineering practice

Code specifies basic requirements for analysis and verification of piled foundations,
‘ (no comprehensive text-b o o k &)
Additional national guidelines, recommendations, textbooks may be applied

All sets of factors are "Nationally Determined Parameters” (NPDs) and can be adjusted
according to national experience

Clause 6 reflects up to date European consensus for pile design

EN 1997:2025 provides a modern framework for state-of-the-art pile design
that can be combined with national experience and approaches
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Conclusion

An updated toolbox for Applicable for all ground Added flexibility with four
verification! conditions! main verification methods

Prescriptive
Rules

Calculation

Durable
Robust Observational
Sustainable Method

SLS
Serviceability
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Thank you!
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