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Groundwater pressures in the
second-generation Eurocodes

» Infroducing ’r»r
» Determining
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Wafter levels and
pressures in the
5i-generation
Eurocode /
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Top 10 iImprovements requested
by UK geo-engineers (Bond, 2023)

FIGURE 3: TOP TEN IMPROVEMENTS TO EUROCODE 7 REQUESTED BY UK GEOTECHNICAL ENGINEERS

Add new Parts to Eurocode 7 covering detailed design

Improve guidance on selecting characteristic soil parameters =

Improve guidance on selection of water pressures

Add new Part to Eurocode 7 covering reinforced soil
Simplify/reduce number of Design Approaches
Improve guidance on interpretation of field tests

Add informative calculation models (ie in Annex)

Add guidance on design of structures in
Geotechnical Category 1

Add new Part to eurocode 7 covering rock mechanics 19%

Add guidance on use of numerical models 19%
(finite element, finite difference, boundary element) =
20 30 40 50 &0 70 80 90 100

Number of votes cast as a proportion of the most votes for one topic (%)
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First-generation tfreatment of water levels and
pressures (Bond and Harris, 2008)

Highest possible Highest norma
water level water level

Characteristic

Design value = highest water level (per EN 1997-1)
b} x NO IACHEH
c) x 1.35 (permanent)

d) x 1.35 below normal level (permanent) and x 1.5
above normal (variable)

W)
D
@)
O
Q
>
(@]
-
<
O
0O
O
Q
0]
N
@)
N
o
(@)
Tl
N
(@)
N
N
Q)
D
O
0O
D
)
=
=
=
=
=
>
o
oJ
—
wm
@
(7]
®
<
D
Q

e) x 1.5 (variable)



Infroducing the
2"9-generation
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2"d generation Eurocodes
Core geotechnical design standards

Basis of
structural and
geotechnical
design

EN 1990

Geotechnical design:
General rules
EN 1997-1

Geotechnical design:

Ground
properties
EN 1997-2

Geotechnical design:

Geotechnical
structures

EN 1997-3
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Second-generation Eurocode 7:
Parts 1 G

BSI Standards Publication

Eurocode 7 — Geotechnical design

Part 1: General rules

BS EN 1997-1:2024

BS EN 1997-2:2024

=

BSI Standards Publication

Eurocode 7 — Geotechnical design

Part 2: Ground properties

U
D
0O
(@)
(OF
=)
Q
-
<
(@)
0O
(@)
o
©)
N
@)
N
(@)
@
Tl
N
(@]
N
~
@
Q)
(@)
0O
©)
)
=
X
il
o
—
>
=i,
Q
=)y
@
)
w
Q
<
D
(OL



Eurocode 7 — Geotechnical design
— Part 1: General rules

§8 Ultimate limit
NEIES

§7 §9

Geotechnical |Serviceability
§10 analysis limit states

Implement...
of design

¢ < b ~I= §0
| symbols §6 Groundwater introduction | §11 Testing
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Eurocode 7 — Geotechnical design
— Part 2: Ground properties

§9 Stiffness, §10 Cyclic,
compressibility, [dynamic, and
§3 Terms, and seismic
definitions and Preamble | consolidation ‘

symbols

§7 State, physical,

and chemical Groundwater

and

properties geohydraulic

Bibliography properties

Annex E ...
density index
and strength

80
Introduction

Annex F ... o
nnex H
stiffness and Spacing and
. o b f
§8 Strength consolidation ——
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Determining
warter levels in the
2"9-generation
EUrocodes

GROUNDWATER PRESSURES IN

THE
2ND-GENERATION EUROCODES




Classification of water actions

“Actions that arise from water should be classified as
permanent, variable, or accidental”

EN 1990, 6.1.3.2(1)

a permanent action (G) ... is likely to act throughout the
design service life and [its] variation in magnitude is either
small, compared with the mean value, or ... only increases
or decreases, until it reaches a limit value

a variable action (Q) ... is likely to occur during the design
service life [but its] variation in magnitude with time is
neither negligible nor monotonic

an accidental action (A) ... [is] usually of short duration but
of significant magnitude, that is unlikely to occur during
the design service life
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l Decoding Eurocode 7 ©2005-2024 Geocentrix Ltd. All rights reserved

Netherlands

I4

[72]
=]
c
O
=
[B)
e
+—
[B)
P
=]
-
3°]
=
(3]
o
[B)
o
—
[4B]
=
[<B)
o
c
[4B]
+—
-
o
@)
&
o
p
g—
[%2]
=]
p—
o
[ &)
()
—
=

Well record from Cortenoever,

Gelderland

— — ™~ (o] (s8] ] =t
(w) a2epns mojaq yidap lalempunols




Permanent water actions

When a water action is classified as permanent, its

representative value G, ., sShould be selected as one of:

» a single characteristic valve G, 1..on (The mean value)

» the more onerous of its characteristic valves (G,,, ., or
ka,inf)

» a nominal value (G, rom)

( mean value
I ——

ka,mean
L upper characteristic value
representative permanent S o

water action water action . ka,sup whichever
Gwrep = eitherq —0r — s more
Gk inf onerous

h'—/. ]
lower characteristic value

Gw,nom
S

\ nominal value

K w,rep
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Variable water actions

When a water action is classified as variable, it should
be represented by two components:

» a permanent component G taken as the mean

of G,,

» a variable component Q, ., equal fo the
representative value of the variation in water action

w.rep

representative permanent variable
water action component component
Vo t—— — A — A —
K w,rep Gw,rep XE Qw,rep

mean value ka|QW,c0mb|Qw,freq|Qw,qper
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Probabilities of exceedance/time
exceeded for water actions

Characteristic Qi 2% 50
Combination Qu comb 10 %* 10
Frequent Qu freq Fraction of time exceeded = 1%

Quasi-permanent Q. gper Fraction of time exceeded = 50%

Accidental e 0.1 % 1000

*Possibility (‘can be’) givenin EN 1990, Table A.1.7 (NDP)
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Combinations of actions for persistent
and transient design ,}sj_’ru“o’rions (ULS)

i h LY Rl

General formulation: R A,

ons other than water
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Combinations of actions for accidental
design sifuations (ULS)

General formulation: ik :-,. K
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Groundwater stafistics in the
second-generation Eurocode 7

Proceedings of the XVIIl ECSMGE 2024

GEOTECHNICAL ENGINEERING CHALLENGES ECSMGE 24
TO MEET CURRENT AND EMERGING NEEDS OF SOCIETY - VIl EUROPEAN CONFERENCE
© 2024 the Authors 7 ON SOIL MECHANICS AND
ISBN 975-1-032-54816-6 GEOTECHNICAL ENGINEERING.

Groundwater statistics in the second generation Eurocode 7

Statistiques des eaux souterraines dans 'Eurocode 7 de deuxiéme génératio

T. Schweckendiek
Deltares & Delft University of Technology, Delft, Netherlands

1. Estaire
CEDEX, Madrid, Spain

A T Bond
Geocenirix, Banstead, United Kingdom

Jinstitution. edu (corresponding author)

ABSTRACT: The second-generation Eurocodes, in particular EN 1990 and EN 1997, will rely more heavily on reliability
and probability approaches for design (and verification) of geotechnical structures and for freating available data. The
determination of groundwater levels will be based on concepts like annual probability of exceedance or fraction of time
exceeded. When groundwater time series are available, the required groundwater levels can be determined using statistical
analysis_ In this paper we illustrate assessing the various groundwater levels values using extreme value statistics for real
life data sets, highlighting pitfalls and providing practical recommendations for geotechnical practitioners. To that end, we
address the selection of probability distributions, processing of the data to obtain annual extreme values and sanity checks
of the results.

RESUME: Les Eurocodes de deuxiéme génération, en particulier les EN 1990 et EN 1997, s'appuieront davantage sur des
approches de fabilité et de probabilité pour la conception (et I'évaluation) des structures géotechniques et également lors du
traitement des données disponibles. L'évaluation des niveaux des eaux souterraines sera basée sur des concepts tels que la
probabilité annuelle de dépassement ou la fraction de temps dépassée. Lorsque des séries chronologiques sur les caux
souterraines sont disponibles, les niveaux d’eau souterraines requis peuvent &tre déterminés a 1"aide d une analyse statistique_
Dans cet article. nous illustrons I'¢valuation des différentes valeurs des niveaux d'eau souterraine a l'aide de statistiques de
valenrs extrémes pour des ensembles de données réelles, en soulignant les pieges et en fournissant des recommandations
pratiques aux praticiens géotechniques. A cette fin, nous abordons a sélection des distributions de probabilité, le traitement
des données pour obtenir des valeurs extrémes annuelles et les contréles de cohérence des résultats.

Keywords: groundwater; statistics, uncertainty, extreme values, design values

1 INTRODUCTION particularly with respect to the verification of ultimate
limit states (Bond et al., 2019).

1.1 Second generation Eurocodes The 2nd-Gen EN 1997 has been split into three

ggotechﬁ‘lml design parts, with general principles and rules in Eurocode 7

— Geotechnical design — Part 1: General rules,

The second-generation Eurocodes will be published provisions for determining ground properties from

Paper

» by Timo Schweckendiek,
Jose Estaire, and Andrew
Bond

» to be published in 18"
European Conference on
Soil Mechanics and
Geotechnical
Engineering, Lisbon

» addresses the selection of
probability distributions,
processing of the data fo

during the pertod 2023 to 2027 and will fully replace  opound investigation in Part 2: Ground properties; and

the current codes by 2028, when the first-generation
Eurocodes are withdrawn. In the 2**-Gen Eurocodes,
the design of geotechnical structures is spread across
four standards: EN 1990 for the basis of geotechnical
design and three parts of EN 1997 for specific aspects
of geotechnical design.

The scope of the 2nd-Gen EN 1990 (published in
2023) has been extended to include geotechnics (as
reflected in its revised title Basis of structural and
geotechnical design), which necessitated
generalization of the core prnciples of EN 1990,

c rules for design and verification of common
geotechnical structures in Part 3: Geotechnical
structures.

cctives and outline

According to a survey after the mtroduction of the
first-generation Eurocodes, one of the main
improvements that geotechnical engineers wanted to
see in the 2°.Gen Eurocode 7 was improved guidance
on selection of water pressures (Bond, 2011). This has

obtain annual extreme
values, and sanity checks
of the results
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D7G-05a Schweckendiek, Estaire, and Bond (2024). Groundwater statistics in the second generation Eurocode 7.pdf
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Combination

—I—Yeary lowest

ble water levels
Gelderland, Netherlands

== ==Characteristic
= Quasi-permanent

' —fll— Yearly highest

1Q

Measurements

e ACCidental
Frequent
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Partial factors for fundamental design
situations (general application)

Type Group  Symbol Resulting Struct- Static equilibrium Geotechnical
effect ural* and uplift** design

VC] VC2(a)  VC2(b) VC3 VC4

Permanent Al 7 unfavourable/ | :
action (G \yqter Yo destabilizing :
: G, is not

All . .
Y6 stb il idng HOJIJI noJ(rj factored
Water Yow.sto Use 1.0 Uee

(All) 76 fav favourable 1.0 1.0 1.0
Prestressing (Py) ”» See other relevant Eurocodes

Variable All 7Q

action (Qd  wqter unfavourable

Taw
(All) Yauiav favourable 0

Effects-of-actions (E) 7% unfavourable . '
7 is not applied
Yefav favourable
*Also used for geotechnical design; **Less favourable outcome of (a) and (b) applies
*vared = Yol Vo where s = value of yg ; from VC1 and yq ; = value of yq , from VCI
Values taken from EN 1990, Annex A.1
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Summary of
Key points

GROUNDWATER PRESSURES IN

THE
2ND-GENERATION EUROCODES




Summary of key points

>

>

EN 1990 now provides detailed specification of water
actions

Water actions can be permanent, variable, or
accidental

Permanent water actions are represented by:
» a single characteristic value based on the mean
» upper and lower values based on 5 % fractiles

Variable water actions are represented by:

» the mean water action (permanent) plus

» the variation in water action (characteristic,
combination, frequent, or quasi-permanent value)

Accidental water actions are represented by:

» value with 1000 year return period
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Timetable for the intfroduction of
the second-generation Eurocodes

October 2024 Eurocode 7
BSEN 1997-1

General rules
April 2025

i BS EN 1997-3
G Geotechnical

October 2024 structures
BS EN 1997-2

Ground
roperties

P

August 2023 November 2023

BS EN 1993-1-1:2023 | BSEN 1992-1-1:2023
Steel Concrete

\_ 2026

Preparation of ‘Eur‘ocode 7 National Annexes

August 2023 August 2023 October 2024

BS EN 1996-1-1:2022 BSEN 1999-1-1:2023  BS EN 1998-1-1:2024
Masonry Aluminium Seismic

= il

September 2027
Publication of all
2"d-generation ENs

April 2026
EN xxxx

Date of availability for
all 2"-generation ENs

2028

March 2028

October 2025 Withdrawal of
FPrEN xxxx

Final FV for all
2"d-generation ENs

1st-generation
Eurocodes

April 2028
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Decoding Eurocodes
Wwww.geocentrix.co.uk/training

Our courses include ...
» Decoding Eurocode 7 -
» Basis of geotechnical design
» Ground properties (and ground investigation)
» Shallow foundations
» Deep foundations
» Decoding Eurocode 3 - Steel foundations
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http://www.geocentrix.co.uk/training

Decoding ”* Eurocodes
Ground properties

WWW.GEOCENTRIX.CO.UK
WWW.DECODINGEUROCODE/.COM
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