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Capitulo 12: Mejora del terreno: 2 znre

Aborda modificacién de las propiedades del terreno mediante la | Anejos
aplicacion de técnicas de tratamiento (mezclado, compactacion) o | A Taludes, desmontes y terraplenes

mediante la adicion de inclusiones en el terreno (columnas de grava, | B Cimentaciones directas
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1. Objeto de la Presentacion

EN-1997-3:2024
Estructuras geotécnicas

Capitulo 12: Mejora del terreno

12.1 Alcance y campo de aplicacion (5 parrafos, 1 tabla 'y
1 figura)

12.2 Bases de proyecto (36 parrafos y 1 tabla)
12.3 Materiales (12 parrafos)

12.4 Agua del terreno (2 parrafos)

12.5 Analisis geotécnico (18 parrafos y 1 figura)
12.6 Estado limite ultimo (14 parrafos y 2 tablas)
12.7 Estado limite de servicio (2 parrafos)

12.8 Implementacion de proyecto (11 parrafos)
12.9 Ensayos (15 parrafos y 1 tabla)

12.10 Informes (1 parrafo)

Anejo I: Mejora del terreno (informativo)

|.1 Uso de este anexo (1 parrafo)

|.2 Alcance y campo de aplicacién (1 parrafo)
|.3 Ejemplos de técnicas de mejora del terreno (2 tablas)
|.4 Uso de la envolvente de tensiones para determinar los estados
limite aceptables (3 parrafos y 1 figura)

1.5 Modelos de calculo para plataformas de transferencia de carga
reforzadas sobre inclusiones discretas (1 parrafo y 1 figura)

|.6 Rango indicativo para el desarrollo de la resistencia en el tiempo
de materiales para mejoras del terreno clase Il (1 figura)




1. Objeto de la Presentacion

EN-1997-3:2024
Estructuras geotécnicas

Capitulo 13: Medidas de control del agua del terreno

13.1 Alcance y campo de aplicacién (3 parrafos y 1 tabla)
13.2 Bases de proyecto (17 parrafos y 1 tabla)

13.3 Materiales (4 parrafos)

13.4 Agua del terreno (1 parrafo)

13.5 Analisis geotécnico (11 parrafos)

13.6 Estado limite ultimo (1 parrafo)

13.7 Estado limite de servicio (4 parrafos)

13.8 Implementacion de proyecto (19 parrafos)

13.9 Ensayos (3 parrafos)

13.10 Informes (6 parrafos)

Anejo J: Medidas de control del agua del terreno
(informativo)

J.1 Uso de este anexo (1 parrafo)

J.2 Alcance y campo de aplicacién (1 parrafo)
J.3 Ejemplos de medidas de control del agua del
terreno (1 tabla)




1. Objeto de la Presentacion

EN1997-3 (Estructuras Geotécnicas) 2G:
v Capitulo 12 y 13: capitulos nuevos en EN1997-3 2G.

Capitulo 12: interaccion con los demas Capitulos de EN1997-3 2G.
Aplicacion de técnicas de mejora del terreno para las siguientes estructuras geotéecnicas:
v Taludes, desmontes, terraplenes (Capitulo 4)
v Cimentaciones directas (Capitulo 5)
v Estructuras de contencion (Capitulo 7)

v Estructuras de suelo reforzado (Capitulo 9)

Capitulo 6: Cimentaciones profundas:

v Calculo capacidad portante y rigidez de las inclusiones rigidas (Clase Bll Mejora tes



2. Clasificacion de las Tecnicas de Mejora del Terrenc

(2) Ground improvement shall be classified according to Table 12.1:
— diffused ground improvement (Classes Al and AlI); or

— discrete ground improvement (Classes Bl and BII).

Bll — caracter discreto con IR con RCS met
terreno mejorado fres al corte o rigidez

NOTE1 Examples of ground improvement techniques for these classes are given in Annex L.

NOTE 2 Groundwater control measures are given in ("=~ 12 . . .
Table 12.1 — Classification of ground improvement
Class A - Diffused B - Discrete
) 1 Al - Diffused with no measurable Bl - Discrete with non-rigid inclusions
Al — caracter extenso con RCS no unconfined compressive strength Inclusions, installed in the ground, with
medible: el terreno mejorado 1res al The improved ground has an increased higher shear capacity and stiffness
corte o rigidez; el terreno mejorado shear strength or stiffness higher than that | compared to the surrounding ground. The
delad 9 . Jd d of the original ground. The improved unconfined compressive strength of the
mo. elado con propiedaaes ground can be modelled as a ground with inclusion is not measurable.
mejorad as improved properties.
All - caracter eXten.SO con RCS II AIl - Ground improvement zone with EIl - Discrete with rigid inclusions
medible: el terreno mejorado fres al measurable nnconfined compressive Rigid inclusions, installed in the ground,
corte o rigidez; el terreno mejorado strength with unconfined compressive strength and
modelado Compuesto por suelo y T]:I:E .impmved ground is modified from its signjﬁcmﬂy higher 51:iEnej5:=. tha.n the
l t original natural state, has a measurable surrounding ground. The inclusions can be
Igante unconfined compressive strength and is an engineered material such as timber,
. ;. . significantly stiffer than the surrounding concrete/grout or steel or a composite of a
Ejemplos de tecnicas de mejora ground. Usually, it comprises a composite of | binder and ground.
del terreno: Anexo | a binder and ground.




2. Clasificacion de las Tecnicas de Mejora del Terren

Al — caracter extenso con RCS no medible:
el terreno mejorado 1res al corte o rigidez;
el terreno mejorado modelado con propiedades mejoradas

Al —

inyecciones de compactacion,
vibracion profunda,

compactacion dinamica,
compactacion con rodillo de impacto,
compactacion de impacto rapido,
microvoladuras,

sustitucion del terreno,
calentamiento del terreno,
precarga con o sin drenes,
rebajamiento del agua del terreno,
consolidacion por vacio,
Soil-mixing.

Table 12.1 — Classification of ground improvement

Class

A - Diffused

E - Diiscrete

I

Al - Diffused with no measurable
unconfined compressive strength

The improved ground has an increased
shear strength or stiffness higher than that
of the original ground. The improved
ground can be modelled as a ground with

improved properties.

Bl - Discrete with non-rigid inclusions

Inclusions, installed in the ground, with
higher shear capacity and stiffness
compared to the surrounding ground. The
unconfined compressive strength of the
inclusion is not measurable.

II

All - Ground improvement zone with
measurable unconfined compressive
strength

The improved ground is modified from its
original natural state, has a measurable
unconfined compressive strength and is
significantly stiffer than the surrounding
ground. Usually, it comprises a composite of

a binder and ground.

BII - Discrete with rigid inclusions

Rigid inclusions, installed in the ground,
with unconfined compressive strength and
significantly higher stiffness than the
surrounding ground. The inclusions can be
an engineered material such as timber,
concrete/grout or steel or a composite of a
binder and ground.




2. Clasificacion de las Tecnicas de Mejora del Terren

All — caracter extenso con RCS medible:
el terreno mejorado fres al corte y rigidez;
el terreno mejorado modelado compuesto por suelo y ligante

All —

inyecciones de impregnacion,
jet-grouting,

relleno de huecos con mortero
o lechada,

congelacion del terreno,
calentamiento del terreno,
soil-mixing.

Table 12.1 — Classification of ground improvement

Class

A - Diffused

E - Diiscrete

I

Al - Diffused with no measurable
unconfined compressive strength

The improved ground has an increased
shear strength or stiffness higher than that
of the original ground. The improved
ground can be modelled as a ground with

improved properties.

Bl - Discrete with non-rigid inclusions

Inclusions, installed in the ground, with
higher shear capacity and stiffness
compared to the surrounding ground. The
unconfined compressive strength of the
inclusion is not measurable.

II

All - Ground improvement zone with
measurable unconfined compressive
strength

The improved ground is modified from its
original natural state, has a measurable
unconfined compressive strength and is
significantly stiffer than the surrounding
ground. Usually, it comprises a composite of

a binder and ground.

BII - Discrete with rigid inclusions

Rigid inclusions, installed in the ground,
with unconfined compressive strength and
significantly higher stiffness than the
surrounding ground. The inclusions can be
an engineered material such as timber,
concrete/grout or steel or a composite of a
binder and ground.




2. Clasificacion de las Tecnicas de Mejora del Terren

Table 12.1 — Classification of ground improvement

Class

A - Diffused

E - Discrete

Al - Diffused with no measurable
unconfined compressive strength

The improved ground has an increased
shear strength or stiffness higher than that
of the original ground. The improved
ground can be modelled as a ground with

improved properties.

ElI - Discrete with non-rigid inclusions

Inclusions, installed in the ground, with
higher shear capacity and stiffness
compared to the surrounding ground. The
unconfined compressive strength of the
inclusion is not measurable.

II

All - Ground improvement zone with
measurable unconfined compressive
strength

The improved ground is modified from its
original natural state, has a measurable
unconfined compressive strength and is
significantly stiffer than the surrounding
ground. Usually, it comprises a composite of
a binder and ground.

BII - Discrete with rigid inclusions

Rigid inclusions, installed in the ground,
with unconfined compressive strength and
significantly higher stiffness than the
surrounding ground. The inclusions can be
an engineered material such as timber,
concrete /grout or steel or a compaosite of a
binder and sround.




2. Clasificacion de las Tecnicas de Mejora del Terren

Bll — caracter discreto con IR con RCS medible;
el terreno mejorado {res al corte y rigidez que el terreno circundante
Inclusiones: madera, acero, hormigdn, compuesto suelo-ligante

Bll —

soil-mixing,

jet grouting,

inclusiones de acero o madera,
inclusiones de hormigon o mortero,
columnas de grava inyectadas,
inyecciones de compactacion.

Table 12.1 — Classification of ground improvement

Class

A - Diffused

E - Diiscretea

I

Al - Diffused with no measurable
unconfined compressive strength

The improved ground has an increased
shear strength or stiffness higher than that
of the original ground. The improved
ground can be modelled as a ground with

improved properties.

ElI - Discrete with non-rigid inclusions

Inclusions, installed in the ground, with
higher shear capacity and stiffness
compared to the surrounding ground. The
unconfined compressive strength of the
inclusion is not measurable.

II

All - Ground improvement zone with
measurable unconfined compressive
strength

The improved ground is modified from its
original natural state, has a measurable
unconfined compressive strength and is
significantly stiffer than the surrounding
ground. Usually, it comprises a composite of

a binder and ground.

BII - Discrete with rigid inclusions

Rigid inclusions, installed in the ground,
with unconfined compressive strength and
significantly higher stiffness than the
surrounding ground. The inclusions can be
an engineered material such as timber,
concrete /grout or steel or a composite of a
binder and ground.




2. Clasificacion de las Tecnicas de Mejora del Terren

trevey6
Bll — caracter discreto con IR con 5 3 HHH 6 10
. IR s
RCS medible o5 :o@gg}@%ﬂgu; 590 5984 0S0° 558 % HH # 6 10
e S B B B B °Cg ® ¢ - o eo?0 o LT T TR
LY
= 7 7 7
: , S dEZ--HZ=Z8 4k - S i i e ol S e ) el i S dE-Z-HZ=Z8 4Lk -
A, B — carga transferida a traves de LTP " dAF=-=-H=-=3F - "H==lr =1 = - "AF--H=-=3F -
C — sin LTP, sin conexion estructural entre - 4. F ——“H==44F - “HE=ET=FF “H° -dF--H-—4F-
IR y cimentacion 1 9 1119 -1 9
A B C
Key
1 Rigid inclusions 6 Load
2 Optional caps 7 Working platform
3 Optional basal reinforcement 8 Weal soil
Cap]tUlO 6: Cimentaciones PrOfUﬂdaS: 4 Load transfer platform 9 Load bearing ground
Calculo Capacidad portante y 5 Embankment 10 Slab or spread foundation
rigidez de las inclusiones rl'gidas 11 No structural connection between 1and 10 (Figure 11 c)
(Clase B”) a Embankment
b  Slab or spread foundation with a load transfer platform
¢ Slab or spread foundation without a load transfer platform




: |
3 . Med ] d aS d e CO n t ro l Table 13.1 — Classification of groundwater control measures

del Agua del Terreno = Objectve Measures
1 Prevent (i.e. cut off) the water flow Impermeable barriers *
. ., . 2 Reduce water flow through ground Reduction of hydraulic conductivity
Clasificacion de las medidas de
control del agua del terreno: 3 Control the flow of groundwater and/or | Dewatering/infiltration
Clases: 12 3 surface water
Objetivos
Medidas 2 The term “impermeable” is project specific. A project-defined low wvalue of hydraulic conductvity s considered
impermeahble,
Table [.1 — Examples of groundwater control measures
Class Measures Examples
1 Impermeable barriers 2 Sheet pile, grouting, plastic and geosynthetic barriers, ground
freezing, vertical and horizontal diaphrazm walls.
Anexo J

Ejemplos de técnicas de control del 2 Reduction of hydraulic | Grouting. soil mixing, use of natural clay layer.
ductivi
agua del terreno Fonduey

3 Dewatering/infiltration Drains, wells and other dewatering systems.

3 The term “Impermeable” is project spectfic, A project defined low value of the hydrualic conductivity is considered as
impermeahble,




4. Estadistica de NDPs

0.5National Annex for EN 1997-3

Mational choice is allowed in this standard where explicitly stated within notes. National choice includes
the selection of values for Nationally Determined Parameters (NDPs).

The national standard implementing EN 1997-3 can have a National Annex containing all national choices
to be used for the design of buildings and civil engineering works to be constructed in the relevant

country.

When no national choice is given, the default choice given in this standard is to be used.

When no national choice is made and no default is given in this standard, the choice can be specified by a
relevant authority or, where not specified, agreed for a specific project by appropriate parties.

MNational choice is allowed in EN 1997-3 ﬂ:mug.h notes to the fu]luwi.ng clauses:

12.2.2(2)

12.6.6(1) - Z choices  12.9.2.1(1)

13.3(4) 13.8.3(1)

12.5.4(5) 12.5.4(6) - 2 choices 12.6.1(2)

12.2.7.2[1) 12.5.4(2)] - 2 choices
12.6.3(1)
12.9.2.2(2] 13.2.7.2(1)
Annex |

Capitulo 12: 10 parrafos
Capitulo 13: 3 parrafos
2 Anejos (Capitulos 12 y 1




5. NDPs - Propiedades geométricas

12.2.2 Geometrical properties

(1) In addition to EN 1990:2023, 6.3 and 8.3.7, and FprEN 1997-1:2024, 4.3.3, acceptable deviations Aa
of the peometrical properties shall be considered in ground improvement design.

(2) Acceptable deviations of the geometrical properties of the ground improvement shall be as specified
in the relevant execution standard.

MOTE1 Inthe absence of a relevant execution standard, acceptable deviations of the geometrical properties can
be specified in the National Annex.

MOTE2Z  When no national choices are made, the values of acceptable deviations of the geometrical properties
can be specified by a relevant authority.

Propiedades geométricas:

Desviaciones admisibles de las propiedades geométricas especificadas en la norma
de ejecucion correspondiente.



5. NDPs -
Investigacion
geotecnica

12.2.7 Ground investigation

Tabla 12.2 (NDP): Profundidad minima
de investigacion geotécnica para
mejora del terreno: dependiente de la
clasificacion de mejora del terreno.

NCCI: complementar esta tabla con el
Anejo H de la Parte 2 de EC7-2G en
funcion del tipo de obra y documentos
normativos espanoles de practica
habitual.

12.2.7.2 Minimum extent of field testing

(1) In addition to FprEN 1997-2:2024, 5.4.3, the minimum depth of field investigation for ground
improvement shall be determined.

NOTE1l The minimum depth dme of feld investigation for ground improvement is given in Table 12,2 [NDF)
unless the National Annex gives another value,

NOTE2 FprEN 1997-2:2024, 5.4.3{3] and (4] give provisions for increasing or decreasing da, depending on the
ground conditions.

Table 12.2 ([NDP) — Minimum depth of field investigation for ground improvement

Ground Improvement Class Minimum depth, dein
Al treatment depth + 5 m
All treatment depth + 5 m
BI treatment depth + max{5 m; 35}
BII treatment depth + max{5 m; 384}

dyan 15 the minimum depth of field investization from the ground surface
By is the equivalent diameter of a non-rigid inclusion (Class BI)
By is the equivalent diameter of a rigid inclusion (Class BII)

The equivalent diameter of an inclusion is determined from, B = 2 ,/ A/w, where 4 is its horizontal cross
sectional area.

(2) The minimum depth can be reduced if a shallower investigation combined with comparable local

experience allows the ground properties to be determined below the treatment depth in accordance
with FprEN 1997-2, 5.4.3(4).




5. NDPs - Clase Bll: Pandeo

12.5.3 Resistance of discrete [Class B) ground improvement

12.5 Geotechnical analysis
i4) The buckling resistance of Class BII inclusions subject to compression shall be verified.
NOTE Guidance on buckling is given in Annex C,13

(5) When one of the following conditions is met, verification of buckling of Class EII inclusions may be
omitted:

— the diameter of the inclusions By is greater than B
— the thickness of any layers where cu is less than oy is smaller than b

NOTE The value of B is 0,3 m, the value of €y~ 15 15 kEPa and the valne of b is 1,0 m unless the National
Annex gives different values.

Mejora del terreno discreta (Clase Bll): Inclusiones Rigidas.

Pandeo: Anejo C.13 (Buckling and second order effects).

Parametros necesarios para determinar el pandeo de
acuerdo con el Anejo C.13



5. NDPs - Clase |l

12.5.4 Unconfined compressive strength of Class I material
RCS (1) For materials not covered in 12.3.3, 12.3.4, and 12.3.5, this sub-clause applies.

(2] Provided that at least N samples are tested, the representative value of the unconfined compressive

12.5 Geotechnical analysis ) _ ]
strength (gurepmgp) of Class I ground improvement material shall be determined from:

) i Tud = Nellefu (12.1)
Mejora del terreno (material wimprep — ‘leltinimplk

Clase Il): Resistencia a where

compresion simple.
) . Gumpx 15 the characteristic value of the unconfined compressive strength of the Class 11
Inclusiones de materiales no ground improvement material, given in (5);

incluidos en: n- is a conversion factor accounting for long term effects; and

12.3.3 (hormigon),
. ™ is a conversion factor accounting for the difference in time between testing (typically
12.3.4 (metalicos), 28 days) and when the Class Il ground improvement material is exposed to the

12.3.5 (de madera). designed stresses.
NMOTE1 The value of Nis 10 unless the National Annex gives a different value.

Valor representativo RCS NOTE2  The conversion factor n. is based on k. from EN 1992-1-1:2023, 5.1.6.

12.5.4 2): l MOTE3  For hydraulic binders and cement-based materials, the value of i is 0.85 for geotechnical structures and
e ( ) se aceptan OS | 1,0 for temporary geotechnical structures (see FprEN 1997-1:2024, 4.1.5) unless the Mational Annex gives a

valores indicados en Nota 1 y | different value.

Nota 3 en AN. NOTE4  The value of m is given in [4).



5. NDPs - Clase Il RCS

12.5 Geotechnical analysis

Mejora  del terreno
(material Clase II):
Resistencia a compresion
simple.

Valor caracteristico RCS

12.5.4 (5): se acepta el valor indicado
para P (fractil de la base de datos de
distribucion estadistica considerada;

P=10%).

12.5.4 Unconfined compressive strength of Class II material

(5) The characteristic value of the unconfined compressive strength guimpx should be determined,

according to FprEN 1997-1:2024, 4.3.2.2, as the P fractile of the dataset of the relevant statistical
distribution.

NOTE1 The value of Pis 10 % unless the National Annex gives a different value.

NOTEZ2 The characteristic value can be determined from the cumulative frequency curve of the dataset. The
datasets for soils treated with binders typically correlate with the lognormal distribution.



5. NDPs - Clase Il RCS

12.5.4 Unconfined compressive strength of Class II material

12.5 Geotechnical analysis

(&) The nominal value of the unconfined compressive strength guimpaem should be determined as the
minimum of the following values:

the minimum value of g, measured in all the unconfined compressive strength [UCS) tests;

Mejora del terreno - iedmr]]metu: average value of all results of the UCS tests multiplied by a reduction value k;
(ma.terlal. Clase !I,): a maximum value gumee
Resistencia a compresion

simp[e. NOTE1 The value of k is 0,7, unless the National Annex gives a different value.

NOTE 2  The value of qums 15 12 MPa, unless the National Annex gives a different value.

Valor nominal RCS

12.5.4 (6): valor de
reduccion k (k=0.7) y valor
Jumax=12MPa se aceptan.




5. NDPs - ELU

12.6 Ultimate limit states

Métodos para verificar ELU de
diferentes clases de las técnicas de
mejora del terreno (Tabla 12.3).

12.6.1 General

(1) FprEN 1997-1:2024, Clause 8 shall apply to ground improvement.

(2] Methods used to verify ultimate limit states for different classes of ground improvement should be
selected according to Table 12.3.

NOTE

methods.

Table 12.3 (NDP) gives appropriate verification methods unless the MNational Annex gives different

Table 12.3 (NDP) — Methods used to verify ultimate limit states of ground improvement

Class

A - Diffused

E - Discrete

Determine improved ground properties
according to 12.3.2 and FprEN 1997-
1:2024, 4.3.2

Verify ULS according to 12.2.5.1, 12.5.2
and the appropriate clauses in this
document

Determine properties of non-rigid (Class
El) inclusions according to 12.3.2 and
FprEM 1997-1:2024, 4.3.2

Verify ULS of the system using separate
ground and inclusion properties;

Verify ULS according to 12.2.5.1, 12.5.3
and the appropriate clauses in this
document

Verify compression and shear resistance
in inclusions and the ground

For pgeotextile encased inclusions,
determine the strength of the reinforcing
element according to 9.6

II

Determine properties of Class AIl
improved ground according to12.3.2
Verify ULS according to12.2.5.1, 12.5.2
and 12.5.4 and the appropriate clauses in
this document.

Verify structural resistance

Determine properties of Class BEII
inclusions according to 12.3.2.2.

Verify ULS according to 12.2.5.1,12.5.3
and 12.5.4 and the appropriate clauses in
this document.

Verify structural resistance of the rigid
inclusions




5. NDPs - ELU

12.6 Ultimate limit states

Resistencia mejora del terreno
discreta (Clase B).

Coeficientes parciales para determinar la resistencia de diseno

Resistencia de diseno (Rsys,d)

Factor parcial sistema de inclusion (yR,sys)

Factor modelo (yRd,sys) (AN)

Este Anejo Nacional acepta el valor indicado en la Nota para el factor

de modelo.

12.6.3 Resistance of discrete (Class B) ground improvement
(1) The design resistance of Class Bl ground improvement [Rays4) may be determined from:
_ Boysrep [12.3)

R =
ay=d YRsysYRdsys

where

Riyirep  is the representative value of the total resistance of the ground improvement system
with inclusions;

Msys 15 a partial factor for the inclusion system, given in 12.6.6; and

Taass 5 amodel factor.

MOTE The value of }aes is 1,0 unless the National Annex gives a different value.




Table 12.4 [NDP) — Partial factors for the verification of ultimate resistance of ground

improvement for fundamental (persistent and transient) design sitnations
5 ° N D P S - E L U Verification of Partial factor on Symb Material Factor Resistance Factor
ol Approach Approach
. both
combinations (a)
and (b)
12.6 Ultimate limit states @ | @
Overall stability See Clause 4
12.6.56 Partial factors Compressive and Actions, Effects of
transverse actions? Y e
(1) Partial factors for the verification of ground improvement at the ultimate limit state shall be | resistance of Refer to other clauses as appropriate
determined according to FprEN 1997-1:2024, 4.4.1, using either the Material Factor Approach orthe | diffused ([Class A) - b
Resistance Factor Approach. und Ground properties L
ETD
_ ] ] improvement
NOTE1 The Natonal Annex can specify which factor approach to use, UCS of Class [ materials - 15
NOTEZ2  Values of the partial factors for ground improvement are given in Table 12,4 (WDP) for persistent and UCS of concrets, steel, and
transient design sitnations unless the National Annex gives different values. Bmber ™ EN 1392-1-1,EN 19%3-1-1 and EN 1995-1-1
Compressive and | . ..on- Fefects ofactions* | yrope | "™ | we3 VC1 or VC4*
fransverse ViC4
resistance of .
. . . . ] Ground properties ™ M1 M2 Not factored
Factores parciales para determinar resistencia discrete (Class E]
e . L. Ny .~ ground UCS of Class I materials | yw 15
ultima de mejora del terreno: situacion de diseno improvement
. . . UCS of concrete, steel, and
fundamental (persistente y transitoria). timber w | EN1992-1-1,EN1993-1-1 and EN 1995-1-1
Chrerall system resistance Mot factored 14
(Class BI) P ot facto :
. . . Resistance of rigid
Este Anejo Nacional permite el uso de los dos nclusion system yii | Notfactored 14
[Class BIT)
enfoques de factor. —
e el Bl - Mot factored 14
Este Anejo Nacional acepta los valores de los o
J . . . p Transverse resistance Fie Mot factored Refer Tpﬁ?nﬂﬂl“s a3
factores parciales indicados en la Tabla 12.4. _ — —
4 Values of the partial factors for Verification Cases (WCs] 1, 3, and 4 are given in EN 1990:2023, Annex A
b Values of the partial factors for Sets M1 and M2 are given in FprEN 1997-1:2024, 4.4.1.3
£ Always use VL1 except for the computation of the effects on actions due to an embankment




12.9.2 Material control tests

5. NDPs - 12921 General

E n S a OS (1) Material control tests shall be performed to verify that representative properties of the improved
y ground are achieved.

MOTE The minimmum frequencies for material control test for each ground improvement class are givenin Table
12.5 (NDF) unless the National Annex gives different values.

12.9 Testing Table 12.5 (NDF) Testing frequency for ground improvement (control tests)

Class Type of test Number of tests

Field and laboratory testing to the full

denth of the zone of N— As per FprEN 1997-2:2024, 5.4.2 and 5.4.3

Al

In the absence of 3 material standard that
specifies otherwise:

Ensayos de control (frecuencia UCS tests on extracted samples of

All 1 test per 125 m” (minimum 4 tests) per treated
de los ensayos de control de reated-ground seotechnical unit, conducted on samples
materiales del terreno representative of the whole treatment depth.
meJorado) ’ Field and laboratory testing to the full

BI depth of the ground improvement As per FprEN 1997-2:2024, 5.4.2 and 5.4.3

zone, inside the meclusions and/or in-
;L. ~ between
No hay praCtlca espanola In the absence of a2 material standard that
consolidada a este respecto, specifies otherwise:
por lo que se aceptan los EBII UCS test on extracted samples of 1 test per 125 m® (minimum 4 tests) of rigid

valores de referencia indicados treated ground or installed material inclusion volume, conducted on samples
en la Tabla 12.5. representative of the whole treatment depth.




5. NDPs - Ensayos

12.9 Testing

Influencia de tamano de probeta para determinar resistencia a compresion simple

RCS realizada sobre probetas cilindricas.
Introduccion del factor de correccion en el AN.

Este Anejo Nacional acepta el valor indicado en la Nota para el factor de escala k
para determinar la resistencia a compresion simple en muestras prismaticas y
cilindricas con una relacion altura/diametro igual a uno (k. = 0,80).

12.9.2.2 Unconfined compressive strength

(1) The unconfined compressive strength should be determined on undisturbed cylindrical samples
with a height to diameter ratio of two.

(2] Where the sample dimensions differ, the unconfined compressive strength may be multiplied by a
scale factor kucs.

NOTE For prisms and cylinders with height to diameter ratio of one, the value of by is 0,8, unless the National
Annex gives a different value,

ucs»



5. NDPs - Anejo |

Annex I
(informative)

Ground improvement

I.1 Use of this annex

(1) This informative annex provides complementary guidance to that given in Clause 12 for ground
improvement.

NOTE National choice on the application of this informative annex is given in the National Annex. If the National
Annex contains no information on the application of this informative annex, it can be used.

Este Anejo Nacional mantiene el caracter informativo del Anejo I,
por lo que su contenido puede usarse a criterio del proyectista.



5. NDPs - Investigacion geotécnica

13.2.7 Ground investigation

Profundidad minima de
investigacion geotécnica para
proyectos de medidas de control
del agua del terreno.

Informacion Complementaria No Contradictoria (NCCl) sobre la amplitud de la campana de investigacio

13.2.7.2 Minimum extent of field investigation

(1) In addition to FprEN 1997-2:2024, 5.4.3, the minimum depth of field investigation for groundwater
control measures shall be determined.

NOTE1l The minimum depth dmn. of field investigation is given in Table 13.2 (NDP) unless the National Annex
gives another value.

NOTEZ  FprEN 1997-2:2024, 5.4.3(3) and (4) give provisions for increasing or decreasing dmi» depending on the
ground conditions.

Table 13.2 (NDP) — Minimum depth of field investigation for groundwater control measures

Application Minimum depth Illustration

Prevention of water flow Hmin = 2 m below the surface of the
layer with very low conductivity

beneath the proposed barrier
d min (_/_{-‘—‘)_-

Reduction of water flow dmin = 2 m below the layer, which 1k
hydraulic conductivity is to be /l N
adjusted |

U

Control of water flow dmin = 2 m into the aquitard, beneath

the aquifer

En la Tabla AN-H.2 del Anejo Nacional Espanol de EN1997-2 se recogen, como referencia, una serie
normativos espanoles en los que se proporcionan criterios sobre la amplitud de la campana
geotécnica, en funcion del ambito de actuacion de cada proyecto.




5. NDPs - Materiales

13.3 Materials

13.3 Materials
(1) FprEN 1997-2:2024, Clause 7 to 12 shall apply to groundwater control measures.

{2) EN 1538 should apply to diaphragm walls.

(3) In addition to FprEN 1997-1:2024, 5.3, ISO/TS 13434 may be applied for geomembrane,
geosynthetic or plastic barriers.

{4) Materials that are not specified in (1) to (3) may be used provided they comply with a relevant
material standard.

NOTE The relevant material standard can be specified in the National Annex.

Normativa de los materiales a incluir.
Este Anejo Nacional no proporciona normas adicionales, relativas a materiales,
a las indicadas en los parrafos 13.3 (1) a 13.3.(2) de EN 1997-3.



5. NDPs - Auscultacion

13.8.3 Monitoring

(1) In addition to FprEN 1997-1:2024, 10.4 the Monitoring Plan should, as applicable, include

Medidas de control del agua del
terreno en la zona de influencia.

monitoring of groundwater conditions within the zone of influence.

NOTE1 Legislation can necessitate additional requirements.

NOTEZ2Z2 Table 13.3 (NDP) gives measures to check the groundwater conditions within the zone of influence,
unless the National Annex gives different measures,

Table 13.3 (NDP) — Measures for checking groundwater conditions within the zone of influence

Geotechnical Measures / measurements
Category
GC3 All the items given below for GC2 and, in addition:
- more detailed examination that includes additional measurements and
observations.
GC2Z All the items given below for GC1 and, in addition:

- measurements of groundwater levels and groundwater pressures;
- measurements of groundwater flow and chemistry, if they affect the method
of construction or the performance of the structure.

GC1 All the items given below:
- direct observations;

- documented comparable experience;
- any other relevant evidence.



5. NDPs - Anejo J

Este Anejo Nacional mantiene el caracter informativo del
Anejo J, por lo que su contenido puede usarse a criterio

del proyectista.

Annex ]
(informative)

Groundwater control measures

J].1 Use of this annex

1 This informative annex provides com IE]TIE'[['.'E['}? idance to that given in Clause 13 for
grou ndwater control measures.

NOTE National choice on the application of this Informative Annex is given in the National Annex. If the
National Annex contains no information on the application of this informative annex, it can be used.




5. Conclusiones

EC1997-2G es una evolucion de EC1997-1G, abarcando el proyecto de Mejora del Terreno (
Medidas de Control del Agua del Terreno (Capitulo 13):

v EC1997-3-2G introduce la clasificacion de las técnicas de mejora del terreno en 4 clase
distribucion extensa o discreta, y segun la posible medicion de RCS, presentado n
ejemplos de las técnicas de mejora del terreno en cada clase.

v Se indica la conexion del Capitulo 12 con los demas capitulos de EC1997-3-2G dependien
tipo de estructura geotécnica.

v Se introduce el concepto de la capa de transferencia de carga y los métodos indicados parz
analisis (Clase B).



5. Conclusiones

En el Anejo Nacional respecto al Capitulo 12 se permite la modificacion de:

v

v

v

v

Desviaciones aceptables de las propiedades geométricas (12.2.2(2)).
Profundidad minima de las investigaciones del terreno para mejora del terreno (12.2.7.
Parametros necesarios para determinar el pandeo de acuerdo con el Anejo C.13 (12.5.3(5

Los parametros para determinar qy e, imp (12.5.4(2)), el valor caracteristico q, jn,  (12.5.4
valor nominal q imp nom (12.5.4(6)) del material de Clase Il .

Métodos de verificacion ELU de las 4 clases de las técnicas de mejora del terreno (12.3.1(2)).
Coeficientes parciales para determinar la resistencia de diseno (12.6.3(1)).
Coeficientes parciales para verificacion de resistencia ultima de mejora del terreno (12.6.
Frecuencia de los ensayos de control de materiales (12.9.2.1(1)).

Influencia de tamano de probeta para determinar resistencia a compresion simple

Anejo | (informativo).



5. Conclusiones

En el Anejo Nacional respecto al Capitulo 13 se permite la modificacion de:

Profundidad minima de investigacion geotécnica (13.2.7.2(1)).
Normativas de los materiales a incluir (13.3(4)).

Medidas de control del agua del terreno en la zona de influencia (13.8.3(1)).

AN NN

Anejo J (informativo).
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