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1. Objeto de la presentacion

Eurocode 7 — Geotechnical design — Part 1: General rules

4.2 Principles of limit state design

4.2.1 General

(1) The principles of limit state design given in EN 1990:2023, Clause 5 shall apply to geotechnical

structures.

(2) In addition to (1), limit states for geotechnical structures shall be verified by one or more of the

followine methods:

— calculation using the partial factor method [4.4) or other reliability-based methods;

— prescriptive rules (§.5);
— testing (4.6); or

— Observational Method (4.7).

\

7.1 Calculation mndefs.........
7.1.1 General ..

7.1.4 Numerical models

modes and groung/movements.

L

(1) Numerical 75 may be used for the verification of limit states including the assessment of failure

7.1.2 Empirical models.......A.
7.1.3 Analytical models ../......

8.2 Procedure for numerical models

7.1.4 Numerical model

(1) For geotechnical structures, verification of ultimate limit states by numerical models should be
verified using both of the following factoring approaches:




2. Estadistica de NDPs

Eurocode 7 — Geotechnical design — Part 1: General rules
Introduction

0.5 National annex for EN 1997-1

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

National cheoice is allowed in EN 1997-1 through notes to the following clauses:
4.1.2.2(1) 4.1.23(3) 4.1.3(1) 4.1.4(2)
4.1.5(1) 4.1.8(3) 4.2.3.2(2) 4.2.4(3)
4.3.2.3(2) 4.4.1.3(1) - 3 choices 4.4.1.3(9) - 2 choices 4.4.1.5(1) - 2 choices
4.5(1) 4.5(4) 2.4(2) 5.3(2)
5.3(3) 7.1.1(7) 7.2(2) 8.1.4.2(3)
8.2(1) - 2 choices 10.2(3) 12.1(4) A4(3)
A.4(8) - 2 cheices A4(11) C.3(3) C.3(4)
National choice is allowed in EN 1997-1 on the application of the following informative annexes:
Annex A Annex B Annex C




3. NDP - 8.2 (1) — Procedimiento para modelos numeéricos

8.2 Procedure for numerical models

(1) For geotechnical structures, verification of ultimate limit states by numerical models should be
verified using both of the following factoring approaches:

— Input factoring, using:
— factors on actions yg from Verification Case 3 and;
— factors on material properties yp from Set M2;
— Output factoring, using:
— factors on effects-of-actions yg from Verification Case 4 and;
— factors on material properties y); from Set M1.

NOTE1  For input factoring, partial factors are not applied to resistance nor to effects of actions.

NOTE 2  For output factoring, partial factors are not applied to resistance nor to actions.

NOTE 3  The resistance of structural members is verified according to the other Eurocodes and EN 1997-3.

NOTE 4  Values of yp and yg are given in EN 1990:2023, Annex A.

NOTES5  Values of yy are given in 4.4.1.3.

NOTE 6  The National Annex can specify cases where ultimate limit states can be verified by input or output
factoring alone.
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NOTE7  The procedure for verification of ultimate limit states with numerical models is given iI' Table 8.1 (NDP)
unless the National Annex gives a different procedure, - e e e wm o
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Table 8.1 (NDP) — Procedure for verification of ultimate limit states with numerical models

8.2 Procedure for numerical models

(1) For geotechnical structures, verification of ultimate limit states by numerical models should be
verified using both of the following factoring approaches:

— Input factoring, using:

— factors on actions yg from Verification Case 3 and;

— factors on material properties yp from Set M2;

— Output factoring, using:

— factors on effects-of-actions yg from Verification Case 4 and;

— factors on material properties y); from Set M1.

NOTE1  For input factoring, partial factors are not applied to resistance nor to effects of actions.
NOTE 2  For output factoring, partial factors are not applied to resistance nor to actions.
NOTE 3  The resistance of structural members is verified according to the other Eurocodes and EN 1997-3.
NOTE 4  Values of yp and yg are given in EN 1990:2023, Annex A.
NOTES5  Values of yy are given in 4.4.1.3.
NOTE 6  The National Annex can specify cases where ultimate limit states can be verified by input or output

factoring alone.

NOTE 7
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The procedure for verification of ultimate limit states with numerical models is given iI' Table 8.1 (NDP)

unless the National Annex gives a different procedure, P —

Factoring approach - See 8.2(1)
Output Input Input
VC4 + M1 VC3 + M2 VC3 = M2
(Recommended) (Alternative)
See 8.2 (1), (9). (10) See 8.2 (1) and (&) See 8.2 (1) and (7)
Step 1° Step 1° Step 1°
Representative Step Representative Step -
Piezometric level or Representative values
groundwater
pressure
Input Ground properties Representative Values
Structural element Representative Values Not applicable
properties Go directly to Step 2
External actions Representative Values
Movements a
Output
Structural forces a
=
4] Step 2 Step 2 Step 2
- ULS Verification Step ULS Verification Step ULS Verification Step
g Piezometric level or Design level® Design level ® Design level ®
= groundwater
-E pressure
=
& Ground properties Design values by M1 Partial factors M2 Design values by M2
g combination combination
S | Input
Structural element Representative values Representative values Representative values
properties
External actions Design values by VC4 Design values by VC3 Design values by VC3
combination combination combination
Verification of See 8.2(9) and (10) ULS verified ULS verified
ground failure if equilibrium is attained | if equilibrium is attained in
in the ground with no the ground with no failure
failure of the structure of the structure
Output
P Verification of Design values (E,) Design values (Ey) Design values (Ey) obtained
structural failure obtained by applying g obtained directly from directly from calculation
to calculation results calculation results results
See 8.2(9) and (10) See 8.2(8)
5 Continue in the same way through any subsequent stage (CS2, CS3, etc.)
4 These output values can be used for SLS verifications.
b “The design piezometric level” can be obtained by applying a deviation to the representative piezometric level as stated
in 6.5.1 (1), second bullet.
€ The start of Step 1 of any given Construction Stage continues from the end of Step 1 of the preceding Construction Stage.
4 Usually in this step, a strength reduction procedure is performed and the ULS verification is checked, as setin 8.2 (6). Ifa
strength reduction procedure cannot be performed, or if different material factors cannot be applied to different geotechnical
units, then Step 2 also continues from Step 1 of the preceding Construction Stage using design material properties determined
with partial factors from Set M2,
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Table 8.1 (NDP) — Procedure for verification of ultimate limit states with numerical models

Factoring approach - See 8.2(1)
Output Input Input
VC4 + M1 VC3 + M2 VC3 = M2
(Recommended) (Alternative)
See 8.2 (1). (9). (10) See 8.2 (1) and (6) See 8.2 (1) and (7)
Step 1° Step 1° Step 1°
Repr Step Repr ive Step -
Piezometric level or Representative values
groundwater
pressure
Input Ground properties Representative Values
Structural element Representative Values Not applicable
properties Go directly to Step 2
External actions Representative Values
Movements a
Output
Structural forces a
=
4] Step 2 Step 2 Step 2
- ULS Verification Step ULS Verification Step ULS Verification Step
g Piezometric level or Design level® Design level ® Design level ®
= groundwater
-E pressure
E Ground properties Design values by M1 Partial factors M2 Design values by M2
g combination combination
S | Input
Structural element Representative values Representative values Representative values
properties
External actions Design values by VC4 Design values by VC3 Design values by VC3
combination combination combination
Verification of See 8.2(9) and (10) ULS verified ULS verified
ground failure if equilibrium is attained | if equilibrium is attained in
in the ground with no the ground with no failure
failure of the structure of the structure
Output
P Verification of Design values (Ey) Design values (Ey) Design values (Ey) obtained
structural failure obtained by applying yg obtained directly from directly from calculation
to calculation results calculation results results
See 8.2(9) and (10) See 8.2(8)
5 Continue in the same way through any subsequent stage (C52, C53, etc.)
4 These output values can be used for SLS verifications.
B “The design piezometric level” can be obtained by applying a deviation to the representative piezometric level as stated
in 6.5.1 (1), second bullet.
€ The start of Step 1 of any given Construction Stage continues from the end of Step 1 of the preceding Construction Stage.
4 Usually in this step, a strength reduction procedure is performed and the ULS verification is checked, as setin 8.2 (6). Ifa
strength reduction procedure cannot be performed, or if different material factors cannot be applied to different geotechnical
units, then Step 2 also continues from Step 1 of the preceding Construction Stage using design material properties determined
with partial factors from Set M2,
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NOTE 7  The procedure for verification of ultimate limit states with numerical models is given in Table 8.1 (NDP)
unless the National Annex gives a different procedure.

\ 4
- w
iy . NOtla /. La 1abla o.1 gqueda s5Ustituida por 1as 1ablas 114}, . ‘,hﬂﬁ. 1{C).
Tabla 8.1
‘Table 8.1 (NDP) — Procedure for verification of ultimate limit states with numerical models
Factoring pproach sec 5201
Output Input Input
Tabla AN 8.1(a) Tabla AN 8.1(b) Tabla AN 8.1(c)
(Recommended) (atermatve) -
™ See 8.2 (1).(9).(10) | sees.2 (1) and (6) See 8.2 (1) and (7)
T T B o SN
Representativestep | Representative step = REPRESENTATIVE VALUE CALCULATION STEP — |
:;:1“:::::::”:1 or Representative values ’7,,7,,7,,7,,7,,7,,7,,7,,7,,*77* ‘ULSVERIFICATION STEP‘ |
pressure 'CONSTRUCTION | v
o e STAGE ‘ STEP 1 FRCTORNG APPRORGH |
St o Representave Values Nl — | REPRESENTATIVE VALUE - 1 . i
! IF i o
= e T It N .. CALCULATION STEP ) T |
Movements. a STEP. STEP ‘ APPROACH APPROACH
Lo i VCa+M1 VC3+M2 |
v i
B | DATA ] ;. omoun e~ : ‘
H Fresometrclovelor | Desigalevel - Desgalewe® STAGEZ ! Piezometric level Representative values DATA ] DATA DATA |
z groundwater 5 o Piezometric level Design level Design level Design level
pressure > s 5 — ‘ Ground properties Representative values o oomtcs | DESERESDY | oo esgnvaliesby || o - |
H REPRESENTATIVE |, REQURED > ULS VERIFICATION 0 : . Propertes | 1 combination Properties |1z combination (2D || |
| - combinaion combinasion VALUE CALCULATION s | Structural properties | Representative values r - o] | i
== ‘ External actions Representative values proparties r;:zv‘: 5 properies x £ ‘EI’ . propetes x” "IJ . |
| ) i values: gn values by on values by
External actions Desiga valuesby V4 | Design values by VC3. Desiga values by VC3 it Extemal actions VA pombination External actions VCS combinaiion VO3 combina |
combination combination combination
v
ferification o ee 8.2(9) anc verifie verifie Y E .
|| e | e o ‘ ELASTOPLASTIC ELASTOPLASTIC ELASTOPLASTIC STRENGTH REDUCTION ‘
ntheground withno | the round withno aure i CALCULATION CALCULATION CALCUII.N'ION Sec 82 (6) |
e p— ) rew— L r x - 7 |
i | oinedbyspingr | shaeddiecly fom | ety o cloaton REPRESENTATVE |, peaheco | o STEP2E | e RESLSS T o S — RESULTS |
to calculation result calculation results. results VALUE CALCULATION fer o /erifical o "
ey [ STEP ‘ RESULTS mm"““‘,ﬂm ough "o Foclo” | | e | Stanedinh gt | |GEUSL | UL i if SF3 e ‘
! i i 5 1 B D lues Ed obtained
Continue nthe same way throughany subsequent tage (€52 53, tc) | Movements Can be used for SLS verifications Votcsiona | Dot €0 | v ot | S D | vttt g‘?ur‘\ vl%:s :;esuﬁ: |
P walfalure | : stuctua
— | Structural forces |Can be used for SLS verifications| 1o calouaton tesuts e | " caloiaon rosus | (s fakre fhe i 2o, TP
iy v e saed i SF Safoty factor fom FEM calculations. |
in 6.5.1 (1), seconc ! a in EN 1997-1:2024, Table 4.8, Noteb. |
: . . e o _
. 2 (6,5
o 1
o paral ez o S5

Diagrama de flujos
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Tabla AN 8.1(a)

" CONSTRUCTION
STAGE1

. Rep. Values
DlER I M STEP 2@ 1
REPRESENTATIVE Rep. Values
VALUE CALCULATION»_@QUII:‘? e VESF.*r'E'F?AT'ON e
STEP ~_ : ; : ; 4 ¢ ReE Level n
+ ' "1 +
\ J = LI} + Rep. \;TUESLF +'++1. Tr+ . ‘1'
( CONSTRUCTION > t} iy ++; i 4 +—H‘ JH ﬂ* i
 STAGE2 TR
Ystep 1o
< STEP 2
REPRESENTATIVE /
‘ STEP .
CONSTRUCTION
STAGE N

|

STEP 1
STEP2®
EPRESENTATIVE \_F
bALUE CALCULATION +\EQUIRE ULS VERIFICATION

STEP e STEP

\ﬁ Tabla AN 8.1(b) Tabla AN 8.1(c)
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Tabla AN 8.1(a
(a) Tabla AN 8.1(b)
PEe
: . "REPRESENTATIVE VALUE CALCULATION STEP
AT -~ REQURED = USVERPGATON - |
STEP / ! STEP 1 '
["'/Eorqss%%lécgloﬁ\) | REPRESENTATIVE VALUE |
| CALCULATION STEP |
STEP 1Y T STEP27@
R U o™ REQUIRED ULS VERIFICATION | |
”D St O ~ STEP | DATA |
: | Piezometric level Representative values |
(corgss&réchJloﬁ\: | Ground properties Representative values |
‘ STEW"’) : Structural properties | Representative values :
Sf\fﬁésciﬂﬁ%m%\ REQ'S'RED - wsvERFGON | External actions Representative values |
! ELASTOPLASTIC |
' CALCULATION |
| i |
Rep. Values i RES U LTS i
—_— i Movements Can be used for SLS verifications |
,,,,,, N | Structural forces |Can be used for SLS verifications |
Ii ' t Rep Values + R-e" 'L‘::ej +_ v-t L 77777777777777777777777777777 Jl
H 4 ¢1++ 4 ﬁ 'I.‘i
+-{. +_f_:t?f4.|Lﬁ‘~l%J;T% '




3. NDP - 8.2 (1)

Tabla AN 8.1(a)

Procedimiento para modelos numeéricos

( /CONSTRUCTION\)
_ STAGE1 /
STEP 1O AN a1
T STEP2
REPRESENTATIVE _
VALUE GALGULATION =~ REQURED > ULS VERFICATION
STEP
["'/EONSTRUCTloN\\
. STAGE2
STEP1© PN
PN STEP 2@
REPRESENTATIVE P ~
VALUE CALCULATION ~  REQUIRED - ULS VERIFICATION
STEP o
(/EONSTRucnoﬁ\
STAGEN )
STEP 10 P —_—
o STEP 2@
REPRESENTATIVE
REPRES! ALCULATION%\ REQUIRED > ULS VERFICATION
STEP ~_
Rep. Values
‘ Re| .Level
L 3% H
i+
H 4 * B
Rep Values ]@, ﬂé} #

Design Values (VC3)
/ﬂ Tabla AN 8.1(c) .,
Rep. Values ™.,
"IULS VERIFICATION STEP — e
e o vt A . . PR
STEP 2 + ot ty -++ Y 1:'_'
ULS VERIFICATION STEP f4 by Rep Values U i ; +1
v iy H L 11t
FACTORING APPROACH Tt J”f ﬁ ** ﬂ‘ H “ 1 i "
+1 fgf
¥ _'_I' [ ‘I’l-_ . 'FI'
. [AND! {AND! |
Y Y
OUTPUT FACTORING INPUT FACTORING
APPROACH APPROACH
VCA+M1 VC3+M2
| OPTIDNA—(&R)—UPTIGN B
............................. - { }
DATA DATA | DATA
Piezometric level Design level Piezometric level Design level Piezometric level Design level
. ign values . Design values b . .
Ground properties mhi " amnw Ground properties M2 9 binal m!l" Ground properties Represeniative values
Structural element | Representative values| ' Structural element  |Representative values | | Structural element  Representalive values
properfies See 8.2 (8) properties See 8.2 (8) properties See 8.2 (8)
Design values by Design values by Design values by
Extemal actions | yic4' combination Extemal actions |03 combination Bxtemal actions yc3 combination
Y L Y
ELASTOPLASTIC ELASTOPLASTIC STRENGTH REDUCTION
| CALCULATION - CALCULATION Coad 2
. Y - v B
RESULTS RESULTS RESULTS
T ULS must be verified R ULS verified if equilibrium i is| R
Verification of . Verification of Verification of i .
; through “Input Factoring” attained in the ground with ULS verified if SF 2 e
Igrmnd failure approach | Igrnurld failure no failure of the structure | ground failure .
| . Design values Ed obtained
Verification of Design f:':;fé;#rlg Verfication of | _ Design values (Fd) | eifcaion of T
i tained ; i irectly ; i
structural failure Ye to calculation results structural failure el ks structural failure |the mlméal:t.gr!}.s:ap when
™SF Safety factor from FEM calculations.

Twzis given in EN 1997-1:2024, Table 4.8, Note b.




3. NDP - 8.2 (1) — Procedimiento para modelos numeéricos

Y Tabla AM 4.8 — Factores parciales para propiedades del terreno en situaciones de proyecto
INPUT FACTORING N
TEbIE AN 8 I{C] APPROACH permanentes y transitorias
VC3+M2 I Propiedad del terreno | Simbolo | n1® | 22
I -OPTION A - ’OJFﬂ OPTION B- r - . ; S oz v relle _
. * S Resistencia al corte en tensiones efectivas® Ve 1,00 1,40 ks
. DATA | DATA | (S
Piezometric level Design level Piezometric level Design level = | enefrictme o frecidr depicer(tam g == T -a"m: - = e === i, = =
. Design values b ) . .
Ground properties |, n?]nbimlimy Ground properties Representative values Cohesion efectiva de pico (c”) Fes 1,00 1,40 ks
I Struckural element Representative values | [Structural element Representative values 1 C?Eﬁ:ciente de friccion de estado critico (fan A 1,00 1,25 kus
properfies See 8.2 (8) properties See 8.2 (8) Pz
: : Coeficiente de friccion residual {ton %) © 1 — 1,00 1,25 kus
. Design values by . Design values by e : :
Extemnal actions VC3 combination Extemal actions VC3 combination Cohesion efectiva residual [c”) Ver 1,00 1,40 ks
1t ' ! ' Resistencia al corte en tensiones totales (o) Veu 1,00 1,40 k.
" ELASTOPLASTIC [ STRENGTH REDUCTION | Resistencia a compresion simple (qu) Fau 1,00 1,40 ky
CALCULATION %E%L;Q?N Roca intacta y masas rocosas’
) ] ’ * ! Resistencia a corte (1) P 1,00 1,40 kys
....................... =SS0 77777 a7 Resistencia a compresion simple® (2] Vo 1.00 1.40 kue
T ULS verified if equilibrium is E— Discontinuidades en roca®
Verification of S . Verification of o .
ground failure altained in the ground with ground failure ULS verified if SF 2 1w Resistencia a corte (1) Vi 1,00 1,40 ks
: e | Coeficiente de friccién en la discontinuidad 1,00 1,40 k
_ Design values Ed obtained eficie e friccion en la discontinuida Veane ! A0 kg
Verification of hg!ﬂgd“;_alm ﬂ Verification of  |from calculation results in (tan @a:) ©
structural failure | © Wiﬂwlaﬁmum structural failure ﬂ'ﬂ'ﬂb-léal_!m'! slep when Cohesion aparente en la discontinuidad Veis 1,00 1,40 kg
=T
: |:fd.is:|
m?F Safety mﬁ&%;ﬁgﬂ'?'@rhmi;m; b- [~ Coeficiente de friccidn residual (fan @)~ Veangeiz.r 1,00 1,25 kay
kg " - 4' @ o ’ Contactos terreno-estructura
_ — Coeficiente de friccion en el contacto Vions 1,00 1,40 ks
terrenc-estructura (tan &)
* Wil v M2 son conjuntos alternativos de coeficientes materiales, EN 1997 _3:2024 especifica
- Lrualesysarpa@cada eatrugurazeglérDitd. o o = - - - - - - - - o
| * Es el valor parcial que se debe usar en las verificaciones de ELUs con modelos numéricos I




3. NDP - 8.2 (1) — Procedimiento para modelos numeéricos

NOTE 6  The National Annex can specify cases where ultimate limit states can be verified by input or output
factoring alone.

8.2 Procedure for numerical models

(1) For geotechnical structures, verification of ultimate limit states by numerical models should be
verified using both of the following factoring approaches:

— Input factoring, using:

— factors on actions yp from Verification Case 3 and;
— factors on material properties yp; from Set M2;

— Output factoring, using:

— factors on effects-of-actions yg from Verification Case 4 and;

— factors on material properties y); from Set M1.
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NOTE 6  The National Annex can specify cases where ultimate limit states can be verified by input or output
factoring alone.

A 4

8.2.(1) Nota 6: Este Anejo Nacional no especifica casos en los que se pueda verificar los estados

limite ultimo unicamente mediante o el método “input factoring (traduccion)” o el método

_ “output factoring (traduccion)”.

“Qutput Factoring” “Input Factoring”

Rep. Values Rep. Values

L +RL +L I+L
\ H J,;ﬁki

7

%ﬂﬁ




4. Resumen

Revisar Tablas AN-8.1 (a), (b) y (c) con ejemplos para
comprobar su validez

Determinar si hay casos en los que se desee que se
verifiquen Unicamente por uno de los métodos

(“Output Factoring” o “Input Factoring”)
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