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1. Objeto del Capitulo 9
Estructuras de suelo reforzado

Figure 9.1 — Reinforced fill structures within the scope of Clause 9

7 e —

reinforced wall

B S —

abutments

reinforced slope




2. Particularidades del Capitulo 9

Capitulo nuevo (inexistente en la 12 generacion del Eurocodigo = temario no
explicitamente integrado en el de estructuras de contencion ;?).

Tematica muy ligada a la industria con sistemas de suelo reforzado comerciales
registrados/patentados...; tanto en términos de producto entero como en sus
componentes y equipos/accesorios...

Consistencia requerida con otros eurocodigos segun la definicion particular de un
sistema de suelo reforzado dado (tipo de paramento, refuerzo, conexiones, etc.).

Valores de diseno por defecto (conservadores) inexistentes y necesarios en la
versatilidad de diseno de las estructuras de suelo reforzado - SC7 con fuerte
énfasis experimental para la obtencion de —todos los— valores paramétricos.

Verificacion de estabilidades externa, interna, y combinada/mixta (;=global?)
- diferentes métodos (;compatibles?).

Métodos numéricos como herramienta de diseno - existen ciertas particularidades
en los sistemas de suelo reforzado (interfaces suelo-estructura, refuerzos discretos,
apoyos, sistemas paramento, procesos constructivos, suelo de cimentacion, etc.).




2. Particularidades del Capitulo 9

Estados limite ultimos (ELU)
...para mecanismos de rotura internos:
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tensile failure, pull-out of reinforcing elements, sliding along the

interface between fill
and reinforcing elements.




2. Particularidades del Capitulo 9

Estados limite ultimos (ELU)
...para los sistemas de paramento y conexiones:
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2. Particularidades del Capitulo 9

ELU - verificacion de la estabilidad interna:

pull-out of reinforcing elements,
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tensile failure,

9.5.2.1 Reinforced slopes, walls, and bridge abutments

(1) Internal failure mechanisms in reinforced slopes, walls, and bridge abutments should be verified

using one or more of the following:

---------------------------------------------------------------------------------------

{' — coherent gravity method; — multiple wedge method; or

Seccccaas

E\ — tie-back wedge method; — slope stability methods.

........................................................................................

----------------------

-------------------------------------------

with EN 1997-1:2024, 7.1.1.




2. Particularidades del Capitulo 9
Estados limite de servicio (ELS)... @

verified for all reinforced structures:

— deformations of the reinforced fill structure itself; \

— differential settlement along the facing due to subsoil deformation;
— differential movement between facing and reinforcing element;

— deformation of the reinforced fill structure, which can cause serviceability limit states of nearby
structures or services that rely on it;

— bulging and deformation of the face; and

— cracking or spalling of precast facing elements due to differential settlement or movement.

¢?




3. Estadistica de NDPs

Parrafos (y tablas vinculadas) a tratar en el Anejo Nacional:

9.2.7.2(1) 9.3.3(6) 9.3.4(16) - 2 choices 9.3.7(1)

9.6.2.1(1) 9.6.2.3(1) 9.6.7(1) - 2 choices

Annex F (informative)

9.2.7 Ground investigation

- - - - - - - - - - - - - - - - - - - - - e e e - e e - - . .

[mmmmmmmmmmmmmmmmmmemmmeemeee \ 9.6.2 Tensile resistance

1 9.3.3 G thetics | SRR RARARARARARS S

i cOSYNLPPNR ; 19.6.2.1 Geosynthetics !

' 9.3.4 Steel Vo tTmmmmmesmsmmemeesoesees ST ' )

L ' 9.6.2.3 Polymeric coated steel woven wire mesh
9.3.7 Other materials
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4. NDP 1—prof. minima de investigacion geotecnica

9.2.7.2 Minimum extent of field investigation

Table 9.1 (NDP) — Minimum depth of field investigation for reinforced fill structures

Application Minimum depth

Vertical or near vertical reinforced fill structures and abutments As given in 7.2.7.2 for
gravity walls

Reinforced slope, basal reinforcement, and reinforced embankments As given in 4.2.7.2
Table 7.1 (NDP) Minimum depth of field investigation for retaining structures= Table 4.1 (NDP) — Minimum depth of field investigation of slopes, cuttings, and embankments
Application Minimum depth Ilustration Application Minimum depth Mustration
Cuttings Amin=1,4 h ___ijm‘“
Gravity walls @min = Max{Hyer; 6 m} -
from foundation level -
s
; ; RE s
Depending on the foundation type, ~ Embankments? doin = max{1,2 h; hegm + 2 m}
see also sub-clauses 5.2.7.2 or
6.2.7.2 L
den = dm_in_ -
L
&>
N ————————— g 2 Ncom is the depth to the bottom of a compressible soil layer or of the zone of influence. hcom is measured from the same
et e o position as dmin.

—— —— =>Propuesta: d

min = Max{H . 1.25L 6 m}

reinf?

Nota: L ;s = longitud media del tercio inferior de la altura del muro




5. NDP 2—Geosintéticos: factores de reduccion

9.3.3 Geosynthetics

(4) The representative tensile resistance Riarep 0f a geosynthetic reinforcing element shall be
determined from:

Rt,el,rep = ngsTk [9' 1]

Tx is the characteristic tensile strength of the reinforcing element see (2); and

-----

{ Nes | 1s a reduction factor accounting for anticipated loss of strength with time and other
*=-==’ influences.

Ngs :Encr "Ndmg “Mw " Nlch " Ndyn - Tf]'sg (9.2)

Tex is a conversion factor accounting for the adverse effect of tensile creep due to sustained
static load over the design service life of the structure at the design temperature;

Tlamg  is a conversion factor accounting for the adverse effects of mechanical damage during
transportation, installation and execution;

Thw is a conversion factor accounting for the adverse effects of weathering;
| 7l is a conversion factor accounting for the adverse effects of chemical and biological

degradation of the reinforcing element over the design service life of the structure at the
design temperature;

Tlayn  Is a conversion factor accounting for the adverse effects of intense and repeated loading
over the design service life of the structure (fatigue); and

This is a conversion factor accounting for the adverse effects of joints and seams between
— reinforcing elements.




5. NDP 2—Geosintéticos: factores de reduccion

9.3.3 Geosynthetics

Ngs = Ner " Ndmg " Tw " Tlch * Nldyn " Mjs (9-2)

--------------------------------------------------------------------------------------------------------------------------------------

......................................................................................................................................

9.6.2 Tensile resistance
9.6.2.1 Geosynthetics

(1) The design tensile resistance (R:e1q4) of a geosynthetic reinforcing element shall be determined from:

Riel
Reapq = miclics_ (9.17)
Y 'YRdgsyMgsn

-----------

Reelre, is the representative tensile resistance of the reinforcing element;

' Mgs is a partial factor, given in 9.6.7; and E - ...Tabla 9.4 (NDP)

-----------------

P TR

In addition to the reduction factors, a factor of safety, 1., takes into account the statistical variation in the
reduction factors calculated (see 6.1). It does not consider the uncertainties related to the soil structure and

the calculation of loads.




5. NDP 2—Geosintéticos: factores de reduccion

9.3.3 Geosynthetics

--------------------------------------------

--------------------------------------------
Dafios en la instalacion, 7] 4, fomen1tg : e?gnsayo)

Aramida, Poliamida,
Fluencia, ,
Mer Poliéster, Polivinilo alcohol Jozeult
Polietileno 1/3.50
Polipropileno 1/4.00

1/1.15
;1.02
;1.02

...variacion estadlstlca, VR 1.10

e

- Factor de reduccidn global (por defecto)' 1/5<1n,<1/10

('lgs (sin el creep) ™



6. NDP 3—Acero: coeficiente de concentracion
de la corrosion

(10)The design tensile resistance of steel reinforcing elements in reinforced fill structures R: .14 shall be
determined from:

Riela = Arfya (9.3)
where

fa is the design yield strength of the steel:
for structural steel complying with EN 10025 (all parts), fya = fy / ymo0, where f; is the
yield strength of the steel and ymois a partial factor; and

for reinforcing steel complying with EN 10080, fya = fo2x / ¥s where foa is the
characteristic proof strength at 0,2 % strain of the steel and ys is a partial factor;

A:  is the reduced gross cross-sectional area of the reinforcing element at the weakest
section, allowing |f0r the effects of potential corrosion.

NOTE Values of ymo and ysare given in 9.6.7.




6. NDP 3—Acero: coeficiente de concentracion
de la corrosion

(16)For soils and fills that comply with the electro-chemical properties of Table B.1 of EN 14475:2006,
the value of Ae shall be determined from:

-

¢ 1
Ae =lk..max{A-T" — e,; 0} (9.5)
A P
where
is the loss of metal (] Table 9.3 (NDP) — Corrosion concentration factor, k..
T is the design service Steel Strip thickness? Bar diameter Corrosion concentration factor k..><
n is an exponent accou (mm) (mm) For steel reinforcing elements (depending on
the strength distribution across its section)
ez is the initial local zin
(===* Uniform strength | Non-uniform (or unknown)
' kcc ' is a corrosion conce distribution strength distribution
Y ]
depending on the stq| Galvanized 4-6 6-18 1,7 2,0
|_| > >12 > 40 1,0 1,0
Non-galvanized 4-6 6-18 2,5 3,0
>12 > 40 1,0 1,0

2 For strips 6 mm to 12 mm thick and bars 18 mm to 40 mm in diameter, interpolate between the values given.

P Some manufacturing methods result in steel properties varying across the section with higher strengths towards the outer
surface. This can affect tensile resistance disproportionally.

See AnnexFE.7| F.7 Typical grades of steel used for soil reinforcement elements

C




7. NDP 4—Est. Limite Ultimos: factores parciales

Table 9.4 (NDP) — Partial factors for the verification of resistance of reinforced fill structures
for fundamental (persistent and transient) design situations

Verification Partial factor on Symbaol Resistance
of Factor
Approach
Overall and (=== =-=-===-==-=-"=-""==-="= |
compound ' Enfoque del Factor !
failure 1 1
mechanisms . de Resistencias !
Bearing |
andsliding | @ - - s c m e e e e - - ==
Overturning See Clause 7
Internal Actions, Effect of actions ¥ FE VC1s
failure :
mechanisms Ground properties P Mot factored
Pull-put and Pull-put resistance of reinforcing P 1,25
direct shear elements
Resistance to direct shear along Fita 1,25
interface
Rupfure of Tensile geosynthetic reinforcing
reinforcing | resistance elements Fea 1r15 / 1,2 5
elements of structural steel per Fin (1,0)
EN 10025-2 or EN 10025
4 e (1,25)
reinforcing steel per % (1,15)
EN 10080 125
polymeric coated steel
wire mesh reinforcing Ko 125
elements
Tensile Reinforcing elements Jocone | As specified above for rupture
resistance of reinforcing elements
Rupture of at As ified in the relevant
connectons | connection Connectors e Srn;mfti;l:ial Eurocode
to facing
Facing elements Picond As sperified in the relevant
material Eurocode
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8a. NDPs pendientes (NCCI): factor interaccion

L
- M. Defoult Values for Pullout Friction Factor, F*
7 0 20(t/S, ) 12 + Log Cu £ 20
S ——— -f—-—-—o_ T
AR RS
A o s
_— / : rpO '|
______f___- = —
/ For sheet reinforcing e
_'_'7 T (9.8) shall be determin| = Not to Scale
— - —— -— (777 N
Tpu(x} 'kpo'g n(J 5
-/ S I N
- > For discrete fill reinfor] 2
or dlscrete reinior
. .,;_ Grid bearing member
determined from: 5
a 20 = gj
X _/J
Tpu(x) '\:lfl-u-]:g 11( :: <! ol & ///////
m @ Sl 68 8| ot |, S
{} 8 ~ & Bib i
o e 3 P= | L, o
B ¥ i = ' s -
kpo is a pull-out factor determine o ) ™
"""""""""""""" L e B R ;
from! icomparable experience, 3 = T
-~ T F = ) S,
g| al g18 = L
" . - . : -_— v v w
lio 1s the coefficient of interact] G| sl X1 & o
iy 7 ) - “‘E o
— conditions, from field tests oricc 2 é 2123 8
T " wl OI0 &

Figure 11.10.6.3.2-2—Default Values for the Pullout Friction Factor, F* (AASHTO LRFD, 2024)




8b. NDPs pendientes (NCCl): metodos numericos

;Hay aspectos particulares a considerar en la modelizacion numérica de estructuras de suelo
reforzado?

;Metodologia numérica particular? ;MEF? ;MDF? ;Se permiten otras estrategias mas
recientes? (p.ej., MED, MPM, etc.) ;Representacion 2D vs. 3D?

...sobre los modelos constitutivos del suelo: ;Elastico-lineal? ;Elastico-plastico lineal?
:Se requiere modelos avanzados (p.ej., con endurecimiento/reblandecimiento)?
—>Parametros rigido-resistentes...;deformacion plana vs. triaxial?

* ...sobre los modelos constitutivos de los refuerzos: ;Elastico-lineal con un valor T, .7
;Hiperbolico? ;Se requiere un término viscoso para los materiales geosintéticos?

« ;Justificacion particular relativa al proceso de CALIBRACION y VERIFICACION del modelo
utilizado?

« ;Modelizacion numérica también para la respuesta mecanica en servicio de un disefio
propuesto? ;Comportamiento del proceso constructivo o solo después de la construccion?
;Requerimiento de modelizacion explicita de la compactacion?
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