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Muros de Contencion Mecanicamente Estabilizado GEOSYNTHETICS
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Estructuras de Ingenieria S°TENCATE

 Soluciones con Geosintéticos

— Muros de Retencién con Block =
— Muros de Fachada Verde . E— |

— Muros Temporales

— Taludes Reforzados oo
— Terraplenes sobre Suelos Blandos I] """"""""""
— Terraplenes sobre pilas/pilotes |
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¢, Como Nace el Concepto?

1968

Primer Muro Tierra Armada®

En la autopista AS3 de Francia se construyen
los primeros muros Tierra Armada® bajo el
mando de la recién formada oficina de
Francia. Rapidamente comienza una difusion
de la tecnologia a través de la creacion de
filiales dentro y fuera de Europa.

GEOSYNTHETICS
;“ -




Dos Mecanismos

Mejora la Resistencia a la Tension del Suelo

GEOSYNTHETICS

. | |

0 L 10 15
Axal strain (%)

(n) Densc sand at 21 kPa confiming pressure

i} 5 10 15
Al traln (%)
{b) Dense sand at 210 kPa confining pressure

Resistencia al Corte del Suelo Generada por la Interaccion Suelo-Geosintético

Figure 2.3  Tnaxial test results
showing influence of geotextiles
placed at various locations within
soil specimen (After Broms [1]).



Mecanismo GEOSYNTHETICS

- El suelo genera un distribucion de esfuerzos y lo transfiere al geosintético (

refuerzos extensible)

« El Geosintético absorbe los esfuerzos a tension brindando un mejoramiento al

suelo (suelo reforzado) pasando la
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Ejemplo GEOSYNTHETICS
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Mecanismo por Tension GEOSYNTHETICS

TR
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Mecanismo por Interaccidn
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GEOSYNTHETICS

NORMAL PRESSURE
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NORMAL PRESSURE

A) Frictional Stress Transfer Between Soil and Reinforcement Surfaces.
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B) Soil Passive (Bearing) and Frictional Resistance on Reinforcement Surfaces.



GEOSYNTHETICS

Los Dos Mecanismos son Importantes
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GEOSYNTHETICS

¢, Qué es un muro reforzado
mecanicamente?

S2TENCATE
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Muro Mecanicamente Estabilizado GEOSYNTHETICS

- Es una masa de suelo reforzada con geosintéticos (Geomallas o Geotextiles)

« Combinacioén suelo- geosintético mejoramos el comportamiento a la tension

del suelo resistiendo las presiones ubicadas detras de la zona reforzada

- Fachada estable de 70° hasta 90° (Vertical completamente).
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Muro Mecanicamente Estabilizado
Estandares AASHTO GEOSYNTHETICS

CABEZA

PANELES DE FACHADA

REFUERZOS DE IGUAL
LONGITUD EN TODA LA ALTURA

Minimo 2 .4m

BASE DEL MURO




¢, Por Que Los Estandares? GEOSYNTHETICS

Falla Interna por falta de extension de Refuerzo
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Muros Mecanicamente Estabilizados GEOSYNTHETICS

: GEOTEXTIL CON PARED MODULAR
__TENCATE

i - : _u’ \? % S
CorteS|a Prof R.J. Bathurst / Ennio Palmeira materials that make a difference



GEOSYNTHETICS

¢, Qué es un talud reforzado
mecanicamente?
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Taludes Reforzados GEOSYNTHETICS

* Es una masa de tierra reforzada con geosintéticos
- Taludes que van del orden de angulo de inclinacion de 45° a 70°.
- Ayudan a generar extension de terreno

«  Disminuyen pateo de taludes
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Taludes Reforzados Mecanicamente

GEOSYNTHETICS

ZONA DE SUELO REFORZADO

REFUERZO PRIMARIO

REFUERZO

SECUNDARIO

SUPERFICIE DE
PROTECCION

lecho de roca

suelo de fundacion estable o

« DRENAIJE “CHIMENEA™

SUELO RETENIDO

GEOTEXTIL — EVUELTO
TUBO DE DRENAIJE

Talud reforzado con geosintético sobre fundacion estable
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Ejemplos Muro Mec
Talud Reforzado Mec

GEOSYNTHETICS
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Costos X Cara de Muros GEOSYNTHETICS

20 hasta 50% mas econémicos
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Analisis segun las Normas de Disefno GEOSYNTHETICS

«  Working Stress Design (ASD)

- LRFD ( Diseino por Factor de Carga y Resistencia)

52 TENCATE
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ASD (Diseno por Esfuerzos Admisibles)
Informacion Tedrica de Software de Disefio GEO5

GEOSYNTHETICS

. . X,.
Se analiza por factores de seguridad: FS = XP"“ > FS

Xoas  Variable de resistente

— Factor de Seguridad

Xat  Variable de causa actuante
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LRFD ( Load and Resistance Factor Design) GEOSYNTHETICS

Disefio por Factores de Carga y Resistencia

- El analisis segun LRFD introduce dos tipos de coeficientes de disefo:

+ Coeficientes que modifican la magnitud de la carga (Factores de carga)

+ Coeficiente de reduccion de resistencia del suelo (Factores de resistencia).
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GEOSYNTHETICS

_Geotechnical Engineering Circular No. 11 - Design and Construction

of Mechanically Stabilized Earth Walls and Reinforced Solil Slopes
Vol. |

GEC No. 11 - Design and Construction of Mechanically Stabilized
Earth Walls and Reinforced Soil Slopes Vol Il

* FHWA-NHI-10-024 - Muros
FHWA-NHI-10-025 - Taludes
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https://www.fhwa.dot.gov/engineering/geotech/pubs/nhi10024/
https://www.fhwa.dot.gov/engineering/geotech/pubs/nhi10024/

Muros Mecanicamente Estabilizados GEOSYNTHETICS

« Componentes
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Componentes Refuerzo GEOSYNTHETICS

Geomalla Miragrid XT Geotextil Mirafi® PET Geotextil Mirafi® HP
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Componente de Refuerzo GEOSYNTHETICS
Geomalla Miragrid® XT
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Propiedades Mecéanicas S2°TENCATE

Miragrid® XT

Altas Resistencias Poca
Tension Deformacion

(Resistencias Tension
Ultima)

ACATE
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Resistencia de Disefio a Largo Plazo A2 TENCATENTHETICS

LTDS = Resistencia a la Tension ultima

RFp X RF-r X RFg
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Factor de Reduccion Creep (Fluencia) GEOSYNTHETICS

Factor de Reduccion

Creep ( Fluencia)




Danos Contra Instalacion GEOSYNTHETICS

Factor de Reduccion

Dano Instalacion




NTPEP January 2012 Final Report

Report Expiration Date: 2018

Durabilidad Oxidacion , Hidrdlisis y UV

REGEO(2011)-001-01

Table 6-2. NTPEP durability test results for the Miragrid XT geogrid product line and
criteria to allow use of a default value for RFp.

GEOSYNTHETICS

Test Result
Polymer Criteria to Allow Use of | Obtained as Part
Type | TroPerty Test Method Default RF* of NTPEP
Program
PP and | UV Oxidation | ASTM D4355 Min. 70% strength retained NA
HDPE Resistance after 500 hrs in
weatherometer
PET UV Oxidation | ASTM D4355 Min. 50% strength retained 85% strength
Resistance after 500 hrs in retained
weatherometer if
geosynthetic will be buried
within one week, 70% if left
exposed for more than one
week.
PP and | Thermo- ENV ISO 13438:1999, | Min. 50% strength retained NA
HDPE Oxidation Method A (PP) or B | after 28 days (PP) or 56 days
Resistance (HDPE) (HDPE)
PET Hydrolysis Inherent Viscosity | Min.  Number  Average 34,855
Resistance Method (ASTM D4603 | Molecular Weight of 25,000
and GRI Test Method
GGS)
PET Hydrolysis GRI Test Method GG7 | Max. Carboxyl End Group 15.2
Resistance Content of 30

Note: PP = polypropylene, HDPE = high density polyethylene. PET = polyester

Based on these test results, all products in the product line meet the minimum UV requirement

shown in Table 6-2.

a default value for RFp, meeting the requirements in T925.

Regarding hydrolysis resistance, these test results shown in Table 6-2
indicate that this product line has adequate long-term resistance to hydrolysis to justify the use of
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Calculo LTDS

for Soil Reinforcement

GEOSYNTHETICS

Property TestMethod ypits 2XT* 3XT  5XT  7XT |8XT| 10XT 20XT 22XT 24XT
Foiymer - - PET PET PET PET PET PET PET PET PET e
(coating) Pve)  (Pvc)  (Pve)  (ve)  Jipve)] (ve)  (Pve) (V) (PVO) Tension Ultima
Tensile Stength @ jsriipgga7  Ibs/ft 2000 3500 4700 5900|7400 | 9500 77415 108 Kn/m
Hluimens (Method B) (kN/m) (290)  (51.1)  (68.6)  (86.1)  |(108.0] 6] (2000) (300.0) (400.0)
(MARV)'
AR ASTMD5262/  lbs/ft 1379 2414 3241 4069 |s103 | 652 9as2 14179 18907
Strength? D6992 (N/m) (2000 (352 (473) (594) |7as)| (958  (137.9) (2069) (2759)
Lonwg Ter Dissign bs/ft 1142 1999 2684 3370|3927 | s042 7540 11311 15083
Strength? N/m) (170) (292 (392 (492) |57.3) (1100)  (1650)  (220.1)
. . Tension Largo
Packaging Units 2XT°  3XT® 5XT° 7XT® |8XT°| 10XT® 20XT°
f 12 12 12 12 12 12 12 12 12 Plazo
. 1
Roll Width
Sa (m) 6 (36 (36 @6 |8 | 86 @38 @36 (38 57.3 Kn/m
ft 150 150 150 200 feo0 | 200 20 200 200
Halkkepgth (m) W (e we 6 fen | 61 e 61 @)
‘ , Ibs 109 15 135 179 fos | 255 30 470 5%
Espimes el Waignt (kg) ) 2 6y 68y e | me  uey @3 @
- yd? 200 200 200 267 |67 | 27 267 27 267
(m?) ae7 e (en 2200 o | 20 2200 200 (220) INC ATE
— 1
\ A
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Conclusion GEOSYNTHETICS

- Cuando disefio o comparo una ficha técnica de geomallas uniaxiales para

muros o taludes reforzados siempre debo comparar el Valor de Resistencia a

la Tension alargo plazo LTDS (Valor Para Diseno)
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GEOSYNTHETICS

¢, Como Influye LTDS en el Diseno?
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materials that make a difference



GEOSYNTHETICS

Analisis Interno
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FHWA — Refuerzos Extensibles

(a)

Zone of maximum stress

\.
or potential failure surface
For vertical gce
W=45+—=
2 e
=
~
-
rcement
—————— *_._

B e ey angle (6) 10° or ool (1) STANDARD, AASHTO — EXTENSIBLE, FHWA NHI-10-024

san(y  6) = 226~ B) + Jtan($ - B)ftan($ — B) + cor($ + 6 ~ H0))1 + tan(@ + 90 — B)cox§ + & — 90)]

ey Lm Bt 00 TENCATE

6 = wall batter angle (b)
For wall with a broken backslope, use =0,

als that make a difference




Analisis Estabilidad Interna
Whitcomb y Bell (1979) GEOSYNTHETICS

- Estabilidad Interna
» Tipo de Refuerzo y Resistencia de Diseino
- Separacion vertical de Capas de Refuerzo

+ Longitud de Desarrollo

o2 TENCATE
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Analisis Empujes GEOSYNTHETICS
Whitcomb y Bell (1979)

)
1]

\
\ Bl
+—+
/

Presion Sobre Carga Sismo
carga Viva

A A A

Altura del
muro

A AAAAAAAAAAAAALAALANL

del suelo
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GEOSYNTHETICS

Ka — tan2(45_gj > Coeficiente de

presion activa del suelo

q _ 7/h » Sobre Carga
D h = Altura vertical

52 TENCATE
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GEOSYNTHETICS

Empuje Lateral del
Suelo

Empuje debido a la
Sobre Carga

Empuje por Sismo

Empuje Total
52 TENCATE
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Estabilidad Interna - Calculos GEOSYNTHETICS

T

S — allovv (,\__! K
vV o,F.S L .
L — I—e —+ LR Lo lili T’ ;‘X Suelo Ref,
077, 1 / —
L, = (H —2z) tan(45—2 'LI_C — i f/
(—Lr Vi Le o
1L — SVO'h S ( _, .
© 2(Cc + yz tan &) ( ([ — /’f >
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Estabilidad Interna GEOSYNTHETICS

CATE
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Considerar LTDS GEOSYNTHETICS




Factores de Reduccion por Creep (fluencia) GEOSYNTHETICS

Los valores de RFID , RFCR , y RFD se presentan en la
publicacion FHWA SA-96-071 apéndice B, y FHWA SA-96

72.
. . Tipo de polimero Factores de reduccion por fluencia
TenCate Miragrid® S (Creep) g
FRC = 1.44 ( SM, GP, SP, GW)
Alta Tecnologia! Poliéster 1.6a2.5
Polipropileno 4a5
Polietileno de alta 26a5
densidad
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GEOSYNTHETICS

Analisis Externo
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Andalisis Estabilidad Externa (opcion 1)

GEOSYNTHETICS

FHWA 2007
9 vy ’ e Y q Volteo
gm?rzomed Retained FSor = > momentosresistentes (Mr) V4(L/2) 220
W eons backfill - - =&
o7 K e Y momentosdevoliteo(Mo) Fi(H/3)+F(H/2)
H ,, F2 =qHK,, Deslizamiento
v . | S Fi = ek, ES :Efuerzashnnzanralesres:stentes: Vi (tanpotan :1:]:_:_ 15
_ L = 1 % b SL :
Vi = 7H < L7 ¥ fuerzas horizontales actuantes F+FR
L-2e H/3
I
v Y
e |C Kar 9
R
L g = Traffic Live Load
et B R = Resultant of Vertical Forces
Figure 4-7.  Calculation of eccentricity and vertical stress for bearing check, for horizontal

backslope with traffic surcharge condition.
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Analisis Estabilidad Externa (opcion 2) GEOSYNTHETICS

B
2 s e sn s g g an mm g
| Retained Backf:ill
\ - Lih-H)% b T Koy
L/6 Z
’ea—s |
3 Reinforced
So1l Zone
e K
Fr= % % h¥Kas

£

h
H
V, =Y HL
L-2e ﬁ
Ty
¥ ¥
C
)
w L B
B .

Figure 4-8.

Calculation of eccentricity and vertical stress for bearing check. for sloping
backslope condition.

Volteo
FSor - ¥ momentos resistentes (Mr) _V;(L/2)+V5 (2L/3)+F, (L]2 20
S momentos de volteo (Mo) FH(h!3)
Deslizamiento
FSg, - 3 fuerzas horizontales resistentes _ (V4 +V> +F, )(Tanps Tan) 15

¥ fuerzas horizontales actuantes FH
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Analisis de Estabilidad Externa GEOSYNTHETICS

* Por deslizamiento, F.S.=21.50
* Por volteo, F.S.22.0
* Por capacidad de carga, F.S. 2 2.0
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. . GEOSYNTHETICS
Deslizamiento

<
Presion de Suelo

] Lrratt ]
" H 4 £

o ssakiisbiiet e s

<

Movimiento Horizontal
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Deslizamiento GEOSYNTHETICS

l/‘ Grieta

Presion de Suelo

<

Movimiento Horizontal (‘\5 TENCATE
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GEOSYNTHETICS

Volteo
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Volteo

GEOSYNTHETICS

TR e
S w‘ﬁ{dﬁ@ﬁ:—fﬁgfm bt
Etals e Sl IRl

Rotacion

Presion de
Suelo

Momento
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Volteo GEOSYNTHETICS

" ? . I

IS " ‘f '\. »
(s 7# - g‘ -{,M
N W ¥ : ’ ‘i;'
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Capacidad de carga GEOSYNTHETICS

Suelos de cimentacion débiles
52 TENCATE
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Capacidad de carga GEOSYNTHETICS

[ i \’;ﬁ_r'qr!'v._;h" TR
R

R

Fachada se mueve
hacia abajo

hacia arriba

Suelos de cimentacion débiles
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Factor de seguridad por capacidad de carga GEOSYNTHETICS

1
Juit = CNC + Dqu]/ + EBN),]/
dact = Yh + Sobrecarga
F.Sep=4 > 20
Qact
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Falla por Capacidad de Carga GEOSYNTHETICS




Falla de Capacidad de Carga Local GEOSYNTHETICS

SOFT SOIL K ' Ds
e Tg} A
FIRM SOIL &b

b) Local bearing failure (lateral squeeze)




GEOSYNTHETICS

Falla de Fundacioén




Estabilidad Global GEOSYNTHETICS

Estabilidad Global
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Estabilidad Global GEOSYNTHETICS
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GEOSYNTHETICS

Estabilidad Global

materials that make a difference
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Factor de seguridad por estabilidad global GEOSYNTHETICS

_ Momentos Resistentes

FS =
NMomentos Actuantes
> (N;tang+cAL))R+ D> Ty,
FS — =1 =1

Zn: (w.sené. )R
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Estabilidad Global GEOSYNTHETICS




Estabilidad Global GEOSYNTHETICS

SiIsmo
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GEOSYNTHETICS

Sismo
Donde:
* S4in- EMpuje total por accion de Sismo 2 C W
» C,: Coeficiente de Aceleracion Sismica Gdin — S
* W: Peso de la masa de Suelo de Influencia H

* H: Altura del Muro

52 TENCATE
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Consideraciones Sismo

GEOSYNTHETICS

Sismo

Impacta en la parte superior del MME

Se recomienda incrementar la longitud de
capas

Se recomienda disminuir el espaciamiento
entre capas

22 TENCATE
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Estandar FHWA

GEOSYNTHETICS

Table 2-1. Typical Minimum Length of Reinforcement.

Case Typical Minimum L/H Ratio
Static loading with or with traffic surcharge 0.7
Sloping backfill surcharge 0.8
Seismic loading 08to 1.1

Table 2-2. Minimum MSEW Embedment Depths.

Slope in Front of Wall

Minimum Embedment Depth
to Top of Leveling Pad*

All Geometries

2 ft minimum

horizontal (walls) H/20
horizontal (abutments) H/10
3H:1V H/10

2H:1V H/7
1.5H:1V H/5

depth, or scour depth.

* Minimum depth 1s the greater of applicable values listed, frost

22 TENCATE
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GEOSYNTHETICS

Consideraciones de Diseno

52 TENCATE
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Informacion Requerida para el Diseno de GEOSYNTHETICS
Estructuras Reforzadas Mecanicamente

nformacion de Suelos
nformacion de la Fachada

nformacion Técnica del Geosintético de
Refuerzo

nformacion Especifica del Lugar de
construccion

52 TENCATE
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Consideraciones de una Estructura Mecanicamente Estabilizada

GEOSYNTHETICS
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. Qué se necesita conocer del suelo en GEOSYNTHETICS
estas zonas?

* Angulo de Friccion Interna (f)

e

» Peso Unitario (g), [M]/[L?] *‘, Ry ‘;‘ﬁ;

« Cohesion (C), [M]/[L?]




¢, Qué suelo es ideal para un muro, terraplén o GEOSYNTHETICS
talud reforzado?

Granulares vs. Cohesivos

52 TENCATE
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Ventajas de los suelos granulares GEOSYNTHETICS

« Mas faciles de colocar y compactar,

« Permeabilidad mas alta, lo cual ayuda en el drenaje,
« Angulo de friccion mas alto,

* Menos susceptibles al Creep.

52 TENCATE
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THETICS
— NHI-10-02 GEOSYN

Gula Para Disenadores FHWA — NH

FHWA -NHI-10-02

A-INILL-1U-UL)
FUuvHCAau Ll INU. LI1W \f II
4 — Volume
vl lI‘lllDllUl wauvn FHWA GEC Ol l
;ege;;mlg‘;:\‘:\‘ Administration L Yolome d

NHI Courses No. 132042 and 132043

Design and Construction of
Mechanica

¥ Stabilized Eartp Walls
and Reinforced Soj] Slopes — Volume |

: dition, 293, and .~I.4S1.‘1TO LRFp Bridge ¢ Onstructioy,
With 2008 apq 200 Interips, Spec:ﬁc ati ons, 2 g .°

E{Izlion, 2004, With
2006, 209 7, 2008, and 2009 Inlerims.
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Recomendacion Material de Relleno Estructural MME

FHWA — Guia Disefiadores

Table 3-1. MSE Wall Select Granular Reinforced Fill Requirements.

GEOSYNTHETICS

Gradation:
(AASHTO T-27)

U.S. Sieve Size

Percent Passing

(@

4 in. (102 mm)®? 100
No. 40 (0.425 mm) 0-60
No. 200 (0.075 mm) 0-15

Plasticity Index. PI
(AASHTO T-90)

PI <6

Soundness:
(AASHTO T-104)

The materials shall be substantially free of shale or other soft,
poor durability particles. The material shall have a magnesium
sulfate soundness loss of less than 30 percent after four cycles
(or a sodium sulfate value less than 15 percent after five cycles).

52 TENCATE
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Recomendacion Material de Relleno Estructural Taludes GEOSYNTHETICS
FHWA —NHI-10-02

Table 3-2. RSS Granular Reinforced Fill Requirements.

Gradation: U.S. Sieve Size Percent Passing
AASHTO T-27 . .
( ) 4 in. (102 mm)®® %-inch (20 100
mm)®
No. 4 (4.76 mm) 100 — 20
No. 40 (0.425 mm) 0-60
No. 200 (0.075 mm) 0-50
Plasticity Index, PI .
(AASHTO T-90) Fl=20
Soundness: Magnesium sulfate soundness loss less than 30% after 4
(AASHTO T-104) cycles, based on AASHTO T-104 or equivalent sodium
sulfate soundness of less than 15 percent after 5 cycles.

Note:

(a) To apply default F* values. C,. should be greater than or equal to 4.

(b) As aresult of recent research on construction survivability of geosynthetics and epoxy
coated reinforcements, it is recommended that the maximum particle size for these
materials be reduced to %-in. (19 mm) for geosynthetics, and epoxy and PVC coated steel

reinforcements unless construction damage assessment tests are or have been performed
on the reinforcement combination with the specific or similarly graded large size granular 5 I E N‘ AT E
fill. Prequalification tests on reinforcements using standard agency fill materials should ‘

be considered.

materials that make a difference



Si va a usar suelos cohesivos... GEOSYNTHETICS

« Asegurese de instalar un sistema de drenaje
adecuado,

« Atencidn especial al potencial de Creep de estos

suelos.

52 TENCATE
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Estabilidad Global GEOSYNTHETICS

Agua
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Importancia del Drenaje GEOSYNTHETICS




GEOSYNTHETICS
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Problemas de Drenaje GEOSYNTHETICS

-
iy
»
y
“

o - |

!
|
.7'-— ’ 5 i '.”

52 TENCATE

materials that make a difference



Drenaje FHWA — Guia Disefadores
FHWA

1. GROUNDWATER TASLE NEAR BOTTOM OF WAL
(X onmméslm LATERAL (HORIZONTAL)

GEOSYNTHETICS

BAS
2. LATERAL (HORIZONTAL) GROUNCWATER
WO REWFORCED SOIL WILL OCCUR.

3. THIS COMPLETE DRAINAGE SYSTEM PROVIDES
iy
A
1O THE ACTUAL SITE GROUNDWATER ccmrrous. GRADE YO PREVENT

SURFACE PONDING
SEGMENTAL
ONIT _\

Pendiente para evitar estancamiento

il REINFORCEMENT

\//_ __. ..... =
%

° RETANED
SEE SOIL ZONE
OPTIONAL
DETAIL “& =~ L7H
¥

- Minimo 30 cm

(—CHIMNEY DRAIN
(EXTEND TOP Q.7H
S OR MAXIMUM ELEV,
QE_GROUNDWATER
« RISE)

— Minimo 70% H

ORAMAGE MAIN DISCHARGE PIPE
FRLTER GRAVITY FLOW TQ OUTLET
MOTE CEPLACED. T AN AGPROPRUTE. GEOCOUROSITE
MPOSITE
AT THE DISCREMON OF THE WALL DESIGN ENWEER/UNFW GRADED GRAVEL (GP)

GEQTEXMLE:

DISCHARGE PIPE (GRAVITY FLOW)

SLOW DRAINMG WELL GRADED
OPTIONAL DETAIL “A" SAND & GRAVEL (SW-SM, GW-GM)

— Geotextil de Separacion

Tuberia Perforada

Material bien Graduado

52 TENCATE

materials that make a difference



Relleno Estructural Drenante GEOSYNTHETICS

Nivel Freatico

HIGH WATER LE':JEL, |4
Vv 20U A @' o8 = v .
_ : w | 300 (1-0%)
2 * %% =~ | ABOVE
STREAM BED r:.-‘.. u ] g 95{“} LEVEL
-] =
7 /K 1"@% P Jr.-_-.'nrfur- ._j -*Em Y
=
TR , ‘
SCDUB DEPTH #5357 COARSE AGGREGATE
300 (3"-0" MIN. 'WRAP _#57 COARSE AGGREGATE
_l WITH GEOTEXTILE ‘
Material Granular
Figure 5-11. Example detail for wall that may experience inundation.
52 TENCATE

materials that make a difference



Componentes Mirafi® G-Series Drenaje 2 TENCATE

Altos Rangos de Flujos

Gran Resistencia a la Compresion
Textil tejido y no tejido

Drenaje de 1 lado ¢ 2 lados

1.2 metros de ancho

G100N
G200N
G100W
G100NC




Geodrén Mirafi® G100N o G200N GEOSYNTHETICS

ZONA DE SUELO REFORZADO
REFUERZO PRIMARIO

- REFUERZO
SECUNDARIO

_________________ i_______________________ Mirafi G100N 6 Mirafi G200N

______ DRENAIJE “CHIMENEA”

H SUPERFICIE DE A7 =777 =~ 77Tt )
PROTECCION  —=~

—-,

------ SUELO RETENIDO

GEOTEXTIL - EVUELTO
TUBO DE DRENAJE

suelo de fundacion estable o lecho de roca

Talud reforzado con geosintético sobre fundacién estable

__TENCATE

materials that make a difference



Empujes Hidrostaticos GEOSYNTHETICS

Without back drain With back drain (h=0.1H)

52 TENCATE

materials that make a difference



Recomendaciones de Sistemas de Drenaje GEOSYNTHETICS

-—-—'_'_'_-_-_-_W
— N — — — A
I‘mgq ° & ‘_m_:_-_'_':“‘— (1! i
] < c| niet 2o ,§| Shifted inlet
* . <'Tand piping E | and piping .
m . RE:-II'ITI[EI"CEd - [_‘ Reinforced ] Reinforced
- soil zone P *soil Zone y soil Zone +
’— . . . . . . . Back drain
S tnsn o . -—
RN Z\} gasedrain
(a) Customary internal drainage (b) Recommended external (c) Recommended external
for surface water within drainage for surface water drainage for surface water
reinforced soil zone behind reinforced soil zone coupled with back/base drain

materials that make a difference



GEOSYNTHETICS

Colocacion Mirafi® G200N

materials that make a difference



Aplicaciones Geocompuestos GEOSYNTHETICS
Mirafi G100N

PLANTA BAJA

SOTERRADO

América T&S




Estabilidad Global GEOSYNTHETICS

Certificacion AASHTO

22 TENCATE

materials that make a difference



NTPEP GEOSYNTHETICS

IVN=I=1= O f

Transportation News Services Meetings Products

22 TENCATE

materials that make a difference



Miragrid® XT cuenta con NTPEP

GEOSYNTHETICS

Miragrid® 5XT i

S0
REINFORCEMENT

Miragrid® 5XT geogrid is composed of high molecular weight, high tenacity polyester multifilament yarns
which are woven in tension and finished with a PVC coating. Miragrid® 5XT geogrid is inert to biological
degradation and resistant to naturally encountered chemicals, alkalis, and acids.

Miragrid® 5XT geogrid is used as soil reinforcement in MSE structures such as; segmental retaining
walls, precast modular block walls, wire faced walls, geosynthetic wrapped faced walls and steepened
slopes. Miragrid® 5XT is also used in MSE stabilized platforms for voids bridging, embankments on soft
soils, landfill veneer stability, reducing differential settlement and for foundation seismic stability.

TenCate Geosynthetics Americas is accredited by Geosynthetic Accreditation Institute — Laboratory
Accreditation Program (GAI-LAP).

Mechanical Properties Test Method Unit Machine Direction Value
- ’ ASTM DB637
Tensile Strength @ Ultimate (MARV") (Method B) Ibs/ft (kN/m) 4700 (68.6)
Tensile Strength @ 5% strain (MARV") A{m’,‘qgjﬁg? Ibs/ft (kN/m) 1740 (25.4)
Creep Rupture Strength? ASTM D5262/D6992 | Ibs/ft (kN/m) 3241 (47.3)
Long Term Design Strength® Ibs/ft (kN/m) 2684 (39.2)

' Minimum Average Roll Values (MARY) shown above are based on QC Testing per a defined lot not to exceed 12 months. Testing
Frequency follows ASTM D4354, Table 1

2 75-year design life based on NTPEP Report REGEQ-2011-01-001 and REGEQ-2015-01-002.

*Long Term Design Strength for Type 3 Backfill (Silty Sand), 6-inch lift / 25,000-Ib roller. RF¢g = 1.45; RFjp= 1.05; RFp = 1.15
(Installation damage reduction factor for other soils available upon request).

Physical Properties Unit Roll Characteristic
Mass/Unit Area (ASTM D5261) oz/yd? (g/m?) 9.3 (315)
6 x 300 (1.8 x 91)
Roll Dimensions* (width x length) ft (m) 12 x 150 (3.6 x 46)
12 X 1000 (3.6 x 305)
200 (167)
Roll Area yd?2 (m2) 200 (167)
1333 (1114)
135 (61)
Estimated Roll Weight Ibs (kg) 135 (61)
831 (376)

ZU11 NI FEF Keport series

NTPEP Report REGEO-2011-01-001




GEOSYNTHETICS
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GEOSYNTHETICS
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GEOSYNTHETICS
Sistemas MME Ecologicos

Los sistemas MME con Geocostal, Geomallas y Placas
Son:

« Rapidos en Construccion

« Hasta 40% mas econdmicos en promedio
« Ecoldgicos

e Sismo resistentes

iComo todos los elementos de contencion necesitan
Ingenieria!

22 TENCATE

materials that make a difference



GEOSYNTHETICS
Componentes

22 TENCATE

materials that make a difference



Concreto Vs. Sistema Ecol0gicoO  GEOSYNTHETICS
FLEX MSE

* Bloques Apilados de Pared o Bolsas Apiladas de Pared

22 TENCATE

materials that make a difference



Concreto Vs. Sistema Ecol0gicoO  GEOSYNTHETICS
FLEX MSE

* Bloques Apilados de Pared o Bolsas Apiladas de Pared

22 TENCATE

materials that make a difference



GEOSYNTHETICS

iHazlo Verde!

22 TENCATE

materials that make a difference



YNTHETICS

materials that make a difference



GEOSYNTHETICS
Sistema de Muros Verdes de Contencidon — Flex MSE

COStal Suelo compactado

COStal Suelo compactado

Suelo compactado

Suelo compactado

Suelo compactado

materials that make a difference



GEOSYNTHETICS
Ejemplo Muros de Contencion para Nivel de Terrenos Elevados

materials that make a difference
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Muro Extension de Plataforma GEOSYNTHETICS
Ciclo Combinado

Pocos Recurso

Soportar Cargas y Eventos Sismicos

Rayos UV

A un Lado de La Falla de San Andres
Agradecimiento Ing. Angel Sanchez Iberdrola
Agradecimiento G&G México, Ing. Angel H

Diaz 25 TENCATE

materials that make a difference




GEOSYNTHETICS

ATE

materials that make a difference



Instalacion Costales GEOSYNTHETICS

NCATE

t make a difference




Obtencion del Relleno Estructural GEOSYNTHETICS

materials that make a difference



Costales Instalacion GEOSYNTHETICS
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Costado del Muro Reforzado

GEOSYNTHETICS
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GEOSYNTHETICS

ijuana

Muro Permanente T




_ GEOSYNTHETICS
Muro Rooftec Quito,Ecuador

Extension de Plataforma

De 45° a 75° de Inclinacion
Zona Sismica

Tiempo Limitado Para Ejecutar

Agradecimiento IYG, Ing. Rodolfo Arroyo ,
Ing. Rodrigo Larrea

52 TENCATE

materials that make a difference



Talud Reforzado Rooftec, Quito GEOSYNTHETICS

materials that make a difference




Quito, Rooftec

GEOSYNTHETICS

nmﬁnmmmnmmﬁmnmmm
'ﬂw STAKES AT A 67 OFFSET TO FACIUTATE PROPLR BASKET
o PLACE DOTTOM @ASKET AT FINGWED GRADE AT FRONT FACE OF SLOPE
Oft AS SHOWN ON PROJECT DRAWINGS

GHALIMG STAKT

TN

\_m"‘muﬂ
OR RETAMED SCIL LMITS

STEP 1

SPLACE FIRST UFT OF BACKFILL ABOWE THE BOTTOM OF THE
UWI\TION OR AS REQUIRED @Y PROJECT THE SPECINCATIONS.
sCOMPACT Ti DEMSITY AND WOISTURE CONTENT AS REQURED BY

0 PROPER
PROJECT THE SPECIFICATIONS.
sREPIAT ABOWE STEPS UNTL n:sfem CLEVATION 15 BEACHED FOR PLACTWENT
OF NEXT ROW OF BASKET FACNG.

FINISHED UFT SURFACE

COMPACTID LFT

COMPACTID LFT

. ¥

STEFP 4

aFGR THE PRST DOURSE OF THWE RONFORCED SOIL SLOPE. ALIGN BASKETS
WTH A 2-INCH OVERLAP AMD HOG RING TOGETHER,
@INSTALL STRUTS AT 24° (2 fI) SPACING ALONG BASKET FACING.

LIMITS OF

STEP 2

BPLACE THE AEINFORCEMENT FACE WRAP OVER THE COMPACTED

FILL AND ANGHOR WITH SO

-ﬁ.l}l THE Nl.l‘l mnn INTO POSITION RELATVE TO ‘HE TOP OF THL LOWER
NG (F REGQUIRED) USING RUNNING BOND (STAGGERED),

-Amcn 's.lwom smn's AND HOG RINGS (F REQUIRLD) TO SECOND LIFT,

STEP 5

materials that make a difference



Vista de Esquina GEOSYNTHETICS




De 9 a 12 mts de Altura GEOSYNTHETICS

22 TENCATE

materials that make a difference



GEOSYNTHETICS
Proyecto Manabi, Ecuador

Falla por Sismo

De 45° a 75° de Inclinacion
Zona Sismica

Tiempo Limitado Para Ejecutar
Agua de Rio

Agradecimiento IYG, , Ing. Rodolfo Arroyo ,
Ing. Rodrigo Larrea, Ing. Guillermo Salazar

52 TENCATE

materials that make a difference



Falla de Estacionamiento GEOSYNTHETICS
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Preparacion de Terreno y Compactacion GEOSYNTHETICS

T
A

! 3!' Slempne
E 0 15

22 TENCATE
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GEOSYNTHETICS

» Sistema Residencial

52 TENCATE
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GEOSYNTHETICS

22 TENCATE

materials that make a difference



GEOSYNTHETICS
San Martin Obispo

20.5 mts Cara Vertical Keystone
Contratista — Conret

Dueno — CPA ( Corporate Properties of
America)

Edificacion por Encima

Agradecimientos , Conret , Mr. Keystone y el
Ing. Gilberto Jaramillo CPA

52 TENCATE

materials that make a difference



GEOSYNTHETICS

Sistema Keystone

Finished

8" Min. Low Permeable Soil

Retained
Soil
Uni

Drainage

Fill

Excavation
Limits

12" Drainage Fill

6" Crushed Rock or

22 TENCATE

Compac Il Unit Face

Unreinforced Concrete

Leveling Pad

materials that make a difference



CORPORATE PROPERTIES OF AMERICA - LECHERIA  --qqynTHETICS

2 TENCATE

materials that make a difference

Cortesia de Conret y Keystone



MME y Rampas de Maniobra  GEOSYNTHETICS
NINOSHKA-Guatemala

O a 11 mts Cara Vertical
150 mi
Edificacidon por Encima

Relleno por Debajo ( Limo Arcilloso Contenido
Organico Yy ripio)

Agradecimientos a Urrea Geosintéticos
Agradecimientos Dr. Semrau

52 TENCATE

materials that make a difference



Analisis de la Zona

GEOSYNTHETICS

ANALISIS DE SUELO

Esfrato No. 1 -  Llimo arcillosc orgénico con frazas de arena media a finc. cofé
OsCUro, Con poca pledra pdmez peguena a media y grava fina
a regular, con rpio (frogmenlos de losas, columnas, etc),
baswa, froncos. efc., suello con partes medic compacias,
medio plastico a muy pidstico (Relieno de botadero).

Esirgto No. 2 - U_mo orcilloso con frozas de arena fina. calé, cun haras de
piedra pomez pequefia. poco ¢ meadio campacto, pléstico.

Estralo No. 3 - Arena pémez meda ¢ gruesa con frazas de lima, beige, con
frazas ce piedro pomcez pequefio a medic, medio denso. no
piGstico (Arena pomez).

Esirato No. 4 - Limo coun poco orena fine @ media y frazos de arcilla, aafé
umarillento, con frazos de piecra pémez pequefia, medio
compacto a compacto, igeramente a no piGslico Talpetate).

Estrato No. § - Arena pomez media a gruesa con frazas de kmo, beige, con
piedra pdmez peguefic a media. medio denso, no plastico
Aren

CORTE PARALMPIEZA Y
RELLENO DE SUSTITUCION
EN AREA DE BODEGA

SEGUN INFORME

CORTE PARA LMPIEZAY
RELLENO DE SUSTITUCION ~

EN AREA DE INGRESO
SEGUN wowg/

EDIFICIO DE
OFICINAS

&

-cum DF DESTRIBUCION ¥ OFICINAS ATANAS 1)
pont 4

materials that make a difference




Muro-Ninoshka, Guatemala,

GEOSYNTHETICS
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Segmental
Precast Concrete

CONCRETO R20

Para colado de celdas.

BLOCK DE CONCRET
ESTRUCTURAL

#

A

—

: -\Racusmmsmo REPELLO
4 FINO GRIS (7ZMM). tersom

nnnnnnnn

MEZCLA DE MAMPOSTERIA
TIPO Il Espesor 10mm.

s’L\

R
\CABADO REPELLO FINO BLANCO

ersowi (3mm).
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Movimientos de Tierra GEOSYNTHETICS

N

Fase de movimiento de tierra e instalacion de geomalla TenCate Mirafi 7XT y 10XT HCATE
" A

materials that make a difference




Instalacion de la Geomalla Miragrid XT
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Capa con Geomallas Instaladas GEOSYNTHETICS




Geomallas Instaladas GEOSYNTHETICS

materials that make a difference



Muro Guatemala GEOSYNTHETICS

22 TENCATE

materials that make a difference



Muro Guatemala GEOSYNTHETICS

materials that make a difference




GEOSYNTHETICS

tem

a Infraestructura

22 TENCATE
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GEOSYNTHETICS

 ——

Paramento

Suelo granula

seleccionado % TENCATE

Refuerzos _ _
Imagen, Cortesia Tierra Armada , Per( materials that make a difference



Rampa de Acceso a Puente - Celaya GEOSYNTHETICS

12 mts, Vertical

- Paramento Frontal Prefabricado de Concreto

« 3 veces mas Economico que el Uso de Escamas de Acero

+  Sin Problemas de Corrosion

« Tiempo de Ejecucion en Menor Tiempo 20% mas rapido (Este Caso)
- Agradecimientos a Arg. Raul e Ing. Castillo

52 TENCATE

materials that make a difference



Terracerias
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Armado de Pilotes
Instalacion Geomalla

GEOSYNTHETICS

IMPERY I OUS

MEMBRANE

SEE TYPICAL SECTION
AT STUB ABUTMENT

BRIDCE APPROACH
SLAB ([F REQUIRED)

BRIDGE

EMBANRMENTO /2
BACKFILL :ﬁ’A
1
,/’ HP STEEL PILE
SPECIF1ED é
BACKFILL 7 A
A 71_SMOOTH OR CORRUGATED
) | GALVANTZED STEEL PIPE
' s
//’ T PRECAST CONCRETE
S A= ] PANEL
.// :
SOIL STABILIZING
ELEMENT ( TYP) ;

A . *

N

300

AS_REQUIRED BY DESIGN | \ BOTTOM OF
: (MINE 0. TH) CONCRETE

52 TENCATE
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Detalle Bajo Patente

DETALLES BAJO PATENTE HUMUS STABILISH

COLUMNA

DETALLE A-002
HERRAJE HUMUS STABILISH

—t et
T T )
DETALLE A-003 .

BASTON HUMUS STABILISH

‘ & DOVELA

‘ 4 DOVELA

9 DOVELA

‘ & DOVELA GALLETA OE CONCRETO &

A 1 7 poveLa

5 DOVELA

CROMALLA E8U0 PATERTE HUMLES STABLEH

3 DOVELA
‘ 2 DOVELA

1 DOVELA [

HERRAJE GALVANIZADO POR
INMERSION EN CALIENTE
RECUBIERTA EN ACERO CON
CAPA DE ZINC UNIDO
METALURGICAMENTE CON
BASE A PATENTE HUMUS
STABILISH

HERRAJE HUMUS STABILISH
DE !; DESARROLLO DE .30M

BASTON GALVANIZADO POR
INMERSION EM CALIENTE
RECUBIERTA EN ACERO CON
CAPA DE ZINC UNIDO
METALURGICAMENTE CON
BASE A PATENTE HUMUS
STABILISH

BASTON HUMUS STABILISH
DE %; DE LONGITUD 1.10M

DETALLE A-001

GEOMALLA LIMIAKIAL HUMUS STADILSH

GEOMALLA UNIAXIAL TIPO B PROPECAALES URIBAD HUMUS STARRISH
_92M X LONGITUD V‘ﬁ‘RIABLE POUMIRD {RIVESTIMILNTO) PIT{P

' REHSTENOA & TRADOON Lt 28554005
ENDOVELAS 1,2,3Y 4. FUEAZA, DE FLUENCIA REDAKIDA L0 15590336
GEOMALLA UNIAXIAL TIPO A masssaumavamais e e
3.66 X LOMNGITUD DIRERI DRES UHIGAD UKL STARILISH
VARIABLE GEOMALLA l;::‘:::;:: : :I"
UNIAXIALES CONSTANTE EM [ - -
DOVELAS 5,6, 7, 8% 9 AREA wr m

PROPIDADES MECANICAS DE HERRAJIE HUMLIS STABILISH

RESISTENCIA A LA TRACCION (KG/MM2 66
LIMITE ELASTICO (KG/MBAZ) 32
ALARGAMIENTO 5D (%) i)
REDUECCION AREA (%) 76
DUREZA (HB) 156

PROPIDADES MECANICAS DE BASTON HUMUS STABILISH

RESISTENCIA A LA TENCION MIN (KG/CMZ) 7000
RESISTENCIA A LA FLUENCIA MIN (KG/CM2) 6000
ALARGAMIENTO A LA RUPTURA MIN 8%

GEOSYNTHETICS




Aproches de Puentes GEOSYNTHETICS




Aproches de Puentes Celaya GEOSYNTHETICS

52 TENCATE

materials that make a difference



Aproches de Puentes Celaya GEOSYNTHETICS

e o e R ITR aked T e i D R
materials that make a difference



_ GEOSYNTHETICS
Muro Antamina , Peru

Mineria

Extension Patio de Talleres

40 mts Altura ( Talud Reforzado 1:1)
Geomalla Miragrid XT

Agradecimientos Tierra Armada Peru, Ing. Nelson
Berrospid y Wilfredo Rodriguez

52 TENCATE

materials that make a difference



GEOSYNTHETICS

Muro Antamina , Peru

Main Menu

Start Project or Modi

-
, » =
- »r - ==

Run MiraSlope: O

. 3
reinforcement

L A 4e B W e sl wilah v ‘,lﬂg‘u,_\[;;n,,_m,gun -
’ ~

Run
User specified re
(elevation, strength +re

View tabulated rj

View layout config

materials that make a difference



Mina Antamina, Pert Miragrid XT GEOSYNTHETICS

38 mts altura

materials that make a difference



Principios de la Medicion GEOSYNTHETICS

Elnnr\n r\r\
I TJI1

=& aoptHta
z « Resistente ala Corrosién
= Ou . . ;.
"L | + No interferencia electromagnética

« Resistente a la Radiaciéon

 No hay riesgo de explosion (no
corriente eléctrica o chispas).

Resistente a las descargas
e S - Un Sistema apto para ambientes

‘) jﬁ dificiles

Incicent aoecﬂum transmitted enectn.m

Intensity

Wawvelength

B [ )

Wavelength

19=2M

Tecnologia Fibre Bragg Gratings (FBG)

Eragg oring Eraog araing Eragq crating
Intenaty o1 MNo 2 Mo 3 . ., ., i
m FBG se basa en la variacion periodica del
di7dT - 10 pmK , B e
A indice de refraccion (n) alo largo del

reflecled speclrum LA ~ 1 pmfme
nucleo de la fibra optica. n
A2 TENCATE

e d/dP ~ -5 pm/aaPa
materials that make a difference




El Principio de la tecnologia FBG GEOSYNTHETICS

longitud de onda .

Ag AA
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i 1 Iy HReflected signal

_ 1

> Ae=0 (AN
A
sttt o &
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Wavelength
AS 2 nm




Aplicacion: Terraplén sobre una Caverna  GEOSYNTHETICS

Geometry of R.ALFA.E.L. railway tests
§< 8m ..

': ballast /

improved i 3m - sleeper / rails
subgrede: N _ gk _ibgs - o
\ v
i :

B .- () Lo 3 I o
\.f"'-s._‘__ I H=15m

A~ Seosynihetle |fill material
ki i |0/300 mm

P S . -
AT LI ETAS oxpanded suction
- 2aram clay beads

14.5m

RAFAEL : proyecto de autopistas y ferrocarriles de Francia 1997 \g 1 ENCATE
> 4
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GEOSYNTHETICS

=C 1 ENCATE
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GEOSYNTHETICS
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GEOSYNTHETICS
Saint Saturnin

Road surface

—L :
Bridge

“Leromur”
Geodetect concrete

blocks

geosynthetics

Reinforcement
] River

™ =1 |
“ IENCATE
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Obra Terminada GEOSYNTHETICS

22 TENCATE
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Obra Terminada 7 OSYNTHETICS
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GEOSYNTHETICS

Software
www.miraslope.com

52 TENCATE
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Project Identification

Title Muro Villa Chica Date/Time Mon Oct 09 08:56:52 2017
Mumber —
Designer's JPE

Ea— Mame

ien

Save designer's name for future use
COMPAMY
Station Mumber 91613229
Mame TenCate Geosynthetics
o Description :

otreet

City Mexico State | City Zip

Country

Bh Save Data for

one Future Runs n T c
Fax & E N A I E ™
Email jp.broissin@tencate. com
QK ‘




GEOSYNTHETICS

Main Menu

Start Project or Modify Input Data

Units i
Modify
Currency o Soils' Colors
Language
Project Identification

Fun MiraSlope: Optimized 5 I EN‘ A I E
reinforcement search # ™

Run MiraSlope:
User spedfied reinforcement
(elevation, strength + reduction factors)

View tabulated results

(=0, ¥=0})

View layout configuration

22 TENCATE
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— Main Menu

Start Project or Modify

Run Miraslope: Cpi
reinforcement se

Run Mir
User specdified reir
(elevation, strength + red!

View tabulated res

View layout configu

Modify Input Data -- MiraSlope ?

Design Standard + Life of Structure

Slope Geometry and Surcharge

Water Pressure

Soil Data

Design Parameters

Seismic Parameters

Foundation Effects

Geosynthetic Design Data

General Factors of Safety

RETURM to MAIM MEMU

Muodify
Soils' Colors

GEOSYNTHETICS

22 TENCATE
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315 m

FS='1.3I:IL\LL Vi

FRadius=4.35 m

¥ =1345m.
¥ =-L63m.

Duter-most slip surfaces
emerging through toe +
deepseated drde

¥ on layer number to view results.

View internal and
compaund results

Geometry Details

Internal
Compound
Direct sliding
Bishop's circle

GEOSYNTHETICS

RETURM

52 TENCATE

materials that make a difference



GEOSYNTHETICS
MSE Design - Reinforced Slope

H=22.001

MiraSlope software disponible desde 2012

52 TENCATE
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GEOSYNTHETICS

» Talleres de diseno con Miraslope

— |p.broissin@tencategeo.com
— 5542631451

52 TENCATE
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GEOSYNTHETICS

MUCHAS GRACIAS

¢, Preguntas?

52 TENCATE
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