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outer vegetation cover layer: thickness > 1.0 m.

drainage layer: thickness > 0.50 m;

1x10-8 m/sec permeability barrier layer:
thickness > 0.50 m;

biogas drainage layer thickness > 0.50 m;
levelling layer;

body of waste;

* The standard solution according to European standards
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Improvement of the site's
e Jeological characteristics

Ta limit the impact of kachate losses thatare ulimately antkipated 0 ale
phace though any barmier system, the standards albw for sither a natural
It permeshility layer or alternatiely & geo-cley- hamier compositechossn
frirn the Maeline® GCL farnily

This secand application & on sibpes within the landfill el whers itis
necessary 1 ke ino consideration the serious difficulties of placing and
sompacting cahesie sails (ypisally clay) an such surfces

Foundation support T

a8 : 5. S e
= and reinforcement L

This includes the consolidation of the base of the landfll or
of Lhe waste, inorder 10 provide & stab ke foundation layer
andfofthe overall stability of the landfill. This aspect is
particularly relevant where a new landfil has 1o be constructed
on a saft surface (2.9, an old landfill, unstable clays soilg) or
in s0ils subjected to landslides or when existing facilites need
enlarging. Gengrid products such as MacGrid™ WG, Paragid®,
Paradrain®, Faralink® or even Gabions or Teramesh® units
can provide, in warious combinatio ns, an answer tn many
problems faced by the designer during initial planning stages
;" or In emergencies or unforseen situations.

444

Jé% Water drainage and filtration

DRAINAGE

Leachates zrising framrainfal or fiom phresti surfacss o water tables
adjpeant o the andfill must be diverted 10 awoid pollution by the
wiasts and 1o ausid possibls |andfill stability peoblems or prablems
with the buayancy of the barier I can be cuercnme with the waof
natural materiaks or by the use of drainage gencomposites chossn
From the lerge family of the Maclrain® gencompasite: praducts, These

prewide drainags paths within the call to redine ueter pressire
Incass of corwentional dainage renches the wraditonal filration
systes can becanven ety replaced and with greater sffiisncy by
the use of MacTes the nan sen qeotexties. Inspesial coumstances,
wthen used incantact with the waste MacTes™ HF woven geomestiles
can be used,
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GEOSYNTHETICS Maccaferri products vs APPLICATION

SOIL REINFORCED SOIL REINFORCEMENT
SLOPES WITH CLAY > APPLICATIONS WITH COHESIVE
Y, SOIL OR STANDARD CLAY
4 N\
BOTTOM LINING
\_ J

-
SOIL REINFORCED
SLOPES WITH WASTES

_and CONTAMINATED SOILS )

SOIL
REINFORCEMENT
APPLICATIONS

WITH
CAPPING SYSTEM AGGRESSIVE
SOIL:
contaminated soils,

high ph & similar,
REINFORCED STEEP SLOPE wastes
& Capping SYSTEM
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GEOSYNTHETICS Maccaferri products vs APPLICATION
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Gas and water run-off
collection
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Erosion control

blem th

54 the time that a landfi




\CCAFERRI

ISYNTRHRETIGS

propylene mat with waved profile
Jitudinal channel shape) of various thickness
various mass:
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=STING OF GEOCOMPOSITES ACCORDING TO EN AND ISO:
The following tests are applicable to draining geocomposites:
Short term flow rate test (EN ISO 12958)
_ompressive creep test with shear load applied (EN ISO 13432)
stion peel and junction shear tests for geocomposites (EN 13426-2)
Direct shear test (EN ISO 12957-1)
Inclined plane test (EN ISO 12957-2)

Long term protection efficiency test (EN 13719).
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MacDrain®

nder normal compressive creep loads of 50, 100, 200 and 500 kPa using both the
Isothermal Method (SIM) and of time-temperature superposition (TTS) in accordance
VI D7361-07(2012) and the ISO 25619-1:2008 up to 120 years design life.

tion, tests under normal and shear loads
erformed to simulate drainage on slopes
ngs) with a load of 50kPa. The flow rate of
bcomposites is obtained by applying a set of
tion Factors which take into account all the
nena that may decrease the flow rate over
lire design life compared to the short term
aite measured in EN ISO 12958:2010 or
D4716-08 (2013) tests. With the information
d through performance tests, Design Data §
5 (DDS) were developed for each
ain oproduct oprovidina reduction factors
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RFIJC

Flr

= available long term flow rate for the geocomposite;

= short term flow rate obtained from laboratory tests;

= Reduction Factor for the intrusion of filter geotextiles into
the draining core;

= Reduction Factor for the compressive creep of the geo-
composite;

= Reduction Factor for chemical clogging of the draining
core

= Reduction Factor for biclogical clogging of the draining
core

= empirical factor to be applied when the test results for Q_
are available for contact conditions different from the project
conditions
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values can change according to the type of
RFi, | geotextile used, the applied load and the con- §1.0-1.5
tacts in testing conditions (R/R, R/S, S/S5)
RF:q 50 kPa 100 kPa 200 kPa 500 kPa
1 year 1,011 1,061 1,118 1,771
5 years 1,016 1,071 1,136 1,894
10 years 1,021 1,080 1,153 1,956
20 years 1,026 1,085 1,161 2,026
50 years 1,031 1,090 1,170 2,148
= 100 years 1,036 1,099 1,185 2,242
Rigid / Soft 0.5-0.7 1.0 1.2-2.0

| Soft / Soft Il 03-05 | 04-0.6 1.0
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)SYNTHETICS MacDrain W Drainage Composites

Final capping of Gello
ITALY (Pisa), 2011-2013
MacDran W 1081
drainage  geocomposite
used as soil gas drainage
and as rainfall water
drainage in the final
capping lining.

ing of Cavenago
ano), 2012
W 1051 drainage
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most popular reinforcement are turf mats reinforced with a
meric geogrid or with a metallic reinforcement or textured
grids; 3d material are preferred to standard biplanar geogrids

A InfarfFarcre with C2CD A heattar ~ArAnRtfain tha enil
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YV SYNTHETIC S MacMat R1 Turf reinforced Mat
Final capping of Chivasso
ITALY (Torino), 2010 =
MacMat R350 geocom- &

posite used to stabilize the
latest lift of vegetative soil
having a 3.3 ft thickness on
30°sloped finished surfaces.

Final capping of Gavorrano
ITALY (Grosseto), 2001
MacMat R1 8127GN
i geocomposite used to
stabilize 2 ft of vegetative soil
on 35° sloped finished
surfaces.
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)SYNTHETICS MacGrid Geogrids

Final capping of Montecalvo in
Foglia

ITALY (Pesaro & Urbino), 2010
MacGrid T200 geocomposite
used (13,900yd?) to stabilize the
latest lift of vegetative soil having
a 3.3 ft thickness on 30°sloped
finished surfaces.
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)SYNTHETICS MacGrid Geogrids

Final capping of Avlona Landfill
GREECE - Avlona/Malakasa,
Attica (TS), 2011

MacGrid T55 geocomposite used
(49,000yd?) to stabilize the latest
lift of vegetative soil having a 1 ft
thickness on 25°-35°sloped
finished surfaces.
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SOIL REINFORCEMENT

APPLICATIONS

SOFTWARE

2l embankment stability use: ‘

ARS

VERTICAL & SLOPED

APPLICATIONS

FLAT APPLICATIONS

Piled Embankments

(
{

{ Sink Holes

L Embankments on soft soil ]

/" MACSTARS

Steep & shallow slopes

& J

4 )

Slopes with cohesive soils

g J

4 )

Hybrid structures

Drainage Applications

( ENSPAMac | ( _



‘ ey MacDrain
Landfill Cap !
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sion 1.100

ACFLOW Stu

tware Suite for Drainage Des
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ainage Design

MACFLOW EH

MACFLOW S MACFLOW ES

MACFLOW YV MACFLOW EV
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Geometry

MacDrain application

Soil / Material on MacDrain
Water or liquid to be drained

Rain

Pluviometric curve h=a t*n

Parameter a [mm/haour] |

Exponent |

n.4;1|

Duration of critical rain [hours] |

Given rain heightin 1 hour |

{Set = 0 if pluviometric curve
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ign Calculation

rence water temperature [2C]

rence dynamic viscosity

gn dynamic viscosity

ection for liquid temperature and viscosity
mum pressure on MacDrain [kPa]

aulic gradient

mum solution is MacDrain W Range.
ific MacDrain selected is:

Drain Contact
051 R/R
D61 R/R
071 R/R

081 R/R

20.00
1.005
1.142
0.880
17.00

0.375

QL
0.66
0.985
1.021
1.374

Qa

0.545
0.814
0.844
1.136

Design Calculation

Rain height for design duration [mm)]
Rain intensity for design duration [mmy/h]
Input flow in MacDrain [I/s/m]

Design input flow for MacDrain

Safety Factor Resul

117 OK
1.748 OK
1.811 OK
2.437 OK

35.88

71.75

0.359

0.466

[ »

m
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DESIGN INFORMATION

4 SYMBOL WVALUE LMIT DESCRIFTION
‘ q 't 19 kN/m* unit weight of cover soil
L] 22 deg friction angle of the cover soil
18 Y C 0 kpa cohesion of the cover soil
h 0.3 m thickness of the cover sail
B 22 : soil slope angle
L 50 m length of the slope
ca 0 adhesion between cover soil of the active wedge and geomembrane
8 22 ’ interface friction angle between cover soil and geomembrane

WITHOUT REINFORCEMENT

SYMBOL VALUE LNIT DESCRIPTION
WWa 280.8 kN/m® total weight of the active wedge
Ma 260.3 kM effective force normal to the failure plane of the active wedge
Ca 0.0 kM adhesive force between cover soil and gsy
Wp 2.5 kN/m?* total weight of the passive wedge
C 0.0 Kl cohesive force along the failure plane of the passive wedge
a 36.5 nfa
b 429 nfa
C 6.0 nfa
FOSunreinf 1-01

Active wedge
Active wedge

Geogrid veneer
reinforcement

Geomembrane

Geomembrane Passive wedge
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Cover soil

/r d———
Geomembrane

(Fro)s

Imaginary and
frictionless pulleys

B
/ (ﬁa

T

DESIGN INFORMATION

SYMBOL VALUE LNIT DESCRIPTION
B 22 : side slope angle
des 0.3 m thickness covering soil
Yesil 19 kn/m” weight of soil
dat 1 m trench depth
Lro 1 m length of geosynthetic runout
Lar 2 m length of geosynthetic inside the trench
el 30 ‘ trench saoil friction angle
iz 22 ’ friction angle between the geosynthetics and the underlying soil
B 18 ’ friction angle between the geosynthetic and the backfill soil
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RESULTS
SYMBOL WVALUE LNIT DESCRIPTION
(Frols 8.55 KM/m friction force beneath runout geosynthetics
(Farlr 247 KM/m friction force between the right side of the geosynthetic and the side wall of
anchaor trench
(Fat) 307 KN/m |friction force between the left side of the geosynthetic and the side wall of anchor
trench
KMN/m friction force between the right side of the geosynthetics and the underlying soil
(Fasle 998 ' at the botton of anchar trench
KM/m friction force between the right side of the geosynthetics and the overlying soil at
(Fas)u 8.03 ' the botton of anchor trench
Thaear 36.61 KM/m geosynthetic tensile force developed by the anchor trench
To 25.95 KM/m geosynthetic design tensile force

FOS (Tuax/To) 1.41

LH.:F 1000 mm

dar= 1000 mm

Lar= 2000 mm
fi= 22

Maceatarrl
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~@mgs  THE FIRST
R CAPPING IN ITALY
B OF AMINING
LANDFILL

The Rigoloccio mine, located in
Gavorrano (GR) in Tuscany
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&

Original solution:
Flat areas

* 0,50 m of vegetative soil;

» drainage layer of 0,15 m thk;

» smooth hdpe membrane (2 mm thk);
* 0,40 m of clay;

» waste.

Sloped areas

* 0,50 m of vegetative soil;

« drainage composite (two geotextiles + net);
* textured hdpe membrane (2 mm thick);

* 0,40 m of clay;

- waste.

ST Maccaforrl
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DESIGN INFORMATION

SYMBOL VALUE LINIT DESCRIPTION
Tt 19 kN/m® unit weight of cover soil
[ 30 deg friction angle of the cover soil
C 0 kpa cohesion of the cover sail
h 0.3 m thickness of the cover soll
B 30 i soil slope angle
L 20 m length of the slope
ca 0 adhesion between cover soil of the active wedge and geomembrane
] 10 i interface friction angle between cover soil and geomembrane

WITH REINFORCEMENT

SYMBOL VALUE LIMIT DESCRIPTION

Tuts 94 kMN/m Ultimate tensile strengh of the geosynthetic

RF 2 Reduction factor (RF=RFcrxRFidxRFenvxFS)

Tall 47.00 kMN/m Allowable tensile strength

SReinf 8.00 i interface friction angle between cover reinforcement and underlying gsy
3 3.70 n/a
b -7.66 n/a
C 1.95 n/a

F05reinf 1-??
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In the sloped area solution was modified due to
evident soil veneer stability problems during
construction:

» Biomat blanket;
0,30 m of vegetative soil;

= * TRM geocomposite to stabilize soil
 drainage composite (two geotextiles + net);
« textured hdpe membrane (2 mm thick);
* 0,40 m of clay;
* wastes.

e Maccafgrrl
(S| Indugtrisl
(¥l Group




MACCAFERRI

GEUOSYNTHETIGS

Maceatorrl
Indugtrial
@roup



MACCAFERRI

GEUOSYNTHETIGS

500 m2 on a total
of 18.000 m2 job
failed after heavy
rainfall
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Results of the back-analysis and on site investigations:
*The layer of vegetative soil was 30-40% thicker than the one designed,;

* Friction angle reduced below the design value (set to 12°) occurred
during the time due to heavy rains.

* Presumably an increase Iin the soil weight due to the cohesive
component occurred.

Failure of the mat occurred predominantly at the end of the additional
reinforcement confirming that collapse was due to a lack of mechanical
strength and, in few other sections, at different points along the slope. A
back-analysis at the point of rupture confirmed the initial expectation.
More difficult was to understand how failures occurred in the middle of the
mat (probably due to poor connection).

Maceatorrl
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DESIGN INFORMATION

=Y MBOL VALUE LINIT DESCRIFTION
7 . L iy kN/m® unit weight of cover soil
$ (12 ) deq friction angle of the cover soil
C 0 kpa cohesion of the cover soll
h ( 04 m thickness of the cover soil
B 30 : soil slope angle
L 20 m length of the slope
ca 0 adhesion between cover soil of the active wedge and geomembrane
] 10 : Interface friction angle between cover soil and geomembrane
WITH REINFORCEMENT
SYMBOL VALUE LMIT DESCRIFTION
Tuts 94 kMN/m Ultimate tensile strengh of the geosynthetic
RF 2 Reduction factor (RF=RFcrxRFidxRFenvFS)
Tall 47.00 kMN/m Allowable tensile strength
ORein 6.00 i interface friction angle between cover reinforcement and underlying gsy
a 11.43 n/a
b -9.51 n/a
C 0.95 - hfa
FOS eint (072 )

0.83 only
altering h

e Maccafgrrl
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What did we learn?

* the textured membrane in this case was ineffective and not capable to
stabilise the soil; a smooth membrane could be used instead, reducing
the costs;

 the interaction factors between the different geosynthetics are a key
point; these values can vary in fact very much depending on the different
situations;

* Thickness and “quality” of the soil placed on the reinforced mat are
relevant issues:

- The thickness (especially when small) is difficult to manage and it is
likely to overload the geosynthetic;

- The weight and also the quality of the soil are not homogenous and

the characteristics are often different from those assumed. Changing the
soil weight and/or quality can also increase the loads.

Maceatorrl
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Conclusions:

 the design of an erosion system, like in this case, is a real structural
project and the input data must be consistent with the real situation;

 the use of a textured membrane can be insufficient and ineffective,
case to case;

* the reinforcement strength must be appropriate in the short-long term
conditions in any operating situation (dry/wet);

* soil characteristics are important;

* installation operations are easy, but the design instructions must be
strictly followed (thickness layer!).
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Maccaferri provides a range of products used in Capping Systems:
« Paragrids and Paralinks for soil reinforcement with geogrids;
« MacDrain for Drainage Geocomposites;
« MacMat-R for soil erosion and reinforcement.

Maccaferri provides 3 levels of service:
* Level 1: Supply of products;
* Level 2: Design and Supply;
« Level 3: Quality Management Systems, Training, Site Assistance, Pl
on Design.

Maccaferri provides design software and design service:
« MacStars W for soil reinforced structures;
 MacFlow for drainage design;
« ENSPAMac for veneer soil cover design and anchor design

Maccaferri provides informative design data sheets relevant to Capping:
* MacDrain with RFcr for long term analysis allowing reduction in costs.

e Maccafgrrl
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Ricardo Sousa
MSc. Civil Engineering (Aveiro, Portugal)

Area Manager
ricardo.sousa@maccaferri.co.za
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