INNOVATIVE AND SUSTAINABLE
SOLUTIONS TO PREVENT FROST
HEAVE AND ROAD PAVEMENT
DAMAGES
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WEBINAR AGENDA

5 Introduction

70" How MacDrain™ Arctic Blanket works
against frost heave

10" Benefits and sustainability

Live Q&A Session

Speaker: Settimo De Cario

Civil Engineer and Maccaferri Corporate Manager
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ate the soil through
the cracks in the road,

¢ while groundwater is
drawn up into the soil
ab0\4e by capillary actig
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Winter extreme events have a big
|mpact on total annual cost in road
mamtenance.
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Winter extreme events have a big
iImpact on total annual cost in road
Storm Flood maintenance.

S e

Heat &

Drought /

2%

Winter

Source: Vulnerability of transport systems. Main report 7th framework
program of the European Commission
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Winter extreme events have a big
iImpact on total annual cost in road
‘maintenance.

Infrastructure owners are asking for
more safety for.users with less
malntemance GOSts

Frost

h 0 1 “hmuu. }
Heave

Source: Vulnerability of transport systems. Main report 7th framework
program of the European Commission

In Europe, one-third of the year budget on winter
maintenance is allocated to the rehabilitation of roads
due to the negative impact of frost.
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FROST HEAVE EFFECT

o FROST HEAVE DEFORMATION AND CRACKING OF SURFACE ROAD LAYERS

g Below 0°C

Solid ice lenses






FROST HEAVE EEEECT

e SURFACE ROAD DESTRUCTION DUE TO TRAFFIC AND THAWING

o
& Above 20 c Strata of
, Impervious
Thawing icy soil
saturated

and extremely
soft sall



OUR RESPONSE TO THESE PHENOMENA?

MacDrain”
ARCTIC BLANKET

. 4GEOCOMPOSITE
FOR COLD
CLIMATES
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OUR RESPONSE TO THESE PHENOMENA?

. ™
MacDrain
A R CT I c B LA N K ET 0 FROST HEAVE DEFORMATION AND CRACKING OF SURFACE ROAD LAYERS

g Below 0°C

h Ensu
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OUR RESPONSE TO THESE PHENOMENA?

MacDrain™
A R CTI c B LA N K ET o NO DEFORMATION AND CRACKING OF THE ROAD SURFACE

g Below 0°C

MacDrain®
Arctic Blanket

Water
e ™ V ¥ ¥ ¥
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OUR RESPONSE TO THESE PHENOMENA?

MacDrain™
A R CTI c B LA N K ET o NO DEFORMATION AND CRACKING OF THE ROAD SURFACE

g Below 0°C

MacDrain®
Arctic Blanket
Water

o SURFACE ROAD DESTRUCTION DUE TO TRAFFIC AND THAWING

@ Above 20°C

Strata of

, impervious

Thawing icy soil
saturated

and extremely
soft soil




OUR RESPONSE TO THESE PHENOMENA?

MacDrain™
A R CTI c B LA N K ET o NO DEFORMATION AND CRACKING OF THE ROAD SURFACE

g Below 0°C

MacDrain®

Arctic Blanket

Water

o NO ACCUMULATION OF WATER IN THE ROAD SUB-BASE LAYER

[11 Above 20°C
8 s 8

!665 !




HOW MACDRAIN™ ARCTIC BLANKET WORKS

MaCDrainTM e

ARCTIC BLANKET
Selected to meet the highest standard of resistance

during the loading and compaction phase in the overhead
structure. The top layer acts as a filter allowing water
from the overlying soil to enter the drainage core below,
enhancing drainage along the plane of the geosynethetic
and providing enchanced soil stabilization performance.

GeoMat with W-shape

Developed to provide drainage characteristics with high
resistance to compressive loads and high flow rate thus
minimizing compressive creep.

Nonwoven geotextile with hydrophobic
polymer enhancement

Designed to prevent the upward capillary rise of
groundwater whilst remaining permeable to downward flow.
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

FROST HEAVE TEST

Laboratory test according to the GOST 28622-2012 [ \

Tests have been performed both with an optimum and a higher
d [ Traditional

granular
soil layer
MacDrain®

2 ¥ Arctic Blanket

1

-
0 — -

humidity for compaction.
Soil at moisture higher  Soil at optimum

than the optimum humiditv

Measurement are made at intervals over a period of 96 hours.

The samples used are 150 mm high with the geocomposite
located at 100 mm.

Results have shown that placing MacDrain™ Arctic Blanket in the
soil mixture reduces drastically the frost heave phenomenon.

Frost heave effect mitigation (1/Frost heave deformation in mm)

MacDrain ™ Arctic Blanket, placed in soil mixture, showed

a reduction of the soil deformation up to over 30 times in
road base layer.

!
so, w11 * 8 oL
Sample height = 150mm Sample height = 157,38 mm | & sample height = 150.32 mm

22



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

FROST HEAVE TEST

Laboratory test in CELTEST laboratory (UK) according to the BS812: Part 124:2009 / \
The tests have been performed with a non frost susceptible soil
at Maximum Dry Density (1.8 Mg/m?3) and Optimal Water Content
(166%) Test Specimen - Maximum Heave Observed in 96 hours (mm)
Test Specimen 1 10.5 (nearest 0.5mm)
Measurement are made at intervals over a period of 96 hours. Test Specimen 2 10.0 (nearest 0.5mm)
Test Specimen 3 9.0 (nearest 0.5mm)
Results have shown that placing MacDrain™ Arctic Blanket in the Range of Test Specimens Maximurn Heave L2 (should not exceed 6mm)
soil mixture reduce the mean frost heave from 9.8 mm to 2.2 mm Mean Frost Heave 98 (nearest 0.1mm)

Test Specimen - Maximum Heave Observed in 96 hours (mm)
Test Specimen 1 1.5 (nearest 0.5mm)
Test Specimen 2 2.5 (nearest 0.5mm)
Test Specimen 3 2.5 (nearest 0.5mm)
Range of Test Specimens Maximum Heave 1.0 (should not exceed 6mm)
Mean Frost Heave 2.2 (nearest 0.1mm)
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET
Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance SINTEE
TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

Technology for a better society
www.sintef.no

ROUGH PROJECT
Recommendations for the Use of Geosynthetics in

Nordic conditions

Figure 1: Location of the field tests (Screenshot Google Maps) -



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

E Tests was performed at -12°C as subgrade

temperature;
8 8888888888888 88888888 8 8
08588588’58%9:&‘22&’.‘9’:‘392&@32
2 . deconstruction

-
10 |~ /
~ installation

ali /N

-30

—ea— Monday - 3rd Feb. 20 —e— Tuesday - 4th Feb. 20 —— Waednesday - 5th Feb. 20 —— Thursday - 6th Feb. 20

SINTEF
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

E Tests was performed at -12°C as subgrade
temperature;

E The MacDrain™ Arctic Blanket was placed

directly on frozen soil;

MACCAFERRI

SINTEF
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

E Tests was performed at -12°C as subgrade
temperature;

E The MacDrain™ Arctic Blanket was placed
directly on frozen soil;

E Subbase layer of 30 cm crushed rock was

placed;
053 0053 0058 ~Tx8 JORK JOXX 4Ted 00ed BToSJ
BLASTED ROCK 0-56 B oFad o0od o¢,._ Subbaselaver Mg Ss Fes oA} S
GEOSYNTHETIC

subgrade layer (local soil)

MACCAFERRI

SINTEF



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

28

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

E Tests was performed at -12°C as subgrade
temperature;

E The MacDrain™ Arctic Blanket was placed
directly on frozen soil;

E Subbase layer of 30 cm crushed rock was
placed;

E Five passes with 12.6 t dynamic roller were
performed;

MACCAFERRI

SINTEF



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

E Tests was performed at -12°C as subgrade
temperature;

E The MacDrain™ Arctic Blanket was placed
directly on frozen soil;

E Subbase layer of 30 cm crushed rock was
placed;

E Five passes with 12.6 t dynamic roller were
performed,;

E The sub-base layer was removed and the
damaged sample was recovered.

SINTEF
29
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

@ Samples damaged during the installation was checked in accordance with

EN ISO 10319, EN ISO 25619-2 and EN ISO 12958.
@ Onundamaged samples EN ISO 25619-2 tests were carried out at 4
different temperatures (20°C, 0°C, -10°C and -20°C).

MACCAFERRI

characteristic(s) sample tested

-20°C -10°C

tensile test (20 cm) damage (in situ) X
Kemi compression strength/strain (test)
waterflow capacity reference
Laboratory compression strength/straln undisturbed X X
& compression strain (1 Mpa)

0°C 20°C
(*9)
X
X X

SINTEF



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET
Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

Evolution of tensile strength and strain when the products are exposed to
installation under crushed rock at a temperature of — 10 °C

The product shows a fairly similar behaviour when exposed to the Kemi
installation conditions:

a reasonable reduction in tensile strength (between ~ 25% to ~ 30 %)

a slightly higher (but still reasonable) reduction in tensile strain
(between ~ 30% to ~ 40%)

Evolution of the compressive strength and strain when the products are
exposed to installation under crushed rock at a temperature of — 10 °C

The product is more rigid at low temperatures! (residual strain
compression 124%)

No reduction in compressive strength

Transmissivity results are within the product tolerance

31
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

TEST on damage during installation at low temperatures
SINTEF ROUGH project - Site test in Kemi (Finland)

Unit 20°C 0°C -10°C -20°C
Compression strength acc. EN 1ISO 25619-2
Residual strength % - 170.7 169.2 231.3
Compression strain acc. EN ISO 25619-2
Residual strain % - 103.6 126.2 112.5
Strain at 1.0 MPa acc. EN I1SO 25619-2
Residual strain % - 93.1 95.8 89.6

Test results laboratory temperature tests MacDrain Arctic Blanket MacDrain™ Arctic Blanket

—

IS suitable for the installation
over frozen soil

SINTEF
32




TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

Determination of resistance to penetration by water
Hydrostatic pressure test with Kiwva GmbH — Laboratory test according DIN EN 13562:2000-07

specimen
E D Temperature 21°C
—L allas S o = S Humidity 50%

TR ITIR : :
Diameter of specimen 140 mm
grid
T Exposed specimen area 100 cm?
water pressure
Water type de-ionized
Water temperature 21,4 °C
A =100 cm? I, ; i )
s Speed gradient of hydraulic pressure 100 £ 5 mm/min
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TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

Determination of resistance to penetration by water
Hydrostatic pressure test with Kiwva GmbH — Laboratory test according DIN EN 13562:2000-07

Material

Standard PP nonwoven 140 g/m?
Standard PP nonwoven 150 g/m?

Hydrophobic GTX nonwoven 140 g/m?2

Water head (mean)
1 mm
3 mm

54 mm

Hydrophobic GTX nonwoven 150 g/m?2

77 mm

Specimen No. 1 No. 2

Water head 97 mm 78 mm

34

HydroFabric TI300 PP nonwoven 150 g/m2

No. 3 No. 4 No. 5 No. 6 No. 7

110 mm 40 mm 55 mm 68 mm 79 mm

No. 8

76 mm

No. 9

72 mm

MACCAFERRI

No. 10

98 mm



TEST CAMPAIGN MACDRAIN™ ARCTIC BLANKET

Outstanding performance

Engineered to resist to compressive loads and high traffic flow preventing periodical maintenance

Determination of resistance to penetration by water
Hydrostatic pressure test with Kiwva GmbH — Laboratory test according DIN EN 13562:2000-07

Also, when the water head above the
MacDrain™ Arctic Blanket is very high, it
Material Water head (mean) ) 4

Standard PP nonwoven 140 g/m? 1 mm 66%

Standard PP nonwoven 150 g/m? $ mm \/\W/\/\J%ﬂ/\/\lhﬂ/\;

Hydrophobic GTX nonwoven 140 g/m? 54 mm n n r" n n n r"

Hydrophobic GTX nonwoven 150 g/m? 77 mm

This hydrophobic nonwoven geotextile stops
the upward movement of water as the bottom
layer of MacDrain™ Arctic Blanket

35
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MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain”
ARCTIC BLANKET

37

MATERIAL SAVINGS

MACCAFERRI




MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain™ "
ARCTICBLANKET Cﬂ MATERIAL SAVINGS
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MACDRAIN™ ARCTIC BLANKET BENEFITS

Material savings

MacDrain™ Arctic Blanket allows a reduction up to 80% of traditional layer thickness.

without MACDRAIN™ ARCTIC BLANKET with MACDRAIN™ ARCTIC BLANKET

5-10 mm thick MacDrain™ Arctic Blanket
ensure a long-lasting road protection against
Frost Heave

30-50 cm of granular soil is needed
to mitigate the effect of Frost Heave

30-50 cm
—>
5-10 mm

39



MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain”
ARCTIC BLANKET

40

FASTER INSTALLATION

MACCAFERRI




MACDRAIN™ ARCTIC BLANKET BENEFITS

Fast installation

MacDrain™ Arctic Blanket can be easily unrolled without requiring special equipment and operations

without MACDRAIN™ ARCTIC BLANKET with MACDRAIN™ ARCTIC BLANKET
: A =

R




MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain”
ARCTIC BLANKET

‘ OUTSTANDING PERFORMANCE

42



MACDRAIN™ ARCTIC BLANKET BENEFITS

MACCAFERRI

Outstanding performance

Tests have been performed both with an
optimum and a higher humidity for compaction.

4 A

I Traditional
granular
soil layer

MacDrain®
Arctic Blanket

Soil at moisture higher  Soil at optimum
than the ontimum humidity

Frost heave effect mitigation (1/Frost heave deformation in mm)

Results have shown that placing MacDrain™

Arctic Blanket in the soil mixture reduces
drastically the frost heave phenomenon.

43

Tests on damage during installation at low
temperatures (at -12°C)

Results have shown that MacDrain™ Arctic
Blanket is suitable for the installation over
frozen soil.



MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain”
ARCTIC BLANKET

% COST REDUCTION
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MACDRAIN™ ARCTIC BLANKET BENEFITS

Cost Reduction

MacDrain™ Arctic Blanket can be quickly installed onsite with reduced cost and no need for maintenance compared to a layer of

clean granular soil

without MACDRAIN™ ARCTIC BLANKET with MACDRAIN™ ARCTIC BLANKET

MacDrain™ Arctic Blanket dramatically cut
the installation time to granular soll

30-50 cm
—>
5-10 m

If properly laid, MacDrain™ Arctic Blanket

\ IS maintenance free )

45



MACDRAIN™ ARCTIC BLANKET BENEFITS

MacDrain”
ARCTIC BLANKET

’ ENVIRONMENTAL SUSTAINABILITY

46



MACDRAIN™ ARCTIC BLANKET BENEFITS

Environmental Sustainability

LESS QUARRYING

LESS TRANSPORTATION

ooao oooo

LESS WASTE MATERIAL REDUCING
EMISSIONS

LESS DISRUPTION

PROMOTING SAFE
AND DECENT WORK

a7



MACDRAIN™ ARCTIC BLANKET BENEFITS

Environmental Sustainability

DECENT WORK AND 9 INDUSTRY, INNOVATION 11 SUSTAINABLE CITIES 12 RESPONSIBLE
MATERIAL SAVINGS ECONOMIC GROWTH

ANDINFRASTRUCTURE AND COMMUNITIES GONSUMPTION

13 onov

SUSTAINABLE ™ &
FASTER INSTALLATION
00000

OUTSTANDING PERFORMANCE



MACDRAIN™ ARCTIC BLANKET BENEFITS

Environmental Sustainability — Life Cycle Assessment

Comparative Life Cycle Assessment
(LCA) studies for various drainage
layer solutions to prevent frost heave
of infrastructure works in extremely
cold regions.

50



MACDRAIN™ ARCTIC BLANKET BENEFITS

Environmental Sustainability — Life Cycle Assessment

51

4

Disposal and

Recycle

material

Life Cycle Assessment

Manufacturing An LCA study involves a thorough inventory
of the energy and materials that are required
across the industry value chain of the
product, process or service, and calculates
the corresponding emissions to the
environment. LCA thus assesses cumulative
potential environmental impacts. The aim is
to document and improve the overall
environmental profile of the product.

MACCAFERRI



LIFE CYCLE ASSESSMENT

MACCAFERRI

Impact Category

The environmental performance is assessed with reference to the below listed seven midpoint impact category

indicators.

52

Abiotic Depletion
(ADP-M & ADP-F) is
an indicator that is
related to the extraction
of minerals and fossil
fuels for any activity.

Eutrophication Potential
(EP) provides a measure
of nutrient enrichment in
aquatic or terrestrial
environments, which leads
to ecosystem damage.

Global warming
potential (GWP) is a
measure of how much
heat a greenhouse gas
traps in the atmosphere
up to a specific time
horizon, relative to CO,.

Photochemical
Oxidation (PCO) is a
chemical reaction that is
a major contributor to the
formation of smog and
air pollution in urban
areas.

Acidification Potential (AP)
provides a measure of the
decrease in the pH-value of
rainwater and fog, which has
the effect of ecosystem
damage.

Ozone Layer

Depletion (ODP) provides a
measure of the depletion of
stratospheric ozone layer
caused by different gases.



LIFE CYCLE ASSESSMENT

A comparison between 7 different cases

The study compares 7 different cases, namely conventional gravel layer (Case Al & A4), gravel layer with geotextile layers
(Cases A2, A3, A5 & A6) and with a drainage geocomposite type MacDrain™ Arctic Blanket (Case B).

LEGENDS
RENTRORI ] BRI REEHEHEEEEY] - Bituminous Wearing Course
a MacDrain R
ARCTIC BLANKET |

asis 288504082305 0a058 — e - Bituminous Base Course
R R B BB 0-0:0,
EGravel Layer 300mm ] 0054
:d 000021 £Ee $-0-0:0:0; 7/ Aggregate Base Course
oS 00mm k}— el | 700mm<‘}

oo

E:z::”:é Granular Subbase Course
|8=8-8-48 |

EERRE
BEX

DS

CEEE,
=0 0=0-0:-0-01

2NN

Subgrade Soil

 CASE-A3 CASE-Ad4  CASE-A5
30 cm of 30 cm of 30 cm of 70 cm of 70 cm of 70 cm of Single layer of
thick gravel thick gravel thick gravel thick gravel thick gravel thick gravel Maccaferri
+ Single + Double + Single + Double MacDrain™
GTX Layer GTX Layer GTX Layer GTX Layer Arctic Blanket

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.
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LIFE CYCLE ASSESSMENT

MacDrain™ Arctic Blanket vs 70 cm of gravel and double GTX layer

120
mAG6 mB
100 -
. 80 -
! MacDrain™
~A_RCT|CEE;LANKET
,f\w o 0.0 ’ g 60 .
O-0:0-0:0:0-9 40 -
3 20
CASE - A6 CASE -B
70 cm of Single layer of 0 - : : : : :
thick gravel Maccaferri Abiotic depletion Abiotic depletion Global warming ~ Ozone layer Photochemical Acidification Eutrophication

+ Dou b Ie MacDrain ™ (fossil fuels) (GWP100a) depletion (ODP) oxidation

GTX Layer Arctic Blanket

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.
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LIFE CYCLE ASSESSMENT

MacDrain™ Arctic Blanket vs 70 cm of gravel and single GTX layer

'g';'o
/%\\x}

T e S S e e L 7 ) 2N
BB Ve vty
Sa
EEBEFREEEES St B
ozesezezvze 0 0 0 0 M ST E MG B
W o Sos e
 Gravel Layer 700mm§ %%g}?&é/@{\\%%};\
7= TR NN AN /\\4(/ )\\/\
SRS
e e A R A
S
) Seee AR S As
reCeov-0-0-0-0-00. &%ﬁg@%ﬁg@%&i\g
PN e S
NS Nty SRR
SOOSERINE s iaess
e N A NS AN
SRR AU e
N NS SN
CASE -A5 CASE -
70 cm of Single layer of
thick gravel Maccaferri
N N ™
+ Single MacDrain
GTX Layer Arctic Blanket

55

120

mA5 mB
REFERENCE CASE: 700 mm GRAVEL + DOUBLE GTX

il

Abiotic depletion Abiotic depletion Global warming Ozone layer Photochemical Acidification Eutrophication
(fossil fuels) (GWP100a) depletion (ODP) oxidation

100 -

80

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.



LIFE CYCLE ASSESSMENT

MACCAFERRI

MacDrain™ Arctic Blanket vs 70 cm of gravel

%

\¢
(BB E BN IREE > /}f\ii\
SRR e
SRy
eeee e ey %%ﬁ&%@%&%
SN oot
//\/////\/\/4/ N NG éf\\/
N e ISR
SETOMY e
CASE - A4 CASE-B
70 cm of Single layer of
thick gravel Maccaferri
MacDrain™

56

Arctic Blanket

120

“A4 mB
REFERENCE CASE: 700 mm GRAVEL + DOUBLE GTX

il

Abiotic depletion Abiotic depletion Global warming Ozone layer Photochemical Acidification Eutrophication
(fossil fuels) (GWP100a) depletion (ODP) oxidation

100 -

80

40

20

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.



LIFE CYCLE ASSESSMENT

MacDrain™ Arctic Blanket vs 30 cm of gravel and double GTX layer

120
mA3 =B
REFERENCE CASE: 700 mm GRAVEL + DOUBLE GTX
100 = -
80
MacDrain™
g 60
o 40 -
20 -
CASE - A3 CASE -B
30 cm of Single layer of 0 - : : : : :
thICk gravel Maccaferri Abiotic depletion Abiotic depletion Global warming Ozone layer Photochemical Acidification Eutrophication
+ Double MacDrain ™ (fossil fuels) (GWP100a) depletion (ODP) oxidation

GTX Layer Arctic Blanket

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.
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LIFE CYCLE ASSESSMENT

MACCAFERR

MacDrain™ Arctic Blanket vs 30 cm of gravel and single GTX layer

5

5

x
X
lIVLTL

X

5
\'r‘Ll

MacDrain™

ARCTIC BLANKET

o8ege!

30 cm of
thick gravel
+ Single
GTX Layer

58

Single layer of
Maccaferri
MacDrain™

Arctic Blanket

120

A2 mB
REFERENCE CASE: 700 mm GRAVEL + DOUBLE GTX

100 =

80

(%]
o
o

20 +—

Abiotic depletion Abiotic depletion Global warming Ozone layer Photochemical Acidification Eutrophication
(fossil fuels) (GWP100a) depletion (ODP) oxidation

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.



LIFE CYCLE ASSESSMENT

MacDrain™ Arctic Blanket vs 30 cm of gravel

120
Al mB
REFERENCE CASE: 700 mm GRAVEL + DOUBLE GTX
100 = -
80
MacDrain™
g 60
< NG 40 T
30 cm of Single layer of 0 - : : : . : . : I
thICk gravel Maccaferri Abiotic depletion Abiotic depletion Global warming Ozone layer Photochemical Acidification Eutrophication

. (fossil fuels) (GWP100a) depletion (ODP) oxidation
MacDrain™

Arctic Blanket

*The hydraulic design for evaluating drainage capacity of the 7 cases are not part of the present study.
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MACCAFERRI

MacDrain™
ARCTIC BLANKET

A DRAINAGE SYSTEM TO PREVENT GROUNDWATER CAPILLARY RISE AND FROST HEAVE

60
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