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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)
Project background

Extensive use of geosynthetics
Challenging conditions (low temperature, snow, freeze/thaw, soft subsoil)
(NorGeoSpec) since 2002, Guidelines for installation and construction with geosynthetics are general

Construction activity restricted in winter conditions
Some experiences revealed possible damage related to installation during construction at low temperature.
This has in the past also been a topic for challenging "fitness for purpose" of geosynthetics for Nordic conditions.

From discussion with traffic authorities of Nordic countries it was decided to investigate survivability of
geosynthetics during installation at low temperatures: ROUGH project

Further goal: prepare Guidelines for installation and construction in «Rough Nordic Conditions»
Basis for evaluation of "fit for purpose™
Basis for specification and certification
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)
ROUGH Content

Nordic conditions
sub-zero temperatures, subsoils, fill types and working conditions: drop height, compaction, etc..

Geosynthetics applications / functions

roads, railways, reservoir dams, rivers, waste disposal, sport fields
reinforcement/stabilisation, filtration, drainage, & sealing

1- full-scale on-site experiment in Kemi (Northern Finland) on installation under Nordic conditions for
applications with functions reinforcement/stabilisation, filtration, drainage

2- literature study & a synthesis state of the art for sealing; considering the difficulty of realisation of on-site
experiment for sealing applications
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Nordic Authorities
i\'ggr',ir;, I;ﬂ;%%;f Infrastructure Manufacturers/Suppliers
: » BontexGeo
o Statens vegvesen (Norwegian « CETCO
Public Roads Administration, « DUPONT
Norway), and « Fibertex Nonwovens
o Trafikverket (Swedish Transport * HUESKER Synthetic
Administration - Sweden)  MACCAFERRI
* Naue
Execution partners « Solmax
e SINTEF e Tensar International
* Thrace

o Tampere University
* GRK Infra Oy

* ViaCon
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

ROUGH Kemi
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

ROUGH Kemi field tests
Main Requirements
Temperature: mild cold - 5°C>6>-20°C
Snow: take away the snow (before installation) Reinforcement / stabilisation
Granular material: blasted rock gravel (0-58mm)

Compaction level: according the Finish guidelines

All GSY tested under same conditions:
installed and compacted at the same day.
excavated at the same day (not the same day as installation).
Excavation:
upper layer shall be carefully removed, first “cm" the excavator can
be used, for the last "cm" (up to the GTX surface) the vacuum cleaner
shall be used

geosynthetic
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

In-situ soil Reinforcement  prainage

/stabilisation . .
) Filtration

Frozen soil
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Granular soil

Crashed rock gravel

Sampling
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Preparation, compaction and testing of granular layers
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Storage & preparation GSY Preparation of sub-base layer and placement of
Geosynthetics

Pre-marking of the test specimens for lab testing
for Reinforcement Stabilisation
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Reinforcement /stabilisation

All products installed under same conditions
- same range of temperature
- installed and compacted at the same day

All products excavated at the same day
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ROUGH Kemi field tests
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Placement of 30 cm crushed rock gravel layer and compaction

Control of drop height
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Removal of upper crushed rock gravel layer

: Reinforcement / stabilisation area
Removal technique for upper crushed g

rock gravel layer

Vacuum cleaner with specific suction head
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests
Preparation of the tests specimen “Reinforcement / stabilisation” for the transport
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Synthesis of the ROUGH laboratory tests

Function reinforcement / stabilisation

Stress-strain characteristics at -20°C, -10°C, 0°C and +20°C.

» specimens cooled down at least one hour before testing;
» after closing door of cooling chamber, tensile testing started when the
temperature reached the required temperature

For the reinforcement/stabilisation products, tests carried out
on single ribs / strands according EN ISO 10319.

The tests were carried out at the SKZ (Germany).
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ROUGH (RecOmmendations for the Use of GeosyntHetics in Nordic conditions) ROUGH Kemi field tests

Synthesis of the ROUGH laboratory tests

@30
25

|
1, | | o
I Function reinforcement / stabilisation
NN
: 1
I o Dynamic impact testing at different temperatures
b ;
: Effect of brittleness of geosynthetics’ on vulnerability £
T to damages due to dynamic impacts
3 [| =en0
|

falling weight (1000 * 59)

with a round fall head

height of 50 cm

inside a 35 x 35 mm square pipe.
impact energy in accordance to EN ISO 13433 - (cone drop test): E=4.91

bedding of product =300 mm x 300 mm x 3 mm plate (acc. EN 12691): Flexible sheets for
waterproofing — Bitumen, plastic and rubber sheets for roof waterproofing — Determination of resistance to impact.
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Synthesis of laboratory tests

Characteristic(s) Temperature
-20°C | -10°C 0°C +20°C
Kemi _ . : .
samples 20 cm width Tensile test Exposed to Kemi installation -10°C
(EN 10319)
Exposed to Kemi inst. Strength Laboratory test +20°C
Stiff
Reference (Virgin) e Laboratory test ref. +20°C
Ribs/strands Tensile test
Exposed to 8°C (Virgin) Exposed to 8°C (Virgin) -20°C | -10°C 0°C +20°C
(EN 10319)
Strength
Reference (Virgin) Stiffness Laboratory test ref. +20°C
Ribs & junctions . Tensile test Exposed to dynamic impact -20°C | -10°C 0°C +20°C
Exposed to dynamic impact (EN 10319)
Reference (Virgin) Strength Laboratory test ref. +20°C
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Some results of the Kemi experiment

Reinforcemen ilisation : . :
einforcement / Stabilisatio Evolution of strength products exposed to Kemi installation (-10°C)

1.0 Surface = Reference stiffness over (tested at +20°C)

i versus evolution of strength virgin products exposed to (-10°C)

3,00

2,50

2 products (A & B) =»clear reduction in strength (- 50 % to — 60 %) for
Kemi samples

Analysis installation damage tests in similar conditions (+ 20°C) show
same level of reduction of strength as in Kemi.

2,00

1,50

5 other products grouped (C, D, E, F, G) show:

1,00

Reference strength (virgin products) /
Exposed product strength Kemi (-10°C)

small reduction of strength on “Kemi” samples (< 13%)
& small increase in strength on the virgin rib/strand in lab (< 13%)

0,50 1,00 1,50 2,00 2,50 3,00
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Reference strength (virgin ribs/strands) over

Exposed strength (virgin ribs/strands) (-10°C) @) SINTEF



ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Some results of the Kemi experiment
Reinforcement / Stabilisation

1.0 Surface = Reference strength over
Exposed strength Kemi (- 10° C)

Reference stiffness (virgin products) /
Exposed product stiffness Kemi (-10°C)
- O
)

0.54 0.7%
0,50 0,60 0,70 0,80 0,90 1,00
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Reference stiffness (virgin ribs/strands) over
Exposed stiffness (virgin ribs/strands) (-10°C)

Stiffness = key parameter in stabilisation by GSY

Evolution of stiffness (at 3% strain) products exposed to Kemi
installation (-10°C)

(tested at +20°C)

versus evolution of stiffness (at 3% strain) of virgin products
exposed to (-10°C)

5 products grouped (C, D, E, F, G) show:
» very small variation of stiffness on samples (< 7%) when exposed
to Kemi instal. at -10°C and tested at +20°C
= damages remain low
=» when temperature increases again, stiffness can be mobilised
as on virgin products
product (B) shows also:
» very small variation of stiffness on sample (< 6%) when exposed
to Kemi instal. at -10°C and tested at +20°C

=» damages on stiffness remain low, (# damage on strength)
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Some results of the Kemi experiment Stiffness = key parameter in stabilisation by GSY
Reinforcement / Stabilisation Evolution of stiffness (at 3% strain) products exposed to Kemi

1.0 Surface = Reference strength over installation (-]_O°C)
Exposed strength Kemi (- 10° C)
(tested at +20°C)

versus evolution of stiffness (at 3% strain) of virgin products
exposed to (-10°C)

5 products grouped (C, D, E, F, G) show:
» large increase in stiffness on the virgin rib/strand in lab (-10°C)
(33% to 85%)
=>» we can expect stiffness in Kemi (-10°C) is increased similar
as “only low damage measured” in lab on products (+20°C)

Reference stiffness (virgin products) /
Exposed product stiffness Kemi (-10°C)

Note: at -10°C surrounding soils are also expected to have an higher
modulus than at +20°C
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Reference stiffness (virgin ribs/strands) over

Exposed stiffness (virgin ribs/strands) (-10°C) ®
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ROUG H (RecOmmendations for the Use of GeosyntHetics in Nordic conditions)

Reinforcement / Stabilisation

CONCLUSION

Applications using geosynthetics for reinforcement / stabilisation, installed under following Nordic conditions:

Temperature: - 10°C

Backfill: crushed rock 0/56, layer ~ 30 cm

Drop height: ~ 1.0 m maximum

Compaction: acc. to Finnish road construction guidelines (InfraRYL Table T1) or similar.

During Kemi experiment:

when the geosynthetics installed in Kemi were correctly designed for positive temperature (e.g., + 20 °C) for the defined
geotechnical conditions of installation:

- no additional installation damage observed on the strength nor the stiffness when products were installed under same
Nordic conditions at - 10°C

- nevertheless, laboratory tests at different sub-zero temperatures show that stiffness of geosynthetic is significantly
increased at - 10°C compared to + 20°C.
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Thank you for your attention!

ROUGH Project participants:

Finnish Transport Infrastructure Agency (Finland),
Statens vegvesen (Norwegian Public Roads Administration, Norway), and

Trafikverket (Swedish Transport Administration - Sweden) Execution partners:
SINTEF

BontexGeo Tampere University

BETPCSNT GRK Infra Oy

Fibertex Nonwovens

HUESKER Synthetic

MACCAFERRI

Naue

Solmax

Tensar International

Thrace Nonwovens and Geosynthetics SpeCiaI thanks to Traffic authority in Finland

ViaCon (FTIA) (Veli-Matti Uotinen), who provided

the test site in Kemi
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