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ABSTRACT

LWAgeolight is an internordic project aiming at @éwing technical solutions for the use of light
weight clay aggregate (LWA) for insulation and ligieight fill in roads and railways. The project
is performed with financial support from Nordic Letrial Fund.

The project has been organised with national aetssin Finland, Sweden and Norway on the topicg
LWA in combination with geosynthetic reinforcmehydraulically stabilised LWA and mechanically|
stabilised LWA. Internordic working groups have be&stablished on the topics surface icing, requi
properties and test methods, publication and imeteation of results in CEN.

The project includes laboratory testing, numeracalyses, model tests and field tests. It has geoMilatg
on characteristics of LWA, structural behaviour aglévant factors for the construction with LWA.
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KEYWORDS ENGLISH NORWEGIAN
GROUP 1 Geotechnical Engineering Geoteknikk
GROUP 2 Highway Engineering Vegteknikk
seLecTep BY auTHorR | LWA-EXxpanded Clay Aggregate Lettklinker
Properties Egenskaper
Testing Forsgk

red



SINTEF Z

TABLE OF CONTENTS

L INTRODUCTION ..ttt eee ettt e e e e as s s bbb bbb b b eeeeeeees 5
2 ProOJeCt OrgaNISALION .......cceviiiiiiueiiimmmm e e e e e e e e e e et e e eeeeeatbbbee s s e e e e eeaaaasaeaeeeeaaaeeeeeeeeensnnnns 5
3 LWA IN ROADS AND RAILWAYS ..ottt 8
N I (Y = | TP 8
G Y o o] o> [0 1 1RSSR 9
3.3 Need for Research and DevelopPmMENt ... e eiiiiiiieeiiieere e e e ee e 12
4 PERFORMED WORK ...ttt et e aese sttt eeeeeeaaaaaaeaaaaassssssnnnnnneeeeeaaaeeeens 13
I o =T 0] (0] [>T o S SPPPPPPPP 13
101 F= T o PP PPPPPRPPPPPPPRR 13
G I VY= [T o TP PTTPPPPP 19
4.4 LLP —results testing and evaluatioNS ......ceeevvveeiiiiiiiiiiieieeeeeeeeeeeeeecevveeeeeeeeeaeaennens 20
A5 INOIWEAY ..neeitiiee ettt e e mmmmme et e e ettt e ettt e e et b e e e et e e e et saeenms e e e eta e e eeaa e e eenneaees 22
4.6 INternordiC WOTrKING GrOUPS .............. e eeeeeesssnsnnnnnnnnnaseaaaeeaasessssseeemmereerremmmmmmmnnns 28
B RESULTS ittt emmmn ettt e e e e e e e e e e e e e s s e s e e e ee e e e e e e e e e e e e e e s e ababbbeeees 37
5.1 LWA-Material PrOPeItIES ......uuiiiiei i s ettt s s s e e e e e e e e e e aeeeeeeeeeeeneeeeesessssnnnnnns 37
5.2 LWA mechanically StabiliSEd ..............ommmeeeemmiiiiiiieeeeeeeeieeeeeeeeiiinsne e 39
5.3 Bearing capacity MEASUIEMENTS ........ccciiiiieiiiiiiiiiiiiiiiaea s e e e e e e e e e e e eeeeeeeeeeeeeeeeesneeees 40
5.4 LWA in combination with geosynthetic reinforcemt..............ccccccceeeiiiin e 41
5.5 Light Loadspreading PIAte ..............ceeeeeieiiiiiiiiiaaaa e e e e e eeeeeeeeeseeeeeeeeeseesnennnnn 41
5.6 LWA as drainage Material .............uuieemmmmeiiiiiiiiiiiiiiiiiiise e eeeeeee e e eeeeeeeeeeenes 41
5.7 Required characteristics and relevant test@asth.................ccoooeiiiiiiiiiiiiiit o 42
5.8 SUIMACE ICING ..o eiiiii ittt tmmmmm e e e e e e e e e e e e et ettt e e e e s seeaa e s s e e e e aeeeeeeaeeeeesnnnnees 42
6 FURTHER WORK ...t e ettt e e e e e e e e e e e e e e e e sesanssasneeeeeaeeeaeas 44
6.1 Systematisation of product CharaCteriStiCSmm ....vvvvrerririiiiiiiiiiiee e 44
6.2 SUIMACE ICING TISK ...t ettt e e e et e et e e e e eeeeeeeeeebbannn e e ns 44
6.3 BaCK CAlCUIALIONS ... e e e eeeaeeee 44
6.4 Field quality CONTIOL.......cooi e e e e e e e eeeeaaeens 44
T REFERENGCES ......ooiiiiiiiii ettt et e e e e e e e e e e e e e e e e s s s ennnnneeeeaaaaaaeeaeaeeseanannnns 45

Nordic Industrial Fund

center for innovation and cormmercial development



SINTEF 3

Preface

The LWAgeolight project has been running over aqakof 4 years. It has involved public
authorities, researchers, university staff, prodsiceonsultants and contractors and has included a
large number of activities in Finland, Sweden amavidy. The results have been presented and
proven to be useful, not only in the Nordic cowedribut also in several other European countries
like Portugal, Germany, Poland and Estonia. Thgptdas been very useful to exchange
experience and increase co-operation between thgid\Nmuntries, which has been one of the
aims of the project.

The project group would like to take this opportynd express our appreciation to Nordic
Industrial Fund (NI) for their support to the prajeThis is not only related to the financial
support, but also to the support provided by thesility to use the project WEB-site at NI as a
working tool for the project and to disseminate ph@ject results to the group.

The LWAgeolight project has not only given a lotusieful technical know-how, but has also
established a new Nordic network and enhancedirgishes. Knowledge transfer and co-
operation are essential, and will be even more mapofor the Nordic industries in the future.
The LWAgeolight project has proven to be a suceg$sbl in this respect.

Bill Herrmansson Arnstein Watn
Project leader Technical responsible
Optiroc Group PA Exclay SINTEF Civil and Environnt@rEngineering
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SUMMARY

LWAgeolight is an internordic project aiming at @dwing technical solutions for the use of
LWA for insulation and lightweight fill in roads drrailways. The project is performed by
participants from Finland, Sweden and Norway arith Wnancial support from Nordic Industrial
Fund (NI) and industry partners.

The project has focused on the following topics: AW combination with geosynthetic
reinforcement, LLP-Light Load spreading plate, nmethbally stabilised LWA, surface icing,
required material properties and test methods YAl publication of results and implementation
of results at European level through CEN.

LWAgeolight includes laboratory tests, numericahlgaes, model tests and field tests. Thermal,
physical and mechanical properties of differenet/pf LWA are determined as basis for design
and product control purposes.

The project has proved that LWA with mechanicab#isation (compaction) can be used as light
weight fill and insulation material in roads andways. The compaction typically will result in a
volume reduction of 10-12 % with a corresponding@ase in unit weight compared to loose
state. Compacted LWA has high stiffness and resistéo permanent deformations provided the
stress level is not causing crushing of the grains.

LWAgeolight has verified that LWA in combination tivigeosynthetic reinforcement increases
the stability of the structure and improve the gual performance. The geosynthetic
reinforcement will increase the resistance to matgformations (e.g. rutting). Reinforcement on
top of the LWA should be of a grid type where tiperdure size is correlated with the grain size of
the granular material.

The LLP method has proven to provide beneficia&f to level out deformations and
settlements e.g. in connection with bridge abutsebifferent types of light aggregate concrete
(LAC) can be used for the LLP which can result leasity varying from 520-1310 kg?niThe
results from the project verify that dependentlantype of LAC and the layout of the plate the
LLP can have a capacity for bending moment varftiagn about 50-150 KNm/m and a shear
force capacity varying from 30 to more than 80 kN/m

The Isolitest part of the LWAgeolight project hasyided a proposal for a Nordtest method with
requirements and related test methods for veriinaaf characteristic properties of LWA. The
Nordtest method is currently being circulated otiamal level for comments and is forwarded as
basis for a new work item in CEN.

The use of insulation in roads may give increassdaf surface icing. The LWAgeolight project
has evaluated the risk for surface icing and hapgsed a method for determining the required
level of documentation of the surface icing riskusg of LWA as frost insulation in roads.

The results of the LWAgeolight project are preséntearticles in technical magazines, in
conferences and on special LWA seminars both ifNibrelic countries and in several European
countries.

J ) Nordic Industrial Fund
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1 INTRODUCTION

Optiroc Group PA Exclay has been running an inteticaresearch and development project
entitled “LWAgeolight”. Nordic Industrial Fund artle industry fund the project. The aim of
the project is to improve and further develop tecinsolutions concerning lightweight clay
aggregate (LWA) for insulation and for lightweidhltin roads and railways.

LWA has been used for civil engineering applicatianthe Nordic countries for many years. The
LWAgeolight project is a continuation of a previddsrwegian research project called Miljglso,
"Miljgriktige isolasjonsprodukter for BA-bransjeril/. This project was carried out by Norsk Leca
as (later Optiroc as, present Maxit Group as) siutpport from the Norwegian Research Council
(NFR). One of the main activities in this projeasato investigate how LWA material would
perform used as frost protection in roads, railweyd other cold structures. The Miljglso project
included laboratory investigations, field investigas, model experiments in the laboratory and
theoretical analyses. The Miljglso project confidiee suitability of LWA as insulation and
lightweight fill in roads and railways. Howevemts concluded that more research and
development were needed on the determination oactaistic properties fulfilling present
requirements and to further develop technicallynsicand cost effective structural solutions.

Based on the results from the Miljglso projecté@swlecided to continue with an internordic
project, LWAgeolight, focusing on the topics idéietl in Miljglso. The project was started with
an internordic project seminar in November 1998 thiedmain part of the project was completed
with a final seminar in January 2002. Some acésitielated to Tuupakka Test field and surface
icing continued also in 2002 and these activitieseacompleted in the autumn 2002.

The main goal of the LWAgeolight project was to eley sustainable solutions for LWA in roads
and railways in a Nordic perspective. The followsup goals were identified:

-prepare requirements on properties and relateanethods for LWA

-prepare conceptual structural solutions for LWAa@ads and railways

-prepare design recommendations for LWA in roadbkraiiways

The results of the project are also intended tthbébasis for implementation into the
standardisation work at a European level throughN CE

This report is the summary technical report from pinoject and presents the organisation of the
project, the performed work and a summary of tiselts. Guidelines for design and construction
with LWA for civil Engineering applications are plaed prepared as a separate publication based
on the results from the project.

2 PROJECT ORGANISATION

The project LWAgeolight is performed as a Nordislustrifond project and includes participants
from Finland, Sweden and Norway. The project pguaicts and their roles in the project are
presented in Table 2.1.

J ) Nordic Industrial Fund
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Table 2.1 Project participants and responsibilities
Participant Country Role in project Contact persor
Nordic Industrial Oddurmat
Fund Sigurdssonn
Optiroc Group PA Project leader main project Kjell Ove
Exclay Amundsgard
Bill Hermansson
Svensk Leca AB Sweden | Project leader Swedish national | Lennart Ideskar
activities
Optiroc Oy Finland Project leader Finnish national | Jouko Partanen
activities
Optiroc AS Norway | Project leader Norwegian nationglon Hauge
activities
SINTEF Civil and Norway Project leader Isolitest Arnstein Watn
Environmental Technical responsible
Engineering main project
SCC Viatek Oy Finland | Technical responsible Finnish | Juha Forsman
national activities
VTT Communities Finland Participant Isolitest Seppo Saarelaingn
and Infrastructui
SP Swedish National| Sweden Activity leader laboratory Lennart Hagnestal
Testing and Research testing in Isolitest
Institute
Helsinki University of| Finland Proqut Ieadgr Surface_ Ic':i.ng Henry Gustavsson
Technology Participant Finnish activities
Participant advisory group Jarkko Valtonen
Bohusgeo Sweden | Technical responsible Swedish | Per-Gunnar
national activities Larsson
Mats Johanss
Noteby as Norway | Participant iractivity field test Odd M. Solheim
control methods
Kaitos OY Finland Participant Finnish national Jukka Hamalainen
activities
VTI Swede) Participant surface icit Ake Hermanssc
Nordisk Vegteknis} Co-ordination Publication Mikko Leppénen
Forbund
Finnish Road Finland Participant Finnish activities and| Pannu Tolla
Enterprise advisory group
Finnish Road Finland Participant Finnish activities and Pentti Salo
Administration advisory group
Swedish Roa Sweden Participant advisory group Hans Wirstam
Administration
Norwegian Norway Participant advisory group Roald Aabge
Directorate of Roads Geir Refsdal

The project has been financed by Nordic IndusKiaid, Nordtest, Optiroc Group PA Exclay,
District road office of Sgr-Trgndelag, Optiroc OFptiroc AS, Svensk Leca AB, SP Swedish
National Testing and Research Institute, FinnisadR&dministration and Kaitos OY.

Nordic Industrial Fund
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LWAgeolight has been organised with national atiggiin each country combined with

internordic working groups on selected topics. ®hganisation of the project activities with main
goals is given in Table 2.2.

Table 2.2 Organisation of project activities

Project Topic Aim
National LWA in combination Investigate structural behaviour and develop
activities with geosynthetic structural solutions and design recommendations
reinforcement (Finland) | for LWA in combination with geosynthetic
reinforcemen
LLP Investigate physical and mechanical properties ¢
Light Load spreading LLP. Develop structural solutions for LLP.
Plate (Sweden)
Mechanically stabilised | Investigate structural behaviour of mechanically
LWA stabilised LWA.
(Norway) Develop structural solutions and design
recommendations for mechanically stabilised LWA.
Internordic | Surface Icing Develop methods for evaluation df o
Working surface icing on roads with LWA insulati
groups Nordtest Develop Nordtest method for required
method: Isolitest characteristics and relevant test methods for
LWA in roads an railways
Publication Dissemination of results from the pobje
Implementation in CEN Implement results from theject into the
standardisation work performed at a Europe€
level in CEN

The project organisation chart is presented inféi@ul.

Optiroc Gr. PA Exclay
Project managment

NVF
Co-ordination
Steering group

SINTEF
Project Co-ordinator

== = -

LLP analyses Freezing and slippery Mech. stab embankm. Ice on road surface
conditions Instrumented field test
LLP optdim. Georeinforced ~ LWCA as drainage Isolitest
Leca structure
|_ Method - fr@jst measur. | ‘ ‘ CEN testmethod ‘

Figure 2.1 LWAgeolight. Organisation chart

J- T pf-;zﬁ:ﬁ'_-;aﬁ = g
?im?-h;.a.m e
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3 LWA IN ROADS AND RAILWAYS
3.1 Material

LWA is produced of clay expanded and burned inryokéns at a temperature of 1180. The
resulting product is a granular material whererttagerial properties may vary slightly dependent
on the basic clay material and the production ecBrevious research work has provided a good
documentation of the physical properties of theemal Key figures for some essential physical
properties of LWA from Optiroc are presented in [Eak 1.

Table 3.1 Physical properties of LWA from Optird&/B8/

Type of material
Property 4-32 mn 4-20 mn 1C-20 mnr 8-20 mn 0-32 mn
Dry loose density 300-340 280-320 230-290 250-30d 300-350
(kg/m®)
Particle density 560-620 525-590 480-560 450-540 560-63p
(kg/n)
Water content, w <15 <15 <15 <15 <15
(weight %)
(delivered on site)

The water content is given as weight of water egldb dry weight of the material. As the unit
weight of LWA is very low compared to more conventil granular material, the figure for
relative water for LWA compared should not be coredalirectly with other materials.

Typical curves for grain distribution for LWA proded by Optiroc are given in Figure 3.1, Figure
3.2 and Figure 3.3.
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Figure 3.1 Typical grain distribution curves for IAAproduced by Optiroc in Norway
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Figure 3.2 Typical grain distribution curves for IANproduced by Optiroc in Finland and Estonia
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Figure 3.3 Typical grain distribution curve for LWIR-20 produced by Optiroc in Sweden

3.2 Applications

The Nordic countries have difficult geotechnicahdiions with soft and frost susceptible soill
combined with severe climatic conditions with frastd rapid temperature variations. LWA as a
light weight fill material with good insulation pperties may beneficially be used in roads and
railways to increase stability, reduce settlemamidice frost heave and increase bearing capacity
during the thawing period.

Nordic Industrial Fund
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3.2.1 Loose LWA with mechanical compaction

LWA has already been used for different applicationthe Nordic countries for more than 40
years. Also in other countries a lot of researchlieen done and a number of projects involving
LWA have been performed. Considerable experiente the use of mechanically stabilised
LWA for civil engineering applications accordingljready exists. LWA is commonly used as
insulation material, as lightweight fill and ashtgveight back-fill to reduce soil pressure on
structures. An example of LWA used as lightweiglhtrf a railroad embankment to reduce
settlement and as insulation material to preverst fpenetration is presented in Figure 3.4.

Sprengstein 0 - 250 mm Sprengstein 0 - 250 mm
072m
0,4m ) \oco Lokinker 10-20mm 0@ @
Sprengstein O - 500 mm
0.7m

Figure 3.4 LWA as frost insulation in railroad enmdanent, Vestfoldbanen, Norway

3.2.2 LWA in combination with geosynthetic reinforement

LWA in combination with geosynthetic reinforceméntn interesting option to be able to reduce
the mechanical impact and deformations of the LWoA traffic loads and hence increase the
bearing capacity and the service lifetime of theAMfructure. LWA in combination with
geosynthetic reinforcement has been tested prdyiand a test structure in Finland is presented
in Figure 3.5. Geosynthetic reinforcement has mesly been used in combination with LWA in
some projects. A systematisation of the resulth evaluation of effects was however lacking at
the time of the starting of LWAgeolight.

i Nordic Industrial Fund
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a) Gravel 0-16mm
Crushed gravel 0-65mm

a / 50, (=50mm)
T T T T T T T T T T T 1 100 (=420mm)

PARERRRE REERER %saohm)
|

r T T ¥
I : P!
! i B Peat _Q\Grid A + Nonwoven geotextile”
1o Mo Be 5500 Geocell, Grid B
: LECA 4-20mm
b) Gravel 0-16mm
509, 608, 1698 Crushed gravel 0-65mm
Grid C
i 50 {(=100mm}
N et i - z 7 300 {=420mm}
P M o 500 (~450mm)

.‘ L Peat !\\\ '
1000 500 700 5600 . . GridC

Nonwoven gectextile
LECA 0-65mm

Figure 3.5 Geogrid and geocell reinforced test stanes of Leteensuo peat area: (a) geocell +
LWA, (b) 2 x geogrid + LWA. The fulfilled layerdkiness is presented in the brackets/4/

3.2.3 Light Loadspreading Plate (LLP)

LLP can be beneficially used to distribute trafbad and level out settlements e.g. in bridge
abutments and embankments for roads and railwdnescdncept has been developed in Sweden
and some projects have already been carried out.

LLP-Structural solution, principle:

Construction of LLP-solution in Aneby, Sweden:

Nordic Industrial Fund
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3.3 Need for Research and Development

However, the experiences with LWA have not beely well systemised and a consistent
overview of LWA properties, test methods, techngmlutions and design recommendations have
been lacking. A harmonisation of the required proeg, test methods, better documentation of
structural solutions and design methods was negebsth to obtain better overall technical
solutions and to harmonise the recommendationanfexample the National Road
administration of Sweden, Finland and Norway hastdlwee different criteria for the minimum
thickness of aggregate layer above the LWA materialroad structure. There was a strong need
for exchange of experiences and transfer of knogddzktween users, producers, research
organisations, consultants and contractors.

The LWA as material is as such well known and afaxperience exist in the Nordic countries
for a number of different applications. Outsidesiieountries this technology is however not so
well known even the potential for use should be/\grod. There was accordingly a need to co-
ordinate the efforts to enhance the implementaiiche LWA-technology outside the Nordic
countries.

This was the background for starting the LWAgedliigiternordic project. This project is aiming
at collecting the existing experience with the aseWA as a basis for technical and economical
optimisation. It is also aiming at developing neslusions and applications for LWA for roads
and railways.

Nordic Industrial Fund

center for innovation and cormmercial development
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4 PERFORMED WORK

4.1 Preproject

The project was started with a preproject includingpllection of experience with LWA in the
Nordic countries. The outcome was presented aténse in Oslo in November 1998. The
preproject showed that LWA had been used both banddunbound for civil engineering
applications in the Nordic countries. The matehmiad been used unbound in all the countries as
lightweight fill and frost insulation material m&nn roads and railways. There was also some
experience with the use of LWA in combination wigosynthetic reinforcement. In Sweden
considerable work had been done on developinghéllbigdspreading plate with hydraulically
bound LWA.

The conclusions from the preproject was that texe a need for a harmonisation of
requirements on properties and laboratory test odstiof LWA and development of structural
solutions and design methods for LWA in roads aildvays. Based on the preproject the main
project was then related to five main topics:

LWA in combination with geosynthetic reinforcenten

LWA-LLP-Light loadspreading plate

LWA - mechanically stabilised (loose LWA with meanical compaction)

LWA - required properties and test methods (hamisation of required properties and test
methods)

* Surface icing risk evaluation

* % 3 X

4.2 Finland

Finland has been main responsible for the topic LW/Aombination with geosynthetic
reinforcement. The activities are mainly relatedh® test field at Tuupakka Interchange. The test
field is located close to Helsinki and is buildadbus ramp. A plan of the test ramp is presented in
Figure 4.1 and a picture from the constructionrespnted in Figure 4.2.

L L TUPAKANERTTASEL] | TTYMAN-I 06
Loy i _.l‘-,., LA L TS 106

-

Figure 4.1 Location of the test structures at th&t site of Tuupakka. Structures 1a, 2a and 3.1a
at the ramp R4 and structures 1b, 2b, 3.1a, 42,413, 3.2, 3.3 and 1a at the ramp R6 /5/
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4.2.1 Tuupakka, structural layout

The test field consists of nine sections wherewésesections are insulated with LWA 10-20
mm produced in Estonia. Reinforcing geogrids aexlus four of the sections with LWA. The
layout of the test structure is presented in teedenstruction report /5/. An overview of the test

structures is presented in Table 4.1.

P 7 L

Figure 4.2 Construction work at Tuupakka Test field

Table 4.1Test structures of Tuupakka /5/

- 1
o W W Y R M SmAm——

it _

14

Number of | Thickness of the layef Special / Length of Ramp: Station
the test | above the LWA-layer| Reinforcements | structure [m] numbers
structure (as designed) [r
1¢ no LWA - - R4 ...14!
le - - R4: 235... ***
la - - R6: 490 ***
1b crushed rock instead 15 m* R6: 355...370
blasted rock
2¢ 0.7 - 45 r R4: 145...19
2b 15 m* R6: 370...385
3.1¢ 05nm - 45 i R4:190...23
3.1b 15 m* R6: 385...400
3.2 0.5 Fornit 20/2C-geogric 20 R6: 450...47
3.3 0.5m Fornit 40/40 -geogrid 20m R6: 470...490
4.1 0.35n -, ** 15 m* R6: 400...41
4.2 0.35n TRC 20-geogrid, ** 15 R6: 415...43
4.3 0.35n TRC 40-geogrid, ** 20w R6: 430...45
The length of LWA structuresl= 250 m

* Structure is instrumented with thermo couples
** Crushed concrete instead of crushed rock inttage layer
*** Test structures R4 station number 235 = R6istahumber 490

Nordic Industrial Fund
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Four types of geogrids were used as geosynthetiforeement: Fornit 20/20, Fornit 40/40, TRC
20 and TRC 40. A summary of the properties of tbeggids is given in Table 4.2.

Table 4.2 Geosynthetic reinforcement used in thiesteuctures

Technical propertics FORNIT FORNIT 40/40 TRC-grid TRC-grid
20/20 2()%% 1
Raw material Polypropyvlene | Polypropylene Aramid Aramid
['ensile strength
longitudinal 20 kN/m 40 kN/m 20 40
transversal * 20 kN/m 40 kN/m 20 40
Strain at failure < 10 % < 10 % 3.3% 3.5%
['ensile strength at 1 % strain * - - 7 kN/m 14 kN/m
I'ensile strength at 2 % strain * 9 kN/m 16 KN/m 13 kKN/m 26 kKN/m
l'ensile strength at 5 % strain ™ 18 kN/m 32 kN/m - -
Modulus at 2 % strain 450 kN/m 800 kKN/m 650 KN/m 1300 kKN/m

Mesh size

40 % 40 mm-~

40 x 40 mm:

14 % 14 mm-

14 % 14 mm-~

Weight **

200 g/m”

330 ¢/m”

130 g/m”

170 o/m”

Roll dimensions

5.2 %200 m"

5.2 % 200 m°

3.1 % 200 m~

3.1 % 200 m-

a [SO 10319 ¥ DIN EN 963
% aramid grid + polvester nonwoven

4.2.2 Performed measurements and results

The investigations and measurements at the Tuugakkéeld include:
-temperature measurements of the structures amenagerature

-frost penetration depth

-control of layer thickness of granular materiabad LWA

-bearing capacity with plate load tests and fallvegght deflectometer (FWD)
-rutting measurements

-friction measurements

-observation of weather conditions

Temperature measuremenisre performed to investigate the insulation proge of the LWA
and the frost penetration into the structure. Hmegderature measurements are also used to
evaluate the possibility for surface icing whictaispecific topic in the project. The temperature
measurements have been performed at regular ilgetweng the whole test period. The
maximum frost depth from the temperature measure&weas only possible for the reference
structure were a maximum frost penetration of 3®&as found. The results of the temperature
measurements are presented in /6/.

Frost penetratiorhas also been measured by using a Ganthal's mttiylblue indicator). The
frost penetration was measured 2002-03-21 anddisedepth at the reference structure at that
time was 1.3m.

Layer thicknessf the granular materials was measured using grpenetrating radar. There was
a difference between the designed layout and @decomstruction and it was therefore necessary
to perform control measurements. The measured thigkness is presented in /7/ and shows that
the layer thickness over the LWA is generally digantly thicker than designed.

Bearing capacitywas controlled both on top of the bearing layeth®yuse of plate load test and
on top of the AC layer by the use of FWD. The mearsients were performed on both lanes 1 m
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from the centre line of the road. A summary of tegults from the plate load tests are given in
Table 4.3.

Table 4.3 Results from plate load tests

Station [hickness ol | Thickness of the | Crushed rocks Special Bearing
number the LWA layer on top of crushed con- capacity
laver as de- LWA as meas- | crete (CR/CC) | MPa]
signed [mm)| ured® [mm]| (average)
335..:.370 - - CR Crushed rock —structure 196
370...385 700 620...750 CR 149
385...400 700 360...440 CR 127
400...415 700 240...280 cC 100
415...430 700 390...490 €c TRC 20 124
430...450 1450 360...460 (616 TRC 40 104
430...470 1300 430...540 CR Fornit 20/20 170
470...490 1300 =300)... 600 CR Fornit 40/40 173
490...510 - - CR Blasted rock —structure 244

# without AC-layer =100 mm

Generally the bearing capacity measured on topeobaise course layer (plate load test) was
considerably lower for the LWA structure100-150 MPa) than for the reference structures
(E2= 200-240 MPa). The sections were designed ainting bearing capacity of minimum 160
MPa, accordingly the requirement for bearing cagagas not achieved for the LWA-sections.
For the sections including geosynthetic reinforcentlee results varied fronzE 104-124 MPa
(TRC -grid) to E= 170-173 MPa (Fornit-grid).

The results from the measurements of bearing cpacitop of the AC-layer (FWD-
measurements) were significantly lower for the L\W#uctures compared to the conventional
structures. The results have large variations difet avith time but typically the reference
structures obtain a bearing capacity) (F)-100% higher than the LWA structure. For the
sections with geogrid the measured bearing capaaity from 20% lower (TRC-grid) to 20%
higher (Fornit) than the unreinforced structures.

The FWD-measurements are used to back calculateathes of E-modulus of the different
layers. Results of back calculations of thertodulus are presented in Table 4.4. The results
indicate very clearly the difference between then&dulus of the sub-base of crushed rock
compared to the LWA layers. It should though becsat that the calculated E-modulus for
the LWA layer varies from 35 to 120 MPa.
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Table 4.4 Back calculated E-modulus of the tesicttires at ramps R4 (a) and R6 (b)

a) Thickness of | Thickness of the AC-laver | Crushed rock | Crushed rock LWA
Station the LWA laver on top of (base lacyr) (sub base) 10...20 mm
number layer as de- LWA as

signed [mm] | measured [mm] | MPa| [MPa] [MPa] [MPa|
110...145 - - 2000...3500 350 300...320 -
[45...190 1100 640, 840 3000.,.5300 240...280 200...240 100...120
190...235 1300 580...710 2200...3000 180...2R0 100...240 50...100
235...270 - - 2500...3000 ] 200...380 280...360 -
b) Thickness of’ | Thickness ol'the | AC-layer | Crushed rock | Crushed rock LWA
Station the LWA laver on top of [ C.econcrete | /C. concrete | 10...20 mm
number layer as de- LWA as E-modulus | (base layer) (sub base) E-modulus

siened [mm] | measured [mm) [MPa] E-mod. [MPa] | E-mod. [MPa] [MPa]
335...370 - - 3000.,.3500 280...320 240...270 -
370...385 700 720...850 2000...3500 220...300 120...200 70...80
385...400 700 460.,,540 3000 220...300 80..,200 30...70
400...415 700 340...380 Y | 2000...2500 140...360 70...140 40...45
415...430 700 490...590 “© 12400...3000 | 180...220 [ 90...95"® 35...42
430...450 1430 460...360 ™ 12000...2300 | 100...230 | 60...80"™ 35...40
430...470 1300 530...640 2200...3500 |  180...260 110...220% | 50...100
470...490 1300 600...700 2 13300...3500] 260...350 | 200...240"* | 100...110
490...510 - - 2700...3000 ]  180...200 200...250* -
T20 = TRC-grid 20/20 T40 = TRC-gnd 40/40 F20 = Fornit 20/20 F40 = Fornit 40/40
CC = Crushed concrete

17

Generally the E-modulus of the LWA seems to inaeeaish increased cover layer above the
LWA, Figure 4.3, i.e. with increased stress leviehe LWA.

140

& © Thickness of LWA-layer = 0.6 m
= 120 # Thickness of LWA-layer < 0.8 m O—
3 o
i)
= -
§ 100 WH—O o—_
3 -
55 & e ® .
o o -~
= & O * o
£ 5 Pl
< © 60 . i
> 7 & 0
o & ”~” ®
& 40 ~7'Le
=3
g o LR y=126_61x-79:19
w

0] t t T = i . t t g t 2 t

0.0 0.1 0.2 0.3 04 05 0.6 o7 0.8 0.9

Thickness of layer over LWA. m

Figure 4.3 E-modulus of LWA versus thickness oérclayer

The results from the bearing capacity measurenagatpresented in /7/.
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Ruttingwas measured with laser-profilograph in threei®in October 2000, May 2001 and
October 2001. Rutting measurements from 4 secaomgresented in Figure 4.4. Section 3.1b
and section 3.2 both have 50 cm overlay over th&L8éction 3.1b has no reinforcement while
section 3.2 is reinforced with Fornit 20/20. Thediperiod for the rutting measurements is quite
short but the measurements indicate that the anafwuirface rutting is reduced 15-45% by the
use of geosynthetic reinforcement of type ForniR0

0 {Bright rut W left rt

Rut depth (mm)

1b 2b 31b 41 32
LWA + 50 cm, no LWA + 50cm,
reinforcement reinforcement
Fornit 20/20

Figure 4.4 Rut depths of the test sections in Tkkpat 2001-10-01

The results from the rutting measurements are ptegen /7/.

Friction of the surface is measured in autumn and winte©0ZD01 and 2001-2002 using
portable friction tester (PFT and C-Trip frictioretar installed in a passenger car. The
measurements indicate a generally lower frictiotthenLWA structures compared with the
conventional structures. The differences in thesuead friction (measured at occasions where
surface icing is likely to occur) is 13 % lower f600 mm overlay over LWA to 23% lower for
350 mm overlay thickness compared to the convealistnuctures. The friction measurements
are presented in /8/.

Weather conditionkave been observed in terms of air temperature pient, relative humidity,

air pressure, wind speed and direction and cloughhelhe weather conditions are all collected
at Vaisala measuring station located 1.8 km fromapkkka test site. A summary of the results are
presented in /8/.
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4.2.3 Conclusions from Tuupakka

The test structure at Tuupakka has provided usaflmdimation on the construction and structural
behaviour of LWA used as insulation in roads.

Insulation:

The results verify the insulation effect of LWA the frost penetration is reduced compared to the
sections with no insulation. The frost never peatett through the LWA layer but due to some
measurement problems the maximum frost penetrdepth in the insulated layers has however
not been determined.

Construction:
The layer thickness of the LWA layer and the granabver material above the LWA varies
from the design indicating that the accuracy ofléwelling during construction is not sufficient.

Bearing capacity:

The bearing capacity of the structure as determinyeitie E-modulus increases with increasing
aggregate layer thickness above the LWA. The measemts both on the surface and on the base
layer indicate that the compaction of the LWA isysag and is partly not sufficient. The results
indicate that there is a need for better compaatpipment and procedures and for methods of
controlling the quality of the compaction. The ésido not give a reliable basis for estimation of
an E-modulus of LWA for design purposes.

Effects of geosynthetic reinforcement:

The effects on bearing capacity from geosyntheiicforcement have not been clearly
documented in the project. The results indicatedhancreased bearing capacity can be achieved
by the use of reinforcement but the effect is depehon type of reinforcement and interaction
with the surrounding material.

The results verify that the rutting of the surfeseeduced by the use of geosynthetic
reinforcement. In general reinforcement seems mamimprove the resistance to plastic
deformations (rutting) while the elastic propertjas measured by FWD) are only
marginally influenced.

4.3 Sweden

Sweden has been main responsible for the topic LWghAt loadspreading plate (LLP). The LLP
Is a steel reinforced plate made of light weighgragate concrete with an open structure (LAC).
It has been developed by AB Svensk Leca and is tasemtiuce the impact of traffic loads on
underlying material and to level out differentiatttements in road and railway embankments
primarily.

The LLP has previously been tested at CTH, SP, EWand AB Svensk Leca. In the Geolight
project the LLP has been tested both on unreinfoseenples and on reinforced beams.

The material tests were carried out during 1999RatThe tests and evaluations have been done
on commission of Swedish Leca in co-operation Bitvedish Leca, SP and Bohusgeo. The test
programme is presented Table 4.5
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Table 4.5 Test programme LLP

Type of sampl Type of tes

Unreinforced Compressive strenc

samples Tensile strengt
Modulus of elasticit
Bulk densit

Compressibility cyclic loadir
Frost resistance

Heat conductivit

Reinforced beams Moment capacit

Cross sections height 0.3, 0.4, 0.5 m. | Shear strength capac

(steel reinforcement in top and bottom)| Unit weigh'

A picture from the testing of the full-scale beapresented in Figure 4.5.

Figure 4.5 Full scale testing of LLP

Bohusgeo has performed theoretical analyses otitsgsof the

LLP. 4.4 LLP - results testing and evaluations

The project includes testing both of the Light wetigggregate-concrete (LAC) itself and on full
scale LLP-beams.
The main results from the testing of the LAC (thdééerent types) are given in Table 4.6.
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Table 4.6 LAC-characteristic properties
Characteristic Type of LAC
LAC-type 1 LAC-type 2 LAC-type 3
Compressive strength (MPa) 2 2 18
Tensile strength (MPa) - - 1.4
Modulus of elasticity (MPa) 1400 1700 11000
Density (dry) (kg/m) 520 530 1310
Heat conductivity (W/mK) - - 0.5

The tests have also showed that the lightweightesgge concrete of strength LAC 2
(comparable to LAC-type 1 and LAC-type 2) and LAE(tomparable to LAC-type 3) both were
frost proof.

The main results from the testing of the LLP-beamesgiven in Table 4.7.

Table 4.7 Results from testing of LLP-beams

Characteristic Type of LLF
LAC-type 1 | LAC-type 2 | LAC-type 3 | LAC-type3
H=500 mm | H=500 mm | H=300 mm | H=500 mm
Moment capacity, per m width (kNi | 5C 50 75 15C
Shear force cap. per m width (KkN/m 30-40 30-40 20 >80 *)

*) Shear force when failure due to bending occurs

The evaluation has shown that calculations of ¢h&erced beams moment capacity and shear
strength capacity, based on measured compressargt and tensile strength, gives relatively
good correspondence with the bending tests. Thelledilons have been done according to
conventional calculation methods aimed for concrete

The LLP has been tested in real field structureshas proven to give very good results in terms
of load distribution and in levelling out settlent@rPictures from construction of LLP in MgIndal
IS presented in Figure 4.6.

Figure 4.6 LLP construction, MgIndal

Detailed information on the results on the testing evaluation of LLP is given in /9/.
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4.5 Norway

Norway has been main responsible for the topic LMWiechanically stabilised. The LWA
material from Norsk Leca has been thoroughly ingastd in the project Miljglso. The main
activities in the Geolight project have been raldtethe test field at Sandmoen. There has
also been an initial activity related to the us&\0fA for drainage applications.

4.5.1 Test Site Sandmoen

The aim of the Sandmoen test site was to investitpt structural behaviour of LWA as a part of
the bearing layer of a road. The work at Sandmasrbeen done in close co-operation with a
Dr.Eng thesis at NTNU related to edge deformatmfme®ads /10/.

The test site is located at a weight control statind includes four different sections whereof two
sections with LWA as a part of the bearing layane©f the sections with LWA is a wedge
section where the overlay over the LWA is graduegdiguced. The layout of the test field and the
instrumentation are presented in /11/. The testaitre layout is presented in Figure 4.7.

Longitudinal section:

Section 1 Section 2 Section 3 Section 4

., Crushed rock 20 - 10

Ve aray Sy eas s s ls;

Sand

Cross-section:

4 cm Ac
6 cm Ac

30 cm & S
Crushed rocle *-

40 cm LWA
10-20 mm 3

35 cm sand

Figure 4.7 Test field at Sandmoen, structural layou

4.5.2 Performed measurements

The investigations at Sandmoen include stress taaih sneasurements, temperature
measurements, surface profiling and surface fricti@asurements. Measurements have been
done both during controlled loading by a heavy gkehand as continuous measurements under
normal traffic loads. It has also been performedepload tests and falling weight measurements.
The test field became excavated after 2 yearsroicgeand the material have been examined both
visually and in the laboratory.
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Figure 4.8 Sandmoen test field. Construction worlt eontrolled loading test

4 5.3 Test results

The Sandmoen test field has provided very usefullte both related to construction techniques,
structural behaviour and insulation effects of LWAMAsummary of the test results from Sandmoen
are presented in this report.

Stress measurements:

The stress distribution in the LWA — layer undesehicle with 123 kN axle load and 690 kPa tire
pressure is shown in Figure 4.9. The vertical streseduced to about 100 kPa at the top of the
LWA for the inner track and to about 160 kPa cltzsthe edge. At the bottom of the LWA layer
the stresses are further reduced to 50 and 70 kPa.

Vertical Stress [kPa]

0 1l
1Jcnmna\t
0.19
D 0.24
30 cm cruphed rock
€ 0.3
p t
h
[m 0.44 /p
1 0.5 /
0.6-
110 |cm Yeca
0.7
0.8 y

(distance from
—e— Edge (0.15m) —m— Inner track (3 m asphalt edge)

0 100 200 300 400 500 600 700 800
Figure 4.9 Measured vertical stress in the LWA tdgele load: 123 kN, 690 kPa)
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Deformations:

The vertical deformations are measured in the LW@ ia the crushed rock. The strains are
plotted in the middle of each layer in Figure 4.TBe measured strains are substantially larger in
the layer of crushed rock (approx. 2.4 %o0) thathenLWA layer (approx. 0.8 %0). This
corresponds well with the lower stress-level inlth®A layer. One of the sensors in the crushed
rock layer (inner track) has deformed more thamtleasuring range, meaning that no reliable
measurements are available for this point.

%o def.

0 sphalt

0.2 30 cm crushed rock

0.740cm Leca

edge (0.15 m) inner track (3 m)|

(Distance from asphalt edge)

Figure 4.10 Resilient vertical strain in the crush@ck and LWA materials (axle load: 123 kN,
690 kPa)

Bearing capacity:
The bearing capacity (given in tons) based on FWdasarements along section 3 and 4 is shown

in Figure 4.11.
Section 3 Section 4

35 69
E 3 10.310.810.5 ro:r oot o109 11.1 113 M3 o 107 va 7 7 1
2 25
2
g 2
E
% 15
g1
8 67 64 64 6

0.5 88 8.682 8.1 8.2 8.68.18.6 9 938 95 95 96 93 9

7372 794
0 -GI1..2..\?)..4-?.5.-7.8..9..1.0.-[1.:]'. 1.2..1.Bllrﬂ..IS..Ivll.r.ilg.i.gl20
m

Figure 4.11 Bearing capacity (tons) measured wittF- (1 ton eq 10 kN)

Nordic Industrial Fund

center for innovation and commercial development



SINTEF 25

As can be seen from Figure 4.11 the measured lgeeapacity was comparable to a traditional
road structure both for section 3 and for secti@xeept for the area with only one layer of
asphalt at the weak end of the wedge — out sefdextion 4). As expected the bearing capacity
was lower when the FWD — measurements were takese ¢b the pavement edge. This is due to
the fact that the horizontal stresses close tetlye are lower and accordingly the bearing
capacity is reduced close to the edge. The saraetefivere also observed at the adjacent section
with conventional granular material /10/.

Plate load tests:

Plate loading tests were performed on all layersduthe excavation of the test field. During
construction plate loading tests is difficult taffeem directly on the LWA material for two
reasons:

-the surface of the material is too unstable t@ gneaningful results

-placing of a truck to take the reaction forcesurszp special precautions to obtain trafficability

In comparison the plate loading tests during extanaould be performed easily. The surface of
the LWA was very stable during the excavation aitth ®ome load spreading plates under the
wheels the truck could be moved on the LWA matenal perform the test, Figure 4.12.

Figu4.12 Plate loading test directly on LWA laye

Figure 4.13 showsiEE2 andg,e; values for plate loading tests on different levAlgerage values
from the testing during the original constructidrhe test field (summer 1999) and during the
excavation (summer 2001) are summarised in TaBlardd Figure 4.13. Thexkalues for the

LWA obtained by the loading tests during the extiamas surprisingly high considered the lack of
stabilising material on top of the material. Asioesly stated it was not possible to perform the
loading tests directly on the LWA at the time o thriginal construction. After the testing was
finished the plate load equipment was recalibral&ds revealed that too low stress was applied
(32 %); the results below have been adjusted acwptd the last calibration.

It should also be noted that both theaBd E values at the top of the crushed rock bearing layer
have increased significantly from the values olgdiat the construction stage (summer 1999)
to the values obtained during excavation (summ®a.R0rhis indicates that the stiffness of

LWA layer is significantly increased after the m&ition and compaction of the cover layer.
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Table 4.8 Results from plate loading tests

26

Time Level of plate loading E1l E2 E2/E1
During construction | On top of crushed rock 44 124 2.86
(summer 199¢
On aspha 71 15¢ 2.2F
During excavation On top of crushed ro 88 163 1.8¢
(summer 2001) On LWA 29 95 3.€
| El E2 E2/E1 |

200 5

180 4 i 14.5

160 AU B nnnn e 1a

140 4 13.5

120 3

=
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IModulus (MPa)
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=
[E2/E1 ratio

o)}

C
=
(68

D
C
!
1
=

N
&) c
[l
NI |
sy |

Plate loading tests
Figure 4.13 Results from plate loading tests duemgavation

Structural behaviour:

The structural behaviour of the test sections le&@hlvery good. The measured rutting of the
surface is presented in Figure 4.14. The amounitbhg at the "normal section” (section 3, 400
mm overlay) is in the same amount as for the fiest of the wedge section (section 4). Most of
the rutting was observed initially after the fiekds constructed. The development of rutting
stabilised after a few months except for the weigpad of the wedge — out section (section 4)
where a total of 80 mm of rutting accumulated atftey years of service.
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Figure 4.14 Final rutting measured manually witl3 an straight beam

Temperature measurements:

The analyses of the temperature measurements acempleted yet. However, Figure 4.15
shows some measurements for some selected tenmpesansors for the winter 1999/2000.
Notice that the temperature in the bottom of theA_l&yer never drops below freezing point
during the winter. This means that the problem# idst heave and spring thawing are
eliminated.
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Figure 4.15 Registered temperatures (daily mearn)iféerent levels in the LWA —section for the

winter 99/00

4.5.4 Sandmoen-conclusions

The test field at Sandmoen has verified that fromeghanical point of view LWA can be used as
a insulation layer with significantly thinner ovaylthan previously recommended. Section 3 (400

mm overlay) was able to withstand the traffic withdeveloping severe damages. It is also

believed that heavier compaction on top of the leger would have reduced the initial rutting.

The weakest part of the wedge — out section (oyéhiakness 200 mm) seems to be too we
The development of rutting is more rapid than wdtatld be accepted on a regular road.
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The test field has provided information of how hgjhess levels the LWA material can be
exposed to without starting to develop severe dasagince the experience with this type of
materials used in pavements is yet limited it ®memended to perform a stress strain analysis in
the design process for pavements including LWAnteomechanical point of view 40 cm of
material above the LWA — material seems to be aefit for a low — volume road. For design of

a high volume road, it should be considered toaase the thickness somewhat to reduce the risk
for abrasive wearing of the grains.

The measurements during the excavation have \eétifi@ the bearing capacity of the LWA layer
after compaction and covering with a granular begplayer is generally very good provided the
LWA is properly compacted. The measurements ha@\arified previous results on 10-12 %
increased density by compaction of LWA.

The dry density of compacted LWA material measae8andmoen is about 400 kd/mhis
seems to be relatively high compared to previosslte found in the laboratory and from field.
Similarly the measured water content at Sandmaoeaverage about 35 weight %, seems to be
relatively high compared to previous results fréma field.

Investigation of the LWA-material after excavatidid not reveal severe crushing of grains, even
at the weakest part of the wedge — out sectiors iRldicates that crushing is not likely to be the
dominating mechanism even at relatively high stlegsls.

The temperature measurements verify that the ihsuolaffect of the LWA material significantly
reduces the frost penetration.

More detailed information from the Sandmoen tesdtlfis presented in /12/.

4.5.5 LWA for drainage applications

An initial activity has been carried out to investie the use of LWA for drainage applications.
LWA has previously been found to have good drair@geacity and in combination with the
insulation effect the use of LWA in drainage ditstseemed very promising. LWA has been used
as drainage material and for frost protection ims@ases. In the project some numerical analyses
were performed as a basis for evaluation of necgssaount of LWA for insulation of drainage
ditches. It has also been planned to run a fiedtdde a drainage ditch with LWA as drain medium
but this has not been realised so far due to lafikancing.

4.6 Internordic working Groups

Three topics in the LWAgeolight project have beerfgrmed as joint internordic activities.
These topics are:

-preparation of requirements on properties ang testhods for LWA-Isolitest-project
-evaluation of risk for surface icing

-publication

4.6.1 ISOLITEST —project

The main goal of the Isolitest was to develop adiest method giving required properties and
corresponding test methods for LWA used in roadraildiay construction. This project was
partly financed by Nordtest.
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The Isolitest project included a precision trialvibeen seven different Nordic laboratories and an
evaluation of different test methods based on preexperience. The test programme is
presented in Table 4.9.

Table 4.9 Performed work in ISOLITEST

d

Property Relevant test method(¢ | Supplementary work

Dry loose bulk EN 1097-3 Supplementary testing as basis for
density evaluation of variation in the test methg
Grain size EN 933-1 Supplementary testing as basis for
distribution evaluation of variation in the test methg

d

Particle density

prEN 1097-6, annex C

Evaluation of results from earlier tests

SP 758 *) to determine variation in results
SP Al 865 *)
Water content EN 1097-5 Determined as part ofekgrtg of
dry loose bulk desity
Water absorption 1097-6 Preparation of revisedqutore with

increased duration of t

Compressibility

prEN 13055-2
Large scale oedometer

Supplementary testing in large scale
oedometer. Comparison of results
with EN 1305!-2.

Compressive

prEN 13055-2

Supplementary testing in large scale

compression

strength Large scale oedometer | oedometer. Comparison of results
SP Method Al 861 *) with EN 13055-2.
Cyclic SP Method 2563 *) Revision of procedure to specify releva

load levels

t

>

Elastic stiffness
and resistance
to permanent
deformations

Cyclic triaxial testing

Exchange of results froneyious
testing. Comparison of results with
EN13055-2 (stiffness and resistance
to permanent deformations)

Prepare procedures based on current
practice

Effective stress

Static triaxial testing

Prepare procedures based on

properties: current practice

friction angle,

attraction/

cohesion, dilatancy

Sampling EN 932-1 Sampling performed as part of the
EN 932-2 supplementary testing

*) SP method: Test method developed by SP Swedilohal Testing and Research Institute
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As a part of the Isolitest project SP has develapatkthod for determination of compressibility
and compressive strength after compaction by vitmmaSP-method 2670, Nordtestproject 1391-
98. The method is also a draft Nordtest methodaadichft European Norm prEN 13055-2, Annex
A. SP has also developed a test method, origicadisited by the Swedish Railway authority
“Banverket”, for determination of the resistanceyolic compressive loading, SP-Method 2563.
The method is also a draft Nordtest method.

Isolitest results:

The result from the ISOLITEST project is presernited presentation of the project results /17/
and as a proposal for a Nordtests method: “Lighgkteclay aggregate for roads and railways.
Required properties and test methods.” /13/.

This report is used as a basis for a proposal feor& item on this topic for the work in CEN TC
88. The proposed Nordtest method has provided aflrequired characteristics for LWA for
roads and railways. The purpose of the testingfisencing the equipment and procedures to be
used.

In this Nordtest method the purpose of the tessrdjvided into the following groups:
- verification of environmental acceptance

- design purposes

- quality documentation

- production control

Environmental acceptance:

Characteristics and relevant test methods listeigiucolumn “environmental acceptance” are
required to ensure that the material fulfils regments related to possible leakage of
environmental hazardous substances.

Design:

Characteristics and relevant test methods listelgiucolumn “design related” are required to
provide the designer with sufficient documentatdithe material properties. The requirements
and test methods required for design in this Netdteethod are related to the following
applications:

- light weight fill beneath roads, railways andetlraffic areas (F)
- light, insulating and draining fill material agat structures (FS) -
insulating material in roads and railways (1)

- frost protection of pipe ditches (FP)

Quality documentation:

Characteristics and relevant test methods listelgiucolumn “quality documentation” are
required as a material documentation, i.e. thahthterial has a given set of characteristics and
that the material quality can be verified accordimghese characteristics.

Production control:
Characteristics and relevant test methods listelgiucolumn “production control” are required as
a basis for the producers own continuous qualibgipction control.

The required characteristics and relevant test odstielated to the application and intended use
of the LWA are presented in Table 4.10. More dethihformation on the required characteristics
and the test methods can be found in /13/.
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Table 4.10 Required characteristics and relevast teethods
Properties Test methods
Environmental Design Quality Production
acceptance related *) documentation| control
Dry loose bulk density EN 1097-3 EN 1097-3 EN 1097-3
F,FS, I, FP
Grain size distribution EN-933-1 EN-933-1
EN-933-2 EN-933-2
Particle density prEN 109-6 SP 75!
Water content EN 1097- EN 1097-5
51, FP
Water absorption prEN 1097-6, prEN 1097-6,
annex ( annex (
Stiffness, static loading Large prEN 13055-2
scale annex A.
oedomete
Compressive strengt prEN 13055-2 | prEN 13055-
annex A. 2 annex A.
SP A 861
Characteristic limit stress Large
level scale
oedometer
Cyclic compressiol Nordtest
method SP
Method 2563
F, |
Elastic stiffness Cyclic triaxial | prEN 13055-2
and resistance to tests:
permanent deformations F, I
Resistance to mechanice Not relevant Not relevant Not relevant
degradation (crushing)
Effective stress Triaxial
properties, frictional tests F, FS
angle, dilatancy
Sampling EN 932-1
EN 932-2
Water suction height Not relevant Not relevant Not relevant
Resistance tc prEN 13055-1,
disintegration annex B
Chemical analysi EN 1741
Thermal capacity SP SP method 229¢
method
Thermal conductivity prEN 12664 prEN 12664
Freezing and thawing prEN 13055-2,
resistance annex [
Leaching NT ENVIR 002
NT ENVIR 003
prEN 12 457

F: Light weight fill in roads, railways and otheaffic structures

FS: Light, insulating and draining material agaststictures I:

Insulating material in roads and railways
FP: Frost protection of pipe ditches
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4.6.2 Surface icing

Basics:

Insulation close to the road surface may preveat transfer from the underlying embankment
and cause icing on the road. Based on earliermgs@arks in 1970’s it was decided by the
Finnish road authorities that at least a 700 mnedayg layer of mineral soil over an insulation
should be used. In Sweden the road authoritiesdenplevith a required thickness of 500 mm for
the covering. In Norway no specific minimum thickeavas required but it is stated that if
insulation is used the possibility for surface geshould be considered carefully. If the thickness
of the covering could be reduced without increasigrisk of icing, the use of various insulating
materials could be increased.

Performed work:

The work to examine surface icing was started #91®uring 1999 and 2000 research was done
mainly nationally. In spring 2001 an internordicrkiog group was established to co-ordinate the
activities on this topic. The aim of the workinggp is to evaluate the risk for surface icing in
roads with LWA used as insulation and light weifjlhimaterial.

Two test sites have been constructed with LWA-iasoih at different depths and is used for
friction and temperature measurements as a p#redctivities. One test site was constructed at
Sandmoen, Norway and the other at Tuupakka, Finfeehperatures of the air and pavement
surface for both insulated and not insulated (egfee) structures have been measured to find out
the differences in the behaviour of the road sega€riction with different equipment has been
measured and also modelling of the surface tempesahas been performed.

Temperatures:

In the winter, the relative humidity of the air@tandinavia is often near 100%, and the dew point
is only a couple of degrees centigrade lower tharair temperature. When the surface
temperature under these circumstances drops bbdew point and below the freezing point,
vapour in the air condensates and hoar frost mddron the road surface. To examine this effect
the number of hours has been calculated, wheruiti@ce temperature is below 0 °C and also,
when the surface temperature is below 0 °C andibile dew point temperature. The Relative
Icing Risk of different structures, obtained byiding the values of these “risky hours” of other
structures with the values of the Reference straciti Tuupakka in winter 2000-2001 and autumn
2001 is shown in Figure 4.16. Also in the similaywbtained results from a conventional road at
Helsinki-Vantaa Airport (Ref. Hki-V) is added toetligure. The total time, which the surface
temperature was below 0 ° C and below the dew pwind 431 hours for the reference structure
and 756 hours for the LWA+350 —structure.
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Figure 4.16 Relative Icing Risk of test structusesed on temperature measurements in winter
2000-2001 and autumn 2001

In Sandmoen the differences of risky hours betwikeneference structure and LWA+400-
structure were very much smaller than in Tuupakik@time for icing risk based on dew point
and measured surface temperatures was only 19%rlavith the LWA-structure. The results
from the measurements at Sandmoen are presentbdf.in

The modelling of the pavement surfaces has beea dsing a model developed at VTI /15/.
The results of the modelling for the referencecttite and LWA+350 mm seem to support the
observations made in Tuupakka. In Sandmoen therdiite between air and surface
temperatures are higher and the modelling doeagree as well to the observations.

The surface temperature differences between diffesteuctures are often very small. This
phenomenon demands very high accuracy of the tertysermeasurements and very precise
installation depth of the sensors.

Friction of the surface:

The research programme also included friction mreasents on the test structures, in order to
verify the results in practice. These measuremgate made at Tuupakka using a portable
friction tester PFT owned by The Swedish Nationeh&and Transport Research Institute and a
C-Trip friction meter installed in a passenger /€dr

The PTF equipment is a hand operated friction met&rporating three wheels, one of which
measures surface friction. The weight of the deia@8 kg and the operating speed is 0,5 m/s.
The device provides an average friction based gint @easurements respective to every 104
mm. The C-Trip measurement unit is comprised oélantronic device installed in a car,

which measures the friction

The friction measurement results obtained in wig@90-2001 from Tuupakka did not show any
differences between the structures /5/. This waslgndue to salting of the test road and failed
timing of measurements. In autumn 2001 the timiffyiction measurements was more
successful for the purposes of this study: on émaasions (15.11., 17.11., 18.11. and
8.12.2001) visible differences between the four s&sictures were found, Figure 4.17. Using



the average results of these four measurementativeFriction Index (RFI) of the tested
structures was calculated by giving value 100%lHerreference structure: the average RFI for
LWA+700 was 87%, for LWA+500 it was 80% and for LW250 it was 77%.
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Average PFT-friction Values
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Figure 4.17 Average simplified PFT-friction valudesm Tuupakka 2001.
(1b=reference, 2b=LWA+700, 3.1b=LWA+ 500 and 4.1=AW350)

The friction measurements in Sandmoen showed lévegion with the LWA+400 -structure both
with BFP (British Friction Pendulum) and PFT (Pbi&aFriction Tester). The average relative
reduction of friction for LWA+400-structure with BFwas 42% (autumn 2000) and with PFT
15% (autumn 2001) in comparison to the referenuetsire /14/.
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Evaluation of surface icing risk:

Icing risk evaluation of a pavement can be donedbgulating the time that the pavement is
assumed to be exposed to icing. The time that arpent is exposed to icing can be defined as the
sum of hours that the surface temperature is b&?@wvAnother criterion is that the surface
temperature is below’G and below the dew point temperature. This simatauses the humidity

in the air to condensate on the road surface aitdifmof hoar frost happens causing the frictién o
the road to decrease. This time (“risky hours”) barobtained from temperature and dew point
measurements on an existing road and compariaghettime at some reference structure nearby
(the time can also be obtained by modeling theasartemperatures). By adding the information of
lowered friction feature of different structuresie relative time that a structure is assumectto b
icing risky, a Relative Slippery Index (RSI) hagbe&reated /8/.

The friction measurements in Sandmoen showed lévegion with LWA-structure both with

BFP (British Friction Pendulum) and PFT (Portabletion Tester) /14/. The average relative
reduction of friction for LWA+400-structure with BFwas 42% (autumn 2000) and with PFT

15% (autumn 2001) in comparison to the referemeetsire. In Sandmoen the differences of risky
hours between the reference structure and LWA+4@Q@tsire were very much smaller than in
Tuupakka: the time for icing risk based on dew paimd measured surface temperatures was only
19% longer with the LWA-structure.

In Tuupakka the average reduction of friction f&WA+700-structure was 13%, for LWA+500 it
was 20% and for LWA+350 it was 23% measured witlh PFautumn 2001. When looking at
these numbers one must remember that the frictessorements were done when biggest
differences with friction were expected.
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Using the measured surface temperature and dew\alires, there does not seem to be very
much difference between the reference structurdladtructure with LWA+700mm in
Tuupakka, Figure 4.16. The structures with LWA+20@ LWA+350mm have considerably
higher slippery index (RSI=1,9..2,2) building uprr longer risky time and lower friction than
the reference structure, Figure 4.18. Usingnioeleledsurface temperatures, even more
distinguished differences between the structures whktained.

Relative Slippery Index (RSI)

2.50
2.16
2 00 1.91

1.50

P 1.00

1.00 2o

0.50 -
0.00
Ref. LWA+700 LWA+500 LWA+350

Figure 4.18 The Relative Slippery Index of testkgtires in Tuupakka (based on
measurements)/8/

If the adjudgement is based only on the time thdtse temperature is below 0 °C, there will be
no difference with the “risky hours” (modeled orasared) of any structure; the only difference
on the Slippery Index is coming from the slightbyvered friction values of the LWA-structures.

The surface temperature differences between referginucture and all the LWA-structures are
very small. This phenomenon demands very high acgunf the temperature measurements and
very precise installation depth of the sensorshils study two parallel sensors in every structure
were used at Tuupakka to satisfy this demand. WWesensors were recalibrated in June 2002, it
was noticed that there was even 22 mm variatioh thi¢ installation depths of the surface
sensors, which induces difficulties to the compmarief the icing risk of different structures. On

the other hand the results of modeling supportékalts based on measured temperatures.

Based on this study and earlier experiences, ta@usWA or other insulation materials near to
the surface of a pavement can cause some reductitre friction and also make the time that
slippery conditions exist somewhat longer in corguar with a reference structure. This is true
especially if same materials (AC and bearing lageg)used in the reference structure and the
LWA-structures. The thermal behaviour of LWA-ingeld pavement can be positively affected
by using bearing layer materials that have highsdgm@and suitable amount of fines, which
increases the water content. The friction propgiiea pavement can also be somewhat affected
by choosing coarse aggregate to the AC-layer anitlizng mastic asphalt. Non-insulated
structures with thick asphalt layers and/or biturheand bearing layers have been found to be as
sensitive to icing, especially with coarse grairedshed rock—materials, as a structure with
insulation at a depth of 350mm /16/.
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4.6.3 Publication

A main part of the project is related to the dissation of the results. The publication activities
are mainly related to four types:

-presentations and meetings with users (publicaaitidss, consultants, contractors)

-articles and presentations in seminars and camies2

-presentations of results in WEB

-brochures and guidelines from Optiroc.

Presentations and meetings with users are generglnised as national activities and have been
done in all the Nordic countries.

Results from the project have been published omMtE® side of Nordisk Industrifond
(http://prosjektweb.nordicinnovation.net/public/sgraasp)and at the WEB-sides of Optiroc in
each country.

Optiroc has also presented the results from thggrom brochures and guidelines prepared in
each country.
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5 RESULTS

5.1 LWA-material properties

The results verify that mechanically stabilised LWa#n be used as insulation and light weight fill
in roads and railways. Thermal, physical and meicahproperties of LWA are essential for the
design. These properties may to some extent vayalthe basic clay material and the production
procedures.

5.1.1 Physical properties

Based on the results from the Geolight projectréo®@mmended design figures for physical
properties are given in Table 5.1.

Table 5.1 Design values for physical propertiee WA as found in the project

Property Grading
4-32 0-32 4-20 10-20
Water content at delivery
Water content in drained fill, long term <25% <25% <25% <25%
(normal conditions) (weight %)
Water content in drained fill, long term <40% <40% <40% <40%

(unfavourable conditions, temporary
flooding, variable ground water table)
(weight %)

Unit weight (loose state) kN/° 3.E 3.E 3.E 3.C
Dry unit weight after compaction 4.0 4.0 4 3.5
(normal compaction, 10-12%) kN7m

Design unit weight 5 5 5 4.5
(normal drained conditions)

Design unit weight (unfavourable 6 6 6 5.5

conditions, temporary flooding, variable
ground water tabl

Unit weight for uplift 8.0 8.5 8.0 7.5
(immersed fill) kN/nd

More detailed information of the physical propesta LWA can be found in /1/ and /21/.

5.1.2 Thermal properties

The LWA-material has very good insulation propextidased on laboratory investigations and
field measurements the thermal conductivity relatethe water content is presented in Figure 5.1
/1/. The water content in a drained pavement sirads likely to be in the range of 20 — 40 % (5-
10 volume %) /1/. Hence, the relevant thermal catiditly will be about 0.15 W/mK i.e. about

of typical values for crushed rock.
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Figure 5.1 Thermal properties of LWA material reldto water content /1/

More information on the thermal properties of LWandbe found in

/20/.5.1.3 Hydraulic properties

The permeability of LWA is generally high but isryimg between the different gradings.
Generally the highest permeability is found for theost single graded materials. Some
investigations have been made on the water periitgdbi’/, /23/ but complete investigations for
all types of materials have not been done. In Talfeestimations of minimum permeability are
given based on the performed test and on evaluatbomthe grading of the material.

Table 5.2 Hydraulic properties for different typed WA

Property Type of material

4-32 4-2C 10-2C 8-20 0-32
Water permeability >1C° >1C° >1C* >1C* >5 x 17
(m/s)

5.1.4 Mechanical properties

The mechanical behaviour of LWA to some extentedgffrom more conventional granular
material, due to the porosity of the grains. Gelhethe stiffness and strength of compacted
LWA is comparable to conventional granular mater@ovided the stress level is not causing
crushing of the grains. The mechanical propertidd/dA vary between the different product
types and also depend on the installation and congpeof LWA. Generally LWA can be
compacted mechanically 10-15% from the loose dgmsthout significant crushing of the
grains. Characteristic load deformation curveslmaprepared based on the results form the
project related to type of material and state ohpaction. An example of a load deformation
curve for Leca ISO 10-20 in loose state, compaBgédrepresentative for installation by
blowing) and 1012% compaction (full compactionpissented in Figure 5.2.
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Figure 5.2 Characteristic load deformation curveeca ISO 10-20

Some key figures on mechanical properties afterpamtion related to the different types of LWA
are given in Table 5.3.

Table 5.3 LWA-mechanical properties

Type of test Characteristic Types of LWA

4-32 4-20 8-20 1C-20 0-32
Oedometer Oedomete 15-20 25
(compacte r modulus (stress level | (stress level
d material) (MPa) 0-100 kPa) 0-150 kPa)
Triaxial test Friction 35-37| 34-36| 34-36 35-38 38-41
(static) angle )

5.2 LWA mechanically stabilised

5.2.1 Structural solutions

Mechanically stabilized LWA can be used as lighighéfill and as insulation material in roads
and railways. The structural solutions should keeldaon the physical and mechanical properties
of the LWA but special care should be taken to emhat the stress level is not causing
unacceptable deformations due to the crushingeothins. As the grain strength of the LWA-
material is lower than for traditional granular ev#ls extra consideration is needed in the design
to avoid stress levels that might cause crushirtgefrains.

LWA will for normal compaction have a volume redoatof 10-12% and the unit weight will
increase accordingly compared to the loose state.

The limiting stress level limit for the use of th&/A-material is yet to be finally determined.

Some factors that might influence this decisiontheegrading and properties of the LWA-
material, the traffic volume and the consequenée®welopment of rutting. If no extra measures
are taken to reduce the crushing of grains (e @s\ygehetic reinforcement, extra compaction) it is
provisionally recommended keeping the verticalsstigelow 100 kPa. Higher stresses can be
applied but then higher degrees of deformation rhastxpected. For a road structure with asphalt
pavement the stress level is generally acceptaitheatthickness of minimum 300 mm overlay
above the LWA. If less overlay thickness is reqdispecial analyses should be performed on the
stress level and possible deformations of the LWA.
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When LWA is used it is recommended to have a swercwith conventional granular material.
This is to provide lateral support during instatltatand compaction of the material and to reduce
deformation due to traffic loads close to the edfyaen LWA is used as light weight fill in an
embankment the side cover should be minimum 500Ctck.

A proposal for a structural layout of LWA used esst insulation in roads is given in Figure 5.3.

4cm Agk
6 cm Ag
Separating geotext
20 cm
30 cm
\\
Existing frost susceptible ra \\
\\.

Figure 5.3 LWA as frost insulation in a road sturet

5.3 Bearing capacity measurements

Bearing capacity is traditionally evaluated basedeasults from plate load tests or from falling
weight deflectometer (FWD).

The performed tests in LWAgeolight indicate that tlse of plate load tests directly on the LWA
after installation and compaction has limited valliee LWA material has low density and no
cohesion. Accordingly plate load tests directlytop of the material will give relatively low
figures compared to more traditional materials. LW&fs a relative high angle of friction
accordingly the bearing capacity will increase gigantly with increasing stress level, e.g. after
the installation of a base layer on top of the LWAe excavation of completed LWA structures
indicates that the LWA surface after installatiovd @ompaction of the base layer on top of the
LWA, is compact and with a high stiffness.

However the performed plate load tests in the LW&Aigdt project indicate large variations in
the results from plate load tests even when peddron top of the base layer. At Sandmoen
plate load tests on top of 300 mm of the crushe# base layer gives E-modulug, Bf 124

MPa just after installation and compaction of tledlayer, increasing to about 160 MPa during
the excavation after 2 years of traffic. At Tuupakke plate load tests on top of the base layer
vary from about 160 MPa (R4, 50-70 cm base layef)d0 MPa (R6, 50 cm base layer) and 150
MPA (R6, 70 cm base layer) with considerable varet over the tests sections. There are
differences both in the type of LWA material andhe type of base layer material between
Sandmoen and Tuupakka but the differences are,tekerg these differences into
consideration, surprisingly high.

It is generally recommended to perform plate lasdst on LWA structures after the installation of
a base layer on top of the LWA. The results shboltever be evaluated very carefully until
more experience with plate load tests on thesestgpstructures has been gained.

FWD measurements are generally most relevant whed on top of the asphalt layer. Similar as
for plate load tests the FWD measurements perfoim#dte LWAgeolight project indicates
significant differences in the results. The measnamrts at Sandmoen test field indicates bearing
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capacity (indicated as bearing capacity in tonghefLWA-insulated structure similar to a
traditional structure with crushed rock. The FWDaswements at Tuupakka (given as E-values)
indicate significant lower values for LWA-structarthan those from a traditional structure.

It is likely that some of the observed differenbesveen Sandmoen and Tuupaka of the FWD
measurements are related to differences in LWA-ri@dtgranular material in the base layer and
possibly differences in construction procedureségaly it is recommended that FWD-
measurements are performed on top of the asplyalt baut the results should be evaluated
carefully and not used as a single indication eflikaring capacity of an LWA-structure.

5.4 LWA in combination with geosynthetic reinforcenent

Geosynthetic reinforcement may be used in comlmnatiith LWA to improve the stability of the
structure and to improve the structural performa@mosynthetic reinforcement can be used on
top of the LWA in road or railway structures to ued vertical stress implied on the LWA. The
geosynthetic reinforcement will provide lateraltras of the material and hence reduce the
deformations related to rutting and edge deformaticaused by the traffic.

The results indicate that geosynthetic reinforcermpemarily will increase the resistance to
plastic deformations (i.e rutting) of the structwigile the elastic properties are only marginally
affected. The results also indicate that geosyittiheinforcement on top of the LWA should be of
a grid type where the aperture size is correlati¢hl thve grain size of the granular material to
achieve the optimum effect.

5.5 Light Loadspreading Plate

The LLP method has proven to provide beneficia&f to level out deformations and
settlements e.g. in connection with bridge abutsdbifferent types of light aggregate concrete
(LAC) can be used for the LLP. The LAC tested ia gnoject has modulus of elasticity varying
from 1200-11000 MPa, and a density varying from-53@0 kg/mi. The results from the project
verify that dependent on the type of LAC and th@id of the plate the LLP can have a capacity
for bending moment varying from about 50-150 kNnafnal a shear force capacity varying from
30 to more than 80 kN/m.

5.6 LWA as drainage material

The initial work has showed that LWA may be beriafig used for drainage applications. LWA
may be used as insulation material in drainagdégén combination with drainage pipes. The
high porosity results in high permeability of th&/IA material and it may therefore in
combination with a geotextile filter also be ussdleainage medium. An example of LWA used
for drainage application is presented in Figure 5.4
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Figure 5.4 LWA in drainage ditch

5.7 Required characteristics and relevant test metits

The Isolitest part of the project has provided@ppsal for a Nordtest method with requirements
and related test methods for verification of chemastic properties of LWA. The required
characteristics are related to four applicatiorasre

-light weight fill in roads, railways and other fiita structures

-light, insulating and draining material againstistures

-insulating material in roads and railways

-frost protection of pipe ditches

The purpose of the testing and corresponding tethads are related to the following groups:
-verification of environmental acceptance

-design purposes

-quality documentation

-production control

The Nordtest method is currently being circulatachational level for comments and is planned
used as basis for the preparation of a requirestantlard in CEN.

5.8 Surface icing

The aim of the present study of the icing group teadarify how the location of the LWA
insulation in a road embankment affects icing armadién on a road surface. In winter 2000-
2001 temperature measurements were performedest eoad at Tuupakka, having insulation at
the depths of 350 mm, 500 mm and 700 mm and inr8aaed (LWA+400mm). The results of
the temperature measurements can be summariselioagst

- comparing the different test structures, diffeesin the surface temperatures were relatively
small - also including the reference structure withinsulation

- lowest average surface temperature in the wig@90-2001 was measured in the LWA
structure with a covering of 350 mm in Tuupakka &WdA+400 mm in Sandmoen, as it was
expected

- on the test structures in Tuupakka with covethgkness of 500 mm and 700 mm even higher
monthly mean surface temperatures than on theergferstructure were measured, which was
not expected
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- the differences between air and surface temp@&sare bigger in Sandmoen than Tuupakka for
both reference and LWA-structures

On the basis of the measurements from winter 2@WJ-2and the subsequent analyses the layer

thickness above LWA insulation could be 500 mm withany substantial change in the

thermal regime of the embankment. With a coveraygt of 350-400 mm, it seems that surface

temperatures are lower and risk of icing is somewiaeased. The differences are however

relatively small and the differences between déferstructural solutions using conventional

material may be greater than what is found atébedites.

The friction measurements did not substantiatestiidy mainly because salting was used and
timing for measuring icing and hoar frost was netywsuccessful at Tuupakka. On the other hand,
the friction measurements did not show any lowérietion of the insulated structures. With the
analysis of the temperature and friction obserwnatibpom the winter 2000-2001, hopefully even
more convincing conclusions of the risk for icifg_WVA-structures may be drawn.

It is recommended that an evaluation of possibt&asa icing by the use of LWA as insulation
materials in roads is performed as a part of tisggde The required documentation of surface
icing should be related to the total overall icitgk for the structure. A recommendation for level
of documentation is provided in Table. The ovei@hlg risk of the structure is divided into 3
classes: low, medium, high and is found as a coatioin of likelihood of surface icing (climatic
data, types of material used in cover layer) arssitde consequences of surface icing (traffic
amount, traffic speed) .

The required level of documentation is divided iBtolasses:

1: Complete site specific documentation of icing tislsed on numerical analyses related to local
climatic conditions

2: Icing risk evaluation based on evaluation of suiadtlayout and local experiences

3: No special documentation required

Recommendations for level of documentation relédeidtal icing risk and thickness of cover
layer above the LWA insulation material is giverTiable 5.4.

Table 5.4 Recommended level of documentation ifag resk

Total icing risk| Thickness of cover layer above LWA (mm)

<35( 35C-50C 50C-70C >70(
Low 2 2 3 3
Mediunr 1 2 2 3
High 1 1 2 2
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6 FURTHER WORK

The LWA Geolight project has provided valuable festelated to material characteristics and
test methods and to structural solutions for déiférapplications. The project has however also
proved that there is a need for further work onaaapics. The main topics that have been
identified for further work is related to:

-systematisation of product characteristics

-evaluation model for surface icing risk

-back calculation of data from measurements

-methods for field quality control

6.1 Systematisation of product characteristics

A great deal of work has been done to charactdris&WA material in the different countries.
However the types of data provided and especia#iytést methods and procedures are partly
different. There is a need for systematisation @mhting of the data according to the Isolitest
requirements. In general all LWA materials in therélic countries should have a documentation
of the characteristics according to this proposediist method.

6.2 Surface icing risk

The results in the project indicate that therenisngreased risk for road surface icing if the
thickness of the overlay over the LWA becomes toals The measurements and analyses so far
do not provide sufficient background for an evaluabf absolute risk of icing. There is a clear
tendency for increased risk of surface icing withd@rn types of structural solutions compared to
older ones. The risk of icing for structures witWh should be compared with risk of these types
of new structural solutions.

There is a clear need for having more data andupplementary analyses to have a sufficient
background for developing a system for icing rigklaation.

6.3 Back calculations

The LWAgeolight project has provided useful infotroa from field measurements. There is
however a need for back calculation of the regaltsbtain a basis for recommendations for

design. These back calculations should be related insulation effect, elastic stiffness and
bearing capacity.

6.4 Field quality control

LWA has proven to provide a good possibility fovd®ping technical and economical structural
solutions for civil engineering applications. Tlaek of relevant methods for field quality control
Is however a major obstacle to take the full adagatof the method. Existing field control
methods for construction of roads and railwayscaremonly developed for traditional materials
and are often not suitable for LWA, and for thadecaeither for other types of alternative
materials intended for this applications.

As a part of the LWAgeolight project some initiabsk has been done on this, see /17/, /18/
and/19/. There is however a clear need both fasi@vof equipment and procedures with
existing methods and possibly also for developiegy test methods for field quality control.
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