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Tullig
Coachiored
Co Corle

6" September 2006

Diear =sir or madam

| wish lo make the following observations in connection with the application by
Roadmae Transport Ltd, Tulligmore, Dripsey, Co Cork,

We live in close proximity to the quarry and experience [requent disruption duc 1o
noise in particular and also dust during spells of fine weather. It is not unusual for
heavy trucks to be coming and going from the site from 5:30am 1o 9:00pm. We have
previcusly complained to Cork County Council on these matlers.

é\é
We are very concerned about any proposed extensionSol aclivily al this site. We
belicve that the site has been excavated to such &%‘&T\um alrcady that the supply of
waler 1o our and other homes in the area 15 tﬁf sfened. This threal will be greatly
cxacerbated by a green waste processing fd\gsﬂ?l S This will also increase the volumes
U1 TATTC 1o dnd Trom the site i what 1 t{\l@léi wiel rural area,

For these reasons we wish to 0b]¢L U% @t\t proposed development,

OQ
G
S

. X
Yours sincerely &
s

Michael & Peg (¥ Riordan
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Tulligmore,
Diripsey.

Co. Cork

51 September 2006
021 7334339

To Whom It May Concern:
We are writing lo you as we will be strongly objecting to your plans to turn our area
into a dump is it not bad enough to have our home covered in dust and muck every
day? We are woken al 6,30am every day with the trucks going in and out of the
quarry as our home is directly across [rom the quarry as you will see when you do
your E.LS. We all have our own private wells and are worried aboul our waler being
contaminated. Who is going lo monilor this? At the moment nobody is, so why should
it be any different in the future? What about rats and disease? What aboul the
devaluation of our homes? Who is going Lo issue the waste management licence for
this?

Jim and Ann ()" Brien.

RECEIVED 07 SEP ™S
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RECEIVED 06 SEP 2008

O’ Callaghan Moran & Associates.
Granary House,

Rutland Street.

Cork.

04" September 2004
Re: Roadmac Planning Permission (@ Tulligmore, Dripsey, Co. Cork.

To Whom It May Concern:

1 am writing in reference to the above mentioned and wish o lodge my
objection lor the Cork County Council to refuse planning permission for the
continued operation of their quarry at Tulligmore, who also Lo propose o recover inert
construction & Demolition waste for the use including the restoration of certain areas
of the site & to compoest green waste al the gquarry. [ base my objections on the
lollowing;

1) What precautions are going to be put in place to the screening of what waste is
paing to be transported in o the quarry?

2) When the waste 18 transported in, how is the u.d_m.épmi' to be dealt with e
tipped in to one of the large excavations and coy 'ét.d

3) What guarantees do you give me that our xi\u%\ﬁd!u 15 not going 1o

contaminated?
4) I planning is granted, it is understang Lébihat the increase of rodents will be a

problem. How does Roadmac [Lng\iff?\di’mi with this?

5) “Construction & Demolition l@é:s very vague. This type of waste can
consist of anyvthing includingg estic waste. This goes back to point number
(12, QOK \\\\

6) Winler is here, wind is puét?m, up, and 1 can anly imagine the amount of
rubbish that is going tr:-(ﬁ blewn around the roads and countryside.
S
As you can see from my points, its bad enough having to deal with a quarry but
having to think that this will be turned in to a dump if not a super dump.

Finally, what authority is going to carry oul ingpections il this planning is going o be
granted? As [ can honestly sav that this planning will most defimtely NOT be strictly
adhere L.

I trust you understand my position and my concerns for my family and neighbours. 1
would suggest you put yourself in our habitat and take serious consideration to your
decision.

I await your reply.

Thanking you

M{ {f!hf.r. L o FfL'C’L-nL ,l'"'-f'l L C ’{L&
Michael & Joan McC arthy :’
Resident of Tulligmore
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environmental menagement for business

Jim & Ann O’Brien,

Tulligmore,

Dripsey,

Co. Cork. 22" September 2006

RE: Roadmac Transport Ltd

Dear Sir/Madam,

I refer to your submission relating to the proposal by Roadmac to continue quarrying at its
site at Tulligmore and to develop C&D recycling and green waste composting.
&.
N
Your concerns have been noted and will be add(ge%sed in the Environmental Impact
Assessment, which is currently being prepared. &Y S

Thank you for your submission.

R
\0\@

RN

S %urs sincerely,
\
&

&

b e Badi
7Jim O Callagh
l/ m allag

0513901/JOC/PS

email. info#®ocallaghanmoran.com Website: www.ocallaghanmoran.com

0'Callaghan Moran & Asscciates. Registration No. 82728440
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environmental menagement for business

Michael & Peg O’Riordan,

Tullig,

Coachford,

Co. Cork. 22" September 2006

RE: Roadmac Transport Ltd

Dear Sir/Madam,

I refer to your submission relating to the proposal by Roadmac to continue quarrying at its
site at Tulligmore and to develop C&D recycling and green waste composting.
&.
N
Your concerns have been noted and will be add(ge%sed in the Environmental Impact
Assessment, which is currently being prepared. &Y S

Thank you for your submission.

R
\0\@

RN

S %urs sincerely,
\
&

&

b e Badi
7Jim O Callagh
l/ m allag

0513901/JOC/PS

email. info#®ocallaghanmoran.com Website: www.ocallaghanmoran.com

0'Callaghan Moran & Asscciates. Registration No. 82728440
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environmental menagement for business

Michael & Joan McCarthy,

Tulligmore,

Dripsey,

Co. Cork. 22" September 2006

RE: Roadmac Transport Ltd

Dear Sir/Madam,

I refer to your submission relating to the proposal by Roadmac to continue quarrying at its
site at Tulligmore and to develop C&D recycling and green waste composting.
&.
N
Your concerns have been noted and will be add(ge%sed in the Environmental Impact
Assessment, which is currently being prepared. &Y S

Thank you for your submission.

R
\0\@

RN

S %urs sincerely,
\
&

&

b e Badi
7Jim O Callagh
l/ m allag

0513901/JOC/PS

email. info#®ocallaghanmoran.com Website: www.ocallaghanmoran.com

0'Callaghan Moran & Asscciates. Registration No. 82728440
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APPENDIX 2

Planning Permission (Blocking Plant)
&

C:\05\139_Dripsey\01_Registration&Planning\EIS\1390102.Doc

October 2006 (JOC/PS)
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26 JAN 1985 -

4 Mage fon guidance of Developers

A, gaa dpiing .Peamisdion on Approval does not of itself
Gpekson Lo catny out a development unledd that penson
4 oxnenise Legally entitled Lo do so0.

Unkess cthenwise siafed on winleds At is nevohed a Penmission i
vatid égn.a perdod 04 five years. '
_Appaoqm; 18 valud only for the perniod 0f the (uiline Peamissicn
Lo which it nelates.
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(n

(2)

&)

(4)

(5

)

SCHE

DULE

Reference No. in Planning

Register __8/2654/86

‘Referxed to in Orxder No,

e.0. B0/,

Column 1 — Condition

Column 2 - Reason

Provided that:

Noige levels fxom the site shall
not excead 45 dBa between the
hours of 08,00 and 22,00 Monday
to Saturday and shall not aiceed
33 dBa at all other times when
mneasured at the site boundary, -
Measurements shall be carried out
in accordance with 1.8.0,
Recommenda¢ion R.1996 "Assessment
of Noise with respect to Community
Response” and shell be of a
finimum duration of 13 minuces,

All waste water arising on the site
shall be percolated to groundwater,
No waste water shall be permitted -
to dischaxge directly to surface

waters, . 0'9 :

Entrance to the site shall be QOJ\QA*
designed and constructed to the (&
satisfaction of the Cmmcil' éé‘o

Engineer, OO

8ight diae:anea to be provided
to the Council's satisfaction
in a Northerly dixaction.

The developer shall:

(a) Notify the Planning
Authority in writing of the
date of commencement of the
development

ARD

(b) On completion of the
development, certify in
writing to the Planning
Authority that the
development has been
completed in accordance
with the terms and
conditions of this Permission,

To protect the amenities
of the area, .

&
%\
& &
Wect the am@nitiaa

K & areéa.

S |
C &
5\' @(\

O

In the i{aterests of
road safety.

Ia the intexeots of
road safaty.

To ensure the carrying
out of the development in
accordance with the tem
and conditions of

this Permission.

Contd/...
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APPENDIX 3

Recycled Aggregates Specification and Standards Reports
&

&
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Recycled Material in Pavement Design

C & D Waste Management: Implementation of
International Best Practice in Ireland

Brendan O’Neill
Department of the Environment, Heritage and Local Government

Abstract

The Construction and Demolition Waste Stream (CDW) is significant in Ireland and has a
considerable resource value. Highly impressive rates of recycling of CDW are being achieved
internationally. The Paper examines the potential beneficial uses of specific fractions of CDW
in earthworks and unbound pavement layers in road construction in Ireland. It highlights
where various measures and instruments are already being applied successfully in other
countries in order to secure higher levels of recycling of CDW.

Keywords: construction and demolition waste, recycling, resource efficiency, road
design, road construction, secondary aggregates, waste ma@agement.
NS
&
&
S 8
& \é\
& 2°
&
SO
L&
N

The views and opinions exp(é%@d in this paper are those of the author, and
do not necessarily repreéer\z\i\%ose of the Department of the Environment,
Herzg@@e and Local Government.

é,\\&)

S

Page 1
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Recycled Material in Pavement Design

Brendan O’Neill qualified as a Civil Engineer in University College Dublin and holds Diplomas
from Dublin University in both Highway & Geotechnical Engineering and Environmental
Engineering. He is an Environmental Inspector in the Department of the Environment,
Heritage and Local Government, where he acts in the capacity of technical advisor and
specialises in waste management. He has previously worked as a Civil Engineer in both
private consultancy and the local authority service. He possesses extensive experience in the
design and construction of major roads schemes.

INTRODUCTION

Prologue

This Paper will concentrate primarily on the potential for the use of suitably-prepared
construction and demolition waste derived aggregates (CDW) in road construction, rather
than on the detailed particulars of technical issues. It will make reference to, but will not dwell
on the engineering activities essential to road construction works such as site investigations,
sampling regimes, analytical programmes, experimental roads, physical properties of
aggregates etc. Naturally, such rigorous requirements must also be respected when
contemplating the use of (CDW) in road construction works, and the importance of these
approaches and disciplines will rise proportionately with increasing structural significance of
the CDW application in the road pavement. .

&
®®
The Paper will provide a simple exposition of the approach 5’ be taken and the challenges
which arise when endeavouring to find appropriate uses for CDW in road works. It will not
make reference to detailed material properties and w' gither formulate mathematical models
nor engage in computer simulations. It will outlin \%lmple terms, the opportunities for the
beneficial use of CDW in earthworks and as_dn sund’ pavements in road construction in
Ireland and will also highlight the measures ﬁstruments which are applied internationally

and are designed to ensure that the poteQ r use of CDW in road works is realised to the
greatest practicable extent. oQ\\
6\0
S
Introduction Qo°

It is recognised that CDW constitutes a highly significant proportion of all wastes arising within
the European Union. Accordingly, the Council of Member States asked the European
Commission to designate CDW as a priority waste stream. The European Commission set up
a Project Group on CDW in 1991. In 1995, the Project Group published a series of Reports
[1], making 55 recommendations for action to improve the management of CDW.

Following the issue of the Project Group Report, the European Commission funded a Study
by the Symonds Consultancy Group Construction and Demolition Waste Management
Practices and Their Economic Impacts [2], which was published in 1999. The Study describes
the Best Practices of CDW management in the 15 European Union Member States, as well
as the economics associated with the re-use and recycling of this type of material. In
particular, Chapter 8 of the Symonds Study details the range of measures used within the EU-
15 Member State countries to promote the re-use and recycling of CDW and also provides an
overview of their effectiveness. The Study is fundamental to this Paper and is available on the
Internet at http://www.europa.eu.int/comm/environment/waste.htm.

CDW is a very substantial waste stream in Ireland, with a large weight to volume ratio and
possessing a high potential resource recovery value. This fact was recognised in the Waste

" Unbound pavement materials do not contain cement or bitumen binder.

Page 2
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Recycled Material in Pavement Design

Management Policy Statement Changing Our Ways [3], which laid down a challenge to the
construction industry to devise measures which would ensure 50% recycling of CDW by
2003, increasing to a level of 85% recycling by 2013. The Forum for the Construction Industry
promptly established Task Force B4 to investigate and report on the potential for improving
the recycling of CDW. The Task Force B4 Report (4) contains no fewer than 66 individual
recommendations, which collectively are designed to contribute to the achievement of the
Government targets for the recycling of CDW. These recommendations take full account of
successful international experience and are entirely consistent with the principles to be
outlined in this Paper.

The Environmental Protection Agency representative on Task Force B4 prepared a Working
Document [5], which set out the estimated composition of typical CDW in Ireland. These particulars
were essentially derived from information contained in Appendix D2 of the 1995 National Waste
Database [6]. The major constituent of CDW in Ireland is the category Soil and Stones, which is
estimated to account for 51.1% of total arisings. Concrete accounts for some 37.9% of CDW, while
the proportion of Masonry in CDW is estimated at 1.5%. Asphalt consists of 1.6% of CDW arisings.
The remaining 7.9% of CDW arisings relate to materials such as wood, metals and plastic, which are
unsuitable for use in either earthworks or as unbound pavement materials in road construction and
will be considered no further in this Paper. The subsequent sections of the Paper will focus
accordingly on the potential for beneficial use of the principal components arising in CDW in
earthworks or as unbound pavement materials in road construction - comprising Soil and Stones,
Concrete, Masonry and Asphalt - as well as the relevant measures and instruments typically applied
in other countries in order to secure improved levels of recycling of these fractions of CDW.
N
@é
Core CDW relates to the materials obtained when a hilding or piece of civil engineering
infrastructure is demolished — the category does not i road planings, excavated soil, external
utility/service connections or surface vegetation. For tieurposes of this Paper, core CDW is taken to
encompass the categories of both Concrete and ry. The actions taken and pilot projects carried
out in some Member States demonstrate that & ting levels in excess of 80% are realistic for core
CDW. A summary of the performance of eagfﬁge ber State in relation to the recycling of core CDW
is presented in Table 1. N @&
L
RN
6\0
The Transport and Road Research L@&oratory Paper LR1132 [7] represented a thorough examination
of the practical experience, materiaf research and field analyses that had been gained from previous
road construction works. Besides suggesting appropriate calculation methodology for pavement layer
thicknesses for the various classes of road and traffic assignments, LR1132 also highlighted the fact
that the life of the pavement can be increased significantly if the subgrade and formation can be kept
dry. In the context of road construction in the climatic conditions of Northern Europe, the need for the
Site Engineer to ensure that there is reliable availability of good quality aggregate needs to be
absolutely aware that such a requirement is prerequisite if market share is to be gained.

In addition, the Symonds Study stressed that the use of CDW as a construction material should not
be discriminated against purely on account of its origin. Accordingly, Symonds® suggests four criteria
that inevitably apply when a decision is taken to use CDW in road construction in significant levels:

1. Landfills must be well managed, and fly-tipping of waste must be uncommon and subject to
sanctions,

2. The holder of C & D Waste must face a significant financial cost for landfilling of the material,
with hazardous or mixed wastes subject to significantly higher costs (to avoid contamination
and to discourage mixing),

3. The opportunity must exist for the main bulky and inert fraction of the C & D Waste to be
treated (crushed and sorted) prior to re-use and recycling, and

4. There must at least be a tacit acceptance (by users, specifiers and other similarly interested
actors) that suitably prepared C & D Waste-derived aggregates may be used to displace
primary aggregates. Positive action to draw up technical standards is not essential, but C & D

% On page 70 of the Study.
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Waste-derived aggregates should not be discriminated against on the basis of their origins

alone.

When examining the potential for use of Concrete, Masonry and asphalt CDW as unbound pavement
materials in road construction, these criteria will be of paramount importance.

Table 1. Core C & D Waste Arisings and Recycling Rates within the EU-15°

Member State Arisings Recycling
Total (Tonnes) | Unit Arisings (kg per capita) | Rate (%)
Germany 59 17
United Kingdom 30 45
France 24 15
Italy 20 9
Spain 13 <5
Netherlands 11 90
Belgium 7 87
Austria 5 . 41
&
N
Portugal 3 & <5
S
SO
Denmark 3 Qoéﬁ > 81
Greece 2 »'\\OQ(@‘\ <5
s
Sweden 2 G 21
S
Finland 1 & 45
L O
Ireland 1 Qo° <5
Luxembourg 0 No
Details
Combined EU-15 180 28

Following the publication of the Task Force B4 Report, the National Construction and
Demolition Council (NCDWC) was established to oversee the implementation of the
recommendations. A sub-committee of the key stakeholders within the NCDWC was formed
to examine the issues associated with “Markets and Specifications for CDW”. An outline of
the activities and initial findings of the sub-committee are contained within the first National
Construction and Demolition Waste Council Annual Report. 2002 — 2003 [8]. The
deliberations of the sub-committee have contributed enormously to the development of the
approach presented in this Paper on the use of recycled Concrete, Masonry and asphalt
planings within the pavement layers in road construction.

3 Derived from Symonds Report (in association with ARGUS, COWI and PRC Boucentrum),
Construction and Demolition Waste Management Practices and Their Economic Impacts, Final Report

to DG Environment, 1999, Figure 1.1, p. 3.
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USE OF SOIL AND STONES AS EARTHWORKS MATERIALS

For the purposes of this Paper, the term “Soil and Stones” will be taken to include the range of natural
excavation materials typically encountered in road engineering works and reflecting the conventions for
earthworks used in BS 5930 [9]: silt, sand, clay, gravel, cobbles, boulders and rock.

Engineers in Ireland have long recognised the necessity for the balancing of the material quantities of
cut and fill in earthworks in significant roads schemes. This approach brings substantial economic
benefits. It saves on the need for haulage of surplus excavation materials off-site and reduces the need
for the import of expensive aggregates for use as a bulk fill material in road construction. Excavated
materials are typically used in the construction of road embankments, subject to minimum suitability
criteria such as stability, traffickability and absence of excessive settlement. The engineering properties
of the various soils that occur in earthworks throughout the length of the road scheme are characterised
precisely prior to construction, through a comprehensive range of field and laboratory tests. Rapid in-
situ tests, such as Moisture Condition Value, are developed in the course of the analytical programme
and these enable the minimum suitability criteria for reuse of each soil type to be verified quickly in the
field during the course of the earthworks operations. Where a large surplus of excavated materials
arises on a particular roads scheme, the minimum suitability criteria for reuse are set at an
appropriately high level to ensure that only the best material is utilised. Where excavated materials are
in short supply, the suitability criteria are set close to the minimum theoretical acceptable values.
Where there is a deficit in the available quantities of excavation from cut, the length of large road
schemes and the extent of land acquisition necessary often presents opportunities for the use of
“borrow-pits” of good quality soil or gravel, which can be readily exploited for reuse as fill material.
Thus, for large road schemes, there is very little that can be learned from international experience to
improve upon the levels of earthworks reusability. This reflectg\‘?énormous credit on the vision and
commitment of Road Engineers in Ireland at all Ieve&Lg‘ @?ncluding policy formulation, design,
construction and research. SN

On smaller-scale road schemes, there is geney\(éTﬂQ ‘a greater reluctance to engage in the reuse of
excavated materials. An absence of large s%?ao@ high-quality soil may make reuse proposals less
attractive and more difficult to control. | .%*\smaller scale of operation may result in a less
comprehensive analytical programme {6t sfhe soils, reducing the level of confidence in their
characterisation. The volumes of excava{f&n to be removed from site and the quantities of primary
aggregates needed to raise the levels gf low areas may not result in huge costs, thereby avoiding an
imperative to balance cut and fill reqtiirements. In these circumstances, some of the measures and
instruments from international pra&’ice can serve to increase the attraction of earthworks reuse. A
prohibition on the landfill of earthworks would remove a potential outlet for the excavated materials,
thereby increasing the appeal of reusability. In addition, a requirement to prepare and implement a
Waste Management Plan for a road scheme would immediately bring the issue of excavation surpluses
into sharp focus at an early stage of the project and thereby help ensure that every opportunity is taken
to engage in the beneficial reuse of this material, although perhaps not within the pavement itself.
Furthermore, Task Force B4 also identified the desirability of including a separate section dedicated to
a “Specification for Waste Management” within the general specification for the scheme, thereby
placing waste management on the very same stringent footing as any other activity that takes place on
the site from the perspective of both design and construction.

CONCRETE AND MASONRY

Table 6.1 of the Specification for Road Works [10] provides latitude to designers on the use of
materials in road construction works. A wide range of uses are “permitted in principle” for Suitable
Graded Crushed Concrete in road construction. These uses include:
1. General Granular Fill, and as
2. Selected Granular Fill:
*Below Water,
«Starter Layer,
*Capping Layer,
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*Gabions,

*Reinforced Earth Structures,

*Surround to Corrugated Steel Buried Structures, and
+Fill to Structures.

However, an impetus is needed to progress a potential application from being “permitted in
principle” to routine and regular use. Landfill Tax is an important instrument widely used in the
EU-15 to promote sources segregation and separate collection of wastes.

Given the availability of CDW arising from demolished or decommissioned structures that
previously had to withstand heavy loadings, it is apparent that there may also potential be for
the use of suitably-prepared CDW C as sub base material (i.e. the lowest structural layer of
the road pavement) in appropriate applications. The most likely applications would be on
lightly-trafficked roads. However, it is necessary to conduct research to gain an appreciation
of the threshold Annual Average Daily Traffic (AADT) levels that would most likely apply to
“minor roads”. There is therefore much to be learned from international experienced in this
area, such as the COURAGE (Construction with Unbound Road Aggregates in Europe) and
ALT-MAT (ALTernative MATerials in road construction) Projects.

COURAGE Study

The standard thickness of the Unbound Granular Material UGI\/Lfgfayer in road pavements
varies greatly across the European Union Member States, typ| y ranging between 300 mm
and 1500 mm. There is a natural reluctance to use ma in UGMs for which behaviour
has not been already been well established through p (&ﬁnce testing, experience or field

trials. § \
NI
S
'\OQ é‘\
The COURAGE Research Study [11] was g&@@‘\%d in 2000. It represented a comprehensive
testing programme which was conduc ainly in the laboratory and evaluated the
fundamental characteristics and mech properties of Unbound Granular Materials that
are used in the sub-base and base cours\éﬂayers of pavement construction.
\.
&

One of the principal objectives o?’othe COURAGE project was to characterise UGMs more
precisely and reliably, thereby increasing the potential opportunities for use as aggregates of
materials which are currently discarded - such as industrial residues, ash slag and CDW.
COURAGE undertook a range of test procedures, which included the determination of the
variability of in-situ pavement conditions in order to assist the development of an analytical
framework to characterise performance as a basis for reliable road pavement design
computations.

The COURAGE Study recommended that more effort should be concentrated on the
determination of the relevant mechanical properties of the compacted aggregate mixture,
rather than on the intrinsic properties of the individual material particles, as is the current
European practice. The Study generally found that the level of pavement performance
declined as the moisture content of the UGM layer increased. Accordingly, the testing
programme assessed UGMs at the likely in-situ moisture contents which will pertain during
the life of the pavement. Design procedures were developed during the Project to determine
appropriate road pavement thicknesses. These procedures must be closely followed,
particularly in the case of those pavements possessing a thin surfacing of bound asphaltic
concrete material.

One of the UGMs chosen for the COURAGE Study was an alternative material arising from
demolition waste, which consisted of a recycled crushed concrete and asphalt planings
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(RCC&A). The recycled mix concrete consisted of a coarse aggregate and sand within a fine
cement paste. The coarse aggregate was primarily fresh quartzite with very little internal
fracture planes. Some tourmaline existed in one coarse aggregate particle, possibly up to
10%. The coarse aggregate was a mixture of sub-angular to well-rounded particles to at least
two centimetres diameter. The sand fraction in the aggregate was rounded to sub-angular
and consisted of mainly quartz with some traces of carbonates. A reasonable level of
porosity, of the order of 5% to 7% was in evidence as rounded bubbles within the fine
aggregate matrix. Brick was identified as being red with a fine grained internal structure.
Individual brick particles were coarse-grained material and discrete. A number of fracture
planes were visible within the separate brick particles. Some organic material was present
and may be asphalt. The proportion of the constituent materials was approximately 60%
quartz, 35% cement paste and 5% porosity. There appeared to be no mechanical interlocking
of the particles and the strength may, thus, be equivalent to the strength of the cement paste.

The RCC&A material was subjected to a wide range of mechanical tests in order to estimate the likely
field performance under simulated in-situ pavement conditions. As there was concern that the RCC&A
might be of marginal quality for use in the structural layers of road pavement construction, a range of
test conditions was concentrated on the more limited practical uses of such a material in the sub-base
and base course layers of road pavements. RCC&A was found to be strong in compression and to
increase in density with greater fines content, but generally was considered only satisfactory for
possible use as a sub-base or as a capping layer material. In overall terms, RCC&A was considered to
lie in a category ranging from a C2 (satisfactory quality) to a C3 (Marginal Quality) material. The main
reasons for this categorisation is that RCC&A possessed insufficient shear strength at expected in-
service conditions and had a high susceptibility to permanent deformdtion at the mid-range of expected
in-service conditions. &
S
ALT-MAT Study EAN
SN
Most countries have already set targets for increg\s‘h%‘%ﬁe amount of recycling of CDW. A Landfill Tax is
commonly applied and some countries hay, g@o introduced a tax on the extraction of natural
aggregates. Nonetheless, the use of alternaiive- materials in road construction is still relatively small
throughout the world, but the level is wide{;%@?)ected to increase substantially in the future.

O

&

X

The ALT-MAT Research Study [1%@%\3 completed in 2001. The ALT-MAT Project was intended to
encourage the wider use of alternative materials in road construction and represented an investigation
into the field performance, long term stability and leaching potential of alternative road construction
materials. The aim of the Project was to provide information to bridge the gap between laboratory test
performances and field behaviour. The objective of ALT-MAT was to define methods by which the
suitability of alternative materials for use in road construction can be evaluated. These methods
concentrated on Unbound Granular Materials and included mechanical properties, functional
requirements, leaching potential and long-term stability of the materials.

Technical specifications for road construction aggregates in most countries apply equally to natural and
alternative materials. The alternative materials are generally assessed on the basis of the natural
materials they most closely resemble. However, ALT-MAT carried out in-situ test and condition
assessments on existing road pavements constructed from alternative materials, whereby trial pits
were excavated and the samples were taken for laboratory testing. The Final ALT-MAT Report
provided an assessment of the suitability of the materials which were tested. It was established that
alternative materials often give better mechanical performance in the field than would be expected on
the basis of conventional mechanical tests into their physical properties. In general, inspection and
monitoring of existing roads showed that alternative materials gave as good and sometimes better
support to the road pavement layers as standard reference natural materials. Leaching tests and
groundwater sampling indicated that the alternative materials did not appear to be having any
significant effect on groundwater quality. The investigations, therefore, provide confidence in the use of
alternative materials in road construction

Page 7

EPA Export 26-07-2013:03:36:02



Recycled Material in Pavement Design

ALT-MAT also reviewed the range of mitigation measures which can be implemented, in circumstances
where tests indicate that there is a possibility of adverse environmental impacts due to the use of CDW
in road construction. Source-based mitigation methods include aging of CDW materials, thereby
allowing harmful constituents to hydrate and/or carbonate in order to avoid expansive reactions
following emplacement in the road pavement. The source-based approach can enable the pH to drop
from alkaline levels in freshly produced CDW, to near neutral values once in an aged condition.
Pathway-based mitigation methods include covering the road surface with a layer of dense,
impermeable asphalt or placing low permeability materials on the slopes above the CDW. The aim of
the pathway-based method is to reduce the level of contact between water and the CDW, thereby
reducing the leaching of harmful constituents from the material, but such methods need to be combined
with an effective drainage system. Stabilisation of CDW through use of bitumen or cement as a binder
is also a potential mitigation method, although the cost of this option would generally bring an
imperative that the alternative material be used in a higher value application such as road base, for
which the CDW material may not be intrinsically suitable.

The existing road pavements in each country investigated in the ALT-MAT Project that had been
constructed from alternative materials were chosen on the basis of their availability, past use and
potential for increased usage in road construction. For the purposes of the testing programme, the
performance of the alternative materials was compared to adjoining control sections of each road which
had been constructed from natural materials commonly used in road construction, such as limestone.
The following gives a short summary of the investigation carried out in ALT-MAT Project of the
particulars of sections of road that had been constructed from CDW.

Denmark
&

Tests were conducted on a local road with very light traffic in Skibetgw%jle, in Jutland, which was
opened in 1990. The road pavement consisted of 70 mm of aspf@)lti \é)oncrete surfacing, 200 mm of
crushed concrete and 300 mm of unbound sand on a sand de. Natural gravel replaced the
crushed concrete in the reference section. F&

SN
The inspection and testing of the eight-year-old road in V\\Qﬂ%hsing crushed concrete as a base course
layer, has shown good functional behaviour. The strgﬂéfg&%ondition of the crushed concrete section is
superior to the reference section containing natur @‘ggregates. The lime content of the crushed
concrete has led to elevated pH and consequentfy dhere is greater leaching of Chromium and Lead
than in the reference natural material, but the Iea%bﬁﬂg of salts from the crushed concrete is low.

3
U.K. &

S

Since 1991, a number of housing estate roads were built in North Bracknell, using CDW arising from
demolition rubble as a construction material in the capping and sub-base layers of the pavement. The
alternative construction chosen for the sub-base was 100 mm of natural sub-base material overlying a
thicker layer of CDW. The applicable road design standard was classified as within the category
relating to less than 250 commercial vehicles per day. A natural limestone aggregate sub-base was
used in the reference section.

Overall, the investigations conducted on the road showed that the use of demolition rubble provided an
equally satisfactory sub-base as in the section containing natural limestone aggregate. As the natural
limestone aggregate greatly exceeded the minimum specification requirements, it appeared more
efficient to reserve the limestone for more demanding structural uses and to utilise the CDW as a sub-
base material. It would also not be necessary to subject the CDW to use restrictions, based on the
potential of the material to affect water quality.

Sweden

In 1997, a road was constructed in Helsingborg in southern Sweden, using a high-purity crushed
concrete derived from demolition works as an alternative sub-base material. The applicable road
design standard related to a predicted traffic loading of less than 5.0 X 10° Estimated Standard Axles.
The thickness of the sub-base layer was 765 mm and the total carriageway width was 9.0 metres,
including a 0.75 metre hard shoulder on either side. A crushed rock sub-base was used in the
reference section.
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The crushed concrete met the conventional standards for use as sub-base material in road
construction. The functional performance of the crushed concrete was sufficiently impressive to
suggest that there is potential to use the CDW in the base course layer. There is greater leaching of
some elements from the crushed concrete (e.g. Chromium) than in the reference natural material.

Conclusions from the COURAGE and ALT-MAT Studies

The COURAGE Study concluded that the application of the unbound CDW manufactured from
Recycled Crushed Concrete and Asphalt Planings was likely to be limited to the sub-base layers of the
pavement in road construction. The ALT-MAT Study increased the levels of confidence concerning the
use of alternative materials in road construction, with the field performance at least matching the results
obtained from the use of conventional materials. Alternative materials did not appear to be having a
significant effect on groundwater quality and techniques are readily available to mitigate environmental
risks associated with the use of such materials.

However, in the final analysis, an economically motivated decision by a contractor to beneficially re-use
recycled construction & demolition waste will be dependant upon landfill costs, the purchase costs of
natural aggregates, the cost of processing construction & demolition waste and particularly upon the
length of the relative haulage distances for the competing natural and recycled aggregates.

European Specifications for Unbound Materials for Use in Pavement Construction

Having established from the COURAGE and ALT-MAT Studies that {ffere is a genuine potential for use
of CDW in the sub-base layer of road pavements, it is necessar identify a specification that can be
used to prescribe technical requirements for such materi&lg.‘ yropean Standard EN 13285: Unbound
Mixtures - Specification [13] specifies requirements for ouhd mixtures that do not contain an added
binder and will be operational in Ireland from 1% June 004. Unbound mixtures are generally specified
by designers for pavement bases and sub-bases wki re used in the construction and maintenance
of roads, airfields and other trafficked areas. EN. #3 would be described as a “framework standard”
in waste management parlance, with the s @Qrequirements for material properties of unbound
mixtures being defined with appropriate refegeénce to other European Standards, in particular EN
13242: Aggregates for Unbound and Hyéfé@\cally Bound Materials for Use in Civil Engineering Work
and Road Construction. 6\00
X
o°§

In addition, testing methods to bé&’ applied under the terms of EN 13285 utilise a wide range of
European Standards, including:

EN 933-1: tests for Geometrical Properties of Aggregates - Part 1: Determination of Particle

Size distribution - Sieving Method.

EN 1744-1: Aggregates for Unbound and Hydraulically Bound Materials for Use in Civil

Engineering Work and Road Construction,

EN 13286-1: Unbound and Hydraulically Bound Mixtures - Part 1: Test Methods for

Laboratory Dry Density and Water Content - Introduction, General Requirements and

Sampling.

EN 13286-2: Unbound and Hydraulically Bound Mixtures - Part 2: Test Methods for

Laboratory Dry Density and Water Content - Proctor Compaction.

EN 13286-3: Unbound and Hydraulically Bound Mixtures - Part 3: Test Methods for

Laboratory Dry Density and Water Content - Vibrocompression with Controlled Parameters

EN 13286-4: Unbound and Hydraulically Bound Mixtures - Part 4: Test Methods for

Laboratory Dry Density and Water Content - Vibrating Hammer.

EN 13286-5: Unbound and Hydraulically Bound Mixtures - Part 5: Test Methods for

Laboratory Dry Density and Water Content - Vibrating Table.

EN 13285 applies to unbound mixtures of natural, artificial and recycled aggregates with an upper sieve
size (D) ranging from 8 mm to 80 mm and a lower sieve size (d) = 0 at the point of delivery.
Accordingly, mixtures with an upper sieve size greater than 80 mm are not covered by EN 13285.
Moisture content and the density of the compacted layer are outside the scope of EN 13285. Clause
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3.4 of EN 13242 defines a “recycled aggregate” as an “aggregate resulting from the processing of
inorganic matter previously used in construction.”

The need for testing of the properties of unbound mixtures under EN 13285 relates to the particular
application, end product use or origin of the material. When a particular test is not required, it is to be
specified as a “no requirement”. All properties specified for an aggregate to be used in an unbound
mixture have to be in accordance with the categories set out in EN 13242. Accordingly, specific
requirements for the “shape of the coarse aggregate” have to be expressed in terms of parametric
values for “flakiness index” or “shape index” (Clause 4.4 of EN 13242). Similarly, the parameters to be
used to specify the other aggregate properties scheduled in Clause 4.2 of EN 13285 must be in
accordance with the appropriate categories set out in Clauses 4.5, 4.6, 4.7, 5.2, 5.3, 6 and 7 of EN
13242.

Normative Annex D of EN 13285 specifies a comprehensive “Factory Production Control System” for
unbound mixtures, where performance will be assessed by reference to these stated principles, to
ensure that they conform to the relevant requirements of the European Standard. The essential
elements of the Factory Control Production System, which must include sub-contractors, can be
summarised as follows:

e Establishment and Maintenance of Personnel Training Procedures,

e Assignment of Roles, Responsibility, Authority and organisational freedom to personnel to
maintain and implement a System of Quality Control,

e Establishment and Maintenance of Procedures for the Control of Non-Conforming Products,
Monitoring, Auditing and Review arrangements to verify effectig\e*%ess of procedures and
compliance with Factory Control Production System requirements,§&

e Establishment and Maintenance of a Production Control Maq\dxalz@nd Management System,

e Establishment and Maintenance of Protocols for Ma @glO*Acceptance, Handling, Storage,

Conditioning, Transportation and Identification, \QO&\
e Establishment and Maintenance of Testing Faciliti Q°@uipment and Competent Personnel to
carry out the required tests and inspections at the 4 ified frequencies, and
e Establishment and Maintenance of Record MaQ\éQ ent System.
S
R

In addition, Clause 6 of EN 13285 stipulates tha\t&ﬁe designation and description of Unbound Mixtures
is required to include information on the sourcg®of the material - if the mixture has been rehandled in a
depot, both source and depot shall be reog?%ed. In addition, the supplier is also required to provide
information about the aggregates used in the mixture as described in EN 13242. From the perspective
of the suitability of end use of the mixture, the supplier is also required at the time the order is placed,
upon request, to provide particulars of the water soluble sulphate content as determined in accordance
with the Factory Control Production System.

From the perspective of C & D Waste, Informative Annex A of EN 13285 provides guidance on the
description of mixtures containing recycled aggregates. The composition of mixtures containing
recycled aggregates should be determined by visual sorting into the following groups:
e Crushed Rock aggregates,
gravel aggregates,
concrete and other hydraulically bound mixtures,
slags (including type if known),
bricks, masonry and concrete blocks,
calcium silicate masonry,
lightweight aggregates,
crushed or reclaimed asphalt,
organic contaminants — wood, plastic etc.
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Four separate categories of C & D Waste are then classified according to the proportion of these
constituents that are present in the mix. These are:

A1 Crushed Mixed Concrete Aggregates

A.2 Crushed Masonry Aggregates

A.3 Crushed Mixed Aggregates, and

A4 Crushed Road Pavement Materials.

Particulars of these grading envelopes are shown in the tables below:

A.1: Crushed Mixed Concrete Aggregates

Components Percentage by
Mass
Main Crushed Concrete (Density > 2.1 Mg/m®) >90
and Aggregates (Including slag)
Other Granular Crushed Masonry <10
Crushed Reclaimed Asphalt <5
Contaminants Cohesive Materials (Including clay) <1
Organic Materials <0.1
A.2: Crushed Masonry Aggregates
Components Percentage by
Mass
Main Crushed Masonry (density > 1.6 Mg/m\% >80
Crushed Concrete (Density > 2.1
and Aggregates (Including slag) <&
Other Granular Crushed Masonry P <20
Crushed Reclaimed Asp}z@‘rli,g\u <5
Contaminants Cohesive Materials (Ir’@ﬁ;g}ﬁg clay) <1
Organic Materials 00,* & <0.1
F
N ~<\
AT gﬁ.lshed Mixed Aggregates
Camponents Percentage by
“’gfﬁ Mass
Main Crusﬁéd Concrete (Density > 2.1 Mg/m®) >50
and Aggregates (Including slag)
Crushed Masonry <50
Other Granular Crushed Reclaimed Asphalt <5
Granular with density > 1.6 Mg/m® <10
Contaminants Cohesive Materials (Including clay) <1
Organic Materials <0.1
A.4: Crushed Road Pavement Materials
Components Percentage by
Mass
Main Mineral based granular, including glass, >90
ceramics, slags etc.
Other Granular Iron and other metals <5
Non-incinerated material <6
Contaminants Organic material <5
Incinerator fly ash 0
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Conclusion on the Implication of the New European Specifications

While prudent road construction engineers would ordinarily take all due precautions necessary to
satisfy themselves that a quarry had indeed the capacity to provide aggregates capable of compliance
with the required specification, the introduction of a documented Factory Control Production System for
suppliers of unbound aggregates greatly formalises and intensifies these Procedures.

The specification of the constituents of a designated category of CDW are likely to have a profound
impact on the manner in which such material is used in road construction in the future. However,
conscientious operators who are striving to produce a high quality CDW material and who comply with
the onerous obligations of these specifications should be in a position to compete in the market on an
equal footing to primary aggregates.

ASPHALT

Significant quantities of asphalt CDW arise when a road surface is being planed to accommodate
resurfacing. This material has traditionally been much valued in Ireland and has commonly been
utilised for beneficial re-use in the surfacing of depots and temporary material storage compounds.
However, while the same principles apply to the use of asphalt planings as unbound pavement
materials, such material may be capable of more advantageous use as a stabilised wet-mix macadam
road base material (through the addition of bitumen to the asphalt planings). While the scope of such
use is outside the remit of this Paper, it would be necessary to artinge for the specification for
stabilised wet-mix macadam to be revised in order to allow for@tﬁ@‘bse of asphalt planings on the
lighter trafficked roads. The threshold Annual Average Daj JFraffic (AADT) values that would
categorise “lightly trafficked roads” would need to be agreeq@% efined.
S
St
QRN
KEY INTERNATIONAL FACTORS INCREASING ('\Eﬁ':E&DW RECYCLING IN ROAD PAVEMENTS
\\ '\Q

This paper has examined issues relating to the@gﬁ\:position, performance and specification of CDW
for use as an unbound material pavement Iay@\%‘in road construction. Even if all these characteristics
are intrinsically satisfactory within a CDW gaterial, it is imperative that the waste management
system is set up in a manner to enable C@W to compete favourable with primary aggregates in road
construction. As might be apparent from Table 1, there are a number of excellent examples from
international experience illustrating how construction and demolition waste can be managed to best
advantage in this regard.

Reduction of Transport Costs

The objective of such strategies is to reduce the cost advantages of removing CDW from site and
bringing primary aggregates to site. Strategically situated treatment facilities which are situated both
to the source of and the markets for C & D Waste, such as on the urban/sub-urban fringes, can
ensure that the production and transport costs are minimised in comparison to the corresponding
costs associated with the provision of primary aggregates. High landfill levies and increased charges
for mixed CDW can help ensure that disposal of construction and demolition waste does not
represent a cheap management option. A prohibition on the landfill of certain types of CDW will
remove the opportunity to landfill CDW which is readily recyclable, while Aggregate Extraction Levies
will improve the competitiveness of CDW in comparison to primary aggregates. The strict regulation of
construction/demolition sites, waste carriers and facilities will restrict the opportunities to manage
CDW in an unsatisfactory manner. The provision of both primary aggregates and CDW aggregates at
the same location allow a totally open choice to purchasers — if the CDW is of similar quality and is
cheaper, then there is a strong likelihood that it will be chosen for appropriate construction
applications.
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Preparation of Waste Management Plans for Individual Projects

A requirement to prepare a Waste Management Plan for each individual project can greatly improve
the manner in which CDW is managed. Preparation of a Waste Management Plans can facilitate an
early and accurate quantification of wastes/surpluses and material requirements for the Scheme. This
allows the designer to match waste arisings with material requirements for the new works. Priority can
then be given towards re-use/recycling on site, through the production of recycled CDW of the
required specification.

The Use of Producer Responsibility Agreements

The concept of producer responsibility is that the industry agrees to take responsibility for the proper
environmental management of the CDW it produces. Designers and advisors would thereby
encourage clients to increase the level of CDW recycling, which will be properly specified in the
contract documents in the very same manner as all other facets of the construction project.

Compliance with Codes of Practice

Source segregation of wastes is paramount when attempting to maximise reuse and recycling of the
waste material. Selective demolition, whereby a building or infrastructure is disassembled in a direct
reversal of the construction process, ensures that the useful mat 1ls do not become contaminated
during demolition. Accordingly, adherence to recognised indus Codes of Practice for selective
demolition can maximise opportunities for re-use and recycllng

Financial Assistance o‘?&

The provision of financial assistance towards\§ earch and Development provides an impetus to
entrepreneurs whom are anxious to explortg%’@\i able market opportunities. In practice, efforts are
generally directed towards known techno@@@and the major CDW fractions.

Li