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Table Abbreviations

SL71 Servicelife

RSLT Reference Service Life

ESLT Estimated Service Life

SLP7 Service Life Plan

LCAi Life Cycle Assessment

LCCi Life Cycle Cost

LCI T life cycle inventory

LCM i Life Cycle Management
LCIA T life cycle impact assessment
Fi Force

f1 Stress

El'T Environmental Impact

CDW:i ConstructiorandDemolition Wastes
CD1i ConstructiorandDemolition
cmi Centimeter

cn’i Centimeter Square

cn®i Centimeter cube

mi Meter

m?i Meter square

m®i Meter cube

mmi Millimeter

kgi Kilo Gram

gi Gram

si Second

mini Minute

°Ci DegreeCentigrade

NA 1 Natural Aggregates

RA'T Recycled Aggregates

RAM i Recycled Aggregates Mortar
f.1 Compressive strength

fo T Flexural Tensile strength

(1 Elongation

C&D'i Construction and Demolition
FMEA'T Failure Modes and Effects Analysis
FMECT Failure mode, effects and criticality analysis
MTTF i MeanTimeto Failure

MTTR T Meantime to repair

VE i value engineering

Q.1 performance quality

Qu 1 Useful technological quality
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Q.1 Operating technological quality
PCBi printed circuit board

C-CaO

S-Sio,
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F - FeOs

H - H,O

S-SG;
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%1 Percentage

g/cnt i Gram over cube Centimeter
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EAF - Electric arc furnace

nmT nanometer

FNA - Fine natural aggregate

FRA - FineRecycled Aggregates
CON - concrete wastes aggregates
BRI - Bricks crashed aggregate
RECT Aggregatesecycling plants
REFT FineNatural Aggegates

FNT Fine Natural

FRH17 Fine Recycled aggregates tip 1
HL 7 Hydraulic lime

ae- differente

£- Displacment

Mpa’i Mega Pascal

F771 Flexural Strength 7 Days
F281 Flexural Strength 28 Days
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C28i1 Compressive Streng&8 Days
Cemi Cement

€ m Micro meter

W/C - Water Cement Ratio

} 7 Density

V1 Volume

Msae- Mass Saturated
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Mgry - Mass Dried

MJiT Mega Joule
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t/y 7 ton per year
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e/ti Euro per ton

Mt i Mega ton
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kw1 Kilo watt

w i Watt

wh watt hour

kwh - kilo watt hour
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1 INTRODUCTION

Every year a lot of constructioma@ demolition works arelonein the entireworld, especiallyin
developed countries like European aNdrth American countries. This caused to produce a big
amount of Constructioand Demolition Wastes (CDW) in the cities. In fact in the lastatle a big
movement started te@cycle and reusthese wasteagain in Construction industries. One of the most
efficient ways to reuse this big amount of resouréedo crash the CDWand reuse them in the
concretg1].

There have been a lot of works done to add the Recycled aggregates from CDW to the cement based
materialsespeciallyconcrete. The point with ordinary concrete which there have been a lot of works
done for it is the ordinary concrete have structural resbitins But for mortar there is not this
responsibility that strondn fact it is easier to make ready mixed maréald anything to it and sell it

in the marketsince its quality in acceptabl&he point with mortar since it isnown as less noble

mateial thanordinary concretg2] it have been less concentration to work on its properfiesre

have been a | ot of works done on the mortar r ec)
fiLeonardo FR2006, Valeria Corinaldesi, 2089AImir sales , 2009 Benito Mas, 2011- Hirosh
higashiyanan, 2012J. Caballero, 2010 Miranda, 2004 R. Evangelish ,2004 M.Errasti , 2007-

Zhonghe Shui, 2008Miranda, 2004 Gerusa de Aguiar, 2004_uis R. Evangeliste2004 [3-14].

Due to data extracted froin Evangelista, 2007 L. Evangelista, 2004 Vegas, 20000, 1517]

water absorption and sulfate after 2030% will exceed to an unacceptable value. with different
percentage of the recycled to natural aggregates mechanical Properties will seems to be in the same
range due to Idela. Evangelsta, 200715].

y = 0,0126x = 0,312
R* = 0,9591

Total Sulphur content (SO3 %)

0 10 20 30 40 50 G0 70 20 90 100
Recycled aggregate content (%)

Figl Total Sulfur content of RAM VS Recycled aggregates substityti@h

In theFig 1 the rdation between Sulfur content and Substitution of Recycled to natural aggregates for
one of the experiencdggas, 200917] hasbeen illustrated. This Fig shows total Sulfur content for
their experience is increasing inore than 1% which is the suggestion of the standard.

Due to the synopsi¥able 1 in the recent years not a lot of works have been done on accelerated
weathering and freezéaw properties of Recycling Aggregatdsrtar.

Tablel Mortar Recycled Aggregates Synopsis
Author - year Area of Interests
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Leonardo FR20043]

Valeria Coinaldesii 2009[4]
Almir sales- 20095]

Valeria Corinaldesi 200918]
Vivian W.Y - 200719]
Benito Mas- 20116]

J. Caballere 201(8]
Miranda- 20049]

R. Evangelish 200410]
L. Evangelista 200715]
I. Vegas- 2009[17]
M.Errasti- 200714]

A. Abbas- 200920]
Zhonghe Shui 200g11]

Geru
Luis

sa de Aguiar200413]
R. Evangelista200421]

fe, fo Density, modulus of elasticity, drying shrinka
Masonry, Calcium carbonationy,fshear strengtt
Modulus of elasticity, water abortior

Article revenue, Acid Attack, Image Analysis, modulus of elastic
Properties of Nk Recycled and natural aggregate f§, water
penetration

Chloride penetratior

, T, T ,Bulk density ,wet bulk densityjsual Control

f., Water absorptior

Environmental Impacts, due to EDIP and CML methodol
Manufacturing and production process descript

Mix Design Analysis, Loss ignition, specific heat, final sgt
Image Analysis, Chemical Analysi

f., Preheated specification, temperature , Image ana

Sulfatre Cantent, §, fy, wetting drying
f, s hr i nkagg waev Abkorpton

Based orliteratures reviewed above two characteristics of a mortar have been chosen to evaluate this
material as usable and more efficievith compare tahe ordinary mortar available in the market.
Thesetwo characteristics are sustainability which is basically measurable with the Environmental
Impact of the martial which in this point regard less aticess of the mortar production aggregates

h, and gnendbirabilitpvaienriherpg is moéneugit |y
information availablefor it. At the end therés compare the Life Cycle Assessment and Durability
related to theLime-cement and cement mortar Produced with different portions of Natural and
recycled aggregatefReasonfor choosing Cemddime is more describén the end of Literature

envi

ronment al i

mpact s

reviewfor RecycledAggregateMortar.

Due to this introduction,| am proposing té methodology below to introduce a new martial as
Recycled aggregates rendering morfare aim and methodology described belang based on the
logics to find new ways to improve use of recycled maténigdroduction of new material®r the

building. And evaluate Environment&fficiency of the Recycled aggregates mortar.

1.1The

aim:

To Evaluate Environmental Sustainability of Recycled Aggregates Mortar (RAM).

1.2 Objectives:

To Evaluate Durability of RM - Recycled Aggregates Mortafor rendering (with different

percentages of RA / NA).

To Evaluate E} Environmental Impactof RAM rendering.

To compare El with SL- Service Life - and give the environmental efficiency, and
understand how much it cloleeffect on whole life cycle of different sustainable cement based

materials.

1.3Methodology:

754191
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Part 1, Sustainable Materials (Literature review);
1.1 Different sustainable cement based materials have been Analyzed to uniigrstaefiect
of wastes added to the Cement based materials and understand opportunities of development
for each of recycled cement based materiBigs part is moreelatedto chapter I.
1.2 The methods to Evaluate SL of the Cement based materials baneabalyzed to make
sure which kind of methods cdhe best choice br evaluate the materials performances
specially in the Milarweather conditionit is the subject of Chapter II.
1.3 In Chapter lll,to understand and analyses LG#d to find ways for improvesthe
Sustainabilityand Durability of Mortar, Poduction processof Mortar has been analyzed
completely And chemical properties of the mortar have been understood.

Part 2, Environmental Impacts of RAM;

2.1 Different sustainabilityestimationmethodsarereviewed This review is helpful t@hoose
the best methqdindto understand weakness and strength of each méthadpart is mainly
the subject ChaptdY .
2.1.1 To EvaluateEnvironmental SustainabilityCA is chosen, Data gathered from
recycling site. After looking at the data for production of the mortar, sustainability
methods, and LCA databases, SiRra is chosen to evaluate the Environmental
Impact of the final material.
2.1.2 Usedata bases Like Athena, ITaca, ICE and IBO to compResults and
Availability of data and use the available parts of data from thAds.data bases can
be helpful to understand and correct the results and also understand the availability of
the data for Recycled aggregates.
2.2 Compareinformation gabered from Recycling sites to the information available in
databases. Define critical pointdnderstand the Emotions in eastepof the production and
compare the results of the LCA Calculations for different Portions of Recycled aggregates
mortar foundd and understand the differences and similarities. This part isdaecgibedn
chapter IV

Part 3, Durability ofRecycled Aggregatédortar (RAM),

3.1In Chapter Vto develop analfsis of SL Evaluation method#&( accelerated weathering of
RAM) and ¢ose the most Relevant one festimatedservice life for RAM. Apply the
method which is Accelerated Ageing test on RANLthis part with look at the provirus data
bases available in literature a test proces® teeen design and implementéehd compare
the Degradation of the material to the reference material.

3.2 In Conclusion,To Compare Different Portionf Recycled Aggregates mortatife-
Cement Mortaiand Cement Mortar) to see which onenmre efficient and more convenient
to be produced.

10
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Chapter I

SUSTANABILT® DURABILITY
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2 SUSTANABILTY® DURABILITY

2.1Introduction :
Construction industry is one of the biggest industries in the world and geanra lot of material,
energy and men work is consuming on t@&D waste is a big problem. In 2005, 33of the 7.8
million tonsof waste that went to permitted and licensed waste sites in Wales was composed of C&D
waste. This amounted to almost 3 millitoms For examples in Wale®ver half of this waste went
into landfills. Notmuch of this waste can be easily recycled, yet it is goingamlfill [22]). So it
would be important to give some idea about findingre efficient way to manage resources in
construction process.
Sustainability goal is nhowone of the most important subjects shows itself in the construction process.
Talking about sustainabilityy Construction istaredfrom the Agenda 23] which describest like:
AA devel opment t hat meet s t he needs of presen
generations to meet their own needso.
With this consideration dbustainability efficiency in using resouaes is one of the firshingswhich
is coming to mind. To use resources as their general meaning in optimum way to have less waste in
different aspecté.e.. energy, materials, water, soil, etot)reuse the wastes

Sustainability has then been defid as for the 3 main aspectsesivironmental, economic and
social sustainability as for the first two aspects evaluation methods have been devdlifpe@ycle
Assessment (LCA)for the environmentadspect and.ife Cycle Cost (LCC) for the economic ane
When we are looking at ISO 1568f24], It is clearly mentioned as relation between service life and
sustainability. So with improving link amongCA, LCC and Service life we cahave better
sustainable procesBig 2 is illustrating three aspects of the sustainability described.

Environmental

Fig2 Primary aspects of sustainabilitj25]

The aim of having more sustainable construction is to satisfy users. When we considerth€e in
process maing/e have a more economical processdans with having a better link amo@gality ,

which is mainly considered as technical quality and LCA and LCC.

One of the most importaaspect®of the construction could be consider as component and its quality.
When we tal k ab ou talgbality durdbilitygigverg impodanthas inproving itcwe

can change amount of resources usage in the Process of the construction.

At first with increasing durability we can: decrease amount of replacement, Decrease amount of
production and recycling.

12
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\

v

To m1 m2 M1 m3 m4 t

Fig3 Maintenance Plan of two similar visionary Materials

In Fig 3 Idea is described two material with Service life m1 and M1 are alternatieeslin each
maintenance point aamount of money have to be paldhis money will be consunfer new element
and/or work to change the element for production of the new element there is Envirorimpatdl
which is produce Environmental louSo it will be interesting to see how much are these materials
have differencein Environmental Impact imunit of time. Then which durability factors are more
considerable to clarify this effect and how much. Hence that Durability measurement and
maintenance plan is the essential part of the research in compare withSir€A.it comes to the
Recycled material the process of calculating of Environmental efficiency can become more
interesting specially in material Families like cement based material where there is low El due to the
use of aggregates which is coming directly from the Nature like the river giddndir wastes are
going back to the natuand have to be deposited in the land fields.

Life Cycle:Life cycle is another important property of the materials. It is concluding about how much
effect materiahasin the whole life of it. We can take defiiun if whole life cycle fromlSO 15392

[25] like: it e ¢ 0 nassassment considering all agreed projected significant and relevant cost flows
over a period of analysis expressed in monetary value. The projected costs @&end¢leded to
achieve defined levels of performance, including reliability, safety and availability.

13
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causing to the sustainability of the material econaflyiand environmentallyDescribing thé’rocess

can open ways and clear the methods have been chosen. To evaluate Environmental sustdinability

Recycled aggregates mortar.

The process from basic elements of Sustainability and Durability of mateshlsvig inFig4.

Durability Reliability Life Cycle

~

Total Quality

Quality EMEA :/IAII; &
Managem &FMEC

Maintenance
plane & Waste

Management
Economical Environmental
Sustainability Sustainability

Fig4 All the ProcessSustainable Design

14
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2.2 Sustainability of Materials in Building:

In order to evaluate sustainability of the material at the beginning it is necessary to levesvéew

on methods and Tools available to evaluate sustainability, and analyse definitisustainability
factors inroduced with standards.

As definition of sustainable devg@ment in Agenda 2123] we cantake fidevelopment meethe
needs of present without compromising the abilit
With this description efficiency is one of the firgshingswhich arecoming to mined. To use resources
as their general meanimg optimum way to havéewer waistsan different aspectdike: water, soil,
land, energy, recourses).

This work is talking about sustainéity of material. Itis impotentfor Resourcesenergy and men
work. On the other side that is effects social,economicalandenvironmental aspects.

Environmental and economical effects of sustainabilitynasee noticeable in this report because they
are clearly and directly concluding from LCA (as life cycle assessraadt) CC(as life cycle cost).
Since we tdt about LCA and LCC we talk about life cycle and one of the biggest needs which will
come up will be Service Life (SL). So till this point it can easily understandable the link between
Sustainability and Durability. It is nothing except LCC and LCA whidthbare numerical and
guantifiable elements in consttion process.

Next step in this part will be finding and giving details with analysing tools which will mention later.
According diagram at the beginning of the chapter it will describe how to medtimbility in
sustainability literatures. It will stawith Brief description of Methods likekEED, BREEAM, Itaca

It will introduce some methods talculateLCA measuring like Simg@ro and Athena.

Sustainability use of naturaésourcesthe construdbn work must be designed, build and demolished
in such a way that the use of natural resources is sustainable and in pargtigare the following:

a; reuse or recyclability of the construction works, thagterial parts after demolition. b; durability

of the construction works, c; use of environmentatlynpatiblerow and secondary materials in the
construction work[26].

2.2.1Life Cycle Assessmerg[27, 28}

"é a technique for assessing the environment al

product, by: compiling an inventory of relevant inputs and outputs of a product system; evaluating the

potential environmeat impacts associated with those inputs and outputs; interpreting the results of

the inventory analysis and impact assessment phases in relation to the objectives of the study.

LCA studies the environmental aspects and potential impacts throughout atpduc | i f e (i . e.

to-grave) from raw material acquisition through production, use and disposal. The general categories

of environmental impacts needing consideration incked®urce use, human health, and ecological

consequences

1 Elements of a lifeycle assessmefi7, 28] An internationally accepted framework for LCA
methodology is defined in ISO standards 14040 and 1f@4428] These standards define the
generic steps which have to be taken when conducting an EGJx. different phases can be
distinguished:

1 Goal and Scope Definitiorthe goal and scope of the LCA study are clearly defined in relation to
the intended application.

1 Inventory Analysis The inwentory analysis involves the actual collection of dated the
calculation proceduresThe relevant inputs and outputs of thealyzedproduct system are
guantified andnodeled

1 Impact AssessmeniThe impact assessment translates the results of the inyvemtalysis into
environmental impacts (e.g. global warming, ozone depletion, acidification, depletion of
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resources, eutrophication etc.). The aim of this phase is to evaluate the significance of potential
environmental impacts.
1 Interpretation In this phae conclusions and recommendations for decisiakers are drawn
from the inventory analysis and the impact assessment.
Life cycle assessment (LCAhould not be confused wiliie cycle costing (LCC)lt is a broader
concept which entails identifying th&radle to gravé r esour ces consumed and/
environment throughout the service life of a product, such as a building. It is commonly used in
considering sustainability of development but there are overlaps with life cycle cds#iol.reqgires
an assessment of what wil!. happen over a prolon
rel evant Afcostsd in provision of the building.
components or materials with lowarholel i f e @&nd cedutes eeplacement or maintenance
requirements. Both may also take into account the residual value when a material or component is
reused or recycled. However, the optimum economic option may not have the least environmental
cost[27, 28]

2.2.2 Life Cycle Costing [24]

Life cycle costing (also known as whdlée or throughlife costing) is a technique which enables
comparative cost assessmetusbe made over a specified period of time, taking into account all
relevant economic factors both in terms of initial capital costs and future operational costs. Being able
to compare the future costs of alternatives allows selection of the most ecavenstt design and

helps planning and control of the cost of ownership. Some essential features include the following.

a) Only designs and/or components which meet the design life, functional and performance
requirements should be considered as alterstiv

b) Alternatives which meet the performance requirements but which have lower life cycle costs
should be preferred.

c) LCC should be undertaken on the entire estimated service life of the whole building and its
components and assemblies, or on afeeseeable service life.

d) All relevant economic factors, dluding opportunity costs (i.eost of choosing this investment
rather than another), should be included within the analysis.

e) Initial costs include costs directly related to the whole buildimdyits components and assemblies,
including design, construction and installation, fees and charges.

f) Future costs include all operating (e.g. energy and cleaning), maintenance, inspection, replacement
and demolition or removal costs.

g) Maintenance is include costs of replacement, repair, refurbishmeisassembly and fe
assemblyPlanned cyclical maintemce and dayo-day maintenancas well as improvements and
alterations should be included. An allowance should be made for unplanned remexiahamaie,

based wherever possible on recorded historic costs and experience. Depending on the use of the
building, costs associated with unavailability or provision of a replacement during maintenance work
may also be required.

h) Timing of future costs sluld be taken into account in LCC [e.g. by discounting future costs to
present day (PV) values.

i) Evaluation of alternative specifications may entail value engineering (VE) techniques.

LCC And LCA:are numerical aspects and they are causing from ditfdueability analyses system

like Reliability ,maintenance plan, Service life plan, Estimated service life.

2.2.3 Social Aspect24]:

While the challenge of sustainable development is globalktthgegies for addressing sustainability

in building construction are essentially local and differ in context and content from region to region.
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These strategies will reflect the context, the preconditions and the priorities and needs, not only in the
built environment, but also in the social environment. This social environment includes social equity,
cultural issues, traditions, heritage issues, human health and comfort, social infrastructure and safe
and healthy environments. It may, in addition, paftidy in developing countries, include poverty
reduction, job creation, access to safe, affordable and healthy shelter, and loss of livelihoods.

Social impactis impact to society or quality of life, wholly or partialtesulting from social aspects

[24].

Social aspectareaspectof condruction works parts of works, processes or services related to their

life cycle that can cause a change to society or quality dRHife

Future use othe building [24] a building is generally a very durable capital asset, and the initial
client may only have a limited foreseeable use for it. Service life planning can allow for future sale or
reuse by subsequent ownersereby increasing the residual value of the building. Extending the
service life of the building and reducing component maintenance and replacements also contributes to
achieving sustainable development and preservation of scarce resources.

Resources congption does of course pose an impact challenge for the construction sector. Energy
savingmeasures, extensivetrofit programs and transport needs constitute strong challenges linked
to energy use. Reduction in use of mineral resources and conservdtfersapport function of the
environment require use of renewable or recycled materials and production of serviceskfeeral
countries management of the land is effected by construction son related issues are choices of site and
land use, the longéty and use of land for production of building material.

2.2.4 Sustainability Rating systems
This part is itroducing two of the most important Sustainability rating systawaslablein building

constructiorevaluation.

Leadership in Energy and Environmental Design (LEED®)]: Buildings fundamentally impact
peopleds I|lives and the health of t kherd gf totaln e t .
energy, two-thirds of electricity, oneighth of water, and transform land that provides valuable
ecological resources. Since the LEED Green Building Rating System for New Construction- (LEED
NC version2.0) was first published in 1999, it has been helping profests across the country to
improve the quality of our buildings and their impact on the environment.

As the green building sector grows exponentially, more and mdl#ing professionalsowners, and
operators are seeing the benefits of green buildimth LEEED certification. Green design not only
makes a positive impact on public health and the environment, it also reduces operating costs,
enhances building and organizational marketability, potentially increases occupant productivity, and
helps create austainable community. LEED fits into this market by providing rating systems that are
voluntary, consenstsased, markatriven, based on accepted energy and environmental principles,
and they strike a balance between established practices and emengiegiso

The LEED rating systems are developed by USGBC committees, in adherence with USGBC policies
and procedures guiding the development and maintenance of rating systemsNCEEsion 2.2 is

only possible due to the generous volunteer efforts ofyrratividuals, and has been in development

for over 2 years. LEEINC is one of a growing portfolio of rating systems serving specific market
sectors.

BREEAM (BRE Environmental Assessnidethod){30] BREEAM is the lading and most widely

used environmental assessment method for buildings. It sets the standard for best practice in
sustainable design and has become the de facto measure used to describe a building's environmental
performance.

BREEAM provides clients, delopers, designers and othensth market recognition for low
environmental impact buildings assurance that best environmental practice is incorporated into a
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building inspiration to find innovative solutions thratnimize the environmental impact a bencéuk

that is higher than regulation a tool to help reduce running costs, improve working and living
environments a standard that demonstrates progress towards corporatergandzational
environmental objectives

BREEAM addresses wideanging environmentand sustainability issues and enables developers and
designers to prove the environmental credentials of their buildings to planners and cliesds. dt
straightforward scoring system that is transparent, easy to understand and supported by- evidence
basd research has a positive influence on the design, construction and management of buildings sets
and maintains a robust technical standard with rigorous quality assurance and certj86&tion

2.25 Sustainability software:

In this part two of the most used LCA evaluation softwaietroduced:

SimaPro:[16] One of the most used software in LCA data base management is SimaPréwlaiseso

is working according Ecinvent Data bases.

In SimaPro each process can have multiple outputs and avoided outputs at the same time. This means
you can combine system boundary expansion and direct allocation in any way you like. Behind each
multiple output, you can add a percentage that indicates the allocation BhaEExample Wen you

allocate the environmental load of a wood saw mill over the main products plankavagdst)you

can allocate 50% to the planks and 50% to the sawdust (ignhori@gtstiproducts). This is when you

use mass as allocation basis. If you use an economic allocation basis, you could allocate 80% to
planks and 20% to wood, as the value of planks is much higher than the value of sawdust. The sum of
the allocation peeentagemust of course be 100%.

It is up to you to decide on which principle you base this allocation percentage. We advise you to
document how you determined an allocation percentage.

Ecoinvent The Eco invent database offers life cycle inventory (LCI) and liycle impact
assessment (LCIA) results. The following LCIA methods are implemented in thievecd data

v2.0:

A cML 2001

A Cumul ative energy demand
A Cumul ative exergy demand
A EBrdioator 99

A Ecological footprint

A

Ecol ogical scarcity 1997

AEcosystem damage potentidDP

A EDI P69 7 Enaimriner2adOk8gn of Industrial Products

A E P S- eBviddbr@iental priority strategies in product development (will be provided with

ecoinvent data v2.1)

A I MPACT 2002+

A 1 PCC 2001geX cl i mate chan

A TRACI

A Selected Life Cycle Inventory indicators
There is a range of methodological problems and questions while linking the LCIA methods with the
elementary flows of a database. This lead to different results in the past, even if the same LCIA
method was applied on the same inventory results.
The aim of this report is to avoid such discrepancies. In the first part of this report the general
assumptions for the implementation of impact assessment methods on {ineeatdife cycle
inventorydataare described. For that purpose, generaltarchonizedules were developed how to
deal with a certain problem.
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Athena: [31] At h e n a @diuseesafsvare allows architects, engineers and others to compare
alternate design scenarios and incorporate environmental considerations while still at the conceptual
stage of a projedt when most critical decisions are made. This helps to put the environment on an
equal footing with other more traditional design critesiach as cost, functionality and aesthetics.

2.2.6 Conclusion:

At the end of sustainability part it would be important to have a brief look as what approaches can be
taken from them and how can weanage themBREEAM and LEEDare evaluating material in
different steps according their protections and their situation in the building and they are measuring
these materialgot with their service life.

As you can see for example LEEDconsidering amount of refurbishment and reayglio give grad

but this things all can be improvetihey can have some functional relation. The solution to fill this
gap again will be to more consider SL oriented ways for evaluating materials. This idea could be
clearerin conclusiorof durability patt.

In the other hand with a look at LCA and databases and compare them with other methods could be
conclude the LCA is a very strong method but due to its strength it show its lack of databases which is
quit noticeable in that but it is improving very fasthenaand SimaPro 7have ability to give a
number as LCAThey Eceinvent will be usedo calculate LCA of aggregates.
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2.3 Durability

2.3.1Introduction :

For evaluation the Service life of the mortaisi necessary to use Durability methods. In this point it
is needed to identify borders and definition of durability in building and construction process.

As word meaning Durability is likely to last for a long time vaitht breaking or getting weakgs?2],

in the other meaning it is: capability of a building or its parts to perform its required function over a
specified period of time under the influence of the agents anticipated in §edjice

To develop durability in time we use experimental methdtiese methodare coming from direct
experiences which come from users surveys or accelerated tdatsoiatoryand thenanalyzing
information with different methods.

2.3.2 Building Quiality [33]:
Building quality is defined as the set of properties and characteristics of the building (or of its parts)
which satisfy clear or implicit requirements through performanBedding quality usually consists
in:

a) Spacefunctional quality;

b) Environmentahuality;

¢) Technologicahuality;

d) Technicalquality.
There is a narrow relation between the whole environmental quality of the building and the
Technologicahuality of the components of the building itself: this relation correctly allows to
Developthe planning steps of the building.
In detail the technical quality control is followed in tHarmming steps of the componef@&8].
Building Quality have been shown and discusseHign5, the relation between Environmental and
technological quality of building in compare with other technological qualities of the products are
described.
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Building quality

Environmental and technological quality of the building

Building
planning

Technological quality of the components
Performance ,useful, executive and maintenance quality

Components
planning

Technical quality of the products

Fig5 Building quality connection

As for quality definition, the exigencies are what are requested for the development of a consumer
activity or of a technological function (Ex. Comfort, safety, etc.).
Requirements are the transposition of @eRrcy into aspects useful to specify satisfactonditions
of a building or of its spaces or of its technical parts, in specific usage orGtrediions[33].
Requirements are usually classified as:
a) Spacedunctional equirements;
Environmentalequirements (ex: thermal conditions control, sound conditions, etc.)
Technologicalequirementsdx: thermal insulation, soundsulation,air capacity, etc.)
d) Technicalrequirements;
e) Executiverequirements;
f) Durability requirements;
g) Maintainabilityrequirements.
Technological quality concerns the following aspects:
a) Characteristior performance technological quality;
b) Maintenanceéechnological quality;
c) Executivetechnological quality;
d) Usefultechnological quality;
We have to pay attention to the useful technological quality of a builkbngponent thats the
maintenance of its starting performances (the durability) in the time, because it is one of different
aspects of the quality that contributes to thefewimg of the whole technological quality. These
aspects arf33]:
- Characteristic technological quality or performance qua(i§¥c), that is the performance quality
of the component at zero time, out of system and withinot ended use: i to
technol ogi cal guality of the component and
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parameter is necessary to estimate the component durability because the performance loss in the
time refers to the charactdresquality level of the component itself;

- Useful technological qualityQu), i.e. the component attitude to fulfil in the time the starting
levels of performance (Qc);

- Technological quality of maintenang€®m), that is the component attitude to all@ame
specific levels of maintenance;

- Operating technological qualitfQo), i.e. the component attitude to allow some specific
economical and operating levels in its installa{i@d].

The realbehaviorof the building or sme of its parts in real usage and stress conditions is defined as

building performance. Building performances are usually classified as:

a) Environmentalperformances (thermal conditions, acoustic conditions, light conditions, indoor air

quality, etc.)

b) Technologicaperformances (thermal transmittance, sound insulation index etc.)

Useful quality is defined as the product ability to maintain the original technological performances

levels and this is translated in the technological requirement of durabilit

Technical quality is defined as the whole characteristics of building components, classified for

technical requirements.

A functional characteristic is the product characteristic necessary to accomplish its functions in the

component, and it considets performance share (Ex: thermal conductiwigporpermeability, etc.)

There is a near subordination between the functional characteristics of products and the technological

performances of the component in relation with a particular technologicatesmnit: for example,

the thermal conductivity of an insulator determines its performance share at the technological

requirementsulfillment of thermal insulatiof33].

Service life:

Methods for EvaluationfB u i | dSenicg Ifes[33] The international standards developed by ISO

TC 59 SC 14[34] Service Life PlanninglSO 156861 and ISO 156862 [24, 35] introduces a

general evaluation methodology divided in two steps:

A The experimental evaluation of Reference Servi
A The prediction of )fbrdhe designistag83].Ser vi ce Life (ESL
This methodto evaluate the reference service life of building components, (i.e. the period of time,

after installation, during which a building component meets or exceeds performance requirements in
normal conditions of use and maintenance) is a refinement of a G® Waérk and is based on
accelerated laboratory weathering and long term exposure; the Reference Service Life of the
component is evaluated comparing lab and outside results evaluating the performance decay during
time.

The results of reference serviceeliévaluations through this procedure can be elaborated to obtain
Estimated Service Life in design conditions using one of the following kinele of methods, which

differ as for complexity degree, and as for information quantity needed to apply it:

Factor method:[36] is a simplified method which allows to calculate Estimated Service Life, by
correcting Reference Service Life with multiplicative factors (usually between 0.8 e 1.2) which take
into account the spedaificonditions where the component is used. The methapiseciated because
of its simplicity which allowsapplyingit economically to little dimensions housing; this simplicity is
however related with its limits of reliability due to the subjectivitydmetast values for each factor
Statistical methodg36] In these methods degradation is generally regarded as a stochastic process,
for each property during each time period, a probability of deterioration is défmatkls like the
Markov chain model are usually used). These methods require fairly sophisticated inputs in the form
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of probabilities, which are not easily estimated, and require quite some effort to be put in. Most of
them are focused on one single mate(almost always on reinforced concrete) and on one single
aging agent (quite often chloride attack).

Engineering method436] must have the same degree of complexity of other common design task
(i.e. structural malysis, thermal analysis, etc.) and they may have probabilistic inputs but these inputs
must be linked by simple, determinate equations. No examples of engineering methods found in
literature.

2.3.3 Maintenance planning

To hold in consideration the maintenance, the MANAGEMENT PLANNING can be executed with
the following criteria, on the basis of durability and reliability data of the componentwitinthe
critical failures:

AEmergency maintenanceot programmed maiehance carried on after an unforeseeable failure,
usually owing to a project or executive pathology.

AMaintenance after failureprogrammed maintenance executed after a not critical foreseeable failure.
A Pr e v metittivevobthreshold maintenangerogrammed maintenance executed at steady age
or at steady time spaces (ex. painjnixed upon the knowledge of durability data (ex: man.
Equipment parts) for critical failures (Es: waterproofing of the roof)

Mreventive maintenance under conditigmogrammed maintenance executed after the achievement
of a limit condition, estimated with inspections based on diagnostic cards, with frequency which is
due to the reliability, for critical failures (ex: structural parts)

AOpportunity maintenancenaintenane executed in advance compared with the maintenance planner
because of a profitable moment, on the occasion of the maintenanceomseasiout some building
parts[36].
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Deflnltlon
Usar needs, bullding context, type and range of agents, perfarmance
requirements, materlals characterization
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feedback from other studles

Pretesting
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Fig6 Systematic methdology SLP of building componeni35]

Fig 6 shows the Process of SL Plane of the building, and Methodology to connect between Agent

Action and effect and choosing the most effactctions.
Maintenanceis coming from economical quality of the material dhés mergingthe three other
essential aspects of the material and components. As definition of ISO maintenaopn®isation of
all technical and associated administrativéoams during the service life to retain a building or its
parts in a state in which it can perform its required functions.
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Chapter Il

RECYCLED AGGREGATES MORTAR (RAM)
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3 RECYCLED AGGREGATES MORTAR (RAM)

3.1 Recyckd Aggregates

This Part is mainlydescribingthe information available for Aggregat€Recycledand Natural

surveys, and effect of them on the Cement basatkrial3. This information areGathered to

demonstrate # importance of the use of aggregates and understanding of the devotion methods as

aggregates have beg&meated like a pure materidb( example in the basement or refilling lands) or

used in the composite materials (with Cement or Bituminous matefidlis)information also open

the way to understand future research and weaknesses of databases available for understanding new

uses and availabilities of performance of different kinds of recycled aggregates instead of virgin

aggregatds7].

The objective of the recycling section ¢dosely related to use and sustainable management of the

natural resources. Added to thisis reducing the amount of wastes to the nature. Foptinigoseijt

is necessary to lensuringconsumption of resources and the impact of the recycling have to be harm

less for the environment and reducing amount of disposal into the nature.

In Europe All the country members have been wororgyearson turning recycling process more

practical ad more efficient.

In Italy this movement started from 80s ahds covered with industries association this association is

under the cover of ANPAR. Theagestill a lot of problems which companies have to overcome and a

lot of other problems they have face with. The most of them are from lake of knowledge about

production and their environmental characteristics but now the situation is improving. Toward the

improvement in EU it can bmentioned:

- The new waste rolls which help the use of recycled matél 70% until year 2020.

- The nationallegalizationwhich help to decrease the restrictions and increase the amount of
recycled materials for public use.

- Publish newtechnical documents and standards to help use of recycled aggregates.

From the tradibnal natural aggregates today with treatments available the recycled aggregates can

gain almost the same properties of natural aggregates for public use. It is important to note natural and

recycled donét have all the characteristics the

Tip of aggegates

There can be different classifications for aggregates (spatially from side of users and Producers) but at

the end with the look at the all process of production specially for promote and increase recycling

process a brief description for classifioa of aggregates would be necessary. Aggregates almost

classified according to theirigin:

Natural aggregatesproduced from natural spring the most common source of natural aggregates

mineral is sand, gravels and rock. The sand and gravels are iagtfactn rocks crashes or directly

taken from mine sitéike river side). Rock is coming out of rock mine.

Recycled aggregatesire produced from recycling activities and the waste previously used in the

construction site.

Secondary Aggregateproduced ifom other industrial wastes like for example clay ceramic or blast

furnace slag.

The application of aggregate can divided in two categories:

1 The applications where the aggregates are not bougliked:oad construction)

1 The applications where aggregates mixed with a binder such bitumen or cement past.
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3.1.1Recycling Plants:

Now aday problenwith C&D wasteds getting to be one of our main problems on the planet. Taking
over this problem is getting to be more critiaald till know there is no permanent solution for the
waists. One of the most impotent producers of the solid wastes is construction industry. Construction
solid wastes are usually deposited in the land field and problem of new land field is showing itself
more. Italian government for solving this problem is opening new land fields. On the otheéhd&and
construction wastes are not hazardous but they effect on their surrounding Environment, and its
quantity is serious problem. One solution is to recycling Waste wherhese recycling aggregates

can be used instead of natural aggregates. For recycling construction wastes the crashing technologies
are the same as the one which is used for crashing natural aggregates. Recycling plants can be
developed in twanain categories:

Fixed recycling plantsis a large size machine with a big extension it is good for recycling large
amount of wastes. But due to its fixed properties it need to be installed in a place which is close to
construction and demolition acti\és otherwise transportation of the same CDW can cause a high
environmental andconomidoad.

Mobile Plant: have smaller size suitable for transport. But it needs to be in a site with bigger area for
deposit input and outpuatf Recyclingalso it is relly good to be placed in the case where production

and use or recycling process are close.

Advantages and disadvantages of each e$dahvo plants make them suitable for each recycling
activities. For example: for mobile plant the most clear advantage jgossibility to fix it in the site

which is important, because as mentioned before the mass and volume of Construction wastes
consume enough energy to make this act feasible.

So as it can be conclude, the location of the plant is the first queshimh Wave to be cleared
spatially for the fixed plant which needs to have an open area for depositing input and output
materials and to move itself. Also it is important that Recycling plangdaed neathe place in the
situation wherdess havehen Bkm distance from construction and demolitamtivity area i§37].
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3.1.2Quantification of Production of RecycledAggregates:

Quantities of recycle@dggregates in Europein 2006, 21 European countries produced 3.6 billion
tons of recycled aggregates. In-E8 produced amount wasrillion tons the average annual per
person in Europe istdn/year[38]. Fig7 is describinghe divisionof aggregates production according
miner in all 21 European countries.

] Secondary
Recycling _aggregates
Aggregate 204

5%
Sea Aggregat
2 o\

Fig7 Productionof aggregatesn 21 European countries, 200@88]

Market of aggregatess effected with several factor§axes influenced on the production of natural

and recycled aggregates, Taxes influenmethndfill, Availability and the cost of natural aggregates,
Traditionalresidents about use of recyclaggregates. Amount of production of concrete is different
among countries. The main reason for these differences are different waste managdniesitor
restriction for use natural resources (using economates likeland fill taxes)

The other impdant factor which can be mentioned is availability for raw materials and lack of rules
produced difficulties in replacement of recycled aggregates and natural aggregates tax on extraction of
virgin materials can make force to use other materials likeclkedyones. Théax hasto be obligated

on natural aggregates except the case which there is necessity of use (like high strength concrete). On
the other hand recycled aggregates must be combine with natural aggregates the availability and the
quality of bah are the main factors, That effect their market for building. Price of natural aggregates

is not depends just on production cost it is also affected by extraction and availability and duality o
natural resource@dike lime, rock, sand and gravels).

Fig 8 is produced with analyses Bable2. It can show between old European countries; Luxemburg,
France, Finland and Ireland have the highest amount of Average C&D progduBtorPerson Per

year. In the other hancbuntries like Greeceand Norwayhavelowestamount of waste productions
among Old European Countries.
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Table2 Production ofC & Dwaste per capitain the oldEU countries and Norwagtons/ inhabitant/ year)[1]

2001 2002 2003 2004 2005 2006
Austria - - - 0.81 - 0.81
Belgium 0.81 0.8 1.11 1.06 1.22 1.18
Denmark 0.63 0.75 0.7 0.83 0.97 1.12
Finland - - - 3.99 - -
France - - - 5.5 - -
Germalry 3.05 2.92 2.71 2.33 2.24 -
Greece 0.41 0.38 0.37 0.37 - -
Ireland 1.7 - - 2.74 3.6 3.95
Italy 0.54 0.65 0.74 0.8 0.78 0.88
Luxemburg - - - 5.9 - -
Netherlands 1.48 1.47 1.46 1.47 1.58 -
Norway 0.27 0.28 0.27 0.7 0.32 -
Portugal - - - 1.09 - -
Spdn 0.59 0.58 0.66 0.74 0.8 0.88
Switzerland - - - 1.14 - -
Unitedkingdom | 1.74 1.74 1.75 1.66 1.9 1.89
7
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Fig8 Production ofC & Dwaste per capitain old EU countries and Norwagtons/ inhabitant / year)[1]

29



Reza Raeis Samiei 754191
Table3 Production ofC & Dwaste per capitain new EU countries and Norwagtons/ inhabitant / year)[1]

2001 2002 2003 2004 2005 2006
Bulgaria - - - 0.39 - -
Cyprus - - - 0.58 - -
Czech republic 0.85 0.85 1 1.44 1.2 1.15
Estonia 0.64 0.94 0.93 1.12 1.61 1.78
Hungary 0.49 0.59 0.51 0.43 0.49 0.54
Latvia - 0.06 0.03 0.04 0.07 0.05
Livonia - - - 0.1 - 0.18
Malta - - - 1.95 - -
Poland - - - 0.11 0.14 0.44
Romania 0.02 0.03 0.01 0 0.02 -
Slovakia - - 0.07 0.26 - -
Slovenia 0.83 0.82 1 1.41 1.2 1.18
EU 27 + Norway - - - 1.74 - -

Fig 9 is from the same cegory for production of C&W) with Fig 8, but it is for new European
countries. Malta, Estoniaasthe higher production of C&D wastes regardless Norway are the highest
in Production of C&D Waste. Romania, Livonia and Latvia have lowesuatmaf C&D Wastein 6
years period ofthese analysedNew European countries in compare with old Euromeamtries have
lower amount of production of&D waste per person per year.
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Fig9 Production of C&Dwaste per capitain new BJ countries and Norwaytons/ inhabitant / year)[1]
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Fig10, European Production of aggregates 2006 (Mt) (By nature of Aggregétés)

In Fig 10 analyses offable4 is shown. Amount of aggrates produced in European caigs are
compared due to their resources of production. Year 2006 amarigeéa choserbecause theris
more informationavailable for eacltountry Germany, UK Netherlands and Belgium are using the
highest amount of recycling aggregates according to this graph.

Table4 , European productiorof aggregatesin 2006 (Mt)[1]

siat | Companieg Sites | "o STUAN Rock | o | e rentes | Acgresates | 2006(2005)
Germany 1800 | 5396 | 92625 | 277 186.5 0.4 48 30 541.9
Spain 1600 | 1950 | 86000 | 170 314 0 15 0 4855
French 1680 | 2700 | 17300 | 167 233 7 14 9 430
Italy 1700 | 2360 | 24000 | 210 13 0 5.5 35 354
UK 350 | 1300 | 46000 68 123 13 58 12 274
Poland 220 | 2550 | 53600 | 115 43 - 8 3 169
Ireland 250 | 450 | 5100 54 79 - 1 0 134
Nethelands| 60 185 | 400 445 4 50 25 1235
Austria 950 | 1260 | 21400 66 32 0 35 3 104.5
Finland 400 | 3550 | 3000 54 46 0 05 0 100.5
Portugal 331 | 379 | 4560 97.5 0 - - 97.5
Sweden 120 | 2410 | 3500 23 62 0 1.8 0.2 87
Belgium 184 | 253 | 15919 | 10.07 55.5 35 13 13 83.4
EZEEE"C 208 | 490 | 3368 27.1 415 0 3.8 03 72.7
Denmark 350 | 400 | 3000 58 03 13.6 - - 72
Catania 500 | 330 | 7000 6.2 218 0 34 03 67.2
Norway 1500 | 2000 | 1839 13.4 45 0 0.2 58.4
Slovenia 175 | 213 | 3700 10 165 0 0.2 03 27
Romania 440 11600 15.5 6.5 0 0.5 0.5 23
Switzerland] 350 | 480 | 3200 50 5.7 0 57 - 61.4
Turkey 770 | 770 | 20240 24 260 0 0 0 284
TOTAL 15478 | 29866| 427351 | 1560.27 | 17103 | 875 190 63.1 3611.2
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Aggregatesdé use:

Aggregates as essential part of the reseamtich have ben more concensited in this part use of
aggregates, quantities of recycled aggregates to natural aggregates and use of different kind of wastes
have been described.

Aggregates can based inBuildings Shadowfoundation , Deep Foundation, Utilities Reinstatement,

Sub stuctures, Concrete Structures, Utilitieew Trenches, Ground Improvements and Earthworks
Embankments.

With more concentratioon Building eachof theitems can come out likdtour Precast concrete,
staircase, wall foundations, Slab fill to foundatiopsgcast concrete Drainage pipes and manhole
unites, General industrial flours, Concrete Column, Precast concrete structure beam, Concrete floor
for light foot and traffic, concrete Block WaGarage flour; unreinforcedResidential road pavement,
Landscping and hard surfacing units, Masonry unites Reconstituted stone elements, or cladding,
Roof Tiles, Internal Floor, Precast Concrete Structure Beam, Precast Concrete Structure Frame,
Precast Concrete Structural column, Precast Concrete Floor units, €oneié Other use of
aggregates out of building industries ¢tenmentioned briefly like below:

For shallow Foundation Raft foundation, building concrete, strip footinggench footing, mass
concrete and pat footing,

Deep Foundations;Diaphragm and basemt retaining walls, Concrete Ground Bearing slab,
Blinding concrete, Precast Concrete Segmental pile, contagious and the second bored pile walls,
precast concrete suspended slab, reinforced bored piles, Concrete Ground Beam and pile caps,
Structural Conate Propping and capping Beams.

Utilities ReinstatementBituminous Surface Course, Bituminous binder/base course, unbound Sun
base, Lower Trench fill, Utility Apparatus Surround, Utility Apparatus Bedding, Foamed Concrete
Trench Reinstatement, Concretertch reinforcement, Hydraulically bound trench reinstatement.
SubStructures Mass Concrete Backfill, Granular backfill, Blinding concrete, Basement level
Structure Concrete, Mass concrete, Concrete Tunnel lining.

Concrete StructuresConcrete Dam ConcreRRunway, Airport Buildings, Precast Concrete Structural
Units, Light Columns, concrete Railway Sleepers and Cable Covers, Concrete Bridge Piers Deck
Abutments, water treatment works, Ports, In situ Concrete or Precast Tunnel lining, Power Station,
Utiliti es- New Trenches

Concrete Road

Ground Improvements

Earthworks- Embankments

Earthworks- Cuttings

Table 5 is showing amount of aggregates consumption due to construatiwsemt for unit of
construction The highst amount is used in a stadium and the lowest one i&nn df railways.

Homes after km railway have the lowest amountaggregates useut with take in consideration of

the number of houses in a city it will be clear to hdiferent results

Table5, Average consumptionf aggregatesn the maindestinationsof use(tons)[1]

Tip of use Consumption of aggregates used ton/unit
sports stadiums 300000
highways- 1km 30000
schools 3000
new homes 400
speedailways fortrains- 1m 9
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Table6, Use of aggregates due to Tip of material ()
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Tip of material used aggregates in Percentage of aggrega&s used in for
Ready mixed concrete 25%
Precast concrete 15%
Architectural concrete products 5%
Structural (Un bound) Materials 40%
Railways Ballast 2%
Armor Stone 3%
Asphalt Products 10%

Table7, Use of aggregates due taprof building (%)1]

Tip of Construction Percentage of aggregates
use
Residential Building ( Houses, Apartment) 25%
Commercial Building (offices Factories, etc) 20%
Social Buildings (Hospitals, Schisg etc) 20%
Infrastructure( Bridges, Harbor, etc)Offshore Pipeline stabilizatio 15%
Roads, Runways, Railways, Waterways 20%

In Table6 Use of aggrgates due to the materials produced is described. It shmvSttuctural
materials have the highest percentage and the Armor stone have the lowest peftableigshows
the use of aggregates with consideration of building tip. It is almost equal for all tip of tdimdpuil

mentioned, even for Residential Building is a little more 25% and for Infrastructure is about 15%.
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3.1.3Quality of Aggregates:[37]

The consumption of different aggregatesnfi origin depends on factors likeckd type building and
technical, climateeconomical activities and technical development involved in the consumption of
aggregates even availability raw materials and resourcesuld be effective.

Mostly constructio and demolition waste is content of cement, brick, ceramic, wood, glass, plastic,
paper and metal. The greater selection at the first recovery that ifsegasatingn homogenous
flows fraction of waste recyclingjives the better production of recyclexdterials.

Table8, Composition of construction waste and demolition in some European countries[1%o)

Netherland Belgium | Denmark | Estonia | Finland | Czech Rep| Ireland
% 2001 2007 2003 2006 2006 2006 1996
concrete 40 33 25 8 33 33 39
brick 25 6 6 - - 35 -
Asphalt 26 4 19 4 - - 2
Gravel 2 18 22 53 - - 51
wood 1.5 3 - 41 - -
metal 1 - - 19 14 - 2
miscellaneou 6.5 36 28 16 12 32 6
120 -
100 -
80 . miscellaneous
m metal
60 -
m wood
40 - m Gravel
20 - = Asphalt
0 = T T T - T T T . brICk
’190'\/ '»QQ/\ q,QQO) ’190‘0 ’\90‘0 QQQ) \90,% m concrete
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¥ & ¢ < S
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Figl1, Composition of costruction waste and demolition in some European countries (Percentaggl%o)

Fig 11 and Table 8 are showing composition of C&D wastes in some different European countries.
Their results belong to different yeafBue to different construction technology s are different

based on Environments and recourses available in eachNeteerland have highst amount of
concrete wastes in compare with other kind of wastes, Finland have wood in its C&D wastes more
than othewastesand in Ireland and Estonia gravels have the highest percentage.

3.1.4Production of CDW in ltaly:

Most of plants in ltaly are receiving waste from family of EWC codes 17.xx.xx (waste from building
construction and demolition in clouding excavated soil from construction sites)

Inert wasts are mainly produced from construction industriesiffecent proportion wate produced

in the plant withwaste significant proportions. In total are those belonging to the categories defined
by EWC codes listed beloj89]:
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117 CONSTRUCTION AND DEMOLITION WASSEINCLUDING EXCAVATELCSOIL FROM
CONTAMINATED SITES)

17 01 concrete, bricks, tiles and ceramics

17 01 01 concrete

17 01 02 bricks

17 01 03 tiles and ceramics

17 01 O6mixtures of, or separate fractions of concrete, bricks, tiles and ceracoicgining
dargerous substances

17 01 07 mixtures of concrete, bricks, tiles and ceramics other than those mentionéd 0617

17 02woods glass and plastic

17 02 01 wood

17 02 02 glass

17 02 03 plastic

17 02 04 glass, plastic and wood containing or contaminateddaitigerous substances

17 03 bituminous mixtures, coal tar and tarred products

17 03 01 bituminous mixtures containing coal tar

17 03 02 bituminous mixtures other than those mentioned in 17 03 01

17 03 03 coal tar and tarred products

17 04metals (includng their alloys)

17 04 01 copper, bronze, brass

17 04 02aluminum

17 04 03 lead

17 04 04 zinc

17 04 05 iron and steel

17 04 06 tin

17 04 07 mixed metals

17 04 09 metal waste contaminated with dangerous substances

17 04 10 cables containing oil, coal tarcdanther dangerous substances

17 04 11 cables other than those mentioned in 17 04 10

17 05 sail (including excavated soil from contaminated sites), stones and dredgioig

17 05 03 soil and stones containing dangerous substances

17 05 04 soil and stonesher than those mentioned in 17 05 03

17 05 05 dredging spoil containing dangerous substances

17 05 06 dredging spoil other than those mentioned in 17 05 05

17 05 07 track ballast containing dangerous substances

17 05 08 track ballast other than those named in 17 05 07

17 06 insulation materials and asbestosntaining construction materials

17 06 01 insulation materials containing asbestos

17 06 03 other insulation materials consisting of or containing dangerous substances
17 06 04 insulation materialgther than those mentioned in 17 06 01 and 17 06 03

17 06 05 construction materials containing asbestos (7)

17 08 gypsurbased construction material

17 08 01 gypsurhased construction materials contaminated with dangerous substances
17 08 02 gypsurhasedconstruction materials other than those mentioned in 17 08 01

17 09 other construction and demolition wastes

17 09 01 construction and demolition wastes containing mercury

17 09 02 construction and demolition wastes containing PCB (for example PCB acunssalants,
PCB-containing resirfbased floorings, PClBontaining sealed glazing units,PCB-containing
capacitors)

17 09 03 other construction and demolition wastes (including mixed wastes) contianigerous
substances

17 09 04 mixed construction andnaelition wastes other than those mentioned in 191917 09 02
and 17 09 08 [39]
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CER 17.08.02
2%

CER 17.01.01
7%

Figl2, Average composition of the treated waste in all the Italian syste@i7]

In the Fig 12 the highest amount of recycling waste is related to Mix coctstru and demolition
waste CER 17.09.04. Then bitumen mixed is taking the highest place |diaest amounof waste is
related o building Gypsum{CER17.08.02, and then cemen€CER 17.01.01).
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3.2Cement Based materialssing Different Recycled:

Mortar: is a workable paste used to bind construction blocks togethdillahd gaps between them.

The blocks may bstone brick, cinder blocks etc. Mortar becomes hard when it sets, resulting in a
rigid aggregatestructure. Modern mortars are typically made fromietune ofsand a binder such as
cementor lime, andwater.

Concretes acompositeconstruction material, composedaagment(commonlyPortland cemejtand

other cementitious materials suchflgsashandslag cementaggregatégenerally a coarse aggregate
madeof gravel or crushed rocks sueslimestone orgranite plus a fine aggregate such seng

, waterandchemicaladmixtures. The word concrete comes from the Latin word "concretus" (meaning
compact or condensed), the perfect passive pagidpl'concrescere”, from "céh(together) and
"crescere" (to grow).

Cement solidifies and hardens after mixing with water and placement due themical
procesknown ashydration The water reacts with the cement, which bonds the other components
together, eventually creating a robust stbke material.

Cementn the most generaense of the wordsements a binder, a substance that sets and hardens
independently, and can bind other materials together. The word "cement" traceR ¢ontres who

used thetermopus caementiciuno describenasonryresembling moderooncreteghat was made

from crushed rock with burtime as binder. Theolcaric ashand pulverizedbrick additives that

were added to the burnt lime to obtain a hydraulic binder were later referred to as cementum,
cimentum, cament and cement.

Aggregateis the componerif acomposite materiaghat resists compressive stress and provides bulk

to the composite material. For efficient filling, aggregate should be much smaller thamighedf

item, but have a wide variety of sizes. For example, the particles of stone used to
makeconcreteaypically include botk andgravel

Construction aggregate, or simplyggregaté is a broad category of coarse pat@atematerialused

in construction includingsand gravel crushed stoneslag recycled concrete and gamthetic
aggregates. Aggregates are the most mined material in the world.

Concrete is one of the most versatile and widely used building materials in the world. It plays a vital
role in many aspects of everyday liférom the buildings we work and livia, to the roads, bridges

and railways that transport us. It is a key element in the social and ecomeltbieingof us all. Also

in the building concrete is noticeable due to its acceptable environmental impact its good strengths
durability flexibility [40]. ForCement basethat er i al 6 s wi de use, it is 1 mjp
considering sustainability of this concrete it
impact and its durability.

3.2.1Cements materials Chemical Poperties(hydration) [41]:

Cements are fine mineral powders and, when they are mixed with water, form a pastésthatls
hardens due to hydration reactions. Portland cement is the basis for the most commonly used cements
[42, 43]. It is produced by grinding clinker, which is obtained loyning a suital® mixture of
limestone and clay raw materials. Its main components are tricalcium, dicalcium silicggean(C

C,S), aluminate and ferroaluminate of calciumpACGand GAF respectively) (In the chemistry of
cement, the following abbreviations are used: GaQ; Si0, = S; ALO; = A; Fe0O; = F; H,O = H;

SG;= S.). Gypsum (CS) is also added to clinker before grinding, to control the rate of hydration of
aluminatesshown inTable9.
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Table9 Main components & Portland cement and typical percentages by md44]
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Tricalcium silicate 3Calsio, C3S 4560%
Dicalcium silicate 2Ca0Sio, C2S530%
Tricalcium aluminate 3Ca0AI20; C3A 6/ 15%
Tetracalcium ferroaluminate 4Ca0.AlI2Q.Fe2Q C4AF G 8%
Gypsum CaSQ.2H20 CS3I5%

In the presence of water, the compounds of Portland cement form colloidal hydrated products of very
low solubility. Aluminates react first and are migi responsible for setting, i. e. solidification of the
cement paste. The hydration otACand GAF in the presence of gypsum, mainly gives rise to
hydrated sulpha aluminates of calcium. Hardening of cementigdbtedevelopment of strength that
follows solidification;it is governed by the hydration of silicates. The hydration,&f &hd GS gives

rise to calcium silicate hydrates forming a rigid gel indicatedi&& B. It is composed of extremely

small particles with a layer structure that tend toregate in formations a few mm in dimension,
characterized by interlayer spaces of small dimensions (<2 nm) and by a large surface av€#® (100
m?/g). Fig13 shows a model proposed to describe this structure. Due to the higtesanéa, TSi H

can give considerable strength to the cement paste. Its chemical composition is not well defined since
the ratio between the oxides may vary as the degree of hydration, water/cement ratiompamndture
varies(for instance the C/S ratioay pass from 1.5 to 2). However, upon complete hydration, it tends

to correspond to the formula;&Hs usually used in stoichiometric calculationd.SCH represents
approximately 5060% of the completely hydrated cement pasieme

Hydration of calcium iticates also produces hexagonal crystals of calcium hydroxide (Ca(OH)
Portlandite). These have dimensions of the order of a few mm and occupy 20 to 25% of the volume of
solids. They do not contribute to the strength of cement paste. However, Gad®i®ll as NaOH

and KOH -that are present in small amountare very important in protecting the reinforcement
because they cause an alkaline pH up to 13.5 ipdheliquid. The hydration reactions of tricalcium

and dicalcium silicates can be illustratesifolows:

2CS+6H ——>  §SH;+ 3Ca(OH) (1)
2C,S+4H —>  SHa+ Ca(OH) (2

The reaction products are the same, but the proportions anexifféhe ratio betweeniGi H and
Portlandite, passing from the hydration g8Qo GS changes from 61/39 to 82/18, and the amount of
water required for hydration from 23% to 21%. In principlgS Ghould lead to a higher ultimate
strength of the cementapte by producing a higher amount afSCH. Nevertheless, the rate of
hydration is much lower for £S compared with C3S, and the strength of cement paste after 28 days
of wet curing is mainly due tosS. Thus the larger the amount ¢fSdn a Portland cemé the higher

the rate of hydration and strength development of its cement paste. Increasing the fineness of cement
particles can also increaeerate of hydration. The reactions leading to hydration of Portland cement

are exothermic; hence increasimg trate of hydration also increases the rate of generation of heat of
hydration[41].
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3.2.1.1SustainableCement Based materials:

3.2.1.1.1Different sustainable Cement based materials:

There are different kinds of additions to the Cements basgerials. Nowa-days there are a lot of
researches going on about Cement based materials and different wastes which could be added to the
cement based materials. A lot miaterials areadded to the concrete to see how they will affect the
concr et eiéabandremvirdniamental properties. This part is mainly inform the reader about
existence of the different admixtures to cement base materials which are any of them are mixed
during the process of recycling construction and demolition wdstéact it is showing the necessity

of dividing construction and demolition wasteorder to give more ability to add the other composite
materials likecement based materials. In fambncreteis one of the materials which could be
considered as a big part of the donstion and demolitionvasteandit is possible to have waste of
thepure concrete.

This part hadeen divided due to Properties of waste materials. Which some of them can be added to
the cement based materials as aggregates and some of them areigpodvethe propertie®f the
cement also some of them ar e momastes lkacaramicsaand t o t h
masonry bricks which have been added to cement based materggragates. It is good to riewh

that my concenétion is onlhe aggregates froononcrete waste3he wastes have been described with

their code fronEuropearcommotion(codes like xx xx xx) which will be better mentioned in Chapter

V of thisDissertation

3.2.1.1.1.1Recycled aggregat€&oncrete

3.2.1.1.1.1.Recycled aggregates fronConcrete:

It is estimated that todaydés world concrete pro
person per yedet5]. The concrete industry is regarded as a large consumer of natural resources.
Consumption of natural aggregate as a largest concrete component is constantly and rapidly
increasing with increasing of the production andizaation of concrete. For example, three billion

tons of aggregates are produced each year in the European cqlihtiiéss situation puts a question
about the availability o European aountsids hazeglglded tgxetoa 6 s s
the use of virgin aggregates.

On the other hand, waste arising from the construction sector and demolition wastei (8&§o a
relevant concern in the protection of the environment. For example, abouiildéa tons of C&D

wastes argenerated in the EU per year, which represents 31% of the total waste geré6itiohe

most common method of managing this material is through its disposal in landfills creating huge
deposis of C&D waste. For this reason, restricted laws prohibitions or special taxes for creating of
waste are brought into practice.

A very important reason to work on durability of each recycle aggrégateent basechaterialsis
because recycle aggregates éhalifferent bases and they come from different extraction materials
and their properties likedurability and sustainabilitsre really diffused47].

The recycle aggregates which have been chosen at PolitecnicdagioMire with high strength
concrete with high quality. They have been added with 30% pd(fEigri6) of the total aggregates

which is more than standard recommendations.
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Figl4 Recycling Wastes

It is good to mention somexperiencesrom the article oDr. Eng. V. Basilico, Eng. M. Quattrone

About Recycle aggregates concrete cost analysis at Polytechnic ofdditan

The pr oduc homageneityhassbeea the warranty of the good mechanicalnate and
physical characteristics of the produced recycl
were comparable with those of natural ones and suitable to make a recycled aggregate(Eancrete

14) with compressin strength very similar to the ordinary one.

In particular the grain distribution curves have been determined for samples crushed inside the precast
plant and then for the same samples crushathaising a laboratory crusHdsg].

Properties of the recycled concrete aggregate:

Humidity (%) 2.84
Water absorption (%) 5.56
Bulk density (g/cr) 2.58

Saturated density with dry surface (gfgm 2.34

A

RecyclingofC&D Waste | ages of process: and plantds compone
There are 5 stages in the recycling process of C&D waste and they are carried out in the following
order: Coarse separation, Crushing, Separation of ferrous elements, Screening, Removal of impurity

by air separationi{ necessaryjLike Fig15).

During the coarse separation (performed by means of grab or shears) the aéloppéesi smaller so

as to go smoothly into the crusher inlet. The crushing can be also performed in the following ways:
Squeezinglmpacting Grinding.

Granulometry classes are determined during the screening operation. If necessary, impurities like
wood, pastic and paper can be removed. Air separation technique is more convbaierthe
washing separation which is more expensive due to the disposal of the washing mud. The process
ends with the storage of the products. The main components of a recylairigape: Crusher,
Magnetic separatpScreenAir classifier (if necessary)

Fixed Plant:The flowchart in figure 5 shows the different stages of the material during the recycling
process .The cycle is arranged so as to avoid unsuitable material toddedecy

Quality and quantity controls are completely automated. The inlet material is automatically scanned
out and discarded if found unsuitable to the set standards.

Three people only can fully atrol the plant through a videmontrol systemThe inlet méerial is

stored in heaps of the same kind, rolled down into the feeder through a mechanical digger in order to
control the size of the inlet material. The whole process is under constantsitieoa monitoring so

that the rubble is checked out beforeeeinty the treatment cycle. The operator can therefore stop the
feeding at any time for further checking and decide to discard unsuitable materials. The fine fraction
will not be milled, therefore a first screening is carried out through a vibrating goeefenms and

the coarse material sent to the crusher.
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Fig15 Flowchart of the fixed plan{49]

An atomized water system eliminates and collects the dust after the crushing. A magnetithdavice
separates iron elements and stores them in a metallic box. Ceramic materials are then classed in
different granulometry classes-80 mm, 370 mm, >70 mm this one can be crushed once again)
thanks to a vibrating screen. The vibrating screen alsoaepalastic from wood and paper elements

and puts them into a special box.

The 3670mm fraction can be either stored orsemt to the crushing. At the end of the process the
different fractions are stored in heaps by a spinning device which minimeesshgenerated during

the fall. Another conveyor belt can feed a further screening station which prodéeem06-15 mm

and 1530mm fractions. These granulometry classes are then further purified from impurities that are
stored in special boxes.

Mobile plant: The mobile plants are mobile or semobile machines sized for the road transport.
These machines are less expensive and easy to handle than the fixed ones, even though less efficient.
It is possible to use them inside the demolition site thugdagexcessive handling of the debris and
considerably reducing the cost of transport.

A mobile plant for ®W recycling is made of: a crusher with a magnetic separator in the anitied,

vibrating screen for the granulometry classification.

These machies are positioned next to each other to make up a recycling sf4épn

The crusher and the screen are usually separated. Nowadays, it is possible to find a single machine
with crusher, magnetic separator and screen.
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Fig16 bending test on Beam Made of recycled aggregate concid®

Recycled aggregatanortar (RAM): Sustainable materials like sustainable concrete are mainly new
kind of constructiormatrials andhe use of them are still not popular enough. To start the use of this
kind of material, mortars seems to be gpod i mortars as they need less mechanical strength and
usually they are not reinforced materials. This kind of material is imsezhdering, masonries and
pavements.

But there is an important question: wigynot a lot of works done on RAM so far. There is no
literature about RAM durability to be fourmirrently Recommendations about durability of RAM

are not complete.

3.2.1.11.1.2RecycleAggregates from Ceramics:Ceramics materials have a close familiarity with
concrete and cement based materials so it is wiser to put them in a Same Category. Crashed ceramic
waste due taheir Similarity with concrete materials can be useful in producing Cement based
materials and they can have a good effect on environmental impact due to reduce amount of solid
waste and usage of virgin aggregate resources in concrete prodbcteio dea ofde Brito, 2005

[21] can be partially used in producing nstnuctural Concrete [21]. Ceramic wastes from
construction and demolition wastes will decrease the Strengtlorafrete with increasing their
portion to natural aggregates.

3.2.1.1.1.1.Leramic Industry waste: Concrete which contains waste products as aggregate is called
6Greend <concrete. Us e eteihakirty deads rtod greers envivanmenteandi n - ¢ C
sustainable concrete technology, so such concret
with ceramic electrical insulator waste like coarse aggregate shows good workability, compressive,
tensile and #xural strength and modulug elasticity [50]. In ceramic industries about 30% of
production is going to the waste. The Compressive splitting tensile and flexural strength of the
ceramic coarse aggregatesbou 4 to 20%lower thanordinary concrete.

3.2.1.1.1.1.4Crashed Clay bricks: The recycling and the application of concrete perforated brick
using recycled aggregates not only resolve the numerous heaped comstaundtidemolition (C&D)

wastes, but also provide a method to resolve a series of problems-bgusedforbidding of clay

brick. However, as a kind of new wall material, before used in actual engineering, an integrated
dynamic theory system should be drowsp about concrete perforated brick using recycled
aggregates. In order to popularize concrete perforatezk lusing recycled aggregatespme
experimental researches have been made on this new material usingctionsi and industrial
wasteg51]. Dueto Toledo Filho, 200752] the additiors of clay brick hae no effect on compressive
strength and modulus of elasticity of the conci&®. It reducesthe penetration of Chloride lon
penetration and magnesium sulphate penetration at the age of 200 days.

3.2.1.1.1.2Non Concrete based wastes Additions to the concretdhere are other necement

based material wastes added to concrete, some of these additions can be dangerous, for example
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wastes contain in heavy metals. There are other wasterials which can improve concrete
properties due to their cheralcand mechanical properties some of them are content of Silica
combinations which are similar to cements combinations like rice husk ash or glass wastethehile
materials are added tmoncrete justo decrease the amouaf wasteswhich are depositeth the

nature.

3.2.1.1.1.2.Bottom ash & Ground Granulated blast furnace slag:Bottom ash is result of burning

of wastes non burnable results of combustion process. In fact thesenagedifferent categories of
grounded bottom ash and grounded slag which are came together due to the importance of them and
the relation make with subject. Incineration ashes can be used as aggregates in the cement based
materials or they could be usedthe cement admixtures due to their chemical properties or their size.
One of the interestingsesof themis to increase thermal residents of the cement based materials.
Also some of them could show pozzolanic propeftiesPulverized coal bottom a$b3].

3.2.1.1.1.2.Rice hullsand Rice husk ash:Rice husk and rice hull are two deferent productions of

Firm rice which both of the can be added to the cement basediatg Rice hull or Ricéusks are

the hard skirof therice grain which is protecting the rice during the growpngcesqFig18). In fact

Rice husk ash is resulted from the Rice hall burning hush. Rice hull can be addbeé icwnposite
materials as materials fertilizer in solution also to change expansion properties of the concrete. Rice
huskashhaspozzolanice Properties which can be used in cefBdht

Fig17 Rice husk, Rice Husk Ha&H]

3.2.1.1.1.2.3.Volcanic ash Volcanic ash and other related deposits, sashtuff and pumice,
constitute valuable materials for construction. Kredge of the possible uses of the materials
increases our understanding of the technical possibilities that were open to the Minoans of
Akrotiri. And althoughiit is not certain which of these possibilities were realized prior to the
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catastrophic eruptionhé interpretation of archaeological findings may gain from this understanding
[55]. Amount of volcanigpumiceproduced in althe world is 19.6 Mt every yedb6]. But due o

Hossain, 201157] compressive and tensile strength and modulus of elasticity in 28day will increase
amount of pumice in to the concrete because its air content.

3.2.1.1.1.2.4Glass Fieldtesting has shown that crushed and screened waste glass can be used as a
sand substitute in concrete. Nearly all waste glass can be used in concrete applications, including glass
that is unsuitable for uses such as glass bottle recycling. Some gfettiBicsglass waste materials

like that have found use as fine aggregate are-feoyclable" clear window glass and fluorescent
bulbs with very small amounts of contaminants. Possible applications for suchgleassteoncrete

are bike paths, footpathgjtters and similar neatructural work.

Glass aggregate in concrete can be problematic due to the alkali silica reaction between the cement
paste and the glass aggregate, which can lead to weakened concrete and decredsed long
durability over time. Remarch has been done on glass and other additives to stop or decrease the
alkali silica reaction and thereby maintain finished concrete strength. However, further research is still
needed before glass cullet can be used in structural concrete applig&8ijons

3.2.1.1.1.2.FAF slag Electric arc furnace (EAF) slag, a-pyoduct of steelmaking recovered after

the oxidizing process, is useful when employed as aggregate in hydrautieteoand bituminous
mixtures. Concrete made with EAF oxidizing slag as an aggregate shows good physical and
mechanical properties and further study of its durability will ensure greater reliability in its usage
[59].

3.2.1.1.1.2.6Tyres: Discarded vehicle tyres consist of one important part of solid waste which had
been disposed into landfills through centuries. Recent EU policies on the Land filling of [8fjste
havehowever put ban on the land filling of whole or shredded tyres, creamgnminenteed to
investigateany possibleviable uses of this waste product. An emerging use is the production of
concrete, in which tyre rubber partsl partially replace natural aggregates. This has the additional
advantage of savingatural aggregatessed in the productionf -concrete which are becoming
increasingly scarce.

Tyres waste is used usually in producing Asphalt concrete still usingitliof waste hae n 6t been
popular as aggregatén fact most of recycler are more families with use of asphalt concrete then
cement concrete.

3.2.1.1.1.2. Coconut shell Coconut shiis the skin of the coconut.Herehave been sonmieaysto

add this material to the concreteistused to produce light weight concrete. Also it can improve
thermalinsulation proprties of the ordinary concref@l]. In a lot of countries like Neria and Asian
countries it can be a good solution to add Cocoanut shell to the cdé@jete

3.2.1.1.1.2.8Copper slag Copper slag is the part which is segregating at theluetmn of the

copper. Ithas been show that this kind of slag could basedas aggregates in the concrete.
According to the idea dfhalifa S. AlJabri 2009[63] for high strength concrete it is decreasing the
strength of the concrete and also it is not suggested for early age concréé8Juge sample of

copper slage is shown Fig18.
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(a) sand (b) copper slag |

Fig18 Copper Slag , sand463]

3.2.1.1.1.2. Marble: It is waste of the marble industry. Also it can be used in asphalt concrete. 10%
of difference between mechanical properties of concrete made with marble wadtegdinary
concrete haveen presentyhich have been solved thiuse of super plasticiz¢64]. For theother
properties marble powdean shows good performances in compare with ordinary mortar or concrete.
3.2.1.1.1.3Recycling materials added to cement

3.2.1.1.1.3.Pozzolan Pozzolanic materials can be either natural, like pozzolana, or artificial, like fly
ash and silicdume [44]. They are mainly glassy siliceous materials that may contain aluminous
compounds but havew lime (calcium hydroxide) content. By themselves they do not have binding
properties, but acquire them in theepence of lime, giving rise to hydration products similar to those
of Portland cement. The reaction between pozzolanic materials, lime and water is kntven as
pozzolaniceaction:

Pozzolana+ water+ Ca(Of)— CiSiH

In cements containing pozzolanic additions, the lime needed to react with pozzolana is provided by
the hydration of Portland cement. The hardened cement paste (compared to that obtained with
ordinary Portland cement) has a lower limentemt and higher content ofi STH. The amount of
pozzolanic addition to Portland cement generally ranges from 20 to 40% of the total cement content :
it should be adjusted to the amount of lime produced in the hydration of Portland cement. Any excess
of the pozzolanic addition will not react and thus will behave as an inert addition.

Natural pozzolanafThis is a sedimentary material, usually of piroclastic origin, that is derived from

the sediment of volcanic eruptions that have produced incoherent deposiisipact deposits that

have been chemically transformed with time (such as Italian pozzolana, which was used by the
Romans). Pozzolanic materials may also have other origins, such as diatomaceous earth composed of
the siliceous skeleton of mickarganisns. The pozzolanic activity of these materials is related to their
siliceous component in the vitreous state and to their fineness. There are also pozzolanas that are
obtained by daination of natural substancpkl].

3.2.1.1.1.3.Fly ash: Fly ashis one of the residues generatedd@mbustion, and comprises the fine
particles that rise with the flue gases. Ash which does not rise is tbotiedh ash. In an industrial
context, fly ashusually refers to ash produced during combustiosoaf. Fly ash is generally
captured by electrostatic precipitatorsother particle filtration equipments before the flue gases
reach the chimneys cobalfired power plants, and together whibttom ak removed from the bottom

of the furnace is known a®al ash. Depending on the source and makeup of the coal being burned,
the components of fly ash vary considerably, but all fly ashes include substantial amailiterof

46



Reza Raeis Samiei 754191
dioxide(SiG,) (both amorphouandcrystalline) andtalcium oxidg(CaO), both being endemic
ingredients in many coddearingrock strata.

Fly ash (also called pulverised fuel ash, PFA) is goimduct of the combustion of coal powder in
thermoelectric power plants. It consists of vBg and spherical particles (dimensions from 1 to 100

mm and specific surface area of 300 to 608kg) that are collected from exhaust gases with
electrostatic or mechanical filters. Its composition depends on the type of coal it derives from; the
most @mmon PFA is mainly siliceous. Because of the high temperature at which it is formed, it
subsequently undergoes rapid cooling so that its structure is mainly amorphous (glassy) and thus
reactive[41].

3.2.1.1.2Conclusion:

According to the essentials which mentioned before Recycle aggregate concrete is be the best choice
to work with because it is more relatgmthe building, and in fact itomes back from catruction
demolition wastdCDW) so it can reduce the amount of CDW aindan improve the environmental

impact of the construction syster@ince concrete is the most commonly produced material in the
world its recycling can have a big effect on decreasing all wastes produced @i thee biggest
industries known to human kind.

There are a lot of researches done on recycle aggregate cohcrete t her e havenot
Researchesn fine aggregates so this chapter is mainly concentrated on fine recycled aggregate
concrete and recieaggregate mortgiRAM). It showsits rolein the building technology because it
usually does not take main structural load of the building but it is used in pavements, rendering
masonries, etc. RAM is important as its durability even there is no dataralard found about its
durability in literaturedor Recycled aggregates concrete addezktnentased materials

The other point is that different recycle aggregates usually do noth@gamejuality. Becausahey

do not coming from the same resoel There are researches done in the BEST department on RAC
strength but not about its durability.
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3.3. Recycled Aggregates Mortar

3.31 Mortar introduction:

Mortar is a workablepast ued in construction composed @fbinder and sand. This material is used

to bind blocks together. A rendering mortar is mortar which is applied to the wall surface generally in
two or more coatsand correctly matched with the backgrourfd hardenedrenderin the external
surface of the buildingave to belurable and weather resistant.

Usually rendering is covered with wood, stone, bricktite to protect it fromenvironment as
finishing and mortar is used to cover the gap between stones to nairttreieffect of wind and rain.
Developmenbf Portlandcement and mixture of cement pastd sandipplied to the external wall of
structures. In some countriaderethereis no rang of suitable indigenize facing materiaigilable

for construct externakalls, rendering has been used for this purpose. The shape or rendering use has
been changed in different countrighge to their culture, environment and resources.

Mix proportions of mortar areroviding its properties, which have to be compatible with
background. And ienhanceshe appearance and provides a barrigortiect from rain penetration

into the materials around ithe idealmortar generally hat® be slightly weakethanthe backround

to which it applied toThe principle for specifyig mortar are based on number of paramditersthe

nature and condition of the background, the nature and condition of exposure, the function and
requirement, the type of rendering, the type of fiatdppearance.

Properties of background which shotlie considered includedtrength, water absorption, durability
andresistantto dump penetratiorkresh renderingiortar hago have ability to attach the background
which it is applied. Workability andir enteredo the mortar can determine its abilityorkable life

is measure for length of the time after mixing the tamorthe mortar remains workabl§5]

there are many ways for testing for the workable life.

For hardened mortar gd adhesion, fitness for purpose and durability are necessary requirements.
Renderingnortar dose not attain its requirements until it has hardened after application.

Mobility for mortar is showing its consistency, and place ability is the easinesstallimgsthe
mortar. Mix design of the mortar can help mortar installation to be easier and with lower cast.
Mobility of fresh mortar effec on its place ability. Mortars prepared froRortland cement are
nworkablele, they need to have plasticizer added.

Mortar contentgx0]

Sand: this includes things as sand grain size, saoidr, and mineratypes. Also shows the different
andsimilarities in building parts.

Binder:included determination of binder typekdi lime, Portland cement, Natural Cement, gypsum,
etc.[66]

Presents of other binding materials and admixtutiés: animal hairfibbers,air enters and etc,

Different typesf binders are like below:

Portland cement:it is very common used kind of cement in the mortar. it was invented in 1794 by
Joseph Aspdin. At that time a large amount of researches done and it has gut popular till the end of
nineteenth century, arfelrst World War By 1930 lime mortar hasof popular as a hew construction
material. It is popular because its strength and short time of setting allowing a faster pace of
construction and requirdewer skills But as general rolls it is not suggested to repair the older
buildings mae with lime mortar which require flexibility softness and breathability, if they are to
function currently.

Polymer cementare materialswhich are made by replacing polymer cements with conventional
hydrated cement. Polymeric admixtures are included latexes or emdilspersiblepolymer powder.
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Water solublepolymers, liquidresins and monomers. It has low permeability and shrinking less
during drying so there will have less crack, they used for repair concrete structure.

Lime mortar. is considered breathable in thawill allow moisture to freely move through it and
evaporated from its surface. In old buildings with walls that shift over time. There are often cracks
which often allow rain water to the structure the lime mortar allows this moisture evaporates and
dries. But cement mortar stops this evaporation.

Pozzolana mortaris fine sandy volcanic ash mortar. Pozzolana originally discovered and dug in Italy
at pozzuolu in the region arouiMbuntVesuvius.

Air entered most of mortars are air entered. The retonese air entered mortar is to have better
workability and better durability like for frizihaw effect. Indeed most of standards are not
recommendisingnot air entered mortar.

3.3.1.Durability of Mortar:

A good morar have to be hardened strange and develop of bind unit it have resist to weathering and
have to have good mobility armlace abilityand should not affect the durability of building units
around in contact with it. A good mortar joint should not devetaplcs.

Even with the best effort ahatching the existing mortar color and texture material there will be a
visible different between the old and the new mainly because the new mortar havedbessd to

the unweathered portions of the old mortar alstould be cause of the sand is more exposed in the
old mortar then in the new mortar.

To ensurea durable render a number of characteristics have to be considered:

-The penetration of rain

-Salt effect.

-Corrosionof embodiednetal.

- Damage after abortioimpact.

- Crazing and cracking.

One of the essential factors is penetration of water. If water can enter rendering crack it can damage
frizz during coldperiod and force to destroy the surface rendering. Rendering shouldayyiliseito

the surface whe there is high risk of detachment for it.

Capillary penetration:a rendering should protect the building fabric from penetration of rain water.
Present of humidity can cause problems lileee thaw during cold period. EN 99B[67] classified

the capillary abortion of the rendering to W/1 or W/0. Where sever condition of expiation exist
rendering can forms to the requirement EN-2987] water abortion W/2.

3.31.2. Mortar Strength

Cementbased materials usually known with their compressive strength. For concrete tensile strength
usually is characterizedwith fractural tensile strength. Due to literature strength of masonry is
dispends on building units tomortar and background (stone or brick). A very strong mortar with
weak lack- groundwill be in the little use. It is required to all its stroisgwithin a short time. If the

strong of the mortar develogtowly it is the effect of its mix design. A sing cement mortar have

big tendency to crack, it is not recommended except in a situation which is necessary to use high
strange mortar. On the other hand the use of much weaker mortar with less than 1/10 water cement
ratio will decrease workability and witlot provide enough strength for the mortar. This low water
cement portion will increase porosity and moxtét have less resistant to freethaw cycles.

-Usually density and strength of aggregates decrease when the portion of fine to course aggregate
increase.

-It needs dable portion of fine aggregates to increase the same strength with course aggregates.
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-When water cement ratio of mortar increase strength and density decrease.

Compressive strength of cement based materials usually is teen timethamtieeir tensile strength

so their tensile strength can be ignored. This weakness full failed with adding reinforcement bars in
the concrete. For mortar this reinforcements bars are usually like different kind of nets. But for
rendering mortars on theall or plasters with thickness less than 5 to 7 cm its background is
satisfactory to cover is interior stresses due to different agents (like shrinkage due to drying time).
Compressivestrength suggested for ordinary rendering mortar is mention&Ni®981 [67, 68]

is like TablelQ:

Table10 Compressive tsength of mortar rendering[67]

Category Strength range N/mm
CS| 0.4
Csll 1.55
CSi 3.57.5
CS IV >= 6
3.31.3 Rendering finishes

Many types of finish can bepplied on the wall, some are smooth and the others are textured
parameters for chosexture of finishing is usually based on serviceability and aesthetic merit. In
some places environment and the type of finishing background make restriction to the choids. There
wide rangeof items applied to some of the renderings. Some divisionbeaone due to main idea

for rendering texture.

The texture of the finishing can be divided to:

Smooth finishesome texture describing it with stucfiaishes;it finishes with using the float to
produce smooth surfaces.

Textured finishedTo do textureson the mortar surface can be done bristle brush. Some common
texture in England is done with hand texting. And produce a random rigged effect which looks like
old finishing. This kind of finishing can be seen in many English villages.

The travertine is dwe comporting rounded particles with 5mm sizewaves on the wooden flat to
produce a dragged or Iron surface.

Tooled finishithe hardened render might be tooled with needle gun or by abrasive blasting to expose
the aggregates.

Thrown finishing:this kind of finish can be divided in wet and dry. The wet thrown finishing have 6
14 mm aggregate in its final coat layer. Mortar is left to the wall and left until it thrown. The shape of
the surface can be change with size and shape of the aggregates.

Dry dashfinish as a texture finish in which thrown in size rangé4imm are thrown on the finishing
applied mortar it known as a roughcast of mortar.

3.31.4. Mortar Physical properties

Water vapor permeability{67] specified watervaporpermeability shall be limited for external use.
The test is described BN 10151 [65, 69]

Thermal conductivitythe most of rendering mortars Veaa little effet on thermal transition of
envelop. That is because rendering is applied in a thin layer and rentteningal conductivity is
high. However it is possible to obtain thermal mortar with less thermal condudiit9981 [67] is
giving a number of designedortarsas thermal insulation in twolassesT/1 and T/2. Due to their
thermal conductivity mortar can be applied in thicker coats than normal.

Fair resistance:mortar with less than 1% organic materiasdified asioncombustiblelf there be
more than 1% of organic materials in mortar have to be classified accordihiyit85011 [70].
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3.31.5 Mix Designs:[68]
Mixing design for rendering is suggested WiN 139141 [71] is due toTablell:

Table11 Mix Design of mortars due t&N 139141 [71]

Mix Design Cement/ Ready mixed Cement Cement sand Masonry
lime/sand Ready mixed | using plaster | cement sand
material
[ 1/-/3 1/12 1/3 - -
ii 1/-14 to 4 1/9 1/4t04 1/3t0 6 1/2t03_
iii 1/1/5 to 6 1/6 1/4t04 1/3t06 1/4t05
iV 1/2/8 t09 1/4 1/8t09 1/7t08 1/51t06
v 1/3/10 to 12 1/4 1/10to /2 - -

Mix design different applicationsre based on EN 1391# [71]. It shows where to use and how to

use each combination design of mortar and plastem there is not a really fixed rule for decide and
chose the mortar mix but this guide can help to be closer to the optimal solution for each kind of
application(Tablel2).

Tablel2, Properties of Mrtars Mix Design (Compare with Tabldl) [71]

Mix design Characteristics Background type

[ Strong , relatively impervious|  Engineering bricks, in situ
with high dry shrinkage concrete, dense b blocks

ii Medium strong Calcium silicate brakes some
common brick

iii Less like to crack , better Light weight aggregates brick

permeability than i medium some common bricks
strength
iv Lower strength Autoclaved aerated concrete
some softer bricks
% Low strength Weak materialin sheltered
locations

There are other advises for mixed desifjthe mortar too some the ligature are divide mortars to:
Cement mortaris mixed by cement, sand and water puzzolana Portland cement and sulphate resisting
cement. Frommortar which isexposed to aggressive and waste water cement mortar are used for
plastering rendering smooth finishes and dump proof courses mix proportion of cemntisriike
below[72]:

Table13, Mix Pations of Cement Mortar Due to Its usg'2]

Mix Portions
S.no ([Type of Work Cemen{ Sand
1 Masonry 1 4,5
2 Plastering a. Interi_or 1 4
b. Exterior 1 5,6
3 Pointing 1 1,3
4 Reinforced Brick work 1 3
5 Foundaion 1 3,4
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Lime mortar:lime mortar is made by mixing lime sand awdter;lime use&l for mortar may be fat

lime (quick or hydraulic lime). Fat lime is content of large amount of calcium oxide hydraulic lime is
content ofcilice aluminum And iron in smdlquantities. When imixeswith mortar it forms putty or

mortar with properties of sating and hardening under water. Slake fat lime is used to prepare mortar
for plastering hydraulic lime is used for masonry construction of chemical and light load
superstucture the mix design is like table below:

Tablel4, Mix Portions of Lime MortaDue to Due to Its us¢r2]

Mix Portions
S.No Type of lime Lime |Sand Fineness Modulus of sand|Type of work
1 Fat Lime 1,2 2,3 2,3 Plastering
1,5 2,3 2,3 Pointing
3 Hydraulic 2,3 15,25 15,25 Masonry

Surkhi mortar:the proportion is like lime mortar it use Surkhi instead of sand Surkhi have to have
size dimension less than 4.75mm and thas 15% have to pass the 150 micro meter sieve. It can be
content of sand too. Its mix design is like below:

Tablel5 Mix Portions of Surkhi Mortar Due to Due to Its u§g2?]

Mix Portions
S.No Type of limeLime  |Surkhi Sand Type of work
1 Surkhi 1 2 - Masonry and foundatior
2 Lime- Surkh| 1 1 1 Masonry and foundatior,

Lime Cement mortatis known as ground mortar or grounded mortar is made by mixing cement and
lime. The advantage dfme cement mortar is water resistibility, workability and better binding
properties. And more durability fordeze thaw attack. Lime cememortar hasbility to give smooth
finishing on the wall. Its mix design is like below:

Table16 Mix Portions of Lime Cement Mortar Due to Due to Its U3e]

Mix Portions ‘
S.No Location Ratio( by volume)
Type of lime |Cement Lime Sand
1 Outside wal 1 1 6
1 2 9
3 Inside Walll L 2 9
1 3 12

Selection of mortar: there are some suggestion for chose mix design of the mortar due to its properties
Table below is one if the guides which have been chios€ablel17:
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No Nature of work Type of mortar Proportions
Construction work in watel
1| logged area and exposec Cement or lime mortar lime 1;3
portions
2 Damproof courses and Being a eminently hydraulic lime Cement mortg 1;2
cement rods
General R.C.C work such
3 | lintel columns, slabs, stair Cement mortar, the concrete mix 1:2:4 1;3
etc
4 Internal walls and surfaces| Lime cinder mortar , sand is replaced blyexsor 13
less importance cinder '
1 part of alumininous cemetd 2
5 Mortar for fire-brick Fire resisting mortar part offidally crushed powder of
fire-brick
6 Partition walls and parape| Cement mortar, the concert mix 1:2:4 Lime prop 13
walls Lime sorkhi be moderatghydraulic lime '
7 Plaster work Cement mortar, lime mortar 1:3to 1:4
1;2
8 Pointing work Cenent mortar 1;,1t01;2
9 Reinforced brick work Cement mortar 1;3
10 S;ﬁ!i:vgﬁh g;ﬂgiﬁ;if%’:ﬁ Lime mortar , lime being emently hydraulic lime 1,2
11 Stone ma_sonry with ordina Lime mortar 12
stones, brick , foundation, €
Cement mortar, lime should be eminently hydra 16
lime for moderately hydraulic lime '
12| Thin joints in brickwork Lime mortar, lime being faiime 1;3
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3.31.6 RecycledAggregatesM ortar
Table18, Summary on the previous researches on recycled aggregates configie
Compressivg  Flexural Modulus of
Strength strength elasticity
Sources 17.2% Lowen 20% Lower | 23% Lower
100% replacement of coarse recycle
Acker(1998) aggregates(CRA)
Ah,ed and Strubble o o 16% Lower(at
1995) 100% replacement of CRA 33% Lower 14 days)

Brelscmeider (2004

100% replacement of CRA

8.1% Lower

11.9% Lowe

75% replacement of CRA

4.0% Lower

50% replacement of CRA

5.8% Lower

Frondistod yannas (
1997)

100% replacement of CRA

4-14% Lower|

4.0% Lower

Grubl et at (2004)

100% replacement of A

28.3% Lowe

75% replacement of CRA

21.9% Lowe

50% replacement of CRA

23.3% Lowe

25% replacement of CRA

13.6% Lowe

Hasan andMarga
(1988)

100% replacement of CRA

30% Lower

Ikeda et at1988)

100% replacement of CRA

15-40% Lowe

Kakizaki oi at (1988)

100% replacement of CRA and fine

recycled aggregate (FRA)

32% Lower

30-50%
Lower

Masood et at (2001

10% replacement of FRA

20% lower

4.2% Lower

40% Lower

20% replacement of FRA

22% Lower

7.3% Lower

32.4% Lowe

30% replacement dfRA

25.5% Lower|

10.4% Lower

22.7% Lowe

Nishibsyashi and
Yamura (1988)

100% replacement of CRA

15-30% Lowe

15% Lower

Roos (2003)

100% replacement of CRA

34% Lower

36.4% Lowe

50% replacement of CRA

57% Lower

30.5% Lowe

Topcu (1997)

30% replacenm of CRA

31.8% Lower|

50% replacement of CRA

45.5% Lower|

70% replacement of CRA

54.5% Lower|

100% replacement of CRA

86.4% Lower|
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Tablel19, Summay on the researches on RACI]
Summary on the researches on RAC

Source(s)
Yangi et al( 1993

replacement ratio
30% replacement of CRA
40% replacement of CRA
100% replacement of CR/

Compressive streng Flexural strengthmodulws of elasticit
0.311.2%Lower 0-18% Lower
1.2-16.8%Lower 2.825.1% Lowe
4.1-19.7%Lower 1.1-25.8% Lower

Table 18 and Table 19 are showing properties of the recycled aggregates concrete collected from
different artcles with different qualities. It can be seen that quality of the concrete with higher amount

of recycled aggregates are less than ordinary concrete.

However using recycled aggregates are decreasing the quality of concrete it helps to reduce the use of

limited resources and solve the problem with waists produced in construction demolition process.
Also it decreasethe effects of this kind of waists on the nature. There are two solution suggested with
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for this problem with recycling concret®ne is to usall the aggregates with recycled aggregates

and increase the structural dimension by 10% or subculture 20% recycled aggregatewimixeid

not reduce the quality of the concretith strength of up to 65MP4.9].

Usually Recycled aggregates fill 780% of concrete volume. Quality of concrete is strongly related

to kind and portion of aggregates. Aggregates are used to fill the concretes added to this point
aggregates increasing the quality of the concrake hetter dimensional stability and wear residents.
Aggregates for special uses econaofiynixed potential strength of hardened concrete and durability

of the concrete have to be taken in consideration. The main different between recycled aggregates and
natural aggregates are the cement mortar which attached to the surface of aggregates. Old crashed
aggregates are surrounded with mortar which is creaky, prose and weak. Also this layer can directly
influence strength and durability of final aggregates sarihg them is one or the best ways to
improve quality of recycled aggregates mortar.
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3.32 Durability of Cement BasedM aterials

3.32.1 Introduction:

Degradation processed Cement based materials can be classified as: physical (caused by natural
thermal variations such as freebaw cycles, or artificial ones, such as those produced by fires),
mechanical (abrasion, erosion, impact, explosion), chemical (attack by adptgtes, ammonium

and magnesium ions, pure water, or alkali aggregate reactions), biological (fouling, biogenic attack)
and structural (overloading, settlement, cyclic loading). In practice these processes may occur
simultaneously, frequently giving rise synergistic action.

Alterations that occur in concrete before the structure has been completed, that is within the first hours
to months after casting (among these are cracking due to plastic settlement, plastic or drying
shrinkage, creep, thermal ghkage), are traditionally not considered among the phenomena of
deterioration, although they are important te tlurability of the structuri1].

3.32.2 Degradation of Cement based materials

3.32.2.1Freezethaw Attack, EN 206[41, 73]

When the temperature reaches values below 0° C, water contained in the poreseté camcfreeze,
causing an increase in volume by about 9%. The tensile stresses generated may result in scaling,
cracking or spelling of the concrete and, eventually, to its complete disintegration.

The freezing of pore water is usually a gradual profmsghree reasons: heat transfer towards the
inside of the concrete is hindered by the relatively low thermal conductivity of concrete; the freezing
point is lowered by the gradual increase in concentration of the ions dissolved in the part of the pore
water that is not yet frozen; the freezing point also decreases with the diameter of the pores.
Therefore, freezing begins in the outer layers and in the largest pores and extends to the inner parts
and to smaller pores only if the temperature drops furthdicatively and for saturated Portland
cement paste, free water in pores larger than 0.1 mm freezes betweenlQ°&)dvater in pores
between (L and 0.01 mm freezes betwe@® and-30 °C and gel water (pores 10 nm) freezes

belowi 35 °C[74, 75]Besides depending on the microstructure of concrete, consequences of this type
of deterioration also depend on environmental conditions, in particular on the degree of water
saturation, on the numbef freezethaw cycles, on the rate of freezing and on the minimum
temperature reached. The presence dtithg salts like calcium and sodium chloride in contact with
concrete is a detrimental factor. The outer layers where these salts are present aseomglye
affected by frost despite the lowering of the freezing point, probably due to increased water saturation
caused by their hygroscopic effect, with the early appearance of scaling and detachment of cement
paste which coverthe aggregate

Mechanism The action of freezing occurs mainly in capillary pore water. In fact, the gel pores are so
small that they do not allow freezing, unless the temperature falls b8\ [76]. On the other

hand, spaces of largeintensions (above all, those introduced intentionally usingeramaining
admixtures) are generally filled by air and, at least initially, are not affected by frost action.

Different theories have been put forward to explain the mechanism of frost danfegenost
important are the theory bfydraulic pressurand the theory ate overpressure

According to the hydraulic pressure theory proposed by Poféis water freezes inside the
capillary pores and the expandiice pressurizes the remaining liquid. The pressure can only be
released if there are (partially) empty pores in the vicinity. This pressure release can be calculated
wi t h Dar [@4. Gemmariaing: the pressuracreases with decreasing pore diameter; with
increasing distance over which the water must travel to empty pores or to the outside; with increasing
flow of pressurized water, proportional to the rate at which ice forms inside the pores themselves.

The iceoverpressure mechanism is based on transport of liquid water (or vapor) from smaller pores to
ice already formed in larger pores, where it freezes and increases the ice volume and consequently the
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pressure. Because this type of water transport is relatblel, the ice overpressure mechanism is
more important for longer freezing periods.

3.32.2.1.1Requirements

3.32.2.1.2Air -entrained Concrete:

Air that is accidentally entrged in concrete does not improve frost resistance of concrete, since it is
distributed in voids which are relatively large, few in number, and unevenly distributed. Conversely,
by introducing akentraining admixtures to the concrete, it is possible torparate a system of very

tiny and uniform bubbles inside the cement paste.

These air bubbles are of the order of 0.05 to 1 mm in size. Air bubbles can only avoid generation of
stresses in the capillaries when water freezes, if they are not too farEapetience has shown that
good freezeghaw resistance of concrete requires distances between bubbles less itBah rh.

The volume of air entrained in concrete is of the orderi@®4 with respect to the volume of the
concreteg]78]; however, for every mixture there is a minimum content of entrained air below which
the presence of air bubbles is not effective.

3.32.2.2 Attack by Acids and Pure Water

Sulfate Attak: Concrete often comes into contact with water or soil containing sulfates. These ions
can penetrate the concrete and react with components of the cement matrix to cause expansive
chemical reactions. Swelling may occur that, starting from the cornedges ef a concrete element,

gives rise to cracking and disintegration. Sulfate attack can also manifest itself as a progressive loss of
strength of the cement paste due to loss of cohesion between the hydration products. Concentrations
of soluble sulfategn ground water of over several hundreds of mg/l should be considered potentially
aggressivé73, 79]

3.32.2.2.1Acid Attack:

The hydrated componentsi(8& H, portlandite sulfoaluminates) in the cement matrix of concrete are

in equilibrium with the pore liquid that is characterized by a high pH, due to the presencé of OH
(balanced by Naand K’). When concrete comes into contact with acid solutions, these compounds
may dssolve at a rate that depends on the permeability of the concrete, the concentration and the type
of acid. In soil with acidic ground water, the rate of refreshing is important. Acids that can attack
concrete are: sulfuric acid, hydrochloric acid, nia@d, organic acids such as acetic acid and humic
acids and solutions of GOThe rate of attack on the cement matrix depends on the solubility of the
salts that are formed and thus on the nature of the anions involved. For more soluble reaction
products,higher rates of attack result than for insoluble products. With hydrochloric acid, soluble
calcium chloride is formed, while with sulfuric acid, much less soluble calcium sulfate (gypsum) is
formed. Water containing dissolved €@ay be acidic and triggemn ion exchange reaction between
carbonic acid and the constituents of the hydrated cement paste, in particular calcium hydroxide
(portlandite). At lower concentrations, @@nd calcium hydroxide form calcium carbonate, which is
barely soluble. In the presce of high concentrations of g@alcium carbonate is transformed into

the more soluble calcium bicarbonate.

Mechanism Sulfate attack starts with penetration of sulfate ions into the concrete. Then mainly
detrimentakeactions can occur: sulfatenceeact with calcium hydroxide to form gypsum:

Ca(OH) +SOy+2 .H0 —»  CaSQH,0 + 20H

And with calcium aluminates to formtangite:
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CsA +3CaSQ + 32H,0 » 3Ca0. AbOs+ 3CaSQ+32H,0

Protection With regard to protection against sulfate attack, the quality of the concrete is a crucial
factor: a low permeability is the best defense against this type of attack, since it reduces sulphate
penetration. Tis can be obtained by decreasing the w/c ratio and using blended cement (i. e.
pozzolanic or blast furnace slag cement that reduce the calcium hydroxide content and refine the pore
structure of the matrix). Finally, the severity of the attack dependseonatftent of GA and, to a

lesser extent, of &F in the cement. Standards in different countries provide for sulfate resistant
cements with a €A content below B5%.

The European StandaEN 206[73] distinguishes three class of aggressiveness (XAl, XA2, XA3)

with regard to chemical attack based on the concentrations of aggressive substances in (ground) water
for sulfate, H (pH), aggressive CQammonium and magnesium ions; and for sulfate also in soil . It
further recommeds a maximum w/c, a minimum cement content and minimum strength for each of
these classes. When stfas the aggressive substansalfateresistant cement is recommended.
When the concentration is outside the limits given, a special study may be.n®eaeidan Concrete
Institute recommendatiofACI 201] fixes analogous limits for the w/c ratio and the type of cement
and, furthermore, requires the use of blended cements for highly aggressive environments.

Alkali Silica Reaction Some types of aggregatan react with N K* and OH ions in the pore
solution, giving rise to detrimental expansion. The principal reactions can take place with aggregate
containing certain forms of amorphous or poorly crystalline silica (alkali silica reaction, ASR) and
with dolomitic limestone aggregate (alkali carbonate reaction).

3.32.3 Corrosion of Concrete [41]

During hydration of cement a highly alkaline pore solution (pH between 13 a8y pncipally of

sodium and potassium hydroxides, is obtained. In this environment the thermodynamically stable
compounds of iron are iron oxides and oxyhydroxides. Thus, on ordinary reinforcing steel embedded
in alkaline concrete a thin protective ogifllm (the passive film) is formed spontaneouUd, 81]

This passive film is only a fewanometershick and is composed of more or less hydrated iron oxides
with varying degree of Féand Fé&' [82]. The protective action of the passive film is immune to
mechanical damage of the steel surface. It can, however, be destroyed by carbonation of concrete or
by the presence of chloride ions, the reinforcing steel isdiepassivate[83].

The service life of reinforcedoncrete structures can be divided in two distinct phases. The first phase

is the initiation of corrosion, in which the reinforcement is passive but phenomerwathiad to

loss of passivity, e. g. Carbonation or chloride penetration in the concrete cover, take place. The
second phase is propagation of corrosion that begins when the steel is depassivated and finishes when
a limiting state is reached beyond whiobnsequences of corrosion cannot be further toleif&ted

85].

During the initiation phase aggressive substances (CO2, chlorides) that can depassivate the steel
penetrate from the surface intethulk of the concrete:

- carbonation:beginning at the surface of concrete and moving gradually towards the inner zones, the
alkalinity of concrete may beeutralizedoy carbon dioxide from the atmosphere, so that the pH of the
pore liquid of the concretgecreases to a value around 9 where the passive film is no more stable ,
Chlorideions: from the environment can penetrate into the concrete and reach the reinforcement; if
their concentration at the surface of the reinforcement reaches a criticatievelotective layer may

be locallydestroyed.

The duration of the initiation phase depends on the cover depth and the penetration rate of the
aggressive agents as well as on the concentration necessary to depassivate the steel. The influence of
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concrete over is obvious and design codes define cover depths accordinfet@xpected
environmental classThe rate of ingress of the aggressive agents depends on the quality of the
concrete cover (porosity, permeability) and on the microclimatic conditionsin(gyetlrying) at the
concrete surface. Additional protective measures can be used to prolong the initicge8§lha
Propagation PhaseBreakdown of the protective layer is the necessary prerequisite for the initiation
of corrosion. Once this layer is destroyed, corrosion will occur only if water and oxygen are present
on the surface of the reinforcement. The corrosion rate determines the time it takes to reach the
minimally acceptable state of the structure but it &hdae borne in mind that this rate can vary
considerably depending on temperature and humidity.

59



Reza Raeis Samiei 754191

3.33 Mortar Introduction

In the recent literature there is information available about most of properties of the findeRecyc
aggregates. Like physical chemical and shape properties of the aggregates, Mix design which can be
used for the mortar, Mechanical behavior of the mortar like Compressive strength, Splitting tensile
strength, Modulus of Elasticityinformation about drying shrinkage and thermal change of the
Recycled aggregates mortar. Theseinformation about Sulfate an@hloride penetration, bulk
density, and water abortion of the mortar with different percentage of the recycled to natural
aggregates are present.dAat the end somessumption about Environmentatpact of the RAM are
available.

3.33.1. Physical and chemical Properties of the fine Recycled Aggregates Available for the
mortar:

Physical Properties: In this point it is good to know most of the fine aggregates have been used in the
past experiments are with very high quality for exampleEvangelista, J. de Brifc2007 - L.
EvangelistaJ. deBrito, 2004[10, 21] have been using kind of aggregates from their own mortar
samples crashed and reused in their new Recycled aggragdfestar. Its physical and chemical
Properties are meoned inTable20. As it mentioned in th&able20 L. Evangelista, J. de Brit@007

- L. Evangelista, J. de Brito, 20040, 21]have beemising course aggregates in their research too.

Table20 Aggregates Properties of FNA aftRA21]

FNA FRA
Dry specific density (kg/i 2544 1913
Surfac dry specific dencity (kgim 2564 2165
Dry Bulk density (kg/f) 1517 1234
Water absorbtion (%) 0.8 13.1
Fineness modulus 2.38 2.38

In Table20 FNA is Fine natural aggregate and FRA is Fine Recycled Aggregates.
There have been some samples freé@W mixed Concete wastes and Bricks wastes in their
Aggregates physical Properties #ite sames above and it ieportedn Table20, Table21.

Table21 Physical characteristics of the aggates fractiong87]

Aggregate type REF REC BRI| CON
Volumic mass in s.s.d. (kghm 2.59(2.29|2.06| 2.38
Water absorbtion (%) 3.1|88]|16.2| 7.1
Fraction passing 150 m sieve (%) 10| 8 | 20 | 10
Blaine fineness dhe fraction passing the 150 m sieve?q)|0.1450.7930.493 0.642

In Table21 CON is concrete wastes aggregates BRI is Bricks crashed aggregate, REC is from
recycling plants and REF is prepared from natural aggregates.

Most d the authord/aleria Corinaldesi, 2007 L. Evangelista , J. de Bri@007 Evangelista, J. de

Brito, 2004[10, 21, 87]Jmentioned are complaining about Wadbsorption of their aggregates, which

is high in compare with natural sand. It caused to high drying shrinkage which could achieve a very
unacceptale point This problem can be solved with mixing Lower Percentages of natural to recycled
aggregates.

60



Tabke 22 Characterization results of fine recycled aggregatesriwortar [17]

Reza Raeis Samiei

754191

, Sample
Properties

FN | FRH1 |FRH2 | FRH3 | FRH4 | FRH5 | FRH6
Fine percentage (%) 11.14| 266 | 347 | 3.26 | 6.71 | 512 6.4
Sandequivalent (%) 76 71 74 69 67 73 45
Methylen blue (g/kg fraction 0.2 mi 0.25 | 0.25 | 0.25| 0.25 | 0.51 | 0.25 0.5
Real dencity of dry sample 267 | 163 | 211 | 2.14 | 213 | 1.98 2.2
Water absorbtion coefficient (%) 0.34 7.6 8.09 | 6.73 | 7.84 | 6.65 7.18
Friability Coetient (%) 22 26 25 34 23 26 23.9
Totale sulfure (% SPD <0.20| 082 | 0.71 | 7.55 | 1.56 1.1 1.53
Acid sulphates content (% §O <0.10| 067 | 051 | 7.05 | 141 | 0.76 1.24
Chlorates soluble in water (% CL) |0.0009 0.00350.0051f 0.005 |{0.0037 0.0037| 0.0056

Tabk 22 ShowsPhysical Properties of 6 diifent kind of recycled CDW fronvegas 2009[17]
compare with FN which is natural aggregate they used.
Chemical Properties; of fine aggregates for mortar haea beported iWegas 2009[17] like Table
23, even Sulfate is Reportategas, 2009 Valeria Corinaldesi2007- L. Evangelista, J. de Brito,

2007[17, 21, 87] all three Authors are mentioning Sulfates content so high in compare with natural

aggregates. As it mentionediN 1744-1 [88] andEN 13139[89] , total sulfate and sulfur of should

not exceed 1% aggregate

Table23 Oxide Composition of Aggregates, wifh/]

Oxide composition Natural aggregatg RFA RFB
Sio 87.8 66.3 68.5
ALO; 0.9 4.5 4.9
FeO; 0.7 2 2.3
CaO 6 15.7 12.1
MgO 0.6 1.8 2.2
NaO 0.4 1.3 1.2
KO 0.2 0.9 0.9
P.Os 0.1 0.1 0.3
TiQ 0.1 0.3 0.2
LO.I 3.2 7.1 7.4

3.33.2. Mix Design

Mix Design have been used in most of the literatare the same as mix design which have been
tested for therdinarymortar which they use in their test just with respect to more water Absorption

of Recycled AggregateWater Absorptiofs chaneg, effect on water/cement ratio.
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Table24 Concrete compositiorf10, 15]
RC C10R C20R C30R C50R | C100R

% of replacement 0 10 20 30 50 100
Cement CEM 142.5 R (kg) 380 380 380 380 380 380
Water (1) 155.8 1606 165.4 170.2 175.6 180.9
w/c Ratio 0.41 0.42 0.44 0.45 0.46 0.48
(w/c) ef Ratio 0.41 0.42 0.43 0.44 0.45 0.45
FNA (kg) 668 598 529 460 327 0
FRA (kg) 0 52 103 154 254 509
Coarse aggregate 1 (kg) 409 407 404 402 400 400
Coarse aggregate 2 (kg) 382 380 378 376 374 374
Coarse aggregate 3 (kg) 397 395 393 390 388 388
Superplasticizer (kg/m3) 4.9 4.9 4.9 4.9 4.9 4.9
Table25 Preliminary dosage ofested cement mortarf17]

TYPE O

CEMENT FN/FRH¢ (\(/:V‘fari';;/t") (\A'Z\:;ﬁt) FRH6

MORTAR

C100/0 | 100/0 9 91 0

C90/10 | 90/10 9 81.9 9.1

C80/20 | 80/20 9 72.8 18.2

C75/25| 75/25 9 68.2 22.8

C50/50 | 50/50 9 455 45,5

C25/75| 25/75 9 22.8 68.2

C0/100 | 0/100 9 0 91

FN in Table25 is Fine natural Aggregates &ifrRH6 is recycled aggregateghgir properties have
been mentioned imabk 22).

Table26 Mortar mixture Propertions[4, 87]

) Mixture proportions (kg/m3)
Mixture | W/CM —
WatenCemenjHydraulicime|Natural San( recycled Aggregat
Cem+RH 0.52 25 450 - 1350 -
Cem+RHE 0.71 320 | 450 - - 1350
HL + REF 0.56 250 - 450 1350 -
HL + REQ 0.67 300 - 450 - 1350

In Table26; CEM-REF: Cement mortar with natural Aggregates, CEEIC: cement mortar i
recycled concrete AggregatddL-REF: Lime mortar with Natural aggregates, -REC: and lime
mortar with recycled concrete aggetes.
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Table27 Mixed Proportion ofmortar [90]

Natural
Mixture Cementg| Water.g |[Aggregte| RFA. g | RFB. g
Designatiol G
Control 1000 450 2000 - -
A-25 1000 450 1500 500 -
A-50 1000 450 1000 1000 -
A-75 1000 450 500 1500 -
A-100 1000 450 - 2000 -
B-25 1000 450 1500 - 500
B-50 1000 450 1000 - 1000
B-75 1000 450 500 - 1500
B-100 1000 450 - - 2000
Table28 Mix proportion of mortars, by dry weigh(condstencyindex 285+15mm)[3, 91]
Mortars CDW composition in th¢
O |Hydratec cow recycled aggregate Ne_ttura Total Effective
Total - S Lime recycled =z fine W/.C w/c ratio
material Iglentlflca1 o aggregats Cement S Concrete| sand | ratio
<755m ion code| = unitw | & block
18% 18%T2 | 1 - T2 0.6 |0.48 - 792 | 25 2.39
18%T4 | 1 - T4 - 1.33 - 767 | 25 2.45
18%T6 | 1 - T6 - 0.61| 0.75 764 | 24 2.34
25% 25%T2 | 1 - T2 1.68 |1.37 - 595 | 2.3 2.06
25%T4 | 1 - T4 - 3.74 - 526 | 2.3 2.24
25%T6 | 1 - T6 - 1.74 2.1 518 | 2.1 2.02
32% 32%T2| 1 - T2 2.75 |2.26 - 4 2.3 1.94
32%T4 | 1 - T4 - 6.2 - 2.8 2.3 2.22
32%T6 | 1 - T6 - 3.45| 2.83 2.7 2 1.89
>40% E2 1 - T2 495 (4.05 - - 2.5 1.89
E4 1 - T4 - 9 - - 2.5 2.41
E6 1 - T6 - 4.05| 4.95 - 1.9 1.77
24% M 1 1 - - - 8 2.5 2.46

Standard Mix Design of Mortar: At the end there is mix design from EN 13974] (Table29,
Table30) for natural Mortar anthis mix desigrcan be compared with the recycled aggregates mortar
from researches done.
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Mix design Characteristics Background type
[ Strong , relatively impervious|  Engineering bricks, in situ
with high dry shrinkage concrete, dense b blocks
ii Medium strong Calcium silicate brakes some
common brick
iii Lesslike to crack , better Light weight aggregates brick
permeability than i medium some common bricks
strength
\Y Lower strength Autoclaved aerated concrete
some softer bricks
v Low strength Weak materials in sheltered
locations
Table30 Mix Design of mortars due t&N 139141[71]
Mix Design Cement/ Ready mixed Cement Cement sand Masonry
lime/sand Ready mixed | using plaster | cement sand
material
[ 1/-13 1/12 1/3 - -
ii 1/-/4 to 4 1/9 1/4t0 4 1/3t0 6 1/2-t03_
iii 1/1/5t0 6 1/6 1/4t04 1/3t06 1/41t05
iV 1/2/8t0 9 1/4 1/8t09 1/7t08 1/51t06
% 1/3/10 to 12 1/4 1/10to /2 - -

3.33.3. Mechanical

Mechanical Properties of the mortar have bebaracterized mainly with Compressive Strength,
Splitting tensile strength, fractural tensile strength, and Modulus of elasticity of the mortar.
In EN 9981 [67] there is Classification for compressive strength of the mbk&aTable31,

Table31 Compressive strength of mortar renderirf¢7] [EN 9981]

Category Strength range N/mm
CS| 0.4
Csli 1.55
CS 1 3575
CS IV >= 6

Compresive StrengthFor mechanical strength there is more information. Most of the researches are

testing mechanical properties of Recycled aggregates mortar.
L. Evangelista2007- Evangelista2004[10, 15]in Fig20 andFig21 giving the Compressive strength

of RAM in compare with substitution of aggregates were the difference is 10% for 100% of recycled
aggregates and it is acceptable.
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Table32 Compressive strength of mortar vs. Substitution ajgregates (MPg)LO0, 15]

Second a
First Stage k (%) |andthird| Kk (%) |(between
stages Stages)
RC 59.4 - 59.3 - -0.2
C10R 62.2 4.7 59 -0.6 -5.3
C20R 58.4 -1.7 57.3 -3.4 -2
C30R 61.3 3.1 57.1 -3.7 -6.8
C50R 60.8 2.3 58.8 -0.8 -3.2
C100R 61 2.7 54.8 -7.6 -10.2

Mixed portion ofTable32, Table33 andFigl9, Fig20 are likeTable24. As it mentioned beforan L.
Evangelista- 2007, Evangelistd 200410, 15] have Produced their Recycled Aggregates for their
mortar from their own samples, at the First Stage they made Some Cubic Samples From natural
Aggregates and Recycled aggregates, they CrablosdSamples in the age of 35 dayisen in the

second stage they used the aggregates from the crashed of the first stage they have done, and test it
again.
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Fig19 Comparison between compressive strength of th& and 2" series of test[10]

In Fig19 compressive strength of the Mortar in first stage (which made from natural Aggregates and
the second Stage which made from crash of the first stage aggyegatesmpared.

Table33 Compressive strength of mortar vs. substitution 8ggregateg10]

Co7 DENSIT
TYPE | F7 (Mpa) C7 (Mpa)F27 (Mpa HARD
(Mpa) 3
(g/lcm’)
C100/0 8.28 3.6 13.92 2.017

C90/10| 1.61 6.03 3.09 11.21 1.966
C80/20| 1.61 5.37 2.55 9.24 1.919
C75/25 1.4 4.93 2.53 9.17 1.885
C50/50 | 0.83 2.58 1.44 511 1.726
C25/75| 0.51 1.53 0.92 3.1 1.59
C0/100 0.4 11 0.64 2.13 1.462
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Fig2028 day Compressivstrength (C28) and Flexural Tensile Strength (F28) Vs Portion of Recycled aggre@éizs.
[10]

Fig20 drawsfrom Table33. In Table33, F7 and F28 are Fractural tensile strength of mortar in age 7
days and C7 and C28 are compressive strength of the mortars in age 28 day.
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Fig21 Compressive strengtlf mortar vs. Curing timd4, 87]

Mix Portion of Fig21is mentioned irrable26. Valeria Corinaldesi2009- Valeria Corinaldesi 2007

[18, 87] Fig21, is comparing the 4 kind of different mortamedto their curing timéd CEM-REF;
Cement mortar with natural Aggregates, CEHRMC: cement mortar with recycled concrete
Aggregates, HIREF: Lime mortar with Natural aggregates, HREC and lime mortar with recycled
concrete aggregates) which between this four mentioneRERE and HEREC everwith very small
different have less strength them mortars made with cement.

Even Compressive strengthf the mortar with Lime in both cases (with Natural and Recycled
aggregates) is much less then compressive strength of the mortar with Cement (almost 40 % of it) but
use 100% recycled aggregates in cement show 40% of decrease in Mortars strength witlorespec
ordinary cement mortar, and in the same case for Lime mortar with recycled and natural Aggregates,
it shows 10% loss of strength.
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Fig22s hows comparison between Mechani calPlw8ahr engt h
shows RAMG6s tenaisliemgstwiemgtimcirseaismaonrge content of
tensile strength is constant.
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Fig2328 day compressive strength of the mortar as a function of the effective water/cement r§sip

Fig23shows i n RAMO0s strength decrease with increas
In Fig23 are related t@able28 and:

6 is Mortar Content of 18% aggregates finer thamsmbs

y'is Mortar Contenbf25% aggr egates finer than 75 &em

is Mortar Contentof 3% aggr egates finer than 75 &em

6i s Mortar Content of more than 40% aggregates f
is Mortar Content of 24% aggregates finer than

Tensile StrengthEven ensile strength of the cement based mateiiglsuch less than their
compressive strength but still their tensile strength is not ignorable. In fact due to literatures available
from the recent researches shé&exural tensile strength is decreasing witbreasing percentage of

the recycled aggregates. In this literature comparison between, curingefifeetive W/C and
compressive strength and tensile and flexural tensile strength is described.
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Table34 Splitting tensilestrength results[15]
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Fig24 Splitting Tensile Strength of mortar Vs tinj&8]

fam(Mpa)| Kk (%)
RC 3.85 -
C30R 3.65 5.2
C100R 2.95 -30.5

Mix portion of theFig 24, Fig 25 andTable34 are likeTable26. In Table32 compressive strength of

the Recycled aggregate and Natural aggregates mortar have been doms@vs Compressive
strength of RAM with 100% and 20% of recycled aggregates have 30% ardb&%asedvith

respect to natural aggregates mortar.

As it is mentioned above iRig 25 andFig 24 ; CEM-REF; Cement mortar with natural Aggregates,
CEM-REC: cement mortar with recycled concrete AggregatesRHE: Lime mortar with Natural
aggregates, HHRECand lime mortar withecycled concrete aggregates. In FigtZhow forCement

mortar made with 100% of recycled aggregates tensile strength Decrease is almost 50%, but this
change for Lime mortar is shows almost 10% decrease of the tensile strength.

1.9
_ Eém nE2
R _
= * |Ri
= 15 s 259
E'," 13 % 320
% W40 %
T Ol E4 M
=
L 09 Sp—y AL
: T2
0.7 . . . : : : it
17 18 19 20 21 22 23 24 25

Effective w/c ratio (kg'kg)

Fig26 28 day Flexural strength of the mortar asfanction of the effect water/cement ratio[69] moist curing for 7 days
and dry room curing between 7 and 28 day8]

In Fig26is related torable28 and:
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6is Mortar Content of 18% aggregates finer tha
y'is Mortar Contendof25% aggr egates finer than 75 &m

is Mortar Contendof 3% aggr egates finer than 75 &m

6i s Mortar Content of more than 40% aggregates f
is Mortar Contentof2 4 % aggregates finer than 75 &m

Modulus of elasticityModulus of Elasticity in recycled aggregates mortar decreasing with increasing
of substitution ratio. It shows the Mortar will be more brittle with increase substitution between
recycled and naturalggregates.

Table35 Elastic Properties of the mortar after 28 days @iiring[18]

Mortar type ;ggﬂigts I(%;g;: POISS\?\? ratio, Elastic shear modulus,*
cem + RE 36.84 0.222 15.07
cem + REC 13.66 0.137 6.01
HL + REF 16.84 0.19 7.08
HL + REC 8.87 0.179 3.76
* Calculated an G = E/2(1+wv)

Mix Portion of Table35is explainedn Table26.

8.0

g 7.0
+ |BG

£ 60 r
E A 25%
® 50 ® 320
o .
% 10 m > 40%
E M
= 30

2[:] T T T T T

1.7 1.8 1.9 2.0 2.1 22 23 2.4 25
Effective wic ratio (kg/kg)

Fig2728 day compressive modulus of elasticity of the mortar as a function of the effective water / cement [8{i82]

In Fig27 is relded toTable28 and

6 is Mortar Content of 18% aggregates finer tharlmb

y'is Mortar Contenbf25% aggr egates finer than 75 &em
is Mortar Contendof 3% aggr egates finer than 75 &em

6i s Mortar Content of more than 40% aggregates f
is Mortar Contento2 4 % aggregates finer than 75 &em
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In Leonarde 2006 [3] methodNBR 7190[92] from Brazilian standards for modulus of elasticity have

been used.

3.33.4 Density

Density is another parameter could have effect on the quality of R¥&¥sity of the RAM hakeen
reported inTable36. Density is Decreasing when substitution of Recycled /Natural aggregates are

increasing.

Table36 Density, Water content and Consistence RAM[17]

CONSISTEN DENCIT

TYPE | H,O (mm) i)
C100/0 | 135 181 2.2129
C90/10 14 177 2.1502
C80/20 | 14.74 180 2.1071
C75/25 15 179 2.1071
C50/50 | 175 182 2.0915
C25/75 21 1785 | 1.9232
C0/100 | 225 173 1.7131
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Fig29 Density g/m3) andConsistence (mm) ahe mortar for Substitution of the aggregates percentadft?]

Fig29 is drowningfrom Table36 results. Density of the recycled aggregates concrete Reported with
Vegas 2009[17] is 77.4% of density of the Natural Aggregates mortar for them,Fag2i9 shows
decrease of density with increase of substitution. Water content of the RAM is 66.6% more than wate
content of natural aggregates mortar. For dendit§g 10976 [93], for consistencfEN 10153 [94]

has been used.

3.33.5 Water Absorption:

Water Absorptionof RAM hasbeen Reported Many time in the literature. Water Absorption is
increasing with increasing the substitution of the recycled to natural aggrabatebange in water
absorption is not out of expectation because Porosity and density of aggrgatacreasing, and

due to that Permeability of mortar is increasing with substitution percentage, and this increase directly
effects on water abortion of RAM.

y = 0,077x+ 0,492
R =0,9888

Absorption coefficient (%0)

o = N~ ow o oo

0 10 20 30 40 50 60 70 80 90 100

Recycled aggregate content (%)
Fig30 Absorption variation VS % of recycled concrete aggregfted
Mix Portion of Fig30 s in Table28. In Fig30 water absorption iseportedaccording to EN 109% it
showswater absorption of the mortear increasing with increasing of the substitution of Aggregates.

Which for 0% substitution 0.5%asbeen reported and for 100% substitution 8% have been reported
it shows strong effect of recycled aggregates on water absorption of the mortar.
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Fig31Loss of moisture in the mortar as a function afe[3]

Proportionof Fig31is related torable29. Also as it comes frorRig31 moisture content of the RAM

is decreasing with its age and after 25 days it exceed® tB@ for higher percentages of recycled to
natural aggregates losing moisture content is faster than RAM with lower amount of Recycled
aggre@tes.
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Fig32 Concrete water absorption due to capillariy0]
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Water absorption
W
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Substitution %
Fig33 concrete water absorption by immersion FRA substitution rafi]

Mix portion of Fig32, Fig33 areReported inrable25. Evangelista, 200fL0] for results inFig32, Fig
33 were using LNEC E 394, LNEC E3935, 96] from Portugues@&ationalstandard

3.33.6 Shrinkage:

Shrinkage of the mortar as general point of vieagdirect relation with its Porosity and the water
content in the early age. Since water contard thePorosity of recycled aggregates are higher so
their drying shrinkage is higher.
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b T T o o = 2 ]
- o o™ (] =T o w = o4
L - P ~ - =] - - —
. . . . 0
[ . [] ;?-.-.
L — BBl i
0.1
- —
St -
b E
~ —_— 2 =
\\‘ 3 E
- E
— -
N e 03 &
L]
. é
A~ . T m z
+ = - &
04 E
w
. =
+ 05 O
e 4 0070 - \ g
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Fig34 Shrinkage of the different cement mortard. 7]

In Fig34 from Vegas 2009[17] shrinkage of the fresh mortar have been repo8adnkageof all the
mortarssamples are almost the same till 7days but after that shrinkage of RAINcerasing very
fast in compare with Natural agggates mortar and it will exceed 3.5 timestld shrinkageof

Natural aggregates mortar just till the end of 52 days.
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Fig35Drying Shrinkage of mortar as a function of age (RH =58% and T=24+5°C)[3, 97]

Proportion ofFig35, Fig36 is related toTable28. In Fig35 Drying Shrinkage iscomparedwith
substiution. Mortar with 18% of substitution is giving almost 0.08% of shrinkage and for 46% of

substitution;it shows 0.22 % of shrinkage. The method use is from NBR 89D Brazilian
standard.

Drying shrinkage (%)

T T T T —&—40% E4
0 2 4 6 8 10 12 14 16 18| —e—30%E6
Moisture (%) —— M

Fig36 Drying Shrinkage as a function of moisture contg{

In Fig 36 it shows Drying shrinkage islower in mortars with higher substitution in respect of
Moisture Content .For exanglmortar with 18% of substitution exceeds its maximum shrinkage in

4% of itsMoisturecontent but for 46% of the substitution maximum shrinkage will occurs in 12% of
its Moisture content.
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In Fig37, Fig36is related torable28 and
6 is Mortar Content of 18% aggregates finer thamsmb
y'is Mortar Contenbf25% aggr egates finer than 75 &m

is Mortar Content of 32% aggregates finer than
6i s Mortar Content of more than 40% aggregates f
is Mortar Content of 24% aggregates finer than

In Fig 37 drying shrinkage speed is decreasing with total amount of particles fiaer thy 5 & m
increasing. The method used for the measurement of shrinkage is accordiBB ®4B0[97] from
Brazilian National Standard.
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Fig38 Shrinkage evaluation over time for the different concrete mixg9]

Mix Portion of Fig38is reported inrable25.

3.3.3.7 Durability
Durability of recycled aggregates is one of the most important items which have to be measured for
this kind of materialTheseparametes is important for mortar and specially rendering mortar because
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rendering mortar doesndédt need to have an strong
this material shows itselThere is some information available for chemical Propedfeecycled
aggregates mortar but for freezthaw of RAM, there is not a lot of information available.

Chloride PenetrationChloride penetration for RAM is analyzed @aballerg 2010[8] shows for

early age mdar chloride penetration is 10% shorter. It means if the structure be expose to the
chloride in early age of 1 day, oppose start to exposure in 28 days which is usually considered. More
calculation fromCaballerg 2010[8] shows avoiding contact to chloride in the first day improve the
corrosion initiation significantly.

In Caballerg 2010[8] case study delaying to expose the structure in the 1st or 2nd days improve the
senice life to 2 years or about 2%. They use method fGBUILD 492 - NT BUILD 443[98, 99]
Netherlands Standards.

0.9
0.8
0,7
0.6
0,5
04
0,3
0,2
0,1

% CI

40 45 50 55 80
Depth (mm)

\+ Early exposure — Late exposure|

Fig39 Differences around 50mm of early andature exposure after 50 year8]

Table37 Effect of delaying the first exposure in life sp§d]

Initial age Year to reach Diff. Withearly
0.5% at 50mnjexposure (year
1 53 0
2 55 1.8
4 56 3.2
8 57 4.2
15 58 5

Sulfur ResidentsSulfuric Properties of the recycled aggregates plays an important role on the
evaluation of this quality, because it is directly related to quality of R¥&fas 2009 [17] shows
sulfur content will increase with increase in amount of recycled aggregates but it is acdépgible

to 30% of substitutioriThe total Sulfate and sulfur content dud=te 1313989] is 1%.
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y = 0,0126x + 0,312
R?= 0,591

Total Sulphur content (SO3 %)

. T T T . T T . .
0 10 20 30 40 50 60 70 80 90 100
Recycled aggregate content (%)

Fig40 Total Sulfur VS Recycled aggregatesitent[17]

Mix portion of Fig40is explainedn Table25.

Magnesium sulfa resistant: the resistant to Magnesium Sulfate have been taS8edrigTae Lee,
2009[90] it shows with increase of the substitution of aggregates resistant to Magnesium sulfate is
decreasing. Test shows thasdethan 50% of substitution is resist better for magnesium sulfate. And
resistant of 100%ecycled aggregates amet satisfactory. MethodASTM C 101295 [100] hasbheen
used.Mix portion of Fig41, Hg 42 are Present ifable27.
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3.33.8 Re-hydration
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Fig41 Expansion of Specimens containing-RIB0]

Rehydration is @henomenonmvhich is happening in the Recycled aggregates Cement based materials
with use ofRecycled aggregates from Concrete. Rehydratiomi®happeningn Mortar because its

fine aggregateswhen aggregates are sieved there is more Cepaata remainn fine fragments
Rehydration is the phenomena which during that Cement remain in theswaestacting agaiit will

cause increasing in mechanical performances of Mori{@eHydration even can increase
Compressive strength till 200%)s well this rehydration can block the capillary pores and decrease
in water absorptiofiL1]. It is shown that Portlancementcan effect asatalyzerfor Re-Hydration and
accelerate the phenomena. The micro prssbown inFig43:

Fig43 SEM micrographs of initial FR@Ad
[11]

3.33.9 Environmental Impacts

4 ¥y /
T\ 4: ¥ .
3 o SH-5518LY

X I

Thereis not a lot of information available for Environmahtmpact of the recycled aggregates mortar
in fact there have been a sample reported witangelista2007 [15]. Mix Portion of Table38 is

available inTable24.
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Table38 Relative changes of the environmental parameters of the Civiéthodology[15]

Impact parameter BC B30R B10OR
Destruction of the ozone layer - -6.40% | -19.10%
Global waming - -6.90% | -21.00%
Human toxicity - -6.90% | -20.60%
Acidification - -7.20% | -21.70%
Eutrofication - -7.60% -23%

Producton of photeoxid antagents - -6.70% | -20.30%
Aquatic toxicity (fresh water) - -6.80% | -20.40%
Aquatic toxicity sediments (fresh weal) - -6.70% | -20.10%
Ground eco toxity - -6.80% | -20.70%
Abiotic deplation - -6.60% | -19.70%

3.33.10Conclusion

With a look at the recent literature for the recycled aggregates concrete for mortar (RAM) it is seems
that infomation about Physicainechanical and Chemical properties of Recycled aggrefdatess,

21], information about Properties of fresh mortar like density, consistencgkaie time and
information about bulk density of the mortar is available, for the hard@dd, 17]RAM there is
information available about mechanical Redfes like Compressive and tensile strength and Modulus

of elasticity. And there is information available for Durability Properties like ChldBtleSulfate

[90] penetrabn into the mortar also density and water abortion of hardened RAM have been declared
which in the literature which effect on durability of the mortar. There is some information about
Environmental impacf21] of the recycled aggregates mortar available, which is not complete yet.
Even theres some information about mechanical Properties of Recycled aggregateSeamaf the
particl es s ma lavaidable Laomaelq 2006 Ble Thereisnot a lot of information
available about weathering of the recycled aggregates mortar.

The aim of this workis to do devip accelerate weatherinigst for mortar. Gather more details
information about RAM Environmental Impacts of the RAM and compare them to gather to
demonstrate Environmental efficiency of RAM use for the external rendering.

Water abortion and water peradion of the recycled aggregates are more than natural aggregates
which could effect on weathering properties of mortar. But since there is no information about the
weathering of RAM available so a weathering test seems to be necessary to declarettlaagioin
understandf this kind of the mortar comparable with normal mortar as the point of quality.

Tell know some Primary information about Environmental Impact ARhave been gathered, and
compared with databases available in like Athena, Itacd, #d ICE and it shows regardless service

life production emotion of the RAM is better than Natural mortar.

The Rezone for use Cement lime is at first cement mortar is showing better strength then lime mortar,
but with adding recycled aggregates abdlfi% this strength will decrease to about 40 to 45% but for
lime mortar this loss of strength is about 10% it showedaieria Corinaldesi2009[87] it would be
interesting to test Lime cement mortar asaerial which have Properties ofmé and cement mortar
which can baisedas ready mixed mortar in the external and internal faced.
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Chapter IV

ENVIROMENTAL IMPACT OF (RAM)
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4 ENVIROMENTAL IMPACT OF (RAM)

4.1 Introduction on LCA of Recycled Aggregates Mortar:

A calculation related to the Environmental Effect of RAM has been done to understand if this material
efficient environmentallyIn the envionmental calculation part LCA method has been chosen from
the Chapter Il; when a brief idea about different environmental methods has been analyzed. Then
look at different researches is done in this area and a methodoldgye®pediue to the literate

review. The core of the Literature Review for LCA part is frSarma Projecil01], which is done

with ANPAR association and Politecnico di Torirdded to the SarmBRrojectthe main Datalses
available have been considered. Like IBO, ICE, Itaca and Athdreseflatabases each have been
developed for their own specific area.

The methodology is mainly concentrated on LCA of Recycled aggregates because in the process of
production of RAM, Reycled aggregate El is missifgy fine recycled aggregates

4.1.1Methodology

1. To develop the environmental Impact of the Mortar four different databases have been analyzed.
IBO, ICE, ITACA, Athena.
Since Itaca, ICE and IBO agiving inventory data their data are more summarized. In fact for
Athena Inventory Data have to be calculated.

2. To Evaluate the Environmental Impact of the mortar at first, it is important to know the Life
Process of the mortar.

Table39Inventory Databases used for mortar Production Phase

Step of Process | Kind of action Databases used
Cement Extraction materials Athena Database
Transportation materials Athena Database
Production of cement Athena Database

Transportation of cements Athena Database

Water transportation

Water Athena Database
Aggregates Transportation of aggregates Ecoinvent ( Sima Pro 7)
Mix of the Mortar Ecoinvent ( Sima Pro 7)

Finalizing Transportation the Mortar Athena Database

From Process of Bduction of the mortar for Recycled aggregates Recycling Proeessssen
added(Like Table39)

3. Due to Process above and accordinglS® 14040[28] boundary of the research for LCA
calculation ofthe recycling aggregates havesh&dentified.

4. For recycled aggregates mortar Recycling Process have to be Analyzed, and added instead of
extraction and Production process of aggregates.

5. Then from the compared Data in part 1 the gathered data havatalyeed and Process of the
Production have to be replaced.

6. The Primary information available in the site was gathered shows even without consideration of
the Landuse;the Production of RAM is environmentally efficient.

The main difference between Relada and natural Aggregates mortar is in their aggregates have been
considered. In real Practice it is hardly possible to use recycled aggregates mortar with 100%
replacemat ratio to natural aggregaté€m fact more than 30% is hard tme use with t oc¢
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technology) but in this research it have been hypothesized that all the natural aggregates have been
replaced with recycled aggregates. The base of data for calculation mortar (Shdabbk89) have

been considered Athena asigps included cement, water, Aggregates, and Finalizing are considered
the sameProduction of aggregates has been calculated with-Bimaoftware anés added to the

rest of the results.

4.2 Literature Review:

4.2.1 SarmaProject:

The data for recycling of C&D Wastes are analyzed mainly in projects of SARO23 done with

ANPAR, in Politecico di Torino. This information according tteeir report in 2011 is included
analyzing of 9 different databases. Like

Mainly in south Europe and Mediterranean areas they are in clouded Italy Romania, Albania,
Slovenia and Greece. Study cases for recycling Chromium materials so it is less rafate this

research and for study case 5 there areenoughinformationis reported.As it is mentioned in
SARMa Project it is not easy to give data related to LCA for the Recycled aggregates, because as it
comes from the bibliography for the recycled mggtes LCA There are a lot of different kind of
recycled aggregates included in C&D wastes whic
produced, also the variables which can be considered in the LCA data are quite different. But for this
project ttke data are concentrated on LCA data related to concrete wastes. And the one this are used in
the mortar.

Table40 Study cases 19 Base line study reportfl02]
CASE ¥IDYBASELINE STUDY REPOR-R|BSR

Case study|BSRR OF ALANANIA (METE): THE CHROMIUM DRESSING PLANT
Case study|BSRR OF GREECE (IGME): THE MAGNESITE MINA OF GERAKINI
Case study|BSRR OF ITALY (RER):THE RECYCLING PLANT OF COLLEEGOOC
Case study|BSRR OF ITALY (RER):THE RECYCLING PLANT OF CASTELLARAN
Case study|BSRR OF ROMANIA (IGR/FGG): THE MARBLE QUARRY-RESIENPA
Case study|BSRR OF SLOVENIA (GEOZS): THE DOLOMITE QUARRY OF VELI(
Case study|BSRR OFSLOVENIA (GEOZS): THE LIMESTONE QUARRY OF SEZA
Case study|BSRR OF SLOVENIA (GEOZS): THE SAND AND GRAVEL QUARRY
Case study|BSRR OF SLOVENIA (GEOZS): THE DOLOMITE QUARRYIAPSMRJ
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4.2.1.1Methodology description:

ISO Definition of LCA - 14040
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Fig44 Life Cycle Assessment (LCA) structure accordif@&p
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For SARMa Project Researbloundary habeen developed accordingl®0 14040 14044[27, 28]
theprocess of the boundary description hasndeclared accordintp Fig44 andFig45. There are 4
steps have been considered accordirfggd4.

Life cycle data and assessments
for sustainable production and consumption

in policy and business

N

JLCD panasoos

Review

Life Cycle Inventory ][

Life Cycle Impact
Assessment

General Guide for Life Cycle Assessment

Documentation, Nomenclature, Terminology

ISO 14040,14044

Fig45 The Structure of the ILC01]
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Due toFig45 four steps have been considered for recycling process whichEco Profile natural
aggregates€coprofile of recycled aggregates, and integration and optimization of NA ++RA
transporation network + landfill. There are tree part divided witblors :
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Fig47 Main processes for the production of recycled aggregates at CAVIT plaxa]
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As it comes Fronfrig4d7 Wastehasbeen analyzed for Production of the Aggregates are Mixed waste.

This kind of waste isi0t good choice for Production of Cement base materials becaushavey

impurity and different Properties which are uncontrollaBlied the Process of the Productiorjusta

little different. It isincludeddivision of Wood, Paper and plasters and Mdtatoncrete wastes there

is metal, but pper and plaster is notg®ent which paper is considered an organic material and
according toEN 17441[88] present of organic materials in the Cement based material have to be
limited to an ignorable amount which is economically hard to doitwithd ay 6 s t echnol ogy .

Fig48 LCA model relevant to production and transportation of 0/40mm recycled aggregates at the JADZT

Fig48 is the model relevant to production and transportation-of@mm recycled aggregates at the
CAVIT Recycling plant. It is concentrated on Energy use in each stage the biggest amount of energy
use is hummer impact 3.5MJ for 0.033877kg of aggregates calcukd¢ading and delivery of
aggregates are 76.6MJ for 1000 kg.
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Fig49 Main processes for the production of natural aggregates at Ceretto qu§tf3]
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Fig49is showing relation among LCA Values for aggregates quarrydogrding to the Impact 2002
methodology. InTable 44 type of productions for different study cases have begorted.It is
comparable witfTable43 Imputefor each quarry.

4.2.1.2Resuts and calculations:
Table41 Production of Recycled aggregates for each Study case divided with each type of aggregates pfb08tt.

Study Study Study Study Study Study Study
case3 | case4 | case5| case6 | case7 | case 8 | case9
t/h t/h t/h t/h t/h t/h t/h
Type A - 13.3
Type B 40 94.61 50
recycled aggregates
asphalt concrete 300
Type C - 5.09 100
tly tly tly tly tly tly tly
Type A - 26565 10000 | 15000
Type B 25000 | 189208 19000 | 25000 | 30000
recycled aggregates 32000
asphalt concrete
Type C - 10089 10000 | 70000 5000
elt elt elt elt elt e/t elt
Type A 9to 15 6.26 2.8
Type B 11 4.7 3.05 2.6 8
recycled aggregates
asphalt concrete 40
Type C - 5.510 6.9 2.2 4 3

Table41 shows allocation factors for each production of the aggregates. For each type of aggregates
and the results will beffect on the divsion calculation of total emissions with respect to each

Production processing the biggest share is related to aggrégaes with 69%.The Process can be
more clear seen iRig50 the Energy consumption for each part have lmeentioned.

Table42 Allocation factors for 1 ton quarried natural aggregat§s03]

Product| Q.ty (1) %E‘;g}ge Allo(g/?)t on
Type A 0.5 15 69%
Type B 0.3 8 22%
Type C 0.2 5 9%
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Table43 Transportation system for each study cagé03]

Lorry used

Study case 1| 25 t/each
Study case 2
Study case 3| 30 to 40 t/eat
Study case 4| 12 t/each

Study case 5
Study case 6| D2876 LF 6 cylinders 12816 cg
Study case 7
Study case 8
Study case 9

About transportation use in each study céable44 shows information are available for fapts.In
this survey shows each plant using different kindafiesto for their transportation.

Table44the Classification of wastes used for each recycling plEt3]

Waste Class

Study case 1

Study case 2

Study cas8 | EWC 17 03 02, 01 04 10

Study caset | 17%; CER 010408, 010410, 010478% ; CER 101201, 101208 ;CER 170508

Study casé&

Study casé | EWC 17 01 01, 17 01 02, 17 01 03, 17, 01 07302017 05 04, 17 05 06, 17 05 (
1706 04,17 08 02, 17 09 04

Study cas¢ | EWC 17 01 01, 17 01 02, 17 01 03, 17 01, 07, 17 02 01, 17 02 02, 17 02 03, 1
170504, 170506, 17 08 02, 17 09 04

Study cas88 | EWC 17 01, 17 03, 17 05, 17 08, 17 09

Study cas® | EWC 17 01 01, 17 01 07, 17 05 04, 17 05 06, 17 08 02, 17 09 04

The materialsRecycled in the each plant have been reporteGialnie44 this material are reported
according to Europea@ommotion[39]. These information shows most of the recyclers are recycling
wastes related to code 17 with are coming from C&D wastes. Code 17 01 01, 17 01 06, 17 01 07 are
related to the concrete. 17 01 06 is related to constdistancelangerous materials which amet
considered in this research.

Table45 show information related to amount of impute in materials recycled in each plant most of the
Plans are recycling about 15000000000 t/y as their impute.

Amount of impute materials for each plant have been reportethlime 45. Most of the Plants
Analyzed are proceeding about 1500 kton/ year of the lowest amount is related to Case study one
which is in fact Proceeds just Copperdséand Chromium which are not CDW.
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Table45 Amount of impute wastes for each Plafit03]

Impute material
Study case 1 |500- 600 t/d

Study case 2 |150000t/y

Studycase 3 |161000t/y

Study case 4 150000 t/y,124300t/y
Study case 5
Study case 6 |145t/d, 29000t/y
Study case 7 |55000t/y

Study case 8 |100000t/y

Study case 9 |55000t/y

Table46 Inventory data for Quarry develoment [101]

Land use

Occupation, industrial area, built up 150000 | m‘a
Occupation, industrial area, Vegetation | 2100000| m‘a
Occupation, traffic area, road network 750000 ma
Transformation, fom forest 60000 m?a
Transformation, to industrial area, built up| 3000 m’a

Transformation, to industrial area, vegetat| 42000 m’a
Transformation, to traffic area, road, netw¢ 15000 m-a

Materials/fuels

Dieselused in building machinery 100 (€Y
Electricity 10 GJ
Steel 300 t
Concrete 1000 m’
Polyethylene n.a.

Inventory Data as average have besgortedn Table47, Table48, Table49, Table50, Table52 and

Fig 51, Fig 52, Fig 53, Fig 54. In Table46 Inventory data for Quarry development have been
presented, Industrial area vegetation is the highest amount of area use fochgihtion and
Transportation.

In Table44 inventory Data for quarry infrastructure and Information about Physical properties of the

building infrastructure are shown.
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Table47 Inventory data for Aggregate production (quarry stage)Xata per 1 ton of aggregateld 03]

Resources & Land use
Gravel, in ground 1.04 t
water 1.38 m°
Occupation, mineral extraction site 1/80*13 m?a
Transportation, from forest 1/80 m?
Transportation, to mineral extractiosite 1/80 m®
Materials/fuels 4.904 MJ
Electricity 10.804 MJ
Light fueloil 2.44 MJ
jaws/hammers 0.0112 kg
Lubricatingoil 0.00181 kg
Steel 0.013 kg
Synthetic rubber 0.0073 kg
Tap water 10.1 kg
Development/closure/infrastructure and recultivati
Quarry development 1/(500000*50] Unit
Quarry closure 1/(500000*50|  Unit
Quarry infrastructure 1/(500000*25|  Unit
Recultivation 1/80 m?

Information about Inventgrdata for aggregate production (qyastage) have been reportedliable
47. It shows for each m2 of transformation land for mineral extraction site all can return to the nature
but for road area just. 1 m2 itaimable into the Nature.

Table48 Inventory data for recultivation (quarry stage) data for recultivation of 1 n [103]

Land use
Transformation, from mineral épaction site 1 m?
Transformation, to water bodies, artificial| 0.65 m?
Transformation, to forest 0.25 m?
Transformation, to traffic area, road netw¢ 0.1 m?
Materials/fuels
Diesel 6 MJ
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Table49 Midpoint impact indicators relevant to natural aggregates at Ceretto Quarfy03]

754191

Mid-point indicator | Average| Type A | Type B | Type C
HT [kg GHsCL eq 0.103 0.142 0.07¢ 0.04¢
Rl kg PM2.5 eq 0.004 0.005 0.003 0.002
IR [BqCl4 eq 54.9 75.7 40.2 24.7
OLD|g CF€ll eq 0.0003 0.0004 0.0007 0.0001]
PO |kg GH,eq 0.0013 0.001§ 0.0009 0.000¢€
AE |kg TEG water 310.7 429 228 140
TE |kg TEG water 92.4 128 67.8 41.6
AA kg SQeq 0.019 0.0267 0.0139¢ 0.0084
AEuU kg PQP-lim 0.000] 0.0004 0.000] 0.0001]
TAN|kg S@eq 0.1 0.1 0.1 0
LO |m?org.arable 0.2 0.3 0.2 0.1
GW kg CQeq 3.3 4.6 2.4 1.5
NREMJ primary 52.55 72.5 38.5 23.€
ME [MJ suplus 0.2 0.3 0.1 0.1
L
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Fig51 Mid indicators relevant to (averagenatural aggregates at Ceretto quargycontribution Analysis (impact 2002+)
[103]

Fig51 is Mid indicators relevant to (average) natural aggregates at Ceretto quayngribution is

show effect of 6 different steps of recycling of aggregates on 16 different indicators of the impact
2002+ for all indicators except land occupancy Aggregate production (mineral fuel) have the highest
value the Quarry infrastructure iset important. For landogupancy Aggregate productio@éetto)

and Quarry DevelopmenCérreto) are important.
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Fig52 Mid- point indicators for (average) natural aggregates at Ceretto quarry (Ecoindicator 99H/@9]

Fig 52 is showing Midpoint indicators for (average) naturalggregates at Ceretto Quarry
(Ecoindicatore 99H/A)In Ecoindicatore 99H/A 11 indicators are considered. Except lanohugher
indicators Aggregates productiomiferalfuel) and Quarry Infrastructure (Ceretto) are the most

having the biggest valuén Land use, Quarry cibsur€dretto) and Quarry Development (Ceretto)
have the most important value.
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Fig53 Comparison between average, type A, B and C natural aggregates (Impact 2[102%)

Fig53 shows the compression betwdgpesA, B, and C AggregatedyypeA in this comparison has
the highest amount of the Emission between the 3 Products.

The contributionof main life cycle phases can be useful to understand where impacts are

concentrated. Net t hat i aggr eCeettdd imcluged resdutcestandtand usé¢ while
Aggregates productiomraterials/fouls) all the remaining inputs.
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Fig54 Normalized indicators for average natural aggregates at Ceretto quarry (Impact 20Q22)

Figh54 shows Normalized indicators for average natural aggregates at Ceretto tupagt(2002+).
As it mentioned impact 2002+ have 16 indicators which Respiratmmga, Global warming and
Nonrenewablenergy hag the highest value among the rest.

Table50 Main potential impact indicators representative of recycled building aggregates-poafiles CAVIT 200L02]

Fo.rmcollectign-to-gate Potensial Unit 0/10|0/8|0/40| 8/40 (40/| O/ Averqge AverageCavit
Eniromental impact (Data per 1ton) mm |mm| mm | mm (100100, Cavit (no tranp)
Energy ResourceGER MJ | 66.9(75.476.6| 77.3(77.376.§ 76.3 44.5
Global warming, GWP g€y kg | 5 |55/ 55|56 |56(55 55 3.1
Acidification, mol H+ eq mol | 2.01(2.33 2.35| 2.36|2.362.36 2.34 1.32
Eutrophcation, @eq kg |0.48|0.49 0.49| 0.49|0.490.49 0.49 0.23
Photochemical smog,.8.eq g |0.07|0.08 0.08|0.08/0.080.08 0.08 0.04
\Waste genetation kg | 0.6 |0.54 1.08|1.37(1.371.1 1.08 1.08
k) Global Waming Potential (GWP) a) Gross Energy Reguirement (GER)

SVEFEQE [l s average
0/100 mm | 0100 mm i | | |
40100 mm | 40100 mm ] | | |

o Processing
2M0 mm |m Handling
o Transport

1 OProcessing
E40 mm | mHanding
1= Transport

040 mm 040 rmm

08 mm 048 mm

e P g

0A0mm 0/ 10mm

0.0 1.0 20 3.0 4.0 8.0 8.0 0 0 20 30 40 &0 80 7D &0
[kg COzeq - 100years] [MJ]

Fig55 Contribution of processing, handing and transportation to the epoofile of recycled aggregate$102]

Fig55is showing Contribution of processing handing and transportation to tiafde of recycled
aggregates. In this figure for different size of aggregates differenprefite have been reported.
0/10mm of aggregatdssbeen reported as the lowest praieg energy and GWP.
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For handing and processing, and transportation all of the aggregates are the aggregates are the same.

Table51 Quantities of Emission due to each Study cagé?]

Unit | Study case 3| Study case 4 Study case 6
Row imputk materials
Quantity processed t 161000 230000 29000
Land use
Occupied area m? 260000 23125 5000
Materials/fuels
Hammer/ jaws kg - 2.5 Series 150
\Water kg 0 0 50m3
Lube oil kg - 68544 1501
Polyurethane screen kg - 0
Steel screen kg - Number 4 160
Synthetic rubber kg - 0
Diesel I 53820 67416 15256
Electricity Kwh| 7057791 548697.6 4300
Natural gas M3 1681937
Outputs
Recycled Aggregates type A| t - 26595 10000
Recycled Aggregates type B| t 57000 189208 19000
Recycled Aggregates type C| t - 10089
Steel scrap t - Not supplied 18.5

Table51 showsthe final results for 3 Study cases where there was more infomaatidlable.

Table52 Inventory data for C&DW landfill (data per 1 fL02]

Land use

Transformation, from pasture and meadow| 0.08m?
Occupation, dump site .08*16 |m%a
Transformation, to industrial area, vegetati 0.08m?
Material/fuel (operation of the landfill)

Electricity 1.14kWh
Diesel 20.23MJ
Water 2.6m°
Construction of landfill facility

Concrete 13.85kg
\Waterproof barrier 0.47kg
Reinforcng steel 0.34kg
Bentonite 9.93kg
Gravel Polyethylene mash 47.1kg
Polyethylene pipe network 0.43kg
Excavation, hydraulic digger & loader 0.02m®
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Table53 Inventory data for recycling CDW in mobile, semiobile and statiorary plants (daa per 1t)[103]

Mobile Sen_1+ Stationary
mobile

% mass (based on treatment capacity % 47.5 24.8 27.7
Land use
Occupation, industrial area (area * tin  m?a 0.2 0.12 0.1
Materils/fuels
Hammer/jaws kg 0.0135 | 0.0135 | 0.0327
Water kg 6.7
Lube oil kg 0.001 0.001 0.001
Polyurethane screen kg 0.0146
Sreel screen kg 0.003 | 0.0105
Synthetic rubber kg 0.0043
Diesel I 0.688 | 0.706 0.68
Electricity MJ 3.605
Outputs
Recycled Aggregate type A kg - - 49.5
Recycled Aggregate type B kg - 697.6 911.6
Recycled Aggregate type C kg 997.6 300 36.5
Steel scrap to recycling kg 2.4 2.4 2.4

GW (kg CO, eq)

Collection

Resyeling

A del i\-gr_\’

-350

NRE (MJ primary)

Collegtion

Reoycling

Radelivery

EF

8

754191

Fig56 Induced and avoided impacts in the life cycle bt C&DW: focus on global warming (GW) and non renewable
resources (NREL02]

Fig56 reports Induced and avoided impacts in the life cycleai CDW focus on globalvarming
(GW) andnonrenewableesources (NRE). Collection and recycled delivery are making the most
amountf NRE and GW, and the lowesthount igelated to RA and RS
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N statonery
o som.moabila

& 4o moble

Fig57 Quarries and processing plants of natural aggregates (INAR]

Plant for Natural aggregates placed in Piamonte region of Italy have shownHig&¥ In Fig 58
plant whichis recycling aggregates are shown and in g 59 plants which are recycling and
producingnatural aggregates are shown. Plants which are producing Natural aggndgig57 and
Fig59 are closer to the rivers because rivers are source of Natural aggregates.

N statonary
[ ] seml-moblie
* A moble

Fig58 Processing plant of recycled aggregates (RAS]

96



Reza Raeis Samiei 754191

Fig59 Hybrid processing plant for natural and recycled aggregates (NA H{EOR)
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4.2.20ut of the SARM a Project:

There are two other Articles available fr¢h®4, 105]about Recycling Process of aggregates.
They are more talking about energy consumptibrdemolition process and transportation of the
waste to the recycling plant.

100% - a— ]
80% - | - - ---- --
60% -

A% -+ - B -
o
205---% ----- el " T - ____%__
0%
GER GWP ODP AP EP POCP EI-99
m Steel 39.4% | 22.0% 2.9% 39.0% | 29.0% 7.9% 35.7%
Concrete 294% | 486% | T714% | 326% | 426% | 554% | 312%

Mortar & plaster 8.1% 14.3% 19.8% 8.9% 11.8% 15.1% 8.7%

Brick & ceramics | 12.4% 10.3% 1.0% 8.5% 10.1% 2.9% 15.9%
Others 10.6% 4. 7% 4.9% 11.0% 6.4% 18.6% 8.9%

Fig60 Contribution of building materials to the impacts of the prese phasg104]

[105] have been analyzing 6 buildings study cases with 5 different impacts consid@sed. shown
in Fig60.
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Table54 Demolition/end of life environmental imgacts for all categories and scenarifif05]

Generalized Transportation Only

Buiding | § g g 2o |o " " " "

Impact Categor Units Total Landfi cBl g 2 § T § § § § §

73% =52 |39 D D D )

Recydng |[S° & |2 & § ) 3 3 3

27% o o N w IN a1
Climate changelkg CO2eq/m2 37 2.62 34.4 9.5 15.9 20.9 51.§ 51.8
Acidification  |Kg So2eq/m2 0.37 0.03 0.034 0.1 0.16 0.21 0.52 0.52
Summersmog kg C2H4 eqg/m 0.053 0.004 0.0 0.014 0.023 0.03 0.079 0.072
Nitrification kg PO4 eq/m2 0.061 0.004 0.05¢ 0.01§ 0.024¢ 0.034 0.085 0.08%
HeavyMetals |kg Pb eg/m2 3.19E05 2.26E062.96E058.20E06 0.0000]1.80E054.47E05 4.47E05
ScenarigScenarigScenarigScenarigScenaric

1 2 3 4 5
Climate chage [kg CO2eg/m2 12.1 18.5 23.5 54.4 54.5
Acidification Kg So2eq/m2 0.12 0.19 0.24 0.55 0.55
Summersmog |kg C2H4 eg/m 0.013 0.024 0.034 0.07§ 0.07¢
Nitrification kg PO4 eqg/m2 0.02 0.03 0.039 0.089 0.089
HeavyMetals |kg Pb ¢/m2 1.05E05 1.60E05 2.03E054.69E05 4.69E05

4.2.3Natural Aggregates Mortar LCA :

Since the main information in production of mortar messing is related to recycled aggregates and for
natural aggregaseinformation is available, Data bases can be use from available resources like
Athena, Itaca, IBO, and ICE. ICE, IBO and ltaca are giving Inventory data but Athena is giving
emissions and since the process of the production is clear in Athena to bedepiticthe rest of

data gathered from the plant.

Athena dividing the process production of the mortar irRow material Row Material Extraction

Row Material TransportatigiManufacturing CementProcessing

It gives information aboutVeighted Aveage Liquid Effluents by Product ( g/m3 Mortavyeighted,
Average Liquid Effluents by Productn{g/L of Effluent) Etiolated Effluent Flow by Concrete(
litters/m3 of concrete)Solid Waste due to the Production of Cement( Per unit of Concrete Product by
city), Air emissionsEnergy Use

ITacaDatabasédiasinventory data about 14 differekinds of inventory emissins. They are divided

in 3 stepsProductionsTransportationand End of life

Kind of available data in Itaca ar&reenhouse EffecEffect on Obne Photochemical Oxidatign
Acidification, Eutrofication Human Toxicity Ecotoxicity, Energy Consumptign Water
Consumption Abiotic Depletion Solid Waste Non-hazardous wastélazardous wastdradioactive
waste Which are available for each of thetg@s

ForIBO Information is not divided they are content @lobal warming Poto Oxj Eutrofication and

EmbodiedEnergy
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43 LCA of RAM:

In order to understand and start with test subjects have been prepared with the conmpeesa

Bacchi. There have been 2 crashing necessary in order to arrive to the right dimension and quality.
The main of aggregates have been chosen from the test samples wastes from DIS Department
(structural department of Politecnico di Milano) first craghiook 2 minutes and 40 second. The
second crashing is done in the company to decrease the dimension of the aggregates.

For the first crashing the machine is using diesel fuel.

Fig61the machine for the first crashing

For thesecond crashing the machine is more complicates and it is using electricity.

Fig62 Second crashing Machine

TheTable below shows the results of the consumption of the machines in each process.
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Table55 Data gathered for production of aggregates.
Unit of Energy
Step of crashing Amount and dat§gMeasuremen| Kind
Crashed waste
Amount 8220 kg
Wight Lorry + wastes 26220 kg
Weighing time 20/06/2012 13.3
Lorry information.
Mass of Lorry 18000 kg
model of lorry
fuel use of lorry
Capacity
Distance
Time 17 min
Start 12.10 local time
End 12.27
Geometrical 21 km
Truck Counter Start 140100 km
Truck Counter End 140121 km
First crashing informati
Crasher machine
Time of crashing 2:15 Min; Sec 135s
Amount of crashing 4460 kg
Fuel use of the machine Diesel
Power of the machine 33 L/h Diesel
Maximum Aggregates diminuti 10to 7 cm
Distribution Size
Place
Second crashing
Crasher machine
Time of crashing 1 min
Amount of crashing 4180 kg
Fuel use of the machine
Power of the machine 64.7 kw Electricity
Maximum Aggregates diminuti
Distribution Size
Place
Lauder 33 L/h Diesel

Table55is related tdhe Datecollected about crashing Process included transportation.
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4.3.1Essential information of the Recycling site:

The data in this part is related to General information collected from Recy@iingpanylmpresa

Bacchi srl.It shows the amount of land use different categories of the aggregates input and output
materials and Lad occupied with the recycling plant included facilities, storage of input and output
materials.

Due toTable56 threekinds of aggregates are produced in the Impresa Bacchi srl mainly prepared for
basement incluebl road airport and other infrastructures.

Table56 Input Materials Properties.

Input
CER Type Quantityt/y|Dayof the yealAverage quantit
170302Mixeddemolished old asphalt (R4 49000 152 322.4
170504 Mixed C&D wastes 30000 67 447.8
170101 Concrete 8800 33 266.7

Table56 shows the input materials for the process ofrdwycling inlmpresa Bacchi sriThis Table

is showing CER code Type which is related to CER code, Quantitgridl used in the dap(antity

t/y), number of days in a year when recycling of that that material happddarygof the yearpnd
average quantity of the material input in a day with t/day (Average quantity)

Table57 shows the output materials properties. Amount per year and perhitety material output is
produced Quantity t/'y and Quantity t/d mediumgnd the cost of the productidRroduction cast) in

euro over ton of materiahlso it is showingland use gerage for each kind of material used in each
kind of product of aggregate in percentage and in amount with considering there code CER (170302 is
from demolition of the road surfaaghich is content of bitumen and aggregates, and 170504 and
170101 are in mler refillement from the earth to the earth and cement based waste) and all of them
are used in the road cansction.

Table57 Out Put Materials Properties.

Out Put
. Quantity 170504 Quantityt/d |Production
Material tly 170302 170101 Land use 1 medium cast
Reclaiming landfill 58000 2393&0 2320Q 40% | 1450Q 25% 951 2.75 elt
, 7850
Land refillment | 39000 20% 1216Q 31% | 18990 49% 1950 6.50 e/t
Aggregates for | 10 | 8130 1 4665 1004 | 28805700 | 1952 2.75 elt
concrete 20%

Table58 andTable59 are showing more details about crashimgchinesused inproduction process

of the aggregates which are used for produce aggregates of sab base course antstdngrand

(two part of road structurefror threekinds of machines have been mentiorest analyzedcrashing
process (tire Wwed loader, mechanical exeaor and twodifferent kinds ofcrashers) The main
difference of crashers are related to theivesiecrasher 1 is producing aggregates with 70mm
dimensionsand crasher 2 produces aggregates with 40 mm. Consumption of each machine for each
process is shown in liter/hour of diesel and volume of work of each machine is showheer

loader and mecharit excavator in cubic meter over packet of the machirié gackej and for
crashers in cubic meter over day dmiir of its work. The maximum amount of movement for loader
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and for excavator are shown in volume of material moved in day and dyenationd, operation/h,
weight/d and weight/h)

Table58 Process for the First Crashing.

Compact subgrad
Machines Consumptiol Volume Number of operation
Wheel loader Placin 23 1/h 6 m’/packet |83 operatiorid, 9 operation' h
Craster 1 55//h 500 n¥/d, 55.6 m3/k -
mechanical excavat|  38l/h 2.2 i/ packet 227 weightd, 25weight'h
Table59 Process for the Second Crashing.
Sub base course
Machine Consumptio Volume
Loader whole replaceme| 23 1/h 6 m/packet |11.1 operation'h, 1000peration/d
Craster 2 64.7 kw |600 nv/d, 66.7 m/h -
mechanical excavator 23 1/h 6 m’/ packet 11.1 weight/h 100weight/d

For crashing of the aggregates for our researaBhingprocess is happedin two different parts.

Both of them energy usarevaries with change the speed of the machine. If this speed changes the
fraction of aggregates are decreasing and the Energy use of the machines are increasing. The diagram
for first crashingmachine which is working witkiesel is likeFig63 and the results are Fig67. For
transporting materials inside the site a Loader machine model Volvo L220G have beemhased.

same ad-ig63 is available for the secomttashing;Kind of this diagram is available in catalog of

each machine.
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Fig63 diagram of Machine speed (RPM) Vs fuel use (I/h)
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TheFig64 shows theillustrating Table57. It shows for production adggregates for Land Refillment
aggregates and concrete have the same compamahigist their percentages of row materials are

different.

Fig65 shows the distribution sizeecycled aggregates usable for land refilment and in condtese
illustratedwith taking 5 samples arayerage amount.

Row 1
17 03 021

35%

Crasher 1

Land Reclaming

Raw 2
17 05 041

31%
49%

Soil Reclaim

Crasher 2

Crasher 2

Land refillment

Aggregates for Cement

Fig64 Process of Crashing for the entire sitmpresa Bacchi srl
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Fig65 Aggregates fragments for the mixed wastés Impresa Bacchi srl
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432Questioner 6s
Therehas been a questionBrepared to declare the general properties of the Recycling plant. This
guestioner is prepared according to the literature review and Previouardhese radts. The
Questioner have different steps like: Location, Technical information of Aggredyaftmsnation of

Row input materials, Row input materials Classification, Row materials Collection information,
Recycling facilities information, Techrit information on recycling infrastructure, type of recycled
aggregates, Eecompatibility of recycled aggregates and Recycled aggregates transportation.

Table60 Basic information

Answer s:

Informati :
Unit of .
on Notes Impresa Bacchi srl
. |IMeasure
Required
Location Via Don Giuseppe Dossetti, 1
Geographical location of the sitéddress [19 20080 Carpiano (MI)
Y o . . _ 0°16'27.42" E
Geographical withe of the site
X oL . _ 45°20'36.07"N
Geographical length of the site
4 m ) , 92m
Geographical higof the site
Area m2 Area Divided in: Are'a}s_ used for Storage 80000 m total
input output and facilities need

Table61 Technical information of aggregates

Technical information (Aggregates)

Aggregates Qualityof the aggregates According to their use
Quality can they be use?

Aggregates
typology

Aggregates kg/m3 . _
density Density of Dried aggregates,

Water content | %

Percentage of water content mass of aggregates
over aggregates mass.

Saturated watel %

maximum water that aggregates can absorb

Table62 Row input materials information

Row input materials

Type of row input
materials.

R1Recycling of by
products

No

The Products
which are not
included in
Recycled
aggregates Like

Asphalt, Metals

Rubber, Asphalt,

6-7% in winter, 24%

Saturated water 8%

Impresa Bacchi srl
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Rubber and etc.

R2:Recycling of
Gonstruction and

In particular
milled materialg
resulting from

Mainly from any
CD site demolitio

Asphalt concrete
cement concrete,

Demolition maintenance of lessthan 100km |natural aggregates
Waste(CDW) road asplalt from the plant. [come from excavation
pavements.
R3: Recycling of
excavated soils / rog No No
from civil works
R4:Recycling of
industrial
waste(MSW)
incineration, ashes No No
from coal
combination proces
etc)
Just from demolition
Concrets bridge building,
construction
No
Glas
No
Rubbe
No, Just ready not
Other material processed
Table63 row input materials Classificatiomformation.
Row input materials Classification
. . Unit of Impresa
I AN (REEUIEE Measure Notes Bacchi srl
EWC Code (European Wast 17 03 0201 m;;‘:;g: trgrguer;’fégi Was
Catalogue 2000/ 532/ECI) 04 10 . P
Commotion?
By- products m? No Is there any other By ProduclAsphal NoO
/Added to Asphalt?
Mining waste m® No No
Others( specify) m°
(Provide the input material 100% of millec
average composition,i,e % ( % material from
different EWC) road surface
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Table64 row input materials Collection
Row input materials Collection
Information Required Ly Notes Impresa Bacchi sl
Measure
Direct collection from
work site to treatment yes yes
plant
45t trucks, 2
Which kind of Transportatioreu,ton Cd.W’O'
) eu/kg tiers
Lorry type and payloa system is used to carry wast|, "~
lories includeq
and the products? o
in price of the
wastes
Average and Maximum
. . . . 50km max
Average distance km distance whichhie materials 100k
are coming from. 9
Indirect collection from
work site to collection
centre and from No
collection centre to
treatment plant
Payload;| How much igaidfor land and
Lorry type and payloal ton/kg how much forlorry? No pay forland
Average distance km 50km
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Table65 Recycling facilities Technical information

Recycling facilities Technical information

Occupied average 2 The average surface whig
surface facilities need.

Accepance procedurg
for the row input
material

Dimension of storage
of different raw input
material and of the
produced recycled
aggregates

How much of the usedread
Paved areas m havepavement?Usedfor
which kind of purposes?

How much and from whicl
kind of Activities waste
water is produced and | Sewage gathering system,

Areas equipped wit a
wastewater gathering

ystem Where are they going?
Which kind and how muc|
Energy sources of energy is used in the
site?
Diesel Litre/ton Gas O'I Diesel, methanol
Hectricity
Hectricity kwh/ton Electricity
Diesel generator |Litre/ton
Gas m®/ton Methanol
Control Water
. Control Air, Contro
Environmental contro|
and monitorin Sound, control
g chemical part of the
waste
Management ISO900L, 1SOL400
standads [106. 107]
(environment/Quality) ’

! 1509001, 2008 Quality management systems Requirements
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infrastructure

Technical information on recycling infrastructure

Fixed and mobile,

If the recycling one stationary ang
Sationary or mobile plant for the devices are mobile ¢ one mobile, the Ja
production of recycled aggregate fixed? If they are crasher is Mobil an
mobile how to the second crashir]
transfer them machire is fixed
Hybrid plant for the production of
natural and recycled aggregate
Production units (please providg
flowcharts with indication of mas
and equipment description 500n7/d

including treatment capacity ang
installed power)

Plant processing capacity for eaq
product (t/h)

ton/hour

Mant processing throughput for
each product (t/y)

ton/year

Best availabl@echnologies:
possible application of new
technologies

Now Diesel to
Electricity

Table67type of recycled aggregates

Recycled Aggregates
type of recycled aggregates
Production Quantity
(t/h), Selling price
(ely)
ton/h, High quality aggregate for concrete, masonry wof
Type A ton/year, Euro] and road constructioffroad sub grade)What are this A yes
ton are coming from: Concrete, glass, or any kind of m
Medium quality aggregate for road , airport and
Type B harbour construction; Byes
ton/h,
Recycled Aggregatéton/year, Euro, 320 i/d,
- ty,
ton
Recycled asphalt ton/h,
ton/year, Euro,
concrete
ton
ton/h, Low quality aggregates for environmental filling a No, For
Type C ton/year, Euro, quaiity aggreg . g type C
rehabilitation of deplete quarries and land fill site
ton used type
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B instead
Table68 Eco- Compdibility of recycled aggregates ( leaching tesplease provide the certificate)
Eco- Compatibility of recycled aggregates ( leaching tegiease provide the certificate)
Is there any Coder 1SO14000
Existence if codes of practice to achieve technical exceller] Guideline available fo [107]
Technical Excellence
Existence of CE Marking ( please Provide the certificate yes
Description of use of recycling aggregates (Which kind of use
been established more iRroducers point of view)
Table69 Recycled aggregatesansportation
Recycled aggregates transportation
Maximum delivery distan km Min 3km, Max100km Average 50km

il
surface course

shoulder & base course

subbase

earth foundation

Fig66 Section of the road

The Fig 66 showsa technical section of the road. This section is important because the product of
Impresa bacchi Company and most of Recydiens aggregates are used in the road. It is because

road needs less qugliof the aggregates$or lower levels of the road since not bind aggregates are
used they can have even lower qualities like Class B and C of the aggr8gatis. higher levels
especiallyfor concretes under the surface there is better qualities tégaggs are used.
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4.3.3Results:

For the Primary ResultiSig 67 andFig 68 have been showithe process and steps of crashing have

been analyzin them.In Fig 68 Loadefs energy consumption have been calculated as 5 min for the
total work time of the loader.

/ Wastes \ / Transportation 1 \ / 1° Crashing \

Weight: 8220 kg Weight: 8220 kg Weight: 4460 kg
Distance: 21 km Power: 33L/h
Time: 17min Time: 2min, 15s

Aggregates dimension: 10 -7cm

N J U N
/ Aggregates \ / 2° Crashing + Sieving \

Weight: 4180 kg

Power: 120 kw

Time: 1min

N N i

Fig67 Process of Crashing Basic Data
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/ Waste transportation \

Weight: 8220 kg
Distance: 21 km;

172 ton km

Lorry weight: 18 ton

/

/ Total Loader

VOLVO L220G
Fuel consumption: 33L/h
Working time: 5min

Fuel consumption: 2.75L

Reza Raeis Samiei

754191

f First Crashing

Jaw crusher: Nordberg LT105
Weight Material: 4460kg

Working time: 135s

Fuel: 33L/h

%

\

-

\ / Second Crashing + sieving

Impact (or vibrating) Crusher:
Amount Crashed: 4180kg
Working time: 60s

Power: 120kW

\ 95.6IVIJJ Qectrical energy: 2kWh

/Mortar Mix Design\

Mortar mixed design

is according to the
recipes done  for
testing,

N A

/Mortar Preparation\

Mixer
Power: 1400W
Working time: 10min

Energy: 0.2kWh

N )

Fig68 Process of Producing mortar from waste Energy in each step.
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Fig69 Example of simgro flowchart for fine RA production

4.3.4LCA Results:

0.303 tkm 0.27M1 -12,5ka
Transport, lorry Diesel, burned in Gravel, crushed,
16-32t, building at mine/CH U
125% 65.7% -144%
. & Y [y [y
52.6m 0.00676 kg -3.79E-5m2 -0.4M]
Operation, lorry Diesel, at Building, hall, Electricity,
16-32t, regional steel medium voltage,
102% 9.11% -31.3% -34.9%
0.0099 kg 0.0129 kg -0.41 M1
Diesel, Diesel, at Electricity, high
low-sulphur, at refinery/RER U voltage, at
16% 16.5% -34.5%
-0.414M]
Electricity mix/CH
u
-33.9%

The results have been calculated with SiPna 7. The resultareshowingin the most cases cement

lime have less Environmental Impact then cement mortar in the same consumption of the aggregates.
for the both case Lime Cement and Cement mortar with increasing the percentage of Recycled to

natural aggregates El i®creasing, even Land transformation to the Equivalenti€@iving to the
nature.ParametersEquivalent Land transformation, Fossil £€€quivalent, Fossil COequivalent,
Biogenic CQ equivalent and CQuptake, Marine aquatic ecotoxicity, Global warmii@\WVP100),

Ozone layer depletion, Human toxicity, Abiotic depletion, Acidification, Fresh water aquatic ecotoxi

and Terrestrial ecotoxicity, have been considered.
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0.0000014

0.0000012

0.000001

E CEMENT MORTAR 0%

m CEMENT MORTAR 25%

u CEMENT MORTAR 50%

m CEMENT MORTAR 100%

m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 25¢
= CEMENT LIME MORTAR 50¢
= CEMENT LIME MORTAR 10(

Fig70 CQ Equivalent Land transformation kgver kg Mortar.

0.245

0.24

0.235

0.23 +

(kg/kg)

0.225 -

0.22 -

0.215 -

Fossil CO2 eq

m CEMENT MORTAR 0%

m CEMENT MORTAR 25%
u CEMENT MORTAR 50%
m CEMENT MORTAR 100%
m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 25§
= CEMENT LIME MORTAR 50¢
m CEMENT LIME MORTAR 10(

Fig71Fossil C@equivalent kg over kdviortar.
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m CEMENT MORTAR 0%

m CEMENT MORTAR 25%
m CEMENT MORTAR 50%
m CEMENT MORTAR 100%
m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 254
= CEMENT LIME MORTAR 506
m CEMENT LIME MORTAR 10(

Biogenic CO2 eq CO2 uptake

Fig72 Biogenic C@equivalent and CQuptake kg over kgviortar.

6
m CEMENT MORTAR 0%
> m CEMENT MORTAR 25%
4 = CEMENT MORTAR 50%
;*j 3 - m CEMENT MORTAR 100%
X
= - m CEMENT LIME MORTAR 0%
® CEMENT LIME MORTAR 25%
b = CEMENT LIME MORTAR 50%
0- _ _ - » CEMENT LIME MORTAR 1009
Marine aquatlc eCOtOXICIty

Fig73 Marine aquatic ecotoxicity kg over kiglortar.
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0.24

0.235

0.23 -

(kg/kg)

0.225 -

0.22 -

0.215 -

Global warming (GWP100)

m CEMENT MORTAR 0%

m CEMENT MORTAR 25%
m CEMENT MORTAR 50%
m CEMENT MORTAR 100%
m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 256
= CEMENT LIME MORTAR 506
m CEMENT LIME MORTAR 10(

Fig74 Global warming(GWP100) kg over Kglortar.

1.4E-08

1.2E-08

1E-08 -

8E-09 -

(kg/kg)

6E-09 -

4E-09 -

2E-09 -

0 -

Ozone layer depletion (ODP)

m CEMENT MORTAR 0%

m CEMENT MORTAR 25%
m CEMENT MORTAR 50%
m CEMENT MORTAR 100%
m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 25¢
= CEMENT LIME MORTAR 506
m CEMENT LIME MORTAR 10(

Fig75Ozone layer depletion kg over Kgortar.
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0.02

0.018

0.016

0.014
0.012 -
0.01 -
0.008 -
0.006 -
0.004 -
0.002 -
0 -

(kg/kg)

Human toxicity

m CEMENT MORTAR 0%

m CEMENT MORTAR 25%

m CEMENT MORTAR 50%

m CEMENT MORTAR 100%

m CEMENT LIME MORTAR 0%

m CEMENT LIME MORTAR 259

m CEMENT LIME MORTAR 509

m CEMENT LIME MORTAR 100

754191

Fig76 Human toxicity kg over kdlortar.

0.0025

0.002

0.0015

m CEMENT MORTAR 0%

m CEMENT MORTAR 25%
u CEMENT MORTAR 50%
m CEMENT MORTAR 100%
m CEMENT LIME MORTAR 0%
m CEMENT LIME MORTAR 25¢
= CEMENT LIME MORTAR 506
m CEMENT LIME MORTAR 10(

Fig77 Abiotic depletion, AcidificationFresh water aquatic ecotoxi and Terrestrial ecotoxicity kg ovenikortar.

In Fig77it is added to the land use the Fresh water aquatic is improvinmtaavay that it gigsto
the nature more than taking from the nature.
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MORTAR 100%
100%
0.125kag 0.125ka 0.75kg
Lime, hydraulic, Portland cement, RECYCLED
at plant/CHU strength dass Z AGGREGATE
122% 121% -152%
[ & h
0.113kg 0.227 tkm 9,4kg
Clinker, at Transport, lorry Silica sand, at
plant/CH U 16-32t, plant/DE U
119% 41.2% -232%
39.4m -1.85M] -9.77kg
Operation, lorry Heat, light fuel Sand, at mine/CH
16-32t, ail, atindustrial u
33.6% -201% -28.1%
-1.95M]
Light fuel oil,
burned in
-201%

Fg 78 Flowchart example for production of 100% RA Mortar
In Fig 78the Process of Production of the Recycled aggregates mortar with Cement is described.

4.4 Conclusion:

In this part EI of mortar is calculated. Main calculation for that is covers El of Recycled aggregates
and thenother content of mortar added (Cement, Lime, Natural aggregates) from the test part (chap
V). The calculation is done according to the #iveent databases. The results have l@resentedn
inventory with10 InventoryelementsFor Land transformation, Biogenic G@&quivalent, CQuptake

kg, Marine aquatic ecotoxicity, Human toxicity, Fresh water aquatic ecotoxi and Terrestrial
ecotoxicity,the Invenory is decreasing with increasing Portion of recycled to natural Aggregates. For
CO, Equivalent Land transformation, and Fresh water aquatic ecotoxi even there is negative impact
cleared. For the rest of the impacts increase is presbith is rot strong. In total Recycled
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aggregates mortar with higher Recycled aggregates is more sustainable the Natural aggregates mortar
according to this calculation.
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Chapter V

(RAM)PERFORMANCE EXPERIMENTAL EVALUATION
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5(RAM)PERFORMANCE ERERIMENTAL EVALUATION

5.1 Mortar tests:

In this part a brief description about the mortar tests mentioned will be described from EN 1015
series. The test has been chosen far thsearch have been developed according to the bibliography
of the recycled aggregates mortar and the critical points have been noticed in the provirus researches.
The test has been chosen will be described more in the chapters related to the Sangdeltand r
preparation.

The EN 1015 series are describing test methods for masonry mortars. This series of test are in the
group of 14 deferent parts which each part is in traducing one test for masonry mortar.

Each of the individual parts of standards is rioered in:

- Part 1, Determination of particle size distribution (by sieve analysis).

- Part 2, Bulk sampling of mortars and preparation of test mortars.

- Part 3, Determination of consistence of fresh mortar (by flow table).

- Part 4, Determination of consistermfefresh mortar (by plunger penetration).

- Part 6, Determination of bulk density of fresh mortar.

- Part 7, Determination of air content of fresh mortar.

- Part 9, Determination of workable life and correction time of fresh mortar.

- Part 10, Determination of diyulk density of hardened mortar.

- Part 11, Determination of flexural and compressive strength of hardened mortar.

- Part 12, Determination of adhesive strength of hardened rendering and plastering mortars

- On substrates.

- Part 17, Determination of wateplubke chloride content of fresh mortars.

- Part 18, Determination of water absorption coefficient due to capillary action of hardened

- Mortar.

- Part 19, Determination of wateaporpermeability of hardened rendering and plastering

- Mortars.

- Part 21, Determinatioaf the compatibility of oneoat rendering mortars with substrates.

5.1.1 Determination of particle size distribution (by sieve analysis)108]

This part of standards describe the procedure of determining the partial size of the dry mixed or non
hardened mortar or wet mixed mortar

The test is under taken by placing individaaveon top of each other to form, what is called a nest

of sieves th&able70 shows size of thdeves needed.

The test samples which are the dry aggregates are placed in the top sieves. Sieve will be vibrated till
smaller particles cross all sieves. The wet and dry sieving is giving to ofitiosisve analyses.

Wet sieving is done with water poured over the testing sample in the way all the sieves are washed
with the water follow from up to down gently till no particle bigger than usual stay on the sieve when
aggregates are passing each siiem they will be placed in another treys to be dried in oven with
10545 °C. Dry sieve is like the wet sieve with the different that there is no water and aggregates are
separated just due to their mass and vibration.
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Table70 Sieves Size aperture 2008]

Sieve Aperture sizé
mm

8.00
4.00
2.00
1.00
0.500
0.250

0.125
0.063

5.1.2 Bulk sampling of mortars and preparation of testor mortars: [109]

Sampling of matéal is very important. Sampling has to show the properties of all of tiheriadand

the result of sampling could cause diagnoses which effect quality and safety of work.

i) Sampling from mixemminimum three increments are taken by passing the sample perceptual across
the stream of the mortar being mismanaged from the mixer.

if) Sampling from conveyorshe sampling have to be done from a discharge point of convey where it

is not possible to take a sample from discharge point of convey there have to be a number of samples
taken. An alternative method of sampling is to stop convey or inert the plant equipment and use scoop
to sample the full with convey belt. Where sampleénuoents are taken not less than tree increments
should be taken.

i) Sample from hoppeiVhere they are being filed or during discharge this is especially important
with large hoppers if this is not possible to take a minimum of three increments froastat®@mm

below the surface.

iv) Sampling from delivery vehiclsampling is taken where vehicle is being filled from, Otherwise

can be taken from full vehicle. It is the same as taking sample from hopper sampling. These are
combined and trough mixed in provise surface to form a bulk sample. Bulk sample may be redoes

in size to produce a test sample by taking increments in random places. From mixed material and
recombining those.

5.1.3 Determination of Consisteng of fresh Masonry Mortar (by Flow table): [94]

The flow value is determining by measuring the main diameter of sample the bulk sample of fresh
mortar is reduced to a minimum samplee of 1.5 litreswhere it is desired to measure the flow of

dry mortars. These should be mixed with water in accordance with the requirement of ER 1015
[110].

The test process is involved placing the mould (60 mm inhheigternal diameter: base 100 nim

top 70 mm) it is important that the mould is held firmly in place during tamped ten times with the
tamper. It is important that the mould is held firmly in place during this operation. The excess mortar
is removed fromtop of the mould cleaned with a cloth. A period of approximately 15 second is
allowed to elapse and the mould is then removed, the table is jolted 15 times at a rate of one jolt per
second. The diameter of the spread mortar is measured in two directiayig angel to each other
using callipers, both resulted.
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5.1.4 Determination of consistengof fresh mortar (by Plunger penetration): [111]

This part of standard is lists a second method of measuring congi&ieaad individual mortar it is
normally possible to derive a correlation with the flow table metfbé principle of this method is

that a plunger rod having a mass of 90 grarallowed to full from a height of 200 mm above the
mortar. Each layer being compared with 10 stokers of the tamper (Cylindrical specification to stand
and the plunger allowed to full form a height of 100 mm above the surface of the mortar the depth of
penetration is read from scale on the plunge recorded to the nearest millimetre.

5.1.5 Determination of bulk Density of fresh mortar:[112]

The bulk density of thenortar is determined with minimum volume of 3 litre (or at least 1.5 times the
velum need to perform the test) three different method of felling and compact the nearer within in the
calibrated container which should have a volume of fresh mortar is s)itakel method to be used
depends upon the consistgrf the fresh mortar as determined by the flow table test.

i) flow value less than 140 mm (stiff mortar) vibrated methidte collaborated container is filled

with using a scoop until it is over flowingis then placed on a vibrating table and vibration continued
until no further settlement of the martial is observed. Extra material is added if necessary. The
container is then weighted to an accuracy of 1 g.

i) flow value between 140 mm and 200 mragjit mortar)i shock methodThe calibrated container

is filled to about half with mortar using scoop, the container is then tilted about 30mm on the
alternative side and allow and allowed to fall 10 times on the solid surface, where mortar content air
ertering admixture the number of shock is reduced to five. The container is then failed over failing
and shock compaction repeated. The container is then weighed to an accuracy of 1 g.

i) flow value greater than 200 mm (Soft mortalrlie calibrated contagn is filled with mortar using

a scoop until it is overflowing. The edges if the container is wiped clean with a damp cloth and the
container weighed to an accuracy of 1 g.

The bulk densityy(, in kg/nt)

m; = mass of empty container
m, = mass of container plus mortar
V, = Volume of container

5.1.6 Determination of air container of fresh mortar:[113]

There are two methods recommended for meastiim@ir content of fresh mortahe pressure and

the alcohol method. The pressure method is applicable for mortars with air content then 20%.

i) Method with PressureThe equiment consists and cover assembly, the container has an
approximate value of 1 litre, a tger (Identical specification to the tamper used test, EN 1015
2[110]) and a palette knife are also required.

The sample container féled in four almost equal layer, each layer is compacted with ten strokes
with of the tamper, the palette knife is used to remove any exist mortar. The container is cleaned with
a damp cloth, (The rim of container should be free of any adhering mdr&awite a watertight seal

may not be achieved) and the cover assembly clamped in position and the main air valve closed water
in introduced through valve A (used to fill the container with water) until all the air pumped into the
air chamber until a stalpied condition is reached this equal to the level determined during the
calibration procedure, valves A and B are closed and the valve between the air chamber and sample
container is opened. When equilibrium is reached the air content is read from thegugzsige. The

actual air content is determined from the calibration curve and recorded to the nearest 0.1%.
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The calibration procedure involves obtaining a correlation between pressure and air content over the
range 525%.

ii) Alcohol method: This test method involves filing a 500 ml graduated measuring with
approximately 200 ml of fresh mortar, the measuring cylinder is tapped to level the mortar, and the
volume recorded to the nearest m|,(MA mixture of 60% ethyl alcohol and 40% water is added unti

the 500 ml mark is reached, a rubber bung is inserted in the 40% water is added until 500 ml mark is
reached, the rubber bung is inserted in the top of the cylinder and the cylinder inverted twenty times.
The mixture is allowed to settle for five minutsd the level of the surface (Y is then recorded to

the nearest ml. The air content is calculated with by use of the formula below:

UTITT 6
’ 6
And report to the nearest 0.1%
Both methods of determining the air content require thatimgdividual tests are undertaken and the
mean value reported. The individual results are required to be within 10% of the mean value reported
otherwise the procedure has to be repeated.

5.1.7 Determination of the workable life anl correction time of the matar: [114]

This part of the standards contaihsee tast methods: A Workable Ife of general purpose mortar.

B; workable life of thin layemortar, G Correction time of thin layer mortar.

The Standard requires that the flow value of the mortar to be tested shall be determined.

i) A- Workable life of general purpose mortarhe workable life ofthe fresh mortar is the time
measured in minuseat which the mortar exhibits a limit of resistance to the penetration of a standard
rod forced into it. To test procedure is involved filling a number of moulds (Internal diameter 75mm
and 50 to 100 mm high) with fresh mortar and measuring life penetfatice.

The equipment is penetration rod with a diameter of 5 mm and an approximate length of 65 mm. The
lower 25 mm of the rod should have a diameter of 6.175 mm and the end face of the rod should be
flat. A brass washes of approximately 20 mm diamamer an internal diameter such that the washer

is held at the point of the rod. The penetration rod is held in diameter stand that allows the rod to be
lowered in minimum distance of 40 mm.

The modules are failed in ten increments and each module tappeihfes on a solid base after the
addition of each increment. The modules are started at the air temperature of 20 £ 2°C and at a
relative humidity of 95%.

The modulus is placed on weighing scale (minimum capacity 15 kg and maximum graduation 100g)
situatel under the penetration rod. The scale road is notgdafiRl penetration rod slowly lowered

into fresh mortar, (care should be taken that the point of content is at least 20 mm from the mould
edge or from a previous point of content with the fresh moFtae.reading on the scale is noted)(R

the increase in mass {R,) divided by three should be reported as the resistance to penetration.

The penetration resiste@of non retarded mortars is measured at intervals of minutes commencing
thirty minutes befre the expiry of the declared workable life measurements are continued until
prescribed limit of resistance is reached. For retarded mortars the penetration is measured at intervals
until it starts to increase and measurement continued the prescrittenf ligsistance is reached.

The time in the minutes reported to the nearest minute to give a resistance of penetration of 0.5
N/mn? is reported as the workable life. (It will normally be necessary to determine this value by
interpolation).

i) Method Bi workable life of thia layer mortar: The workable life is measured by time in minuets

for the flow value to differ by more than 30 minutes from flow value measured 10 minutes after the
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mortar is mixed. The fresh mortar will be placed in air temperaturet &@D+2°C. The test
procedure requires that the flow value is determined at intervals of 15 min and the point at which a
difference in flow of 30 mm occurs is determined by interpolation.

i) Method Ci Correction time of thin layer mortathe correctiontime of thin layer mortar is define

as the time in minutes at which 50% of the contact of cube placed on a layer of mortar applied on
Layer of mortar applied on the specified masonry substrate and then removed is covered with
adhering mortar.

The test pocedure is involved cutting cubes in 50mm x 50mm x 50mm from the specified masonry
unit. Before performing the test the cubes and masonry units might be dried. The dry temperature
depends on the composition of the masonry units. A cycle of drying andimgeighmaintained until

two consecutive reading taken at an interval two hours apart do not differ by more than 0.2% by mass.

5.1.8 Determination of Bulk Density of Hardened Mortar:[109]

A sample of fresh mortar of minimum volume of 50 time greater than the maximum aggregate size (or
1.5 times the quality needed to perform the test) whichever is the greater is required three test samples
of regular shape are wihiever is the greater is required.

There test sample of required shape are prepared from the fresh mortar to be tested and cured a
temperature of 70C (where organic martial is incorporated a maximum temperature of 65C is used),
the dry mass is recordedttee nearest 0.1%(@).

The test specimens are immersed in water (temperature 20C+ 2C), the mass is noted after a period of
immersion and the process of required until the saturated mass does not differ by more than 0.2% the
saturated mass is recordedhe hearest 0.1% @3). The volume of the volume of the test determined

is now determined by the test specimens in water 8 using a stirrup attachment to the balance), the
mass of the immersed test specimens is recorded to the nearest ).1 %(m

The volumeis calculated buy use of the area by use of the formula:

iozi
$ A1 G eNO0RD

The bulk dry density of the each test specimen is calculated from the volume:

$ OWAT OEOU
611 01 A

The mean dry density if théree test sample is required to be recorded to be the nearest £0 kg/m

5.1.9Determination of Flexural and compressive strength of hardened Mortar[69]

The flexural strength of a hardened mortar is determined by three points loading of a prism specimen,
subsequent to the failure and breakage of this specimen compressive strength is determined on each
half of the prism. Prism mould compartnte are requir to be 160 mm x 40 mm x40 mraach

mould assembly produces three prism specimens), prior to use they are lubricated with a thin layer of
mineral oil Determined on the type of binder different procedures are applicable for the manufacture
of the prisms.

i) Mortar s Produced from hydraulic binders andliaie binders where the mass of &ilime is not

greater than 50% of the total binder content the mould is filled in two layers each layer being
compacted with twenty five strokes of tamp@ramper: a rigid nofi absorptive rod with a square

cross section of 12 x 12 mm and a mass of 50g).
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i) Mortar s produced from ailime and air lime cement binders with cement mass less than 50% of
the total binder content:

The mould is placed on a glgslate, on which two layers of white cotton gauze are placed, the mould
has been compacted as described in i). The two layers of cotton gauze placed on top of the compacted
prisms followed by six layer of absorbent filter paper. A glass plate is placeg af the mould and

the whole assembly inverted, the glass plate replaced, the wholly assembly is then reinvented and an
approximate mass of 5 kg placed on top of three, the glass plate is removed and the gauze and filter
paper discard. The test specimans the cored.

Initial curing may be carried out either in a polythene bag or in a curing chamber; part of the initial
curing period is undertaken with the test specimen removed from the mould.

The main curing period is under taken in a curing chamtadsleTl in the EN 101%1[69] listed in

the time curing period of different stages of curing which are depends on the type of the binder used.
The determination of fractural strength is under taken when the test specim@8sdags old, the

test machine have two supporting roller (The loading roller is placed above the test specimen and
mid-way between supporting rollers). The prism is placed so that one of its faces, which has been cast
against the steel mould, is in contagth the supporting rollers, the load is applied to the specimens

at the rate that produces the failure in a time period if twenty to ninety seddwdiexural strength

(fey is calculated from:

o gz ]
POTRA

Where b and d are the internal dimensions of the prism mould, 1 is the distance between the
supporting rollers. The result is recorded to the nearest 1.5 Ndmrthe average of the set of results
reported to the nearest 0.1 N/fm

The compressive strength of the prism is determined on the broken halve of the prism by use a
compression jig in a testing machine care being taken that the load is applied to a face cast against the
steel face of the mould. The load is applied to thesigstimens at rate that produce failure in a time
period of thirty to ninety second. The compressive strength is recorded to the nearest 0.0aMd/mm

the mean result reported to the nearest 0.1N/mm

5.1.10 Determination of Adhesive Strength of Hardened@endering and plastering Mortar on
Substrates:[115]

This test method is involves determining the maximum tensisstapplied by direct load at right
angles to the surface of the rendering. Where rendering mortar designed by use with a particular type
of masonry. It is tested with samples of the appreciate masonry. If no specific background (substrate)
is specified cacrete panel with minimum dimensions 550mm x 150mm (thickness) are used. The
panels are prepared for concrete with a water cement ratio of 0.55 and 0.55 and graded aggregates
with a maximum particle size of one third of the panel thickness. The conaeteoad floated to

provide a suitable surface and are required to be at least 28 days old when testing is undertaken.

The fresh mortar that is to be tested is applied to the relevant substrate to achieve a thickness of
10mmz1mm. Two psitions exist for sampling of the specimen. Firsh sample may obtain after

initial setting of the mortar by passing the sharp edge of a lightly oiled truncated conical metal ring
(Internal diameter 50 mm and 25 mm high) into the mortar until the substrate is reached secondly
sample may be obtained where it is hardened by using a cote drill with a similar internal diameter and
drilling into the mortar and substrate. (Drilling should be to a depth of 2 mm into the substrate).

The test specimens are stored in an airtight pely bag at a temperature of 20+2°C for seven days
and then for twenty one days in humidity chamber at a similar temperature and a humidity of 65+5%.
The specimen is immediately on removal from the humidity chamber.
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The pull head is glued (should be epaggin or methyl methylmethacaol resin) to the mortar surface
care being taken to prevent the adhesive bridging the cut area. The testing machine is connected to
pull head and a perpendicular tensile load applied the failure load is recorded. The rate of th
application of the load depending on the anticipated adhesive strength, Table 2 of EN 10115]

lists the requirements. Five test specimens are. U$edindividual adhesive strengths are recorded to
the nearest 0.05 Mh? and the mean value to the nearest 0.1N7iamad the mean valuethe nearest

0.1 N/mnd.

1 The Standard incorporates three figures illustrating the type &fattteire patent that can occur.

9 Fracture at the interface between the mortar and substrate.

9 Fracture within the mortar.

5.1.11 Determination of water soluble chloride content of fresh mortarf116]

This is the only chemical tesnethod within the EN 1015 series of standards. The test method is
based on the formation of a soluble chloride compound; this analytical technique is sometimes
referred to as the Volhard method ml of distilled deionized water. The sample is shaken for
aporoximately 60 minutes and taken allowed to stand for a minimum period of 15 hours and a
maximum period of 24 hours.

The sample is then filtered0 ml of dilute nitric acid is added to the filtrate and the solution is boiled.

To the boiling solution 5mlfosilver nitrate solution is added and after a further 2 min % boiling the
solution is cooled to below 25°C. A chemical indicator is then added to the solution and ammonium
thiocyanate is added drop wise from a burette until a permanent reddish brovoulsted and the

use of a chemical formula the chloride content of the sample is determined. The standard gives details
of the concentration (morality) of the chemical solutions are used, named after the chemist who
developed it in 1878. The principle ¢fis analytical technical technigue is that the chloride solution is
treated with an excess of silver nitrate and the residual silver nitrate by titration witbnamm
thiocyanate The titanium with ammoniunoxinate allows the analyst to determine how mgdver

nitrate has reacted.

The sample has to be in a dry stahere a sample of fresh mortar has been taken this is dried in an
oven at a temperature of 105 +5°C the sample as then ground to pass through a0.125 mm sieve. The
water soluble chloride isxracted by placing a 10 gram sample in a polythene bottle and adding 100.

5.1.12 Deterioration of water Absorption Coefficient Due to Capillary Action of Hardened

Mortar: [117]

This test is test Procedure undertaken using mortar specimens that are dried to the constant mass, one
face of the prism is immersed to the water in for a specified period of time and the increass is
determined. A prism method is lined at the base with absorbent filter paper and filled mortar, the top
surface also is covered with a layer of filter paper the test specimens are then covered for an initial
period part of the initial curing ped is undertaken with specimen removed from the mould. The part

of the initial curing period is undertaken in a curing chamber. Table 1 of ENI®JI3 7] lists the

time periods for the different stages of the curing whiehdgpendent on the type of binder used.

At the completion of the curing period of the test specimens the long faces are sealed with paraffin
wax (or a synthetic resin with a melting point above 60°C) and are then broken into half. The test
specimens arénen dried in oven at 60 + 5°C until two successive weightings undertaken twenty fours
apart give a mass variation of less then0.2% of the test total mass.

The test specimens are placed broken and downwards on four (These should have as small an area as
possible) in a tray (having a minimum depth of 20 mm). The test specimen is immersed in a depth of
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5-10mm in water and tray covered minimised evaporation. The time of emersion is noted. The
procedure now varies, for renovation mortar a modified procedéobased.
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5.2 Experimental Program:

The tests have been chosen according to the needs to evaluate recycled aggregates properties and
performances of mortars with fine recycled aggregates, to be used for renderingprTagtsegates

are chosen in the way to give in the fastest and the most practical way to declare the primary
properties of the aggregates which can effects on the properties of the mortar produced. And relevant
properties of mortar necessary to know befstart the main test. Tests been chosen according to the
literature review Prepared and the critical points noticed in the past literature for Mortar content of
recycled aggregatg&0].

Tests for aggregatesrcde divided in two different parts the chemical Properties and the Physical
Properties. For Physical Parameters of the aggregates the main tests are requestedl@gving
Absorption coefficient of water EN 109{93], Real density of Dry Sampl3]. Absorption
coefficient of water EN 1098 [93] is helping to define water content of the aggregates and it is
important becauseccading to literature recycled aggregates have higher water absorption the
Natural aggregates.

Since in the literature review, Sulfates content seems crossing the allowable limit so a primary
Sulfates test is requested (Determination of Acid Soluble Ssi[&&§).

Water abortion of the aggregates can effect on Consistency of the fresh fhadhrDrying
shrinkag€/118], bulk density{109] and water abortiofiL17] of the hardened mortar. For mechanical
properties; Compressive and tensile stref@®h modulus of elasticity UNI 6558.19] and Adhesive
strength of Rendering mortf15]is Requested to control mechanical properties of the mortar.

SAMPLING FOR FIRST RECYCLYING TESTING
Actually at Politecnico di Milano DIS lab is available the following samples:

Fig79 Concrete Wastes Before crashing Fig80 Concrete Wastes Before crashing

In Fig79, Fig80 andFig81 Wastes which have been changedhe Aggregates shown. These wastes

are form Structur al departmentds | aboratory in
these materials is available Table71 Density of available Concrete Waditee Density ad Mass of

the total wastes. Even these materials are not from CDW but they are really the same as Concrete
Wastes available in the wastes otherwise since these wastes are from Laboratory so more information
about them is available.
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Fig81 Concrete Wastes Before crashing

Table71 Density of available Concrete Waste

Type Volume Mass Density
Wastes Type 1 3375 cm| 7.8 kg 2311.11 | kg/m®
Waste Type 1 8000 cm’ 19 kg 2375 kg/m®

5.2.1Sampling preparation information:?

The first step to start the test on aggregates are to assume how much Sample have to be taken for each
test and in the total how much sample is necessary. This assumption mainly des¢ti2d] in
assumption of aggregates quantity for Sampling:

M is the mass of the sample, in kilograms;

D is the maximum size of aggregate, in millimettes;

4 b is the density in a heap in mega gram per cubic meter, determined as specified;

M=6* a)b*

M = 6x 2 x 2.3= 23.6kg ~ 24kg

Table72 Tests Requested for Aggregates.

Test Standard Duration Amount of
(Days) sample (kg)
Grandometry and fine percentage EN 9331[121] 1 24
Real density obry Sample EN 10976[93] 4 24
Absorption coefficient of water EN 10976[93] 4 24
Determination of Acid Soluble Sulfates| EN 17441[88] 4 24
Sieving EN 105- 1 24
1[108]

5.2.1.1Granolometry and fine percentageg121],
This part of standards describe the procedure of determining the partiaf 8izedry mixed or non

hardened mortar or wet mixed mortar The test is under taken by placing individual on top of each
other to form what is called a nest of sieves the table below show size of the sieves needed.

The test samples which are the dry aggteg are placed in the top sieves. Sieve will be vibrated till
smaller particles cross all sieves. The wet and dry sieving is giving to options for sieve analyses.

Wet sieving is done with water poured over the testing sample in the way all the sievesiaed
with the water follow from up to down gently till no particle bigger than usual stay on the\stese

2 For test number 1,2,3,4, For aggregates test Amount of samples is the same frehj1282
3 D is assumed as 4mm the biggesmber for the fine aggregates to calculate mass of the samples
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aggregates are passing each sieve then they will be placed in another treys to be divided in oven with
105+5°C. Dry sieve is like the wettingesie with the different that there is no water and aggregates

are separated just due to their mass and vibration.
In this part just dry sieving have been applied For First and the second Crashing of the Recycled

aggregates. Results is reported Mable73 andTable74 and illustrated irFig82 andFig83.

About 8% of the Crashed Aggregates according to the Sieving test done are smaller than 4mm, and
aresuitable to be used in Mortar.

Table73 Sieve Analyses °1 Crashing

°1 crashini Date Start 2,08,2012
Sieve | Sieve Date End  2,08,2012
Code Dimensior
EN 9331
[121]
mm Weight g| % o sieve| Pass Y

63 0 0 100

40 275 6 94
AL0232] 31.5 1059 22.8 77.2
AL0244 25 1407 30.3 69.7
AL0243 20 1874 40.3 59.7
AL0231 16 2118 455 54.5
AL0233 14 2779 59.7 40.3
AL0234] 125 2996 64.4 35.6
AL0229 10 3212 69 31
AL0235 8 3498 75.2 24.8
AL0237] 6.3 3759 80.8 19.2
AL0240 4 3971 85.3 14.7
AL0241 2 4246 91.2 8.8
AL0239 1 4536 97.5 2.5
AL0238 0.5 4586 98.6 1.4
AL0236/ 0.25 4617 99.2 0.8
AL0242 0.125 4632 99.5 0.5
AL0245 0.063 4644 99.8 0.2

Total 4655.8 100 0
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Fig82 Sieve Analyses °1 Crashing (Percentegjege mm)
Table74 Sieve Analyses °2 Crashing
°2 crashing Date Start 2,08,2012
iev
Sieve Cod Dirieen;on Date End - 2,08,2012
EN 9331
[121]
mm Weight g | Not Pas$s|Pass 9
63 0 0 100
40 0 0 100
AL0232 315 93 6 94
AL0244 25 356 22.7 77.3
AL0243 20 650 41.3 58.7
AL0231 16 835 53.1 46.9
AL0233 14 917 58.3 41.7
AL0234 12.5 970 61.7 38.3
AL0229 10 1107 70.4 29.6
AL0235 8 1223 77.8 22.2
AL0237 6.3 1338 85.1 14.9
AL0240 4 1457 92.6 7.4
AL0241 2 1523 96.8 3.2
AL0239 1 1546 98.3 1.7
AL0238 0.5 1559 99.1 0.9
AL0236 0.25 1569 99.7 0.3
AL0242 0.125 1574 100 0
AL0245 0.063 1577 100.2 0
Total 1579.3 100.4 0
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5.2.1.2Apparent density of the Recycled aggregate®3],

Apparent Density have been measured because defdity Recycled aggregates are usually less
thanNatural aggregates it effects on permeability and water abortion so it can cause less weathering

residence For recycled aggregates then Natural aggregates.

The test has been done two times according tostéwedard. And the result simply has been the
average of the two results calculated. The test has been dom@in e s a

the Date of the test was 24.08.2012.

Table75 Apparent density of the Recycled agegates

Bacchi

MAS. VOL. APP. DEI

MAS. VOL. REA. DEI

GRANULI GRAN.
CNR CNR .
savs | EN1097-06[93] | % | EN 1097-06 |Unit

Weight cap. + ground 1498.3| 1322.7 9

\Weight capsule 278.8 | 278.7 g

\Weight of dry soll Ps 1219.5| 1044 Ps g

Temp ° t [° C] 357 | 289 °C

Z\t’f'?ht pic. + Waten 5 li4ga5(1487.3| P, |1484.450557| g

:’Zrer'ght pic. +Water+ = |5o496| 2143 P, g

P.S. water at t ° g  [0.993820.99600| g, -

P.S. app. soll o 2.667 | 2.678 o -

r z 5
r =
V] 0O O
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5.2.1.3 Absorption coefficient of watef93],
Water absgstion can effect on durability and more important it effects on Mix Design of the mortar

and it could cause to add more water to the fresh mortar and increase shrinkage of the fresh mortar.

The test has been done i n | BOi2tiH# 26408.2B12.cTeshsh@wvs | ab o
the Water Absorption of the Recycled aggregates are more than the natural aggregates. The results of
the test illustrated ifable76.

Table76 Water absorption percentagenass dried

m; Mass of pycnometer g 322.8 | 2785

m, | Mass of pycnometer + sample test | g | 1320.8 | 1439.5

Fu density of water at 22 ° glcm®

Mp | Mass of pycnometer calibration g [1502.87|1489.27

Vp Volume of pycnometer ml

Mw | Surface of dry aggregate mass g | 10429 |1212.1
Mass of pycnometer Water and final

Mf g
sample
WE Water absorpuzr:iggrcentage mass | . 45 4.4

wr =MW (M- M), 46,
(m, - m)

5.2.1.4 Determination of Acid Soluble Sulphatef88],
The Percentage of the $0@s 0,797% weight/weight. The test description is like:

Weigh the test portion to the nearest éng (m). Place 360 ml water and 40 ml of concentrated
hydrochloric acid in a 1000 ml conical flask and heat to bopioigt. Remove from the source of heat

and, while stirring, sprinkle the test portion on to the acid solution. Break up the solids with the
flattened end of a glasgirring rod. Allow the solution to digest for (15 = 1) min at a temperature just
below boling.

Filter the residue through a medium filter paper into a 1000 ml beaker. Thoroughly wash the contents
of the filter with hot demineralized water. Check the washings to ensure the absence of chloride ions
using the silver nitrate test.

Adjust the volune to about 600 ml with demineralized water. Add a small amount of filter paper pulp
and warm up the content of the beaker to below the boiling point.

Make the solution alkaline by adding ammonium hydroxide solution. Check the alkalinity by using
methyl rel as an indicator, or by using a jwheter. Simmer for 30s and then filter under gentle
suction using a medium porosity filter paper. Wash the contents of the filter once with a little hot,
demineralized water and reserve the filtrates.

Transfer the papefilter and the particles retained on it into the beaker and dissolve in 5ml
concentrated hydrochloric acid to which has been added 70 ml hot water.

Bring to the boil and boil for (5 + 8) min and then check that the solution is clear. If it is not clear,
start the test again using a new test portion.

While maintaining the solution at boiling point and stirring vigorously, slowly add 40ml of the barium
chloride solution heated to just below boiling. Weigh to the nearésn@ and calculate the mass of

precipitate (m).
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5.2.2 Test for Mortar:

The logical process for experimental part is to do a group of tests and undesdtanis the change
process of water abortipand strength with different portions of the recycledh#&dural aggregates
substitutionandto seeeffectof it into the final test.

Due to the literature review cement mortar decrease its strength and increase its water penetration
specially after 30%, in fact cement lime mortar is showing better behaviaanipare with cement

mortar for recycled aggregates, but its strength is lower. So it is suggested to have a group of samples
from Lime-Cement samples Valeria CorinaldésP00987]. The mix dsign are chosefrom EN
139141[71] which is suggesting mix Design for rendering for Cement mortar Mix portion have been
chosen 13 (Cement-Aggregates) and for Cemelinne mortar 11-6 (Cement-Lime -Aggregates)

have been suggested.

Per@ntage of substitution of natural to recycled aggregates is suggested 0%, 25%, 50%, and 100%.
Substitution portion will effect on water content of Mix design.

5.2.2.1 Sampling for the mortar:

Producing samples halmen done according to the test chosen for the mortar. All the samples are
produced inmpr esa Bacchi 6s | aboratory. N u Table77, foo f t he
degradation test two extra series have been producedaddign test have been decided to be from
flexuraktensile strength test and compressive test. 21 prisms for each portion have been produced.
Primes are 16x4x4cm dimension. Because of the number of the prisms and availability of the moulds
to produce prisis the moulds have been madden with wood likd-th84. These wooden moulds are
designed with an easy opening so the samples would not break during removal as $tg8m in

Samples for modulus of ecity have been chosen as circular samples because there is no standard is
available for modulus of elasticity of the mortar. The samples produced for the modulus of elasticity
of the concrete were braking in the early age, due to the length of theesa®@mples for modulus

of elasticity of the mortar are shownkig86. The cement used is CEM TIPE #B32.5 Mpa.

Fig84 Mould made of wood to produce samples 16x4x4cm
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Fig85 Mould made of wood to produce samples 16x4x4cm

Fig86 Samples for modulus of elasticity of mortar
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Fig87 All Samples in curing

Table77 Tess Requested for Mortar

Sampets Samples C_u ring Duration
Test Standard | Dimension time
number (days)
(cm) (days)
Compressive and Flexural tens| EN 101511 | 16x4x4 | 3x4=12* 28 1
Strength 28 days [69]
Modulus of Elasticity of Concrete EN 12697 | 16x4x4 | 3x4=12* 28 1
26[122]
Determination of dry bulk density ¢ EN 1015 16x4x4 | 3x4=12* 28 1
hardened mortar. 10[109]
Determination of water absorptiof EN D15 16x4x4 | 3x4=12* 28 1
coefficient due to capillary action ¢ 18 [117]
hardened mortar

* 3isthe Quantities of the samples suggested with standard aisthte number of the portions 12 is the total samples needed.

Total aggregates needed for the test:

There are 4 portion®f substitutions for each test. 0%, 25%, 50%, 100% of substitutions are
requestedTable78 andTable79 are related to the amount of mortar materials needed for making all

the samples, in value and mass
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Volume (cm’)

Total Mortar (cn)

Number of sample/Compressive strength 3 256 46080
Number of sampleDurability 3 1800 21600
Number of sampleladhesive strength of hardenadndering4| 1237.5 4950

Table79 Total mortar needed

3

Total cm3 72630 cm
Total m3 |0.072630| m°
Total kg | 14526 kg

Cement is CEM Il BL 32.5, which is available in the Italian market and the strength is make balance
for mortarand recycled aggregates. (Binder has to be slightly weaker then Aggregates to decrease

stresses in the material).

5.2.2.2 Mix Design:

In the beginning the mix Design of the mortar have been found likéabke80 and according to the
literature review and Standard EN 1391[41], and then with trail tests amount of the water have
been chosen water have been added till arriving to the Acceptable workability). For théngender
mortar and general mortane of the most important factors is workability of the fresh mortar because
it has to be able to give a good shape on the wall surface.
Water used for each mix design has been measured with adding water since it artieegdodt
workability, the result is likeTable80.

Table80 Water content of the Mortar

Cement mortar

Cementkg [Limekg NAKg RAkg \Waterkg
Mix For Substitution 0% 5.625 0 16.875 0 3
Mix For Substiition 25% 6.25 0 14.0625 | 4.6875 | 4.4382
Mix For Substitution 50¥ 6.25 0 9.375 9.375 4.5
Mix For Substitution 100 5 0 0 15 3.642
Total : 23.125 0 40.3125 | 29.0625

CementLime mortar

Cementkg Limekg NAKkg RAKkg \Water kg
Mix For Sultitution 0% 2.5 2.5 15 0 2.591
Mix For Substitution 25% 2.5 2.5 11.25 3.75 3.659
Mix For Substitution 50¥ 2.5 2.5 7.5 7.5 3.745
Mix For Substitution 100 2.5 2.5 0 15 4
Total : 10 10 33.75 26.25

So the water cement ratio is likég88. As it is clear W/C is so high, the rezone is water abortion of
recycled aggregates. For Ceméritime mortar, lime is absorbing more water but the result is better
than Cement mortar. Samples for LimE€ement are very brittle, and ithard to take them out of the

mould in the early age, but they are more homogenous.
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Fig88 Water cement ration of the mortar Percentage of substitution

5.2.2.3 Division of the test according to the Laboratories available:

There are two Laboratories available for doing the tests. The test which can be done in BEST
Laboratory and Impresa Bacchi srl are need to have moulds with dimensions of 16xdkdamthi

kind of Moulds had been made with wodldaces for doing each testavebeen shown iffable81.

Table81 place and Samples needed for each test.

Test with 4 Portions (Primary tests)

Laboratory
related

EN 101511[69]Compressive and Flexural tensile Strength 28 days 12 | Impresa Bacch
EN 1269726

Samples

[122] Modulus of Elasticity a€oncrete 12 | Impresa Bacch
EN[118;]510 Determination of dry bulk density of hardened mortar.| 12 | Impresa Bacch

EN 101518 |Determination of water absorption coefficient due
[117] capillary action of hardened mortar
Prism 60

Total Sample 112

12 | Impresa Bacch
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5.2.2.3.1 Mechanical Properties of mortar after 28 days:

Flexural and compressive test have been done for mortar. These tests have befataloiney to

EN 101511[69] with Prisms in Dimensions of 16x4x4 cm. The test machine for Flexural Strength has
been illustrated irig 89. This machine has ability to break the saraplith constant speed measured

with displacement over time. In fact according to standard it have to be with constant to Force
overtime, but standard have been declaring that the samples have to brake in 30 to 90s for giving time
to the material to arrivéo the stable situation (Not with sudden force). This approach has been
achieved in this test and time and speed of the machine have been repdabtéBR. In this test

part to installing the samples have beeace of Steel with 3 supports; Zlown with 10cm distance

and one up at the middle of them. Test for Compressive strength have been done with the other
machine which can be set with N/S the speed of test have been set 40 N/S for all the samples to stay
in the secure side (In fact it is slow).

IR T N

Fig89 Flexural Strength Machine

Description of Tesf69]: The flexural strength of a hardened mortar is determined by thoegs

loading of a prism specimesubsequent to the failure and breakage of this specimen compressive
strength is determined on each half of the prism. Prism mould compartments are required to be 160
mm x 40 mm x 40 mm (each mould assembly produces three prism specimens), prior to ase they
lubricated with a thin layer of mineral oil Determined on the type of binder different procedures are
applicable for the manufacture of the prisms.

The determination of fractural strength is under taken when the test specimens are 28 days old, the
test machine have two supporting roller (the loading roller is placed above the test specimen and mid
way between supporting rollers). The prism is placed so that one of its faces,habhétbeen cast
against the steel mould, is in contact with the suppgrollers;the load is applied to the specimens

at the rate that produces the failure in a time pesfdtiirty to ninety seconds. The flexural strength

(f) is calculated from:
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Where b and d are the internal dimensions of the pnsoold, | is the distance between the
supporting rollers. The result is recorded to the nearest 1.5 Ndmrthe average of the set of results
reported to the nearest 0.1 N/fm
The compressive strength of the prism is determined on the broken halve mistiheby use a
compression jig in a testing machine care being taken that the load is applied to a face cast against the
steel face of the mould. The load is applied to the test specimens at rate that produce failure in a time
period of thirty to ninetyacond. The compressive strength is recorded to the nearest 0.05 &tithm

the mean result reported to the nearest 0.1N/mm

Table82 Flexural tensile Strength Mpa

Series A Series B Series C

Time| Speed fe |Time| Speed f |Time| Speed

RN P8)| ™) YO ey | ) | v o <] )| 9 | Y
0% Cement 2540/ 5.953 | 141 | 25 |2330 5.460| 48 65 |1770] 5.418| 25 65
25% Cement 2190 5.132 | 42 | 68 |2190/5.132| 34 | 68 |2210|5.179| 37 | 68
50% Cement 1910 4.476 | 29 68 [1990 4.664| 33 68 |2170| 5.085| 41 68
100% Cement | 2270 5.320 | 54 68 |2200 5.15 | 49 68 |1300| 3.046| 68 33
0% lime Cement | 560 | 1.312 | 28 56 | 400|0.937| 44 50 | 510 1.195| 31 50
25% lime Cemen| 660 | 1.546 | 70 | 46 |590|1.382| 42 | 41 |680|1.593| 52 | 42
50% lime Cemen| 800 | 1.875 | 26 | 42 |840(1.968| 61 | 42 |790|1.851| 70 | 42
100% lime Ceme| 800 | 1.875 | 76 | 42 |850|1.992| 76 | 42 |790|1.851| 96 | 42

Table83 Flexural Strength of mortar Average.

Flexural Strength

Average deviatior

f (Mpa) Average

0% Cement 2.104054 5.61081
25% Cment 1.930664 5.148438
50% Cement 1.77832 4.742188
100%Cement 0.082031 4.507813
0%Lime Cement 0.430664 1.148438
25%Lime Cement 0.56543 1.507813
50%Lime Cemen 0.854167 1.898438
100%Lime Cemen 0.714844 1.90625
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Table84 Compressive strength of Mortar.

CompressiveStrength
Series A Series B Series C
F (kN)  f.(Mpa) F((kN)| f.(Mpa) |F (kN) f.(Mpa)
0% Cement 80.2 25.062 98.8 29.058 55.9 19.964
25% Cement 48.7 16.233 65.4 20.437 70.4 22
50% Cement 51.9 16.218 55.9 17.468 40.9 12.781
100%Cement 47.4 14.812 60.6 18.937 44.8 14
0%Lime Cement | 15.5 4.843 16.4 5.125 15 4.687
25%Lime Cement| 14 4.375 18 5.625 17.8 5.562
50%Lime Cement| 25 7.812 24.8 7.75 23.9 7.468
100%Lime Cemen 23.4 7.312 27.9 8.718 24.2 7.562

Table85 Average Compressive strength of Mortar (Mpa).

Compressive Strength
f. Mpa Averagq Average deviation

0% Cement 24.6952 3.153945
25% Cement 19.55694 2.215741
50% Cement 16.84375 1.805556
100% Cement 15.5625 1.6875

0% Lime Cement 4.885417 0.159722
25% Lime Cement 5.1875 0.541667
50% Lime Cement| 7.677083 0.138889
100% Lime Cemer| 7.864583 0.569444

As it is reported inFig90 and Fig91 from experimentsand itagrees the results of articles Valeria
Corinaldesi 2009, Valeria Corinaldesi 2007, Evanglista 7004 18, 87] Flexural and comgsssive
strength of Cement Mortar is decreasing with increasing substitution of recycled to natural aggregates.
There is no information for Cemelime mortar with recycled aggregates available in the Literatures,
from the results strength of lime mortardecreasing with increasing Substitution of Recycled to
Natural aggregate$ig92, Fig93, andFig94 andTable83 and Table84). From the results of the test

for Lime Cemerimortar for mortar produced shows; compressive and flexural strength of the
CemeniLime mortar is increasing with increasing of Substitution of Recycled to Natural Aggregates.
The Rezone of this increase g activate the whydrated Cement Available in the Recycled
aggregates coming from Concrete crashed used in the mortar. Lime Cement mortar shows a very clear
increase in strength, from 4.88 Mpa in 0% Recycled to total aggregates to 7.76 Mpa in 100%
Recyckd to total Aggregates, which is about 60% increase in the strength compressive strength.
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5.2.2.3.2Bulk Dry density of Hardened mortar:
The Bulk Densitytesthas been done according BN 101510 [109]. The samples are 16x4x4cm
Prism samples. According to the Results illustrated inFig85 and Fig96, andTable86, Table87,
Bulk Density d Cement and Lime Cement mortar is decreasing with increasing the substitution of
recycled to naturaggregatedn total Density of LimeCement mortar is about 300 kg/tawer than
the density of Cement mortar. The bulk Density is 2078.654 *&m0% d Recycled to total
aggregatesand decreases 1946.596 kg/rfor 100% of Recycledvertotal aggregates for Cement
mortar, so it show6% decrease, and for Lin@@ement is from 1807.713 kg?r'm 0% of Recycled to
total aggregates to 1735.96 kd/far 100% of Recycled to total aggregates for Cement mos@auit
means4% decrease.

0%Lime Cement

483 | 548 279.3

491

555.7

Series A Series B Series C
Mory (Q/Msat (9)Mi (9Mory (9]Msat (9) Mi (9)Mory (9)Msa (@M (9)
0% Cement 545.9|1561.5[297.1 560.1|574.3|305.4 550.7| 565.7| 302
25% Cement 559.7|579.4303.4 552.1|{570.9| 300 | 559.1|575.6[301.7%
50% Cement 519.8|538.8272.7 521 |545.7|277.2 535.7|554.5[280.9
100%Cement 527 |554.3283.7 538.7| 565.5289.71 528 |553.4/281.1

286.2

487 |551.71281.7

25%Lime Cement

500.5|571.8| 295

490.5

560.9

290

490.6|562.5| 290

50%Lime Cement

487 |554.81283.4

491

561.1

286.§

466 |530.5271.4

100%Lime Cemen

486 |562.71282.4

464

537

269.§

462 |536.41270.5
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Table87 Bulk Density of Mortar.
Series A Series B Series C Average
Bulk Bulk Bulk Bulk | Average
Vs . Vs . Vs . Density | Derivati
(Cmg) Densgy (Cm3) Densgy (Cmg) Densgy ensity erivation
(kg/m”) (kg/m”) (kg/m’) | (kg/m®)
0% Cement 264.4 2064.65 | 268.9| 2082.93| 263.7| 2088.358 | 2078.654| 9.319771
25% Cement 276.2 2026.43| 270.9|2038.021 273.9| 2041.256 | 2035.236| 5.870466
50% Cement 266.6 1949.737 268.5| 1940.41| 273.6| 1957.968 | 1949.372| 5.974645
100%Cement 270.6 1947.524 275.8|1953.227 272.3| 1939.038| 1946.596 | 5.038966
0%Lime Cement |268.7 1797.544 269.5|1821.892 270 | 1803.704| 1807.713| 9.452745
25%Lime Cement |276.8 1808.165| 270.9|1810.631 272.5| 1800.367| 1806.388 | 4.013783
50%Lime Cement |271.4 1794.399 274.3|1790.011 259.1| 1798.533| 1794.315| 2.869094
100%Lime Cement|280.3 1733.857| 267.2|1736.527 265.9| 1737.495| 1735.96 | 1.402018
2150
¢ Bulk density
2100 cement
2050
= 2000 % |y=13572x+20618 o Bulk benci
E RZ=0.7721 ulk Density
£ 1050 Q\ Cement Lime
Z ‘ kg/m3
2 1900
2 ——Lineare (Bulk
S 1850 density cement
1800 l\l\l\ )
——Lineare (Bulk
1750
y =-74.881x + 1818.9 Density Cement
1700 R2=0.8516 Lime kg/m3)
0% 25% 50% 75% 100%
Substitution (%)
Fig95 Dry Bulk Density of mortar
2100
2050 \\
2000 ¢— Cement
E 1050 \ < Bulkc
E» Density
; 1900 kg/m3
£
S 1850
o =i=—Lime
1800 M= —i- \ Cement
1750 S —— Bulk
\T Density
1700 kg/m3
0% 25% 50% 75% 100%
Substitution (%)

Fig96 Dry bulk density of mortar Average Values
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Test Descriptioft09]: A sample of fresh mortar with minimum volume of 50 time greater than the
maximum aggregate size (or 1.5 times the quality needed to perform the test) whichever is the greater
is required three test samples of regular shape.

There testsample of required shape are prepared from the fresh mortar to be tested and cured a
temperature of 70°C (where organic martial is incorporated a maximum temperature of 65°C is used),
the dry mass is recorded to the nearest 0.1%g)(m

The test specimeree immersed in water (temperature 20 = 2°C), the mass is noted after a period of
immersion and the process of required until the saturated mass does not differ by more than 0.2% the
saturated mass is recorded to the nearest 0.1%). (the volume of thdéest Specimens are now
determined by weighting specimens in water (using a stirrup attachment to the balance), the mass of
the immersed test specimens is recorded to the nearest 01% (m

The volume is calculated by use of the area by use of the formula:

i zi
$ AT O BA0RTD

The bulk dry density of the each test specimen is calculated from the volume:

$ OWAT OEOU
61101 A

The mean dry density if the three test sample is required to be recorded tméarése 10 kg/fn

5.2.2.3.3 Water Absorption of the Mortar:

Water Absorption test have been Done according toEiNe101518[117]. This test is showing
different results for €ément and Lim&ement Mortar. For Cement mortar this test is showing
increase with increasing the Substitution of Recycled to Natural aggregates, which is quit expectable
results due to higher water absorption of recycled aggregates. But this Processeading is
changing for Lime Cement mortar, it means with increasing the recycled to naturals aggregates water
absorption is decreasing.

Test Process Descriptiomhis test is test Procedure undertaken using mortar specimens that are
dried to the conant mass, one face of the prism is immersed to the water in for a specified period of
time and the increase in mass is determined. A prism method is lined at the base with absorbent filter
paper and filled mortar, the top surface also is covered withea tdyfilter paper the test specimens

are then covered for an initial period part of the initial curing period is undertaken with specimen
removed from the mould. Table 1 BN 101518 [117] lists the time periods for theftBrent stages

of the curing which are dependent on the type of binder used.

At the completion of the curing period of the test specimens the long faces are sealed with paraffin
wax (Or a synthetic resin with a melting point above 60°C) and are then brakemalf. The test
specimens are then dried in oven at 60 + 5°C until two successive weightings undertaken twenty fours
apart give a mass variation of less than 0.2% of the test total mass.

The test specimens are placed broken and downwards on foge(Stheuld have as small an area as
possible) in a tray (having a minimum depth of 20 mm). The test specimen is immersed in a depth of
5-10 mm in water and tray covered minimized evaporatig99). The time of emersion is noted.

The procedure now varies, for renovation mortar a modified procedure is followed. Than the water
Absorption is calculated from Formula:
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Where M is the mass of the Specimen after 10min in the water in kg arisl thie mas of specimen

after 90 min in the water in kg.

0.9
= 0.8
b
207
= =
=06 y 0228=x\-|>9~81Q'
c Rz = 0.8937
= 05
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=04
S
£ 03
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Fig97 Water Absorption of the Lime Cement and Cement Mortar Measured Data.(lngno's)

0.9
2 0.7
s T — —o—Cement
E 0.6 . Absorbtion
E» 0.5
=04
c
2 0.3
o ¢ == Cement
502 e Lime
201 Y—— Tr Absorbti
<Y sorbtion

0
0% 25% 50% 75% 100%

Substitution (%)
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i

- ]

Fig99 Samples for Water Absorption Test.

Table88 Masses Measured MO time, M, after 10 min, M after 90min in the water.

Series A Series B Series C
Mog | Mig M. g Mo g Mig | Mxg Mog Mig M.g
0% Cement 318.6| 319.6 | 320.3 | 2422 | 245 | 247.6| 271.8 | 272.7 | 273.3
25% Cement 224 | 225.2 | 226.3 | 312.4 | 313.8| 314.8| 227 227.6 | 228.9

50% Cement 264.6| 265.8 | 267.3 | 256.6 | 258.4| 260.1| 252.8 | 254.3 | 255.6

100%Cement 257.3| 259.6 | 261.9 | 261.6 | 263.5| 265.9| 297.1 | 299.4 | 301.3
e ) ) ] S

0% Lime Cement| 226 | 232.3 | 240.5 | 238.2 | 245.1| 253.6| 268.1 | 274.3 | 282.3
25% Lime Cemen 1595 | 164 | 171.3| 260.3 265 273.2
50% Lime Cemen| 227.9| 233.4 | 240.3 | 232.5 | 238.6| 245.3| 261 266.9 | 273.5
100% Lime Ceme| 256.3| 262.2 | 268 235.7 | 2417 | 247.8| 259.1 | 265.6 | 271.7

Table89 Water Absorption Speed.

C C C Average | Average

Kg/(nf.Min%?) | Kg/(nf.Min%?) | Kg/(nf.Min®?) | Kg/(n?.Min®) | deviation

0% Cement 0.07 0.26 0.06 0.06 0.086667

25% Cement 0.11 0.1 0.13 0.13 0.01111

50% Cement 0.15 0.17 0.13 0.13 0.013333
100%Cement 0.23 0.24 0.19 0.19 0.02

0% Lime Cement 0.82 0.85 0.8 0.8 0.017778

25% Lime Cemen 0.73 .82 0.775 0.015556

50% Lime Cemen 0.69 0.67 0.66 0.66 0.011111

100% Lime Ceme 0.58 0.61 0.61 0.61 0.013333
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5.2.2.3.4Stiffness Modulus:

This test has been done according to EN 12Z897122]. The Samples are circular Samples in
Diameter 101.6 mm. and thickness will be measurah&s before start of the test. Stiffness Modulus

of the Samples will be measured in 2 perpendicular direction machine is doing the test for each
sample 5 times and the computer is calculating for average of the results for each sample in each
direction. The Results PresentedTiable90, Table91 andFig100, Figl01are for each direction each
sample.

The force applied to the sample with the hydrajalak from top horizontally, and two sensors which

are installed on the parameter of the circler samples are measuring displacement vertically. The
displacement of the force is possible to be set with computer (In this test it have besn)set 2

The moduls of elasticity is acting the same as Compressive and fractural strength decreasing for
Cement mortar and increasing for Lime Cement mortar.

30000
< 25000 ¢ Cement Mpa
(o
=
< Y =-3796x= 238568
E 20000 R2=0.5181 B Lime Cement
5 Mpa
8 15000 _ P
a .0655 i —— Lineare
E 10000 (Cement Mpa)
& : .
5000 Lineare (Lime
Cement Mpa)
0
0% 25% 50% 75% 100%
Substitution %

Fig100Stiffness Modulus of Lime Cement and Cement Mortar Measured Data.(Mpa)
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Fig101 Stiffness Modulus of Lime Cement and Cement Mortar Average.(Mpa)
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Series A Series B Series C
Mpa Mpa Mpa Mpa Mpa Mpa
0% Cement 24163 | 23276 | 26625 | 26769 | 24772 | 24540
25% Cement 21266 | 21269 | 21893 | 21681 | 22001 | 22246
50% Cement 20895 | 21133 | 21133 | 20712 | 21736 | 22639
100% cement 20606 | 20514 | 21004 | 21600

0% lime Cement

767.75

10881.5

25% lime Cement

211.1667

13513.17

50% lime Cement

664.5

14118.5

100% lime Ceme|

1312

14237

0% lime Cement | 9346 12086 | 10936 | 11158
25% lime Cemen|{ 13189 | 13404 | 13313 | 13823 | 13795 | 13555
50% ime Cement| 15194 | 13477 | 13468 | 14756 | 13417 | 14399
100% lime Ceme| 12800 | 14447 | 11738 | 15401 | 15890 | 15146
Table91 Modulus of Stiffness, Average and Average deviation
Average| Average
Deviation Mpa
0% Cement 1115.222 25024.17
25% Cerant 320.6667 21726
50% Cement 541.8889 21374.67
100% cement 371 20931

754191
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Fig102Machine for Stiffnes Modulus
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5.2.3 Accelerated Ageing test for Durability Evaluation of RAM

This test have been Applied in the Laboratory of BEST DepartmelRblytechnic of Miland123]

for Photo catalytic Plaster. Also the test has been compared®iftM C666 1992a, BS 5072, EN
13671 [124-126] which are suggesting appimately the same temperatures. There is rain cycled
added in this test. This Cycle is Design for simulating weather of north (Fédy.03)

1. Raining Phase: 60 minutes specimens are under water spray (artificial rain) \R@ACL&nd
90-95% Relative Humidity.

2. Freeze PhaseéDuration of this phase is 90 minutes temperature will decreas20f@
constant.

3. Hot Humid Phase: Duration of the phase is 60 minutes temperature will be constant in 55°C
and Relative Humidity will be 95%.

4. Hot Dry Phase: specimens in this phase are subjected to 70°C and 40% RH for 80 minutes.

80 100%
—o <
70 r i - 90%
60 | - 80%
50 —_
S . / RS
g 30 I r 60% _%‘ == Temperature
g | - 50% g °C
Q20 I >
€ 1o I — - 40% TIU
a’ 1
= L o, QL
0 I 30% @ _o—RH%
10 501 100 150’ 200 250 | 300 350  406020%
-20 | ‘ - 10%
-30 . . 0%
Time (min)
Phase 1 Phase 2 Phase 3 Phase 4

Fig103The test cycles for Degradation test.
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5.2.3.1 Program description:

Sample Identificationnunber of samples and cycles are chosen by previous experience from tests
done before and costumers6é reports from their us
The characters have chosen to be measured is Mechanical test for the mortar which are Compressive
and Flexural Strength of the mortdue to EN 10181 [69]. Three samples have been necessary
according to the standard for doing Flexural and compressive tests But 5 samples have been
predeceased in for decreasing the possibility of losing some samples. SampRrisms 16x4x4cm
dimension.

Timing and CyclesThere is 100 cycles in about 30 days. Each group of samples will be tested after a
number of cycles to measure their degradation (which in this case as it mentioned are mechanical
tests). Two groups of sgplesaretested at;t= 50 cycles, =100 Cycles.

Mixed Design:mixed design is the same as the one have been done for other test and motioned in
Table80 Water content of the Mortarand other characters of the mortar are the sasdescription

of sampling part. Placing of the samples is accordirggh04 andFig105.

Before Start the test samples have been dried, singedeigttin the chamber and rested for 24

hours toarrive to the room standard Relative Humidity and temperature which is 20°C and 50% RH
and then they have been weighted wititertaintyof 0.1g, and again they have been waited after 50
cycles for half of them (Number 6 to 10 for each portion).

Fig104Degradation Test inside Chamber 3@ct
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0% Cement1 25% Cement 1 50% Cement 1 100% Cement1

0% Cement2 25% Cement2 50% Cement2 100% Cement2

0% Cement3 25% Cement3 50% Cement 3 100% Cement3

0% Cement4 25% Cementd. 50% Cement4. 100% Cement4.

0% Cement5 25% Cement5 50% Cement 5 100% Cement5

0% Cement7 25% Cement7 50% Cement 7 100% Cement7

0% Cement8 25% Cement8 50% CementB 100% Cement

0% Cement9 25% Cement9 50% Cement9 100% Cement9

Samples 100 Cycles

0% Cement10 25% Cement 10 50% Cement 10 100% Cement 10

0% Cement Lime 1 25% Cement Lime 1 50% Cement Lime 1 100% Cement Lime 1

‘ 0% Gement Lime 2 25% Cement Lime 2 50% Cement Lime 2 | 100% Cement Lime 2

[ 0% Cement Lime 3 | | 25% Cement Lime 3

| 50% Cement Lime 3 | |‘IDD% Cement Lime 3 I

Samples 50 Cycles

0% Cement Lime 4

| 25% Cement Lime 4

| 50% Cement Lime 4 | |’IDD% Cement Lime 4 |

0% Cement Lime 5 25% Cement Lime 5 50% Cement Lime 5 100% Cement Lime 5

0% Cement Lime 6 25% Cement Lime 6 50% Cement Lime § [100% Cement Lime &

0% Gement Lime 7 25% Cement Lime 7 50% Cement Lime 7 100% Cement Lime 7

‘ 0% Cement Lime 8 | | 25% Cement Lime 8 | 50% Cement Lime 8 | l 100% Cement Lime 8

‘ 0% Cement Lime 9

|25% Cement Lime 9 | |50% Cement Lime 9 | ‘100% Cement Lime 9

() 1
k |
( 0% Cementf 25% Cements 50% Cement6 100% Cement6 \I
| |
I |
k J
r |
| |
l I
k )
[
|
|
I
k

‘ 0% Cement Lime 10 | |25% Gement Lime 10 | |50% Gement Lime 10 | 1100% Cement Lime 10

Figl05Placement of the samples in side chamber.

5.2.3.2Results Analysis:
After 50 and 93 cycles results have beealyzed It suggested measurinigechanical performances
and Masdossof the Samples during the process.

5.2.3.2.1Mass lost:

300

——C
100 —=-CL

Mass lost (g)

a
o

() ———— 4 4
0% 25% 50% 75% 100%
Substitution %

Fig106 Average Mass losi4 Dec 13 Noy, after 93 Cycles.
Fig106 shows that the difference weight of the samples after the degradation is increasing for Lime

Cement after 93 Cycles. In fact the degradation for L@eenent is very clear after 50 Cycle. Weight
of the samples in 30th October waasued after staying 24 hours in standard room atmosphere
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(20°C and 50% RMHand the same in 13 Novembksamples have been weight after 24 hours staying

in room atmospher&Veight Analysis shows for 93 Cycles for Lime Cement the most of the mass lost

is for 1% Substitution and then there is 0% and 25% and 50%. The reason for increase degradation
of the LimeCement mortar with increasing the Substitution ishigg@ration of the cement presents in
concrete wastesvhich Hocks the capillary poresp freezehawprocess effects more on the samples

For Cement Mortar Degradation is less but it is decreasing with increasing Substitution of Recycled to
Natural aggregates, it is because Recycled aggregates havparusigy and it is Releasing Pressure

from freezethaw Process. For 100% Substitution of Lime Cement mortar the Mass lost is less for 50
Cycles it is because much leRarosity of Lime Cement mortar with 100% Recycled aggregates will

not let the water penetrate inside the material and it will save theiahatethe beginning of the
degradation process, even with looka126till Fig130. For 0% Recycled aggregates Lime Cement

in Fig151 till Fig155 an interestingpoint is visible this interesting point ighe samples with 0%
Recycles aggregates are broken from middle and the samples with 100% Lime Cement even they
have more mass list (Likéig 107), but the are not broken from the middle, iteams the lessvater

abortion of the samples are not letting the water freeze effect inside the samples so it will delaminate
the surface of the sangd for 100% Recycled aggregatbgt since 0% Lime Cement mortars kav

more water absorption and more strength they are losing less weight after 93 cycles but they are
braking from the middle of the samples due to their more water absorption.

The mass for Cement mortar samples are increasing and it shows the porosityeamdntant of the
Cement samples are increasing, and it is almost the same for all of the portions which is about 2.5 to
7%.

Fig10750% Cement Lime Sample 8 Right after 50 Cycles, Left New sample
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Fig108Average Mass lost during the degradation process for each Mix Design.

In Fig108the Process of losing mass for Lime Cement mortars Samples are §bowd and 100%

Ssubstitution in 50 cycl eostandhfterr98 dysles 110D &ecycladmo u n t
aggregate samplémvelost the most amount of mass.

5.2.3.2.2Mechanical Performances:

Compressive strength of the Samples after 93 cylebessbeen measured. Ifig 109, Fig 110
Compressive strength of the Cement Mortar after 50 Cycles has been illustregddss of strength

is decreasing with increasing substitution of aggregates.

Flexural strength has been done, butdhta are more diffused because degradation in different part
of the sampleds sesctions has different depth

25
<
o
< 20
=
2
o . —o— Average
2 (Mpa)
@ 10 B Each Sample
(&)
5 (Mpa)
§ s
@)

0

0% 25% 50% 75% 100%
Substitution (%)

Fig109Compressive strength afte®3 cyclesfor Cement mortar
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100%
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60%

40%

=¢—C 93°
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N \
0% 25% 50% 75% 1%)%
-20%

Substitution %

Decrease Compressive Strength %

Fig110 losing strength vs Sudiitution of Recycled to natural aggregates, 93 Cycles.

As it is shown inFig 110 the strength will have less decrease with increasing the percentage of
recycled to total aggregates during 93 Cycles of weathering. It shows ther isogetting weaker

with increasing Aggregates Substitution, but its durability is increasing and it is increasing on a liner
l'ine which is showing our assumption from the
improving the weathering performare of t he mortar . 0o
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6 Conclusions

This Dissertation is reports about the activity developed for introduction to Evaluate Environmental
Sustainability of Recycled Aggregates Mortar (RAM). The chief activities are the study Rédhp

and understand which kind of RAM options is available. And study of the performance evaluation
(Evaluate Durability of RAM- Recycled Aggregates Mortar for rendering (with different
percentages of RA / NA), To Evaluate-Hnvironmental Impactof RAM rendering,

To compare El with Sk Service Life- and give the environmental efficiency, and understand how
much it could effect on whole life cycle of different sustainable cement based materials. These goals
are directing the idea of Sustainalyilitof materials included Recyclability, Durability and
Environmental Impact of the materials.

The Durability and Sustainability Methods have been described in chapter Il and for Recycled
Aggregates Mortar for Sustainability LCA and for Durability weathegrdeation method

have been chosen.

In Chapter Ill part 1 the survey on Aggregates and Recycling waste described and Recycled
aggregates from concrete have been decided to be used in the Mortar because it is more
available and more convertible for in moéttee Countries in Europe.

In the second part of the Chapter Ill Mortar and Recycled aggregates mortar have been
Analyzed and different sustainable waste materials have been described tedéoatie
Cement based materials. In this part again Conatetste is chosen to be added to the
Mortar, and at the end the literature review of the RAM with Concrete waste have been
Chosen.

In Chapter IV in the first part LCA of Recycled Aggregate and Recycled Aggregates Mortar
have been analyzed, and the methogipl@nd boundary condition for calculating the
Recycled aggregates mortar LCA described. At the end the results of LCA Calculation with
SimaPro Software shows the strange Environmental advantages of recycled aggregates
Mortar to Natural aggregates mortdsafor two different Lime Cement and Cement Mortar

are Compared

In the Chapter V Experimental Program for evaluating Quality and durability of the mortar
have been designed, Implemented and the results are analyzed to demonstrate usability and
advantageand disadvantages of two different Recycled aggregates mortar (Recycled
aggregates mortar with lime cement and Recycled Aggregates MortaCemtant).

The Results of Chapter V shows for Recycled aggregates mortar with Cement Mechanical
Properties are deeasing with increasing of the Portion of Recycled to natural aggregates.
The interesting point in this part is durability is acting Reveres means it is increasing with
increasing Substation of aggregates from Recycled to natural aggregates. The ragadhe is
shows in the results of water abortion tests Related the increase in capillary pores. This
capillary poses are letting Frizzing effects less on the Mortar.

The second interesting result of the Chapter V is related to Experimental Program on
Recyclel Aggregates Mortar with Lim€ement. For lim&Cement Mechanical Properties are
improving almost 60%. It iDifferent with compare with the literatudesesults availablén

chapter Ill. The reason for this different reaction is in Rehydration of the Cevaifable in
Concrete wastes. But since -Rgdration of Cement is blocking Capillary pores it is
decreasing the Weathering Durability of the Lime Cement Recycled aggregates Mortar.

At the end with compare the Results from test of RAM L-iG@ment and RAMCement with

El of this materials in Chapter IV it shewhe Recycled aggregates Mortar with Lime Cement
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can be a good choice for inside Building and places with lower face to Weathering and
frezing but RAM with Cement can be a good choice for externaldeeng.
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Annex |
Photo Analysis for 50 cycles.

O
Fig1130% Cement Lime Sample 8 Right after 50 Cycles, New sample
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Fig11625% Cement Lime Sample 6 Right after 50 Cycles, New sample

Fig11725% Cementime Sample 7 Right after 50 Cycles, New sample
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