Edited by

Ravindra K Dhir
Thomas D Dyer
Moray D Newlands




|
|
|
l

Achieving Sustainability
in Construction

Proceedings of the International Conference
held at the University of Dundee, Scotland, UK
on 5-6 July 2005

Edited by

Ravindra K. Dhir

Director, Concrete Technology Unit
University of Dundee

Tom D. Dyer

Lecturer, Concrete Technology Unit
University of Dundee

and

Moray D. Newlands

CPD/Consultancy Manager, Concrete Technology Unit

University of Dundee

"' ThomasTelford




CONTENTS

Preface i
Introduction iv
Organising Committee v
Scientific and Technical Committee vi
Collaborating Institutions vii
Sponsoring Organisations With Exhibition vii
Exhibiting Organisations viii
Supporting Institutions ix
Opening Paper .

Sustainable Concrete Structures - A Win-Win Situation for Industry and Society 1

M Glavind, D Mathiesen, C V Nielsen, Danish Technological Institute, Denmark

THEME 1 EFFICIENT USE OF ENERGY AND RAW MATERIALS

Keynote Paper

Sustainable Development in Construction - Theory, Feasibility 15
and Practice Using Raw Materials and Energy
A Samarin, University of Technology Sydney, Australia

Properties of Fly Ash from Real-Scale Co-Combustion Experiments 25
A J Saraber, J] W van den Berg

Waste Generation Issues in Petroleum Producing Communities in Nigeria 33
S Dalton

Study of Early Hydration of Cement Pastes Containing Alternative 41

Calcium Sulfate Bearing Materials
G Tzouvalas, A Papageorgiou, D Papageorgiou, S Tsimas

Peculiarities of Synthesizing Artificial Zeolites on a Fly Ash Basis 53
and their Usage for Modification of Specially Destined Concrete
E K Pushkarova, O A Gonchar

Performance of Concrete with Mining Sand as an Alternative 61

Non-Conventional Material
Z Y H Harith, K A Shavarebi }

Influence of Modifying Admixtures on Properties of Foam Glass Obtained 67
by Using Ashes Resulting from Incineration of Household Waste
V I Gots, K M Germash

gro




Innovative Materials for Concrete - An Overview
C M S Kutty

Construction Materials Management Adopting GIS Technology
E Arunbabu, P Thirumalini, P Partheeban

The Significance of Embedded Energy for Buildings in a Tropical Country
S P Pooliyadda, W P S Dias

Design and Evaluation of Sustainable Concrete Production
Z Li, Y Yamamoto, O Takaaki

Green Buildings and Flyash Concrete - The Commerce City, Colorado Pr0]ect
M Reiner, K L Rens, A Ramaswami -

Concrete Mixes for Desert Environments
B M El-Ariss

Contribution of Mixed Cements in Production of More Durable
and Sustainable Concrete
R Roskovic, D Bjegovic, J Beslac

Concrete Mixing & Curing: The Influence of Waste Water on the
Characteristic Strength of Concrete
B Mohammed, A A Waziri, B A Umdagas

THEME 2 POLLUTION, WASTE AND RECYCLING
Keynote Paper

Sustainability of the Cement and Concrete Industries
T R Naik, University of Wisconsin — Milwaukee, USA

Development of Self Compacting Concrete for Prefabricated Street Furniture
R Gettu, B Barragan, R L Zerbino, C de la Cruz, M Bravo, C Bernad

Drying Shrinkage and Modulus of Elasticity of Sand and
Total Lightweight Concretes
M N Haque, O Kayali, H Al-Khaiat

Construction Potential of a Mining By-Product
D Ionescu

Refractory Properties of Insulating Materials from Secondary
Cementitious Materials (SCMs)
A Jonker, H Potgieter

Maximum Dosage of Glass Cullet as Fine Aggregate in Mortar
K Yamada, S Ishiyama

75

83

91

99

111

119

127

135

141

151

159

169

177

185

]
2
gé




F_Tf
75
83

91

99

19

127

135

141
151

159

169

177

185

Tl

Durability Performance of Recycled Aggregate Concrete
A R M Ridzuan, A Ibrahim, A M M Ismail, A BM Diah

Performance of Concrete C ontaining Fly Ash at Early Ages
J Wang, P Yan

Use of Recycled Tyre Rubber as Aggregates in Silica Fume Concrete
M Gesoglu, E Guneyisi, T Ozturan

Engineering and Durability Properties of Concrete Containing Waste Glass
M C Tang, W Long, R K Dhir

Potential for Recycling Demolished Concrete and Building Rubble in Kuwait
S Al-Otaibi, M El- Hawary B

-

The Manufacture of Precast Building Blocks Utilising Recycled %
Construction and Demolition Waste
N Jones, M N Soutsos, S G Millard, J H Bungey, R G Tickell, J Gradwell

Best Practicable Environmental Options (BPEQs) for
Recycling Demolition Waste
A Whyte, T D Dyer, R K Dhir,

Cost Effective and Good Performance Concrete for Sustainable
Construction Through Recycling
G Moriconi

Room Temperature Granulated Fly Ash on a Fixed Bed As
Sorbent for Organic Contaminants From Wastewater
F Medici, G Rinaldi

Admixtures Effect on Mechanical Strength of a Concrete
Made of Recycled Aggregate
L Belagraa, M Beddar

THEME 3 MINIMISING ENVIRONMENTAL IMPACT
Keynote Paper

Environmental Assessment of Cement Based Products:

Life Cycle Assessment and the EcoConcrete Software Tool

A Josa, A Aguado, Universitat Politecnica de Catalunya, Spain
R Gettu, Indian Institute of Technology Madras, dndia

Freeze-Thaw Resistance of Porous Concrete Mixed with

Crushed Roofing Tile
M Sugiyama

xiii

193

203
211
219
229

237

245

253

263

271

281

291




L ... ' S B O I e

Durability of Reinforced Concrete Applying Some Expert Systems
from the World Wide Web (WWW)
J Gomez Dominguez, C E P Garay Mendoza

Accelerated Carbonation of Portland Cement Mortars Partially
Substituted with a Spent Fluid Catalytic Cracking Catalyst (FCC)
E Zornoza, P Garces, J Monzo, M V Borrachero, J Paya

Fly Ash Blended Cement: An Effective Material for
Addressing Durability Related Issues
N Shafiq, F Nuruddin

The Use of Coal Combustion Bottom Ash in Lightweight Masonry Units ~

J Groppo, B Phillips, R Rathbone, R Perrone, C Price ¢

Does Recycling Fit with Sustainable Use?
C F Hendriks, G M T Janssen

Development of Technology for Processing Open-Hearth Slag
for Composite Construction Materials
S I Pavlenko, Y V Filippov, U N Anashkina, N S Anashkin

Industrial Waste Utilisation in Building Elements
M M Prasad, S Kumar

Stainless Steel in Concrete for Efficiency and Durability
D J Cochrane

Construction Waste Management: Using the 7Rs Golden
Rule for Industrial Ecology
M S Al-Ansary, S M El-Haggar

299

307

315

323

331

341

351

361

371

THEME 4 ENVIRONMENTAL ENGINEERING WITH CEMENT AND CONCRETE

Keynote Paper

Improvement of Concrete Mix Design for Hazardous Material
Storage or Immobilisation of Wastes by Numerical Simulation

D Damidot, S Kamali, F Bernard, Ecole des Mines de Douai, France

Mix Proportioning and Some Properties of Slag Concrete
M C Nataraja, B M Ramalinga Reddy

Technologies for the use of Hazardous Wastes - F, Zy Ash and
Condensed Silica Fumes for Eco-Friendly Building Materials
R Chowdhury

Mechanical Properties and Reaction Products in Ternary Hydraulic

Systems Anhydrite - Blast Furnace Slag and Metakaolin
P E Fraire-Luna, J I Escalante-Garcia, A Gorokhovsky

Xiv

379

387

399

407




299

307

315

323

331

341

351

361

371

379

387

Closing Paper

MEDIA. A Decision Support Tool for Sustainable Urban Development
C F Hendriks, G M T Janssen, A L A Fraaij, Delft University of
Technology, Netherlands

Late Paper
The Role of Concrete Post Kyoto: The Unrecognized Sequestration Solution?

J Harrison

Index of Authors
Subject Index

415

425

439
441




ENVIRONMENTAL ASSESSMENT OF CEMENT BASED
*_ PRODUCTS: LIFE CYCLE ASSESSMENT AND THE

A Josa
R Gettu
A Aguado
Technical University of Catalonia

Spain
t

ABSTRACT. Life Cycle Assessment (LCA) is an essential tool for the quantitative
evaluation of the impact of a product on the environment. Since this impact can occur in any
stage of its life cycle (from the mining of raw materials to ultimate disposal), its whole life
has to be considered. The basic features of LCA are an inventory (LCI) of environmental
interventions (inputs and outputs of energy and materials used, emissions produced, etc.) and
the assessment of their effect (LCIA) in terms of different potential environmental impacts
(greenhouse effect, ozone layer, acidification or depletion of raw materials and energy,
among others). LCA can be used for a number of purposes, including the environmental
improvement of processes and materials, the comparison of products, or for eco-labelling.
For conducting LCA studies, specific software must be used; a recently-developed program is
the EcoConcrete software, compiled by the European concrete-related industries. In this
paper, the main aspects of the application of LCA to concrete products are presented,
including a brief description of the methodology used, some examples of application and the
EcoConcrete software.
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INTRODUCTION

The limitation of available resources, the importance of protecting nature and the need tq
reach sustainable development makes the evaluation and minimisation of the environmental

impact of any activity increasingly important [1, 2]. This is also the case in the design

manufacturing and use of construction products. The undeniable economic importance of the
construction sector [3] occurs along with significant environmental impacts. Examples of
such impact are the consumption of renewable or non-renewable resources, air and water
pollution; energy consumption during product manufacture and maintenance, and waste
generation as a consequence of the demolition of different types of installations [4].

Besides these negative impacts, it is important to underline the positive effects of the
construction sector on the environment, in terms of the contribution to the improvement of
the habitability conditions, control of-the spreading of diseases and protection against
aggressive climatological agents or natural phenomena, among, other aspects [5, 6]. Along
with bearing in mind the impact caused, it is necessary to evaluite it quantitatively. The most
suitable tool currently available for such evaluation is Life Cycle Assessment (LCA), which

is briefly described in the following section.

LIFE CYCLE ASSESSMENT OF PROCESSES AND PRODUCTS

The life cycle assessment (LCA) methodology permits the evaluation of the environmental
effects of a process or product, considering all the stages in its production from the extraction
of resources to the processing of the wastes derived from it [7]. “This includes identifying
and quantifying energy and materials used, and the wastes released to the environment,
assessing their environmental impact and evaluating opportunities for improvement” [8, 9].
Obviously, there will always be certain limits in the phases considered, which must include
the most relevant ones. This is not feasible with specific processes, such as the manufacturing
of a specific element, or with intermediate products, such as cement or concrete, which have
many subsequent applications. In these cases, the analysis ends in the considered process or
in the manufacturing of the product (‘gate to gate’ or ‘cradle to gate’). The ISO 207
Technical Committee is currently developing international standards for environmental
management, and the committee LCA SC4 deals with LCA.

Figure 1 (adapted from [5] and enlarged) displays the generic life cycle of a concrete product.
As seen in this figure, the life cycle begins in the acquiring of raw materials and ends when
the product is dumped as waste or else when it is intended for other uses. In between, there
are all the phases that the product goes through and where impacts on the environment can
occur, including all the possible intermediate transportation phases.

The complete life cycle of a product includes phases that could be named “constructive” (i.e.,
manufacture, use, maintenance) and phases that could be named “deconstructive” (i.e., reuse,
demolition, recycling). The concept of “deconstruction” is becoming increasingly important,
since it facilitates the utilisation of previously-used materials and the reduction of the impact
that their re-use, recycling or down-cycling may imply. In “pure” deconstruction, the process
to follow would be the opposite of the process used in construction. Figure 2 shows the
constructive and deconstructive phases of a product life, with a specific conception phase
included both in construction and in deconstruction. Only by considering, from conception,
that the products should minimise their global impact and be reintegrated in the environment,
will it be possible to succeed in optimising these totally from this viewpoint.
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Figure 2 Phases in the generic life cycle of a product

The absence of a single environmental unit for dlfferent environmental loads (i. e.,
consumption of raw materials, emission of CO,, water and ait pollution, etc.) implies that the
result of a LCA is made up by a series of values corresponding to each impact considered.
Nevertheless, in some cases, using criteria in which social or political preferences must be
assessed, such values may be reduced to just one. Generally speaking, this implies that,
whenever alternatives are compared, the result cannot be definite if one or more alternatives
have some, not all, higher impacts than the others.

i
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result of a LCA is made up by a series of values corresponding to each impact considered.
Nevertheless, in some cases, using criteria in which social or political preferences must be
assessed, such values may be reduced to just one. Generally speaking, this implies that,
whenever alternatives are compared, the result cannot be definite if one or more alternatives
have some, not all, higher impacts than the others.
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LCA may be used, mainly, as an environmental analysis tool in order to improve industria]
processes or to compare alternative processes or products, or else as a tool for environmenta]
management to guide the development and research of new products and processes (e,

granting of eco-labels, setting-up of environmental basis for comparison, etc.). On the other
hand, LCA provides a common framework of reference to systematise the terminology and

‘the methodology used, and to compare environmental surveys of different origins.

The fact that, at the moment, LCA is not totally standardised is a distinctive dlsadvantaoe
since different methodologies [10-14] may lead to contradictory results if dlfferem
hypotheses (i.e., system boundaries, time and location, etc.) are adopted [15]. In spite of these
inconveniences, LCA has a great advantage: it is generally-accepted by the different parties
involved (i.e., administrations, NGOs and ecological organisations, the industry, etc.).

Usually, a LCA is composed of the following basic phases: .

a) Definition of the objective and the scope of the survey [7] igicluding system boundaries
(i.e., phases included), and the origin and accuracy of data, among other aspects.

b) Inventory (LCI): In this phase, all the environmental interventions of the system (ie.,
consumption of materials and energy, emissions, waste, etc.) are compiled [7], resulting,
in general, in a very long list of figures (Figure 3 shows a relatively short example).

¢) Impact assessment: The environmental interventions of the inventory are classified,
characterised and normalised during this phase [17], and the results are duly added in
different impact categories (i.e.,, consumption of resources, greenhouse effect,
acidification, toxicity, etc.) after having applied the corresponding coefficients based on
scientific evidence (i.e., comparison of the effects of different environmental
interventions). In some cases, a single final value is obtained [18, 19] using assumptions
based on social or political criteria.

d) Analysis of results and conclusions.

EXAMPLES OF APPLICATION OF LCA ON CONCRETE PRODUCTS

The Zaltbommel Road Bridge

This case, presented in [5] and [20], compares the environmental impact of two alternative
bridges through the CML methodology [10]. The study was commissioned by the Dutch
national highways authority and conducted by the University of Amsterdam. The proposed
road bridge was planned across the River Waal, about 20 km north of Hertogenbosch, in The
Netherlands. This bridge had to meet growing road traffic in the motorway and was intended
to replace the existing steel bridge built in 1933.

Figure 4 shows a summary of the results obtaided. In this figure the value of 100% has been
given, for each impact category, to the worst alternative (concrete or steel), and the
corresponding relative value (<100%) has been given to the other one. This way of
representing LCA results does not allow the comparison of the relative importance of each
impact category but provides the quickest way to see the results. It can be seen in this figure
the good results of the concrete solution except in the depletion of natural resources. The
latter result is due to the scarcity of some resources in The Netherlands. Taking into account
these results, the Dutch authorities finally selected and constructed the concrete bridge.
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Railway sleepers

This case is presented in [5] and [21], and compares the environmental impact of two
alternative solutions for railway sleepers through the CML methodology {10]. The study was

commissioned by the environmental office of the Dutch Railways and conducted by external

consultants. Since 1950s, The Netherlands have used both prestressed concrete (about 35% of
all sleepers) and treated timber sleepers. Since the Dutch Railways replaced sleepers on about
200 km of track every year, in addition to the construction of new tracks, the authorities were
interested in using the best solution from the environmental viewpoint.

LCt
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Gypsum Water co2 s
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Natural gas Diesel P M
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Emissions 2‘“"’ i
~ s
Particules Hg P s
CO2 Cd ”» 5
CO Ti 2 5
< z
NO, Sb e .
S0, As Founl fect "
NzO Pb : Q1) 5
! Phemal s
HC Cr cop T
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Energy | Noise BB sciad . .
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Figure 3 Environmental interventions for cement (left, [16]) and LCI for 1 t of cement (right)

Table 1. Example of impact categories [14]

IMPACT CATEGORIES
Global warming  Photochemical smog Human toxicity air Hazardous waste
Ozone depletion Ecotoxicity water chronic Human toxicity water Radioactive waste
Acidification  Ecotoxicity water acute ~ Human toxicity soil Slags/ashes
Eutrophication  Ecotoxicity soil chronic Bulk waste Resources (all)

i i

Figure 5 shows a summary of the results obtained, with the same format as in Figure 4. It can
be seen that the concrete solution also has good results except in the depletion of natural
resources, for the same reason as in the previous case, and in non-chemical waste. The
negative effects of the timber sleepers are largely due to the creosote treatment.
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External Sewer

This case is presented in [22]. It analyses the environmental behaviour of an external concrete
sewer and compares the results with those of several alternative solutions (i.e., three types of

PVC and vitrified clay). The study was commissioned by the industrial sector and

Was.

Ep e - conducted by Infron. In general, all results Were favourable to the concrete solution. Figyre ¢
shows a summary of these results in the same format as in the previous cases.
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%
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04

r
DEP GWC ACI GHE AIP WAP CHW NCW ENE

IMPACT CATEGORIES

OConcrete
N Steel

-

Figure 4 Results for the Zaltbommel road bridge [5, 20]

(DEP: depletion of non-renewable natural resources; GWC: groundwater consumption; ACI: acidification;

GHE: greenhouse effect; AIP: emissions to air; WAP: emissions to water; CHW: chemical wastes; NCW: non-

100

chemical wastes; ENE: energy consumption)
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Figure 5 Results for the railway sleepers [5, 21]
(DEP: depletion of non-renewable patural resources; GWC: groundwater consumption; ACI: acidification;

GHE: greenhouse effect; AIP: emissions to air; WAP: emissions to water; CHW: chemical wastes; NCW: non-
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(RM: raw materials; EN: energy; EM: emissions; PO: photochemical oxidant formation; AE: aquatic eco-

chemical wastes; ENE: energy consumption)

IMPACT CATEGORIES

HConcrete
PVC 1
PVC 2
BPVC 3
MV, ceramic

Figure 6 Results for the external sewer [22]

toxicity; NW: normal wastes; HW: hazardous wastes)
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Pavements

This case is presented in [23], and compares the environmental impact of concrete and
asphalt pavements for a specific application in a Nordic motorway. The study was

 commissioned by several industrial sectors, including those involved. in concrete and asphalt,

and was conducted by Technical Research Centre of Finland (VTT).

Table 2 shows a summary of the results. It can be seen that, in this case, each alternative
scores better than the other in 5 out of 10 parameters, which means that no clear conclusions
can be drawn. Other cases of pavement comparisons can be found in [24].

Table 2 Results for the pavements [23]

CONCRETE ASPHALT PAVEMENT ASPHALT PAVEMENT

PAVEMENT (Finnish maintenance) (Swedisl maintenance)
CO,, kg/km © 940000 590000 670000
SO,, kg/km 1700 2500 2800
NO,, kg/km 4700 3000 3600
CO, kg/km 2000 610 670
VOC, kg/km 1000 1900 2100
Particulates, kg/km 650000 1200000 1200000
Hg, kg/km 0.0076 0.000042 0.000064
Non-renewable energy, GJ/km 11000 21000 25000
Noise (affected land) , ha/km 70 52 52

Comments on the Cases Presented

The cases presented in the previous paragraphs are a selection of those published in different
references. Concrete solutions have frequently good results in relation to alternatives due to a
number of reasons. On the one hand, the resources required (i.e., limestone, clay) are very
abundant in nature and are easily mined. On the other hand, concrete products are chemically
inert and very durable, require low maintenance and can be completely recycled. Finally, the
emissions and wastes produced are non-toxic. On the negative side it should be said that
cement manufacture requires important amounts of energy and produces high quantities of
some gases, in particular CO,. It is important to emphasize, again, that for analysing the
results of an LCA it is always essential to take into account the assumptions adopted.

THE ECOCONCRETE SOFTWARE TOOL

The FEcoConcrete software tool is a tailor-made software providing fully-fledged, peer
reviewed results of LCA of 10 selected concrete applicatiohs, according to three different
methodologies (CML [10, 14], EDIP [12], Eco-Indicator [13]) and ISO standards. The tool is
based in a user-friendly development of Microsoft Excel and is co-owned by BIBM, the
International Bureau for Precast Concrete, CEMBUREAU, the European Cement
Association, EFCA, the FEuropean Federation of Concrete Admixtures Associations,
ERMCO, the European Ready Mixed Concrete Organization, and EUROFER, the European
Confederation of Iron and Steel Industries.
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The ten functional units correspond to the following concrete applications: a flat slab
continuous beam, a foundation pile, a motorway pavement, a bridge pylon, a separation ﬂoy()r
a load bearing wall, the elements of a solid wall, a column and pavement blocks. The ﬁrs;
five correspond to ready-mixed concrete applications and the last five correspond to precagt
concrete appliCations.. - o e - :

These ten functional units are analysed from cradle to grave using inventory data provided by
the software co-owners, and taking into account the use and maintenance phases and the end-
of-life scenario of the different applications considered. An example of graphical resujts
corresponding to the analysis of precast pavement blocks is shown in Figure 7. These results
are also given numerically and can be processed further. All the results are split into the
different stages of the life cycle allowing the analysis of the relative importance of each of

them in the final impact. .

Figure 7. Example of graphical results of the EcoConcrete software tool

FINAL REMARKS

LCA methodology is widely accepted for assessing the effect that all kinds of products, and
in particular those corresponding to the construction sector, cause on the environment. Since
relevant effects can take place in any stage of the life cycle of the product, a cradle to grave
approach must be considered. It is important to have this approach from the very beginning of
the design in order to minimise the global effect on the environment including the end-of-life
scenario. ¢

Applying LCA to the field of concrete products enables the identification of the life cycle
phases where it might be necessary to introduce environmental improvements, as well as
comparing alternative solutions (i.e., processes, products) from the perspective of their
impact on the environment.
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Concrete based solutions frequently have a good environmental behaviour in comparison
with alternatives due to a number of reasons. However, the results are highly dependent on
the assumptions of the analysis conducted, which means that in many cases it is difficult to

reach definitive conclusions.

BeoConcrete is a new tailor-made software tool for the use of the LCA methodology to 10

specific concrete applications. It provides fully-fledged and peer reviewed results applying
three different methodologies following 1SO standards.
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