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Abstract. During wet curing, the alkali concrete compounds, such as calcium hydroxide, can
be leached out to the curing solution, due to the pH gradient between concrete and curing
solution. In the presence of high volume fly ash cementitious blends, there is a decrease in
concrete pH that may further magnify the problem. In this context it was carried out a
research in mortars with an original composition of high volume fly ash and calcium
hydroxide. These were exposed to water curing and water saturated with calcium hydroxide
curing. The results show that the introduction of calcium hydroxide in the curing solution,
provides a slightly enhancement of carbonation resistance. Based on the obtained results, the
incorporation of calcium hydroxide in the initial composition seems to be useful to
develop extra strength to carbonation of high volume of fly ash concrete.

1 INTRODUCTION

Lime is one of the oldest building materials [1], whose first known uses in mortar, date
back to the Palaeolithic Age in the Fire Age [2]. Some of known ways of using lime refer to
the Neolithic period: lime fragments were found in Nevali Cori, in eastern Turkey, referring
to 8.000-10.000 B.C.; the oldest mortar made with just lime are in Jericho, Palestine, dating
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from 7.000 B.C.; the first uses of hydrated limein the construction arein the city
of Catal Huyuk, South Anatolia, Turkey, dated 6.000 B.C.; and knows the use of lime in
stabilization of soils on construction of Shersi pyramid in Tibet, dated 5.000 BC [1-3]. Until
the Nineteenth Century, the air lime was the most widely used material as a binder. Was
replaced by hydraulic lime and later by the cement. Today, with less expression is used for
rehabilitation of old buildings [1, 4]. More recently, mainly in the last decade, the use of
hydrated lime with cement has also been declining due to increased use of superplasticizers
[5]. Today, knowing that there are large environmental problems connected with the cement
industry [6-8], we can use lime to take advantage of some of its properties, reducing the use of
cement in the concrete at the same time we add added value on its properties [9].

In this study, we intend to make mortars with cement, high volume of fly ash and hydrated
lime. Fly ash, when applied in high volume, have many environmental advantages, but tend to
dramatically lower the mechanical and carbonation resistance. Furthermore it is intended to
add to hydrated lime on initial mixture and in the curing solution.

Hydrated lime is a dry powder, too thin, obtained from quicklime, consisting essentially of
calcium hydroxide, magnesium hydroxide, or both. It is a very versatile material with wide
range of applications [3, 5, 9], such construction, treatment, water retainer, asphalt additives,
disinfectant, chemical stabilization of soils, fertilizers, etc. Used in concretes and mortars,
could increases the yield of the mixtures reducing cement consumption, increase mechanical
strength, increase workability, liquids penetration resistance, elasticity, water retention or
better surface finish [1, 3, 5, 9-11]. Besides, The lime provides increased mechanical strength
due 3 mechanism [10]: carbonation, pozzolanic reactions, and increased solubility of the
siliceous materials of the mixture. At least, another advantage may be found in the literature:
carbonation reaction is in accordance with Eqn. (1) [4]. It canbe seen thatthe
resulting calcium carbonate product shows a mass superior to 21%. In addition, his volume
increased 12% [4]. So, it is expected a reduction of voids [1, 4]. For these reasons, it is
expected that the use of hydrated lime, increase the density of the matrix, the mechanical
strength and durability. Finally, create a functional and sustainable material

Ca(OH); + CO; —  CaCOs3 + H>O + 1522 kJ 2)
1.0 kg 0.59 kg 1351 kg 0.243 kg
0.446 dm’ 0.33 dm’ 0.498 dm’ 0.243 dm’?
P=2440 kg/m? P=2710 kg/m? P=1000 kg/m’®

2 EXPERIMENTAL PROGRAM

As a starting point for this research, it was considered the equivalent mortar composition of
a self-compacting concrete with 500 kg/m’ of cement (C), 731 kg/m’ of aggregate (S) and
water-binder ratio (W/B) of 0.25 [12]. Forty five mortar samples were produced by keeping
previous that proportion for three distinct groups: cement (C); cement replaced by 50 and
70% of fly ash (FA) by mass of binder (B=C+FA); cement replaced by 50 and 70% fly ash by
mass of binder plus hydrated lime (HL) as an aggregate replacement. Besides, three W/B ratio
were performed: 0.25, 0.30 and 0.35. Superplasticizer (SP) was used in all mixtures, by
1.70% by mass of the binder. Details of these composition are in Table 1.
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Table 1: Tested compositions

Materials

Designation W/B B C FA HL S w SP
[kg/m®] [kg/m’] [kg/m®] [kg/m®] [kg/m’] [kg/m®] [%L]

0.25 856 856 0 0 1252 214 1.7

| 100C 0.30 856 856 0 0 1141 257 1.7
0.35 856 856 0 0 1029 300 1.7

0.25 856 428 428 0 1151 214 1.7

11 50C+50FA 0.30 856 428 428 0 1040 257 1.7
0.35 856 428 428 0 928 300 1.7

0.25 856 257 599 21.4 1126 214 1.7

111 50C+50FA+2.5HL 0.30 856 257 599 21.4 1015 257 1.7
0.35 856 257 599 21.4 903 300 1.7

0.25 856 257 599 42.8 1101 214 1.7

v 50C+50FA+5HL 0.30 856 257 599 42.8 990 257 1.7
0.35 856 257 599 42.8 878 300 1.7

0.25 856 257 599 85.6 1051 214 1.7

\" 50C+50FA+10HL 0.30 856 257 599 85.6 940 257 1.7
0.35 856 257 599 85.6 828 300 1.7

(0.25) 856 428 428 128 1002 214 1.7

VI 50C+50FA+15HL | 0.30 856 428 428 128 890 257 1.7
0.35 856 428 428 128 779 300 1.7

(0.25) 856 257 599 171.2 952 214 1.7

VII 50C+50FA+20HL 0.30 856 257 599 171.2 840 257 1.7
0.35 856 257 599 171.2 728 300 1.7

(0.25) 856 428 428 257 852 214 1.7

VII 50C+50FA+30HL | 0.30 856 428 428 257 740 257 1.7
0.35 856 428 428 257 628 300 1.7

0.25 856 257 599 0 1111 214 1.7

IX 30C+70FA 0.30 856 257 599 0 999 257 1.7
0.35 856 257 599 0 887 300 1.7

0.25 856 257 599 128 961 214 1.7

X 30C+70FA+15HL | 0.30 856 257 599 128 850 257 1.7
0.35 856 257 599 128 738 300 1.7

(0.25) 856 257 599 257 811 214 1.7

XI 30C+70FA+30HL | 0.30 856 257 599 257 700 257 1.7
(0.35) 856 257 599 257 588 300 1.7

(W/B) was not possible to produce, due to its low workability

After mixing and prior to casting, was evaluated the workability by flow table test [13].
They were produced four samples with 40x40x160 mm?® for each mixture. 24 hours after
mixing, the samples were demoulded [14], and subjected to two kind of curing until 38 days
of age: two samples in wet curing immersed in water (H); two samples in water saturated with
calcium hydroxide curing (CH). After, these samples were subjected at 40 °C for 2 days in an
oven. Then, all the samples were prepared for the carbonation test, and four opposing surfaces
were sealed with paraffin and stored in a carbonation chamber with 4 + 0.5% CO2, 55 + 5%
RH and 20 + 2 °C [15]. After 100 days of testing, they were measured the carbonation depth
in two samples, one for each type of curing: a cross-sections were taken, to measure the
carbonation depth, using thymolphthalein acid-base indicator. The faces broken were divided
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into equidistant parts, so, the carbonation depth of each mixture, was the arithmetic average of
10 measured points.

Table 2: materials characteristics

C FA HL
1425 R Pego Calcidrata
Chemical properties [%] [19] XRF  MEV XRD STIEII/;Y]RD
SiO, 18.27  49.12 56.83 28.7 vitr.* <0.4 [16]
ALOs 4.75 27.30 28.59 22.1 vitr.* <0.5[16]
Fe;0; 3.23 8.19 6.86 4.8 vitr.* <0.08 [16]
CaO 63.94 2.36 1.80
CaO free 1.39
MgO 1.31 1.42 <0.85[16]
SO;3 3.05 1.30
K20 0.57 3.34 1.97
Na,O 0.99 1.78
TiO; 2.32
Cr 0.09
Other 15.4 vitr.*
Carbon 3.65
Loss on ignition 2.72 3.97
Insoluble residue 0.74
Physical properties
D10 (laser an.) [%] 1.33 1.53 1.36
D50 (laser an.) [%] 9.30 8.55 3.80
D90 (laser an.) [%] 24.16 20.19 7.73
Sp. gravity [kg/m?] 3100 2420 2240
Blaine [cm%/g] 4315
Mineralogical properties [%o]
Quartz 18.4
Mullite 7.2
Hematite 34
Total crystalline phase * 29.0
Total glassy phase 71.0
Portlandite 75.8
Calcite 22.6

* vitreous phase by Rietveld method

The materials used were: cement type I 42.5R from the Outdo production center of Secil;
fly ash from Portuguese Pego thermoelectric power plant, hydrated lime type class 1, grade A,
type 1, from Calcidrata [16]; superplasticizer based on modified polycarboxylic, reference
BASF Glenium Sky 617; river rolled sand 0/4 mm. The particles of materials were analysed
by laser analysis which, whose results are reflected in Table 1 (physical properties). It was
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observed that the cement and fly ash had a similar particle size and hydrated lime was the
thinner material. Fly ash were analysed with x-ray diffraction (XRD) and x-ray fluorescence
spectroscopy (XRF). Besides, the identification and quantification of reactive phase was
carried out by Rietveld method. Simultaneous thermal analysis were also carried out for the
hydrated lime, to confirm the lime purity. A scanning electron microscope Hitachi SU1510
(SEM) was used for evaluation fly ash and hydrated lime. It was found that: fly ash were
cenospheres particles, some trapped within in carbon clusters. The hydrated lime consists
mainly small particles, slightly clustered, without visible impurities (Figure 1). These trials
were analysed according a previous study [17] and are reflected in the Table 2.

Figure 1: SEM images- 1-FA (x 1.0k); 2-FA (x 5.0k); 3-HL (x 1.0k)

3 RESULTS
3.1 Workability

The flow test results varied between 134 to 345 mm, although some blends presented no
valid results: segregation or no workability (Figure 2). It was found that the introduction of fly
ash increases the workability, as it increases the volume of incorporation (II and IX). With
70% FA, this increase was very high, which led to the segregation of the mixture com
w/b=0.35 (IX-c). This is consistent with as expected, since the fly ash are finer than the
cement, spherical and without gaps. Otherwise, the introduction of hydrated lime, continually
reduced the workability and prevented the execution of some mixtures (VI-a, VII-a-VIlI-a,
XI-a-b).

Figure 2: flow test

3.2 Carbonation depth

The 100 days carbonation depth, for water curing samples is shown in Figure 3.
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Carbonation depth was very high when the fly ash was used and it is further with the
incorporation of more volume of this addition (II and IX). This is because the fly ash consume
the calcium hydroxide released during the cement. It was observed that the hydrated lime may
be able correct this problem, mainly with lower w/b ratio. In fact, it was found that the best
results were between 2.5 to 10% hydrated lime additions. First, it was noted that increasing
alkalinity is not enough by itself to reduce carbonation depth. On the other hand, addition
further hydrated lime, may not find enough fly ash vitreous phase to react with calcium
hydroxide. The worst results with higher w/b ratio may be due to the increased porosity of the
matrix or leaching.

Figure 3: 100 days carbonation depth — water curing

To analyse the difference of the curing type, the relative carbonation depth ratio was
calculated according Eqn. (2).

calcium hydroxide — water
ratio = y depth depth (2)

water,,,,,

The Figure 4 shows the result of this ratio. It was noted that in general, the calcium
hydroxide curing improve carbonation resistance. Most of the samples, had lower depths of
carbonation. However, it was also observes that in mixtures with just fly ash, the results were
modest (II-a,b and IX-a,b) or worse (II-c). This could mean that the calcium hydroxide curing
does not offer great advantages for this type of mixtures. Moreover, the best results for mixing
with hydrated lime, can be justified by the reduction in the alkali gradient between the
samples and the curing solution, avoiding leaching compounds.

Figure 4: 100 days calcium hydroxide - water — depth curing ratio
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3.3 Compressive strength

The 100 days carbonation compressive strength is shown in Figure 5. As expected, the
binary mixtures with cement and fly ash, had less strength (II and IX). This is mainly due to
the lower amount of available cement. The addition of hydrated lime had better results than
the binary mixtures, mainly from 2.5 to 10% and low w/b ratio (IIl, IV and V). In fact, a
consistent result with the carbonation depth. This may indicate that the best results in both
resistance and carbonation was mainly due to an improvement in the matrix porosity. So, the
alkalinity provided by lime, may not have had such a significant role.

Figure 5: 100 days carbonation compressive strength

It also analysed the influence of calcium hydroxide curing according Eqn. (2). Through the
Figure 6, it was suggested that the results were generally worse for calcium hydroxide curing
samples. This result was different from the carbonation test. One hypothesis is that, the cure
into calcium hydroxide may slow the rate of binder hydration. Other explanation, it occurred
an increased porosity (reduces strength) at the same time as the alkalinity increases (decreases
carbonation depth).

Figure 6: 100 days calcium hydroxide - water — Rc curing ratio

4 CONCLUSIONS

The results suggest that the use of high volumes of ash greatly reduces the strength and
carbonation durability. The use of hydrated lime within the concrete composition may be a
tool to mitigate these problems. The results suggest that for better results, the hydrated lime
should be added until 10% binder. Also, such mixtures must be designed for low w/b ratio
concretes or mortars. The curing results showed that the use of hydrated lime in the solution
of curing, can increase carbonation durability, but the strength further worsens.

Additional studies will be needed to analyse the concrete microstructure changes, study the
reaction products and his different characteristics.

488



Rui Reis, Aires Camdes, Manuel Ribeiro and Raphaele Malheiro

5 AKNOWLEDGEMENTS

The authors wish to acknowledge the team of the Laboratory of Building Materials of
University of Minho and the Unit for Research and Development Materials of ESTG from
Polytechnic Institute of Viana do Castelo in this research collaboration. Also thank Secil SA,
BASF SA and Mota Engil by its kindly supply of cement, superplasticizer and fly ash,
respectively. SEM and XRD facilities were funded by FEDER Funds through QREN — Aviso
SAIECT-IEC/2/2010, Operagao NORTE-07-0162-FEDER-000050.

REFERENCES

[1] Margalha, M.G. 2011. Mortars: supporting document to heritage conservation and recovery classes (in
Portuguese). Evora, University of Evora.

[2] Malinowski, R. 1979. Concretes and mortars in ancient aqueducts. Concrete International 1(1) 66-76.

[3] Coelho, A.Z., Torgal, F.P. and Said, J. 2009. The lime in the construction (in Portuguese). Guimaraes:
TecMinho.

[4] Gomes, A., Pinto, A.P.F. and Pinto, J.B. 2013. Gypsum and lime of construction (in Portuguese). Lisboa,
Instituto Superior Técnico.

[5] O‘Looney, D. and Pavia, S. 2015. A Study of the Functionality of Hydrated Lime as an Admixture. Journal
of Materials Science Research 4(1) 1-11.

[6] Jeronimo, V. 2015. Study of concrete durability with added waste from clay industry focusing on corrosion
of armor (in Portuguese). Federal University of Rio Grande do Sul.

[7] Toledo Filho, R.D., Gongalves, J.P., Americano, B.B. and Fairbairn, E.M.R. 2007. Potential for use of
crushed waste calcined-clay brick as a supplementary cementitious material in Brazil. Cement and Concrete
Research 37(9) 1357-1365.

[8] Isaia, G.C. and Gastaldini, A.L.G. 2004. Environmental and economic perspectives of concrete with high
levels of mineral additions: a case study (in Portuguese). Ambiente Construido 4(2) 19-30.

[9] Faria, M. 2004. Mortar coating for old masonry (in Portuguese). Lisbon, New University of Lisbon.

[10] Tate, M. 2005. The most important property of cement-lime mortar in masonry construction is .... /n NLA
Building Lime Group ed. International Building Lime Symposium 2005. Orlando, Florida, USA, NLA Building
Lime Group. 1-11.

[11] Abell, A.B. and Nichols, J.M. 2003. Investigation of the rheology and microstructure of hydrated lime and
sand for mortars. /n D. Throop and R. E. Klingner eds. Masonry: opportunities for the 21st century. West
Conshohocken, PA, American Society for Testing and Materials.

[12] Camdes, A. 1996. Use of fly ash in concrete. /In V. Baroghel-Bouncy et al. eds. International RILEM

Workshop on Performance Based Evaluation and Indicator for Concrete Durability. Madrid, Spain, ACI
Committee 232. 311-318.

[13] EN 1015-3: 2004 2004.

489



Rui Reis, Aires Camdes, Manuel Ribeiro and Raphaele Malheiro

[14] NP EN 196-1:2006 2006.
[15] EprCEN/TS 12390-12:2010 2010.

[16] Calcidrata 2010. Ficha de especificagdo de produto: cal hidratada, classe 1, Grau A, Tipo 1, segundo a
norma EN 12518: 2008 (in Portuguese).

[17] Reis, R., Malheiro, R., Camdes, A. and Ribeiro, M. 2014. Carbonation resistance of high volume fly ash
concrete. Key Engineering Materials 634(2015) 288-299.

490



Second International Conference on
Concrete Sustainability

13-15 June 2016

INTERNATIONAL
CAMPUS OF
EXCELLENCE




	TABLE OF CONTENTS
	PREFACE
	SUMMARY
	CONTENTS
	PLENARY LECTURES
	Environmental impact, performance and service lifetime - pillars of sustainable concrete constructio
	Expanding knowledge and resources for modern concrete professionals: innovation, sustainability, and
	Recycling of construction and demolition waste an overview of RILEM achievements and state of the ar
	Sustainability evaluation of the concrete structures 

	TECHNICAL SESSIONS
	CASE STUDIES 
	LEAD PAPER - Sustainability of bridge structures. Indicator system 
	Contributing to sustainability of concrete by using steel fibres from recycled tyres in water retain
	Feasibility study on the utilization of alkali-treated ground municipal solid waste incineration bot
	Ladle furnace slags of low and high alumina in masonry mortars 
	Large infrastructure economic, social and environmental sustainability assessment. An approach to th
	Self-healing performance of magnesia-based pellets in concrete 
	Study of concrete modification effect with recycled aggregate treated by carbonation 
	Sustainability dimension of an elevated corridor over a greenfield 
	Sustainability evaluation of a new type concrete bridge structure 
	The optimization of railway concrete sleepers for increasing the durability and sustainability 
	Thermal mass improvement of lightweight concrete with modified aggregates 
	Wood-Concrete composite floor system in rehabilitation 

	COSTRUCTION ASPECTS 
	LEAD PAPER - Automatic design of building construction processes by simulated annealing. A measure t
	LEAD PAPER - Fabrication, performance and environmental safety of fired bricks from lake silt and se
	LEAD PAPER - Shotcrete reinforced with recycled fibers from secondary waste of end of life tires  
	A case of study for embedding RFID tags in precast concrete 
	An experimental study on precast concrete beam-to-column connection using interlocking bars. 
	Cement based façades for mid-rise commercial sustainable and resilient buildings 
	Durability of concrete exposed to sea water at early age: floating dock method for construction of c
	Eco-mechanical analysis of two lightweight fiber-reinforced cement-based composites 
	Innovative precast concrete structural floor as a part of a HVAC System. The real application experi
	Reducing energy needs in residential buildings in the Spanish climate through an innovative daily st
	Refuse cork as lightweight aggregate for more sustainable masonry units 
	Retrofitting with an IAB concept: a sustainable solution 
	Study of the use of different chemical admixtures in mortars manufactured with recycled sand from CD
	Sustainability features of an elevated road corridor under construction in an urban environment 
	Sustainable TBM tunnels for tomorrow 
	Sustainable technology for PC Grout Infill 
	TRC multilayer precast façade panel: structural behaviour in freezing-thawing condition 

	DURABILITY 
	LEAD PAPER - Alkali-silica resistance of coal bottom ash mort ars 
	LEAD PAPER - Concrete cracking in marine micro-climates 
	LEAD PAPER - Corrosion crack pattern at early ages due to pressure rust layer in reinforced concrete
	LEAD PAPER - Durability of sustainable ternary blended concrete containing blast furnace slag and li
	LEAD PAPER - Effect of phase change material on temperature shifting in concrete panels 
	LEAD PAPER - Replacement of steel with GFRP as internal reinforcement for corrosion-free reinforced 
	LEAD PAPER - Seeking a more sustainable structural concrete by using a combination of polyolefin-bas
	LEAD PAPER - The damage of calcium sulfoaluminate (CSA) cement paste partially immersed in Na2CO3 so
	LEAD PAPER - The paradox of high performance concrete used for reducing environmental impact and sus
	A study on the crack distribution and characteristics of a continuously reinforced concrete pavement
	Assessment of four electrical measurement methods for assessing the chloride resistance of concretes
	Calcium hydroxide curing for accelerated carbonation testing of high volume fly ash cementitious ble
	Carbonation-resistant evaluation of the fly-ash concrete in consideration of the pozzolanic reaction
	Changes in chloride penetration properties caused by reaction between sulfate ions and cement hydrat
	Changes in microstructure and pore structure of low-clinker cementitious materials during early stag
	Chloride diffusion in alkali activated concrete 
	Coal bottom ash research program focused to evaluate a potential Portland cement constituent 
	Concrete as a radon barrier and its characterization 
	Corrosion protection evaluation of galvanized steel reinforced concrete for service life extension i
	Eco-mechanical analysis of tyres-fiber-reinforced cement-based composites 
	Effect of incorporating Sugarcane Bagasse Ash (SCBA) in mortar to examine durability of sulfate atta
	Efficiency of chloride extraction from reinforced concrete with intermittent applications 
	Evaluation of mechanical properties and accelerated Chloride Ion Penetration (RCMT) in alkali activa
	Experimental study of concrete deterioration due to frost action 
	First approach to thermochromic mortars: compatibility between thermochromic pigments and cement 
	Formation of air pores in concrete due to the addition of tire crumb rubber 
	Fundamental study on sorption characteristic of radionuclide ion in cement and blast furnace slag ba
	Geopolymerisation activity of Eifel Tuff 
	Improvement of freezing and thawing durability on scaling of eco-cement extremely dry concrete under
	Influence of C3A content on chloride transport in concrete 
	Influence of carbonation on the chloride Ion diffusion coefficient in fly ash concrete 
	Influence of electric conduction of steel bars on electrochemical measurement of reinforced concrete
	Influence of high temperature history on chloride penetration of concrete using waste-derived aggreg
	Long-term effects of the hardening temperature and relative humidity on the microstructure and prope
	Mechanical properties and chloride ions penetration of concretes containing nanosilica and rice husk
	Mechanical properties of concrete reinforced with recycled steel fibers: a case study 
	Modified expanded clay lightweight concretes for thin-walled floating structures 
	Permeability of hybrid concrete for sustainable bridge deck pavement 
	Porosity and resistivity measurement of accelerated cured geopolymer and conventional concrete 
	Pozzolanic materials obtained through a treatment methodology of landfills. Characterization of new 
	Preliminary assessment of durability of a low carbon concrete made with limestone calcined clay Port
	Preventing reinforcement corrosion in cracked concrete by self-repair 
	Pumpability of sustainable SCC mixtures 
	Punching shear strength of concrete slabs reinforced with recycled steel fibres from waste tyres fro
	Robust design and durability of CO2-reduced concrete with high amount of supplementary cementitious 
	Steel corrosion in recycled aggregate concrete containing amino acid 
	Study of the behavior of concrete with recycled polypropilene fibers  
	Sustainability analysis of steel fibre reinforced concrete flat slabs 
	The influence of metakaolin and natural zeolite on the rheology, engineering and durability properti
	Various durability aspects of cement pastes and concretes with supplementary cementitious materials 

	ENVIRONMENTAL DESIGN 
	LEAD PAPER - A study on an indicator for environmental impacts of cement industry 
	LEAD PAPER - Can a general structural code for both new and existing concrete structures enhance the
	LEAD PAPER - Engeneering the way for sustainability 
	LEAD PAPER - Green concrete specification and environmental declarations of concrete 
	LEAD PAPER - New route to synthesize biobased PCE superplasicizer 
	LEAD PAPER - Overview of resource conservation and closed-loop recycling in concrete toward sustaina
	LEAD PAPER - Sustainability of concrete structures in changing world 
	LEAD PAPER - Swedish view of concrete and sustainability 
	A sustainability assessment approach based on life cycle assessment for structural retrofit of RC me
	Carbon emissions capturing in cement  
	Design for safety in construction work 
	Development of cementious-woodchip compound products for resilience measures in disaster situation t
	Doing more with less: topology optimization as a means for the design of sustainable concrete forms 
	Durability behaviour of sustainable cements exposed under real environmental conditions of the Medit
	Life cycle assessment of protective coatings for concrete 
	NOx adsorption, fire resistance and CO2sequestration of high performance, high durability concrete c
	Parametric analyses on sustainability indicators for design, execution and maintenance of conference
	Self - compacting concrete CO2 uptake 
	Strength development of concrete: balancing production requirements and ecological impact 
	Sustainability and human habitat 
	The French National Project RECYBETON, to recycle concrete into concrete 

	MATERIALS 
	LEAD PAPER - Can artificial recycled fine aggregate truly represent fine aggregated from C&DW 
	LEAD PAPER - Future cements: research needs for sustainability and potential of LC3 technolgy 
	LEAD PAPER - Sustainability applied to prefabrication 
	LEAD PAPER - Sustainability assessment of concrete with recycled concrete aggregates  
	A first approach: towards sustainable civil engineering works using precast concrete solutions 
	A study into the relationships between the mechanical properties of recycled aggregate concrete 
	A study of the sustainability potential of cement reduced concrete 
	Applicability of biomass plant waste to the design of new cement based materials 
	Biomass and coal fly ash as cement replacement on mortar properties 
	Dosage of economic self-compacting concrete with low and medium compressive strength 
	Durability of high volume fly ash concrete used in channel revetment 
	Economical effect on ultra-high performance concrete by using of coarse aggregates 
	Effect of internal alkali activation on long-term pozzolanic reaction of fly ash in cement paste 
	Efficiency factors of fly ash - a powerful tool for mix proportioning 
	Fundamental study on the properties of mortar using Gehlenite clinker as fine aggregate 
	High performance sustainable mortars 
	Impact of aluminates on silicates hydration 
	Material properties and application to structure of low carbon high performance concrete using fly a
	Material properties of mineralized foam and its density dependency - a meta-study 
	Mechanical properties of fiber reinforced cementitious composites with high amounts of fly ash as ce
	Paper as additive in concrete mixtures for low resistance blocks 
	Possible reusing of household ceramic wastes as mineral admixtures in ecological cement/concrete 
	Properties of alkali-activated fly ash mortars made with multiple activators 
	Properties of high fluidity concrete using fine powder of melt-solidified slag from municipal waste 
	Properties of self consolidating concrete containing Natural Pozzolan 
	Recycled aggregate: compliance with legal requirements 
	Research on spray type high ductility PVA fiber concrete used for the deep roadway supporting key te
	Reuse of waste discarded by the ceramic industry as high quality components of concrete 
	Simplifications for considering the contribution of the reinforcement in the compression zone for de
	Structural behaviour of recycled concrete: mechanical strength, shrinkage and bond strength 
	Study of buckling of SMA reinforcements in concrete elements 
	Study of environmentally friendly bedding mortars prepared with recycled aggregates and biomass ash 
	Study of mechanical properties of high performance concrete with addition of stabilized nanosilica 
	Sulphate resistance of concrete containing recycled granulated steel as a partial replacement of fin
	Sustainability assessment of different reinforcement alternatives for precast concrete segmental lin
	The effect of particle size distribution on early age chemical shrinkage of cement pastes  
	Use of incinerated sewage sludge ash in concrete production 
	Use of photocatalytic cements for heavy duty urban roads 
	Valorisation of granite chippings in the design of new cement matrices 
	Valorization of a waste into cementitious material: dredged sediment for production of self compacti


	AUTHORS INDEX

	Button 278: 
	Button 294: 
	Button 295: 
	Button 296: 
	Button 297: 
	Button 298: 
	Button 8: 
	Button 210: 
	Button 211: 
	Button 212: 
	Button 213: 
	Button 214: 
	Button 215: 
	Button 216: 
	Button 217: 
	Button 279: 
	Button 299: 
	Button 302: 
	Button 303: 
	Button 282: 
	Button 284: 
	Button 306: 
	Button 308: 
	Button 3010: 
	Button 300: 
	Button 301: 
	Button 304: 
	Button 307: 
	Button 309: 
	Button 3011: 
	Button 3012: 
	Button 305: 
	Button 3013: 
	Button 3018: 
	Button 3019: 
	Button 3021: 
	Button 3022: 
	Button 3023: 
	Button 3024: 
	Button 3025: 
	Button 3026: 
	Button 3017: 
	Button 3014: 
	Button 3015: 
	Button 3020: 
	Button 3027: 
	Button 3028: 
	Button 3016: 
	Button 3029: 
	Button 3035: 
	Button 3036: 
	Button 3037: 
	Button 3038: 
	Button 3039: 
	Button 3040: 
	Button 3041: 
	Button 3042: 
	Button 3043: 
	Button 3032: 
	Button 3033: 
	Button 3030: 
	Button 3034: 
	Button 3031: 
	Button 3044: 
	Button 3046: 
	Button 3047: 
	Button 3048: 
	Button 3049: 
	Button 3053: 
	Button 3054: 
	Button 3059: 
	Button 3055: 
	Button 3050: 
	Button 3051: 
	Button 3056: 
	Button 3045: 
	Button 3052: 
	Button 3057: 
	Button 3058: 
	Button 3060: 
	Button 3062: 
	Button 3064: 
	Button 3065: 
	Button 3066: 
	Button 3067: 
	Button 3068: 
	Button 3069: 
	Button 3070: 
	Button 3072: 
	Button 3073: 
	Button 3074: 
	Button 3075: 
	Button 3061: 
	Button 3063: 
	Button 3071: 
	Button 3076: 
	Button 3083: 
	Button 3084: 
	Button 3085: 
	Button 3086: 
	Button 3087: 
	Button 3092: 
	Button 3088: 
	Button 3089: 
	Button 3077: 
	Button 3091: 
	Button 3078: 
	Button 3079: 
	Button 3090: 
	Button 3081: 
	Button 3080: 
	Button 3082: 
	Button 3093: 
	Button 3098: 
	Button 3099: 
	Button 30100: 
	Button 30101: 
	Button 30102: 
	Button 30103: 
	Button 30104: 
	Button 30105: 
	Button 30106: 
	Button 3094: 
	Button 3095: 
	Button 30107: 
	Button 30108: 
	Button 30109: 
	Button 301010: 
	Button 3096: 
	Button 3097: 
	Button 30110: 
	Button 30112: 
	Button 30115: 
	Button 30117: 
	Button 30118: 
	Button 30120: 
	Button 30122: 
	Button 30123: 
	Button 30124: 
	Button 30125: 
	Button 30113: 
	Button 30111: 
	Button 30114: 
	Button 30116: 
	Button 30119: 
	Button 30121: 
	Button 30126: 
	Button 30127: 
	Button 30129: 
	Button 30131: 
	Button 30132: 
	Button 30133: 
	Button 30134: 
	Button 30135: 
	Button 30136: 
	Button 30137: 
	Button 30138: 
	Button 30139: 
	Button 30140: 
	Button 30128: 
	Button 30141: 
	Button 30142: 
	Button 30143: 
	Button 30130: 
	Button 30144: 
	Button 30145: 


