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Abstract: Both the Ceramic wastes and the pollution of the cement industry can cause 
strong damage to the environment and the sustainable development. In the present study, 
the pozzolanic activity of household ceramic waste powder was investigated by SAI test 
and Frattini Test; the possibility of the partial substitution of Portland cement blended 
with ceramic waste powder was analyzed. The results indicate that the compressive 
strengths of mortar containing ceramic waste at both early age and after 28 days were 
generally increased as the ceramic waste ratio increased up to at least 15% replacement, 
and the ground ceramic waste show clear pozzolanic activity. 

1    INTRODUCTION 

Since 2002, the output of the cement industry in China has been larger than any other 
country in the world. It is known that around 1 ton of carbon dioxide is emitted for each 
ton of cement production (Fig.1 (a)). The total cement output was about 2.48 billion 
tons in 2014, and this trend will continue due to economic growth. Consequently, it is 
important to take effective measures to reduce the carbon dioxide pollution caused by 
the cement industry. 

 

Fig.1. Pollution of cement industry and ceramic waste on the environment 
(a. Cement industry in China; b. Household ceramic waste) 
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At the meantime, China is the world’s leading manufacturer of ceramics; as a result, 
more than 100 million tons of ceramic wastes are produced each year in China. The 
ceramic waste is a serious problem, as there is between 10% and 20% waste from the 
processing procedures. Only in Guangdong province in south China near Hong Kong, 
the ceramic waste and waste sludge are about 10 million tons each year. The disposal of 
this waste not only occupies large areas of land, but can also severely pollute the 
environment (Fig.1 (b)). Hence, correct treatment of ceramic waste is necessary to 
preserve the environmental degradation. The reuse of such waste cannot only protect the 
environment, but also offers a great advantage in partial replacement of cement in 
concrete for example. As mentioned, more than 2 billion tons of cement is produced 
annually in China, so 5% replacement of cement would require some 10 million tons of 
pozzolanic materials and reduce the similar amount of CO2 emission. That may show 
significant advantage to both the environment and the sustainable development of the 
construction industry. 

There have been several previous studies that have investigated the use of powdered 
igneous or metamorphic rocks, as pozzolanic material [1-3] and the use of ceramic 
waste as aggregate in concrete [4-5]. The investigation on the ceramic roof tile wastes 
and clay bricks as pozzolanic admixture has been also been conducted [6-7]. 

In this paper, our attention is focused on the household ceramic (TC) waste from 
China. In reviewing the literature, few data was found on this topic. The aim of this 
study is to evaluate the possibility of partial substitution of Portland cement with 
household waste to produce environmental friendly cement or concrete. 

The powdered ceramic waste was used to replace cement in the ratio of 5%, l5% and 
25%. The chemical composition, the flowability and crystal structures, especially the 
pozzolanic activity of the ceramic waste powder is investigated. The results of the study 
are highly significant for the sustainable development of construction materials as they 
indicate that the ceramic waste can be reused in partial substitution of Portland cement, 
and the market for the recycled new pozzolanic materials could be enormous. 

2    EXPERIMENT 

The experimental program had the following three main aims: 
(a) Investigation of the workability of mortars containing household ceramic wastes in 
comparison with normal cement mortar and cement mortar with fly ash addition. 
(b) XRD analysis of ceramic waste powder and its comparison with normal cement and 
fly ash. 
(c) Evaluation of the pozzolanic activity in terms of the Frattini test and SAI test, 
compressive strength of samples containing household ceramic wastes is compared with 
that of normal cement and cement mortar with fly ash addition. 

2.1 Materials 
The household ceramic wastes were obtained from south China. The mix design is 

listed in Table 1. Cement CEM I 42.5 (CEM-I) with a specific surface area of 330 
m2/kg, fly ash (FA) with the specific surface area of 516 m2/kg and household ceramic 
waste powder with a specific surface area 530 m2/kg were used. The ceramic wastes 
replace 5%, 15% and 25% of cement. The sand used conformed to ISO 679: 2009 [8]. 
The water/binder ratio was 0.5. 
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Table 1 Mix-design of mortars 

  Cement (g) TC/FA(g) Water(g) ISO sand(g) W/B 

CEM-I 450 0 225 1350 0.5 
TC/FA5 427.5 22.5 225 1350 0.5 
TC/FA15 382.5 67.5 225 1350 0.5 
TC/FA25 337.5 112.5 225 1350 0.5 

 

2.2 Grain size analysis 
Ceramic wastes were ground by a ball mill for 24 hours. The particle size distribution 

of cement, fly ash and ceramic waste powder (measured by laser granulometry) is 
illustrated in Fig. 2. It can be seen that for any particular size the percentage of ceramic 
waste powder and fly ash was greater than that of cement. The most part (almost 100%) 
of the ceramic waste powder and fly ash was smaller than 40 μm. 

 

Fig.2. Particle size distribution of materials used 

2.3 Chemical analysis 
The alkali environment of mortar or concrete matrix is an important factor that 

affects the durability. The aim of the present investigation was to use the recycled 
ceramic powder as a part of the mortar or concrete. Hence, the matrix should have a 
similar alkali ambient to normal cement. The lower boundary of pH value of ceramic 
waste powder was limited, in order to avoid the reduction of the general alkali value of 
the concrete matrix. The evaluation of the pH-value of cement, ceramic waste powder 
and fly ash solution was carried out (see Table 2). It can be seen that pH-value of 
ceramic waste powder solution is about 10.4 and could be suitable for using in cement 
or concrete matrix. 

Table 2 Comparison of the pH-values 

  CEM TC FA 

pH value 12.46 10.41 11.94 

 

The chemical compositions of CEM, FA and TC were analyzed using X-ray 
fluorescence and results are presented in Table 3.  
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Table 3 Comparison of the chemical composition of CEM, FA and TC 

 CEM-I(%) TC(%) FA(%) 

CaO 66.9 0.57 8.25 
SiO2 16.8 71.03 49.1 
Al2O3 4.36 18.22 26.2 
Fe2O3 4.19 2.59 10 
SO3 3.89 - 0.533 
MgO 1.77 0.33 1.23 
K2O 1.12 4.66 1.58 
TiO2 0.311 - 1.88 
Na2O 0.263 1.03 0.641 
SrO 0.253 - 0.198 
ZrO2 0.0646 0.28 0.1 
ZnO 0.0429 0.2 0.0361 
Cl 0.0339 - - 
PbO - 0.58 - 
CdO - 0.18 - 

Rb2O - 0.11 - 
BaO -  0.157 
Sum 99.9984 99.78 99.9051 

The main chemical components of ceramic waste powder are similar to those of FA 
and consist mainly of SiO2 and Al2O3, and they are expected to contribute to the 
pozzolanic activity of ceramic waste powder. The high content of potassium oxide (K2O) 
may have a negative effect and the compressive strength of the samples may be reduced. 

2.4 Workability of different mixtures 
Table 4 illustrates the flowability of mortars with different ratios of ceramic waste 

powder and fly ash substitutions.  

Table 4 Flowability of different fresh mortars 

Mixture CEM-I TC5 TC15 TC25 FA5 FA15 FA25 

Flowability(mm) 176.5 175 189 188 177 184 189 

From Table 4, it can be seen that the ceramic waste powder does not exert negative 
influence on the workability of the mortar if the substitution ratio is lower than 25%.  

2.5 XRD analysis 
The X-ray diffraction (XRD) testing of cement, fly ash and ceramic waste is carried 

out to evaluate and compare the crystal structures and amorphous behavior of the 
materials. The results are presented in Figs. 3.  
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Fig.3. XRD of different powders (a. CEM; b. FA; c. TC) 

CEM in Fig.3a shows very slight crystalline behavior. The peak intensity is about 
250 counts. The calcium magnesium aluminum is the main crystalline forms detected 
while calcium silicate is the minor compound. Fig.3b shows that quartz of low degree 
crystallinity is the main compound with synthesized mullite and silimanite as minor 
compounds in the fly ash. Fig.3c reflects that quartz of low degree crystal is the main 
compound detected in the test accompanied with calcium aluminum oxide and 
synthesized berlinite as the minor compounds in the ceramic waste powder. The low 
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average intensity of TC shows low crystalline degree. Compared to cement and fly ash, 
it can be seen that ceramic waste powder shows few higher peak intensities due to the 
slightly crystalline structure (Fig. 3c). It is noted that the average crystalline degree of 
TC was similar to that of fly ash. The ceramic waste also illustrates clear amorphous 
structure, which indicates that the crushed household ceramics waste could be used as 
both pozzolanic material and as fine filler. 

2.6 Pozzolanic activity 
In order to evaluate the pozzolanic activity, the Frattini test and SAI test were 

conducted [9-13]. Studies indicate that the Frattini test (direct) and the strength activity 
index (indirect) are found to be the most accurate and reliable methods to assess 
pozzolanic reaction of calcined clays to be used in blended cements[11-12], when two 
direct tests (Frattini and saturated lime) and two indirect tests (strength activity index 
and electrical conductivity) were evaluated.  
In addition, Malquori[13] has suggested that an evaluation of pozzolanic materials for 

purpose of their addition to Portland cement must be based on two factors: (1) the 
mechanical strength of mortars and concretes made with a Portland pozzolan mixture, 
and (2) the reduction of free calcium hydroxide in the hardened pozzolanic cement. 
Therefore, in this research work the Frattini test and the SAI test were used to evaluate 

the pozzolanic activity of ceramics blended cement. 

2.6.1 Strength activity index (SAI) of different mortars  
The most important quality for pozzolanic activity is seen in the compressive 

strength. In order to evaluate the compressive strength of blended cement, the concept 
of Strength Activity Index (SAI) is used. SAI is defined as the ratio of the compressive 
strength of cement with additional waste powder to the compressive strength of cement 
without any addition [14–17]. The ceramic waste powder may show pozzolanic activity, 
if SAI is greater than 0.65[14], 0.8[16] or 0.75[17] with cement replacement of 30%, 
20% and 30 after 28 days.  

Prismatic specimens of 40 mm x 40 mm x 160 mm were cast and wet cured at 20℃ 
[14-15]. Results of compressive strengths and SAI values of various mortars at different 
ages are listed in Tables 5 and 6. 

Table 5 Comparison of compressive strengths of various mortars at different ages 
 CEM-I TC5 TC15 TC25 FA5 FA15 FA25 

1d 8.95 6.31 9.92 10.64 12.10 9.73 8.50 

7d 37.82 36.07 32.79 30.66 36.99 32.64 28.13 

28d 45.57 46.52 49.57 44.06 49.55 45.57 38.18 

 

Table 6 Comparison of SAI values of various mortars at different ages 

  CEM-I TC5 TC15 TC25 FA5 FA15 FA25 

1d 1 0.71 1.11 1.19 1.35 1.09 0.95 

7d 1 0.95 0.87 0.81 0.98 0.86 0.74 

28d 1 1.02 1.09 0.97 1.09 1 0.84 
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In comparison with the CEM samples without waste powder, it can be seen that: 
The compressive strength of the samples with 15%and 25% of ceramic waste powder 

increased 11% and 19% after 1 day, respectively.  
After 28 days, the compressive strength of the samples with the mix ratio of 5% and 

15% of ceramic waste powder increased slightly, whereas TC25 decreased slightly 
(3.3%). This implies that 15% of TC could be a possible upper bound for an effective 
substitution. 
 The compressive strength of the samples decreased with the increasing of waste 

powder and fly ash after 7 days. 
 All the SAI values of TC5, TCl5 and TC25 samples without heat treatment are 

higher than 0.8 and the values of FA, indicating that ceramic waste powders show 
good pozzolanic activity, which could be very cost-efficient for industrial use. 

2.6.2 Frattini Test 
The Frattini test was conducted after 8 days curing at 40oC according to the EN 196-

5 2011[18]. Results are presented as a hyperbolic curve related to the calcium ion 
[CaO] concentration versus hydroxyl ion [OH-] concentration (Fig.4). 

 

 

Fig.4. Frattinitest results for blended cement containing TC and FA powder 

The interaction relationship of [CaO] and [OH-] concentrations expresses the lime 
solubility curve and divides the [CaO] - [OH-] domain into an upper pozzolanic inactive 
region and a lower pozzolanic active region. The theoretical maximum [CaO] [19] 
concentration can be calculated according to Eqn. (1) 

Max [CaO] = 350/ ([OH-] – 15) (1) 

The [OH-] of various mortars can be compared with the Max [CaO] and the results 
quantified as the difference between the two values, and they are expressed as the 
reduction of the Max [CaO]% illustrated in Table 7. 
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Table 7 Difference of standard calcium hydroxide concentration to the measured concentration 

Number [OH] [CaO] Theoretical max[CaO]  [CaO] reduction 
 mmol/L mmol/L mmol/L % 

TC5 53.93 5.37 8.99 40.3 
TC15 53.07 5.33 9.19 42 
TC25 47.29 4.74 10.84 56.27 
FA5 49.86 5.81 10.04 42.13 
FA15 43.66 5.06 12.21 58.64 

FA25 41.52 3.59 13.2 72.8 

2.6.3 Comparison of SAI test and Frattini Test 
For evaluation of the pozzolanic activity of the waste material, it is important to 

consider the experimental method used. The Frattini test and the SAI were found to be 
the most accurate and reliable methods to assess pozzolanic reaction of various 
materials in blended cements. 

The correlation between measured pozzolanic activity of six test materials using the 
Frattini test and the strength activity index test is illustrated in Fig. 5.  

 

 

 

 

 

 

 

 

 

Fig.5. Correlation between pozzolanic activity of FA and HC 

It can be seen that there is a significant correlation (R2 = 0.78) between the Frattini 
test results and the SAI results. 

3    CONCLUSIONS 

.Mortars with Portland cement, fly ash blended cement, the household ceramic waste 
powder with cement substitution ratios of 5%, 15% and 25% were experimentally 
investigated. The pozzolanic activity is an important precondition for recycling of the 
ceramic waste. The present investigation of ceramic waste powder led to the following 
conclusions: 
 The ceramic waste powder did not have a negative influence on the workability of 

the mortar for substitution ratio of cement up to 25%.  
 Low degree crystalline quartz is the main compound of household ceramic waste 
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powder, and the ceramic waste shows amorphous structure. 
 The compressive strength of TC 5 and TC 15 were higher than those of TC 25 after 

7 and 28 days. This implies that 15% of TC could be a possible upper bound for an 
effective substitution ratio of cement. 

 All the SAI values ofTC5, TCl5 and TC25 samples without heat treatment were 
higher than 0.8 after 7 days. 

 The results of Frattini test can be quantified where [OH-] is in the range 40-55 
mmol/l. 

 The ceramic waste powder shows high pozzolanic reactivity from 1 day to 28 days 
by Frattini test and SAI test. There is significant correlation between the Frattini 
and SAI test results (R2 = 0.84). 

The crushed household ceramic waste powder could be used in cement as both 
pozzolanic active material and as fine filler. The substitution ratio of 15% of TC appears 
to be both a reactive efficient point and a possible economically favourable point 

ACKNOWLEDGEMENT 

The authors acknowledge the National Natural Science Foundation of China (Grant: 
51578109), and Fundação  para a Ciência e a Tecnologia (SFRH/BPD/22680/ 2005). 

REFERENCES 

[1]   Ding Y., S. Jalali, and C. Niederegger: Recycling of metamorphic rock waste in 
ecological cement. Proceedings of the ICE - Construction Materials.  163 (2010) 
143-148. 

[2]   Kitsopoulos KP and Dunham AC: Heulandite and mordenite-rich tuffs from 
Greece: a potential source forpozzolanic materials. Miner. Depos, 3l (6) (1996) 
576-583. 

[3]   Pedersen MB: Alkali-reactive and Inert Fillers in Concrete. Rheology of Fresh 
Mixtures and Expansive Reactions, Dissertation, 2004, Department of Structural 
Eng, Norwegian University of Science and Technology. 

[4]   de Brito, J., A.S. Pereira, and J.R. Correia, Mechanical behaviour of non-structural 
concrete made with recycled ceramic aggregates. Cem. Concr. Compos., 27 (4) 
(2004) 429-433. 

[5]   Silvestre, R.,Medela,E.,Garcíaa,A.and Navasb,J.,Utilizing recycled ceramic 
aggregates obtained from tile industry in the design of open graded wearing course 
on both laboratory and in situ basis. Mater. Des., 50 (0) (2013) 471-478. 

[6]   Lavat, A.E., M.A. Trezza, and M. Poggi, Characterization of ceramic roof tile 
wastes as pozzolanic admixture. Waste Manage., 29 (5) (2009) 1666-1674. 

[7]   S. Wild, A. Gailius, H. Hansen, L. Pederson and J. Szwabowski , Pozzolanic 
properties of a variety of European clay bricks. Building Research & Information, 
25 (3) (1997) 170-175. 

[8]   ISO 679:2009:Cement -- Test methods -- Determination of strength 
[9]   Shi, C., An overview on the activation of reactivity of natural pozzolans. Can. J. 

Civ. Eng., 28 (5) (2001) 778-786. 
[10]   He, C., B. Osbaeck, and E. Makovicky, Pozzolanic reactions of six principal clay 

minerals: Activation, reactivity assessments and technological effects. Cem. 
Concr. Res., 25 (8) (1995) 1691-1702. 

[11]   Donatello, S., M. Tyrer, and C.R. Cheeseman, Comparison of test methods to 
assess pozzolanic activity. Cem. Concr. Compos., 32 (2) (2010) 121-127. 



Yining Ding,Huiwen Dong,Yongchao Zhang and Cecilia Azevedo 
 

 10 

[12]   Tironi, A., Trezzaa,M., Scianb A. and Irassara, E. , Assessment of pozzolanic 
activity of different calcined clays. Cem. Concr. Compos., 37 (0) ( 2013) 319-327. 

[13]   Malquori, G. : Portland–pozzolan cement. In Proceedings of 4th International 
Symposium on the Chemistry of Cement, Washington, Vol. II (2013) 983–1000. 

[14]   SAPRC (Standardisation A dministration of the People's Republic of China) 
(2005) GB/T 2847-2005: Chinese Standard: Pozzolanic materials used for cement 
production. Standards Press of China, Beijing. 

[15]   SBQTS (State Bureau of Quality and Technical Supervision) (1999), GB/T 
17671-1999: Chinese Standard: Method of Testing Cements - Determination of 
Strength. Standards Press of China, Beijing. 

[16]   British Standard (BS) 3892.Pulverised-fuel ash, Part 1: Specification for 
pulverised fuel ash for use with Portland cement;1997. 

[17]   American Society for Testing and Materials (ASTM) C618, Standard 
specification for coal fly ash and raw or calcined natural pozzolan for use in 
concrete; 2005. 

[18]   British Standard Euronorm (BS EN) 196.Methods of testing cement. Part 5: 
Pozzolanicity test for pozzolanic cement; 2011. 

 

 

ccastro
Nota
Marked definida por ccastro


	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



