
The hydraulic tile is a cement material produced in a handmade way, pressed, composed by three layers. With the coming of sidewalks adaptation 
in accessibility patterns, the tactile-floor tile hydraulic was developed to constitute the floor strip of alert for vision disabled people. The work has the 
objective to develop the mix design of the tile containing hydraulic binder with addition of granite residue. Properties analyzed: water absorption, 
rupture load, flexural modulus and wear by abrasion test. It was verified that the addition of residue to the tile, that it acted as a filler, promoted 
improvements in the analyzed properties; which makes the addition of granite residue an alternative technically feasible for the use in sidewalks 
and also a contribution to the sustainable development of the sector of granite improvement.
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O ladrilho hidráulico é um material cimentíceo produzido de forma artesanal, prensado, composto de três camadas. Com o advento da adaptação 
de calçadas em padrões de acessibilidade, foi desenvolvido o ladrilho hidráulico piso tátil para constituir a faixa de piso de alerta para deficientes 
visuais. O trabalho tem como objetivo desenvolver a dosagem do ladrilho contendo aglomerante hidráulico com adição de resíduo de granito. 
Foram analisadas as propriedades: absorção de água, carga de ruptura, módulo de resistência à flexão e a resistência ao desgaste por abrasão. 
Foi verificado que a adição do resíduo ao ladrilho, que agiu como um fíler, promoveu melhorias nas propriedades analisadas, o que faz com que 
a adição de resíduo de granito seja uma alternativa tecnicamente viável para uso em calçadas e contribua para o desenvolvimento sustentável 
do setor de beneficiamento de granito.

Palavras-chave: ladrilho hidráulico piso tátil, resíduo de beneficiamento de rochas ornamentais, acessibilidade, sustentabilidade, reciclagem.
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2.	 Methodology

Initially, the material components of hydraulic tile and the residue 
to be added into the formulation were characterized. Tile hydrau-
lic factories in the state of Espirito Santo were visited in order to 
study the methodology for mix design of hydraulic tile, and from 
that point, the experimental study of mix design of tactile-floor hy-
draulic tile with added residue began, as well as the verification of 
properties of the hydraulic tiles obtained in LEMAC UFES.

3.	 Characterization of materials

The materials that make up the hydraulic tiles are divided into three 
layers, namely:
• 	 top layer - composed of Portland cement CPIII40RS, residue, 	
	 water and pigment Bayferrox 732; 

1.	I ntroduction

The recent growth in demand for the use of tactile-floor hydraulic tile in 
pavement with accessibility standards in several Brazilian cities raised 
the problem of scarcity of scientific methods of mix design for the product 
in question, with only empirical studies made by craftsmen, which is due 
to the character of artisanal production of hydraulic tile [1, 2] (Figure 1).    
In that sense, the aim of this paper is to develop the mix design of 
tactile-floor hydraulic tile with addition of residue improvement granite, 
in order to make the tile a more sustainable building material on re-
cycling the residue in question as a raw material in its manufacturing, 
and promote improvements in the properties of the tiles produced, 
which are evaluated according to parameters of Brazilian standards 
NBR 9457:1986 [3], NBR 9459:1986 [4] and NBR 9050:2004[5].
 
1.1	 The use of residue improvement granite 
	 in the hydraulic tile
The activities of extraction and improvement of dimension stones are 
very important to the economic development of Brazil. In 2007, the 
sector totalized about 8.0 million tons produced, generating approxi-
mately 140000 direct jobs and 420000 indirect ones [6]. Concomitant-
ly, it appears that the high production sector involves large amounts 
of residue generated, which corresponds to a percentage of 25% to 
30% of the volume of the rock block in the process of sawing slabs 
[7, 8, 9]. The stone sector currently suffers retraction in production as 
a result of the global economic crisis and the extraction of slabs that 
add value to the product instead of stone blocks can be pointed to 
as an alternative to resumption of development of the mining sector, 
which has led to an increased waste generation and consequently to 
a greater concern on sustainability in the environmental aspect of the 
industry of dimension stones. Several researchers [10, 11, 12, 13, 
14, 15, 16] claim that the residue, which is normally discarded by the 
industry can contaminate the environment and be harmful to human 
health when in powder form. And although there are several scientific 
researches on recycling of residue materials for construction present-
ing highly relevant results, the practical application is still small, which 
may be due to the culture of citizens and businesspeople, besides the 
government itself, for the absence of incentives. 
Studies on the utilization of the residue improvement dimension 
stones in cement mortar and concrete screed support the mainte-
nance or improvement in properties in fresh and hardened state of 
the products formed, such as increased compressive strength and 
density and decrease porosity, which helps to confirm the effect of 
“filler” promoted by the residue [17, 18, 19, 20, 21, 22, 23, 24, 25, 
26, 27, 28]. Therefore, using the residue improvement granite in 
tactile-floor hydraulic tile seeks to obtain an increase in the com-
pactness and durability of the final product.
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which states the product to be produced in three distinct layers. In 
each study of the mix design of the layers, tactile-floor hydraulic 
tile were moulded in semi-industrial hydraulic press with pressure 
ranging from 200 kgf/cm2 to 250 kgf/cm2 (Figure 3).
After pressing, the hydraulic tile remained outdoors for 24 hours, 
and then, the immersed cure was proceded in a moist chamber for 
7 days. After this period, the tile remained outdoors until 28 days 
for verification tests of the hydraulic tiles properties during the stud-
ies done. Such check aimed to analyze the influence of the residue 

• 	 intermediate layer - composed of cement CPIII40RS 
	 and residue; 
• 	 lower layer - composed of Portland cement CPIII40RS, natural 	
	 sand deposit, residue and water. 
The residue of improvement dimensions stone used was charac-
terized in accordance with the procedures of the tests of Table 1 
with their respective results. 
The grain size distribution of the residue is presented in Table 2.  
It was found that the residue has 83% particles smaller than 0.075 
mm, that is,  it is a powdery material that should act as a filler, filling 
the gaps in cement materials and increasing their compactness. 
The chemical characterization of residue is presented in Table 3.  
It was found on a chemical analysis that the residue contains high 
levels of silica (SiO2) and alumina (Al2O3), showing the residue as a 
silica-aluminous material. The presence of calcium oxide and iron ox-
ide (CaO and Fe2O3) is drawn primarily from lime and grit contained 
in the abrasive mud used in the process, as abrasive and lubricant, 
respectively. It was also noted the presence of sodium and potas-
sium (K2O and Na2O), which are flux agents, derived from feldspar 
and mica present in the granite, stone that gives rise to the residue.  
The mineralogy characterization of the residue is shown in Figure 2.  
In X-ray diffractograms, the following peaks that correspond to 
crystalline phases of the main minerals present in the residue 
were identified: quartz, microcline, albite, calcite and muscovite.  
The environmental characterization of the residue obtained in leach-
ing tests (NBR 10005:2004 [32]) and solubilization (NBR 10006:2004 
[33]) classified the residue of dimension stones as non-dangerous 
(class II) and inert (B), in other words, it is a residue of class II-B.  
The sand characterization is shown in Table 4 and Table 5. 
Characterization of Portland cement CPIII-40RS used is shown in 
Table 6. 

4.	 Mix design of tactile-floor  hydraulic 
	 tile with addition of residue 		
	 improvement dimension stones

Due to the scant literature on methods of mix design the hydrau-
lic material composition of the tile, it became necessary to visit 
factories of hydraulic tile in the state of Espírito Santo (which 
use empirical proportions in the mix design of the product) and 
studies on mix design, based on scientific methods of packing 
particles through particle size of materials and efficiency of com-
pression. Such studies aim to obtain a product of high packing 
density and maximum compression in pressing particulate [44, 
45], as the residue, for being a filler, must have a physical ef-
fect action of grain size packing in cement products [46, 47].  
Thereafter, studies on mix design for the three layers of hydraulic 
tile were initiated, separately, to attend the NBR9457: 1986 [3], 
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and the limits attendance prescribed by the NBR 9457:1986 [3], 
which are presented in Table 7. 

4.1	 Mix design study on the top layer 
	 of hydraulic tile 
The paste that forms the top layer should be spread in the mould 
and flow into the intermediate layer so that it does not make 
the tile demolding difficult after hydraulic pressing, making it 
necessary to study the flow of the layer. The paste must have 
good workability and cohesion and this depends on the propor-
tion of fine particles in the formulation, which leads to the study 
of various mix design ratios to obtain proper cohesion [46].  
Therefore, the residue was added in the concentrations 0%, 10%, 
20%, 30% and 40% compared to the cement mass and the mini 
slump and Marsh funnel essays were performed. The test proce-
dures of mini slump followed the Gomes methodology [50]. The 
trial aims to study the behaviour of pastes with mineral admixtures 
[51], and so, find the optimum mix design of the relationship be-

tween fine and cement. The test for determining the flowing  index 
of the folder by the Marsh funnel followed NBR 7682:1983 [52], in 
which the flowability index is the measure of time in seconds, 1000 
cm3 paste takes to drain the Marsh funnel. The density of the paste 
was also determined.

4.2	 Mix design study  on the lower layer 
	 of hydraulic tile 
Preliminary tests were performed for manufacturing hydrau-
lic tiles to establish a procedure for production and to obtain 
an initial mix design of hydraulic tile that caused them to be 
demolded without breaks, being adopted 1:3 (cement:dry ma-
terial) mix design for the lower layer and 1:2 (cement:residue) 
mix design for intermediate layer, both in mass.  
The study of the lower layer was anticipated in relation to the 
study of the intermediate layer, as it was verified in preliminary 
tests that it influences, more directly, the properties of hydrau-
lic tile, such as water absorption and flexural strength modulus.  



400 IBRACON Structures and Materials Journal • 2010 • vol. 3  • nº 4

Tactile-floor tile hydraulic with addition residue improvement dimension stones

Study on the packing of grains in the lower layer of the tactile-
floor hydraulic tile was conducted through analysis of the parti-
cle size distribution of sand and residue, because the residue, 

for presenting smaller particles than those present in the sand 
used, must improve the packing of the grains in the formula-
tion, which was verified by Neville (1997) [46]. The model ap-
plied  was ALFRED, described in Oliveira et al. (2000) [44]. 
The calculation of CPFT (Equation 1), which consists on es-
tablishing a cumulative percentage of particles smaller than a 
certain size (Dp), was based on the assumption that the small-
est particle diameter (Ds) of the residue, which is a filler , mea-
sures 1 μm (0.001 mm) and the diameter of the largest particle 
(DL) of sand measures 4.80 mm.  Adopting q = 0.37 of the 
model, where:

Considering the particle size distribution analysis of the residue and 
sand, which showed respectively 93% and 2% of particles located 
below the sieve # 0.150 mm and by calculating the CPFT, it was 
noticed that 24.5% of particles smaller than 0.150 mm could be 
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supplemented by the residual particles, resulting on the increase 
of the residue amount in relation to the total mass of sand residue 
of 4.5% and an increase of 3.3% in the amount of residue in dry 
weight of the layer.
The analysis of the compaction of particles was done through 
the compression test, following standard NBR12023: 1992 - Soil-
cement - Method A [53]. A dry mixture of the components of the 
lower layer of the tactile-floor hydraulic tile was made to study the 
water content which would lead to the value of the maximum dry 
density. To simulate the compaction energy used in hydraulic tile 
during pressing, adjustments were provided, such as: the number 
of strokes was 63 in each of the three layers, use of large socket 
(4.536 kgf), drop height of the socket 45,7cm and use of drum 
pattern. Then the ratio w/c ideal for maximum compression of the 
layer was obtained. 
From the results, hydraulic tiles were molded in mix designs 1:3, 
1:2 and 1:1 in mass, in order to obtain the highest granulometric 
packing possible between the residue and the sand and also to 
verify the influence of increased amounts of Portland cement in the 
values of  flexural strength obtained.  

4.3	 Mix design study  on the intermediate layer 
	 of the hydraulic tile
It was initially adopted the mix design 1:3 (cement: residue) mass, 
changing the ratio of residue to 1:2 and 1:4. Hydraulic tiles were 
molded with the three mix designs levels and the properties were 
checked. Mix designs in the lower layer were maintained at 1:2.  
in this study. 

4.4	 Study on the final mix design of hydraulic tile  
Final mix design was adopted for the hydraulic tile from the test 
results of water absorption and flexural strength. Hydraulic tiles 
were molded in the final mix design for dimensional evaluation and 
verification of strength to wear by abrasion of the floor. 

4.5	 Evaluation of dimensional hydraulic tile
The test for dimensional evaluation in hydraulic tiles was performed 
according to NBR 13818:1997 - Annex S [48], and was conducted at 
the UFES Metrology Laboratory, in the equipment called Counterpoints 
Support Mark C. Stiefelmayer KG. It was done to determine the length, 
the straightness of sides, the orthogonality of the sides, the central cur-
vature, the lateral curvature and the buckling. The test results were ex-
pressed in the form of percentage deviations, through Equations 2, 3, 4, 
5 and 6 (Table 8). Some parameters in the test are shown in Figure 4. 

4.6	 Strength to wear by abrasion  of hydraulic tile
The test for determination of the strength to wear by abra-
sion, which followed the NBR12042:1992, was held in hydrau-
lic tiles manufactured in the final mix design at 28 days of age. 

5.	 Results and discussion 
The results of the verification of the properties of  tactile-floor hy-
draulic tile produced by the survey are presented below.

5.1	 Result of the mix design study on 
	 the top layer of the tile hydraulic
The test results are presented in Table 9. 
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The flow of paste in the Marsh 
funnel became discontinuous 
with a content of 40% residue. 
The difficulty on conducting the 
trial had already been noticed 
when the addition of residue 
was 30%. These facts are con-
sistent with Calmon et al. (2005) 
[26], who verified that the pastes 
with scattering in the final test of 
mini slump below 70 mm did not flow into the Marsh Funnel. The test 
results led to a level of 20% waste in the upper layer of hydraulic tile. 
The dosage of the top layer is shown in Table 10.

5.2	 Result of the mix design study 
	 on the lower layer of hydraulic tile
In the study of packing in the grain size distribution the increase of the 
amount of residue was obtained (Table 11). The properties of hydraulic 

tiles were studied at the mix de-
sign 1:3 with the residue of 15% 
and 18.3% (obtained in the study) 
in dry mass of the layer (Table 12).  
The modulus of flexural strength 
met the provisions of the stan-
dard average NBR9457: 1986 
[3], while the water absorption, 
despite suffering decline in val-
ue, did not reach the standard.  

In the study of the compaction of particles the optimum water content 
of 7.5% was obtained, which represents the ratio w/c = 0.30, and thus, 
hydraulic tiles were molded and evaluated for their properties according 
to Table 13. 
It was found that there was no improvement in property values of 
tactile-floor hydraulic tile molded with water content obtained from 
compaction tests, when compared to values obtained on the pack-
ing. The ratio w/c obtained in the compression test was not enough 
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to lubricate and facilitate the accommodation of grain t o improve 
the compactness of the tile with the hydraulic press used. 
Mix designs for improving the flexural strength and results are pre-
sented in Table 14. 
It was found that the mix design received 1:2 high value of flexural 
strength for a considerable recovery of residue. It was also consid-
ered that the mix design was very close to 1:3 limit standard and 
mix design 1:1 showed higher absorption. 

5.3	 Result of the mix design study on 
	 the intermediate layer of the tile hydraulic
The test results in the intermediate layer are presented in Table 15. 

It was verified in the results of tests for determining the modulus of 
flexural strength and water absorption that the mix design 1:3 had 
better results in the intermediate layer.

5.4	 Water absorption and flexural  strength modulus
Figure 5 shows the values found in the tests of water absorption 
and flexural strength modulus of the three dosages 1:1, 1:2 and 1:3 
in the lower layer. 
The flexural strength modulus met the provisions of the standard 
average NBR9457: 1986 [3]. 
As for water absorption, the 8% of the standard was not met. However, 
NBR9457: 1986 [3] specifies that the lower layer of hydraulic tile must 
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be formed of porous material, and encourage adherence. As porosity is 
a measure of the proportion of the total volume occupied by the pores 
of the concrete, and the absorption is measured by the volume of the 
pores [46] one may conclude that the tactile-floor hydraulic tile, which 
has less porous surface layer, will have a content of high water absorp-
tion, a fact also verified by Cavalli and Valduga (2006) [1].
 
5.5	 Result of the final mix design of hydraulic 
	 tile tactile floor with residue
The final mix design is given in Table 16.

5.6	 Result of the dimensional evaluation
The analysis of acceptability of the assessment was based on the 
dimensional values of NBR 13818:1997 [48] Annex T - Frame IX - 
Group Absorption BIIb (pressed) with water absorption (WA) in the 
range: 6% < WA < 10% with surface (S) product between 190cm² 
and 410cm². Such analysis is presented in Table 17. 
According to the values found in the dimensional test evaluation, 
tactile-floor hydraulic tile manufactured in this research meets the 
limits of the standard.

5.7	 Result of determination of strength to wear 
	 by abrasion 
The result is shown in Table 18. 

It was found that the hydraulic tile disregarded the wear limit of 
the standard, which is due to the fact that the product presents a 
high ratio w/c in the surface layer, which is not conducive to good 
density, and thereby, the compressive strength and the strength to 
wear by abrasion of the floor are decreased [46]. 

6.	 Conclusions

Based on the experimental development and on the results obtained, 
we may conclude that the addition of the residue from improvement 
dimension stones in tactile-floor hydraulic tile increased the flexural 
strength of the product, which was above the limit specified in the NBR 
9457:1986 [3], thus, confirming its “filler” effect in cement materials. 
The  dimensional evaluation  met all the parameters of NBR 
9459:1986 [4], which means that the geometric properties of the 
mold made are appropriate. 
Water absorption showed results of at least 13%, which disregard-
ed the value of 8% of the Standard. This is explained by the fact 
that the hydraulic tile has a lower layer porous to facilitate its adhe-
sion to the substrate. Durability tests should be conducted to verify 
the influence of water absorption in order to propose, if necessary, 
study changes in the rate of absorption in NBR9457: 1986 [3]. Ac-
cording to REIS (2008) [2] it can be seen that the hydraulic tiles 
sold in the region of the State of Espirito Santo, which contain no 
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residues, do not meet the prescribed values of absorption either. 
The strength of wear by abrasion was not answered, because it 
is a floor in which the surface layer has a high water cement ratio 
(w/c = 0.70), which is inherent in the manufacturing process to get 
the paste to flow into the mold, obtaining perfect surface finish on 
the product, besides allowing the demolding without breaks. New 
mix design studies in the surface layer must be done with the use 
of additives plasticizers to decrease the ratio w/c, without damages 
to the workability of the paste. This measure should encourage the 
increase of the strength of wear by abrasion of the floor. 
In this sense, there is a need for further research as for the results ob-
tained for water absorption and strength of wear by abrasion of the floor. 
It is important to emphasize that this study begins a discussion of 
methods for mix design for the hydraulic tile, now back in use, to 
improve the technical properties and also starts a discussion of the 
parameters applied to the standard product. 
Through this research, one can reaffirm that the recycling of solid 
residue generated in the sector of dimension stones is one of the 
alternatives to make the industry sustainable in the environmental 
aspect, as it causes a decrease in the volume of landfill and pos-
sible contamination of soil and water, besides the addition of the 
residue allows minor consumption of non-renewable natural mate-
rials in the manufacture of new products.

7.	 Acknowledgements

The authors thank CAPES, IFES and the LEMAC-UFES for sup-
porting this research. 

8.	 References
 
	 [01] 	 CAVALLI, Angelina Franciele; VALDUGA, Laila. 	
		  Ladrilhos Hidráulicos: Reconstituição e 
		  Caracterização. In: XI ENCONTRO NACIONAL 
		  DE TECNOLOGIA NO AMBIENTE CONSTRUÍDO, 	
		  2006, Florianópolis. Anais... Florianópolis: 
		  ANTAC, p.4042-4050, 2006.
	 [02] 	 REIS, Alessandra Savazzini. Estudo do 
		  aproveitamento do resíduo de beneficiamento 
		  de rochas ornamentais na fabricação de ladrilho 	
		  hidráulico piso tátil. Vitória, 2008. 218f. Dissertação 	
		  (Mestrado em Engenharia Civil) – Universidade 
		  Federal do Espírito Santo, Espírito Santo.
	 [03] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS 
		  TÉCNICAS. Ladrilho Hidráulico. - NBR 9457, Rio 
		  de Janeiro, 1986.
	 [04] 	 ______. Ladrilho Hidráulico. – Formato e dimensões. 	
		  - NBR 9459, Rio de Janeiro, 1986.
	 [05] 	 ______. Acessibilidade a edificações, mobiliário, 
		  espaços e equipamentos urbanos. NBR 9050, Rio 
		  de Janeiro, 2004.
	 [06] 	 ASSOCIAÇÃO BRASILEIRA DA INDÚSTRIA 
		  DE ROCHAS ORNAMENTAIS (ABIROCHAS). 
		  Situação atual e perspectivas brasileiras no setor 
		  de rochas ornamentais. Informe 002/2008. São Paulo. 	
	 2008. Disponível em: <http:// http://www.ivolution.com.br/	
		  news/upload_pdf/6020/Situacao_Perspectivas.pdf>. 	
		  Acesso em: 30 março 2008. 
	 [07] 	 GONÇALVES, J. P.. Utilização do resíduo de 
		  corte de granito (RCG) como adição para produção 
		  de concretos, Porto Alegre, 2000. Dissertação 
		  (mestrado), Universidade Federal do Rio Grande 
		  do Sul, 120p.
	 [08] 	 CAVALCANTI, Diogo Jatobá de Holanda. 
		  Contribuição ao estudo de propriedades do 
		  concreto auto-adensável visando sua aplicação 
		  em elementos estruturais, Alagoas, 2006, 
		  Dissertação (mestrado), Universidade Federal 
		  de Alagoas, 141p.
	 [09] 	 REIS, A. S. dos; ALVAREZ, C. E. de. 



406 IBRACON Structures and Materials Journal • 2010 • vol. 3  • nº 4

Tactile-floor tile hydraulic with addition residue improvement dimension stones

		  A sustentabilidade e o resíduo gerado no 
		  beneficiamento das rochas ornamentais. 
		  In: Encontro Nacional e II Encontro Latino-Americano 	
		  sobre Edificações e Comunidades Sustentáveis – 	
		  ELECS. Anais, Mato Grosso do Sul, ANTAC, 2007, 	
		  CD-ROM.
	 [10] 	 CALMON, João Luiz; TRISTÃO, Fernando 
		  A.; LORDÊLLO, Fernando. S. S. ; DA SILVA, 
		  Sérgio A. C. ; MATTOS, Flávio. Aproveitamento 
		  do resíduo de corte de granito para a produção de 
		  tijolos de solo cimento. In: VII ENTAC – VII 
		  ENCONTRO NACIONAL DE TECNOLOGIA DO 
		  AMBIENTE CONSTRUÍDO, 1998, Florianópolis. 	
		  Anais...Florianópolis: ANTAC, 1998.
	 [11] 	 SILVA, Sérgio Augusto das Chagas. 
		  Caracterização do resíduo da serragem de blocos 
		  de granito. Estudo do potencial de aplicação na 
		  fabricação de argamassas de assentamento e de 
		  tijolos de solo cimento. 1998. 159 f. 
		  Dissertação (Mestrado em Engenharia Ambiental) - 	
		  Programa de Mestrado em Engenharia Ambiental, 	
		  Universidade Federal do Espírito Santo, Vitória/ES,1998.
	 [12] 	 ALMEIDA, Salvador L. Matos de; PONTES, Ivan 
		  Falcão. Aproveitamento de rejeitos de pedreiras e 
		  finos de serrarias de rochas ornamentais brasileiras. 	
		  In: I SIMPÓSIO BRASILEIRO DE ROCHAS 
		  ORNAMENTAIS e II SEMINÁRIO DE ROCHAS 
		  ORNAMENTAIS DO NORDESTE, 2001, Bahia. 
		  Anais eletrônicos... Bahia: CETEM/MCT, p. 89-110, 	
		  2001. Disponível em: <http://www.cetem.gov.br/
		  publicacao/SEMINARIO_ROCHAS.pdf>. 
		  Acesso em:  10 out  2006.
	 [13] 	 SOUZA, Joselito Novaes de. Utilização do resíduo 
		  proveniente da serragem de rochas graníticas 
		  como fíler no concreto asfáltico usinado 
		  a quente. 2001. 108 f. Dissertação (Mestrado 
		  em Engenharia Civil) - Programa de 
		  Pós-Graduação em Engenharia Civil, Universidade 	
		  Federal da Paraíba, Campina Grande/Paraíba. 2001.
	 [14] 	 TORRES, P.; FERNANDES, H.R.; AGATHOPOULOS, 	
		  S.; TULYAGANOV, D.U.; FERREIRA, J.M.F. 
		  Incorporation of granite cutting sludge in industrial 
		  porcelain tile formulations. Journal of the 
		  European Ceramic Society, 24, p. 3177–3185, 2004.
	 [15] 	 MOREIRA, J. M. S.; MANHÃES, J. P. V. T.; 
		  HOLANDA, J. N. F. Reaproveitamento de resíduo 
		  de rocha ornamental proveniente do Noroeste 
		  Fluminense em cerâmica vermelha. (Utilization 
		  of ornamental rock waste from Northwest Fluminense 	
		  in red ceramic). Revista Cerâmica. v.51, n.319, 
		  p.180-186,  São Paulo, Jul./Set. 2005.
	 [16] 	 OLIVEIRA, Inês Constâncio de Almeida.
		  Recuperação paisagística de um aterro superficial 
		  de lamas em Pêro Pinheiro (Sintra). 2005. 70f. 
		  Relatório de fim de curso de arquitectura 
		  paisagística (Instituto Superior de Agronomia – 
		  Universidade Técnica de Lisboa), Universidade 
		  Técnica de Lisboa, Lisboa, 2005. Disponível em:
		   <http://www.isa.utl.pt/ceap/index_files/tfcoliveira.pdf>. 	
		  Acesso em: 10 mar 2008.
	 [17] 	 FREIRE, Alexandre Sayeg; MOTTA, José Francisco 	
		  M. Potencialidades para o aproveitamento 
		  econômico do rejeito da serragem do granito. 
		  Revista Rochas de Qualidade. São Paulo. 
		  Ano XXV. Edição 123, p.98-108, julh/ago, 1995.

	 [18] 	 TRISTÃO, Fernando Avancini. Influência da 
		  composição granulométrica da areia nas 
		  propriedades das argamassas de revestimento. 
		  1995. 188f. Dissertação (Mestrado em Engenharia 	
		  Civil – Curso de Pós-Graduação Engenharia 
		  Civil) -Universidade Federal de Santa Catarina. 
		  Santa Catarina, 1995.
	 [19] 	 CALMON, João Luiz; TRISTÃO, Fernando 
		  A.; LORDÊLLO, Fernando. S. S. ; DA SILVA, 
		  Sérgio A. C. ; MATTOS, Flávio. V. Aproveitamento 
		  do resíduo de corte de granito para a produção de 
		  argamassas de assentamento. In: II SIMPÓSIO 	
		  BRASILEIRO DE TECNOLOGIA DAS 
		  ARGAMASSAS, 1997a. Anais... Salvador: 
		  ANTAC, p.64-75, 1997.
	 [20] 	 MOURA, Washington A.; GONÇALVES, Jardel 
		  P., LEITE, Roneison da Silva. Utilização do 
		  resíduo de corte de mármore e granito em 
		  argamassas de revestimento e confecção de lajotas 	
		  para piso. Revista da Universidade Estadual de 
		  Feira de Santana - Sitientibus, Feira de Santana, 
		  n.26, p.49-61, jan./jun. 2002
	 [21] 	 CRUZ , Daniel Fontan Maia da; LAMEIRAS, 
		  Rodrigo de Melo; BARBOZA, Aline da Silva 
		  Ramos; LIMA, Luciana Amaral de. Estudo das 
		  propriedades mecânicas  de argamassas produzidas 	
		  utilizando-se resíduo do corte de mármore 
		  e granito. In: VI SEMINÁRIO DESENVOLVIMENTO 	
		  SUSTENTÁVEL E A RECICLAGEM NA 
		  CONSTRUÇÃO CIVIL, 2003, São Paulo. Anais...
		  São Paulo: IBRACON, 2003.
	 [22] 	 TENÓRIO, Jonathas J. L.; LAMEIRAS, Rodrigo de 
		  M. ; LIMA, Luciana A. de. Desempenho de 
		  argamassas produzidas com resíduo do 
		  beneficiamento de chapas de granito (RBCG). 
		  In: VI SBTA – SEMINÁRIO BRASILEIRO DE 
		  TECNOLOGIA DAS ARGAMASSA e I 
		  INTERNATIONAL SYMPOSIUM ON MORTARS 	
		  TECHNOLOGY, 2005. Florianópolis/SC. Anais... 
		  Florianópolis: ANTAC, 2005.
	 [23] 	 FAJARDO, Beatriz Faria. Aproveitamento de 
		  dois resíduos industriais – pó do corte do granito e 
		  catalizador do craqueamento do petróleo na 
		  fabricação de elementos construtivos estruturais. 	
		  2005. 312f. Dissertação (Mestrado em Ciências 
		  em engenharia civil) Universidade Federal do Rio 
		  de Janeiro, Rio de Janeiro, 2005.
	 [24] 	 MOURA, W. A.; LIMA, M. B. L.; CALMON, J. L.; 
		  MORATTI, M.; SANTOS SOUZA, F. Lordêllo dos. 
		  Utilização de resíduo de serragem de rochas 
		  ornamentais (RSRO) como substituição parcial do 
		  cimento na produção de blocos pré-moldados de 
		  argamassa. In: XI ENCONTRO NACIONAL DE 
		  TECNOLOGIA NO AMBIENTE CONSTRUÍDO, 	
		  2006a, Florianópolis. Anais...Florianópolis: 
		  ENTAC, p4217-4226, 2006a.
	 [25] 	 ______. Produção de pisos intertravados com 
		  utilização de resíduo de serragem de rochas 
		  ornamentais. In: XI ENCONTRO NACIONAL DE 
		  TECNOLOGIA NO AMBIENTE CONSTRUÍDO, 	
		  2006b, Florianópolis. Anais...Florianópolis: 
		  ENTAC, p4227-4236, 2006b.
	 [26] 	 CALMON, João Luiz; MORATTI, Mirko; MORATTI,
		  Marcus. Concreto auto-adensável: utilizando 
		  resíduo de serragem de rochas ornamentais como



407IBRACON Structures and Materials Journal • 2010 • vol. 3  • nº 4

A. S. Reis   |  F. A. Tristão

		  fíler. Aplicação em pré-fabricados. Guia 
		  Empresarial Sinprocim. n.2, p. 26-31, 2005.
	 [27] 	 REIS, Alessandra Savazzini dos; TRISTÃO, 
		  Fernando Avancini. Análise de argamassas com 
		  resíduo de corte de rochas ornamentais. In: II 
		  CONGRESSO NACIONAL DE ARGAMASSAS 
		  DE CONSTRUÇÃO, 2007, Lisboa - Portugal. 
		  Anais... Portugal: APFAC, 2007. CD-ROM.
	 [28] 	 ALMEIDA, Nuno; BRANCO, Fernando; 
		  SANTOS, Jose Roberto. Recycling of stone slurry 
		  in industrial activities: aplication to concrete mixtures. 	
		  Building and Environment,  v. 42, n.2, p. 810-819, 2007. 
	 [29] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS 
		  TÉCNICAS. Cimento Portland e outros materiais 
		  em pó – Determinação de massa específica. 
		  NBR NM 23, Rio de Janeiro, 2001.
	 [30] 	 ______. Cimento Portland – Determinação da 
		  finura pelo método de permeabilidade ao ar 
		  (Método de Blaine). NBR NM 76, 
		  Rio de Janeiro, 1998.
	 [31] 	 ______. Agregados - Determinação da composição 	
		  granulométrica. NBR NM 248, Rio de Janeiro, 2003.
	 [32]	  ______. Lixiviação de Resíduos. NBR 10005, 
		  Rio de Janeiro, 2004.
	 [33] 	 ______. Solubilização de Resíduos. NBR 10006, 
		  Rio de Janeiro, 2004.
	 [34]	  ______.: Agregado miúdo - Determinação de massa 	
		  específica e massa específica aparente. NBR NM 52, 	
		  Rio de Janeiro, 2003.
	 [35] 	 ______. Agregados – Determinação da massa 
		  unitária e do volume de vazios.  NBR NM 45, 
		  Rio de Janeiro, 2006.
	 [36] 	 ______. Agregados - Determinação do material fino 	
		  que passa através da peneira 75 micrometros, 
		  por lavagem. NBR NM 46, Rio de Janeiro, 2003.
	 [37] 	 ______. Agregados - Determinação do teor de argila 	
		  em torrões e materiais friáveis. NBR 7218, 
		  Rio de Janeiro, 1987.
	 [38] 	 ______. Agregados - Determinação do inchamento 
		  de agregado miúdo – Método de ensaio. 
		  NBR 6467, Rio de Janeiro, 1987.
	 [39]	 ______.: Cimento Portland – Determinação da pasta 	
		  de consistência normal. NBR NM 43, Rio de Janeiro, 	
		  2003.
	 [40]	 ______. Cimento Portland - Determinação do 
		  tempo de pega. NBR NM 65, Rio de Janeiro, 2003.
	 [41]	 ______. Cimento Portland – Determinação da finura 	
		  por meio da peneira 75 micrömetros (número 200). 	
		  NBR 11579, Rio de Janeiro, 1991.
	 [42]	 ______. Cimento Portland – Determinação da 
		  resistência à compressão. NBR 7215, Rio de Janeiro, 	
		  1996.
	 [43] 	 ______. Cimento Portland – Determinação da 
		  expansibilidade de Le Chatelier. NBR 11582, 
		  Rio de Janeiro, 1991.
	 [44] 	 OLIVEIRA, Ivone R. de; STUDART, André R.; 
		  PILEGGI, Rafael G.; PANDOLFELLI, Victor C. 
		  Dispersão e empacotamento de partículas. São Paulo: 	
		  Fazendo arte, 195p., 2000. 
	 [45] 	 SOUZA JÚNIOR, Joacy Demétrio de. O efeito de 
		  compactação e propriedades dos solos 
		  utilizados na pavimentação do estado do Ceará. 
		  2005. 211f. Dissertação (Mestrado em Engenharia 
		  de Transportes) -  Programa de Mestrado em 
		  Engenharia de Transportes, Centro de Tecnologia, 	

		  Universidade Federal do Ceará, 
		  Fortaleza/Ceará, 2005.
	 [46] 	 NEVILLE, A. M. Propriedades do Concreto. 
		  Tradução: Salvador E. Giammusso. 2ª edição. 
		  São Paulo: PINI, 1997, 828p.
	 [47] 	 DAL MOLIN, Denise Carpena Coitinho. Adições 
		  minerais para concreto estrutural concreto fresco. 
		  In: ISAIA, Geraldo Cechella. CONCRETO: 
		  Ensino, Pesquisa e Realizações. São Paulo: 
		  IBRACON, v.1, p.345-379, 1600p, 2005. 
	 [48] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS 
		  TÉCNICAS. Placas cerâmicas para revestimento – 	
		  especificação e métodos de ensaio. NBR 13818, 
		  Rio de Janeiro, 1997
	 [49] 	 ______. Materiais inorgânicos - Determinação do 
		  desgaste por abrasão. NBR 12042, 
		  Rio de Janeiro, 1992.
	 [50] 	 GOMES, Paulo César Correia. Optimization and 
		  characterization of high-strength self compacting 
		  concrete, Barcelona/Espanha, 2002, Tesis 
		  (doctoral) - Universitat Politécnica de Catalunya, 	
		  139p.
	 [51] 	 CALMON, J. L.; TRISTÃO, F. A.; GIACOMETTI, 
		  M.; MENEGUELLI, M.; MORATTI, M. Estudo de 
		  finos e pastas para a produção de concreto 
		  auto-adensável de alta resistência com fíler de 
		  escória de aciaria e outras adições. In: 49° Congresso 	
		  Brasileiro do Concreto, Anais, Bento Gonçalves, 	
		  IBRACON, 2007, CD-ROM.
	 [52] 	 ASSOCIAÇÃO BRASILEIRA DE NORMAS 
		  TÉCNICAS. Calda de cimento para injeção – 
		  determinação do índice de fluidez. NBR 7682, 
		  Rio de Janeiro, 1983. 
	 [53] 	 ______. NBR 12023: Solo-cimento – Ensaio de 
		  compactação. Rio de Janeiro, 1992.


