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Abstract

Sewage sludge originated from the process of treatment of wastewater has become an environmental issue for three main reasons: contains patho-
gens, heavy metals and organic compounds that are harmful to the environmental and human health; high volumes are daily generated; and short-
age of landfill sites for proper disposal. This research deals with the viability study of sewage sludge utilization, after calcination process, as mineral
admixture in the production of concrete. High-performance concretes were produced with replacement content of 5% and 10% by weight of Portland
cement with sewage sludge ash (SSA). The influence of this ash was analyzed through physical and mechanical tests. Analysis showed that the mix-
tures containing SSA have lower values of compressive strength than the reference. The results of absorptivity, porosity and accelerated penetration
of chloride ions, presents that mixtures containing ash showed reductions compared to the reference. This indicates that SSA provided refinement of
the pore structure, which was confirmed by mercury intrusion porosimetry test.

Keywords: sewage sludge ash, heavy metals, high-performance concrete, properties.

Resumo
[

O lodo de esgoto, proveniente do tratamento da fase liquida dos esgotos domésticos se tornou uma preocupagao ambiental por trés motivos
principais: possui em sua composigéo patdgenos, metais pesados e compostos organicos que sdo nocivos a saude humana e ao meio ambien-
te; grandes volumes sdo gerados diariamente; e escassez de espagos para dispd-lo de forma adequada. A presente pesquisa tem por objetivo
avaliar a possibilidade de aproveitamento deste residuo, apds processo de calcinagdo, como adigdo mineral na produg¢ao de concretos. Foram
produzidos concretos de alto desempenho com teores de substituicdo de 5% e 10%, em massa, de cimento Portland por cinza de lodo de esgoto
(CLE). Para avaliar a influéncia da cinza foram realizados ensaios fisicos e mecanicos. Os resultados mostraram que as misturas contendo CLE
apresentaram resisténcia a compressao inferior a referéncia. Em relagao a absortividade, porosidade e penetragao acelerada por ions cloreto, as
misturas contendo cinza apresentaram redugdes comparadas a referéncia, indicando que a CLE proporcionou refinamento da estrutura de poros
comprovado pela porosimetria por intrusdo de mercurio.

Palavras-chave: cinza de lodo de esgoto, metais pesados, concreto de alto desempenho, propriedades.
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Sewage sludge ash (SSA) in high performance concrete: characterization and application

1. Introduction

EE

Sewage sludge is the solid part generated during the treatment
of the liquid phase of domestic sewage. Given the large volumes
produced in urban areas and the increase of restrictive laws im-
posed on its final disposal, the management of this by-product is
of fundamental importance. In Brazil, an estimated annual output
of between 150-220 tons of sludge [1], are most often simply dis-
posed of in landfills or city “dumps” , without any environmental
control and usage perspective.

One possible use for this residue could be its application in agri-
culture, either as fertilizer or soil conditioner, because of its high
organic matter content (> 50%) and phosphates and nitrogen in
its composition [2]. However, the presence of pathogens, organic
compounds and heavy metals is a limiting factor that contributes to
adverse impacts on the environment (water, soil, flora and fauna)
and thus restraining its use in crops of any kind.

Therefore, another technique is becoming more common, especially in
industrialised countries with scarce land area: the incineration. Besides
substantially reducing the sludge volume (about 85% of the original
mass) and eliminating pathogens [3], its calorific value can be used to
generate electrical or thermal energy during combustion, which is an in-
teresting practice from the environmental point of view. Borges et al. [4]
obtained a calorific value of 20MJ/kg for sewage sludge, which is in the
same order of magnitude as the eucalyptus wood briquette (19,5MJ/kg)
[5] and sugarcane bagasse (19MJ/kg), residues widely used in boilers
as alternative sources of renewable energy.

However, this type of process generates ashes that, dependingon the
residue source, contain heavy metals and organic compounds in its
composition, as in the case of calcined sewage sludge. An analysis
performed on this type of sample detected the presence of Cr, Pb, Cu,
Ni and Mn in its constitution and similarities in chemical composition,
even for residues coming from different WWTP’s [6, 7, 8 and 9].
Although considered a heterogeneous residue the ash presents
high levels of silica and alumina, the main compounds related
to reactivity of the material, which has contributed to its use as
a mineral addition in the production of mortars and conventional
concretes [3, 6, 10, 11, 12, 13 and 14]. Other studies have been
carried out with this type of ash, and with that new materials have
been produced and evaluated for their physical and mechanical
behavior, including: lightweight and fine aggregates [15, 16, 17, 18,
19, 20], ceramics [21, 22 and 23] and concrete blocks [11].

Within this context, this paper aims at the utilization of the sew-
age sludge after the calcination process, as a partial replacement
for Portland cement in concentrations of 5% and 10%, by weight,
in the production of high performance concrete. The selection cri-
teria for this type of matrix was based on the type of microstructure
that this concrete has when compared to conventional resistance
concrete. That is, given the fact that SSA contains heavy metals
in its composition even after the burning process, a dense micro-
structure turns more difficult for those compounds to solubilize into
the environment [8].

2. Materials
E
2.1 Portland Cement

The cement used in this study was the CP Il F-32, as there is no

reactive mineral addition (pozzolans) in its composition, which may
interfere with the SSA behavior. It has a density of 3.06 g/ cm * and
a compressive strength of 38.0 MPa after 28 days.

2.2 Sewage Sludge Ash (SSA)

The sewage sludge used in this study was collected at “Alegria”
wastewater treatment plant, located in the district of Caju, metro-
politan area of Rio de Janeiro, where it was dehydrated by centrifu-
gation, with the addition of polyelectrolytes.

Then, the material was physically characterized by the following
aspects: moisture content NBR 6457 (ABNT, 1986), total solids
and organic matter MF 436 (FEEMA, 1983), parameters required
to evaluate the efficiency of burning of this material.

For burning temperature setting, the first criterion used was the
high content of organic matter in the residue, which directly inter-
feres in the cement hydration reactions and in the physical-me-
chanical behavior of the material. Based on the thermal analysis
and thermogravimetry two burning temperatures 550°C and 650°C
were defined [11]. Using the results of the analysis of possible
gases emitted to the atmosphere during the sludge calcination
process, performed by spectroscopy by fluorescence X-ray, it was
found that for both temperatures SSA had the same chemical com-
position [3]. Based on the energy expenditure it was decided to
burn sewage sludge at 550 ° C, in a muffle furnace, with a heating
rate of 10 ° C/min and a residence time of 3 hours.

After the burning process, the SSA was milled using a porcelain
rotational mill, with a capacity for 12 liters containing 6 liters of
alumina grinding balls, and three liters of sample ash? per milling,
for a period of 3 hours. This procedure was performed to meet
the physical demands of NBR 12653 [24] for pozzolanic materials,
which determines that the percentage retained in a 45um sieve
must be less than 34%.

In order to evaluate the reactivity of SSA, there were conducted
chemical and mineralogical characterizations, and pozzolanic ac-
tivity index (IAP), according to NBR 5752 (ABNT, 1992) [25].

The chemical analysis was performed by energy dispersive X-ray
fluorescence spectroscopy, with a rhodium tube and Si (Li) detector,
cooled with liquid nitrogen. The presence of heavy metals in the SSA
was confirmed by X-ray fluorescence spectrometer, semi automatic
model, with silver tube of 30mA and 40kW. These tests were con-
ducted at the X-rays Laboratory of the National Center of Nuclear
Energy (NCNE)/ Nuclear Energy Institute (NEI) of the UFRJ.

The mineralogy was obtained by X-ray diffraction, by the powder
method, with copper Ka radiation (30 kV / 40 mA). Refinement
by Ritivield with Ka radiation (40 kV / 35 mA) was used to obtain
the amorphous content. Both tests were conducted in the Mineral
Technology Center (MTC / UFRJ)

To evaluate the risk of the residue, an environmental analysis of
the ash was conducted through tests of leaching NBR 10005 [26]
and solubilization NBR 10006 [27]. Its classification was obtained
according to NBR 10004 [28].

2.3 Fine and coarse aggregates
The fine and coarse aggregates were, respectively, river sand with

2.8mm of fineness modulus, specific weight of 2.64g/cm 2 and
water absorption of 1.23%, and granitic gravel with maximum

090 m——
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dimensions of 9.5 mm, specific weight of 2.69 g/cm * and water
absorption of 1.08%.

2.4 Chemical additive

To maintain the same slump for all mixtures (150 £ 10 mm) without
changing the water/ binder ratio, a naphthalene sulfonated based
superplasticizer (SP) chemical additive was used, with 42% of sol-
ids content.

3. Experimental program
_——

The experimental program was developed in order to evaluate the
influence of SSA on high performance concrete properties. Three
mixtures were produced: reference (REF) aiming to reach a
compressive strength of 60MPa at 28 days of age, SSA5% and
SSA10%, with levels of 5% and 10% of SSA as partial replacement
of Portland cement, respectively. Table 1 shows the traces and ma-
terials consumption per m? of concrete.

The concrete was produced in an acclimatized room with a temper-
ature of 21°C + 2°C using a vertical axis planetary mixer, with ef-
fective capacity of 100 liters. The molding of the samples was per-
formed in three layers, of which each was densified by a vibratory
table with a rotation speed of 62Hz for 30 seconds. Subsequently,
the samples were covered with a moistened fabric for a period of
24 hours, to prevent water loss from the mixture,. After this period,
they were demolded and kept in a humid chamber (RH = 100%),
until the appropriate age for testing. For each mixture 33 cylindrical
samples were molded.

The ash behavior was evaluated by the following tests: axial com-
pressive strength at ages of 1, 3, 7, 28, 91, 180 and 365 days, ten-
sile strength by diametrical compression, water absorption, capil-
lary water absorption, accelerated penetration of chloride ions and
mercury intrusion porosimetry test at the age of 28 days. As there
was not enough ash for the physical testing and durability test at
older ages, it was decided to realize further testing and evaluate
its behavior at the age of 28 daysonly, when almost all the con-
crete hydration had already occurred, serving as reference to the
researchers.

3.1 Methodology of the tests

The compressive strength test was performed in a testing machine
with a total load capacity of 1000kN for the ages of 1, 3, 7, 28, 91,
180 and 365 days, using cylindrical specimens with 100 mm diam-
eter and 200 mm height.

The longitudinal and transversal displacements were measured,
respectively, by two electric transducers, diametrically opposed,

in the central part of the sample and by an electrical transducer,
located in the transversal axis of the sample, with a displacement
rate of 0.01 mm / min.

This data was collected at ages of 28 and 91 days and used to plot
the stress x strain curve. At other ages only the load value was
obtained using a speed of 0.1 mm/min. The compressive strength
value for each mixture was the average of three samples per age,
totalizing 21 samples.

The modulus of elasticity was calculated using the secant modulus
for a stress of 40% of the limit stress of the stress x strain curve [29]
and Poisson’s ratio from the ratio between the transverse and lon-
gitudinal deformations due to axial loading within the elastic limits.
The tensile strength for diametrical compression (Rtcd) values was
obtained after 28 days using discs with 100 mm diameter and 25
mm thickness, as ??method proposed for rocks [30]. The test was
performed in a testing machine with a speed of 0.3 mm/min, being
the Rtcd value for each mixture, the average of 10 discs. Discs
were used in this test, because this methodology is used in the
COPPE/UFRJ Structures Laboratory and presents the same be-
havior of the tensile test for diametrical compression. A total of 12
disks were cut from the central parts of three samples(4 discs per
sample), of 100 mm diameter and 200 mm height. . Two were
separated for use in the mercury intrusion porosimetry test.

The test of absorption by immersion was performed according to
NBR 9778 [31], using cylindrical samples with dimensions of 100
mm diameter by 200 mm height, with the aim of obtaining the water
absorption parameters, void ratio and specific weight for all mixtures.
The test of absorption by capillarity was based on NBR 9779 [32],
using cylindrical samples with the following dimensions: 75 mm di-
ameter by 150 mm height, in order to obtain the mass gain of water
in function of time. In this test all samples were sealed with plastic
wrap, leaving free only top and bottom, according to Hall [33], in
order to ensure unidirectional flow and prevent moisture loss. The
test was conducted for a period of 986 hours for all the mixtures
and the absorptivity of the material was calculated based on capil-
lary flow theory in unsaturated material, where Hall [33] found that
the cumulative water gain varies in function of the square root of
the time. This parameter was obtained in stage 1 and 2 accord-
ing to Figure 1.

The results for water absorption by immersion and capillarity were
performed at the age of 28 days and the results are the average of
three samples per test and mixture.

The mercury intrusion porosimetry test was performed at the
age of 28 days. This method was used to characterize the inter-
nal structure of the material over the distribution of pore size. For
this 6 cubic samples of 1 cm® were extracted for each mixture
from the remaining two disks of Rtcd, as previously explained. The
tests were performed on ABCP/SP, using an Autopore Il 9215

Trace in mass

REF 1:1,42:1,49:0,31 566,94
SSAS% 0,95:0,05:1,42:1,49:0,31 537,87
SSAT10% 0,90:0,1:1,42:1,49:0,31 508,88

Table 1 - Consumption of materials for 1 m® of concrete

SSA
(kg)

805,05 844,74 175,75 5,10
28,31 803,98 843,61 175,51 5,10
56,54 802,90 842,48 175,29 7,35

Gravel
()]
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Figure 1 - Typical graph of apparent
mass increase as a function of
square root of time.

Source: (GONCALVES, (34))
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porosimeter, with contact angle between the solid and the mercury
of 130°. The classification used in this study for the division of the
pore system was according to Aligizaki [35].

The test of accelerated penetration of chloride ions is designed to
measure the amount of electric current passing through a sample
of 50 mm thickness and 100 mm in diameter when a potential dif-
ference of 60V is applied between the electrodes. The test pro-
cedure was performed at 28 days, according to ASTM C 1202
[36]. The results were the average of three samples per mixture.
As this is a high-performance concrete, it would have been desir-
able to conduct long-term tests to evaluate the physical properties
and durability, as was done for the compressive strength proper-
ty. However, this was not possible due to the low amount of SSA.

4. Results and discussions
—

4.1 Sewage sludge ash
411 Levels of humidity, total solids and organic matter of
sewage sludge

The sewage sludge “in natura” presented results of 66.2% for
moisture content, 37% for total solids and 54.7% for organic mat-
ter. These obtained parameters were important because they indi-
cate the efficiency of burning of the material, that is, the content of
fixed solids of approximately 17% compared to the initial mass of
material remained after the calcination of the sludge. . It was pos-
sible to optimize the process of sewage sludge burning [3].

4.1.2 Physico-chemical, mineralogical and environmental
characterization of SSA

Figure 2 shows the granulometry of cement Portland and SSA used
in this research. The results show the similarity between these two
materials, differing only, in the lower 10% cumulative passing, in

which the cement presents smaller granulometry compared to the
SSA. Even so, the SSA has 90% of its grain less than 45um meet-
ing the requirement of NBR 12653 [24] for pozzolanic materials. Its
specific weight was 2.68 g / cm?®.

With regards to the chemical characteristics, presented in Table 2,
it is found that SSA has not met the requirements of NBR 12653
[24] for the SO , content, which was 6.38% (maximum of 4.0%) for
alkalis* content, which was 2.42% (maximum of 1.5%). It is note-
worthy, that the presence of these, above the required limit, will
not be detrimental to the concrete due to the low cement replace-
ment levels by mineral additives in this case (5% and 10%). Con-
sequently, by not meeting the specifications of the standard for this
item, the ash cannot be classified as pozzolanic material. How-
ever, the pozzolanic activity index of SSA was 91% higher than the
required minimum of 75%, which indicates the possibility of the
material’s reactivity .

Lima [6], using septic sludge ash found PAI values ranging be-
tween 61 and 66% for ash burned at 700, 800 and 900°C. Geyer
[13] obtained values between 72 and 76% for ash burned at 800°C,
but with different granulometries. It can be said, therefore, that the
burning temperature and the ash granulometry are parameters
that directly affect the reactivity of this material.

Another factor shown in Table 2 is the similarity between the com-
pounds present in the SSA with ashes from other authors, but in
different concentrations [6, 7, 8, 9]. This variation is directly associ-
ated with, among others, eating habits and the level of sanitation
of the people portrayed in the origin of sewage and the type of
treatment used [37, 38].

The presence of heavy metals such as chromium, copper, lead,
nickel, barium, selenium and zinc in the ash composition of the pres-
ent study and from other authors must also be highlighted. This is
because even at reduced concentrations, these metals may solubi-
lize into the environment, polluting it, being indicative of the need for
safe disposal of the material, confirmed by environmental analysis,
as SSA was classified as class Il Aresidue - not inert.

In the mineralogical composition of SSA the presence of well - de-
fined crystalline phases and a very heterogeneous composition
was verified , matching the chemical analysis. The ratios were
higher for the microcline (KAISi,O, ) and quartz (SiO,) which have

Figure 2 - Granulometric curve
of Portland Cement and SSA
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Table 2 - Chemical analyses of SSA
Concentration (%)
SiO, Fe,O, MgO SO, Na,O
CLE 39,02 19,09 12,48 10,12 1,89 4,94 6,38 1,76* 1,26* -
©) 33,156 25,44 511 5,44 3,78 4,20 6,19 0,71 - 1.14
7 34,2 12,6 4,7 20,6 1,9 14,8 2,8 1,7 1,0 0,9
(8) 50,6 12,8 1,93 7,21 1,48 1,67 2,38 1,70 0,32 -
()] 17,27 9,64 8,52 30,24 3,22 14,25 8,95 1,28 0,94 0,92
Concentration (%)
Cr,0, PbO SeO NiO Sro
CLE 0,21 0,45 0,07 0,02 0,06 1,46 0,20 - - 0,09
©) 0.03 0.35 0,01 0.09 - - 0.01 0.03 0,01 0,04
7 0,26 0,71 0,07 0,25 - 0,14 0,06 - 0,06 0,06
(8) 0,564 2,62 0,18 1,09 - - 0,72 - - 0,44
()] 0,17 0,32 0,04 0,18 - 0,14 0,03 - 0,25 0,07
* Alkali content calculated as alkaline equivalent (Na,O + 0,658 K,O)

in their composition the higher percentages of oxides present in
the ashes, followed by anhydrite and talc, as counts per Ritivield
[3]. The amorphous content present in the ash was 32%, confirm-
ing the possibility of reactivity of this material.

4.2 Reference concretes and with SSA

Figure 3 shows the relative compressive strength charts in function
of time.

The results show that at the age of 7 days, the degree of hydration
of the mixture SSA10% was lower than the REF and SSA5%. How-
ever, in more advanced ages this difference had been overcome,
increasing additions of 4% and 2% with respect to the REF and
SSA5%. For the mixture of 5% SSA, the degree of hydration was
very close to that of the reference mixture for all ages. It can be
assumed therefore, that substitution of Portland cement by 5%
and 10% of SSA did not interfere with cement hydration reactions
compared to the reference, since the values obtained for the three
mixtures were very close.

In relation to the development of resistance to compression in time,
shown in Table 3, it can be said that for 5% ash content, results

were below the reference at ages of 1, 28, 91 and 365 days, vary-
ing between 4% and 7%. For the SSA10% mixture these reduc-
tions were more significant for all ages, with percentages ranging
from 10% to the age of 365 days and 33% for 1 day.

It is known that the compressive strength reduction behavior, ac-
cording to the porous structure of the material, is directly associat-
ed with pores larger than 0.05 pm. From the results of the mercury
intrusion porosimetry test (Table 4), it appears that mixtures con-
taining ash, presented an increase in the volume of mercury from
large capillaries (0.05 <¢ <10 p m) as the ash content increase,
demonstrating the presence of a larger amount of pores greater
than 0,05um compared to REF.

This same behavior was found by Tay et al. [12] Tay [22], Tay [23]
in concretes containing SSA and by Cyr et al. [7] in mortars. That
is, as the ash content in the mixture increased the compressive
strength reduced in relation to the reference.

Figure 4 shows the tension x deformation diagram. The elasticity
modulus values obtained for mixtures with 5% and 10% SSA were
very close to that of the reference mixture at both ages, as can be
seen in Table 5. The small decrease observed for mixtures contain-
ing ash at 91 days,,with the exeption of SSA5% mixture, may be

Figure 3 - Compressive strength at 1, 3, 7 and 28 days
(a)and at 1, 3, 7, 28, 91 and 365 days (b)
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Table 3 - Compressive resistance (MPa) for REF, SSA5% and SSA10% mixture

fc (MPa) - C.V. (%)

REF 355-0,72 46,7 - 1,98 51,4 - 3,95 59,5 - 3,62 65,9 -0,85 75,1 - 2,99
SSA5% 33,1-245 48,3 - 1,00 51,4-3,33 58,0-2,28 63,2-0,77 74,8 - 2,32
SSA10% 23,7 - 1,52 38,2 - 0,59 42,1 -0,48 51,3 -3,54 56,4 - 2,97 67,5-3,19

Small capillaries
(0,0025 < ¢ < 0,01um)

* Proposed classification by MINDESS et al. (2002) apud ALIGIZAKI (35)

Table 4 - Pore size distribution of REF, SSA5% and SSA10% mixture

Volume of mercury (%)

REF 9,83 63,48 21,91 4,78
SSA5% 19,47 48,23 28,10 4,20
SSA10% 16,40 48,99 30,56 4,04

Large capillaries
(0,05 < 9 < 10 ym)

associated with increased volume of large capillaries contained in
these samples. The presence of a greater amount contributes as
propagator of cracks, influencing the material behavior in the elas-
tic linear phase and a decrease of this parameter.

With respect to the Poisson’s ratio and tensile strength by diametrical
compression of mixtures containing ash, it can be assumed that the
presence of SSA practically has no influence on these properties.

Figure 4 - Stress x Strain curve,
at 28 and 91 days

Tk
5 Misrres
o
i 11 REL
e
S ——h——  IRA4EY

= SRATO,

Stress (MPa)

l RILEY

A GO
Strain (pe)

S Lo

For the physical properties, shown in Table 6, there is a proximity
of the water absorption results due to the variation coefficient ob-
tained. However, the voids index and absorptivity (stage 1) to the
mixtures containing SSA were lower than the reference. This fact
shows that the ash presence interfered with the interconnectivity
between the pores, which difficults the water percolation, because
as the SSA level in the concrete increased, there was a reduction
in the values for these properties in relation to the reference. That
is, there has been a change in the pore structure of the material, as
shown by mercury intrusion porosimetry test (Table 4).

The results show a decrease in pore volume between 0.01 and
0.05 mm (capillary medium) and a consequent increase in small
capillaries (0.0025 <¢ <0.01 mm), responsible for the refinement
of the microstructure of these concretes, a factor that directly inter-
fered in pore interconnectivity.

This characteristic was also reflected in the durability. The REF
and SSA5% mixtures, according to the classification given by
ASTM C 1202 [35], were considered low ??penetration of chloride
ions and the SSA10% mixture as very low penetration to chloride
ions (Figure 5). This demonstrates that the presence of SSA in
concrete provided a reduction of electric charge of respectively
30% and 46% for concentrations of 5% and 10% compared to the
reference mixture.

5. Conclusions

EE——

From the results obtained, it can be said that SSA has influenced
more significantly the physical properties and durability when com-
pared to mechanical properties. That is, its presence has changed
the microstructure of pores of the concrete containing this residue-
and thus reducing its connectivity.

Regarding the content, mixtures with 5% ash cement replacement
showed a better behavior.

With regard to compressive strength, the mixtures SSA5%, at ages

IBRACON Structures and Materials Journal 2016 * vol. 9 *n°6
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Table 5 - Elasticity modulus (E), Poisson’s index (v) and Tensile strength
by diametrical compression (Rtcd) of REF, SSA5% and SSA10% mixture

E (GPa) - C.V. (%)

Mixtures v (MPa) - C.V. (%) Rtcd (MPa) - C.V. (%)
28 days 91 days
REF 31,5-1,87 32,6-1,92 0,20-7,42 4,8-11,53
SSA5% 30,5-1,98 33,8-1,50 0,18-1,79 4,7 -13,64
SSA10% 28,1-2,79 31,8-2,70 0,20-5,18 4,7 -12,35

Immersion S
: : Voids index
Mixtures water absorption %) - C.V. (%)
(%) - C.V. (%) S
REF 1,61 -3,70 3,80 - 3,55
SSA5% 1,564 - 3,88 3,64 - 3,77
SSA10% 1,54 - 9,49 3,61-9,15

Table 6 - Physical properties of REF, SSA5% and SSA10%

i 2 $1/2'
specific weight Absortivity (g/cm?.1'/2)
(g/cm?3) - C.V. (%)
2,36-0,19 0,0332 0,0096
2,35-0,18 0,0217 0,0089
2,34 -0,40 0,0256 0,0100

of 1, 28, 91 and 365 days and SSA10% (all ages)showed lower
results than those of the reference, and this was attributed to the
increase in pore volume between 0.05 <¢ <10 u m. This behavior
shows that the ash served as thin?? a thinner ?and not as a binder.
The physical effect was more significant than the chemical effect,
as there was no improvements in this parameter. The same is true
for the elasticity modulus properties, tensile strength by diametrical

compression and Poisson’s ratio, that is, there was no influence of
ash, and the results are near to those of the reference.

The absorption of water by immersion, void ratio and absorptiv-
ity of mixtures containing ash were lower than those of the refer-
ence. This behavior can be explained by the refinement of the
pore structure of the concrete containing SSA, according to the
mercury intrusion porosimetry test.

Figure 5 - Results of accelerated penetration of chloride
ions to the REF, SSA5% and SSA10% mixture
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The electric charge of mixtures with 5% and 10% of SSA were
lower than the reference, these being classified as low and very
low to the penetration of chloride ions, respectively.

Therefore, it can be said that the presence of ash provided a re-
finement in the pore structure of the concrete, hindering the per-
colation of aggressive external agents.. This fact contributes to the
improvementof durability properties and consequent increases the
lifespan of this material.
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