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ABSTRACT

The use of fine recycled aggregates as raw material in the production of mortars appears as a good alternative to mini-
mize waste disposal, so as to reduce natural resources consumption and to find and supply suitable substitutes for natu-
ral aggregates. However, the use of this alternative material in a safe way must be carried out by a wide investigation of
its long term behavior. In this way, this paper will examine the mechanical strength, physical properties and drying
shrinkage of mortar, which use recycled fine aggregates that have originated from construction and demolition waste
(CDW) containing mortar (55%), ceramic (26%) and concrete (16%). Two natural mortars, made with natural sand,
were produced with cement/sand ratios of 1:4 and 1:8 (by weight) and a fixed consistency index of 260 + 10 mm. Recy-
cled mortar was produced with 50% of substitution rate, in volume, of natural aggregate by recycled one. Results show

that recycled mortars present higher total porosity, absorption rate and drying shrinkage than reference mortar.
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1. Introduction

The construction industry consumes considerable natural
and physical resources and as such has a significant im-
pact on the environment [1,2]. However, how the con-
struction sector plays a significant role in economic de-
velopment in every country it is necessary ensuring sus-
tainability without reducing the rate of construction ac-
tivities or bringing some of them to a halt.

The use of recycled aggregate from concrete waste had
been investigated by several authors [3-5] and represents
a good alternative to minimize two important environmen-
tal impacts of sector: use of non-renewable natural resour-
ces and waste disposal. However, in Brazil, the main com-
ponents of rubble collected from demolished buildings or
construction activities are mortar waste, ceramic brick
and tile. The waste concrete usually represents a minor
part of construction and demolition waste (CDW). The
effects of mortar and ceramic particles on properties of
recycled aggregate are less addressed in literature. It is
believed that their high water absorption capacity can
jeopardize the final properties of concretes and mortars.
In fact, comparative study on behavior of recycled mortar
show that mortars containing recycled aggregates from
ceramic brick developed lower compressive and bond
strength with respect to the mortar containing concrete
waste [6]. Miranda [7] has reported that the distribution of
the pore sizes generated by the presence of high amount of
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fines in the mixtures plays a higher effect on drying shrin-
kage than that of the porosity introduced by the effective
water cement/ratio. This phenomenon has been observed
in recycled mortar [8].

The aim of this study is to investigate the influence of
recycled fine aggregate from CDW in the production of
mortar. The properties of hardened mortars are illustrated
and the analysis of the influence of recycled fine aggre-
gates on the absorption, compressive strength and shrin-
kage drying of the mortar is presented.

2. Experimental Program
2.1. Materials

The characterization of Portland cement used (CP V ARI -
ASTM Type III) is shown in Table 1. Tap water supplied
by the local water supply company was used on the mix-
tures.

Construction and demolition waste (CDW) sourced
from a building demolition site at Feira de Santana City
(Northeast of Brazil) was crushed into pieces using a jaw
crusher and screened in 4.8 mm sieves to produce recy-
cled fine aggregate (RFA). The composition of RFA is
shown in Figure 1.

The natural fine aggregates used were 70% of one fine
quartz sand (NFA1) and 30% of one medium river quartz
sand (NFA2). The physical properties of the aggregates
are shown in Table 2 and the granulometric distribution
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curves are shown in Figure 2. As RFA is a very porous
aggregate the method proposed by Leite [9] was used to
determine your specific gravity and water absorption rate.

2.2. Mortars Mix Proportions

Two series of mortars were produced with the cement/
sand ratios of 1:4 and 1:8 (by weight), to evaluate the
influence of cement content on recycled mortar. The sub-
stitution rate of natural fine aggregate by recycled aggre-
gate, in volume, was 50%. The workability of the mortars
was determined through the flow table test according to
Brazilian Standard, NBR 13276, and was fixed a consis-
tency index of 260 = 10 mm.

The recycled mortars were produced with the same
mix proportions as the reference mortar except for those
minor adjustments in weight proportions of aggregates
that were made to compensate the differences in density
between natural and recycled fine aggregates. The recy-
cled aggregate also required an increase in mixing water

Table 1. Results of the characterization of cement.

Properties (test method) Results
Material finer than # 75 um (NBR MB 3432/91) 0.0%
Initial set time (NBR NM 65/03) 2 h 45 min
Final set time (NBR NM 65/03) 3 h 30 min
Expansibility (NBR MB 3435/91) 0.133 mm
Specific gravity (NBR NM 23/01) 3.13 g/em®

1 day 33.9 MPa
Compressive strength 3 davs 34.9 MPa
(NBR 7215/1996) ¥ :

7 days 40.2 MPa

content for compensating water absorption of recycled
aggregate to achieve the same workability as the refer-
ence mortar [6]. The mix proportions and consistency
index of the mortars are given in Table 3.

Mortars mixtures were carried out in a mechanical
mixer of 5 dm’. After removing the specimens from the
molds they were cured at the humid chamber at 23°C +
2°C and relative humidity of 100% until they have reached
an age of 28 days.

ceramic concrete
27% 17%

N

mortar
56%

Figure 1. RFA composition.
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Figure 2. Granulometric analysis of aggregates.

Table 2. Results of the characterization of aggregates.

Properties (test method) NFA1 NFA2 RFA
Maximum size aggregate (mm) (NBR NM 248/03) 1.2 24 4.8
Fineness (NBR NM 248/03) 1.68 2.90 2.56
Specific gravity (kg/dm?) 2.59! 2.55! 2.552
Bulk density (kg/dm®) (NBR 7251/82) 1.53 1.39 1.27
Water absorption rate (%) 0.1° 0.2 1932
Fines content (%) (NBR NM 46/03) 1.7 0.7 10.4
'Test Method: NBR NM 52/03 3 )
*Test Method: Leite [9] Test Method: NBR NM 30/03
Table 3. Mortar mixture proportions (kg/m®).
Aggregates . .
Mixtures Cement: Sand w/c Ratio Cement Water A(ig,l;g?al Conswgﬁﬁfﬁ)’ Index
NFA 1 (60%) NFA 2 (40%) RFA
NMI1 381 914 609 0 267 0 256
1:4 0.70
RM1 381 457 305 754 267 44 264
NM2 201 966 644 0 290 0 260
1:8 1.44
RM2 201 483 322 797 290 57 261
Copyright © 2012 SciRes. 0OJCE
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2.3. Test Procedures

Compressive Strength and Absorption and Porosity Tests

Eleven specimens (cylinders of 50 mm in diameter X
100 mm in height) were cast for each mortar mixture,
using manual compaction. Four samples were cast for
compression tests at the age of 7 and 28 days according
to NBR 7215. And, three samples were cast for the de-
termination of absorption rate and total porosity, at the
age of 28 days, according to NBR 9778.

Drying shrinkage

One set of three plates of 10 mm of thickness, 150 mm
in width and 500 mm in length were cast from each mor-
tar mixture to evaluate drying shrinkage. Plates were cast
in steel molds and removed from them at an age of 24
hours. The plates were marked (Figure 3) and immersed
in water at 23°C £ 2°C until they have reached an age of
28 days.

After cure, the length and weight measurements of
each specimen have been taken at 1, 2, 3, 4, 5, 6, 7, 14,
21, 28 days and at 8, 12, 16 and 20 weeks. The drying
shrinkage test were carried out at relative humidity of
50% + 4% and temperature of 23°C £ 2°C.

The drying shrinkage of any plate is calculated at any
age after initial period of air storage with the Equation
(D:

AL,
£ 7 10 1)
where,

¢ = drying shrinkage of specimen (u¢),

AL = difference between the length reading of specimen
at any age and the initial length, and

L = initial length reading at an age of 28 days after
curing (mm).

3. Results and Discussion

3.1. Compressive Strength, Absorption Rate and
Voids

Table 4 presents the results for compressive strength,
absorption rate and porosity. In parenthesis, coefficient
of variation in percentage.

The absorption and porosity of recycled mortars (RM1
and RM2) are much higher than that for natural mortars
(NM1 and NM2). This is due to the greater porosity of
recycled aggregate, which is composed of porous materi-
als as tiles, bricks and mortar.

The Figure 4 shows the evolution of strength of mor-
tars. The influence of recycled aggregate on compressive
strength is dependent of cement content and water-ce-
ment ratio of mortar. To rich mixture (NM1) the substi-
tution of 50% of natural aggregate results in reduction of
8.1% compressive strength at 28 days. To poor mixture
(NM2), however, it is verified an increment of about
15.0% of strength when the recycled aggregate is added.
The main reason is that the strength of the paste greatly
increases at low water/cement ratio and the recycled ag-
gregate is the fragile element. To high water/cement ratio
the strength of aggregate has a minor influence on mortar
strength and the reverse mechanics can appears due to a
better bond strength between recycled aggregate and ce-
ment paste [10]. According Katz [11] the maintenance of
the compressive strength with increasing fine aggregate
replacement can be explained by high levels of cement

Figure 3. Plate of mortar marked along the length to be
measured.
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Figure 4. Evolution of compressive strength of natural and
recycled mortar.

Table 4. Results of the compressive strength, absorption and porosity tests.

Properties Age NM1 RM1 NM2 RM2
f (MPa) 7 days 20.4 (0.4) 19.0 (0.2) 6.7(0.2) 9.8(1.1)

28 days 25.5(0.6) 23.4(0.4) 12.3(1.7) 14.2 (0.9)
Density (kg/dm?) 2.46 (0.02) 2.52(0.01) 2.56 (0.01) 2.55(0.02)
Absorption (%) 28 days 10.4 (0.40) 15.3(0.1) 13.11 (0.2) 17.4(0.7)
Porosity (%) 20.3 (0.7) 27.8(0.1) 25.1(0.4) 30.8 (1.1)
Copyright © 2012 SciRes. 0OJCE
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(both hydrated and non-hydrated) that reach as much as
25% of its weight, increasing the total amount of cement
in the mix. To recycled concrete, a minor influence of
addition of recycled aggregate on compressive strength
with increment of w/c ratio is also observed. For con-
cretes with a w/c ratio equal to 0.82, the cement matrix
around the aggregate particles has a lower compressive
strength than the matrix of concrete with a w/c ratio
equal to 0.49 that presented rupture by breakage of the
aggregate [12]. Corinaldesi and Moriconi [6] associate
the increment of strength of recycled mortar to the shape
of aggregate particles that contributes to improving bond
strength at the interface between aggregate and surround-
ing cement paste.

3.2. Drying Shrinkage

Drying shrinkage of natural and recycled mortars was
determined at various time intervals and is presented in
Figure 5 as average values of four measures from three
specimens. A large difference between recycled mortar
and reference mortar can be observed, independent of the
cement/sand ratio. The use of 50% of recycled aggregate
substitution rate results on increasing drying shrinkage
by 700ue to 2000ue. This is associated to greater porosity
and absorption of recycled aggregate when compared
with natural aggregate. Similar results were observed by
Miranda and Selmo [7].

The weight loss is more important for recycled mortars
than for natural mortars, as shown in Figure 6.
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Figure 5. Drying shrinkage vs age.
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Figure 6. Drying shrinkage deformation vs loss of weight.
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It can be observed three zones [8]: a first zone OA star-
ting at the origin corresponds to the shrinkage due to the
departure of water from the pores; a second zone between
A and B corresponds to the shrinkage due to the depar-
ture of water from the capillaries; and a third zone corre-
sponds to a gain of weight which that can be connected
to carbonation and explained by the high porosity of these
recycled mortars in the ratio of 27% and 30%, which
makes the penetration of carbonic gas possible.

It is verified in Figure 6 that recycled mortars shown
more weight loss in zone OA. This result indicates a
higher presence of water in the pores of recycled aggre-
gates due to major porosity of this material that stores
more water than natural aggregate. The zone AB repre-
sented a weight loss of about 2% for all mixtures which
indicate that the recycled aggregate has small influence
on formation of capillaries voids.

4. Conclusion

For two mortars, which differed in cement/sand ratio,
tests have shown the following effects of recycled ag-
gregate use:

e The addition of 50% of recycled aggregate increases
the porosity and absorption significantly, when com-
pared with reference mortar;

e To richer mixture (1:4), there is a decrease in com-
pressive strength which is about 8% for the mortar
with 50% of recycled aggregate. The other way round,
mortar mixture with cement/sand ratio 1:8 showed a
gain in compressive strength with 50% of recycled
aggregate;

e Recycled aggregate increase drying shrinkage inde-
pendent of the mortar matrix, which is linked with
greater porosity and absorption of recycled aggregate.
The weight loss evaluation indicates: 1) a higher pres-
ence of water in the pores of recycled aggregate due
to higher porosity of this material that stores more
water than natural aggregate; 2) recycled aggregate
has small influence on formation of capillaryies voids.
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