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Abstract: The objective of the present research is fabrication of bricks by the incorporation of recycled fine
aggregate obtained from crushing of waste concrete and evaluation of the physical and mechanical properties
of bricks. The natural fine aggregate and stone dust were replaced by recycled fine aggregate at a level of 50,
75 and 100 % for fabrication of bricks. Properties like Bulk density, water absorption and compressive strength
were evaluated after a period of 28 days of curing and discussed. At 50 % replacement, maximum compressive
strength of 6.37 and 7.68 MPa has been observed for natural fine aggregate and stone dust respectively and it is
8.7 and 25.6 % higher than respective controls. The results of compressive strength are encouraging using stone
dust as fine aggregate as compared to river sand. Further, it has also been observed that the compressive
strength and bulk density of all the bricks fabricated using recycled fine aggregates meets the 28-day target
strength as per 1S: 1077 and was not less than 5.0 MPa in any case.
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I.  Introduction

Demand of natural resources and energy has increased many folds with exponential increase in
population and urbanization. Construction industry is the major source of solid waste production which consists
of about 50 % of the total waste generated and consumes about 40 % of the natural aggregates [1-2].
Preservation of the environment and conservation of the rapidly diminishing natural resources should be the
essence of sustainable development. The disposal of this waste has become a severe social and environmental
problem all over the world. The possibility of recycling the waste from the construction sector is thus of
increasing importance [3-5]. Besides benefits like environmental protection and conservation of natural
resources, shortage of land for waste disposal and increasing cost of waste treatment are the principal factors
driving the recycling concept [6]. Construction and demolition (C & D) wastes are normally composed of
concrete rubble, bricks and tiles, sand and dust, timber, plastics, cardboard and paper and metals. Concrete
rubble usually constitutes the largest proportion of C & D waste which after separation, crushing and grading
can be utilized for as a substitute for natural coarse aggregate in concrete or as a sub base layer in pavements.
This type of recycled material is called recycled aggregates [4]. The recycled aggregate has been successfully
utilized in some European and American countries for production of environmental friendly concrete for
construction having similar mechanical and durability properties to those of conventional concrete [7].

Production and utilization of recycled aggregate are common practice in construction industries of
countries like USA [8], Australia [9], and Japan [10]. According to 2010 European Aggregate Association
Annual Review report [11], Germany is the greatest producer of recycled aggregate recycled aggregate, with a
production of about 60 million tonnes followed by UK, Netherlands and France with about 49, 20 and 17
million tonnes respectively. Extensive research has been carried out over past two decades on the viability of
recycled aggregates in the production of structural concrete. Most of the work on using recycled aggregates in
concrete has focused on replacing the coarse aggregate and the effect on mechanical strength and durability
performance of concrete are now reasonably well known [12-17]. However, the fine fraction of these recycled
aggregates has not been the subject of through studies because of their higher water absorption. This renders the
control of free water-to-cement (w/c) ratio and results in a higher shrinkage and creep of the hardened concrete.
Evangelista and de Brito [18-19] has reported that fine recycled concrete aggregates does not jeopardize the
mechanical and durability of the concrete for replacement ratios up to 30 %. Khatib’s results [20] indicate that
once fine recycled aggregate introduce in to the mix, their effect on compressive strength remains constant for
incorporation ratios between 25 % and 75 %.

Further, Poon et al. [21-22] suggested that the disadvantages of using recycled fine aggregates in
structural concrete can be avoided making mechanized molded concrete blocks and bricks. This is because of
combined vibrating and compaction action and a minimal amount of water is needed to make the mixture fluid
enough to be fed in molding machine. Several workers conducted studies on the successful utilization of crushed
brick fine aggregates for development of concrete [1, 23], solid cement bricks [24], paver blocks [25] for
different levels for replacement.
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In India, about 14.5 MT of solid wastes are generated annually from construction industries and about
25 % of it is recycled and utilized in building materials [26]. A few works has been carried out to explore the
utilization of the remaining C & D waste for development of value added products. Presents laboratory
investigations deals with the feasibility studies of fabrication of non modular bricks using fine recycled concrete
aggregates as a replacement of natural fine aggregate (river sand) and stone dust used as fine aggregates.

Il.  Materials And Methods
Cement
Ordinary Portland Cement (OPC) of 43 Grade conforming to IS: 8112:1989 [27] was utilized as binder
with surface area of 3220 cm?/g and specific gravity of 3.14. Typical chemical composition of OPC analyzed by
WDXRF (S8 Tiger, Brucker, Germany) and results are shown Table 1.

Table 1: Typical composition of ordinary Portland cement
Chemical Composition (%)
CaO SIOz Aleg Fe,O3 SOz MgO K,O Na,O TIOz BaO P,Os Others
6434 | 19.90 | 430 | 424 | 288 | 204 | 105 | 031 | 033 ] 025 | 0.13 0.23

Fine aggregates

Natural fine aggregate (NFA) and stone dust were used as fine aggregates for fabrication of bricks and
collected from local resources. Samples of demolition waste were collected from sorting facility of Municipal
Corporation of Delhi, India which consists of concrete, bricks, stones, gravel, silt etc. After sorting, concrete
waste was crushed in a jaw crusher to obtain a well graded recycled coarse aggregate (RCA) for maximum 10
mm to 4.75 mm nominal size as per IS 383: 1970 [28]. The fine fraction passing from 4.75 mm sieve obtained
during crushing of waste concrete was used as recycled fine aggregates (RFA) for replacement of natural fine
aggregates (NFA) and stone dust. The particle size distribution of natural, recycled fine aggregates and stone
dust have been shown in Fig. 1 along with minimum and maximum limits of grading specified in IS: 383: 1970.
The physical properties of fine aggregates have been determined as per IS 2386: 1963 and are shown in Table 2
which indicate that RFA is coarser than NFA and stone dust. Sieve size of NFA is within the limit of IS: 373
and falls in Grading Zone Il. The scanning electron micrograph (SEM) of NFA, RFA and stone dust are shown
in Fig. 2a,2b and 2c respectively.
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Fig.1: Particle size distribution curves of fine aggregate

Table 2: Physical properties of natural and recycled fine aggregates

Parameters Natural fine aggregate Recycled fine aggregate Stone dust
Fineness modulus 2.38 4.10 2.48
Specific gravity 2.68 2.49 2.74
Water absorption (%) 0.62 5.90 4.50
Bulk Density (kg/m°) 1490 1240 1510
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Fig. 2c: SEM of stone dust

Mix proportions

For fabrication of bricks, cement and fine aggregates were used in a proportion of 10 : 90 % by weight
and fine aggregate was replaced to 50 and 75 and 100 % by recycled fine aggregate. The mix compositions and
their designations used for controls, replacement of natural fine aggregate and stone dust at various level of
replacement are shown in Tables 3. A perusal of Table 3 shows that control mixes prepared using 100 % natural
fine aggregates and stone dust were designated as NFA100 and SD100 respectively, while the mix containing
100 % of recycled fine aggregate was designated as RFA100. The mixes having replacement of NFA and stone
dust by 50 and 75 % of RFA are designated as NFAR50, NFAR75, SDR50 and SDR75 respectively. The
proportion of cement, NFA and RFA for NFARS50 and NFAR75 10 : 45 : 45 and 10 : 22.5 : 67.5 % by weight.
When stone dust was utilized as fine aggregate, the proportion of cement, stone dust and RFA was also same as
in case of NFA. In all the mixes water was added equivalent to the consistency of the respective mix and is also
shown in Table 3.
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Fabrication of bricks and curing

The bricks of size 225 mm x 106 mm x 76 mm were fabricated as per specification of 1S:1077 : 1992
[30] by mixing different proportions (Table 3) of cement and fine aggregates using vibration-compaction
technique with a vibration time of 15 sec. Water was added equivalent to consistency. The bricks were removed
from the mould, placed at room temperature for 24 h and then cured at a relative humidity of over 90 % at room
temperature (25+2°C) for 28 days. The cured bricks were tested for physical and mechanical properties as per
procedure given in IS 3495 : 1992 [31]. A photograph of fabricated bricks using 100 % recycled fine aggregate
has been shown in Fig. 3.

Physical and mechanical properties

The properties of bricks like water absorption and compressive strength were determined following the
procedure laid down in IS: 3495 [31] for burnt clay bricks. Water absorption is the measure of permeability and
porous nature of hardened specimen. The samples of brick were dried in a ventilated oven at a temperature of
105+2°C till it attains substantially constant mass. After cooling the specimens to room temperature it was
weighed and immerse in water for 24 hours. After removal from water, it was allowed to drain for 1 min by
placing them on a 10 mm wire mesh, and visible water was removed with a damp cloth and immediately
weighed. Water absorption, percent by mass is calculated and the average of three specimens was reported. The
bulk density in g/cm® was also calculated by dividing the weight of the specimen by the overall volume.

Table 3: Mix proportion of bricks using natural fine aggregates, stone dust and recycled fine aggregates

Mix designation Proportion (%0) by weight
Cement NFA Stone dust RFA Consistency

River sand

NFARO (control) 10 90 — — 11.0

NFARS0 10 45 — 45 12.0

NFARTS 10 227 — 67.5 13.0

Stone dust

SDRO (control) 10 — 90 — 115

SDR50 10 — 45 45 125

SDRT73 10 — 227 67.5 135

Recycled fine aggregate

RFA100 10 — — 90 145

Fig. 3: Fabricated bricks using 100 % recycled fine aggregate

Mechanical property like compressive strength was determined after 28 days curing and the average
values of three specimens tested for each mix were reported in the results. Before determination of compressive
strength, all the specimens were stored for 24 h in water at room temperature of 25+2°C, air dried and tested. A
compression testing machine for determination of compressive strength and the sample was placed horizontally.
The upper face of the bricks was capped by 2 sheets of 3 mm thick plywood sheet of size larger than the blocks
by a margin of 5 mm from all the edges. A compression load of 14 N/mm*min was applied to the face until no
greater load sustained by the specimen. The maximum load applied was recorded and the compressive strength
was calculated by dividing the maximum load by area of the brick.
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I11.  Results And Discussion
Water absorption
Water absorption of bricks after 24 hours was calculated and results are shown plotted in Fig. 3. A
perusal of Fig. 4 shows that percent water absorption increases with increase in replaced NFA and stone dust
content by recycled fine aggregate. Maximum water adsorption of 8.87 % is shown by RFA100 mix at 100 %
replacement while data reveals that the water absorption at 50 and 75 % replacement of NFA and stone dust
varies 9.7 to 25 % and 8.3 to 22.6 % respectively as compared to respective controls.

% Water absorption

NFARO NFAR50 NFAR75 SDRO SDR50 SDR75 RFA100
Mix

Fig. 4: Water absorption of Bricks

The high water adsorption capacity of RFA mixed samples is due to its porous nature than natural sand
and stone dust and the same may be seen in SEM images (Fig. 2a to 2c). However, al the results of water
absorption were in compliance to 1S:1077 [31] and where water absorption shall not be more than 20 % by
weight up to class 12.5 and 15 % for higher classes.

Bulk density

The test results for bulk density of bricks fabricated using NFA, stone dust and their replacement by
RFA are shown in Fig. 5 which indicates linear decrease in density with increase in RFA content from 0 to 100
%. The results show that density of bricks using 50 % (NFAR50) and 75 % (NFAR75) decreases 2.5 and 4.4 %
respectively as compared to control (NFARO). The percent decrease in density of bricks using 50 % and 75 % of
stone dust is 1.58 and 3.58 % respectively as compared to control (SDRO) which is slightly lower than samples
prepared using NFA. Lowest Maximum density of bricks has been observed with 100 % replacement by RFA
(RFA100) and it is 5.4 and 8.4 % as compared to controls (NFARO and SDRO respectively). The reason for
decrease in density with increase in RFA content may be explained by the substantially lower particle density of
the fraction under 2.26 mm and also the increased water content. These results also corroborate previous studies
carried out by Neno et al. [1] in which decrease in density has been observed with increase in content of
recycled fine aggregates.
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Fig. 5: Bulk density of bricks
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Compressive strength

Fig. 6 shows the test results of the compressive strength of bricks after 28 days of curing. It has been
observed that with the incorporation of recycled fine aggregate, enhancement in compressive strength takes
place as compared to controls (NFARO and SDRO), but maximum strength is observed at 50 % replacement
(6.37 and 7.68 MPa for NFAR50 and SDR50 respectively) and it is 8.7 and 25.6 % higher than control utilizing
natural fine aggregate (NFARO) and stone dust (SDRO) respectively. The strength increases slightly at 75 % and
100 % replacement of NFA (2.5 and 1 %) and stone dust (7.36 and 3 %) by RFA. In general, the results of
compressive strength are encouraging by utilizing stone dust as compared to natural fine aggregate. Further, it
has also been observed that the compressive strength of all the bricks prepared using recycled fine aggregates
meet the 28-day target strength as per IS: 1077 and was not less than 5.0 MPa in any case.

Compresive strength (MPa)
£

NFARO NFAR50 NFAR75 SDRO SDR50 SDR75 RFA100
Mix

Fig. 6: Compressive strength of brricks

The increase in compressive strength with replacement of NFA and stone dust by RFA may be caused
by various factors as explained by Sajedi and Razak [32]. The concrete particles have a higher specific surface
and are sharper edged and more porous than natural fine aggregate (river sand), so the bond with the cement
paste of the mix is better. Furthermore, this waste may contain non-hydrated cement that completes its hydraulic
reactions and sets when in contact with water, leading to greater cohesion between particles and strength. Khatib
[20] reported a systematic decrease in compressive strength as the fine aggregate content increases and were
contrary to the present investigations. However few researchers obtained the results which were similar to the
present studies. Lopez et al. [33] reported an increase in compressive strength with an increase in the
replacement ratio. Hamassaki et al. [34] obtained the best compressive strength results for the mix with 100 %
incorporation of concrete waste.

IV.  Conclusions
Laboratory investigations carried out for fabrication of bricks using recycled fine aggregates as a
replacement of natural fine aggregates and stone dust up to 100 % by weight. Based on physical and mechanical
tests, the following conclusions can be drawn:

1. Water absorption of bricks after 24 hours shows that percent water absorption increases with increase in
replaced NFA and stone dust content by recycled fine aggregate from 0 to 100 %. The high water
adsorption capacity of RFA mixed samples is due to its porous nature than natural sand and stone dust.

2. Bulk density of bricks fabricated using replacement by RFA indicates linear decrease in density with
increase in RFA content from 0 to 100 %. The reason for decrease in density with increase in RFA content
may be explained by the substantially lower particle density of the fraction under 2.26 mm and also the
increased water content.

3. The compressive strength of the bricks using NFA and stone dust increases at a replacement level of 50 %,
75 % and 100 % by RFA as compared to control. However, maximum increase was at 50 % replacement. It
has also been observed that the compressive strength of all the bricks prepared using recycled fine
aggregates meet the 28-day target strength as per IS: 1077 and was not less than 5.0 MPa in any case.

4. The higher compressive strength with replacement of NFA and stone dust by RFA may be due to higher
specific surface, sharper edged and more porous nature of RFA than natural fine aggregate (river sand), so
the bond with the cement paste of the mix is better. Furthermore, this waste may contain non-hydrated
cement that completes its hydraulic reactions and sets when in contact with water, leading to greater
cohesion between particles and strength.
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Based on the results, it is recommended that recycled fine aggregate may be used for partial replacement of
50 and 75 and 100 %the natural sand in mortars for development of bricks. From mechanical performance
point of view, a preliminary analysis gave very promising results for utilization of RFA. But for large scale
applications, the studies must be fine tuned for performance of these modified mortars and more studies like
susceptibility to wall cracking, water vapour permeability and water retentivity need to be find out.
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