Volume: 07 Issue: 04 | Apr 2020

%

International Research Journal of Engineering and Technology (IRJET)
www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Consuming Agricultural and Industrial Wastes in

Manufacturing Eco-Friendly Bricks

Atif Moussa Ibrahim?! and Nazeer Mohamed El-Bialee2*

1Lecture of Agric. Eng. Faculty, Al-Azhar Univ. Cairo. Egypt.
2Senior Researcher of Agric. Eng. Inst. (AEnRI)., Agric. Res. Center (ARC)., Giza. Egyp.

Abstract: Egypt, produce about 1.35 and 5 Tg., of
sugarcane bagasse "SB" and cement kiln dust "CKD" as a
solid waste and by-products from sugarcane and cement
industries. Adding economical value of these wastes by
incorporating them, as green construction materials, is an
efficient method to diminish the environmental pollution,
and protect the raw materials from depletion, leading
towards sustainable and economical solution. The
experiment was carried in order to create a new mix, to
produce eco- friend bricks, by incorporated "SB" at
different sizes "PS" + CKD in different ratio, with main
components of cement bricks mixture. Bulk density "p" and
superficial density "ps", sound insulation "S;", expansion
rate "E,", water absorption "W," and initial rate of
absorption "IRA", and compressive strength "0" of these
bricks were evaluated. Increasing sugar cane bagasse
replacement percentage "SBrp" and "PS" reduced bricks

"

p" and "Sq", and increasing "S;", resulting in lighter bricks
with more soundproofed. Both "E,", "W4" and "IRA" were
increased by increasing "SBrp" and "PS". So, all bricks can
be effectively used as moderate weathering resistant,
except only bricks with 10 and 15%., of SBrp at PS2, also,
all bricks must be wetted before laying to avoid water
suction from past of cement mortar, except specimen with
5%., SBrp at PS1. Thus, all bricks are accepted as non-
carrying building bricks, and as carrying bricks (for load
bearing), except bricks with 5%., of SBrp at PS2.

Key words: Bagasse, CKD, densification parameters,
sound insulation, and suction behavior.

1. Introduction

Agricultural and industrial activities are generating
increasing in quantity and a variety of wastes and
by-products. Agro-wastes are rich in organic matter
with biodegradable nature. Adding an economic
value of different wastes by recycling them, as a
sustainable construction material appears to be a
viable solution not only to the pollution problem,
but also the problem of increasing landfill costs,
increase the revenues and enhance the environ-
ment, and high cost of building materials [1, 2].

Egypt produces about 15.26 Tg., of sugarcane that
in turn gives about 1.35Tg., sugarcane bagasse "SB"
as solid waste from the sugar cane refining process

[3,4]. Where, cane stalk is crushed in sugar mills,
generating bagasse as waste left after crushing [5].
Bagasse fiber performs similarly to hardwood fiber
[6,7]. In fact, the SB is considered either as a waste,
utilizing as biofuel in the industries, resulting in
sugarcane bagasse ash (SBA). Ashes are disposed of
in landfills or into the river, causing very harmful
for the environment, fertile land, water sources
over and above, our health [8]. Also, it can use as a
resource when appropriate valorization techno-
logies are implemented [9], due to their low or zero
cost, easy availability and their potential properties,
i.e., high porosity, low self-weight, very high specific
surface area, and noise isolation [10]. Therefore, it
considered suitable materials for produce high-
valued product i.e., paper, bio-based products,
particleboards, and sustainable fibers [11, 12].

On the other hand, cement production is one of the
most important industries, responsible for the
generation of huge by-products (solid waste) like
cement kiln dust (CKD) or bypass. It is a fine powd-
ery material (grayish in color) similar in appearan-
ce to Portland cement, consists predominately of
micron silt-sized, non-plastic particles [13,14].
Fresh CKD can be classified as belonging to one of
four categories, depending upon the kiln process
used, i.e., wet-process, and dry-process [15] and the
degree of separation in the dust collection system,
i.e., part of the dust can be separated and returned
to the kiln by a cyclone, or total quantity of
generating dust recycled or discarded [16]. About
5Tg., of CKD is produced annually in Egypt as a
byproduct, that can spread over a large area
through the wind, becoming accumulated in plants,
animals, and soils, and consequently negatively
affecting the environment and human health
[17,18]. Eliminated of CKD in the environment
typically in landfill causing direct contamination of
soil due to metals, contaminating groundwater
resources as well, became a significant threat to
surrounding superficial environment [19]. At many
facilities all or a major portion of CKD is recycled
back into the kiln to supplement the raw feed or
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reused this byproduct material is to reciprocate it
in the cement making process [20]. One of the most
common beneficial uses of CKD is a soil stabiliza-
tion by improving soil properties, as an activator in
pozzolanic stabilized base mixtures, reducing mois-
ture content and increases the bearing capacity of
the soft soil, and also to reduce construction time
and costs [21]. As well, it is used as a raw material
for cement production like vitrified sewer pipes
[22] and its use as a component in cement
mortar/concrete (Building walls) and bricks [23].
The beneficial uses of CKD include using it in
asphalt road pavement applications in the highway
construction industry as a filler material mixed
with asphalt [24], also as filters in removing color,
turbidity, organic substances, heavy metals from
textile wastewater, and removal of direct dyes from
an aqueous solution [25].

Therefore, incorporating agricultural and industrial
waste materials (SB and CKD) in green construction
materials is an efficient method to diminish the
environmental pollution, reduce the amount of
generating wastes and protect the raw materials
from depletion, leading towards a sustainable and
economical solution.

Officially, the term brick is used to denote a
building unit made of shaped clay, which they are
the classic form of a brick. Brick created by pressing
wet clay into molds, then drying and firing them in
kilns. It is a very old building material found in
many of the ancient structures of the world dated
back to Indus valley civilization (2500-1500BCE)
[26]. Nevertheless, in modern times brick is used to
refer to any stone- or clay-based building unit that
is joined with cementations mortar when used in
construction. Common bricks are categorized
according to their component materials and
method of manufacture into five common types;
burnt clay bricks, sand-lime bricks (calcium silicate
bricks), concrete, bricks, fly ash clay bricks (self-
cementing), and Firebrick (refractory bricks).

In Egypt, burnt clay bricks (clay from the Nile
River) are considered one of the most basic
building materials, until recent decades. However,
the annual renewal of clay from river flooding
ceased with the construction of the darn at Aswan,
and because of the necessity of retaining the arable
land along the Nile for agricultural purposes. Nile
clay rapidly became unsuitable for brick production
and the Egyptian Government placed a ban on its
use for that purpose, by the promulgation of Law

No. 116/1983 which criminalizing the use of clay in
brick production to counter threats caused by the
erosion of the agricultural area. On the other hand,
a large demand has been placed on building mater-
ial industry (consequently for brick, increased
accordingly) owing to increasing population rapidly
and housing demand needs, that causes a chronic
shortage of building materials, excessive usage of
the earth materials, massive depletion and also high
energy consumption which is destroying natural
resources. There is an exponential need for produce
and encourage alternative construction materials
like eco-friendly bricks to construct green buildings
[27, 28]. Several efforts were made to convert agro-
waste to eco-friendly bricks [29, 30, 31].

In the light of the above, this research aimed to
create a new mix by incorporated SB + CDK in diffe-
rent ratio in order to produce green construction
material (eco-friendly bricks) and studied their
characterizes in terms of densification parameters
[bulk density "p" (kgm-3), and superficial density
"ps" (kgm-3)] sound insulation, resistance to water
penetration [expansion rate "E,"(%), water absorp-
tion "Wa"(%), an initial rate of absorption "IRA"
(gcm2min-1), and compressive strength "56"(Nmm-2).

2. Materials and Methods

The experiment was carried out at laboratory of
Agic. Eng. Fac., Al- Azhar Univ., Cairo, Egypt. Base
materials for the specimen brick manufacturing are
made from a mixture of locally cement, sand,
hydrated lime, and wastes i.e., bypass, sugarcane
bagasse, and sugarcane bagasse ash. Cement is a
main binding material. Ordinary Portland Cement
"OPC", type “CEM I” - 42.5 N Grade - with the comm-
ercial name of "Tourah", is used. It is manufactured
as described in Egyptian Standards [32], which
satisfied the quality requirements of [33].

Fine mine sand "S", spherical and clean (liberate
from clay, loam, dirt and any organic or chemical
matter), was well graded. The average sand particle
size was below 5mm. where, 100%. passing
through 4.75 mm., mesh sieve, liquid limit < 45%.,
and plasticity index < 18% with bulk density ~ 1640
kgm-3., while, the moisture content recorded was
2.36%. Consequently, it is deemed suitable for brick
production. It was complying with the
requirements of [34].
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Hydrated lime "HL" available in the market and
satisfied the quality requirements of [35], was used
for manufacturing work.

Cement Kiln Dust "CKD" or bypass is a fine powder
like material made up of particles that are relatively
uniform in size. The chemical composition of CKD
depends on the raw materials used to produce the
clinker and on the type and source of the carbon-
based fuel used to heat the material in the rotary
kiln.

Sugarcane bagasse "SB" is the cellular fibrous waste
product after the sugar juice extraction, acquired
from a different sugar mill with about 48~50%.,
moisture content "MC". Then, spread on the floor to
sun-dried for two weeks, to solidify the bagasse, till
a final humidity of 5% (wet basis). Subsequently,
the SB was ground to powder by hammer mill
machine and sieved into two particle sizes "PS1" (<
2.8mm) and "PS2" (2.8 < PS; < 4mm) which used in
the experiment (Fig.1).

It contains approximately 52.62%., of cellulose,
25.8%., of hemicellulose, 20.23%., of lignin and
1.35%., of ash. Chemical composition determined
according previously described by [36].

Sugarcane bagasse ash "SBA" was obtained by
burning well-dried bagasse in an open environment
and then cooling. Fine pure ash was sieved and has
been protected in tightly glass containers to avoid

PS1<2.82.8<PS2 <4 mm,
Fig-1: SB particle sizes.

dampness ingestion and other pollution. The
chemical composition of OPC, S, HL, CKD and SBA
were investigated in Housing and Building National
Research  Center (HBNRC) and tabulated
hereinafter in Table 1.

Water was used to mix the materials. It helps to
activate the chemical reaction in the cement and
with other materials and forms cement gel. Fresh,
colorless, odorless, tasteless, free of acids, organic

Table- 1: Chemical composition of raw materials.

Oxides Cement Sand |[Hydrated lime| Cementkiln | Sugar cane bagasse
"OPC" (%) [ "S" (%) | "HL" (%) |dust"CKD" (%) ash (SBA) (%)

Si 02 20.29 93.32 2.88 13.75 65.77

Al; O3 5.40 0.51 5.4 3.8 16.12

Fez O3 2.66 0.84 0.25 2.16 13.06

CaO 64.17 0.49 62.58 49.8 241

Mg O 1.5 1.62 1.006 1.7 1.53

Na; O 0.47 0.09 0.6 1.59

K20 0.12 0.87 0.12 2.75

P2 Os 0.05 0.05 0.01

SO3 2.93 0.03 0.534 1.85 1.11

*IR 1.05 1.5

**LOI 1.36 2.18 26.62 21.1

*I R: Insoluble residues, **LOI: Losses on Ignition

matter, suspended solids, alkalis and impurities
with PH value of 7.0 confirming to [37], was used

Table- 2: Chemical compositions of water

for curing specimen. It was collected from the pipe i Sulphates Total Na; O +
borne water by Holding Company for Water and Chloru}es "ppm" dissolved 0.658
Wastewater "HCWW. The chemical composition of (€h) . (SO3) [(SO4)| salts (TDS) K;0.,
water was analyzed in the central laboratory of Soil, ppm "ppm" "ppm"
Water and Environment Research Institute 12.5 63 21 528.6 22.8
"SWERI" and recorded in Table 2.
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Brick specimen preparation processes include
mixing, pressing, and wrapping. The quantities of
the materials for each specimen about 2000 g,
were batched by weight. About 50% of the overall
quantities of constituents were constant mass, such
as OPC, S, HL, and SBA, were 360, 300, 100 and 240
g., respectively. As well as, the SB with PS1 and PS2,
varied from 5, 10 and 15%., in the other 50%., of
quantities and the rest of CKD. OPC, S and HL were
mixed beforehand in a laboratory, before they were
mixed with SBA and CKD. Later, it mixed with SB
manually, on a piece of plywood, using an ergono-
mic hand trowel, with adding water (550 ml) to
prepare the wet mixture. The mixing process takes
about 20 min., for each specimen to achieve the
homogeneity and to ensure an even dispersion of
all the matrix and SB. After mixing, the mixture was
poured in a rectangular frame size 250 x120x100
mm., to make a brick. Then, pressing apparatus
(calibrated hydraulic cylinder) used to press out
the mixtures, with formation pressure about 76.64
kNm-2,, for 30 min. The block diagram below (Fig. 2)
illustrates the methodology followed in the manufa-
cturing of eco-brick specimens containing wastes.
About 60 pieces of bricks were manufactured and
prepared on 6 sample groups, with 10 bricks in
each group.

Sugar cane bagasse ash "SEA" + Ordinary Portland Cement || Sugar cane hagasse "SB"
Bypass or Cement Kiln Dust "CKD" "OPC" + Band 8" Particle S1ze"F8" (1 0r 2)

Dose (45, 40, and 35%) + Hydrated lime "HL" Dose (5, 10, and 15%)

Pressed pressure = 76,64 1 m0®, for 30 min,
Wold size (250 * 1202100} mmm.

l

Wrapping and stored in open air
and allowed to cure for 28 days.

Fig- 2: Eco-friendly brick (specimen) manufacturing
methodology.

Every 30 bricks were prepared using different PS (1
or 2) with various ratios of SB contents ranging
from 5, 10 and 15%., (Fig. 3). Later, brick specimens
were wrapped with a plastic film to avoid rapid
drying on timber pallets and marked. The bricks
were then stored in open air for 28 days prior to
use in the sequence of laboratory tests. Generally,
bricks are hardened from a chemical reaction and
from mechanical compaction. Chemical reactions
occur when the added OPC reacts with other
components. When compacted by mechanical force,
all components are bonded tightly, decreasing the
pore rate of the bricks and increasing their density.

SBrp 5% SBrp 10% SBrp 15% SBrp 5% SBrp 10% SBrp 15%

PS2 PS1
Fig-3: Brick samples.

Afterward, a serious measurement was conducted
at room temperature to determine physio-
mechanical and functional brick properties, i.e.,
bulk density "p" (kgm-3), superficial density "ps"
(kgm-2), sound insulation percentage "Si"(%),
expansion "E,"(%), water absorption "W,"(%),
initial rate of absorption "IRA" (gcm-2min-') and
compressive strength "6" (Nmm2) were executed.
The five randomly brick sample dimensions were
measured by digital vernier caliper and mass
recorded by a digital balance with an accuracy of
0.01g. Then, there were established in the following
formula to obtain, p and ps as [38, 39].

_M
P=Y
_M
PS—A

Where, M is mass of sample (kg), V is the volume (=
1 x w x t, m3), | is the length (m), w is the width (m),
t is the thickness (m) and A is average of surface
area (=1 x w, m?). Digital sound level meter, range
50 to 126 dB., with +2dB., accuracy was used to
measure acoustic insulation percentage "Si" (%) as
described by [40]. On the other hand, the E; W4
and IRA were calculated according to Heirnafter
equations as described [41, 38, 42].

(td_tw)
E,=——x100
P ((tw) )

My — My
Wy =—=x100
™

T — 0
JIRA=——=x100
(L, —Ly)

Where, tq is the thickness of oven-dried sample
(mm), ty is thickness of dry sample in air after
immersion (mm), M, is mass of sample after
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immersion (g), Mq is mass of dried sample (g), Mr is
sample mass at time T (g), Wy is sample initial mass
(g), Liis sample average length (mm), and L; is
sample average width (mm). Compressive strength
"6" determined by digital hydraulic UTM (Universal
Testing Machine) with accuracy 10 N., as described
by [43], and calculated as follows:
P
I xw

Where, P is max. Compressive load, N.
All E,, Wy, IRA and § testes were performing in
HBNRC labs.

3. Results and Discussion

Sugarcane bagasse replacement percentage "SBrp"
(%) and particle size "PS" effects on densification
parameters in terms of bulk density "p"(kgm-3) and
superficial density "Sq"(kg m-2) for manufacture
specimen bricks were tabulated in Table 3.

Generally, adding "SB" reduced bricks "p"(kgm-3)
and "Sq"(kg m2). The p of bricks was ranged from
1060.79 to 1428.92kgm=3. The maximum of p values
1428.92 and 1269.47kgm-3., were obtained with 5%
of SBrp at PS1 and PS2. Meanwhile, Minimum values
1080.94 and 1060.79 kgm3., were scored with 15%
of SBrp at the same arrangement. With regard to
attained results established in Table (3) revealed
that both of PS and SBrp had negative effects on p of
brick. The values of p at PS1 were higher than the
PS2. Where increasing PS from PS1 to PS2 lead to a
reduction on p. These reductions were slightly at 10
and 15 %., of SBrp and sharply at 5%., of SBrp. The p
values of the specimen were declined slightly
1080.94, 1224.16 and 11428.92 kgm=3, at PS1, to
1060.79, 1220.38 and 1269.47 kgm3, at PS2, i.e,
about 1.86, 0.3 and 11.16 %., with 15, 10 and 5 %., of
SBrp. These results expected as pressure effect on
specimen volume, because the small particle size PS1
can compact, easier than large particle size PS2 and
have less pores. [40] was pointed out that p values of
the specimen, incorporated with small chops are
more than large chops. Moreover, increasing of SBrp
from 5 to 10 and from 10 to 15%., tended to reduct-
ion on p (not more 13.08%) where, it decreases
about 14.33 and 11.70%., at PS1, and about 3.87 and
13.08%., at PS2. Decreases on p of bricks with
increasing SBrp (light material) ought to replace the
heavier constituent materials, resulted in an increase
of the total volume of the mixture even after
compaction. Increase compacted mixture volume
with decrease bricks mass resulted in a decrease in

bricks density. The standard of p for sand, silt, clay
and cement bricks were 600 to 650, 1130, 1300 to
2200 and 1940 kgm3, respectively [44,45].
Consequently, based on these references all
manufactured bricks were led to classify as a
medium-class weight with an acceptable range of
standards and within the limit. Therefore, the p of
brick increase with increasing CKD (%), meanwhile,
added more waste inside brick specimen, tended to
reduce p of specimen, these results corroborated
finding of [46,47]. As well, results show that the p of
concrete, brick decreasing by increased rice-straw
percentage [45]. On the other hand, these remarks
were conflicted with [48] who noted that p of bricks
increases with the increase agro-waste content
(RHA), and decreased as the amount of CKD used
increased.

Table 3: Bricks bulk density and superficial density
affected by "SBrp" and "PS".

"SBrp” "p"(kgm3) "Sa"(kg m?)
(%) | Ps1 PS2 PS1 | PS2
5 142892 1269.47 | 69.52 | 64.27
10 [1224.16 | 1220.38 | 66.15 | 63.78
15 [1080.94 | 1060.79 | 64.93 | 63.38

Results of manufacture brick superficial density
"Sa" (kgm-2) or weight per unit area with different
SBrp and PS were followed similar trends as p. It
was observed that lighter bricks (63.38kgm-2) can
be prepared with 15%., of SBrp at PS2. Meanwhile,
heavy bricks (69.52kgm-2) were produced with 5%.,
of SBrp at PS1. The SBrp values had limited
negative effects on Sq at both of PS1 and PS2. For
instance, the Sq of the specimen was decreased from
10 to 15%., of SBrp at PS1 and from 5 or 10 to 15%.,
of SBrp at PS2 almost 1.84, 2.69 and 0.76%.,
respectively. On the other hand, obtained results
showed decreases in Sq of bricks with increasing
the SB size. For instance, about 5.72, 2.84 and 1.77
%., reduction in Sq of bricks were observed after
increasing PS from PS1 to PS2 at 5, 10 and 15 %., of
SBrp respectively. Similar results were reported by
[49], they declared that brick specimens showed a
reduction in weight per unit area with an increasing
amount of agricultural wastes (SBA and RHA) in
clay specimens. Bricks mass controlled by raw
materials mass and density for agro-waste, the SB
was observed in low values of p (= 258.6 kgm3)
resulting into light mass bricks. Lighter mass bricks
are helpful in reducing the structural load, labor
cost and transportation cost.
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Concerning of SB obtained results reveal that
increasing a SBrp from 5 to 10 and 15%., increased
a S; about 2.15 and 1.87%., at PS1 and about 1.31
and 1.52%., at PS2. The values of S; were directly
increased with increase of SBrp. Where, S; =
30.211(SBrp)07652 =~ 28.26 (SBrp) +1.594, with R2
=1 and 0.9982 for PS1 and PS2. These results are in
harmony with those obtained by [50], they conclu-
ded that SB panels prove to be a material with
potential for addressing sounds acoustics with max.
absorption 55db at 800Hz., (Fig.4). On the same
line, [51] reported that the natural fiber (coconut
fiber and natural latex) composite shows very good
noise insulation properties. [5] came to the same
conclusion with paddy fiber, rice straw, and
bamboo. Conversely, [52], outline that, the SB may
insignificantly perform as a good absorption. In
general, S; of PS1 were higher (3.05, 5.2 and 7.07%)
than the PS2 (3.04, 4.5 and 5.87%). Where, the
decreasing of PS from PS2 to PS1 leads up to
increase the S; about 0.85 to 1.2%., at 10 and 15%.,
of SBrp. Whilst, there is a little difference on S; (3.05
and 3.04%) through using any of the PS size at 5%.,
of SBrp. A similar observation had been marked by
[40, 44] who resulted that the S; value increases
with increasing agro-waste for both small and large
chops, and it was high at small chops compared
with large. In contrast, decreasing of coconut coir
fiber size tended to create less void space in
between the panel and thus causing it to absorb
less sound [53, 54]. From these results, there is a
linear negative correlation between S; and both of p
and Sq. Where, decreasing a p and Sq of bricks
(decreasing brick mass) tended to increase the S..
So, the lighter bricks (2023 and 1984 g) with 15%.,
of SBrp are more soundproofed (7.07 and 5.87%).
Therefore, the heavy weight bricks (2149 and
2022g) with 5%., of SBrp had a poor effect on S; at
both of PS (3.05 and 3.4%). (Data not shown).

15% —

100 T ups2

PS1

SBrp (%)

50,

0 8

/
"S(%)

Fig-4: Effects of studied parameters on sound
insulation "S;" (%).

Water based test results was shown clearly
resistance to water penetration or bricks suction
behaviour in terms of expansion rate "E,"(%),
water absorption "W," (%) and initial rate of
absorption "IRA" (gcm2min!) were graphically
presented in Figs. 5, 6 and 7.

Expansion rate "E," (%) varied from 1.99 to 5.46%.,
at PS1 and from 6.25 to 10.46%., at PS2. It was
affected by increasing SBrp and PS. However, it
declines with increase CKD (%) for both PS. Where,
increasing CKD (%) from 85 to 90%., and from 90
to 95%., lead to reduced E, slightly (8.79%) then
sharply (60.04%) at PS1, and decline about 23.61
and 21.78 %., at PS2. Moreover, PS of SB had an
excited effect on E, at different SBrp, where, using
PS1 as an alternative of PS2 lead to decline the E,
values sharply about two-third (68.16%) and one-
half (47.80%) at 5 and 15% of SBrp, whereas, only
one-third (26.45%) reduction occurred at 10% of
SBrp, [40] came to the same conclusion (Fig. 5).

12

10 fmmmmmmmmmmmmmmmm e - - - -
8. ____________________________ — — —
6. _________________________ — — —
4. _____________________ — — —
2.____ _______________ — — —
0

SBrp (%)
Fig-5: Effect of "SBrp" (%) and "PS" on "E;" (%) of
manufacture bricks.

E, (%)

Water absorption "W,"(%) is an important
property that correlates with bricks durability.
Where there had a negative relationship between
them. All specimens under study showed an
increase in "W,"(%) as compared to standard
cement brick "SCB". Occasionally, the lowest values
of Wa were observed, equal to 14.82 and 29.78%.,
for bricks with 5%., of SBrp at PS1 and PS2.
Whereas, the W, value for SCB was about 9.8%.,
[45]. Results indicated that decreasing SBrp from
15 to 10 or 5%., decreased the Wa by 5.43 and
38.46%., at PS1, and nearby 19.12 and 21%., at PS2.
Where, specimens with 15%., SBrp had a higher
value of W, (24.08 and 37.70%) compared with
specimens with 5%., of SBrp (14.82 and 29.78%)
for PS1 and PS2. These effects were confirmed by
[55]. On the other hand, these remarks were
conflicted with [15, 23] who mentioned that Wy
increase as the amount of CKD increased. Cement,
sand bricks absorption ratios should be less than 26
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or 30%. So, based on this fact, it is considered that
all bricks can be effectively used as moderate
weathering resistant, except bricks with 10 and
15%., of SBrp at PS2 as reported by [56, 57] (Fig. 6).

40

mPS1 ©PS2
L R e e - -
N . | e -—-
25 fmmmmm e e -—--
g 20 +-----1  -------SE - ----
<<
S 15 -y -------J - -—--
0+---f -------3 ------- -—--
5 R | ISR - ———
0
5% 10% 15%
SBrp (%)
Fig-6:"W," results for bricks under studied
parameters.

Amount of water absorbed through the bed face of
a brick in one minute of IRA (gcm2min-?) is one of
the important factors affecting the flexural bond
strength [58]. The values of IRA were ranged from
0.02 to 0.056 gcm2minL, for PS1, and from 0.04 to
0.07 gem2mint, for PS2 (Fig.7). These values are
lesser than cement brick (0.44 gcm-2mint), clay
brick (0.46 gcm2min-') and moderated clay bricks
(0.65 gcm2min-1) which mentioned by [45].

16

14

o 12

g 1.0
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Fig-7: Suction behaviour for manufacture bricks.

Over and above, with exception samples with 15%.,
of SBrp at both of PS1 and PS2 and with 10%., of
SBrp at PS2, all water absorbed values are smaller
than dry pressed clay, units of extruded clay, concr-
ete, and calcium silicate, as reported by [59].Gener-
ally, it was noticed that the IRA increased with both
of SBrp and PS. Suctions were increased sharply
during first 15 min about 155, 136.55 and 91.74%.,
at PS1, and 88.92, 71.42 and 134.25%., at PS2, with
5, 10 and 15%., of SBrp, respectively. Then, it impr-
oves slightly, consequently through 45 min., (from
15 to 60 min), about 32.03 and 7.28%., with 5%., of
SBrp, and about 25.58 and 18.53%., with 10%., of
SBrp and 16.98 and 8.14%., with 15%., of SBrp at
PS1 and PS2. Lastly, it augments only about 0.302,
0.264 and 0.255 gcm-2, and about 0.219, 0.379 and

0.255 g cm-2,, for PS1 and PS2 with 5, 10 and 15%.,
of SBrp, through periods of 23h (from 1to 24h). Due
to the above reasons, all bricks must be wetted
before laying to avoid water suction from a past of
cement mortar, except the specimen with 5%., of
SBrp at PS1 [60]. These results are well-matched
with density theory "The higher original density is
less likely to absorb water, and vice versa". Where,
the Wi and IRA (suction rate) indicates the
presence of interconnected pores, capillaries and
voids in the brick body. As well, depends on the
distribution of pores and volume [46]. Adding SB by
high content, lead to fibers packing and the matrix
becomes less efficient, and causes the void volume
to increase [61]. Organic matter in SB increases the
effect and total open porosity of brick bodies [62].
Whereas, increase SB with low density, as a
hydrophilic cellulose fibers, like other ligno-
celluloses, is hygroscopic, with a relatively high
affinity for water [63] followed by a decrease in
density and an increase in both W, and IRA.

Compressive strength test is important for
determining bricks load bearing capacity, and
considered the main factor in choosing building's
bricks. The attainted results as depicted in (Fig. 8),
revealed that compressive strength "8" (Nmm-2) of
all specimens was decreased by decreasing SBrp, at
PS1 and PS2. Where, decreased SBrp from 15%., to
10 or 5%., lead to reduce "8" by 14 and 21.33%., at
PS1, and about 11.96 and 29.58%., at PS2. Contrary
the former relation, particle size "PS" data showed
that reducing PS from PS2 to PS1, lead to increase
"8" about 118, 103.19 and 105.63%., at 5, 10 and
15%., of SBrp, respectively.

10 -

PS1 ®PS2

5% 10% 15%
SBrp (%)

Fig- 8: Compressive stress of manufacture bricks.

Maximum value of 6 (9.375 Nmm-2) scored at PS1
with 15%., of SBrp. While, the minimum value (6.25
Nmm-2) scored at PS2 with 5%., of SBrp. [64],
indicated that the "6" of cement, sand bricks should
be 2.5 <6<7 Nmm-2. Thus, all manufacture specimens
an accepted as building bricks (non-carrying bricks)
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where § should be more than 2.50 Nmm-=2. As well,
accepted as carrying bricks (for load-bearing) except
manufacture specimens with 5%., of SBrp at PS2
(6.25 Nmm-2) where & not be less than 7Nmm-2,

Subsequently, these bricks can be used in single-
storied load-bearing structures, and also in the
construction of infill walls in multi-storied framed
structures. A similar results were demonstrated by
[65]. Whilst, all 6 of bricks still weakly compared
with cement brick (6 * 12 Nmm-2). On the other
hand, there were stronger than silt brick (6
~*8Nmm2), except specimens with 5% of SBrp at
PS1 and PS2, and with 10% of SBrp at PS2 [45].
Furthermore, it still satisfied the min. compressive
strength according to Pakistan standards for buil-
ding bricks (= 5Nmm2) [66], as well, Australian
standard for masonary units [67]. Therefore, these
modified bricks can be used as a more sustainable
bricks. These findings were confirmed by [15, 47],
they observed that "6" increases with the increase
in agro-waste replacement percentage. On the other
hand, all previous results were contrary, with
indicated results for modified concrete and clay
bricks, where, by increasing agro-waste materials
and decreasing CKD (%) tended to decrease the &
values [1, 49]. Contrary the aforesaid results [68],
resulted that increasing CKD percentage lead to
increase &6 value. As well, increase of SB as fine
aggregate decreased the strength in concrete as
reported by [69,70]. Meanwhile, [71] mentioned
that using SB did not affect the mortar compressive
strength.

Maximum of compressive stress on the bricks was
9.193 Nmm2, occurring at a strain of 0.192. Mean
values of failure strain obtained for bricks found to
vary between 0.194 and 0.192, and 0.192 and 0.188
strain, for bricks manufacturing from PS1, and PS2.
By adding load about ZNmm-2, (one-fifth load)., the
ascending part of the curves for all bricks were
found to behave exponentially except specimens
with 15%., of SBrp at PS1. With increasing the load
till failure load the ascending curves were found to
behave linearly at 10 %., of SBrp at PS1 and 15%.,
of SBrp at PS2. As well as, the exponential behavior
was noted at PS1 with 5 and 15%., of SBrp, and 5%
of SBrp at PS2, and too, the power behavior at 10%.,
of SBrp at PS2 (Fig. 9).
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Fig- 9: Compressive stress - strain curves for
manufacture bricks.

4., Conclusion

Agricultural and industrial waste utilization in brick
manufacturing is an effective way to dispose of
them leading to sustainable green constructions.
Increasing the SBrp and PS leads to reduced bricks
densification parameters in terms of p and S4, and
increasing Si resulting in lighter bricks with more
soundproofed. Bricks suction behavior in terms of
the Ep, Wa and IRA were increased by increasing
SBrp and PS. So, based on these facts, it is
considered that all bricks can be effectively used as
moderate weathering resistant, except only bricks
with 10 and 15%., of SBrp at PS2. Moreover, All
bricks must be wetted before laying to avoid water
suction from a past of cement mortar, except the
specimen with 5%., of SBrp at PS1. Thus, all
manufacture specimens are accepted as building
bricks (non-carrying bricks). As well, accepted as
carrying bricks (for load-bearing) except manufac-
ture bricks with 5% of SBrp at PS2. Subsequently,
these bricks can be used in single-storied load-
bearing structures, and also in the construction of
infill walls in multi-storied framed structures.
Whilst, it still weak compared with a cement brick.
On the other hand, there were stronger than silt
brick, except specimens with 5%., of SBrp at PS1
and PS2, and with 10%., of SBrp at PS2. Therefore,
these modified bricks can be used as a more
sustainable green construction.
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