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A B S T R A C T

The disposal of agricultural waste is a serious environmental problem. Use of agricultural wastes in the pro-
duction of cement block may reduce the global environmental pollution. This study analyzes the feasibility of
using agricultural waste like rice husk, sawdust, peanut shell, rice straw and coconut shell as a partial sand
replacement in the manufacture of cement blocks. The experiments have been conducted to determine the
physical, strength and durability properties of cement block. Test results show that cement blocks with agri-
cultural waste were satisfied the strength requirement according to the ASTM standard but durability is the
major issue for these blocks. Cement block with coconut shell and peanut shell shows reasonable strength and
durability properties.

1. Introduction

Environmental pollution increases with increasing population due
to waste generation and unlimited consumption of raw materials. Open
dumping of agricultural wastes is becoming a major issue. Because open
damping destroying the aesthetic appearance of nature and harmful to
public health. To reduce the negative effect on the environment, agri-
cultural waste materials have to be converted into useful materials [1].

Unlimited consumption of earth resources is another reason for
environmental pollution. In developing countries like Sri Lanka, due to
the recent growth in the construction industry, the demand for fine
aggregates is escalating rapidly. River sand is mainly used for all kinds
of civil engineering constructions. The annual sand demand for the
construction industry in 1992 is 9.4 million metre cubes [2]. Studies by
Katupotha [3] and Dias et al. [4] have attempted to estimate sand de-
mand and however, it has been found to be incomplete, as these have
covered only a part of the country or a section of the construction in-
dustry. Based on cement usage and engineering computations (i.e. ce-
ment consumption and the ratio of cement to sand for various con-
struction purposes), sand demand for 2007 was estimated to be 17.37
million metre cubes. River sand has been the most widely used fine
aggregate in Sri Lanka, and over-exploitation of river sand to meet the
demand has led to various harmful consequences. This kind of large
river sand consumption very badly impacts on the environment as
follows;

• The depth of the river bed is increased.

• The water table is lowered.

• Aquatic lives are disappeared from freshwater.

Artisanal sand mining was the norm until the introduction of the
current Mines and Minerals Act No. 33 [2] established by the Geolo-
gical Survey and Mines Bureau (GSMB) of Sri Lanka, which regulates
the exploration for and mining of minerals, including sand. The Geo-
logical Survey and Mines Bureau (GSMB) of Sri Lanka currently keeps
records of all the licenses issued for sand mining and transportation.
According to these records, the approximate annual sand supply is 7.99
million metre cubes, which is far below the estimated demand [5].

Considering the environmental issue due to waste materials and
scarcity of sand, many research works have been carried out to in-
vestigate the possibilities of using the waste materials in the production
of masonry block. Recycling waste materials by incorporating them into
building materials is a practical solution for pollution problems. These
waste materials can be divided into three categories: construction and
demolition waste, industrial waste and agricultural waste. Sabai et al.
[6] reported that, it is possible to produce the concrete blocks with a
compressive strength of at least with 7MPa by replacing fine aggregates
with construction and demolition waste in the content of 89%. How-
ever, concrete blocks produced with 100% construction and demolition
waste were weaker than control blocks. Raut et al. [7] stated that en-
hance performance in terms of achieved lighter density, lower thermal
conductivity and higher compressive strength of the various waste-
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create bricks gives an economical option to design the green building. A
wide variety of industrial waste materials for production of masonry
block has been studied, including fly ash [8], coal bottom ash [9], waste
marble powder [10], granite sawing waste [11], glass powder [12],
crumb rubber [13], paper mill waste [14–16], cotton waste [17] and
cigarette butts [18]. In these studies, compressive strength and water
absorption rate are two common parameters considered. Study on
published literature shows that using these industrial waste materials as
partially replaced for sand, allows the production of masonry blocks
with compressive strengths comparable to those obtained on control
masonry blocks.

While several studies have been conducted on the production of
masonry block with construction wastes and industrial wastes, a very
limited study conducted on the production of masonry block from
agricultural wastes. Several researchers have studied the utilization of
waste materials such as processed waste tea for bricks [19], straw fibers
for adobe [20] and sawdust [21] to produce masonry blocks. Salas et al.
[22] investigated the substitution of sand and gravel with rice husk in
concrete. The used rice husk was in the natural state or treated with a
5% lime solution. They concluded that concrete containing rice husks
could be used as a material with hybrid characteristics between struc-
tural lightweight concrete and insulating concrete. Salas et al. [23]
introduced a lightweight block that was made of rice husks as an
agricultural waste and fly ash as an industrial by-product. The blocks
had a density of about 1100 kg/m3 and a thermal conductivity of
0.20W/mk.

Gunasekaran et al. [24] investigated various mechanical properties
such as compressive strength, flexural tensile strength, splitting tensile
strengths and impact resistance of concrete with coconut shell as the
coarse aggregate. Authors concluded that coconut shell can be used as a
lightweight aggregate for producing lightweight concrete. In addition,
Gunasekaran et al. [25] reported that the ultimate bond strength of this
concrete was much higher compared to the theoretical bond strength.
Also, a recent study conducted by Gunasekaran et al. [26] shows the
satisfactory performance of coconut shell reinforced concrete beam in
flexure. According to this study, the flexural behavior of a coconut shell
lightweight concrete beam is comparable to other types of lightweight
concrete.

Parisi et al. [20] reported about adobe brick production by a mix-
ture of soil, water and straw fibers. The straw fiber reinforced adobe
bricks under study were 100×200×400mm3 in size and had a mean
unit weight equal to 16.80 kN/m3 . Based on test results, straw fiber
reinforced adobe bricks compressive strength, tensile strength, and se-
cant young's modulus in a compression fall in the ranges 0.2–2.5MPa,
0.17–0.75MPa and 15–287MPa, respectively. Kanagalakshmi et al.
[27] carried out series of tests to find out the suitability of peanut shells
for cement block production. Compressive strength considered as the
major parameter of these tests. It ensures that compressive strength
decreased with the increment peanut shell nut content.

Past studies [28–30] show that, by using plant waste that is abun-
dantly found in rural areas, it may be possible to construct cheaper and
good quality constructions. For the production and utilization of ma-
sonry blocks from agricultural waste materials, further study is needed
considering strength properties and durability properties of these
blocks. Also, there were no comparative studies of waste materials.
Therefore, it is unable to find the most suitable waste material which
can be used in the block preparation. Considering that, this study is
focused on finding out the most suitable agricultural waste materials for
the production of cement block.

The present study focuses on the possibility of using agricultural
waste as a partial replacement for sand in the production of cement
block. While these waste materials can be put to use as fertilizer, in-
sulation material or fuel; still, a large amount of these wastes is dis-
posed to overcome large accumulation. These wastes generally dump
on land or burn in the open air, creating land dereliction problems and
water contamination. To overcome these problem, agricultural wastes

has to be decided to use as an alternative for sand in the production of
cement blocks [28–30]. Rice husk, sawdust, peanut shell, rice straw and
coconut shell are considered for partial sand replacement. The effects of
these agricultural waste materials on the density, water absorption rate,
compressive strength, flexural tensile strength and durability of cement
blocks were investigated.

2. Material and methods

2.1. Material used

2.1.1. Cement
Ordinary Portland cement (OPC) grade 42.5 based on SLS107 [31]

was used in concrete as a cementitious material. The bulk density and
specific gravity of the cement are 1362 kg/m3 and 3.15, respectively.
Table 1 is summarized the physical properties and chemical composi-
tion of the cement.

2.1.2. Sand
The sand used for the masonry block is local natural river sand. It is

classified as silica sand and supply as bulk. The bulk density and spe-
cific gravity of the sand are 1476 kg/m3 and 2.67, respectively. A sieve
analysis was carried out in order to determine this local river sand
complies with the ASTM C136 / C136M [41]. The fineness modulus of
the local river sand was calculated to be 3.43. Fig. 1 show the local river
sand grading curve from the analysis and it is observed that 100% sand
passed through 4.75mm and 100% retained on the 75 µm sieve. The
particle size distribution curve is also steeper as the particle size range
is smaller. Which describes that the river sand used in this experiment is
poorly graded sand.

2.1.3. Agricultural wastes
Based on availability of waste materials in Sri Lanka, five types of

agricultural wastes were selected as rice husk, sawdust, peanut shell,
straw, and coconut shell (Fig. 2). Rice husk, sawdust and peanut shell
are used as raw without any pre-preparation or treatment. Coconut
shells are crushed into 2 cm×2 cm pieces and straw are cut into pieces
which length less than 25mm before added to mortar mix. Table 2
describes the physical properties of waste materials used for the pro-
duction of cement blocks. Sieve analysis tests were carried out for each
material. Particle size distribution curves of the materials used are
shown in Fig. 2. Test for bulk density, specific gravity and fineness
modulus were conducted according to ASTM C29/C29M [42], ASTM
C128 [43] and ASTM C136/C136M [41], respectively.

2.2. Mix design

A suitable proportion of cement mix was selected based on volume
percentage. Since the main aim of the research was investigated using

Table 1
Physical properties and chemical composition of material used.

Cement Sand

(a) Physical properties
Bulk density (kg/m3) 1362 1476
Specific gravity 3.15 2.67
Fineness 0.55 3.43

(b) Chemical composition
SiO2 19.21 80.78
CaO 66.55 3.21
MgO 1.17 0.77
Al2O3 3.91 10.52
Fe2O3 3.62 1.75
SO3 3.23 –
Na2O 0.40 1.37
K2O 0.39 1.23
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agricultural waste as partial substitute for sand for cement blocks
production in developing country like Srilanka; it was thought the same
mix proportion used in the sites was suitable and adequate for meeting
the aims of the research. Therefore, for control blocks, 1:6 cement: sand
proportion in volume was used. In addition to control cement block,
cement blocks with five different agricultural wastes were studied in
this comparison. In each agricultural waste case, three mix proportion
as cement: sand: agricultural waste volume ratio of 1:5:1, 1:4:2 and
1:3:3 were cast. Fig. 3 shows the slump values corresponds to water
added to the mix of different agricultural waste materials and mix
proportions. It can be observed that in the case of agricultural waste-

based cement blocks, the water/cement ratio for the particular slump
increased in increasing the content percentage of agricultural wastes.
This type of behavior in water required value was due to the high waste
absorption of agricultural wastes which declined the flowability of the
mortar mix. However, it can be observed that the water requirement for
rice husk and peanut shell added mortar mix was close to control
mortar mix. This may be due to less density and water absorption rate
of these materials compare with other agricultural waste materials. A
similar observation was reported by Ozturk and Bayrakl [44] on to-
bacco waste added concrete. Further, sawdust and straw showed high
water requirement for particular slump value. This type of behavior was

Fig. 1. Sieve analysis data for materials used.

Fig. 2. Agricultural waste materials used for cement block production.
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due to when the substitution of sawdust and straw increased, the mortar
mix became unworkable. A similar observation was reported by Modani
and Vyawahare [45] for sugarcane bagasse ash added concrete.

For a selection of the cement/water ratio; the slump value was fixed
as 50mm for constant workability. Water requirement for mortar mix
depends on aggregate particle size and grading and dust content. For
mortar with rice husk, coconut shell, and peanut shell, the water-ce-
ment ratio requirement to achieve the 50-mm slump was varying be-
tween 0.75 and 1.10. However, for cement mortar with sawdust and
rice straw showed a higher water required to achieve the 50-mm slump.
It has been seen that the high-water absorption of sawdust and straw as
shown in Table 2 was the factor for reducing the workability. It shows
that sawdust and rice straw negatively influence the workability of the
mortar mix.

Table 3 summarizes the material mix and amount of water required
for achieving that slump value. For the higher percentage of agri-
cultural waste in the mortar mix, the amount of water required was
changing dramatically. Generally, the addition of agricultural wastes to
cement mortars led to a reduction in workability. So, that's worse
compaction of the mortar was occurring. Therefore, water requirement
for set workability was increased with the addition of waste material.
The method of production for the masonry blocks in this experimental
program was through simple manual blending and compressing. First,
cement, sand and waste materials were measured and blended in order
to obtain a homogenous mixture. Next, water was constantly added into
the mixture until a homogenous mixture was obtained. The entire
mixing process takes approximately 20–30min. Masonry blocks having
the size of 215mm×105mm ×65mm was cast with each mix pro-
portion summarized in Table 3. The procedure of preparation of cement
blocks is shown in Fig. 4. Wet mortar was used for block casting for
proper distribution mix. Hand compaction was done using a temping
rod by giving 25 strokes in each of three layers.

2.3. Testing

In this study, total 400 samples were prepared which were 25 for
control blocks and 375 for waste material added blocks (75 blocks for
each agricultural waste type). For each waste type, 25 blocks were
prepared for each mortar mix ratio (1:5:1, 1:4:2, 1:3:3 - cement: sand:
waste). For each mix ratio, five cement blocks each were used to de-
termine the compression strength and flexural tensile strength, while
three cement blocks each were used for density, water absorption rate,
acid attack resistance and alkaline attack resistance. Cement blocks
were left under the open shed for curing up to a period of 28 days
before they were taken to the laboratory for testing. Room temperature
was around 30 °C and Humidity around 90% during the curing period.

2.3.1. Compression test
The compressive strengths of cement blocks at the age of 28 days

were measured according to the European standard EN 772-1 [46].
Cement blocks, having the size of 215mm×105mm×65mm, were
tested under axial loading. The test was carried out using a universal
testing machine under displacement control method at the rate of
2mm/min. The load was applied to the cement blocks until failure
occurred and the ultimate load was recorded.

2.3.2. Three-point bending test
The tensile strength of the cement block was evaluated by means of

three-point bending test according to the European standard EN 1015-
11 [47]. Cement blocks, having the size of 215mm×105mm×65
mm, were tested. Each cement blocks were placed over the steel rod in a
way to obtain a clear span of 175mm and the concentrated load was
applied at the mid-span. The test was carried out using a universal
testing machine under displacement control method at the rate of
2mm/min.Ta
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2.3.3. Water absorption test
To obtain the density and water absorption of the blocks, the weight

and dimensions of the cement mortar blocks and those containing dif-
ferent agricultural waste were measured according to ASTM C140 [48].
Cement block at the age of 28 days, were dried in an oven at 100 °C for
24 h. Then, the blocks were stored in indoor laboratory environment
until the surface temperature of the specimen becomes room tem-
perature. The dried cement blocks are immersed completely in clean
water at room temperature for 24 h. After removing the cement blocks
from the submerged condition, the surface water wiped off and the
weight of the blocks was recorded. The water absorption rate was

calculated by Eq. (1).

= −W VWater absorption rate (W )/S d (1)

where WS is the weight of the specimen at the fully saturated condition,
Wd is the weight of the oven-dried specimen and V is the volume of the
specimen.

2.3.4. Acid and alkaline test
The specimens were immersed in 3% of H2SO4 solution for acid test

and 3% of NaOH solution for an alkaline test for 30 and 60 days as per
ASTM C1152M-04 [49] and ASTM C289-07 [50], respectively. The

Fig. 3. Water requirement for mortar mix with different agricultural waste materials.
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Table 3
Volume proportion for prepared test specimen.

Fig. 4. Procedure for preparation of cement blocks.
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weight of the specimen was taken before (Wi) and after immersion (Wa)
and weight loss was determined by Eq. (2).

= −WDensity loss (W )/Volume of the blocki a (2)

3. Results

3.1. Density

Density depends on various factors like the specific gravity of the
materials used, cement-water ratio, sand types and its content, amount
of replacement of waste material, water absorption, etc. From the re-
sults, it can be observed that in every case density decreases with the
inclusion of agricultural waste materials on account of their lower unit
weight. The reason for the decrease in density owes to the relatively low
specific gravity of agricultural waste. According to a dry density of
cement block with each proportion of waste material as shown in Fig. 5,
blocks are classified based on ASTM Specifications for Concrete Ma-
sonry Units [51] and summarized in Table 4. According to Table 4,
cement blocks can be categorized under the lightweight blocks and
medium weight blocks. Control blocks are shown the dry density almost
close to normal weight categories. Cement block with 1:4:2 and 1:3:3
proportion of each waste material are categories as a lightweight block.

3.2. Strength of cement blocks

3.2.1. Compressive strength
Nowadays, the uses of masonry unit in construction are limited to

non-load-bearing structural elements. Even for non-load bearing ma-
sonry units, to monitor the quality of cement block, American Society
for Testing and Materials [52] sets a minimum criterion of 4.14MPa, as
the average of three specimens. However, in Sri Lankan standard [53],
this minimum value set as 1.2MPa, as an average of three specimens.

Compressive strength depends on the strength of the matrix, particle
strength of aggregate, cement content and water/cement ratio. It can be

observed from previous studies published by various researchers
[54–57] that, in every experiment, the compressive strength decreased
by increasing the percentage of aggregate replacement by any agri-
cultural waste materials. Kanagalakshmi et al. [27] reported the com-
pressive strength of concrete reduced by 24% than the control concrete
at 15% replacement of peanuts shell as coarse aggregates. Adewuyi and
Adegoke [58] also reported similar observations using the periwinkle
shell as its cube compressive strength was 26MPa at 0% and 18MPa at
50% inclusion of periwinkle shell. Even though, these experiments
performed as agricultural waste for coarse aggregate replacement, it is
shown that agricultural waste added concrete strength less than the
control concrete.

Sada et al. [38] performed an experiment using groundnut shells as
a fine aggregate replacement having a mix ratio of 1:2:3, in which they
observed that the compressive strength reduced by 49% and 64% than
the control concrete at 25% and 50% sand replaced by groundnut shell,
respectively. Bras et al. [59] tested the compressive strength of mortar
containing cork as fine aggregate and results indicated that the com-
pressive strength reduced by 34% and 69% than the control harden
mortar at 20% and 50% replacement, respectively. These results show
good agreements with present experimental test results.

The compressive strength of the cement blocks in this experimental
program is shown in Fig. 6. The results show that the compressive
strength of the cement blocks is affected by the type of waste materials
and replacement percentage. In general trend, the compressive strength
of the block gradually reduced with increased in waste content. These
results may be explained by a higher water/cement ratio used in agri-
cultural added mortar as compared to the reference mortar and an in-
crease of agricultural waste content which have much lower mechan-
ical resistance as a sand replacement.

Furthermore, the low density of agricultural waste as compared
with that of river sand may also contribute to the reduction of the
compressive strength as shown in Fig. 6. In the present experiment,
considering the waste material type, cement block with coconut shell,
have a higher compressive strength and cement block with straw have a
lower compressive strength. The higher density of coconut shell com-
pares with other agricultural waste material contribute to the higher
compressive strength of the block. Similarly, a lower density of straw
compares with other agricultural waste material shows the lowest
compressive strength block. According to the ASTM C129 [52], cement
blocks satisfy the specified minimum requirement, except 1:3:3 mix
proportion cement blocks. Even for 1:3:3 mix proportions, a cement
block with coconut shell satisfies the ASTM C129 minimum require-
ment. However, according to the Sri Lankan Standard [53], each type of
cement blocks except 1:3:3 proportions of sawdust, satisfy the specified
minimum requirement.

Fig. 7 shows the normalized compressive strength of block variation

Fig. 5. Dry density variation with different mix proportion.

Table 4
Classification based on density.

Type of block Mix ratio

1:6 1:5:1 1:4:2 1:3:3

Control block Medium – – –
Waste material Rice husk – Medium Light Light

Sawdust – Medium Light Light
Peanut shell – Light Light Light
Straw – Medium Light Light
Coconut shell – Medium Light Light

Fig. 6. Compressive strength variation with different mix proportion.
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with normalized block density. Control block was used as a reference to
calculate the normalized strength. Each mix proportion of coconut shell
and 1:5:1 proportion of rice husk, sawdust, and peanut shell have at
least 50% of the compressive strength of cement block.

3.2.2. Flexural tensile strength
Flexural tensile stress is a measure, which used to measure the

ability of blocks to withstand that flexural load. Generally, crack in-
itiated at the tensile side of the block and failed in middle cross-section.
The flexural tensile strength of the cement blocks is shown in Fig. 8.
Results show that flexural tensile strength decreased with respect to
increase in the waste material content. The flexural strength is largely
influenced by type, particle size and density of the waste material used
and the diffused moisture distribution in the cement mortar [60]. Si-
milar to compressive strength, the low density of agricultural waste also
contributes to the reduction of the flexural strength.

Adewuyi and Adegoke [58] also reported similar observations using
the periwinkle shell and were found to reduce the effective bond with
the periwinkle shell as aggregate and reduce flexural strength. Sada
et al. [38] performed an experiment using oil palm shell as a coarse
aggregate, in which they observed that the compressive strength re-
duced by 39% at 30% replacement than the control concrete. These
results show good agreements with coconut shell added cement mortar
in present experimental. Bras et al. [59] tested the flexural tensile
strength of mortar containing cork as fine aggregate and results in-
dicated that the flexural tensile strength reduced by 23% and 46% at
20% and 50% replacement respectively than the control harden mortar.
In the present experiment, consider the waste material type, cement
block with coconut shell have a higher flexural tensile strength and

cement block with straw have a lower flexural tensile strength.
The results from the present experimental study are also analyzed

by using linear regression analysis to derive proportionality equation to
relate cement block flexural tensile strength (ft) to compressive strength
(fcu) in the standard form of ft = a fcub. Eq. (3), relating flexural strength
to compressive strength of cement blocks at the coefficient of de-
termination (R2) value of 0.89 was employed in calculating the flexural
strength of cement block.

=f f0.13t cu
1.2 (3)

The standard error of the estimate for above equation is 0.02MPa
shows that the proposed equation provides a good correlation with the
experimental values.

3.3. Durability

3.3.1. Water absorption rate
The water absorption rate of cement block depends on the nature of

the pore system. The more pore in the cement block, the vulnerability
towards the water and chemicals is high. The main problem of using the
waste material as a sand replacement in cement block is the high-water
absorption of waste materials. Generally, the water absorption rate of
waste material added cement block is significantly greater than the one
of the control cement blocks. It can be observed from previous studies
by researchers that, the water absorption is increased by increasing the
agricultural waste as a replacement for fine or coarse aggregates.
Olanipekun et al. [55] reported that the percentage of water absorption
increases by increasing the percentage replacement of oil palm shell
and coconut shell as a coarse aggregate. Also, they find that value of
water absorption of the cement mortar depends on water absorption
capacity of agricultural waste. Kuo et al. [61] also reported the same
observation. Kuo et al. [61] reported that the absorption rate of re-
placing waste oyster shell sand is increased by 1.1–1.6% than the
control concrete.

The water absorption rate of the blocks is shown in Fig. 9. Results
show that the water absorption rate is increased with respect to in-
creases in waste material content except for coconut shell. Blocks with
coconut shell have approximately equal water absorption rates for all
mix proportion and it's less than control block. A possible reason for the
water absorption with agricultural waste material replacement may be
the lower bond strength between the agricultural waste and cement led
to a tendency for more spring back after water immersion and high
hydrophilic nature (water absorption of the waste material itself) of
waste materials. Another possible reason could be attributed to the low
bulk density of agricultural waste materials, which cause more void
space in the mortar mix. Notations gave in Fig. 9 shows the sa-
tisfactoriness of the water absorption rate of each mortar mix with

Fig. 7. Normalized compressive strength variation with normalized density.

Fig. 8. Flexural tensile strength variation with different mix proportion. Fig. 9. Water absorption rate variation with different mix proportion.
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various waste material proportions, as considering values given in
ASTM C55-11 [62]. The allowable water absorption rate is 208 kg/m3

for normal weight masonry block, 240 kg/m3 for medium weight ma-
sonry block and 320 kg/m3 for lightweight masonry block in ac-
cordance with ASTM C55-11 [62]. According to the results, blocks with
rice husk and sawdust in 1:3:3 mix proportion and all the mix pro-
portion of straw have a higher water absorption rate than the allowed
value. This indicated that the vulnerability towards the penetration of
external agents was high for blocks with rice husk, sawdust, and straw
than compare with blocks with peanut shell and coconut shell.

3.3.2. Acid resistance
Density reductions of control blocks and blocks with agricultural

waste materials, due to acid attack were summarized in Fig. 10. From
the results, it can be observed that density reduction in the exposure of
30 and 60 days gradually increased as the proportion of agricultural
waste increased. It shows that in the case of cement blocks with straw,
the density reduction was very steep and at 60 days for 1:3:3 mix
proportion, the density reduced by 200 kg/m3 compared to 40 kg/m3

for control blocks. Also, cement blocks with rice husk, sawdust, and
peanut shell show the density reduction between 90 and 120 kg/m3 at
60 days. However, cement blocks with coconut shell, the reduction in
density was between 40 and 80 kg/m3, the value that can be considered
moderate and relatively closer to control block.

3.3.3. Alkaline resistance
Density reductions of control blocks and blocks with agricultural

waste materials, due to alkaline attack were summarized in Fig. 11. The
results show that density reduction in the exposure of 30 and 60 days

gradually increased as the proportion of agricultural waste increased. It
shows that in the case of cement blocks with rice husk, straw and
sawdust, the density reduction was very steep and at 60 days for 1:3:3
mix proportion, the density reduced by more than 150 kg/m3 compared
to 75 kg/m3 for control block. However, cement blocks with coconut
shell, the reduction in density was between 40 and 70 kg/m3, the value
that can be considered moderate and relatively closer to control block.

3.4. Parametric correlation analysis

Pearson correlation coefficients are calculated to determine the re-
lationship between mechanical properties included density, compres-
sive strength and flexural bending strength, as well as durability in-
cluded water absorption rate, acid attack resistance and alkaline attack
resistance. Pearson coefficients of parametric correlations are sum-
marized in Table 5 and significant (2-tailed) are provided in square
bracket. The agricultural waste content was positively related to the dry
density (dry density reduced with the addition of agricultural waste
replacement) and negatively related to compressive strength, flexural
bending strength, acid attack resistance and alkaline attack resistance.
The beneficial effect of agricultural waste addition was more on the
density than that of strength or durability.

4. Cost analysis

During the course of this work, it was decided to measure mortar
consumption for block construction. To determine the agricultural
waste influences mortar consumption, the amount of mortar used to
construct each case of the cement blocks was calculated. The material
usage was calculated in terms of the amount of cement and sand re-
quired and total cost per 1000 cement blocks reported in Fig. 12. For
cost calculation, SLR 920 (US$ 5.98) for 50 kg bag cement, SLR 13,920
(US$ 90.53) for one-metre cube sand and SLR 157 (US$ 1.02) per one-
metre cube per 1 km for aggregate transport according to building
schedule of rates of Sri Lanka [63] were used. Total cost calculated by
considering 10% material wastage and the labor cost at unskilled labor
wage rate proposed by labor unit rates for construction works [63].
Waste material preparation cost is not considered for calculation. By
replacing sand by one-sixth of agricultural waste, the mortar total cost
decrease by approximately 10% and when the replacement increases to
one-third, the cost decrease by 20–30%. Due to cement cost contribute
around 50% of the total material cost, increasing the agricultural did
not result inversely proportion in a reduction in total cost.

5. Discussion

As results described earlier, the compressive strength of the cement
blocks reduced as more agricultural waste materials were incorporated.
Blocks with rice straw had a compressive strength that was lower than
ASTM minimum requirement of 4.12MPa. Considering that, cement
blocks with the agricultural waste of 1:3:3 ratio will probably be un-
favorable for house construction. However, for local Sri Lankan
Standard [53], non-load bearing wall blocks can have a compressive
strength of 1.2MPa. Therefore, for non-construction purposes or low-
story houses, these bricks are still acceptable.

Even though, cement blocks with agricultural waste satisfied the
strength requirement according to the ASTM C55-11 [62]; durability is
the major issue for these blocks. Another issue that arises cement blocks
with a high content of the agricultural waste material is the worsening
of the block's appearance and shape. Cement blocks with a high content
of agricultural waste were seen to have an irregularly shaped surface as
shown in Fig. 13. Especially cement block with rice straw and sawdust
shows poor appearance and will be difficult to apply the joint mortar
and surface plastering when these blocks used for construction.

On the other hand, cement blocks with agricultural waste have some
advantage such as low cost, low density, and high porosity compared

Fig. 10. Density reduction due to acid attack for different mix proportion.

Fig. 11. Density reduction due to alkaline attack for different mix proportion.
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with control cement blocks. By incorporating agricultural waste in ce-
ment blocks, it saves the time of construction and labor cost due to
lightweight and easier to handle. Also, a cement block with higher

porosity had a lower thermal conductivity and it improves insulation
[40,64].

Even though technically attractive block production from waste
material is developed, if public awareness is poor and the absence of
relevant standards, production of these type blocks cannot be popular.
Also, while people build houses freely with the materials which are
available locally, some standardization is required. Local standardiza-
tion code not available for cement block with agricultural waste and
there is a restriction to implement in house construction. Therefore,
further research would be required, especially in public education and
local standardization of block production from waste materials.

6. Conclusion

The aim of this study was investigating the possibility of recycling
the agricultural waste as a sand replacement for cement block, which
can use as building construction material in rural areas of Sri Lanka. In
this study, five types of waste materials; rice husk, sawdust, peanut
shell, rice straw and coconut shell were used as sand replacement
material in a cement block. A number of experiments were carried out
to determine the most suitable waste material. The following conclu-
sions can be made on the basis of current experiment results.

Table 5
Pearson coefficients of parametric correlations between parameters.

Dry Density Water absorption Compressive strength Flex. bending
strength

Acid attack (density
reduction)

Alkaline attack (density
reduction)

Sand replacement −0.822 0.561 −0.749 −0.691 −0.640 −0.425
[0.000**] [0.024*] [0.001**] [0.003**] [0.008**] [0.101]

Dry Density −0.911 0.797 0.547 −0.820 −0.696
[0.000**] [0.000**] [0.028*] [0.000**] [0.003**]

Water absorption −0.679 −0.397 0.719 0.748
[0.004**] [0.128] [0.002**] [0.001**]

Compressive strength 0.679 −0.697 −0.467
[0.004**] [0.003**] [0.068]

Flex. bending strength −0.162 0.037
[0.548] [0.893]

Acid attack (density reduction) 0.737
[0.001**]

Note: .
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Fig. 12. Cost analysis per 1000 cement blocks production.

Fig. 13. Appearance of cement block with different agricultural waste for 1:3:3 mix ratio.

N. Sathiparan, H.T.S.M. De Zoysa Journal of Building Engineering 19 (2018) 216–227

225



• Based on density, cement blocks with 1:3:3 and 1:4:2 mix proportion
falls under light weight cement block according to the ASTM C55-11
[62]. Cement block 1:5:1 proportion is categorized as medium
weight and control cement block density almost closer to normal
category.

• Cement blocks with agricultural waste were found to be weaker in
terms of both compressive and flexural tensile strength than those
produced by 1 (cement): 6 (sand) ratio mix cement block. However,
most of the cement blocks with agricultural waste except straw
shows that the compressive strength more than a minimum strength
requirement recommended by ASTM standards.

• Both coconut shell and peanut shell added cement blocks have a
water absorption rate less than the allowable value accordance with
C55-11 [62]. However, 1:3:3 mix proportion cement blocks with
rice husk, sawdust and straw have higher water absorption rate than
allowable value.

• In terms of acid and alkaline resistance, only cement blocks with
coconut shell and peanut shell show the relatively lower density
reduction, which is closer to control blocks. But, cement blocks with
rice husk, sawdust and straw show the at least three times higher
density reduction than control blocks at 60 days’ exposure to acid or
alkaline.

Based on these results, even cement blocks with agricultural waste
satisfied the strength requirement according to the ASTM C55-11 [62],
durability is the major issue for these blocks. Cement block with co-
conut shell and peanut shell shows reasonable strength and durability
properties. Therefore, it can be used as construction material, where
applications required low strength cement blocks. More research on the
long-term durability of this kind of cement block would give more
confidence to the construction industry for using them for housing
projects.

Also, this study only compressive strength and flexural tensile
strength for mechanical properties and acid and alkaline resistance for
durability were investigated. However, other mechanical properties
(such as elastic modulus, UPV) and durability properties (such as car-
bonation, permeability, freezing and thawing, erosion) could be in-
vestigated for cement blocks with these agricultural waste materials.
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