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ABSTRACT

This work investigated the effect of partial replacement of sand with quarry dust on the compressive strength,
flexural strength, split tensile strength and water absorption of sandcrete blocks. River sand was replace
replaced
d with
percentages
quarry dust at per
centages ranging from 0 to 40 at cement/combined aggregate ratio of 1: 6. The blocks were
moulded using a Rosa Commetta block laying machine and were tested after curing by water sprinkling for 28 days.
The results showed that the inclusion of quarry dust improved the properties,
properties, with the highest improvement being
at 40% replacement for all the properties. The compressive strength, flexural strength and split tensile strength
replacement.The
increased by 27, 38 and 19% respectively at 40% replacement.
The compressive strength and water absorption of
12%
% for vibrated
the blocks also met the minimum Nigerian Industrial Standard’s requirement of 3.45N/mm-2 and 12
resultss also showed that blocks produced with quarry dust as the sole aggregate have
blocks respectively. The result
lower qualities than sandcrete blocks of the same mix. It is recommended that partial replacement of sand with
quarry dust in sandcrete block production be encouraged as it reduces
reduces the excessive demand for river sand and its
attendant problems while providing a useful means of utilizing the excess quarry dust produced which, if left to
quantities
ies,, constitute great environmental hazard.
accumulate in large quantit
ies
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words: Sand-quarry dust block, sandcrete block, compressive strength, flexural strength, split tensile strength,
water absorption, environmental hazard.
1. INTRODUCTION
Sandcrete blocks are the most common type of blocks
used in forming walls in modern day Nigeria. Their
popularity is due to their great ease in production and
placing. They are produced by compacting a mixture
of water, cement and sand in suitable proportions, in a
mould such that the green blocks which are removed
from the mould immediately after compaction are
self-supporting; hence they are often referred to as
zero-slump concrete. The main source of sand for
sandcrete block production is river. The great
infrastructural development in the world generally
has led to a high rate of depletion of river sand with
the attendant problem of environmental degradation
[1, 2, 3]. To stem the tide in environmental
degradation as a result of uncontrolled sand mining,
many government agencies have placed strict
regulations on river sand mining. For example, some
sand mining sites within the campus of the Federal
University of Technology, Owerri, Nigeria were closed
*Corresponding author, Tel: + 234234-803803-706706-4940

as a result of the environmental problems they caused
[4]. Similarly, it is reported [5] that for the same
reason, the government of Sri Lanka banned sand
mining in some identified areas of major rivers.This
has led to scarcity and an increase in the cost of
quality river sand for sandcrete block production and
a search for alternatives to replace sand, either
partially or wholly. One of such alternatives is quarry
dust, a by-product of rock quarrying. Large volumes of
quarry dust are produced during the quarrying of rock
for coarse aggregate production. The amount of
quarry dust from the crushing process is about 20 25% of the final product from stone crushing units [1,
2]. Only a little portion of the quarry dust is utilized as
a filler in wearing courses of asphalt pavements. Use
must therefore be found for the large volumes of
quarry dust remaining in order that they do not
constitute another environmental hazard. It is this
that led researchers into incorporating quarry dust as
a partial replacement of river sand in sandcrete block
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recorded. The bulk density, V was obtained by
dividing the weight of the sample by the volume, V, it
occupied.That is:
NOW NQ
V=
R2T
X

production. Sand-quarry dust block is sandcrete
blocks in which the sand has been partially replaced
with quarry dust.
Much work has been done on the partial replacement
of sand with quarry dust in construction. These works
focused primarily on concrete production [3, 6, 7, 8].
Works by [9] and [10] are among the few on the effect
of partial replacement of sand with quarry dust in the
production of sandcrete blocks. Again these works
focused more on the compressive strength and water
absorption of the blocks. The objective of this work is
to investigate the effect of partial replacement of river
sand with quarry dust on the compressive strength,
flexural strength, split tensile strength and water
absorption of sandcrete blocks.

2.3.1 Compressive strength and Water absorption

2. MATERIALS AND METHODS
2.1 Materials and Physical Tests
The materials used for this work are Water, Cement,
Sand and Quarry dust. Potable water obtained from a
borehole was used in all the processes of manufacture
and curing of blocks. Ibeto brand of Ordinary Portland
cement which conformed to [11] was used. River sand
was obtained from Otamiri River at Ihiagwa, Owerri,
Imo State, Nigeria. Quarry dust was obtained from the
quarry plant of Crushed Rock Industries, Ishiagu,
Ebonyi State, Nigeria. Sieve analyses of the sand and
the quarry dust were in accordance to [12].The
specific gravities of the samples were determined
using a pyknometer bottle of 1 litre capacity. The
weight of the clean empty bottle, M1, was first
determined. The bottle was then filled to about a third
of its capacity with the dry aggregate sample and the
weight, M2, determined. The bottle and its content was
filled to three-quarter full with distilled water. A rod
was used to stir the content to remove entrapped air
after which it was filled to capacity with distilled
water. The weight of the bottle and its contents, M3,
was then recorded. The bottle was then emptied,
cleaned, refilled with distilled water and the resulting
weight, M4, recorded. The specific gravity, Gs, was
determined as:
NO − NQ
KL =
R1T
RNS − NQ T − RNU − NO T
Three trials were conducted and the average taken as
the specific gravity of the sample.
The bulk density was determined using a graduated
measuring cylinder of 1 litre capacity. The weight of
the empty cylinder, M1, was determined. It was then
filled with some soil sample Rone-third to two-third
fullT. The weight of the soil and cylinder, M2, was

Six hollow blocks of dimension 450 x 225 x 225mm
with a surface area of the solid portion of 56880mm2,
representing 56% of the overall surface area of the
block were produced for each percentage sand
replacement. The blocks were made using a Rosa
Commetta block moulding machine. Batching was by
weight using a weighing balance of 50kg capacity.
Mixing of the constituents was done manually using
shovels. First, the sand and the quarry dust which had
been previously completely dried were mixed to a
constant colour. Cement was then added and the
whole process of mixing continued until a uniform
colour was achieved. Water was finally added and the
mixing continued until the colour of the paste was
uniform. The mixture was then loaded into the moulds
of the machine where they were vibrated, compacted
and demoulded immediately. The blocks were cured
for 28 days by sprinkling them with water twice daily.
Three of the blocks were subjected to compressive
strength test in a universal testing machine to
determine their compressive strength while the other
three were used for the water absorption test. The
compressive strength, Yc of the blocks were
determined from the relationship:
[\]^ℎ`ab cdef RgT
YZ =
R3T
[\d^^ − ^hZi`daec e\he dj kcdZl RmmO T
For the water absorption test, the cured blocks were
dried to constant mass after which they were
completely immersed in water for 24 hours. The
blocks were weighed after removing the surface water
with a towel. The water absorption,RWaT of the block
was calculated as the difference between the mass of
the saturated block, Mw and the dry mass, Md
expressed as a percentage of the dry mass. That is:
Np − Nq
× 100%
R4T
no =
Nq
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2.2
2.2 Mix Proportions
Batching of the constituents was by weight. The
cement/combined aggregate ratio for all the mixes
was 1: 6. Sand was partially replaced with quarry dust
at the following percentages: 0, 10, 20, 30, 40 and 100.
The fine aggregates were used in their dry condition.
2.3
2.3 Sample Preparations and Testing
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2.3.2 Flexural strength
The flexural strength test was done in accordance to
[13] and [14] using test specimens of 600 x 150 x
150mm dimensions. The three point load system was
used and the flexural strength determined using the
relationship:
se
st =
R5T
kf O
In R5T, Fl is the flexural strength, F is the failure load, a
is the span of the beam, b is the width of the beam, d
is the depth of the beam.
Three samples were tested for each mix and the
average taken as the flexural strength for the mix.

2.3.3 Split tensile strength
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requirements of [13] and [15]. The split tensile stress
was calculated using the relationship:
2s
s^i =
R5T
uvf
Here, Fst is split tensile strength, F is failure load, L is
the length of specimen, d is the diameter of the
specimen.
3. RESULTS AND DISCUSSION
The results of the specific gravity tests on the river
sand and the quarry dust are presented in Tables 1
and 2 respectively while the corresponding results for
the bulk densities are shown in Tables 3 and 4. The
gradation curves of the sand and quarry dust are as
shown in Fig. 1.

The split tensile strength test was carried out on
cylinders 300 x 150mm diameter in accordance to the

Table 1: Specific gravity of sand
Trial run
Trial 1
Mass of empty pyknometer bottle [M1 ] , RgT
443
Mass of bottle + dry sample [ M2 ], RgT
900
Mass of bottle + dry sample + water [ M3], RgT
1757
Mass of bottle filled with water only [ M4 ], RgT
1471
NO − NQ
2.673
Specific Gravity,
KL =
RNS − NQ T − RNU − NO T
Average Specific gravity = 2.65

Trial 2
443
959
1791
1471

Trial 3
443
932
1774
1471

2.649

2.629

Trial 2
443
1006
1849
1471

Trial 3
443
986
1834
1471

2.75

2.72

Table 2: Specific gravity of quarry dust
Trial run
Trial 1
Mass of empty pyknometer bottle [M1 ] , RgT
443
Mass of bottle + dry sample [ M2 ], RgT
978
Mass of bottle + dry sample + water [ M3], RgT
1820
Mass of bottle filled with water only [ M4 ], RgT
1471
NO − NQ
2.76
Specific Gravity,
KL =
RNS − NQ T − RNU − NO T
Average Specific gravity = 2.74

Table 3: Bulk density of sand
Test run
Mass of soil, M RkgT
Volume occupied, V Rm3T
Bulk density, = M/V Rkg/m3T
Average bulk density, V, Rkg/m3T

1
0.055
0.000035
1571
1564

2
0.0625
0.00004
1563

3
0.0732
0.000047
1557

Table 4: Bulk density of quarry dust
Test run
Mass of soil, M RkgT
Volume occupied, V Rm3T
Bulk density, = M/V Rkg/m3T
Average bulk density, V, Rkg/m3T
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1
0.045
0.000035
1286
1296

2
0.0517
0.00004
1293

3
0.072
0.000055
1309
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the range of 2.31 – 3.1 recommended for fine
aggregates for concrete works [18]. Both aggregates
also fall into zone 2 of the grading requirements for
fine aggregates and are suitable for block production
[19].
The results of the various strength and water
absorption tests are presented in Table 5 while the
variation of the various strength parameters with the
percentage replacement of sand is shown in Fig. 2. The
variation of water absorption with percent
replacement of sand is shown in Fig. 3.
It is seen from Table 5 that the inclusion of quarry
dust in the mix improved all the strength parameters
Fig. 1: Grading curves of river sand and quarry dust. tested, the optimum replacement being at 40% for all
the strength parameters. At 40% replacement a
The specific gravities of the river sand and the quarry
compressive strength of 5.23 Nmm-2, which is 27and
dust were found to be 2.65 and 2.74 respectively.
38 % respectively higher than that at 0% R4.12Nmm-2T
These values are within the normal ranges for the
and 100% R3.79Nmm-2T replacement of sand, was
respective materials. Values of specific gravity of
observed. The continuous increase in strength with
quarry dust obtained from literature varies,
increase in percent replacement of sand, up to 40%, is
depending on the gradation and the parent rocks. A
similar to the results obtained previously [7], albeit
value of 2.71 was obtained in [16]. The bulk densities
for mortar and concrete cubes.
of the river sand and the quarry dust were
The optimum percent replacement of 40% is higher
3
respectively 1564 and 1296kg/m . Again these figures
than the 15% obtained by [9, 10]. The results also
compare favourably with those in the literature.
showed a marked difference from those obtained by
3
Values of 1460 and 1230kg/m respectively were
Boeck et al. [20] in which the inclusion of quarry dust
obtained in [17].
did not improve the compressive strength of
The values of coefficient of gradation, Cc, and
cylindrical solid blocks of 101.4 mm diameter and
coefficient of uniformity, Cu, obtained from Fig. 1 for
116.8mm high. The differences in the results can be
the river sand are respectively 0.97 and 2.24. These
attributed to the differences in the gradation of the
values indicate that the sand is well graded RCc is
sand and the quarry dust used in the various works.
approximately 1T but with a small range of particle
The quarry dust used in this work is poorly graded
size. The corresponding values for the quarry dust are
while that used in [10] is well graded. The sand used
0.65 and 6.84. The quarry dust is therefore poorly
by Boeck et al. [20] falls within the grading limit of
graded, but with a higher range of particle size.
Zone 1 and is coarser than that used in this work. It
The values of the fineness moduli obtained for the
should be noted, however, that quarry dust is typically
sand and quarry dust from the sieve analysis are
poorly graded.
respectively 2.79 and 2.93. These values are within

Table 5: Results of experimental tests
Percent Replacement of
sand

Compressive strength
RNmm-2T

Flexural strength
RNmm-2T

Split tensile strength
RNmm-2T

Water absorption
R%T

0
10
20
30
40

4.12
4.57
4.74
4.97
5.23

3.13
3.48
3.78
4.00
4.19

2.81
2.92
3.06
3.20
3.33

4.50
4.26
3.78
3.44
3.20

100RQuarry dust onlyT

3.79

2.93

2.71

5.21
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At 40% replacement, the flexural strength increased
by 38% compared to when only sand was used as the
sole aggregate. The corresponding percentage
increase for the split tensile strength was 19%.
The inclusion of quarry dust reduced the water
absorption of the blocks, thus improving the durability
of the blocks. There was a steady reduction in the
water absorption as the percent replacement of sand
increased from 0 to 40%, again the optimum value
being at 40% replacement. The water absorption at
40% replacement was 29and 39% lower than when
only sand R0% replacementT and quarry dust R100%
replacementT were used respectively. The lower
strength and higher water absorption values observed
when only quarry dust was used may be attributed to
the fact that the quarry dust is poorly graded since it
has a coefficient of gradation of only 0.65. It should be
noted, however, that all the samples met the
maximum water absorption requirement of 12% and
minimum compressive strength of 3.45Nmm-2 for
vibrated sandcrete blocks as recommended by the
Nigerian Industrial Standards [19]. There is no
recommended minimum value for the flexural and
split tensile strengths of sandcrete blocks.
4. CONCLUSION AND RECOMMENDATION
The partial replacement of sand with quarry dust in
sandcrete block production has been shown to
improve the structural properties of the blocks. The
optimum percent replacement depends on the
gradation of the quarry dust. The inclusion of quarry
dust in sandcrete block should be encouraged as this
will greatly reduce excessive river sand mining while
providing a means of effectively utilizing the excess
quarry dust produced in the quarry sites. By this
practice environmental hazard arising from excessive
sand mining and accumulation of large volume of
quarry dust will be greatly reduced. However, trial
tests must be conducted in order to determine the
ideal percentage replacement of sand for improved
block properties. It is also recommended that further
works be carried out to investigate how the structural
properties of the blocks are affected with the different
gradations of river sand and quarry dust.
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