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ABSTRACT— This paper reports an investigation
on the replacement of fine aggregate with
manufactured sand in concrete with palm kernel
shells. Two concrete classes were designed using
Building Research Establishment (BRE) method,
namely Lightweight Concrete (LC) 20 and 35, of
stipulated minimum characteristic cylinder strength of
20N/mm? and 35N/mm? respectively. 24 cylinders
were tested and the cylinders were 150 mm in
diameter and 300 mm in length. The free-water/
Cement ratios, LC20 = 0.53, LC35 was 0.44. The
aggregates were batched by volume. Investigation on
the density and splinting tensile strength of the
sample were conducted, apart from the tests on the
aggregates and binder.

Manufactured sand (M-Sand) content is the deciding
factor for increased splitting tensile strength on low
strength lightweight concrete, but not on medium
strength lightweight concrete. The combined presence
of M-Sand and PKS positively affect the density of
LC35, but negative in LC20. The splitting tensile
strength in lightweight concrete is not proportional to
their densities. In relation to positive splinting tensile
strength, the unified optimal volumetric fine
aggregate replacement using M-Sand, which is
applicable to both concrete classes is 54%. M-Sand
usage generally stimulates higher tensile strength
values, compared to natural sand; also, better strength
at lower densities.

Index Terms— fine aggregate, manufactured sand,
palm kernel shells splitting tensile strength, density,
optimization

l. INTRODUCTION
The high demand for concrete in
construction using normal weight aggregates, such as
gravel and granite, has drastically reduced natural
stone deposits and this has caused irreparable damage
to our environment, [1]. With the increasing cost of
construction materials, and the environmental

degradation caused by the high exploitation of
aggregates for concrete, there has necessitated the
need to search for affordable and environmentally
friendly construction materials, [2]. Also, in many
countries sources of natural sand for use as an
aggregate in construction are becoming scarce as sand
pits are exhausted and environmental legislation
prevents dredging [3-6], therefore the more necessity
to source alternative aggregates, such as those from
construction and demolition waste. One possible
source of construction aggregate is sand that has been
manufactured  from  the  surplus  material
(manufactured sand) that results when coarse
aggregate is produced in hard rock quarries.

Coarse aggregate production typically yields
25% to 45% crusher dust depending on the parent
rock, crushing equipment and crushing conditions
[4,6].

At some locations in the world, haulage cost
might make the use of manufactured sand for
concrete production cheaper, compared to mining
sand, particularly if the construction site is close to
exiting quarry sites or other sundry factors.
Manufactured sand is fine aggregate produced from
hard granite stone by crushing. The crushed sand is of
cubical shape with grounded edges, washed and
graded to as a construction material. The size of
manufactured sand (M-Sand) is less than 4.75mm.
Usage of manufactured sand prevents dredging of
river beds to get river sand which may lead to
environmental disaster [7]. The shape and texture of
M-Sand produced depends mainly on (i) the type of
crusher [5, 6, 8]; (ii) the ratio of the size of material
fed into the crusher to the size of the finished product
(reduction ratio) and (iii) the parent rock. Impact
crushers break rock by “hitting” the material, which
causes the rock to break along natural zones of
weakness along grain interfaces [9,6].

The synergy created from the unique
particulate  properties of both mining and
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manufactured sand may improve derivable tensile
strength, which in turn improve the resistance to
crack and other properties of lightweight concrete. As
Researchers have proved that the strength of concrete
benefits from the angularity of crushed fine aggregate
due to improved bond and aggregate interlock in
comparison to natural sand concretes and mortars at
the same water/cement ratio [10, 11,6].

Another useful alternative material are
agricultural related materials. Ref. [12] rightly put it
that agricultural wastes can be used as replacement
material in construction industry, especially in
countries where abundant agricultural wastes are
discharged. Of this waste is an agricultural byproduct
termed palm kernel shells, gotten from oil palm trees,
prevalent in the tropics.

[13], conducted a study on the effect of palm
kernel shell sizes and percentage on lightweight
concrete. They used three nominal mixes for their
investigation and did series of test up to 28 days.
Among the tests was splitting tensile strength test. In
their research, they stated that cost of production
would be reduced as granite is replaced by palm
kernel shells, in the production of light weight
concrete.

Ref. [14] carried out research on structural
lightweight concrete production by using oil palm
shell (OPS). Qil palm shell is another name for palm
kernel shells. One of the various tests embarked on
was splitting tensile test. They varied the OPS at 5%
interval from 0 to 20%. Based on their findings they
concluded that at 20% PKS replacement and 28 days,
the tensile strength got was satisfactory for
lightweight concrete.

Doing things differently, [15] did an
investigation on palm kernel shell as aggregate in the
production of structural lightweight concrete, using
naturally eroded aggregate termed erosion sand. This
was utilized as the fine aggregate content. They
reported that the density of the samples decreased as
the PKS content increased.

Statement of problem

It is common knowledge that concrete is
weak in tension, yet the tensile property cannot be
neglected, because where tension occurs, cracking
may likely result, making it necessary to restrain or
reduce occurrence of crack, which would ensure
structural integrity. Following from these;

Does manufactured sand actively influence
tensile strength property? Does a combination of M-
Sand and PKS result in increase in concrete destiny,
and is the tensile strength proportional to the density
developed? What then is the optimal M-Sand
replacement value? Would there be any savings,
compared to conventional material usage?

1. MATERIALS AND METHODS
Material

The manufactured sand and other materials
were sourced within Edo State, Nigeria. The Ordinary
Portland cement used for the research was obtained
from the open market. Manufactured sands can be
produced from various rocks, but the one utilized in
this work was that produced from granite. The
material (granite) was grey as can be seen by the
unaided human eye. Granite is known generally to be
composed of quartz and feldspar with minor amounts
of mica, amphiboles and other minerals [16].

Crushed Palm kernel shells do not have
defined shapes. Their shape largely depends on the
mode of crushing, while the thickness depends on the
species. On the average, the crushed shells are curved
in shape, with rough and spiky edges. The palm
kernel shells used in this experimental research were
supplied from a local crushing mill around University
of Benin environ, in Benin City. The palm kernel
shells were of mixed varieties, but in no specific
proportion. Attempt was made to replicate real life
condition in the experiment, as practical planning and
construction methods may not allow sticking to one
particular variety of PKS feasible.

Specimen preparation and testing

Two concrete classes, namely compressive
class 20/22 and 35/38, with minimum characteristic
cylinder strength of 20N/mm? and 35N/mm?
respectively according to [17], were designed using
Building Research Establishment (BRE) method; as
detailed by [18]. A total of 24 cylinders were tested
and all experiments done at the laboratory of the Civil
Engineering Department, University of Benin,
Nigeria. The cylinders were 150 mm in diameter and
300 mm in length. The concrete mixes and cylinder
were made as specified in [19]. The designed
concrete classes are termed LC20 and LC35
throughout this work. The free-water/ Cement ratio
adopted for LC20 was 0.53, while that of LC35 was
0.44. The aggregates were batched by volume. The
cement content adopted for LC 20 was 395 kg/m®,
while that of LC35 was 450kg/m®.

To focus on the influence of M-Sand in the
entire concrete matrix, the fine aggregate
replacement, was from 50% to 100%, and at 25%
interval. Samples with 0% M-Sand content, only
served as control mixes. Investigations were
conducted to determine the physical properties of the
aggregates and of the Portland cement. To remove
unwanted debris, the PKS were thoroughly washed,
and sieved with 5mm sieves. This was done to reduce
to the barest minimum materials that may impinge
negatively into the research processes and eventual
outcome. During the experiment process, the PKS
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was soaked for 24 hours, after which it was air dried
in the laboratory, before they were used for concrete
production. The cylinders were cured for 28 days, and
underwent splitting tensile strength test in accordance
with [20].

After obtaining each fine aggregates, that is
manufacture and natural sand (from sand pit), they

were put in the laboratory for onward utilization for
the work. This was basically done to avoid unwanted
environmental impingement on the samples from
rain, dust, vegetation, and others that may add
unwanted moisture, chemicals and particulate matter.

Plate 1. Part of a heap of the type of Manufacture sand utilized

l. RESULT AND CONCLUSION
Table 1: The sieve analysis of the various mineral and organic aggregate used
Percentage passing

Sieve Sizes(mm) | Mining sand | Manufactured sand | PKS
19 100 100 100
13.2 100 100 94.92
10 100 100 58.77
8 100 100 29.95
5 100 100 2.61
2.36 97.44 65.08 -

2 96.70 60.38 -
1.18 92.88 49.37 -

0.6 79.20 38.58 -
0.425 67.21 3391 -

0.3 31.39 25.57 -
0.212 12.52 18.40 -
0.15 6.80 14.3 -
0.075 1.77 6.36 -

In view of the different values of percent

passing between the mining and manufactured sand

experiment, regardless of the percentage volumetric
replacement of the mining sand. Analysis indicated

as can be seen in table 1, the unified value adopted for ~ that all the aggregates were poorly, although
the concrete design of those passing 0.6mm sieve was  uniformly graded.
60%. This 60% value was retained throughout the
Table 2: Some physical properties of the cement used

Serial Number Physical Property Result

1 Specific Gravity 2.96

2 Initial setting time 134 minutes

3 Final setting time 239 minutes
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Table 3: Some physical properties of the fine aggregates

Serial Number Physical Property Mining sand M-Sand

1 Fineness Modulus 2.00 3.1

2 Specific gravity 2.62 2.77

3 Bulk density 1480 kg/m® 1650 kg/m’

Table 3 shows that the fineness modulus of
mining (natural) sand is 2.00, an indication that the
material is fine sand. Which also show that that we
having high portion of finer particle in this sample.
The natural sand, by virtue of its finesses would
largely serve as part of the strategic material needed
in pore blocking in the concrete matrix. M-Sand on
the other hand, its fineness modulus index points to

the fact that the sample is coarse sand. It has a high
bulk density, compared to the other aggregates. This
was expected to influence the eventual mechanical
and physical properties of the concrete produced,
which came out thus. Researches has shown that the
grading of fine aggregate influences the performance
of concrete [6]. They stated that efficiency guaranteed
with, high fine manufacture sand grading.

Table 4: Some physical properties of the Palm Kernel Shell

Serial Number Physical Properly Result

1 Fineness Modulus 1.4

2 Specific gravity 1.37

3 Bulk density 707kg/m®
4 Dry density 1250kg/m®
5 Water Absorption 19.7%

With a look at table 4, the water absorption
of PKS was over 19%. Since absorption is more than
10%, it is prescribed that the aggregate be presoaked
before use, [21].

The low density of this PKS therefore
influenced the combined relative density of the
aggregates and wet concrete. This had to come into

play in the concrete design. Also water absorption of
PKS was high, therefore making paste demand for
concrete made with this kind of aggregate (PKS) high
as well. Thus it is not expected that the eventual
strength developed, would not ordinarily be as high as
those produced with conventional coarse aggregates
that has lower water absorption values.

Table 5: Workability (slump) of the two sets lightweight concrete sample in relation to the percentage of M-
Sand in the mixes

Percentage of M-Sand LC 20 LC 35
Slump (mm) Slump (mm)

0 55 15

50 7 6

75 20 47

100 31 8

The specified slump for the mixes was 30-
60mm. we can observe that a majority of the samples
fell short of the required slump range. This large
prevalence of workability failure of the produced
concrete, would be as result of the M-Sand concrete
in itself requiring a higher water/cement ratio for
workability, compared to that of natural sand concrete

due to the higher angularity of the M-Sand particles
[6]; coupled with high absorption tendency of the
palm kernel shells used as coarse aggregate in the
mixes. PKS although pre-soaked, their affinity for
water affinity might yet ‘pop up’, depending on the
prevailing relative humidity in the laboratory where
the experiment is being conducted.
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Figure 1: Splitting tensile strength gain in varied % of M-Sand in Mixes (LC20) - Actual versus forecast

There happened to be a leap in indirect
tensile strength of concrete when M-Sand is
introduced. This is in line with [6] research results
which had that at w/c of about 55, the presence of
manufactured sand yielded higher strength in
comparison with same samples with natural sand, for
low strength concrete. The strength increase is a
result of the angularity of the manufactured sand,
constituting in  improved bond and aggregate
interlock. The more rounded natural sands particles
served to provide part of the filler material for the
voids that developed in the midst of the low degree
patched PKS and ‘crisscrossing’ M-Sand particles, in
the concrete matrix. This synergy by these fine
aggregates surely contributed to better strength at this
point.

On the contrary, the more absence of the
natural sand (at over 75% of M-Sand usage), resulted
in more voids being developed. With this condition,
the edges and bonds of the M-Sand grains only could
not efficiently resist the induced stresses, and tended
to crack more easily. Therefore, the decline in the
splinting tensile strength at over 75% M-Sand fine
aggregate replacement.

1

Sphitting Tensile Strength Nimm

0 20 1

R

This strength ‘leap’ can be seen in figure 1.
It is observed, splitting tensile strength increased with
up to 150% with only 50% replacement with M-Sand.
And this strength increased steadily until at 75%
replacement, indicating there exist an optimum
content.

The forecasted trend of splitting tensile
strength that can attained, is made based on the fact
that workable concrete can be produced using
manufactured sand regardless of the blend, even as a
sole fine aggregate material, only depending on wi/c
ratio [6]. It is also based on the pattern resulting from
the actual splitting tensile strength arrived at got in
the research, and results from the slump values
(indicating possible potentials, had they all fall within
prescribed slump). This then give a clear picture of
the possibility of tensile strength with the utilization
of M-Sand, powered by the appropriate trial mixes
and other design considerations. Following is a model
that captures the forecast, and shown also in figure 2:

y = -0.0005x” + 0.0596x + 0.7182
@)

= 00001 + 0.0202x + 03909

60 80 100

Percentage of M-Sand

Figure 2: Optimal Splitting tensile strength gain in varied % of M-Sand (LC 20)
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From the mathematical model of figure 2 is as thus:
y = -0.0001x* + 0.0202x + 0.3909

()

Sphtting tensile strength (N/mm-)

0 20 1

-

o0

It comes out that the optimal splitting tensile strength
attained in varied % of M-Sand in Mixes (LC20) is
1.15N/mm? at 78% replacement.

GRS = 00069 + 21127

S0 100

Percentage of M-Sand

—0— Actual

- = = Forecasted trend (LC 35)

Figure 3: Splitting tensile strength in varied % of M-Sand in Mixes (LC35) - Actual versus forecast

M-Sand use in medium strength concrete is
not showing similar positive result as could be in that
of low strength concrete; figure 3 depicts this fact.
One would almost conclude that almost a complete
reverse is the case, except between 30-52% fine
aggregate replacements. This is most likely due to the
higher cement content, making the cement property
the dominant influencing agent in this samples. At
over 50% of M-Sand replacement, voids had
increased, because of the less packing particulate
structure of the M-Sand, worsened by that of the PKS
present. This results in quicker and more interaction
between the cement, moisture and air. This stimulated
faster setting and lower workability, and seemingly
‘uncontrolled’ hydration. The inherently structure of
the M-Sand contributed to the initial tensile strength
increase along the line, but was overridden by the
chemical and physical influences of the large cement
content within the matrix as M-Sand usage increased.
Ref. [22] had indicated that increase of w/c from 4.8
to 0.54 had very little effect on the tensile strength,
that even less, the aggregates had less influence. But
he had solely used natural (river) sand as his fine
aggregate material in his research. We can now see
that the introduction of M-Sand in these concrete
matrix, has brought out a new twist to the initial
perception. As utilization of M-Sand actually causes
tensile strength to increase in concrete with w/c lower

than 0.5, and that the aggregate type at this condition,
governs the tensile strength developed. And at over
0.5 w/c value, the tensile strength yet increases by
virtue of the presence of M-Sand (aggregate
influence), but limited. Although at this instance, the
strength of paste and bond is dominant. Summarily,
for this lightweight concrete class, there would also
exist an optimal M-Sand replacement content.

With proper workability, efficient handling,
placing and finishing of manufactured sand concrete
would be possible. This kind of workable concrete is
possible anywhere on the log in figure 3, regardless of
the M-Sand blend/replacement, but just with the
appropriate water/cement ratio. But each of such
unique water/cement ratio would surely have varied
effect at each percentage of M-Sand replacement. To
then showcase the tensile strength potential of this
medium strength lightweight concrete, a path is
forecasted that could be achieved. And this based on
actual splitting tensile strength results arrived at in
this work and inadequacies in the various slump
values, which in turn ‘tells the untapped potentials of
the concrete portions. The projected path/trend is
according to the following mathematical model and
reflected in figure3:

y = -9E-05x° + 0.0069x + 2.1127
(3)
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Figure 4: Optimal splitting tensile strength in varied % of M-Sand in Mixes (LC35)

Judging from the mathematical model represented
thus in figure 4:
y = -7E-05x% + 0.0035x + 1.2273

(4)

The optimal splitting tensile strength in
varied % of M-Sand in Mixes (LC35) is1.26N/mm? at
27.6 % M-Sand in the mix. That is, when PKS is
solely used as coarse aggregate.

Ref. [6] truly predicted that there would be
an optimum range of material that give highest

strength (NJAnm™y

Splinting tenside

2

I} 20 10

strength at w/c ratio of between 0.5 and O0.6.
Therefore at two extremes, that is, from w/c of 0.44
and less, (to be taken now as upper limit, discovered
in this experimental research), and from 0.6 and
more, (taken as lower limit) as found by [6, 22]; the
shape, surface texture or grading of aggregate has
little effect on the strength properties of concrete,
even with the introduction of manufacture sand to the
mix.

60 80 100

Percentage of M-Sand

— | 20 wmw] 35

Figure 5: Comparison of splitting tensile strengths of the various mixes

Looking at the convergence of the trends
depicted in figure 5, it indicates the lower limit for
replacement with M-Sand, which is applicable to both
low strength and medium strength light weight
concrete is 76%, but the upper limit applicable to both
is 54%. This lower limit coincides with the 50%
value found out by [23] as one of the acceptable
values that falls within the limit for blending
(replacing) natural sand with manufactured sand,

using New Zeeland sand flow cone method [24]. The
4% difference resulting from this work, stemming
from the unique influences of the properties of palm
kernel shells in the concrete. Ordinarily, the safest
maximum replaceable limits for either low or medium
strength lightweight concrete individually, are wide
apart; which lies almost at the two opposite extremes
as stated in figures 2 and 4.
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Figure 6: Relationship of the densities of the concrete samples and the percentage content of M-Sand in the
various mixes.

Ref. [15, 23, 25, 26,] steadily replaced
various aggregates in their researches and found out
that the density of the concrete progressed just in
direct proportion with the quantity of aggregate being
adjusted, whether of PKS, Agro related byproducts
like coconut or M-sand. A view at the figure 6, shows
that for LC 35, concrete density is directly
proportional to the content of M-Sand in the mixes in
consonance with existing researches.
Cp ;MS,

(5)
Where, g = Concrete density
and MSp = Percentage volume of M-Sand as fine
aggregate content.
As the content of M-Sand increased, the density of the
concrete increased as well. The mathematical model
is as thus:
y =0.2601x + 1917.8

(6)

There is thus an indication that the major
material influencing the mass of the concrete matrix
of this class, is the cement content, rather than the
aggregates, regardless of the sizes or types. Because it
has the highest specific gravity (G.S) of the various
materials. This larger S.G come into play, because of
its abundance in relation with what is obtainable in
LC20, and reacting more easily because of void
created by the particulate nature of M-Sand, with

water. It becomes the main pore filling material and
having the progressive nature in increasing the
products of hydration as M-Sand content increases.
But the larger mass content of the cement (amplified
by its higher S.G, compared to all other material in
the matrix) dwarfs the effect of altering the
aggregates portions.

This is apparently not the case with the low
strength concrete (LC20). In this case, the quantity of
M-Sand used is not proportional to the concrete
density. The ratio of cement to M-Sand is lower in
this mixes. Thus more effect of M-sand interacting
with lightweight aggregate like PKS, in this low
strength lightweight concrete. Here immediately the
M-Sand started becoming the highest content of the
fine aggregate content, it took hold of the concrete
resultant mass. We can observe in figure 6 that as the
content of M-Sand increase from 50% content, the
density steadily reduced. That is, after 50% content of
M-Sand as fine aggregate in mix, concrete density
became inversely proportional to the content of M-
Sand.L
v (7
Just after M-Sand content increased over 50%, as fine
aggregate, it followed the mathematical model as
thus:

y =-1.5944x + 2016.2

(8)
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Figure 7: Relationship of the densities of the concrete samples and their splitting tensile strengths

We can observe that the splitting tensile
strengths do not have any unique pattern when
compared to the resulting densities. But it is of note
that after 1930kg/m®, while the splitting tensile
strength of LC 20 increased rapidly, and in a ‘leap’,
that of LC 35 was reducing instead, until it eventually
slightly reversed its downward trend. The influence of
M-Sand and PKS to concrete density increase in
relation to increased splitting tensile strength is more
with the low strength concrete as can be seen in figure
7, than those of medium strength concrete. In fact, in
the latter, we can generally say that increase in its
density do not result in overall improvement of the
splitting tensile strength. This shows the more that,
while M-Sand presence with its particulate intricacies
has large influence in LC20, it has very little
influence (positive when controlled, or else more
negative) on the tensile strength, density and most
likely other physical properties of medium strength
lightweight concrete. Yet from another perspective,
we cannot neglect a huge potential/benefit of
manufacture sand in palm kernel shell concrete, as

can be deduced from this work. We can see here that
M-Sand makes lightweight concrete with PKS
actually attains higher tensile strength at lower
densities, regardless of this concrete class. Recall that
concrete being investigated in this experiment is
lightweight. Thus there comes in the additional
possibility of achieving even lighter weight, by
getting guaranteed better tensile strength even lower
densities, compared to that from natural sand.

Cost/Benefit Analysis for PKS Concrete with M-Sand

Prices of binder and aggregates in
December, 2017, based on market survey at Akoko
Edo, in Edo State, Nigeria required for the production
of PKS concrete (haulage cost to and around Akoko
Edo environ built in).

Cement N10,100.00/bag

Natural Sand N11,000.00/ ton
M-Sand = 9,292.00/ton

Crushed Granite N18, 000.00/ton
PKS = N16, 400 /ton

Table 5: Cost of Lightweight concrete (LC) 20 per m®

100% granite as Coarse Aggregate

ITEM % of M-Sand Total cost
(Naira/m?)
N1 0 106,090
100% PKS as Coarse Aggregate
P1 0 100,405
P2 20 100,125
P3 50 99,705
P4 100 99,004

The ‘N’ indicates lightweight concrete of
characteristic  cylinder strength of 20N/mm?
produced with mining sand as fine aggregate, granite
as coarse aggregate, with Portland cement as the
binder. The ‘Ps’ are also concrete samples of same
class, made with a mixture of mining sand and M-
Sand in the proportion shown in the table, but using
only PKS as the coarse aggregate content. As can be

deduced from table 5, a 100% usage of M-Sand as
fine aggregate, a savings of 6.7% is possible. That is,
in comparing P4 with N1. Picking a least permissible
M-Sand content as fine aggregate replacement of
20%; a savings of 5.6% is yet obtainable. This is
shown in comparing item P2 with item N1.
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