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the Performance Concrete with High Sludge
Content
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Abstract: The use of precast concrete structural systems in civil
engineering industry in Indonesia will still increase due to the
needs of buildings and infrastructure for social and economic
development continuously increase from the year to year. In spite
of the use of sand accompanied with its suitable sludge content
has been widely used as one of the important raw materials for
fabricating a precast concrete, the availability of low cost method
to obtain a good quality of sand with its sludge content of less than
5% is difficult to find in many regions in the country. The aim of
this study was to assess the performance of four cylindrical
concrete specimen (CCS) samples by conducting the experiments
of testing the natural sand with its high sludge content of 12.7%
with using the different ordinary Portland cement (OPC)
compositions of 2.5, 5.0, 7.5 and 10.0% and the super-plasticizer
of polycarboxylate ether. Two CCS samples of the same
composition (1) using the washed sand with its sludge content of
3.7% and (2) without addition of OPC were used as control. The
results of compressive strength and slump test verified that the
addition of OPC at least by 2.5% into concrete slurry to ensure
optimal performance of the CCS samples can be recommended
using the natural sand accompanied with its sludge content of
12.7%. This study concluded that the use of local natural sand
with its high sludge content as long as the other material
compositions used properly could be safe in the fabrication of
precast concrete structure for the future civil engineering
applications.
Keywords: Compressive strength, precast concrete, sludge
content, slump test

I. INTRODUCTION
The use of the precast concrete structural systems in civil
engineering industry in Indonesia will still increase from the
year to year due to the needs for infrastructure development
such as road, bridge, dam, airport and many other
infrastructures for supporting social and economic
development continuously increase [1].
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As it has been set up to the government policies that the
infrastructure sector remains a priority in the national
development plan for the next years to come. It is well known
that a good quality concrete should be made using a good
quality of sand (fine aggregate) accompanied with its low
sludge content [2-3].
Unfortunately, it has been discussed in many previous
studies that it is difficult to find the sand as one of the most
important materials frequently used to make precast
concrete products coming from natural sources [4-6].
According to PT. Wijaya Karya Beton, it would have been
very difficult to obtain the natural sand with its sludge content
of less than 5% [7] at some sand-producing quarries such as in
Majalengka, Kuningan and Sumedang [8]. The use of local
natural sand accompanied with high sludge content to
fabricate a good good quality of concrete structure has been
identified as a grand challenge facing civil engineering
industry today and must be addressed in the further scientific
research and data analysis [9-11]. Using any ash to fabricate a
frecast concrete structure may require more cement to having
a good workability and high compressive strength of the
concrete [12-13]. Even though the development of
self-healing in concrte has been proposed to increase the
compressive strength and workability of concrete added with
a certain colony of bacteria [14-16], the use of natural sand
accompanied with its high sludge content must be verified.
The objectices of this study are as follows: (1) to make four
different ordinary Portland cement (OPC) compositions of
fabricating the cylindrical concrete specimen (CCS) samples
by using the natural sand with its high sludge content of
12.7% and to make two other types of CCS sample that having
low sludge content of 3.7% for Ref-1 and that adding natural
sand with its high sludge content of 12.7% for Ref-2 without
the addition of OPC as control and (2) to determine the
optimal performance of the CCS sample verified by its
compressive strength to get better understanding on its
mechanical properties and by slump test to get better
understanding on its workability to having an insight on the
reliability of using a typical composition of the materials for
the fabrication of precast concrete structure of using natural
sand with its high sludge content.
II. MATERIAL AND METHODS
For the fabrication of the CCS samples, this study used the
following materials: the Type I cement of OPC,
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natural sand accompanied with its sludge content of
12.7%, coarse aggregate with its maximum size of 20 mm and
polycarboxylate ether-based superplasticizer (PCE) (Tamcem
60RA) delivered from PT. Normet, Jakarta, Indonesia. A
common procedure was used to make the CCS samples, firstly
blended sand, coarse aggregate, PCE and OPC in dry
condition and then added water to make slurry in a cylindrical
tube such thing as conventional concrete mixture [17-18].
The CCS with its dimension of 15-cm diameter and 30-cm
height was used to test slump and compressive strength for
four different compositions and two references consisting a
dry mixture of OPC, sand, coarse aggregate and PCE and then
mixed with water with 0.22 of water/cement (w/c) ratio (see
Table 1).
The experiments for four CCS samples that using the OPC
content as dependent variable were conducted at the Civil
Engineering Laboratory of PT. Wijaya Karya Beton. The
CCS sample (Ref-1) of using washed sand with its sludge
content of 3.7% was used as control.
In this study, the w/c ratio should normally be set up at a
proper value of 0.22 for all the CCS samples but it cannot be
maintained the same value for the fabrication of CCS sample,
which yields the w/c ratio of 0.23, there is due to the washed
sand accompanied with its low sludge content of 3.7% may
need to add a little more water for making its slurry in the
cylindrical tube.
The w/c ratio can decrease from 0.23 for Ref-1 to 0.22 for
the other CCS samples due to the use of natural sand with its
high sludge content of 12.7% can reduce the use of water for
making slurry. The CCS sample (Ref-2) of using natural sand
with its sludge content of 12.7% without the addition of OPC
was used also as control.
The CCS sample with the additon of 2.5% OPC of using the
natural sand accompanied its sludge content of 12.7% was
used for the first sample (CS1). The CCS sample with the
additon of 5.0% OPC of using the natural sand accompanied
its sludge content of 12.7% was used for the second sample
(CS2).
The CCS sample with the additon of 7.5% OPC of using the
natural sand accompanied its sludge content of 12.7% was
used for the third sample (CS3). The CCS sample with the
additon of 10.0% OPC of using the natural sand accompanied
its sludge content of 12.7% was used for the fourth sample
(CS4).
In this work, the experiments of determining the optimal
performance of the CCS samples verified by compressive
strength and slump test were carried out by using eight essays
for each composition of the concrete materials. The slump test
was performed at the age of zero day before the
commencement of curing process to allow the concrete to
gain a certain minimum tensile strength.
The compressive strength for every CCS sample was
determined consecutively at 3, 7, 14 and 28 days of the
experiment.
For the purpose of this work, the CCS samples should have
a minimum compressive strength of 50 MPa and the concrete
mixture should have a minimum slump of 160 ± 20 mm.
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Table 1. Composition of material in the specimen
Material
OPC
(kg/m3)
Sand
(kg/m3)
Coars
e
aggregate
(kg/m3)
PCE
(kg/m3)
Sludg
e content
(%)
w/c
ratio

Ref
-1
498

Ref
-2
498

CS
1
511

CS
2
524

CS
3
536

CS
4
549

710

710

710

710

710

710

112
6

112
6

112
6

112
6

112
6

112
6

4.5

4.5

4.5

4.5

4.5

4.5

3.7

12.
7

12.
7

12.
7

12.
7

12.
7

0.2
3

0.2
2

0.2
2

0.2
2

0.2
2

0.2
2

III. RESULT AND DISCUSSION
A. Analysis of compressive strengh
The results (Fig. 1) show that compressive strengths for the
CS1, CS2, CS3 and CS4 sample are all higher than 50 MPa to
indicate a good performance of the CCS sample that reachs
the standard quality and gradually increase with increasing the
age of the concrete [19-20]. Empirical evidence shows that
the values of fc for the samples of CS3 and CS4 are almost
similar higher than those for the samples of CS1 and CS2 that
look like almost also similar each other (see Fig. 1). This may
suggest that the increase in addition of OPC can improve the
mechanical properties of CCS sample even though the
contents of PCE added into concrete mixture are all constant.
The addition of OPC thus acts as a glue to bind the less
reactive sand of having its high sludge content additives
together [21]. This study verified that the strength of CCS
sample fabricated using the natural sand with its sludge
content of 12.7% would be below than 50 MPa except the fc
value of such CCS sample measured at the age of 28 days. The
values of fc for the sample Ref-1 of being fabricated using the
washed sand with its sludge content of 3.7% are all higher
than those for the sample Ref-2 of being fabricated using the
natural sand with its sludge content of 12.7% without the
additon of OPC. Meaning that the compressive strength can
decrease as the sludge content in CCS sample increases due to
the presence of high sludge content in concrete mixture can
affect the interaction between cement and sand [22-24] and
thus leads to the transfer of bigger flocs into smaller ones,
which has a remarkable effect on the sludge physical
behaviour [25]. The compressive strength of the CCS sample
can increase at a constant value with the addition of certain
OPC amount as the experimental results verification shows
that the increase in fc value of the CS1 and CS2 samples
caused by the additions of OPC as high as 2.5 and 5.0%,
respectively, as measured at the ages of 14 and 28 days are
quite similar and that of the CS3 and CS4 samples caused by
the additions of OPC as high as 7.5 and 10.0%, respectively,
as measured at the ages of 7, 14 and 28 days are almost similar
(see Fig. 1). This suggests that more addition of OPC to make
any concrete slurry can improve the mechanical
characteristics and early age physical properties of the CCS
sample based on the natural
sand of being associated with
its high sludge content [26].
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Fig. 1 Variation of compressive strength (fc) pursuant to
age (t) of the concrete
The use of natural sand with its sludge content of 12.7%
higher than 5%, which is the maximum percentage of sludge
to have been adopted as standard for the requirement
specifications of frecast concrete structure production, can be
used to fabricate the CCS samples. The increase of OPC
content in concrete mixture may increase the compressive
strength and affects other physical properties of the CCS
sample hence this may reduce the shrinkage of CCS sample
due to its mechanical properties of concrete improve [27-28].
The results (Fig. 1) show that even though the compressive
strength for both the samples of CS3 and CS4 increases
remarkably when the age of the concrete increases from 3 to 7
days, the early strength gained high grade of around 67 MPa
for the CS3 and CS4 samples does increase, but very slowly,
until the concrete age of 28 days beyond the time of the
addition of OPC by 7.5 and 10.0%, respectively, while the
strength gained high grade of around 66 MPa for the CS1 and
CS2 samples can occur at the concrete ages of 14 and 28 days.
As a conclusion, the addition of OPC higher than 5% can even
reduce the shrinkage of concrete [29] and this makes the cost
of fabricating the precast concrete structural systems for the
purpose of civil engineering industry resulting
in uneconomical practical applications.

content from 3.7% for the sample of Ref-1 to 12.7% the
samples of Ref-2, CS1, CS2, CS3 and CS4 (see Fig. 2b). A
significant change in the workability of fresh concrete verified
by the slump test for all the CCS samples does not occur due
to the concrete slurry mix of using the water at constant
volume cannot influence them more than the amount of water
used as active variable [32]. The aim of added PCE was to
maintain the workability of concrete to ensure that the optimal
blend of the CCS slurry mixture can be properly placed in
cylindrical tube with its proper hardened strength. The
addition of OPC into concrete slurry can help ensure the
homogeneity of the fresh concrete and thus would likely be
safe for the fabrication of the CCS samples with different
compositions of the materials.
(a)

(b)

B. Analysis of workability
The results (Fig. 2) of slump test for assessing the
workability of the CCS samples show that the use of natural
sand with its sludge content of 12.7% by the addition of OPC
by 2.5, 5.0, 7.5 and 10.0% into a concrete mixture with its
different aggregates does not remarkably affect the
consistency of fresh concrete before it sets as the results (Fig
2a) of the concrete slump test verified that the values of slump
are all quite similar to be around 190 mm higher than the
minimum slump prerequisite of 160 mm [30]. The difference
in slump value of 6 mm between the samples of Ref-1 and
CS1 as it has verified by a slump value of 193 mm for Ref-1
and by that of 187 mm for CS1 (see Fig. 2b) could be very
small when comparing with the minimum tolerable error of ±
20 mm for a slump test [31]. A minimum slump value of 160 ±
20 mm in the mixture of frecast concrete structure can be
reliable in the construction and civil engineering industries. It
is well known that sludge particles of smaller than sand,
aggregates and gravel can absorb more water; therefore, the
workability of the fresh concrete increases with increasing of
sludge in concrete slurry as the slump of freshly prepared
mixes was observed decreasing with increasing sludge
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Fig. 2 Results of slump test for the different CCS
samples
The addition of PCE into a concrete mixture in case of this
work has similar function but differ in the treatment process of
such as in case of the implantation of element into a material
from which it has been reported that the implantation of
nitrogen ion can improve the strength and workability of the
titanium-based material [33-34]. Empirical data justification
(see Fig. 1) shows that the compressive strengths are quite
similar for the ages of 14 and 28 days for all specimens in
spite of a decrease in the compressive strength has been
verified for certain CCS samples. This means that all the CCS
samples with their different amounts of OPC can have the
same measured strength of the concrete, which was manifesly
beyond 14 days of the experiment. The use of PCE yielding
early high strength concrete is due to the effect of added PCE
to a mixture concrete can stimulate the homogeneity of the
PCE-modified concrete slurry.
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The sludge content in natural sand can reduce the van der
Waals forces of cement paste-aggregate interaction of the
CCs samples [35-36] due to the presence of both alkaline and
sulphate in sludge can disrupt the binding process in spite of
the addition of OPC into concrete mixture has been performed
to improve strength of the concrete.

15.

16.

17.

IV. CONCLUSION
This study tested the CCS samples of using the natural sand
with its high sludge content of 12.7% and the different
amounts of OPC by adding 2.5, 5.0, 7.5 and 10.0% into the
samples of CS1, CS2, CS3 and CS4, respectively, to verify
the compressive strength and workability of the precast
concrete structure. Two samples of Ref-1 with its sludge
content of 3.7% and Ref-2 with its sludge content of 12.7%
without the addition of OPC were used as control. The
addition of PCE can ensure the mechanical properties and
workability of the CCS samples to reach at an
optimal performance. The addition of OPC by 2.5% into a
concrete mixture could be reasonable when the use of natural
sand with its its sludge content of higher than 5.0% could be
useful for the fabrication of precast concrete structure. The
use of natural sand with its sludge content of 12.7% has been
verfied to be reliable for the fabrication of precast concrete
structure, and this study recommends the feasibility of using
the local natural sand as long as the other material
compositions used properly for the future applications in civil
engineering.
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