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ABSTRACT - Du'e .to rising enyironmeqtal concerns fmd resource deplet?on ARTICLE HISTORY
linked to sand mining, alternative materials are essential to meet construction Received: 12 Sept 2024
demands. Dredged sediment (DS) offers a potential solution by providing a Revised: 27 Dec 2024
locally available and sustainable replacement. This study explores the Accepted: 06 Mar 2025
feasibility of using DS from Sungai Pusu, Gombak, as a sustainable partial Fublished: 31July 2025
replacement for natural sand in concrete production, potentially providing a grvwoRDS
regionally sustainable alternative and aiding waste reduction. Material predged sediment,
characterisation shows that DS sourced from Sungai Pusu contains Concrete,
insignificant amounts of hard metals and does not require extensive Mechanical properties.
treatment. Concrete specimens, sized 150 mm X 150 mm X 150 mm, were

prepared with 0%, 15%, and 30% DS substitution levels and cured for 7 and 28

days. Results indicate that concrete with 30% DS substitution demonstrates

significant improvements in strength, highlighting feasibility of DS from

Sungai Pusu as an eco-friendly alternative for sustainable construction

practices.

INTRODUCTION

The construction industry is a significant consumer of natural resources [1]. Globally, concrete is widely
utilised in the construction industry owing to its favourable characteristics, such as strength, durability,
and low maintenance. In this regard, natural sand, a primary ingredient in concrete manufacturing and
serves as fine aggregate, is currently overexploited in meeting market demand [2]. After freshwater,
natural sand is recognised as the most employed natural resource [3]. A considerable volume of natural
sand and gravel is consumed for construction, whereby an annual estimated 32 to 50 billion tonnes of
sand and gravel are extracted globally [4]. According to Dhir et al. [5] and Yehia et al. [6] there will be a
5% annual growth in the use of aggregates worldwide.

Given the evident rise in aggregate consumption, the demand of the construction industry in some
countries with respect to quantity and quality cannot be satisfied by the available natural sand resources
[7]. Quarrying or alluvial river extraction yields the majority of the aggregates required in concrete
production. If not implemented sustainably, exploiting these natural resources leads to environmental
damage and depletion [8-10]. Excessive sand mining is associated with various negative environmental
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impacts that are increasingly recognized in various regions worldwide [11]. While it supports economic
development through job creation and construction material supply, the environmental degradation it
causes raises serious concerns. Incision, channel destabilisation, and alluvial water loss are the likely
consequences from excessive riverbed sand mining [12-15]. Due to disruption of aquatic animal feeding
and respiration, excavation activities increase downstream water turbidity and salinity, reducing aquatic
population [16-18]. Low water tables along the riverbed due to sand mining often cause well failure, which
negatively influences the local water supplies for agriculture, people, and other uses [19].

Furthermore, there is a growing focus on conserving natural resources, as well as the repurposing
and recycling of waste and by-products within the cement industry in contemporary times as a part of
sustainable development initiatives. Researchers have been obliged to seek other alternate options that
are viable due to the negative environmental effects associated with excessive sand dredging from
riverbeds and the lack of land for the disposal of wastes [2; 19; 20]. Numerous research endeavours have
been concentrating on proposing environmentally sustainable resources such as dredged sediments (DS)
[21].

DS is considered as waste material that resulted from extraction of accumulated sediment at bottom
of waterways, essentially for maintenance of waterways and navigation depth. Incorporation of DS in
cementitious materials as sand replacement offers dual advantageous points by addressing the issue of
sand depletion and providing sustainable waste management. Rakshith and Singh [22] suggest that the
shift in perspective from perceiving DS as a challenge to regarding it as an opportunity may be more
advantageous. Brils et al. [23] and Crocetti et al. [24] have proposed that the environmental, economic,
and social consequences of sediment valorisation could be controlled, and the sediment could even be
transformed into a beneficial local resource. Numerous scholars have successfully highlighted that DS has
the potential to partially replace natural sand in cement composites. However, the feasibility of such
incorporation is highly reliant on the characteristics and contamination of the DS which is influenced by
multiple factors such as physiochemical aspects of the deposition environment, natural properties of the
source materials, the degree of erosion, organic matter contributed by surrounding watersheds, nearby
economic activities, and even the specific timing of sediment collection during dredging operations [25;
26]. Hence, utilization of DS has largely been constrained because of their heterogeneity. Moreover, most
of the earlier studies were site specific; hence, these findings cannot be generalized.

The primary research objective of the present study is to evaluate the suitability of DS from Sungai
Pusu, Gombak, as an alternative to sand in concrete production. For this purpose, the characteristics of
DS have been studied for comparison with natural sand through laboratory testing, as such sieve analysis,
XRF and organic impurities test. Mechanical performance of the formulated concretes has been evaluated
using both destructive and non-destructive tests. This investigation is motivated by the dual goals of
promoting sustainable practices in the construction industry and addressing environmental challenges
associated with sand extraction. By finding effective ways to utilise DS locally available, this research
could contribute to reducing the environmental impact of concrete production while also providing a
practical solution for managing dredged materials.

MATERIALS AND METHODOLOGY

This section begins with an elaboration of the materials utilised in formulation of the sustainable concrete
mix, which followed by a presentation of the methods employed to characterise the DS extracted from the
Sungai Pusu for their granulometry, pollutant content and organic matter content. The effect of various
sediments on concrete hydration, strength and shrinkage is then experimentally quantified.

Material Collection

Concrete is an amalgamation of cement as hydraulic binder, coarse aggregates, fine aggregates and water
for hydration. Ordinary Portland Cement (CEM I), which was available at the ITUM concrete laboratory,
was employed as the binder for the concrete blend in this experiment. Table 1 shows the chemical
composition of cement. The OPC that was employed was in compliance with BS EN 197-1:2011 [27].
Coarse aggregates used in the concrete mix were gravel and crushed rocks with a nominal size of 20 mm,
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sourced locally. Fine aggregates conventionally consist of natural river sand; however, in this study, DS
were utilized as a partial replacement for the sand. DS were collected from Sungai Pusu, Gombak that
passes through boundary of International Islamic University Malaysia (IIUM) after performing the
necessary site investigations, as depicted in Figure 1. The sediments were extracted from the river through
grab method (see Figure 2). The sediment was collected, air-dried, and sieved to remove larger particles,
ensuring a grain size distribution that conformed to BS 812-103.1:1985 [28]. Similarly, the coarse
aggregates and natural sand were sieved from incorporating in the concrete mix.

Table 1. Chemical composition of cement

Component (%)
Aluminium oxide (Al=03) 1.97
Silicon dioxide (SiO-) 12.0
Phosphorus pentoxide (P-Os) 0.58
Sulphur trioxide (SO3) 4.46
Potassium oxide (K20) 0.85
Calcium oxide (CaO) 72.4
Iron (III) oxide (Fe-03) 7.01
Strontium oxide (SrO) 0.13
Zirconium dioxide (ZrO-) 0.01

Qhgcoieciogon, , cess

) “_“*‘*’K

Figure 1. Location of the collection point for DS
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Figure 2. Collection of DS through grab method

Characterisation of Dredged Sediments

Given the potential variability of DS, which can be present even among samples gathered from close
vicinity, it is crucial to perform a characterisation study to determine if these sediments are suitable for
use as fine aggregate in concrete [29; 30]. In their research, Amar et al. [21] and Bortali et al. [31]
discussed the established standards and methodologies for testing the properties of DS. Their work
emphasised the importance of assessing components like trace elements, nutrients, organic matter, and
chemical compounds. This evaluation is critical for determining the need for any treatment, as discussed
by [32].

The method of dry sieving, in accordance with British Standard, BS 812-103.1:1985 [28], was
employed to determine the particle size distributions of the DS and natural sands, both of which were
incorporated in the concrete mix as fine aggregates. The degree of fineness was assessed by sieving both
materials through a stack of sieves with decreasing sizes of apertures of 5mm, 2.24mm, 1.18mm, 600 um,
300 um, and 150 um. The percentage passing of each material through the sieves was analysed, and the
appropriate grading curve was plotted and presented in Figure 3. Both natural sand and DS show a
similar overall trend, but the grading curve of DS is slightly shifted to the left. Figure 3 shows that DS have
a higher proportion of finer particles, as indicated by the higher percent passing at the lower diameter
range. The dredged sediment is categorised as medium sand, while natural sand is declared as coarse sand
according to ASTM C33 [33], as shown by the fineness modulus in Table 2. ASTM C33 outlined that
fineness modulus of the fine aggregates shall be between 2.3 and 3.1 [33]. The result of the fineness
modulus of materials is consistent with findings that DS often have a higher proportion of silt and clay-
sized particles [9; 34]. The finer content in DS can influence its use as an aggregate in concrete. Studies
suggest that sediments with finer particles may affect the mechanical strength of concrete mixtures,
though stabilization techniques can improve performance [35].
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Figure 3. Grading curve

Table 2. Fineness modulus of the fine aggregate

Materials Fineness modulus Type of sand
Natural sand 2.95 Coarse sand
DS 2.72 Medium sand

The progression of strength in cementitious matrix is highly affected by chemical characteristics of
fine aggregates [36-40]. The X-ray Fluorescence (XRF) method was conducted to compare the chemical
composition between the natural sand and DS, providing insights into environmental conditions and
contamination levels. The chemical composition of both materials was recorded in Table 3. Mussey et al.
[41] in their study, emphasised MgO, Al,O,, SiO,, K»0, CaO, Fe,O; and Na,O as the main oxides present
in the chemical profile of fine aggregates. The DS shows a higher content of SiO2 (66.34%) compared to
natural sand (33.71%), making it rich in silica, a common feature of sedimentary environments.
Characterisation of DS by Limeira et al. [9] and Ozer-Erdogan et al. [42] also reported quartz (crystalline
silica) as a major component of DS. DS often has a high quartz content due to the natural composition of
sedimentary environments, where quartz, a durable and stable mineral, accumulates over time. Al203 and
Fe,O; levels are similar between natural sand and DS. MgO (35.85%) in natural sand is significantly
higher than in DS (6.44%). CaO content is notably higher in DS (4.49%) than in natural sand (0.7%).
Dredged materials inherently contain significant amounts of silica, alumina, calcium, and iron oxides.
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Table 3. Chemical composition of raw materials (method of XRF)

Chemical composition (wt %)

Elements
Natural sand DS

Si0» 33.71 66.34
AlO3 7.31 7.38
CaO 0.7 4.49
MgO 35.85 6.44
TiO. 1.1 0.01
Fe-04 6.9 6.75
K20 7.61 4.57
ZnO 0.04 0.05

The XRF analysis of the alternative sand material is also useful in detecting a high concentration of
heavy metal content. Table 4 illustrates that heavy metal contents within both materials were almost
similar and in low concentration to impose any significant effect. Hence, the sample of DS taken from
Sungai Pusu could be declared as an unpolluted sample, particularly when considering the threshold
limits imposed by the Department of Environment Malaysia for hazardous wastes [43]. Therefore, the
chemical treatment was not necessarily required for this sample of DS. Similarly, Beddaa et al. [44] found
the treatment of sediments redundant when it shows low concentrations of contaminants. However,
chemical treatments such as phosphoric acid treatment (Novosol Process) as are necessary when dredged
sediments is contaminated with high heavy metals [45-48].

Table 4. Heavy metal content of raw materials (method of XRF)

Chemical composition (mg/kg)

Heavy metal
Natural sand Dredged sediment
Chromium 2300 2800
Copper 0 100
Zinc 100 100

Next, an organic impurities test was performed in this research according to ASTM C40 [49] to
determine the presence of the organic material in the DS. A similar test was done in research by Yang et
al. [50] to guarantee that the sustainable substitute material to natural sand is free from organic
contaminants before incorporating in the concrete mix. After 24 hours since the sodium hydroxide
solution was shaken with the DS in the bottle, the colour changes were observed and compared with the
reference colour. Figure 4 illustrates the changes in colour due to the presence of organic material in the
dredged sediments.
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Figure 4. Initial colour of solution (left) and changes in colour after 24 hours (right)

Figure 5. Garner colour standard (ASTM C40)

The colour of the solution was observed to be the same as number 3 according to Gardner colour
standard in Figure 5. The darker color of the solution proved the presence of organic matter. DS
containing high organic material could delay the development of compressive strength [44]. Thus,
thermal treatment had been proposed in this research in order to eliminate the organic material in the
dredged sediments before it was used as the replacement for natural sand in the concrete mixture.

Treatment of Dredged Sediment

The physical treatment of DS involved sieving, washing, and drying. Initially, the sediment was sieved
through a 5 mm mesh to remove unwanted materials like dried leaves and branches, which could
negatively impact experimental outcomes. The treatment served two primary objectives: trapping heavy
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metals and eliminating organic matter. After analysing the chemical composition, it was determined that
no further chemical treatment was necessary, as heavy metal concentrations were low. However, the
organic matter present could influence concrete strength, prompting further investigation into the use of
treated DS as a sand replacement in concrete to improve strength. To eliminate organic matter, a
calcination process was performed, as highlighted in Figure 6. The sediment was heated in a furnace at
650°C for one hour, following the procedure outlined by Agostini et al. [45]. The sediment was allowed to
cool for one day before being used in concrete mixtures. Heating treatment is also necessary to remove
the excess water content of DS [51].

Figure 6. Calcination process in the furnace (left) and calcined dredged sediment (right)

EXPERIMENTAL PROGRAM

Mix Design Procedure

For the study, M30 Grade concrete mix was suggested, and appropriate mix design was specified as per
Design of Normal Concrete Mixes, which is published by the British Department of the Environment
(DOE). The study was performed on the M30 Grade concrete for 0%, 15%, and 30% replacement of
natural sand with treated dredged sediment. Table 5 presents the mix proportions for each batch of the
concrete mixture. Reference concrete is abbreviated as RC, while CS15 and CS30 represent mixtures with
15% and 30% dredged sediment, respectively as partial replacement of natural sand. Based on the mix
design obtained, mixing process commenced with the uniform blending of cement, coarse aggregate, fine
aggregate, and dredged sediment in a concrete mixer, followed by the gradual addition of water to ensure
a good quality fresh concrete. Unlike previous studies [9; 42; 52], no plasticiser additive was used in this
study. Thus, the concrete samples formulated using dredged sediment were not expected to maintain the
same workability as the reference concrete samples. Fresh concrete was transferred into greased steel
moulds and compacted using a rod, consistent with BS EN 12390-1:2000 standards [53], specifying cube
dimensions of 150 mm x 150 mm x 150 mm. The process of casting the concrete specimens has been
described in Figure 7. Next, for each concrete mixture, three cubes were prepared for testing after 7 and
28 days of curing. All samples were cured in water at a controlled temperature of 20 + 2°C, starting 24
hours after casting.
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Table 5. Mixed proportion of concrete specimens

Concrete specimens RC CS15 CS30
Cement (kg/m3) 367 367 367
Water (kg/ kg/m3) 180 180 180
W/C ratio 0.49 0.49 0.49
Coarse aggregate (kg/ms3) 1063 1063 1063
Fine aggregate (natural sand) (kg/ms3) 770 654.5 539
Fine aggregate (DS) (kg/ms3) 0 115.5 231
Substitution rate (%) (DS/natural sand) 0 15 30

Figure 7. Concrete casting

Evaluation Tests

The concrete specimens were tested for their performance in both fresh and hardened states. Meanwhile,
the mechanical performance of the hardened concretes was evaluated through both destructive and non-
destructive tests. Table 6 summarises the evaluation tests utilised, including the size and quantity of
specimens, as well as the standards to which the tests complied.
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Table 6. Summary of evaluation tests for concrete specimens produced

Concrete specimens: RC, CS15 and CS30

Evaluation test

Standards Sample size Curi(r(llga}ll)se)riod sarr?;flset:((lno)
Slump test BS EN 12350-2:2009 Fresh state 3
Vebe test BS EN 12350-3:2009 Fresh state 3
Compressive strength BS EN12390-3:2002 0.15m cube 7,28 3/period
Ultrasonic Pulse Velocity (UPV) BS EN 12504-4:2004 0.15m cube 7,28 3/period
Rebound hammer BS EN 12504 — 2: 2012 0.15m cube 7,28 3/period

Fresh Properties

The slump test is a widely recognised, low-cost method for assessing the workability and quality of
concrete [54]. The slump test was performed for each concrete mix design with conformance to BS EN
12350-2:2009 [55], as presented in Figure 8. The workability and consistency properties of freshly
prepared concrete were also assessed with help of Vebe test [56], as shown in Figure 9.

Figure 8. Slump test
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Figure 9. Vebe test

Destructive Tests

The mechanical properties of the concrete specimens were determined by performing the compressive
strength test in accordance with BS EN 12390-3:2010 [57]. The test was performed using three specimens
of RC, CS15 and CS30 for 7 and 28 days using 3000kN capacity compression testing machine, see Figure
10.

COMPRESSION
TESTING MACHINE
(3000kN)

Figure 10. Compressive strength test
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Non-destructive Tests

The results of the conventional destructive tests such as compressive strength test can be correlated with
non-destructive testing (NDTs), such as Ultrasonic Pulse Velocity (UPV) test and rebound hammer test.
UPV is a widely employed NDT that is effective in determining the elasticity of the concrete specimens,
which correlate with the mechanical strength performance [58]. UPV test was conducted in adherence to
BS EN 12504-4:2004 [59]. Prior to performing the test, the UPV device was calibrated to ensure accuracy
and reliability of the measurements. The laboratory setup and execution of the UPV test were detailed in
Figure 11, demonstrating the positioning of transducers and the specimen alignment.

Figure 11. UPV test procedure

Rebound hammer test was also performed on the concrete specimens in parallel with UPV, following
the guidelines of BS EN 12504 — 2: 2012 [60]. 16 readings were taken from a smooth surface of concrete
specimen by applying pressure to the plunger of the hammer, ensuring it was positioned perpendicular to
the surface and 30 mm from each test point. This process was carried out on four different surfaces of the
cube specimens to obtain a comprehensive average result, as illustrated in Figures 12 and 13. Such non-

destructive testing methods have been widely employed in prior research to assess surface hardness and
estimate concrete strength [61].
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Figure 12. Marked position for rebound hammer test

Figure 13. Rebound hammer test procedure
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RESULTS AND DISCUSSION

Fresh Concrete Properties

The slump and Vebe test results are given in Table 7. The reference concrete has the highest slump value
(30 mm), which is indicative of better workability compared to the mixes incorporated with DS. With 15%
sediment substitution, the slump drops to 25 mm and further decreases to 20 mm at 30% sediment
replacement. This trend suggests that adding dredged sediment reduces the workability of the concrete
mix, possibly due to the particle shape or absorptive properties of the sediment which affect the water
availability for flow. Meanwhile, Vebe time, which reflects the energy required to compact the concrete,
increases with higher sediment content. The reference concrete has the lowest Vebe time (5.34 s),
indicating easier compaction, while the 15% and 30% sediment mixes have progressively higher Vebe
times (7.2 s and 8.3 s, respectively). This increase indicates that the mixes with sediments are less
workable and require more compaction effort, correlating with the observed reduction in slump values. A
similar result is reported by Limeira et al. [9], where improved workability was observed with low
percentages of DS. The finer particle size of dredged sediment contributed to an increased specific surface
area compared to that of natural sand. Johnson et al. [62] and Zhao et al. [63] noted that the elevated
specific surface area of DS led to significant water absorption, resulting in a significant loss of workability.
These findings collectively suggest a compromise between sustainable sediment use and the workability of
concrete. Higher sediment contents may require adjustments, such as water or admixture adjustments, to
maintain suitable workability for construction purposes.

Table 7. Fresh properties of concrete specimens

Concrete specimens

Test results

RC CS15 CS30
Slump value (mm) 30 25 20
Vebe time (s) 5.34 7.2 8.3

Hardened Concrete Properties

The results of the compressive strength tests are presented in Figure 14 with standard deviations; each
value is the average of three data. As expected, the concrete specimens gained strength with increased
curing period [42]. The evolution of the compressive strength of the concrete specimens clearly highlights
that the observed behavior of the modified concrete in conformity with conventional concrete. On both 7
and 28 days, the highest compressive strength were achieved by concrete incorporated with 30% DS as
substitution of natural sand (CS30). This observation is corroborated with findings from previous
research studies [9; 64-66]. Nel [67] stated that the strength performance of concrete mixes having
similar paste volume, is not significantly influenced by fine aggregates employed. Thus, with similar
cement content and water to cement ratio, the increase of 7.2% in strength for CS30 can be attributed to
particle strength, surface texture and shape of the DS particles [68].
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Figure 14. Compressive strength performance of the concrete specimens

The average transit time of four surfaces of three cubes for each concrete specimen after 7 and 28
days of curing is tabulated in Table 8. The transit time which denotes the time it takes for an ultrasonic
pulse to travel from emitting transducer to the receiving transducer while passing through the concrete,
reflects the structural integrity of the concrete and identify any indications of cracks, honeycomb, or voids
in the concrete. The pulse velocity (km/s) is obtained by dividing the thickness of the concrete specimens
which equivalent to the path length by the transit time and plotted in Figure 15. CS15 and CS30 show
variation in UPV readings at 7 days compared to 28 days. While initially lower than RC, the specimens’
UPV readings improved significantly by 28 days. This suggests that curing process plays a significant role
in compaction and hydration process for concrete specimens with DS incorporation. Generally, concrete
shows improved UPV readings with longer curing period as a result of progressive development of a
denser matrix, which supports better wave propagation [69]. The lower UPV readings obtained by DS
incorporated concretes suggests formation of a more porous cementitious matrix due to the higher slit
and clay contents. Moreover, the irregular shape and varying size distribution of particles in DS can
disrupt the compactness of the concrete matrix, leading to increased voids and reduced density, thereby
lowering UPV readings. DS may have higher moisture retention properties, affecting the curing process
and the final moisture content of the concrete, which in turn influences UPV measurements. Scholars
have characterised performance of concrete based on its UPV value, as presented in Table g [70; 71]. From
this classification, all the concrete specimens with UPV between 3.5 - 4.5 km/s, were noted to display
good performance. However, the UPV results did not strictly correspond to compressive strength trends,
possibly due to internal variances like micro-cracks or differing pore structures that affected wave
propagation without significantly changing compressive strength. This highlights that while UPV is a
valuable non-destructive test, it may not always correlate directly with compressive strength due to
complex internal characteristics.
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Table 8. Average transit time of concrete specimens from UPV test

Average transit time of four surfaces (us)

Concrete
specimens 7 days 28 days
Cube 1 Cube 2 Cube 3 Cube 1 Cube 2 Cube 3
RC 37 37.7 37.5 36.7 38
CS15 38.9 38.3 38.5 37.3 38.3 374
CS30 39.5 38.2 37.6 37.3 35.8
4.05 - 7 days
4.03 4.02 W 28 days
4.01
4
3.98
o~ 3.95 -
—
g
Y
g 3.90
> -
9 3.9 1 3.89
-]
3.85 -
3.8
RC CS15 CS30

Concrete specimens

Figure 15. Graph of pulse velocity on 7 and 28 days of curing

Table 9. Categorisations of UPV for concrete quality

Ranges of UPV (km/s) Concrete quality
4.5 Excellent
35-45 Good
3.0 - 3.5 Doubtful
2.0 -3.0 Poor
2.0 Very Poor
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The rebound hammer test results, as tabulated in Table 10, show that the rebound number readings
increase with age, reflecting the progressive hardening of concrete [72]. The data obtained presents a clear
trend of increased rebound numbers at 28 days compared to 7 days, indicating improved surface hardness
over time. CS30 exhibits the highest progression, with rebound numbers increasing from 22.81 at 7 days
to 29.57 at 28 days. However, the estimated compressive strength from the rebound hammer test had not
achieved the minimum required strength (30 MPa) on 28 days of moist curing. Low value of estimated
compressive strength for rebound hammer test was likely due to the rough textured surface of concrete
cube, which might cause excessive crushing by the plunger tip and reduced the rebound number [73].
Similar to compressive strength test, the rebound hammer test successfully highlights that concrete cubes
show better mechanical performance at 30% replacement of sand by DS collected from Sungai Pusu.

Table 10. Rebound numbers with estimated compressive strength of concrete specimens

7 days 28 days
Concrete Estimated
specimens Average rebound Estimated compressive Average rebound Dressiv
numbers strength (MPa) numbers compressive
strength (MPa)
RC 22.15 17.62 28.9 26.16
CS15 22.43 17.85 29 26.38
CS30 22.81 18.32 29.57 27.08
CONCLUSION

In exploring sustainable alternatives to natural sand, this study assessed the feasibility of dredged
sediment (DS) from Sungai Pusu, Gombak, for use in concrete. The characterization of DS revealed that it
possesses a suitable granulometry and chemical composition, with manageable levels of organic
impurities and negligible contamination, making it suitable for sand replacement in concrete mixtures. In
fresh properties tests, DS-substituted concrete prepared using same water to cement ratio as conventional
concrete demonstrated slightly lower workability. However, the hardened performance of the concrete
improved with incorporation of DS as alternative aggregate. Substitution of 30% DS in the concrete mix
proved efficient as specimen CS30 exhibited increased compressive strength than RC by 7.2%
Additionally, the Ultrasonic Pulse Velocity (UPV) tests confirmed the structural integrity of DS-based
concrete, while the rebound hammer tests reflected enhanced surface hardness over time, particularly at
higher DS content. These findings collectively suggest that Sungai Pusu DS can effectively replace a
portion of natural sand in concrete, offering environmental and practical benefits for sustainable
construction.

RECOMMENDATIONS

The promising improvements of transit time and strength development of CS30 over RC highlights the
potential of DS as greener alternative to natural sand as fine aggregate in cement composites. Thus, it is
recommended to conducted further studies focusing on the long-term durability analysis of DS based
concrete to evaluate properties such as shrinkage, cracking resistance, and freeze-thaw durability. It is
also highly recommended to assess the sustainability benefits and cost-effectiveness of incorporating DS
extracted from the Sungai Pusu.
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