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Abstract:

Introduction/purpose: The consumption of natural sand in Algeria is high
due to its extensive use in mortar, while sediments and rubber waste pose
significant environmental and societal challenges. This study investigates
the effects of incorporating rubber waste content in mortars mixed with
crushed sand and sediment. The primary goal is to valorize crushed sand
particles through physical and mechanical tests, evaluating their potential
as an alternative to natural sand in mortar mixtures.
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Methods: Experimental work was carried out to study the impact of partially
and fully replacing sediments with crushed sand particles in mortar mixes.
Mortar mixtures were prepared using different sediment-to-crushed sand
ratios (10%, 25%, 35%, 50%, and 100%) to observe their influence on
physical and mechanical properties. Additionally, the effects of adding 2%,
4%, and 6% granulated rubber to the optimal mortar were analyzed.
Various tests, including those tsting compressive strength, flexural strength,
and ultrasonic pulse velocity, were performed to evaluate the performance
of the mixtures.

Results: The results indicated that replacing sediment with crushed sand
improved the strength properties of mortar, particularly due to better particle
packing. The mortar containing 65 wt% sediments and 35 wt% crushed
sand showed properties similar to the reference mortar. The addition of
rubber waste increased compressibility but enhanced mechanical
properties when used in moderation. Ultrasonic pulse velocity decreased
with higher crushed sand content, and the porosity of the mixtures was
reduced.

Conclusions: Crushed sand and sediment particles are effective fillers for
mortar, ensuring good performance and improved strength. The efficiency
of these materials depends on their morphology and genesis. The study
demonstrates that crushed sand can be a viable alternative to natural sand,
and rubber waste can be used as a reinforcing material in mortar, though
its proportions should be carefully controlled to avoid negative effects on
mechanical properties.

Key words: mortar, sediment, crushed sand, scrap rubber waste,
compressive strength, tensile strength.

Introduction

The surge in demand for sand in Algeria over the past decade, driven
by substantial development programs in construction, has resulted in a
shortage of this essential material. For this reason, the use of alternative
materials is essential, such as tuff (Cherrak et al, 2013), crushed sand
(Srivastava & Singh, 2020), dune sand, fine limestone, natural pozzolans,
and various wastes (Chouhan et al, 2020; Bederina et al, 2013). Moreover,
reusing all concrete and mortar waste can effectively protect the
environment and contribute to sustainable development (Benyamina et al,
2019). In addition, the quantities of limestone fines and crushed sand are
very abundant in many quarries, which poses the problem of disposal and
reuse in the manufacture of concrete (Chouhanet al, 2020).

The problem of sedimentation also affects dams and energy
production; for example, the Fargoug dam, located in the northwest of

237

Hadj Mostefa, A. et al, Effects of scrap rubber waste on the mechanical performance of mortar made of crushed sand and sediment, pp.236-263



EVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

Algeria, about 20 km south of the city of Mohammedia (region of Mascara),
is one of the many dams that suffer from this problem. Thus, dredging
these sediments and reusing them as alternative materials is a solution to
recycle and valorize them, given their physical, chemical, and biological
properties and stabilizing capacity (Fonti et al, 2013). Also, one can reuse
them in base layer locations for roadways (Sellaf et al, 2023).

Researchers have recently conducted numerous studies to explore
using crushed sand in mortar and concrete. The strength properties of
concrete using crushed sand are almost identical to traditional concrete.
Furthermore, bottle chips are combined with crushed sand to partially
replace the conventional sand used in the proposed concrete (Cepuritisa
et al, 2016). The use of crushed sand also ensures the position of natural
sand as an aggregate for concrete's durability and mechanical
performance (Lam, 2020; Bédérina et al, 2005). It should be noted that
sediment and crushed sand particles are nearly identical, owing to their
physical nature and high flour content (Ma et al, 2022). Therefore, it is very
appropriate to use sediment as an alternative material, and it serves as a
filler in the cement slurry that reinforces the dense microstructure (Singh
et al, 2015).

On the other hand, more than 26,000 tonnes of waste rubber tires are
dumped annually in Algeria (Nakhaei et al, 2012). Waste tires mainly
comprise synthetic rubber, carbon black, silicone, and steel. There are
many ways to dispose of rubber tires, including storage or landfills.
Alternatively, there are various ways to recycle rubber waste, including
using it for fencing and decorative elements (Khan et al, 2016; Trouzine et
al, 2012; Khorrami et al, 2010) and in the field of filtration of landfill
leachate.

This study is planned to develop the consistency limit properties, bulk
density, compressive and tensile strength, and ultrasonic pulse velocity of
mortar composed of crushed sand particles and sediments with different
mixing ratios and to find out the effect of its different percentage addition
on some important physical-mechanical properties of such mortar. Then,
the optimal mortar sample was obtained with rubber scraps in different
proportions to improve the mechanical strength. The importance of this
research lies in examining the effectiveness of the combined use of
sediments, crushed sand, and rubber scraps as partial substitutes for sand
in mortar mixtures. Also, this study aims to eliminate rubber waste,
sediments, and aggregate grinding waste and recycle them as substitutes
for aggregates used in mortars, thus protecting the environment.
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Experimental procedures

Materials and preparation methods

Sediment

Sediment specimens are dam sediment of the region of Fergoug in
the south of Mascara in the northwest of Algeria, and they are generally
cohesive brown and grey soils. The specific gravity of the sediment was
2.55.

The particle size distribution for the soils is shown in Table 1.

Table 1 — Properties of the investigated materials

Property Sediment Reference Particles of
sand crushed sand

Liquid limit (%) 38 22 15

Plastic limit (%) 23 14 0.00
Plasticity index (%) 15 8 0.00
Volume of blue VB (cm?) 5.5 0.75 0.39
Specific gravity 2,55 2.63 2.70

Visual sand equivalent (%) 0.00 70 45
Apparent density (g cm-3) 1.26 1.45 1.53
Fineness modulus 1.2 1.80 3.10
Organic content (%) 3.2 1 0.00

Specific gravity is the ratio of a material's density with that of water at
4 °C (where it is most dense and is taken to have the value 999.974 kg m-
3). It is therefore a relative quantity with no units.

The soil chemical analysis was conducted following the AFNOR
standard NF EN 1744 (AFNOR, 1998a), and the results are presented in
Table 2. The main constituent of the sediment is silica with 76.01 % where
the ratio SiO./Al.O3 equals 19.02.
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Table 2 — Chemical compositions of materials

Property Soil S Soil RS Soil CS
SiO2 (%) 64.18 76.010 6.39
SOs (%) 0.021 0.034 0.106
Al203 (%) 0.03 3.996 2.33
Fe20s3 (%) 0.84 1.551 0.807
CaO (%) 17.30 5.918 47.41
K20 (%) 17.30 1.261 0.44
MgO (%) 0.27 1.365 1.49
NaOH (%) 0.00 0.221 0.079
CL (%) 0.00 0.006 0.00
P.A.F (%) 0.5 8.150 41.330
CaCOs (%) 22.73 12 67.00

The particle size analyses were conducted using the sieving and
hydrometer methods (Amar et al, 2018). The grain size distribution curve
indicates that the sediment is predominantly silt-sized, with 55.3% clay.
Furthermore, the percentage of particles with a diameter less than 80 uym
is approximately 82.90%. The limit liquid is about 38% (AFNOR, 1992,
1996), and the plasticity index is about 15%. The material from the
Fergoug sediment is classified as inorganic silts. The organic matter
content is determined using the ignition test at 450°C, following the
standard NF EN 1744 (AFNOR, 1998a), which is about 3.2% for sediment
samples. The specific gravity, determined through a pycnometer, is
approximately 2.55. The maximal and minimal void ratios were
theoretically calculated based on dry density and specific gravity. The void
ratio values range from 1.53 to 1.95.

Particles of crushed sand

Two soils samples of different origins and physical properties were
selected. The first sample, crushed sand, was obtained from the Tizi
quarry site in Mascara, northwest Algeria. These two soil samples
underwent various laboratory identification tests, following standard
procedures established by AFNOR and ISO standards. The specific
gravity of particles in crushed sand was 2.70, whereas that of the reference
sand was 2.63. The particle size distribution for the materials is presented
in Table 1. The results of the chemical analysis of the soils, shown in Table
2, are carried out according to the standard NF EN 1744 (AFNOR, 1998a).

The tests to determine the Atterberg limits and the density of solid
particles were conducted following the standards NF P94-054 and NF
P94-051 (AFNOR, 1991, 1993), and the specific surface area of the sand
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was determined using the Methylene Blue test (AFNOR, 1998b). The
specific surface area is approximately 115.5 m? g', and the volume of
Methylene Blue used is approximately 7cm?.

The materials used included (S), (CS), (RS), and (SCS), representing
sediment, crushed sand, reference sand, and a soil mixture, respectively.
The sediment (S) and crushed sand (CS) were utilized as fine aggregates,
as depicted in Figure 1.

Seding,f
Cunkef g,

Figure 1 — Fine aggregates: sediment (S) and crushed sand (CS)

Figures 2a and 2b represent the main components of sediment (S)
and crushed sand (CS) using X-ray diffraction.

Q
Q: Quartz
Ca: Calcite
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Q
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Figure 2a — X-ray diffraction of sediment
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Figure 2b — X-ray diffraction of crushed sand.

Figure 3 shows the values of grain size distribution for the studied
specimens. The grain size distribution decreases with the crushed sand
content. For sediment (S), the fineness modulus was 1.2 for the sand
samples. In contrast, the values for the composite samples with 10%, 25%,
35%, 50%, and 100% crushed sand content were 1.45, 1.65, 1.98, 2.55,
and 2.55, respectively. When compared to the reference sand, the
fineness modulus was observed to be equivalent to the SCS3 mixture.
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S: 100% sediment, RS: Reference sand, SCS1: 90% sediment and 10% crushed sand;
SCS2: 75% sediment and 25% crushed sand; SCS3 65% sediment and 35% crushed
sand, SCS5: 50% sediment and 50% crushed sand; SC: 100% crushed sand

Figure 3 — comparative grain size distribution in the investigated samples
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Mortar-mix design

Five mortars are mixed with a constant water/cement (W/C) ratio and
a variable sediment/crushed sand (S/CS) ratio. The main objective of
using a variable S/CS ratio is to emphasize the sole effect of this addition
on the physical and mechanical characteristics of the mortar, serving as a
substitute for sand. Mortar compositions were prepared by integrating
sediment with crushed sand in the following ratios: 100% sediment, 90%
sediment with 10% crushed sand, 75% sediment with 25% crushed sand,
65% sediment with 35% crushed sand, 50% sediment with 50% crushed
sand, and 100% crushed sand. A reference specimen was also produced,
consisting of mortar with sediment, for comparison.

To facilitate the readings, the mixtures with the acronym MSCS refer
to the mortar made from sediment to crushed sand, while the reference
mortar is called MRS. For further investigation, a similar mortar containing
a superplasticizer has been formulated. The polycarboxylate
superplasticizer has been used in constant amounts, comprising 1.2 by
weight of cement.

Table 3 — Cement chemical and mineralogical features and the water chemical analysis.

Chemical and mineralogical Chemical analysis of water(mg/l)
composition of cement (%)

SiO2 20.19 Cl 113,60
Al203 5.23 S04 65,46
Fe203 2.34 NOs 12,22
CaO 56.90 NO:2 0,00
MgO 2.01 Na* 0,00
NaOH 0.15 K* 0,00
CL 0.01 Mg?* 51,36
P.F2 5.84 Ca® 32,86
Ins 4.26 COz* 0,00
Free CaO 1.01 HCOs3 368,44
CsS 60 Fe 0,03
C2S 16 Cr 113,60
CsA 5 SO« 65,46

The cement utilized in this investigation is ordinary Portland cement
(CPJ), comprised of 76% clinker, 18% calcareous material, and 6%
gypsum. The chemical analysis of the cement and mineral admixtures is
presented in Table 3.
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Scrap tires rubber

Scrap tire rubber fibers can be derived from tires using two primary
processes: (i) ambient processing, where scrap tire rubber is ground or
treated at or above regular room temperature, and (ii) cryogenic
processing, which involves freezing waste rubber with liquid nitrogen and
subsequently grinding frozen rubber into small particles using a mill
(Caltrans, 2006). The tire rubber fiber constitutes an intricate blend of
elastomers, encompassing polyisoprene, polybutadiene, and styrene-
butadiene. The key components of rubber include stearic acid (1.2%), zinc
oxide (1.9%), extender oil (1.9%), and carbon black (31.0%) (Akbulut et al,
2007). Table 4 presents some properties of scrap tire rubber.

Table 4 — Some properties of the scrap tire rubber fibre

Properties Tire rubber
Density (mg m) 1.153-1.198
Tensile strength (MPa) 16-20
Elongation (%) 400-500

Sample preparation

The mortars were mixed, and prisms of 40 x 40 x 160 mm were
prepared according to the standard NF EN 196-1 (AFNOR, 1990). The
mortar samples were cured for 24 hours in the laboratory at 20 + 2°C with
a relative humidity of approximately 50%. The mixed design of mortars is
detailed in Table 5. At the onset of the experiment, the mortar specimens
were immersed in potable water, and the penetration time was measured
at intervals of 4, 7, 14, 28, 56, and 90 days.

Table 5 — Compositions of mortar (kg m).

Mixture code — o 3] It}
n ) %) n n N N
21¢1¢€ ) 38| 8| g | ¢

= = = =

Cement 450 450 450 450 450 450 450

Water 225 225 225 225 225 225 225

Sediment 1350 | - - 1215 1012 878 675

Crushed sand - 1350 | - 135 338 472 675

Reference sand | - 9 1350 | - - - -

Superplasticizer | 9 9 9 9 9 9
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Results and discussion

Consistency limits

Atterberg limit tests were conducted to ascertain the consistency limit
values of the sands and their mixtures following the reference standard NF
P94-057 (AFNOR, 1992).

As shown in Figure 4, the consistency limits of the mixture of sediment
and crushed sand decrease progressively with increasing the crushed
sand particle content. The consistency limit of the mixture of 75% sediment
with 25% crushed sand is close to the consistency limit of the reference
sand.

As shown in Figure 4, for sediment, the plastic limit gradually
decreases with an increased amount of crushed sand particles. The
results of the Atterberg limit test indicate that sediment has a higher
plasticity index value than crushed sand. The results of the plastic limit test
indicate that crushed sand has a null value (sediment 23%, RS 14.00%,
SCS1 14.02%, SCS2 12.50%, SCS3 12.03%, and SCS5 10.00%, SC:
0.00%).

T T T T T T T
40 - 40
1 —# - Liquid limit (%)
2 . -- @ --plastic limit (%)
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= 304 . - 30
= -,
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E 10 w w w 3“‘“& Reference sand 10
c * ¥ ¥ ¥ ~_
3 54 L -5
2 ~— ]
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Crushed sand content (%)

Figure 4 — Effect of the particles of the crushed sand content on the consistency limits of
sediment
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Changes in the consistency limits of the mixtures may result from
factors such as the type of mixture, the exchange capacity of the clay
(Cetin et al, 2006; Bell, 1993), and the proportion of clay minerals in the
mixtures (Okagbue & Onyeobi, 1999). Notably, plastic limits were
investigated for the mixtures of tire-cohesive clayey soil in the reference
(Sivapullaiah et al, 2000). They initially remain stable, exhibit a subsequent
decrease, and stabilize again. These findings are parallel to those
observed in fine-grained cohesive soils with medium plasticity.

Bulk density

As shown in Figure 5, the bulk density shows a significant proportional
increase with the percentage of incorporated fines. This phenomenon
appears primarily attributable to the top density of crushed sand waste
fines compared to regular sand, as measured during the experimental
campaign. This result aligns with the findings in the reference material
(Schmitz et al, 2004).

This test was conducted following the European Standard EN 1015-
10 (NBN, 1999). Dry bulk density suddenly decreases in the mortar with
crushed sand replacement and linearly decreases with increasing the
proportion of crushed sand.

Unlike fresh mortar, hardened mortar MSCS 4 exhibited a higher dry
bulk density than the reference mortar MRS. This seems to be due to the
addition of crushed sand in the mixture induced by the reduction of air
voids in the mortars (Arnould & Virlogeux, 1986). Thus, voids in the mortar
that are not filled with sand due to the absence of sediment incorporation
are instead filled with the latter.

On the other hand, mortar MSCS3, which incorporates twice as much
sediment and includes crushed sand, exhibits the same dry bulk density
as MRS, similar to that of the reference mortar.

As outlined in numerous studies, the primary concern with porous
aggregates is their water absorption capability. This factor impacts the
workability during casting and the material properties (Aoual-Benslafa et
al, 2015). One portion of water facilitates the hydration of cement, while
another portion is absorbed by the aggregates, contributing to the plasticity
of the mixture. Pavia & Toomey (2008) substantiates this phenomenon in
his research on mortars.
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Figure 5 — Effect of crushed sand and sediment content on the bulk density of mortars

Tensile strength

To calculate the tensile strength of the specimen, beam specimens of
size 40 - 40 - 160 mm are cast according to specifications. The flexural
strength is determined by applying three-point loads (i.e., to achieve pure
bending) on these specimens. For each type of mortar, a set of three
specimens, previously subjected to curing periods of 4, 7, 14, 28, 56, and
90 days, was used, and the results are presented in Figures 6.

The compressive strength of all the mortars falls within the range of
2.16-6.25 MPa, 5.32-15.41 MPa, 10.11-25.23 MPa, 15.66-28.42 MPa,
and 18.52-30.23 MPa at curing periods of 4, 7, 14, 28, 56, and 90 days.
The compressive strength of all mortar mixtures increases with changing
the curing period. The mortar with crushed sand exhibits lower
compressive strength than the reference mortar at all test ages. Moreover,
an increase in the replacement level of crushed sand results in an overall
improvement in the compressive strength of the mortar.

Crushed sand, when used to replace river sand, improves the
aggregate particle packing. Moreover, it can be observed from Figure 6
that at the replacement levels of 35% and 50%, the compressive strength
of the mortar with crushed sand is higher by 10% and 25% during the
curing periods of 4, 7, 14, and 28 days. Additionally, the compressive
strength at 56 and 90 days for the mortar with crushed sand is only slightly
higher by 1.66%, 1.57%, 1.20%, and 1.30% compared to the mortar with
MRS.
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Figure 6 — Effect of crushed sand and sediment content on the tensile strength of mortars

Compressive strength

Compressive strength follows the same trend as the tensile strength
obtained in the test, as shown in Figure 7. It is found that the maximum
strength is observed at MRS (8.21 MPa), MSCS3 (8.02 MPa), MSCS5 (7.7
MPa), MSCS2 (6.24 MPa), and MSCS1 (6.08 MPa). Regarding mortar, the
obtained values for MS (6.00 MPa) are lower than those for the reference
mortar (MRS). Generally, the properties of hardened mortar are influenced
by the characteristics of the granular constituents, which depend on the
relative water absorption of aggregates. Consequently, the increase in
resistance is subordinate to the rise in the water absorption capacity
(Torres & Garcia-Ruiz, 2009; Wang et al, 2013).

The increase in the replacement level of crushed sand results in an
enhancement of the flexural strength of the mortar. The 28-day flexural
strength of the mortar with crushed sand at 25%, 35%, and 50%, is
measured at 6.00 MPa, 7.61 MPa, and 5.32 MPa, respectively. This
represents an increase of 1.33%, 1.05%, and 1.51% compared to the
corresponding reference mortar. A similar trend of increasing flexural
strength with higher levels of crushed sand replacement is also observed
in the mortar during the curing periods of 56 and 90 days.
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These results align with the previous findings by Tommaso and
Revecca, who utilized crushed sand and sediment as substitutes for
reference sand aggregate in a reinforced mortar (D'Antino et al, 2019; Li
& Liu, 2021). Corinaldesi (2012) attributed the observed detrimental effect
of crushed sand to a high porosity of its particles, resulting in a decrease
in severity. Lu et al. (2022) discovered an intriguing relationship between
compressive strength and particle size, noting that this relationship is
consistent across all specimens.
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Figure 7 — Influence of crushed sand and sediment content on the compressive strength
of mortars

Ultrasonic pulse velocity

The values obtained show that all the mortars made with crushed
sand material obtained slightly lower results, around 6.6%- 14.8%
concerning the reference sand.

Generally, the pulse velocity of mortars made with crushed sand was
greater than that of mortars made with reference sand. As depicted in
Figure 8, the 28-day ultrasonic pulse velocities for the mortar types MRS,
MSCS3, MSCS5, MSCS2, MSCS1, MS, and MSC were 4120 m/s, 3850
m/s, 3760 m/s, 3740 m/s, 3680 m/s, 3620 m/s, and 3510 m/s, respectively.
These values were lower than the 4120 m s recorded for the control

group.
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Moreover, as depicted in Figure 8, it is evident that, at the 35%
replacement level, ultrasonic pulse velocities of the mortar containing
crushed sand are higher by 10%, 25%, and 50% at the curing periods of
28 days. The increased incorporation of crushed sand enhanced the
velocity of mortar MSCS3, and all the produced mortars exhibited lower
velocities than MRS. These results align with the findings reported by
Corinaldesi in 2012 (Jiang et al, 2022).
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Figure 8 — Effect of crushed sand and sediment content on the ultrasonic pulse velocities
of mortars

Reinforcement of mortar MSC35 with scrap tire rubber

The optimal mortar, MSC350pt, was treated with scrap tire rubber, as
indicated in the studies by Jiang et al. (2022) and Su et al. (2022). The
goal was to determine the best content of rubber powder. Jeon prepared
a slurry with crumb rubber powder contents ranging from 0% to 15%, with
5% intervals, based on the volume of sand. Su et al. (2022) replaced the
natural aggregates with four different volume percentages: 2%, 5%, 7.5%,
and 10%, according to the differential contents of 2%, 4%, and 6%. Five
specimens were prepared for each blend of mortars. The mixed mortar
designs are detailed in Table 5. Samples of each composition were
individually immersed in water. Before conducting the mechanical tests,
the specimens were dried for three hours in the laboratory. Compressive
strengths were determined at 14, 28, 56, and 84 days. The mixture code
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includes a letter indicating the type of sand used. Further details about the
mixtures can be found in Table 5.

Table 5 — Compositions of MSCS mortar containing scrap rubber (kg m3).

Mixture MSCS MSR2 MSR4 MSR6
Cement 450 450 450 450
Water 225 225 225 225
Sediment 877 864 838 824
Crushed sand 473 463 453 443
Scrap rubber Nul 10 20 30
Superplasticizer 9 9 9 9

Compressive strength and tensile strength

When scrap rubber was added to partially substitute coarse
aggregates, compressive strength decreased as rubber quantity
increased. To calculate the flexural strength of the specimens, beam
specimens with dimensions of 40 x 40 x 160 mm were prepared. Their
flexural strengths were determined by applying three-point loads (to induce
pure bending) on these specimens, as illustrated in Figure 9, following the
standard NF EN 196-1 (AFNOR, 1995).

ensile streng

s

Compressive stremgth

Figure 9 — Compression and tensile strength machines to test prisms 40 - 40 - 160 mm?®

251

Hadj Mostefa, A. et al, Effects of scrap rubber waste on the mechanical performance of mortar made of crushed sand and sediment, pp.236-263



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 1

The variation in flexural strength concerning the percentage increase
in scrap rubber is notable. It is observed that the flexural strength of the
specimens with rubber particles exhibits a decreasing trend as the quantity
of rubber increases, as depicted in Figure 10.
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Figure 10 — Influence of scrap rubber addition rate on tensile strength.

Figure 11 illustrates that substituting rubber aggregate significantly
diminishes the compressive strength of the composite at 14, 28, 56, and
84 days. This is the primary reason why the rubber aggregate substitution
volume fraction was restricted to 6% (84-day compressive strength:
MSCSopt = 26 MPa; compressive strength with 6% rubber granulate =
23.19 MPa). Specifically, it is evident that a 2% rubber aggregate
substitution results in an almost imperceptible 0.8% drop in compressive
strength and a 0.2% decrease in tensile strength. Meanwhile, the strength
loss due to a 4% rubber aggregate substitution is approximately 8.5%.
These findings are consistent with the previous studies. The study reveals
that the observed impact of rubber aggregates on the high compressibility
of the particles in the mixture induces local bonding stresses between the
rubber and the cementitious matrix (Gupta et al, 2019).

Bin Kabit et al. (2021) concluded that a modified rubber mortar
mixture has the potential to effectively reduce shrinkage in cement
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mortars. Wei et al. (2021) found that tire rubber decreased the mortar's
consistency, compressive strength, and flexural strength.

The decrease in Si-O-Si hybrid compounds, inhibited by the hydroxyl
group during the hydrolyzation process, may be the cause of the poor
bending strength observed in the mortar containing 6% rubber powder
(Rattanaveeranon et al, 2019).
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Figure 11 — Influence of scrap rubber addition rate on compressive strength

Conclusions

e Crushed sand and sediment particles are used as very effective fillers
to mortar to ensure good performance, sufficient workability, and
improved strength. The efficiency of particles depends on their
morphology and genesis.

o The compressive strength and tensile strength of the resulting mortar
depended on the fineness modulus of the aggregate and the plasticity
index. In general, compressive strength was reduced with reduced
fineness modulus of the aggregate and th eincreased sand plasticity
index.

e Incorporating crushed sand patrticles in mortar enhances mechanical
properties, successfully minimizing porosity through improved pore size
distribution.
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¢ Mortar modified with 65 wt% sediments and 35 wt% crushed sand
particles demonstrated a significantly approximate resistance
compared to the reference sand mortar.

e The bulk density of fresh mortar and the dry bulk density of hardened
mortar for different mixes showed a significantly approximate match.

e Ultrasonic pulse velocity decreases with the increased quantity of
crushed sand particles.

e Due to the high compressibility of used scrap rubber waste, the
compression and recompression indices increase dramatically with the
rubber content of used tire.

e Scrap rubber waste can be used as a reinforcing material in mortar
mixes, but proportions should not be exceeded.
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Resumen:

Introduccién/objetivo: El consumo de arena natural en Argelia es elevado
debido a su uso extensivo en morteros, mientras que los sedimentos y los
residuos de caucho plantean importantes desafios ambientales y sociales.
Este estudio investiga los efectos de la incorporacion de residuos de
caucho en morteros mezclados con arena ftriturada y sedimentos. El
objetivo principal es valorizar las particulas de arena triturada mediante
pruebas fisicas y mecanicas, evaluando su potencial como alternativa a la
arena natural en mezclas de morteros.

Métodos: Se realizé un trabajo experimental para estudiar el impacto de
reemplazar parcial o totalmente los sedimentos con particulas de arena
triturada en mezclas de mortero. Se prepararon mezclas de mortero
utilizando diferentes proporciones de sedimento a arena triturada (10%,
25%, 35%, 50% y 100%) para observar su influencia en las propiedades
fisicas y mecanicas. Ademas, se analizaron los efectos de agregar 2%, 4%
y 6% de caucho granulado al mortero 6ptimo. Se realizaron varias pruebas,
incluidas las de resistencia a la compresion, resistencia a la flexion y
velocidad del pulso ultrasénico, para evaluar el desemperio de las mezclas.

Resultados: Los resultados indicaron que la sustitucién de sedimentos por
arena triturada mejor6é las propiedades de resistencia del mortero, en
particular debido a una mejor compactacion de las particulas. El mortero
que contenia 65 % en peso de sedimentos y 35 % en peso de arena
triturada mostré propiedades similares al mortero de referencia. La adicion
de desechos de caucho aumentd la compresibilidad, pero mejord las
propiedades mecanicas cuando se utilizd6 con moderacion. La velocidad
del pulso ultrasonico disminuyd con un mayor contenido de arena triturada
y se redujo la porosidad de las mezclas.

Conclusién: La arena triturada y las particulas de sedimento son materiales
de relleno eficaces para el mortero, garantizando un buen rendimiento y
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una mayor resistencia. La eficiencia de estos materiales depende de su
morfologia y génesis. El estudio demuestra que la arena triturada puede
ser una alternativa viable a la arena natural, y los residuos de caucho
pueden utilizarse como material de refuerzo en el mortero, aunque sus
proporciones deben controlarse cuidadosamente para evitar efectos
negativos en las propiedades mecanicas.

Palabras claves: mortero, sedimento, arena triturada, desechos de
caucho, resistencia a la compresion, resistencia a la traccion.
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PYBPUKA TPHTW: 81.09.00 MaTepnanoseneHue
BWO CTATbW: opurmHanbHas HayyYHas ctaTbsl

Pe3some:

BeedeHue/uenb: MNpupodHbili necok 8 Armkupe WupoKo UConb3yemcs
8 CmpoumeribHbIX pacmeopax, 8 MO B6PeMs KaK OMJIOXeHUs U
pe3uHosble 0mx00bl c030alm Cepbe3Hble  3KOJlo2uYecKue U
coyuarbHble npobnemsi. B daHHOM uccriedogaHuu usydyaemcs e/usHue
codepxaHUsi Pe3UHO8bIX 0mx0008 8 CmpoumesibHbIX pacmeopax,
CMeWaHHbIX C U3MeSIbYeHHbIM MEeCKOM U omioxeHusiMu. OcHoeHasi
uenb uccrnedoeaHusl 3aKrryanacb 6 easiopusauuu U3MesIbYEHHbIX
yacmuy rnecka rnymem ¢bu3uko-mMexaHu4ecKuUx ucrnbimaHull U oueHKa ux
nomexyuana Ons 3aMeHbl MPUpPOOHO20 recka 8 CMPoUMeEsibHbIX
cMecsiX.
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Memodbi: B xode uccnedosaHusi bbifio 9KCrepuMeHmasibHO U3y4YeHO
8/IUSTHUE Yacmu4HOU U MOJTHOU 3aMeHbl OMIIOXEHUU U3MeSIbYEeHHbIMU
yacmuuyamu recka 8 pacmeopHbix cMmecsix. Pacmeop eomosuricsi 8
pasnu4YHOM COOMHOWEeHUU om/IoXeHUl U usmesnib4eHHo20 necka (10%,
256%, 35%, 50% u 100%) c uenbr U3YYEHUS UX 6/USHUS Ha
gusuyeckue u MexaHu4yeckue ceolicmea. Takxe 6binu
npoaHanu3uposaHbl enusHue 0obasok 2%, 4% u 6% pes3uHosol
KpOWKU Ha onmumarsibHbil pacmeop. [ns oueHKU xapakmepucmuk
cmecel 6binu  npoeedeHbl  pasfiuYyHble  UCMbIMAaHUsl, BK/Yas
ucrnbimaHusi Ha rnPoYHOCMb, MPOYHOCMb Ha U32ub U ucrbimaHus Ha
CKOpOoCMb yribmpa3eyKo8o20 UMIy/ibCa.

Pesynbmamsbi: Pe3ynbmamel rokasanu, 4mo 3amMeHa OmiioxeHul
U3Mesib4eHHbIM  MECKOM  ynydwusia [poOYHOCMHble  ceolicmea
pacmeopa, 8 YacmHocmu, 3a cyem nydwel ympamboeKku 4dacmuu,.
Pacmeop, colepxawuli 65 wmac.% ommnoxeHuti u 35 wmac.%
U3Mesnib4YeHHO20  fecka, rokasan  ceolicmea,  aHasiocu4yHble
KOHmMposnsHoMy  pacmeopy. [obasneHue  pe3uHo8oU  KPOWKU
rosbiWwaem CXXumMaemMocms, HO yrydwiaem MexaHudeckue ceolicmea
npu  ymepeHHOM ucrnionb3osaHuu. [lpu ysenuyeHuu codepxxaHusi
U3Merlb4YeHHO20 [ecka CKOPOCMb  yibmpassyKoeozo  UMIyrbca
CHUXaemcsi, @a nopucmocms cmecell yMeHbWaemcs.

Bbigod: Usmernb4YyeHHbIU MecoK U Yacmuubl OMIIOXEHUU S8risomces
3¢bgheKMUBHbBIMU  C8513bI8AKOUUMU  drIEMEHmMaMu 8 CMpoumersibHbIX
pacmeopax. OHuU obecriequsarom pPe8oCcx00HbIe IKCIlyamayUOHHbIE
XapakmepucmuKu U Mo8bILEHHYHO MPOYHOCMb. AghghekmusHOCMb 3mux
Mamepuasiog 3asucum om Uux Mopgoroauu U  MPOUCXOXOEHUS.
HcecnedosaHue rnokasbieaem, 4mo U3MesibYeHHbIU NecoK Moxem 6bimb
JKU3HECrocobHol anbmepHamugoul MpupodHOMY [ECKY, a PEe3UHO8YH
KPOWIKY MOXHO UCIOMb308amb 8 Ka4ecmee apMupyouezo Mamepuarsa 8
cmpoumerbHbix  pacmeopax. OOHako ux rfporopuuu  credyem
muamesibHO KOHMPOJIUpo8ame 80 U3bexxaHue He2amugHO20 /TUSIHUST Ha
MexaHu4eckue ceolicmea.

Knwodesbie  crioga:  cmpoumernbHbIll  pacmeop,  OMIIOXEeHUS,
U3MesIbYeHHbIU MEeCOK, Pe3uHo8asi KpOoWKa, MPOYHOCMb Ha Cxamue,
pacmsixeHue.

YTI/ILl,aj OTnagHor rymMeHor rpaHynata Ha MexaHu4ke nepdgopmaHce
ManTtepa of Apo6rbeHor necka u ceaMmeHTa
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OBJIACT: matepwjanu, rpalleBMHapcTBO
KATEFOPUJA (TWUM) YITAHKA: opurnHanHu Hay4Hu paj

Caxemak:

Yeod/yurb: MNMompowra rpupodHoe necka y Amxupy je eernuka 3602
Heesoge Wupoke yriompebe y manmepuma, 00K ceOUMEHMU U 2yMeEHU
omnad npedcmasrbajy 3HadyajaH eKorowku u dpywmeeHu rpobnem. Osa
cmyduja ucmpaxyje ymuuaj kopuwhera 2ymeHoe omrnada y Manmepuma
rnomewaHoe ca OpobrbeHUM reckom u cedumeHmuma. OCHO8HU Uurb buo
je 0a ce usepwu eanopu3ayuja Hecmuuya OpobrbeHoz rnecka fnymem
u3UYKO2 U MexaHU4YKoe ucriumuearba, Kao u 0a ce MPOUEHU HUX08
rnomeHyujan da 3ameHe fMpupoOHU Necak y MewasuHama Mmanmepa.

Memode: EkcriepumeHmarHum riymem rpoydasaH je ymuuaj 0eniluMuyHe
u riommnyHe 3ameHe ceduMmeHama 4Yecmuuama OpobrbeHoz recka y
MmewasuHama manmepa. OHe Cy npunpemMsrbeHe y pa3nuyumum oOHocuMa
cedumeHma u dpobrbeHoe necka (10%, 25%, 35%, 50% u 100%) kako 6u
ce ucrnumao HUxXo8 ymuuyaj Ha ¢busuyka u mexaHu4ka ceojcmea. Takohe,
aHanuaupaHu cy echekmu 0odasarba 2%, 4% u 6% 2ymeHoz epaHynama
onmumariHoM Mmanmepy. W3epweHa cy pasuyuma ucriumuearba,
yKibydyjyhu mecmuparsa depcmohe, yugpcmohe Ha casujarbe u 6p3uHe
yrmpa3sey4Hoz umrysica padu rnpoueHe rnepghopMaHcu MewasuHa.

Pesynmamu: [Noka3aHo je 0a 3ameHa cedumeHma OpobrbeHUM MeCcKOM
rnobosbwasa ceojcmea 4yspcmohe manmepa, Hapoyumo 3602 6orbee
nakosarba yecmuua. Manmep ca 65 mex% cedumeHma u 35 mex%
OpobrbeHO2 rMecka UCMosbUO je ceojcmea cru4yHa peghepeHmHoOM
manmepy. [Jodasare eymeHoe omnada nosehario je cmuwsbugocm, anu
u nobosbwano MmexaHuyka ceojcmea Kkada ce Kopucmuo ymepeHo. bpsura
ynmpa3sey4Ho2 umrysica onasa je ca eehum cadpxajem OpobrbeHo2
riecka, a Mopo3HOCM MewiaguHa ce CMarbUrIa.

Sakrpyuak: Yecmuue OpobrbeHoz necka u cedumeHama cy eghekacHa
sesuesa 3a Manmep Koja 0be3behyjy dobpe nepghopmarce u noborbwasajy
ygpcmohy. EgukacHocm oeux Mamepujana 3asucu 00 HUX08e
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mopdgboriozuje u nopeka. Cmyduja nokasyje da OpobrbeHuU rnecak Moxe da
byde o0pxusa anmepHamusa ripupoOHOM recky, a 0a ce eymeHU omrad
MOXe Kopucmumu Kao Mamepujarsn 3a oja4asaH-e Masimepa, mada mpeba
Maxrbugo KOHMposucamu He208 yoeo kako bu ce usbezao HeeamueaH
ymuuaj Ha MexaHu4Ka ceojcmea.

KrbyuyHe peyu: manmep, cedumeHm, OpobrbeHU riecaK, ayMeHU
epaHynam, yepcmoha Ha npumucak, 4epcmoha Ha ucme3sarse.
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