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Abstract: This study investigates the enhancement of mechanical properties in polymer-modified steel fiber-reinforced
concrete (PMSFRC) incorporating demolition waste as a sustainable coarse aggregate replacement. The work
addresses the dual objectives of resource recycling and performance optimization within environmentally responsible
construction practices. Results show that replacing natural coarse aggregates with demolition waste slightly reduces
compressive strength from 44.1 MPa to 41.6 MPa. However, the incorporation of PC-600 Flocrete superplasticizer
effectively compensates for this reduction, increasing compressive strength to 49.4 MPa. Significant improvements
were also observed in tensile strength, which increased from 5.7 MPa to 6.1 MPa, and in flexural strength, which
increased from 12.1 MPa to 15.5 MPa for mixes with 100% waste replacement. Additionally, the modulus of elasticity
improved from 26.5 GPa to 30.5 GPa, demonstrating enhanced stiffness and structural viability. These findings confirm
that polymer modification enables effective utilization of concrete waste without compromising structural integrity,
promoting cleaner production, circular material use, and sustainable innovation in civil infrastructure.
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INTRODUCTION

Polymer-modified steel fiber concrete (PMSFRC) is
widely used in construction due to its higher durability,
ductility, and toughness. It is characterized by its high
resistance in terms of tensile, compression, and
flexural strength compared to conventional concrete.
These properties for SFPMC are achieved by
incorporating polymers and steel fibers. Polymers play
a significant role in developing next-generation
construction composites, offering tunable mechanical
and durability properties through molecular and
interfacial modification. The integration of polymers
such as SBR into cementitious matrices enhances
cohesion, toughness, and resistance to environmental
degradation, aligning with recent advances in
functional and specialty polymer applications.
Additionally, the use of this type of concrete helps
prevent sudden structural failures due to the good
ductility achieved by steel fibers and the effect of
polymer films, which also exhibit good tensile strength
and ductility [1-5]. Polymers such as styrene butadiene
rubber latex (SBR) is the most wide spread and
common type of liquid polymers and also widely used
polymer in concrete and cement mortars applications,
it can be added to concrete mixes to improve
toughness, ductility and also other properties both
physical and mechanical properties such as
compressive strength, decreasing water absorption,
increase impact stength and also increase duability of
concrete [6-9]. In recent decades, substantial
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quantities of demolition waste can cause several
problems such as environmental pollution and unclean
environment, demolition waste such as concrete,
bricks, tiles can be used in concrete production to
reduce total cost of concrete and achieving less
environmental pollution, a lot of studies show that
using demolition waste can reduce workability and also
reduce some mechanical properties values such as
flexure, tensile strength and static modulus of
elasticity. Some researchers attribute the reason for
the decrement in strength due to the use of concrete
demolition as aggregate to the nature of the waste
aggregate, which has a lower strength and modulus of
elasticity than natural gravel [7-8]. However, in this
study, the use of admixtures can solve these
problems.

Some researchers have investigated the impact of
using concrete waste from damaged buildings on the
mechanical properties of steel fiber-reinforced
concrete [9-12], concluding that incorporating waste
leads to a decrease in the strength and workability of
concrete containing waste as a coarse aggregate.
Some other researchers [13,14] have studied the use
of waste aggregates in polymer concrete and polymer
reactive powder concrete, concluding that using waste
aggregates leads to a decrease in concrete strength
but achieves a lower cost of new concrete and a
cleaner environment with reduced environmental
pollution.

Recent mechanistic studies show that styrene-
butadiene rubber (SBR) latex modifies cementitious
matrices through film-forming and surface adsorption
phenomena. During curing, SBR particles coalesce
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into a continuous polymer film that coats hydration
products and aggregate surfaces, which improves
inter-particle bonding and bridges microcracks, thereby
increasing toughness, post-crack ductility and
impermeability. However, this coating effect can retard
early hydration rates by limiting ion transport to cement
grains and can alter the morphology and composition
of C—S-H and portlandite, producing a combined effect
of improved durability and modified early-age strength
development [15-18]. These mechanistic behaviors
explain SBR’s pronounced enhancement of tensile and
flexural performance even when conventional
compressive gains are modest. Polycarboxylate ether
(PCE) superplasticizers such as PC-600 primarily act

by adsorbing onto cement particles through
carboxylate anchoring groups while long, grafted
polyethylene-oxide side chains generate steric

repulsion that disperses particle agglomerates [19-21].
The resulting electro-steric stabilization decreases
yield stress and plastic viscosity, enabling a lower
water/cement ratio, improved packing of solid phases,
and reduced porosity. In addition to rheological
benefits, PCEs can subtly influence hydration kinetics
and the nano-structure of the C-S-H gel, which
underpins observed increases in compressive strength
and modulus when PCEs are used in combination with
polymers and fibers. Modern PCE formulations also

show structure—property tunability (anchoring groups,
side-chain length, topology) that affects adsorption
behaviour and performance in blended or recycled-
aggregate systems. This study aims to enhance and
develop the mechanical properties of PMSFRC
containing waste by using PC-Super-Plasticizer.

Experimental Program

Cement type V (sulfate resisting cement )used in all
mixes, the mix proprtions used in this study is shown in
Table 1 and contains constant ratios of steel fibers (1%
by volume of concrete), the steel fibers is from hooked-
end type with aspect ratio equal to and its properties
given in Table 2, styrene butadiene rubber (SBR) with
specific gravity of 0.95 and white color is added also
with constant ratio of 5% by weight of cement, the 5%
ratio was chosen to decrease the cost of concrete
because the optimum value of SBR dosage mostly
ranged between 10-15%. The coarse aggregate has a
maximum size of 20 mm and conforms to the Indian
Standard IS 383 [22]; the coarse aggregate is of the
natural gravel type, obtained from Najaf city in Iraq.
The fine aggregate used in this study is from Zone 2
and is of the type red natural sand from Najaf city as
well. The sieve analysis and grading of coarse and fine
aggregate are shown in Tables 3 and 4.

Table 1: Details of SFPMC Mix, Ingredients for One Cubic Meter of Concrete (in Kilograms)
cement sand gravel water Silica fume SBR Steel fibers
450 650 1050 180 50 22.5 78.5
Table 2: Hooked Steel Fibers Details
Steel fiber type length Diameter Aspect ratio | Tensile strength
Bent(Hooked-End steel fiber) type SD60/30 30 mm 0.5 mm 60 1150 MPa
Table 3: Sieve Analysis of Coarse Aggregate and Limitations
Sieve dimension % pass by weight 1S-393 LIMITS
40 mm 100 100
20 mm 95.9 95- 100
10 mm 47.2 25- 55
4.75 mm 1.1 0-10
Table 4: Sieve Analysis of Fine Aggregate

Sieve dimension

% pass by weight

Zone 2 limits

10 mm 100 100
4.75 mm 100 90- 100
2.36 mm 85.3 75- 100
1.18 mm 87.4 55- 90
600 mic 51.8 35-59
300 mic 23.1 8- 30
150 mic 3.7 0-10
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Testing procedure: The compressive strength test
was conducted using cubes with dimensions of 1100
mm x 100 mm x 100 mm. Three specimens were
tested in 28 days (after curing in water) for each mix,
and the average compressive strength was found.
Tensile strength was determined using 150 x 300 mm
cylinder specimens, which were tested at 28 days
using the splitting tensile test (indirect method), as per
BS EN 12390 Part 6 [23]. The flexural strength test
was conducted using prisms with dimensions of 100
mm x 100 mm x 400 mm and tested according to
British Standards (BS EN 12390-Part 5) [24]. The
stress-strain and static modulus of elasticity (chord
modulus) tests were conducted using steel cylinder
molds with a diameter of 150 mm and a height of 300
mm. Mechanical strain gauges (as shown in Figure 1)
were fixed on the concrete specimen before testing it.
The modulus of elasticity was determined according to

ASTM C-469 [25], which includes estimating the chord
modulus of elasticity using Equation 1. Figure 2 shows
a cylinder specimen after a splitting tensile test.

Ec = 05- 04/ €2-€4 {1}

Where/: 0,: is the applied stress that corresponds
to 0.4 *(maximum stress applied),0, : stress that
corresponding to a strain value equal to 0.00005 ,e&;is
the strain corresponding to o,, and ¢, . is the strain
equal to 0.00005 .

RESULTS AND DISCUSSION

Table 5 presents the mechanical properties of
SFPMC with varying percentages of concrete waste,
excluding the use of Superplasticizer. The table shows
that using concrete waste reduces compressive
strength. The ordinary gravel concrete vyields a

Figure 2: PMSFRC specimens after the splitting tensile test.

Table 5: The Mechanical Properties of SFPMC and Waste Aggregate SFPMC

Mix type Compressive Strength (MPa) Tensi::nﬁg)ength Flexural Strength (MPa) | Modulus of Elasticity (MPa)
Ordinary SFPMC 441 6.5 13.4 28.0
25%, Replacement 43.7 6.2 13.1 27.6
50 % replacement 42.9 6.0 12.8 27.3
75% replacement 42.2 5.9 12.4 26.7
100% replacement 41.6 5.7 121 26.5
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compressive strength of 44.1 MPa. Still, when using
100% replacement with garbage, the new concrete
compressive strength became 41.6 MPa, tensile
strength also decreased from 6.5 MPa to 5.7 MPa,
flexural strength decreased from 13.4 MPa to 12.1
MPa, and the chord modulus of elasticity decreased
from 28 GPa to 26.5 GPa when using total
replacement of coarse aggregate with waste
aggregate. Figures 3-6 illustrate the decrease in
compressive, tensile, flexural strength, and static
modulus of elasticity, respectively, resulting from the
use of concrete waste as coarse aggregate. Using PC-
600 superplasticizer in mixes with waste can
significantly improve the mechanical properties, as
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Figure 3: Slight decrement in strength of PMSFRC due to
concrete waste replacing.
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Figure 4: Tensile strength of PMSFRC with different
concrete waste replacement.
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Figure 5: Flexural strength of PMSFRC with different
Concrete waste.

shown in Table 6. The compressive strength increased
from 41.6 MPa for mixes with total replacement to 49.4
MPa when using Superplasticizer.
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Figure 6: Modulus of Elasticity of PMSFRC with different
Concrete waste.

Additionally, other mechanical properties are also
improved. Figure 7 shows the decrease in toughness
due to the total replacement of coarse aggregate with
waste concrete, and Figure 8 shows the improvement
in toughness for mixes with waste due to the use of
PC-600 superplasticizer. Table 6 shows the
mechanical properties of mixes containing concrete
waste as coarse aggregate with different replacement
levels modified with PC-600 Superplasticizer. The
compressive strength increased from 41.6 to 49.4 MPa
for a 100% replacement, and the flexural strength
increased from 12.1 to 155 MPa for a 100%
replacement. Additionally, other mechanical properties
have been significantly improved. These
improvements may be attributed to the action of PC-
600 superplasticizer, which can reduce the
water/cement ratio. Its carboxylate particles can Aill
pores inside the cement gel, and also play a role in
rearranging fine particles within concrete, thereby
improving the mechanical properties of SFPMC.
Figures 9-12 llustrate the improvements in
compressive strength, tensile strength, flexural
strength, and modulus of elasticity, respectively,
resulting from the use of Superplasticizer in the mixes.
The reuse of demolition waste in concrete production
not only reduces the environmental footprint of
construction activities but also contributes to circular
economy goals. Combining polymer modification with
recycled aggregates offers a promising route toward
sustainable infrastructure materials that meet
performance and ecological standards simultaneously.
This research, therefore, contributes to global efforts in
sustainable material development by combining
polymer technology with waste valorization strategies,
presenting a practical example of polymer application
in the construction sector that bridges material science
and environmental engineering.

The improvements observed here — a recovery of
compressive strength from 41.6 MPa (100% recycled
coarse aggregate) to 49.4 MPa after PC-600 addition,
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Table 6: The Mechanical Properties of Waste SFPMC Modified with PC-600 Superplasticizer

Mix type Compressive Strength(MPa) s treTneg';:i(ll\‘:IPa) Flexural Strength(MPa) S:Ealggt:\gﬁg(unlnl:,sa;’f
25%, Replacement 54.4 6.8 17.8 36.6
50 % replacement 52.8 6.5 17.1 35.1
75% replacement 50.6 6.3 16.9 33.7
100% replacement 49.4 6.1 15.5 30.5
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Figure 7: Decrease in toughness of PMSFRC due to the use
of concrete waste with total replacement.
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Figure 8: Improvement in toughness for 100% replacement
mixes by using PC-600.

tensile strength increase from 5.7 MPa to 6.1 MPa,
and flexural strength increase from 12.1 MPa to 15.5
MPa — are consistent with the established role of
polymer modifiers and modern polycarboxylate
superplasticizers in improving mechanical performance
of blended and modified concretes (see reviews and
experimental studies in the literature). Compared to
earlier investigations that examined either polymer
modification or recycled aggregate replacement alone,
our data show that the synergistic combination of SBR,

a PCE-type superplasticizer (PC-600), and hooked
steel fibers can both mitigate strength losses due to
recycled aggregate and produce net gains in certain
properties. For example, prior reports have
documented reductions in compressive strength when
using high proportions of recycled aggregate unless
compensated by admixtures or additional binders; our
results demonstrate that a PCE-based superplasticizer
together with polymer modification and fiber
reinforcement can restore compressive strength to
values comparable with conventional SFPMC mixes
while improving flexural and tensile behavior. The
novelty of the present work lies in the integrated
system-level approach: we combine (i) 100%
replacement of natural coarse aggregate with
demolition waste, (ii) polymer modification with SBR to
improve toughness and post-crack behaviour, (iii) a
modern PCE-type superplasticizer (PC-600) to lower
effective w/c and refine microstructure, and (iv)

60
50 4 .\.\l‘.
G & .
40 i ¥ 2
Compressive
Strength, 30
MPa
20
10
0 :
0 20 40 60 80 100

Replacement ,%

Figure 9: Improvement of compressive strength for PMSFRC
containing waste.

3
7
6 Q%:!
5
Tensile 4
Strength , MPa 2
2
1
0 - )
0 20 40 60 80 100

Replacement ,%

Figure 10: Improvement of tensile strength for PMSFRC
containing waste.
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Figure 11: Improvement of flexural strength for PMSFRC
containing waste.
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Figure 12: Improvement of modulus of elasticity for PMSFRC
containing waste.

hooked-end steel fibers for crack-bridging. While
individual elements of this strategy have been explored
separately in the literature, reports that demonstrate
restoration — and measurable improvement — of
compressive, tensile and flexural properties for fully
recycled coarse aggregate mixes using this precise
combination remain limited. Thus, this study
contributes by showing a practical formulation that
achieves both circular-economy benefits and structural
performance targets, expanding the evidence base for
using demolition waste in structural-grade polymer-
modified fiber-reinforced concretes. From a practical
standpoint, the results indicate that adoption of a PCE
(PC-600) in combination with SBR and steel fibers
enables the reuse of demoliton waste at high
replacement levels without sacrificing key mechanical
properties, which supports sustainable materials
practice and potential cost savings in large-scale
construction. Practitioners should note, however, that
variability in recycled aggregate quality can increase
result dispersion (as observed in our standard
deviations) and that mix optimization (dosage of SBR,
PC-600 and fiber content) will be necessary to suit
local waste characteristics. Future work should
therefore focus on (a) long-term durability under field
conditions, (b) lifecycle environmental and economic
assessment of the proposed mixes, and (c) exploring
process controls to reduce variability when using
heterogeneous recycled aggregates. The improvement

in mechanical performance achieved through polymer
modification in PMSFRC is consistent with broader
findings reported in related polymer-composite and
materials optimization studies. Olaiya ef al. [26]
demonstrated that amphiphilic polymer systems
enhance viscoelasticity and refine microstructure
through improved interfacial bonding, a mechanism
that parallels the densification and pore reduction
observed in SBR- and PC-600-modified mixes in the
present study. Similar trends of microstructural
enhancement through controlled process—material
interactions have been reported in advanced additive
manufacturing research, where optimized thermal
energy input and parameter tuning significantly
improved strength and surface quality [27-32].
Optimization-driven studies using FDM, including fuzzy
TOPSIS and AHP-based decision frameworks [33-37],
further support the importance of systematic parameter
control in achieving superior mechanical outcomes.
Additionally, recent work on graphene-reinforced
PETG and polymer nanocomposites confirms that
polymer incorporation enhances load transfer, matrix
cohesion, and toughness through refined
microstructure [38-44] These collective insights
reinforce the present findings by demonstrating that
polymer  modification—whether in  cementitious
systems or polymer-based composites—consistently
leads to improved mechanical performance and
microstructural stability, validating the effectiveness of
SBR and PC-600 in restoring and enhancing the
properties of demolition-waste concrete.

CONCLUSIONS

The study demonstrates that polymer modification
through PC-600 superplasticizer significantly improves
the mechanical properties of steel fiber-reinforced
concrete made with demolition waste. Although the
use of waste aggregates slightly reduces strength, the
incorporation of PC-600 restores and even enhances
compressive, tensile, and flexural strength, along with
the modulus of elasticity. These improvements confirm
that high-performance, sustainable concrete
composites can be achieved using polymer-based
admixtures. The results highlight the practical potential
of functional polymers in enabling waste utilization,
reducing environmental pollution, and advancing
sustainable construction practices. Future work may
explore other polymer systems and hybrid additives to
further  optimize mechanical behavior and
environmental benefits.

From the data obtained in this research, the points
below are concluded

1- Using waste aggregate from demolished
concrete can reduce the strength of PMSFRC.
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But the use of Superplasticizer can solve the
problem.

Compressive strength decreases from 44.1 to
416 MPa by using total replacement; other
mechanical properties are also lowered when
using waste.

The problem of the decrement in strength can
be solved by using the superplasticizer type PC-
600. The study reveals that the use of
superplasticizer results in an increase in
compressive strength from 41.6 to 49.4 MPa,
along with improvements in other properties,
such as tensile strength, flexure, and static
modulus of elasticity.

REFERENCES

1

(2

(3]

4

(5]

6l

[

8]

&l

Deshpande P. Elastic pop of polymer modified steel fiber
reinforced high strength con. Key Engineering Materials
Journal 2021; 899: 163-170.
https://doi.org/10.4028/www.scientific.net/ KEM.889.163

Mane A. Polymer Modified steel fiber concrete: Review.
International Journal of Engineering Research and
Technology 2015; 4(4): 288-292.
https://doi.org/10.17577/IJERTV4I1S040285

Subramani R. Optimizing process parameters for enhanced
mechanical performance in 3D printed impellers using
graphene-reinforced polylactic acid (G-PLA) filament.
Journal of Mechanical Science and Technology 2025; 1-11.
https://doi.org/10.1007/s12206-025-0231-4

Subramani R, Ahamed Jalaludeen Mohammad lliyas,
Paneer Selvam Vishnu, Amaladas John Rajan, Maher Ali
Rusho, Mohamad Reda Refaa, Oluseye Adewale Adebimpe.
Sustainable manufacturing of FDM-manufactured composite
impellers using hybrid machine learning and simulation-
based optimization. Materials Science in Additive
Manufacturing 2025; 4(3): 025200033.
https://doi.org/10.36922/MSAM025200033

Laith Abdulrasool Mahdi, Waseem Hamzah Mahdi, QAJ.
Mechanical properties of waste aggregate-steel fiber
reinforced concrete modified with waterproof admixture.
International Journal of Civil Engineering and Technology
(IJCIET) 2018. http://www.iaeme.com/MasterAdmin/Journal_
uploads/IJCIET/VOLUME_9_ISSUE_11/IJCIET_09_11_088.
pdf

Subramani R, Leon RR, Nageswaren R, Rusho MA,
Shankar KV. Tribological Performance Enhancement in
FDM and SLA Additive Manufacturing: Materials,
Mechanisms, Surface Engineering, and Hybrid Strategies—
A Holistic Review. Lubricants 2025; 13(7): 298.
https://doi.org/10.3390/lubricants 13070298

Aarthi S, Subramani R, Rusho MA, Sharma S,
Ramachandran T, Mahapatro A, Ismail Al. Genetically
engineered 3D printed functionally graded-lignin, starch, and
cellulose-derived sustainable biopolymers and composites:
A critical review. International Journal of Biological
Macromolecules 2025; 145843.
https://doi.org/10.1016/j.ijbiomac.2025.145843

Lazarus B, Raja S, Shanmugam K, Yishak S. Analysis and
Optimization of Thermoplastic Polyurethane Infill Patterns for
Additive Manufacturing in Pipeline Applications 2024.
https://doi.org/10.1155/2024/5583559

Mohammed Ahmed Mustafa, Raja S, Layth Abdulrasool AL
Asadi, Nashrah Hani Jamadon, Rajeswari N, Avvaru
Praveen Kumar. A Decision-Making Carbon Reinforced
Material Selection Model for Composite Polymers in Pipeline
Applications. Advances in Polymer Technology 2023;
6344193.

https://doi.org/10.1155/2023/6344193

[10]

(1]

2]

(3]

[14]

(18]

[16]

7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Idrees M. Effect of SBR on physical and mechanical
properties of concrete. 10th International concrete congress
2019; 164-172.

Kligys M. Styrene Butadiene rubber latex modified mortars
prepared with high early strength portland cement. MDPI
Materials Journal 2024; 17: 1-17.
https://doi.org/10.3390/ma17236000

Alkhteeb L. The effect of recycled aggregate on properties of
concrete: A review. Hybrid Advances 2025; 11: 1-16.
https://doi.org/10.1016/j.hybadv.2025.100535

Alsahaf NA, Algharaawyi AM, Al Asadi LAR, Jabal QA,
Aljumaili MA. Improvement of concrete quality and reduction
of steel reinforcement corrosion by using polypropylene
fibers, styrene-butadiene rubber, and integral waterproofing
admixture. Key Engineering Materials 2021; 895: 68-76.
https://doi.org/10.4028/www.scientific.net/ KEM.895.68

Ozioko H. Evaluating the impact of demolished concrete
aggregate on workability, density, and strength with
predictive modeling. Discover Civil Engineering 2025; 2(68):
1-20.

https://doi.org/10.1007/s44290-025-00230-y

Zhino A. Influence of recycled coarse aggregate and steel
fiber on the workability and strength of self-compacting
concrete. IOP Conference series, Earth and environmental
science 2024; 1374: 1-9.
https://doi.org/10.1088/1755-1315/1374/1/012084

Alkraidi AAJ, Ghani RAAR, Kadhim AH, Alasadi LAM.
Mechanical properties of high-density polyethylene fiber
concrete. International Journal of Civil Engineering and
Technology 2018; 9(10): 334-339.
https://iaeme.com/Home/article_id/IJCIET_09_10_034

Barcelo J. Mechanical prop of recycled agg conc reinforced
with conventional and recycled steel fibers and exposed to
high temperatures. Construction and building materials
2024; 452: 1-17.
https://doi.org/10.1016/j.conbuildmat.2024.138976

Alhazmi H. Utilization of polymer concrete composites for a
circular economy: A comparative review for assessment of
recycling and waste utilization. MDPI Polymers 2021; 13:
2135.

https://doi.org/10.3390/polym13132135

Hasan S. Strength properties of polymer reactive powder
conc with waste materials. Civil Engineering Journal 2023;
9(8): 1936-1956.
https://doi.org/10.28991/CEJ-2023-09-08-09

Indian Standards: 1S-383. Specification of coarse and fine
aggregate from natural sources for concrete. Indian
Standards, New Delhi 2016.

BS-EN 12390 PART 6. Testing hardened concrete part6:
tensile splitting strength of test specimens. British Standards
Institution, London 2019.

BS-EN 12390 PART 5. Testing hardened concrete part6:
flexural strength of test specimens. British Standards
Institution, London 2019.

ASTM C-469. Standard test method for static modulus of
elasticity and Poisson's ratio of concrete in compression.
ASTM International 2017.

Mohamad N, Lakhiar MT, Aqilah A, Jhatial AA, George S.
Compressive Strength and Flexural Behaviour of Foamed
Concrete Slab Containing Hybrid Fibres. Recent Trends in
Civil Engineering and Built Environment 2020; 1(1): 1-8.

Nainggolan CR, Wijatmiko I, Wibowo A. Study of Modulus
Elasticity of PVC Coated Welded Mesh Fiber Concrete.
GEOMATE Journal 2019; 17(60): 24-30.
https://doi.org/10.21660/2019.60.4615

Olaiya NG, Maraveas C, Salem MA, Raja S, Rashedi A,
Alzahrani AY, EI-Bahy ZM, Olaiya FG. Viscoelastic and
Properties of Amphiphilic Chitin in Plasticised Polylactic
Acid/Starch Biocomposite. Polymers 2022; 14(11): 2268.
https://doi.org/10.3390/polym14112268

Praveenkumar V, Raja S, Jamadon NH, Yishak S. Role of
laser power and scan speed combination on the surface
quality of additive manufactured nickel-based superalloy.
Proceedings of the Institution of Mechanical Engineers, Part




Improving Mechanical Properties of Polymer Modified Steel Fiber Journal of Research Updates in Polymer Science, 2025, Vol. 14 205

L: Journal of Materials: Design and Applications 2023; [37] Aarthi S, Raja S, Rusho MA, Yishak S, Simon. Bridging
14644207231212566. Plant Biotechnology and Additive Manufacturing: A
https://doi.org/10.1177/14644207231212566 Multicriteria Decision Approach for Biopolymer

[28] Raja S, Rajan AJ. A Decision-Making Model for Selection of Development. Advances in Polymer Technology 2025;
the Suitable FDM Machine Using Fuzzy TOPSIS 2022. 9685300.
https://doi.org/10.1155/2022/7653292 https://doi.org/10.1155/adv/9685300

[29] Raja S, Agrawal AP, Patil PP, Thimothy P, Capangpangan ~ [38]  Selvaraj VK, Subramanian J, Krishna Rajeev P, Rajendran
RY, Singhal P, Wotango MT. Optimization of 3D Printing V, Raja S. Optimization of conductive nanofillers in
Process Parameters of Polylactic Acid Filament Based on bio-based ~ polyurethane ~ foams for ammonia-sensing
the Mechanical Test 2022. appllcatlo.n. Polymer Engineering & Science 2025.
https://doi.org/10.1155/2022/5830869 hitps://doi.org/10.1002/pen.26987

[30] Raja S, Jayalakshmi M, Rusho MA, Selvaraj VK, [39] Subramani R, Yishak S. Utilizing Additive Manufacturing for
Subramanian J, Yishak S, Kumar TA. Fused deposition Fabricating ~ Energy  Storage ~ Components  From
modeling process parameter optimizaton on the Qraphene-Remforced Thermoplastic Composites. Advances
development of graphene enhanced polyethylene n P°_|ym9j" Technology 2024; 2024(1): 6464049.
terephthalate glycol. Scientific Reports 2024; 14(1): 30744. https://doi.org/10.1155/adv/6464049
https://doi.org/10.1038/s41598-024-80376-4 [40]  Subramani R, Kaliappan S, Arul PV, Sekar S, Poures MV

[31] Raja S, Murali AP, Praveenkumar V. Tailored microstructure De, Patil PP, Esakki ES. A Recent Trend on Additive
control in Additive Manufacturing: Constant and varying Manufacturing Sustainability with Supply Chain Management
energy density approach for nickel 625 superalloy. Materials Concept, Multicriteria Decision Making Techniques 2022.
Letters 2024; 375: 137249. https://doi.org/10.1155/2022/9151839
https://doi.org/10.1016/j.matlet.2024.137249 [41]  Subramani R, Kaliappan S, Sekar S, Patil PP, Usha R,

[32] Raja S, Praveenkumar V, Rusho MA, Yishak S. Optimizing Manasa N, Esakkiraj ES. Polymer Filament Process
additive manufacturing parameters for graphene-reinforced Parameter ~ Optimization ~with ~Mechanical ~Test and
PETG impeller production: A fuzzy AHP-TOPSIS approach. Morphology Analysis 2022.
Results in Engineering 2024; 24: 103018. https://d0|.orq/10.1 155/2022/8259804
https://doi.org/10.1016/j.rineng.2024.103018 [42]  Subramani R, Vijayakumar P, Rusho MA, Kumar A, Shankar

[33] Raja S, Rajan AJ, Kumar VP, Rajeswari N, Girija M, Modak KV, Thirugnanasambandam AK. Selection and Optimization
S, Kumar RV, Mammo WD. Selection of Additive of Carbon-Reinforced Polyether Ether Ketone Process
Manufacturing Machine Using Analytical Hierarchy Process Parameters in 3D Prining—A Rotating Component
2022. Application. Polymers 2024; 16(10): 1443.
https://doi.ora/10.1155/2022/1596590 https://doi.org/10.3390/polym16101443

[34] Raja S, Rao R, Shekar S, Dsilva Winfred Rufuss D, Rajan [43]  Theng AAS, Jayamani E, Subramanian J, Selvaraj VK,
AJ, Rusho MA, Navas R. Application of multi-criteria Viswanath S, Sankar R, Rusho MA. A review on industrial
decision making (MCDM) for site selection of offshore wind optimization ~approach in polymer matrix composites
farms in India. Operational Research 2025; 25(3): 1-34. manufacturing. International Polymer Processing 2025.
https://doi.org/10.1007/s12351-025-00949-7 [44] Subramani R, Ali Rusho M, Jia X. Machine learning-driven

[35] RajaS, Rajan AJ. Challenges and Opportunities in Additive sustainable optimization of rapid prototyping via FDM:
Manufacturing Polymer Technology: A Review Based on Enhancing mechanical strength, energy efficiency, and SDG
Optimization Perspective. Advances in Polymer Technology contributions of thermoplastic composites. Applied Chemical
2023; 8639185. Engineering 2025; 8(2): ACE-5621.
https://doi.ora/10.1155/2023/8639185 https://doi.org/10.59429/ace.v8i2.5621

[36] Raja S, Rajan AJ. Selection of Polymer Extrusion

Parameters By Factorial Experimental Design — A Decision
Making Model. Scientia Iranica 2023.

Received on 06-10-2025 Accepted on 05-11-2025 Published on 02-12-2025

https://doi.org/10.6000/1929-5995.2025.14.20

© 2025 Jabal et al.

This is an open-access article licensed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the work is properly cited.




