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Abstract: This study investigates the strength enhancement of
Tin Slag Polymer Concrete (TSPC) under hybrid GFRP and
CFRP confinement in comparison with mono GFRP and CFRP
confinement on TSPC circular short column samples. Hybrid
FRP confinement is prepared by wrapping TSPC with GFRP
followed by CFRP both 1 layer using epoxy Sikadur 330 as matrix
binders with 50 mm overlap. Compression test was performed on
unconfined TSPC (TSPC-UC), TSPC with GFRP confinement
(TSPC-GF), TSPC with CFRP confinement (TSPC-CF) and
TSPC with hybrid FRP confinement (TSPC-HB) with 1mm/ min
loading rate. The test results have revealed that the ultimate
strengths are 59.19 MPa (TSPC-UC), 85.54 MPa (TSPC-GF),
108.77 MPa (TSPC-CF) and 124.59 MPa (TSPC-HB). The
corresponding compressive strain  measured at ultimate
compressive strength is 0.0300 (TSPC-UC), 0.0453 (TSPC-GF),
0.0398 (TSPC-CF) and 0.0588 (TSPC-HB). Stress versus strain
curve has shown that compared to TSPC-UC, externally
strengthen sample with GFRP, CFRP and Hybrid FRP have
enhanced TSPC strength with slight different behavior.
TSPC-GF has less strength enhancement with larger strain while
TSPC-CF provide larger strength enhancement but with lower
strain. However, TSPC-HB has shown the highest strength
enhancement with larger strain benefit from combined GFRP and
CFRP properties. Failure mode of hybrid FRP confinement on
TSPC (TSPC-HB) has shown combination of both FRP
components failure mode (TSPC-GF and TSPC-CF) as in rupture
pattern and delamination. The results of this study has provide
findings on the effect of hybrid FRP confinement on TSPC
circular column sample in close expectation based on literatures.

Keywords: TSPC, Hybrid FRP Confinement, Compression,
Stress versus Strain, Failure Modes.

I. INTRODUCTION

According to a recent review by [1], the application of
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Fiber Reinforced Polymer (FRP) material as reinforcement in
concrete structure has been employ since the last three
decades. The review reveals that Glass Fiber Reinforced
Polymer (GFRP) and Carbon Fiber Reinforced Polymer
(CFRP) have been frequently employed in concrete structure
reinforcement. In comparison among both, CFRP has
provided greater strength enhancement than GFRP. One of
the methods of FRP application in enhancing concrete
structure performance is through hybrid FRP confinement
which has been introduced to strengthen the concrete
structure through external mean. The hybrid FRP
confinement uses more than one strengthening materials and
this method combined the properties of confinement
materials to support the core material during load bearing
application. Previous study has also reported that hybrid
confinement has been performed on concrete structure using
either FRP materials, metallic materials or both. Besides
external strengthening, internal strengthening of concrete
using hybrid reinforced has also been introduced. This
approach is different from confinement or external
strengthening because reinforcement materials are inserted in
the concrete mixtures together with the concrete aggregates.
A study by [2] has found that the addition of hybrid fiber
improves the cyclic mechanical properties in the aspect of
peak strength, peak strain, toughness, and post peak ductility
of Hybrid Fiber Reinforced Concrete (HFRC) under uniaxial
tension and compression. The addition of hybrid fibers by [2]
is an approach of internal strengthening of concrete
structures. Besides that, [3] has also performed a study on
hybrid reinforcement of concrete mixture for pavements by
the addition of steel fibers and polypropylene fibers in the
concrete mixture. The results show that hybrid fibers have
increased the compressive strength of the concrete compared
to mono fibers addition. In hybrid approach for external
strengthening of a concrete structure, previous studies have
also reported that hybrid confinement using several FRP
materials or metallic material or both combined have
successfully improved the compressive strength of the
concrete structure. For instances, [4] has studied steel and
FRP composites as hybrid confinement on RC square column
elements where the steel is employ as internal strengthening
and FRP material as external strengthening. The objective of
the study is to evaluate the effect of hybrid strengthening
using CFRP confinement and internal steel reinforcement on
the square concrete column specimen. The study shows that
hybrid strengthening by metal and FRP are very efficient in
improving the stiffness, strength and ductility of the column
elements under both eccentric and axial compression.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Y 3
"0p jpuonev™

www.ijeat.org

Exploring Innovation


https://www.doi.org/10.35940/ijeat.E4196.0612523
https://www.doi.org/10.35940/ijeat.E4196.0612523
mailto:soffi.msm@gmail.com
https://orcid.org/0000-0002-1482-7135
mailto:ruzaimi@ump.edu.my
https://orcid.org/0000-0002-4030-6085
mailto:shukur@utm.my
https://orcid.org/0000-0002-2452-9203
https://orcid.org/0000-0002-2452-9203
mailto:r-uzir@utm.my
https://orcid.org/0000-0003-4309-2163
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijeat.E4196.0612523&domain=www.ijeat.org

Effect of Hybrid FRP Confinement on Tin Slag Polymer Concrete Compressive Strength

This study has revealed that combining internal
strengthening and external strengthening are also one of the
approaches in hybrid strengthening of a concrete structure. In
another report, [5] states that by using only one type of FRP
in concrete structure strengthening, the strength was
enhanced but sudden rupture also increased due to decrease
in ductility. Therefore, FRP materials combination in hybrid
confinement must compensate both strength enhancement
and hoop strain to reduce the effect of sudden rupture. The
reason is to engineer the structural failure to occur with early
sign before total fracture occur. Similarly, [6] also report that
hybrid FRP confinement through external bonding on
concrete structure should increase residual capacity with
higher deformation before rupture due to an improved energy
absorption capacity.

In addition, [7] has concluded that hybridization has
effectively contribute to maximizing lateral strain efficiency
of FRP jacketing on circular concrete column. In a study by
[8], the researcher has performed hybrid confinement study
of concrete by fiber-reinforced polymer sheets and fiber
ropes under cyclic axial compressive loading. The
confinement used in the study is by GFRP and polypropylene
fiber ropes (PPFRs). The response shows a temporary load
drop occurred upon initiation of the fracture of the GFRP
sheet. Then the load regaining began, thus PPFRs prevented
an abrupt load capacity loss and ensured further increased of
concrete strain ductility and increased the supported axial
loads. [9] Has performed a study on seismic behavior of
seismically damaged Reinforced Concrete (RC) frame
column strengthened with sprayed hybrid Basalt Fiber
(BF)/CFRP confinement. The study found that, the hybrid
confinement has enhances the energy dissipation and
ductility. However, in term of strength enhancement, no
obvious increase in the peak loads was observed. [10] Has
reported a study to strengthen concrete structure using hybrid
of GFRP, BFRP and CFRP confinement. In the study,
confinement using each one layer of CFRP+GFRP (C1G1)
and BFRP+CFRP (B1C1) has provide almost similar strength
enhancement (133.89% and 135.59%) but C1G1 has resulted
in bigger hoop strain. [10] Concluded that C1G1 as preferred
hybrid confinement method to enhance strength of circular
concrete column based on the test results.

After that, there was a study by [11] on comparison of
hybrid and non-hybrid confinement. The focus of [11] study
is to assess the performance of hybrid and non-hybrid
confinement on corrosion damaged RC circular column
under compression. The FRP materials used by [11] are
GFRP and CFRP with two component epoxy binder. The
tensile strength of the materials is determined using flat
coupon test, ASTM D3039 and the results are as in Table 1.
Both of the FRP materials are wrapped around the RC
circular column using manual wet lay-up technique with
50mm overlap to produce hybrid confinement of GFRP and
CFRP on the RC circular column. The result of compressive
test shows that the hybrid confinement has enhanced the
strength of the RC circular column specimen compared to
non-hybrid mono-fiber confinement of CFRP and GFRP.
However, CFRP confinement strength is close to the hybrid
confinement.
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Table 1: FRP material strength based on 1 layer with
epoxy binder

FRP Thickness Tensile Strength
Materials (mm) (ASTM D3039)
GFRP 0.114 3220 MPa
CFRP 0.065 4470 MPa
HYBRID 0.179 5200 MPa

120

Finally, according to [12], in a study to investigate the
strength of FRP confinement using GFRP and CFRP on
circular concrete column, the researchers has concluded that
both confinement materials significantly enhanced the
strength of the circular concrete column compared to plain
concrete column. Similar study has also been performed by
[14] and [15] but on Tin Slag Polymer Concrete (TSPC)
column. According to a recent review by [16], TSPC is a
newly introduced polymer concrete material which
composed of 30:70 unsaturated polyester resin (UPR) and
fine (<1mm) tin slag (TS) aggregates. In both studies by [14]
and [15], GFRP and CFRP confinement on TSPC column has
significantly increased the strength of TSPC column
compared to the unconfined column. However, the effect of
hybrid confinement using both GFRP and CFRP has never
been investigated. As previously reported by [11], hybrid
confinement of GFRP and CFRP on concrete structure has
enhanced the concrete strength but the results are close to
mono-fiber confinement using CFRP only. Therefore, this
study investigates the strength enhancement of TSPC under
hybrid GFRP and CFRP confinement. The results was
discussed by comparing the effect of Hybrid FRP
confinement with mono GFRP and CFRP confinement on
TSPC circular column specimen.

Il. MATERIALS AND TESTING

A. TSPC Preparation

Hybrid confinement has been performed to investigate the
effect of combined confinement based of previous study by
[14] and [15], using GFRP and CFRP confinement to TSPC
circular short column specimen. The specification of TSPC
specimen, GFRP and CFRP has been applied based on [13],
[14] and [15]. TSPC specimen was prepared by casting the
wet mixture of Unsaturated Polyester Resin (UPR) with 1 %
of Methyl Ethyl Ketone Peroxide (MEKP) and fine (<1 mm)
tin slag aggregates into 50 mm PVC pipe. After casting, the
mixture was cured for 3 days before demould and cut into
100 mm length representing the height of the short column
specimen. The standard used for TSPC specimen preparation
is [18] and [17], standard specification for molds for forming
concrete test cylinders vertically and concrete test specimens
in laboratory.

B. Hybrid FRP Confinement

Worapping procedure was referred to [19], guide for the
design and construction of externally bonded FRP systems
for strengthening concrete structures by American Concrete
Institute (ACI).
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In addition, the method of wrapping application for hybrid
confinement of CFRP and GFRP material has also been
referred to [11] and [20]. According to [11], both GFRP and
CFRP fabric was cut into rectangular size 100mm x 207mm
based on TSPC specimen wrapping area together with the
addition of 50mm overlap. The matrix binders for FRP and
external bonding are Epoxy Sikadur 330 with 4:1 part A and
B. Upon the application of Sikadur 330, GFRP material was
wrapped around TSPC specimen followed by CFRP material

T
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using manual wet lay-up technique. According to [11], both
GFRP and CFRP are applied on at one layer of wrapping.
Then, the wet hybrid FRP application around TSPC column
was wrapped with plastic laminates to create tight bond and
smooth surface finish. The samples were cured at room
temperature for 30 days according to Sikadur 330
manufacturer recommendation. “Fig. 1” describes the
process to prepare TSPC with hybrid FRP confinement.
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Fig. 1. (a) Cleaning and drying TSPC short column specimen using ethanol. (b) Application of Epoxy Sikadur 330 on GFRP
(100 mm x 207 mm) using hand lay-out.  (c) Wrapping first layer of confinement on 100 mm TSPC column specimen using
GFRP. (d) Application of Epoxy Sikadur 330 on CFRP (100 mm x 207 mm) using hand lay-out. (e)
Wrapping second layer of confinement on 100 mm TSPC column specimen using CFRP. (f) Wrapping the hybrid FRP
confinement on TSPC column using plastic laminate for curing.

C. Mechanical Test Setup

Compression test has been performed based on [21] standard test method for polymer concrete compressive strength. In the
testing program, Shimadzu 1000 kN universal tensing machine has been employed. The speed of loading is set at 1 mm/ min of
the machine cross head in uniaxial direction. The specimen was placed on bottom pressure plate and uniaxial compressive load
was applied by top pressure plate. The test samples designation were TSPC-UC for unconfined TSPC, TSPC-HB for TSPC
with hybrid confinement composed of GFRP and CFRP materials. Data for mono GFRP (TSPC-GF) and CFRP (TSPC-CF)
confinement was acquired from [14] and [15] to compare the effect of hybrid FRP and mono FRP confinement. “Fig. 2” show
the compression test set up.
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Fig. 2. Compression test set up. (a) Overview of testing machine. (b) Preparing the top and bottom compression plates.
(c) Placement of test sample on testing machine.

I11. RESULTS AND DISCUSSIONS

A. Mechanical Test Results

Table 2 presents the mechanical test results from
experimental (TSPC-UC & TSPC-HB) and previous studies
(TSPC-GF & TSPC-CF). From the table, highest maximum
load and displacement has occur on TSPC with hybrid GFRP
and CFRP confinement, TSPC-HB which indicates that
hybrid confinement on TSPC column has provide more
advantage in load bearing potential (244.63kN) with higher
displacement (5.880 mm) compared to unconfined TSPC-UC
(116.22 kN and 2.997 mm), TSPC with mono GFRP
confinement, TSPC-GF (167.95 kN and 4.527 mm) and
TSPC with mono CFRP confinement, TSPC-CF (213.56 kN
and 3.977 mm). Then the next parameter measured,
compressive modulus is a measure of the sample stiffness and
it reflects the sample resistance toward deformation under
linear elastic behavior. The results show that the external
constraint using FRP has resulting in stiffer material from
TSPC-UC (3.22 GPa), TSPC-GF (3.65 GPa), TSPC-CF (4.69

GPa) and the highest compressive modulus is TSPC-HB
(5.00 GPa). Measurement on yield strength property
represents the point where strength measurement and
displacement start to change from linear to non-linear
relationship. This point becomes a separation point between
elastic and plastic behavior of the material under compressive
loads. Test results have shown that yield strength of TSPC
has increased with the application of GFRP, CFRP and
Hybrid FRP confinement where TSPC-UC, 46.55 MPa,
TSPC-GF, 51.25 MPa, TSPC-CF, 67.57 MPa, and
TSPC-HB, 76.06 MPa. After achieving yield strength, each
sample will continue to resist further compressive load
increment until ultimate strength was reached. The test
results have revealed that the ultimate strengths are 59.19
MPa (TSPC-UC), 85.54 MPa (TSPC-GF), 108.77 MPa
(TSPC-CF) and 124.59 MPa (TSPC-HB). The corresponding
compressive strain  measured at ultimate compressive
strength is 0.0300 (TSPC-UC), 0.0453 (TSPC-GF), 0.0398
(TSPC-CF) and 0.0588 (TSPC-HB).

Table 2. Summary of mechanical test results

C i i i
Max Load  Max Disp. om[()jrels SIVe el Ll Compressive Strength
modadulus strength Strength .
(kN) (mm) (Mpa) (Mpa) Strain Enhancement

Sample (Gpa) P P
TSPC-UC 116.22 2.997 3.32 46.55 59.19 0.03 0.00%
TSPC-GF 167.95 4.527 3.65 51.25 85.54 0.0453 44.50%
TSPC-CF 213.56 3.977 4.69 67.57 108.77 0.0398 83.75%
TSPC-HB 244.63 5.88 5 76.06 124.59 0.0588 110.48%

B. Load versus Deformation and Stress versus Strain
Curve

Compressive load application on all variant of TSPC
samples from TSPC-UC, TSPC-GF, TSPC-CF and
TSPC-HB has results in axial deformation that physically
shorten the samples. Then, the samples resistance towards
external load per unit cross sectional area of each sample has
provide the equivalent compressive stress.

Similarly, the axial deformation that shortens the height of
each TSPC column sample per unit of its initial height (100
mm) has provided the compressive strain of every test
samples. “Fig. 3. (a)” shows the behavior of each test samples
under compressive loading. Upon the beginning of loading,
TSPC-UC, TSPC-GF and TSPC-CF start to elastically
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deform while TSPC-HB has shown a little delay in
providing the elastic deformation. This situation may be due
to excessive confinement material which making first contact
with top pressure plate before reaching TSPC top surface or
due to uneven placement of TSPC-HB sample. During this
process, all of the samples have shown load/ strength to
displacement/ strain in proportional rate up to yielding which
occur at different rate.
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Observation on “Fig. 3.” shows that the slope of TSPC-HB
is larger indicating that TSPC-HB is stiffer compared to other
samples.

TSPC-UC shows the lowest slope followed by TSPC-GF
and TSPC-CF. Then, TSPC-UC is first to reach yield point
followed by TSPC-GF, TSPC-CF and finally TSPC-HB
reaching the yield point indicating that TSPC-HB has the
highest vyield stress. After yielding, the test samples
experiencing strain hardening where strain rate grows larger
compared to proportional behavior with lower strength
enhancement. At a certain point, the strength start to decrease
and this point reveals the ultimate strength of each test
samples. TSPC-UC has shown the lowest ultimate strength,
followed by TSPC-GF, TSPC-CF and TSPC-HB. After
ultimate strength, the test samples start to undergo strain
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softening behavior where the straining occur with strength
decreased and this condition occur up to fracture. From “Fig.
3. (b)”, TSPC-HB has shown the highest strength
enhancement with larger strain compared to TSPC-UC,
TSPC-GF and TSPC-CF. The important findings in this
behavioral curve is that compared to TSPC-UC, TSPC-GF
provide less strength enhancement with larger strain while
TSPC-CF provide larger strength enhancement but with
lower strain. This condition indicate that CFRP has higher
strength but tend to cause sudden fracture but GFRP has
lower strength but providing more strain compared to CFRP.
Therefore, TSPC-HB combine both properties of GFRP and
CFRP which results in higher strength enhancement with
higher strain as shown in “Fig. 3. (b)”.
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Fig. 3. (a) Compressive load versus deformation. (b) Compressive stress versus compressive strain.

C. Mechanical Properties Comparison

Yield stress value for TSPC-UC is 46.55 MPa and with the
application of external bond using GFRP, CFRP and hybrid
FRP on TSPC, the value increase. “Fig. 4(a)” shows that
TSPC-GF has provide a little enhancement in yield stress to
51.25 MPa. However, with the application of Carbon fiber,
TSPC-CF has provided large yield stress enhancement up to
67.57 MPa. TSPC-HB in comparison with TSPC-CF has
provided a little increased in yield stress (76.06 MPa). After
yield stress, the tests samples will achieve ultimate strength
which is also represent compressive stress of the test samples.

According to “Fig. 4 (b)”, TSPC-UC has 59.19 MPa of
compressive stress, but with the application of GFRP, CFRP
and hybrid FRP confinement on TSPC, the compressive
stress was enhanced with 85.54 MPa (TSPC-GF), 108.77
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MPa (TSPC-CF) and 124.59 MPa (TSPC-HB). Similarly
“Fig. 4 (c)” shows that the compressive strain for TSPC-UC
is 0.0300 and the value increased with 0.0453 (TSPC-GF),
0.0398 (TSPC-CF) and 0.0588 (TSPC-HB). In compressive
strain value, TSPC-GF has higher strain compared to
TSPC-CF, unlike their corresponding compressive strength
enhancement. The reason is that CFRP has higher strength
but lower strain compared to GFRP. However, the TSPC-HB
values compensate both strength and strain to provide better
confinement performance to strengthen TSPC column.
Finally, “Fig. 4 (d)” indicate that the compressive modulus of
all of the test samples variant is 3.32 GPa (TSPC-UC), 3.65
GPa (TSPC-GF), 4.69 GPa (TSPC-CF) and 5.00 GPa
(TSPC-HB).
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Fig. 4. Comparison of mechanical properties on TSPC-UC, TSPC-GF, TSPC-CF and TSPC-HB. (a) Yield Stress. (b)
Compressive Stress. (c) Compressive Strain. (d) Compressive Modulus.

D. Strength Enhancement Pattern

TSPC strengthening through externally constraint of TSPC
column by FRP materials has been proven by previous
studies. [14] and [15] has presented that single layer of GFRP
and CFRP confinement on TSPC circular column sample has
enhanced the strength up to 44.50 % (TSPC-GF) and 83.75 %
(TSPC-CF). The strength measurement for unconfined TSPC
is 59.19 MPa, 85.54 MPa with GFRP confinement and
108.77 MPa with CFRP confinement. Then, with the
application of both FRP materials in the strengthening
process to provide hybrid FRP confinement on TSPC, the
strength has enhanced up to 124.59 MPa which equivalent to
110.48 % of strength enhancement percentages. However,
according to Fig. 5, the rate of strength increment decreased
from TSPC-GF to TSPC-CF and TSPC-HB. The effect of
combined strength from GFRP with CFRP was not
multiplied and this finding is similar with previous
experimental study on cement concrete column strengthening
as report by [11]. This condition occur due to the fact that
confinement effect only provide delay in maximum hoop
strain gain during compressive loading application, thus
provide a little time to also caused an increased in the
strength gain. However, for efficient performance, hybrid
FRP confinement has provide better strength enhancement
with corresponding larger strain which preventing sudden
rupture during failure.
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Fig. 5. Strength enhancement pattern (compressive
strength and enhancement percentage comparison)

E. Failure Modes

“Fig. 6.” shows the failure modes of each test sample
during compression test. “Fig. 6. (a)” indicate that
unconfined TSPC has failed under shear failure. This type of
failure is common among most of concrete column under
compression. With the application of GFRP confinement on
TSPC column, “Fig. 6. (b)” shows that the GFRP rupture has
occur in the middle section of the column sample.
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During barreling of TSPC core, GFRP has provided
external constraint to restrain further hoop strain until
exceeding the limit and fracture occur as shown by
TSPC-GF. “Fig. 6. (c)” shows the failure mode of TSPC-CF
where the delamination clearly occurs on CFRP at the middle
section.

CFRP at top and bottom section was still in good bond
with TSPC core column. This indicates that CFRP failed and
rupture in sudden and rapid rate compared to GFRP failure.
Then, “Fig. 6. (d)” shows the failure mode of hybrid FRP
confinement on TSPC column (TSPC=HB). Compared with
mono GFRP and CFRP confinement application, the rupture
and delamination of hybrid FRP occur at top section and
cover larger area compared to TSPC-GF and TSPC-CF. The
failure location may indicate that the hoop strain was resisted
by hybrid FRP up to a higher amount compared to single
GFRP and CFRP confinement capacity. The barreling of
TSPC core mare have expands large enough to impart the top
section of hybrid FRP wrapping. The observation of rupture
and delamination pattern of hybrid FRP combined both
failure type of GFRP and CFRP as in TSPC-GF and

(c)

Fig. 6. Failure mode of test samples. (a) TSPC-UC. (b)
TSPC-GF. (c) TSPC-CF. (d) TSPC-HB

IV. CONCLUSIONS

The results of this study has provide findings on the effect
of hybrid FRP confinement on TSPC circular column sample
in close expectation based on literatures. Some concluding
remarks are as the following.
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* Mechanical properties of TSPC-HB have shown an
improved performance compared to TSPC-UC,
TSPC-GF and TSPC-CF in term of yield strength,
compressive  strength,  compressive  strain  and
compressive modulus.

» Combination of GFRP and CFRP in hybrid FRP
confinement on TSPC column has provided strength
enhancement with large compressive strain compared to
mono GFRP and CFRP confinement.

» Hybrid FRP confinement has enhanced the strength of
TSPC column but the rate strength increment decreased
from TSPC-GF, TSPC-CF and TSPC-HB based on
strength enhancement pattern curve.

« Failure mode of hybrid FRP confinement on TSPC
(TSPC-HB) has shown combination of both FRP
components failure mode (TSPC-GF and TSPC-CF) as in
rupture pattern and delamination.

ACKNOWLEDGMENT

The authors are grateful to the Universiti Teknologi
Malaysia under the collaborative research grant (CRG UTM
— RDU192311), and Universiti Malaysia Pahang under post
graduate research grants (PGRS210339).

DECLARATION

This work was supported by
the  Universiti  Teknologi
Malaysia under the
collaborative research grant

Funding/ Grants/ | o yTM - RDU192311),

Financial Support

and  Universiti  Malaysia
Pahang under post graduate
research grants
(PGRS210339).

No conflicts of interest to the
best of our knowledge.

No, the article does not require
ethical approval and consent
to participate with evidence.

Conflicts of Interest/
Competing Interests

Ethical Approval and
Consent to Participate

Availability of Data
and Material/ Data
Access Statement

Not relevant.

All authors have equal

Authors Contributions S
participation in this article.

REFERENCES

Hosseini, M., Jian, B., Li, H., Yang, D., Wang, Z., Feng, Z., Shen, F.,
Zhang, J., Lorenzo, R., Corbi, I., and Corbi, O. (2022). A Review of
Fibre Reinforced Polymer (FRP) Reinforced Concrete Composite
Column Members Modelling and Analysis Techniques. Journal of

Renewable Materials. Vol.10, No.12. DOI:
10.32604/jrm.2022.022171 [CrossRef]

2. Xu,L., Wei, C., and Li, B. (2018). Damage Evolution of
Steel-Polypropylene  Hybrid  Fiber  Reinforced  Concrete:
Experimental and Numerical Investigation. Advances in Materials
Science and Engineering. Volume 2018, Article ID 1719427, 23
pages. [CrossRef

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://www.doi.org/10.35940/ijeat.E4196.0612523
https://www.doi.org/10.35940/ijeat.E4196.0612523
https://doi.org/10.32604/jrm.2022.022171
https://doi.org/10.1155/2018/1719427

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Effect of Hybrid FRP Confinement on Tin Slag Polymer Concrete Compressive Strength

Vibhuti, R.B., Radhakrishna and Aravind, N. (2013). Mechanical
Properties of Hybrid Fiber Reinforced Concrete for Pavements.
International Journal of Research in Engineering and Technology.
eISSN: 2319-1163 | pISSN: 2321-7308.

Chellapandian, M., Prakash, S.S., and Rajagopal, A. (2017).
Analytical and Finite Element Studies on Hybrid FRP Strengthened
RC Column Elements under Axial and Eccentric Compression.
Composite Structures. Volume 184, Pages 234-248. [CrossRef]
Hosny, A., Shaheen, H., Abdelrahman A., and Elafandy, T.
(2006).Performance of reinforced concrete beams strengthened by
hybrid FRP laminates. Cement & Concrete Composites 28 (2006)
906-913. doi:10.1016/j.cemconcomp.2006.07.016 [CrossRef
Chellapandian, M., Suriya Prakash, S., Sharma, A. (2018).
Experimental and Finite Element Studies on the Flexural Behavior of
Reinforced Concrete Elements Strengthened with Hybrid FRP
Technique. Composite Structures. doi: [CrossRef]

Ribeiro, F., Cruz, J.S., Branco, F.G., and Julio, E. (2018). Hybrid FRP
jacketing for enhanced confinement of circular concrete columns in
compression. Construction and Building Materials. Volume 184,
2018, Pages 681-704, ISSN 0950-0618. [CrossRef]

Rousakis, T.C. (2013). Hybrid Confinement of Concrete by FRP
Sheets and Fiber Ropes under Cyclic Axial Compressive Loading.
Journal of Composites for Construction. Technical Papers. VVolume 17
Issue 5. [CrossRef

Peng, J.J., Gao, R., and Bitewlgn, G. (2014). Experimental research
on seismic behavior of seismically damaged RC frame column
strengthened with sprayed hybrid BF/CFRP. Journal of Applied
Mechanics and Materials. 501-504. 1592-1599. [CrossRef]

Li> LJ., Xu, H.D., Zeng. L, and Guo, Y.C. (2013). Compressive
behavior of hybrid FRP confined concrete columns. Advances in
Structural Engineering and Mechanics (ASEM13), Jeju, Korea,
September 8-12, 2013.

Jayaprakash, J., Pournasiri, E., De'nan, F., and Anwar, M.P. (2014).
Effect of corrosion-damaged RC circular columns enveloped with
hybrid and non-hybrid FRP under eccentric loading. Journal of
Composite Materials. 0(0) 1-19.

Li, J., and Hadi, M.N.S. (2003). Behaviour of externally confined high
strength concrete columns under eccentric loading.Compos Struct. 62.
145-153. [CrossRef]

Faidzal, M.M.Y., Hassan, S.A., Omar, B., Zakaria, K., and
Zaharuddin, M.F.A. (2018). Particle Size Effect on Optimal Mixture
Ratio of Tin Slag Polymer Concrete under Compression. Journal of
Built Environment, Technology and Engineering, VVol. 5 (Sept.) ISSN
0128-1003.

Shakil, U.A., and Hassan, S.A. (2020). Behavior and properties of
Tin Slag Polyester Polymer Concrete Confined with FRP Composites
under Compression. Journal of the Mechanical Behavior of Materials.
29 (1). [CrossRef]

Hassan, S.A., Hanan, U.A,, Yahya, M.Y., and Wahit, M.U. (2020).
Behaviour of Tin Slag Polymer Concrete Confined with Carbon Fibre
Reinforced Epoxy. Jurnal Penelitian dan Karya lImiah Lembaga
Penelitian Universitas Trisakti. Vol.5.No.2 Juli 2020, ISSN (p):
0853-7720, ISSN (e): 2541-4275. [CrossRef

Manda, M.S., Rejab, M.R.M., Hassan, S.A., & Quanjin, M. (2022). A
Review on Tin Slag Polymer Concrete as Green Structural Material
for Sustainable Future. In: Hassan R. et al. (eds) Green
Infrastructure. Springer, Singapore. DOI: [CrossRef]

ASTM C192 / C192M-19, Standard Practice for Making and Curing
Concrete Test Specimens in the Laboratory, ASTM International,
West Conshohocken, PA, 2019, www.astm.org

ASTM C470 /C470M-09, Standard Specification for Molds for
Forming Concrete Test Cylinders Vertically, ASTM International,
West Conshohocken, PA, 2019, www.astm.org

ACI 440.2R-08. (2008). Guide for the Design and Construction of
Externally Bonded FRP Systems for Strengthening Concrete
Structures. American Concrete Institute.

Abozied, M.A., Abdelbagi, M.S., Saifeldeen,M.A., Mohamed,H.,
Farghal, O.A., Ahmed, O.R.M. (2020). Experimental Investigation of
the Tensile Strength of the Hybrid Fibres-Reinforced Polymer (FRP).
International Journal of Civil Engineering and Technology. 11(5),
2020, pp.28-39.
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&VType=1
1&IType=5 [CrossRef

ASTM C579-01, Standard Test Methods for Compressive Strength of
Chemical-Resistant Mortars, Grouts, Monolithic Surfacings and
Polymer Concretes, ASTM International, West Conshohocken, PA,
2001, www.astm.orgACI 440.2R-08. (2008). Guide for the Design
and Construction of Externally Bonded FRP Systems for
Strengthening Concrete Structures. American Concrete Institute.

Retrieval Number:100.1/ijeat.E41960612523
DOI: 10.35940/ijeat.E4196.0612523
Journal Website: www.ijeat.org

126

AUTHORS PROFILE

Muhamad Soffi Manda, presently working as a lecturer
in Mechanical Engineering Department, Polytechnic
Sultan Haji Ahmad Shah (POLISAS), Kuantan, Pahang
Malaysia. Have published several research articles and
currently pursuing doctoral degree from Univesity
Malaysia Pahang (UMP). Bachelor of Engineering in
Mechanical Engineering (2006) and Master in TVET

(2010) both from University Teknology Tun Hussein Onn Malaysia

(UTHM). Experts in engineering materials, manufacturing process,
engineering design, 3D modelling Autodesk inventor, mechanical
component maintenances and mechanical testing. He is a member of
professional bodies such Board of Engineers Malaysia (BEM), Institute of
Materials, Malaysia (IMM), Malaysia Board of Technologists (MBOT) and
others.

Mohd Ruzaimi Mat Rejab received his Bachelor
and Master’sdegrees in Mechanical Engineering from
UTM, and completed his Doctorate degree from the
Impact Research Centre, University of Liverpool in
2013. He started his career as a Research Officer at
2 Centre for Composite, UTM from 2004 to 2005, and
X then joined KUKTEM (now is known as UMP) as a

Lecturer at the Faculty of Mechanical Engineering
(FKM) in May 2005. His research interests are in novel lightweight
structure, polymer composites, finite element method, mechanical design
and material testing and performance evaluation. He also involves actively in
research and development projects, consultation works, academic discussion
activities and social services. He has published more than 150 papers in
journals and conferences. He is a Professional Technologies (P.Tech),
MBOT. For international recognition, he is a Chartered Engineer (C.Eng),
IMechE, UK. He is actively involved as Certified Auditor for the MQA and
TTAC - MBOT. He is also the member of several professional bodies such
as BEM, ASC, MySET, and others.

A

Shukur Abu Hassan, PhD (UTM,Malaysia), MSc
(Warwick University, UK), BSc (UTM, Malaysia) is an
Engineer, associate professor and current Director of
Centre for Advanced Composite Materials (CACM),
Universiti  Teknologi Malaysia (UTM), Malaysia.
Experts in mechanics of materials, solid mechanics,
mechanical properties, mechanical behavior of
materials, stress analysis, structural analysis, mechanical testing,
experimental mechanics, tensile testing, advanced materials and composites
engineering. In his teaching career of 33 years, he has been working as
Centre Director, Head of Composite Lab and Committee Member at the
Faculty and University level. He is also involved as Consultant and on the
Editorial Advisory Board for various international journals.

Mat Uzir Wabhit graduated in Polymer Technology
from Universiti Sains Malaysia in 1994. He obtained
his MSc in Polymer Composites in 1999 from
Universiti Teknologi Malaysia (UTM). Mat Uzir’s
research interests pertain to advanced materials, natural
fibre composite materials, rubber-toughened polymers,
polymer nanocomposites and biomaterials including
biodegradable polymers and shape memory polymer. Mat Uzir is a lecturer
in the subjects of material science, polymer properties and polymer
composites. He is also an organizer and a participant in a number of short
courses and seminars and has published more than 100 research papers and
conference proceedings on rubber toughened polymer, polymer blends,
polymer nanocomposites, cellulose and biomaterials. He is a member of
Plastics and Rubber Institute of Malaysia (PRIM).

Disclaimer/Publisher’s Note: The statements, opinions and data contained
in all publications are solely those of the individual author(s) and
contributor(s) and not of the Blue Eyes Intelligence Engineering and
Sciences Publication (BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP) and/or the
editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

Published By: NN
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

© Copyright: All rights reserved.

www.ijeat.or

Exploring Innovation


https://www.doi.org/10.35940/ijeat.E4196.0612523
https://www.doi.org/10.35940/ijeat.E4196.0612523
https://doi.org/10.1016/j.compstruct.2017.05.033
https://doi.org/10.1016/j.cemconcomp.2006.07.016
https://doi.org/10.1016/j.compstruct.2018.10.028
https://doi.org/10.1016/j.conbuildmat.2018.06.229
https://doi.org/10.1061/(ASCE)CC.1943-5614.0000374
https://doi.org/10.4028/www.scientific.net/AMM.501-504.1592
https://doi.org/10.1016/S0263-8223(03)00109-0
https://doi.org/10.1515/jmbm-2020-0005
https://doi.org/10.25105/pdk.v5i2.7362
https://doi.org/10.1007/978-981-16-6383-3_4
https://doi.org/10.34218/IJCIET.11.5.2020.003

