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The performance of structural composites during loading has always been a concern for the designers and construction industry
since the reinforced concrete structure was discovered. In this study, lateral load–displacement behavior of beam–column joints
wrapped with aramid fiber is evaluated using both experimental and numerical analysis subjected to torsional moment (beam-
eccentric loading). Three categories of reinforcement concepts are adopted for the preparation of the beam–column joints, where
members are wrapped with aramid fiber at the joints, and others are not fortified with aramid fibers. Prior to testing, the structural
composites are cured for maximum 28 days into water. The beam–column joints are subjected to lateral load at a point near the
column end of the beam–column connection, and the corresponding deflections are measured until the member fails. Based on the
test results, ductility and energy absorption capacity are evaluated. The findings of the numerical investigation of beam–column
joint show there is not much variation in the experimental and numerical analysis; it is clearly found that aramid fiber wrapping
provided large rigidity in the joint, and it is also prolonged the final failure of the joints. This study shows that in addition to the
conventional reinforcement, providing the hanger reinforcement and the diagonal reinforcement improves the rigidity of the
beam–column joints during severe loadings, as this study described.

1. Introduction

Reinforced concrete (RC) structure was indisputably the most
adopted construction technology around the world because of
the crisis of energy that generated by fossil fuels in 1973.
Contractors were forced into leaving to build the steel struc-
ture as the cost of conventional steel structures increased too
much. Moreover, the population growth and a new construc-
tion system, like RC composite structure, was invented at the
beginning of the 20th century. However, it had limitations
affecting its performance negatively when it was exposed to
certain loading, i.e., torsional force. For regular performance
development, the concrete composite structure was subjected
in harsh assessment condition of in terms of stability, rigidity,
deformability, and durability. Plastic rotation, an inelastic
twisting of beam and column outside the flexible range, is

one of the common deformation types at beam–column joints
when it is subjected in lateral loading. In an RC composite
structure, the overall performance of the structural frame-
work is majorly dependent on the stability, nondeformability,
and rigidity on the beam–column joint. The seismic loading,
like earthquake, can negatively influence the performance
level of the beam–column joint causing the failure for the
entire building skeleton. In real-world scenarios, beams of
RC beam–column joints are often subjected to loads that
are not perfectly centered. For example, if a building has an
irregular layout or if the floor loads are not distributed uni-
formly, the beams may experience eccentric loads. The appli-
cation of eccentric loads in these situations can help in
simulating real-world conditions, allowing for a more accu-
rate analysis of the behavior of the joint [1]. Concrete rein-
forced with 1.5% bamboo and 2% jute fibers had a maximum
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flexural strength of 6.36MPa at 28 days of curing [2]. Con-
crete containing 10% of Posidonia oceanic fibers had a maxi-
mum compressive strength of 33.60MPa, and their thermal
conductivity and thermal diffusivity decreased significantly
with the addition of fibers [3].

Beam–column joint is an essential connection member in
a structural framework, but its failure can cause the collapse of
RC composite structure. Also, there is a possibility of disinte-
gration at the joint when concrete composite is fatigued
because of spending many years in use. Moreover, during
earthquakes, there is a tendency to be physical degradation
in the beam–column joint [4, 5]. In such case, the structural
composite framework should be modified by retrofitting for
member of beam–column joint so that the structure does not
encounter the loss on carrying of force and the fatigue. A
number of technological steps have been developed which
can avoid failure of existing beam–column joint. Longitudinal
strengthening bars can be passed through joints to correct
dilapidation [6]; however, this procedure can create high
shear in the joint center. The use of fibrous materials for
retrofitting of concrete composite member shows that the
distribution of shear stress in the adhesive layer is substan-
tially impacted by the existence of cracks [7]. Floating fiber-
reinforced polymer (FRP) structures for solar panels, FRP
composite bumper systems for bridge piers, FRP steel com-
posite piles for foundation applications, and FRP sheets,
planks, and piles for modular assembly of a retaining wall
are a few examples of how FRP composites are used in the
construction of civil infrastructure [8]. The usage of compos-
ite rods as a concrete reinforcement material appears to be a
viable option to address the durability issues of conventional
steel-RC buildings. Several strategies have been developed to
prevent corrosion in steel-RC parts [9]. The probability of
failure varies for each failure mode in the reliability study
for FRP-strengthened RC beams. In order to give a thorough
guidance for the design process, it is vital to take into account
all potential failure modes [10]. The lateral strength and duc-
tility of the test specimens were greatly enhanced by the addi-
tion of carbon fibre reinforced polymer (CFRP) composites to
the non-seismic specimen. Particularly, the X-shaped wrap-
ping arrangement, the strips on the column, and the two
layers of CFRP sheets produce improved ductility and
strength results [11]. The greatest lateral load capacity was
achieved by the column-foundation connection reinforced
with GFRP bars and CFRP wraps, which is 131.09% higher
than that of the control specimen [12]. When compared to
externally bonded reinforcement (EBR) joints, anchorage
resistance of externally bonded reinforcement on groove
(EBROG) joints increased significantly. In using the
EBROG approach, no debonding failure in concrete was
noticed. It was demonstrated that using the EBROG process
for precured CFRP strips resulted in an increase in effective
bond length [13]. Increasing in the fiber volume percentage or
the use of RC layers at the top, bottom, or throughout the full
cross-section of the slabs not only invariably increase slab
performance but can also occasionally damage it [14]. Fiber
volume ratio has no effect on themechanical characteristics of
the bonding; however, the thickness of the sprayed FRP and

the bonding length do. The bonding contact that contributes
to shear load carrying may only extend to a certain length
before moving from the loaded end to the other end when
debonding develops [15]. Double-hooked end steel fiber con-
cretes outperformed single-hooked steel fiber concretes in
terms of fracture toughness (12.42N/m) and fracture energy
(955N/m). Enhancing the fracture resistance of fiber concretes,
as well as the effectiveness of size reduction of fiber concrete
sections, has been made possible by improved fiber–matrix
bonding and alignment of steel fibers along the beam axis
[16]. The Young’s modulus of the composite will rise with
increasingmatrix thickness per layer, but it will have an impact
on the bridging mechanism of short fibers and lower the hard-
eningmodulus and ultimate strength [17, 18] Fiber, like aramid
fiber, is obtained from the sources of natural [17], and synthetic
[19, 20] with various properties differ from each other.

Aramid fiber, synthetic mac, is also known that it is more
durable than that of other conventional fiber as it has weight
elevated with quality proportion and highly elastic [21]. The
aramid fiber is found that its usage is common in the aviation
and military applications due to its high quality of strength
though, and it has a lighter weight than that of other con-
ventional fibers. The aramid fiber also has commercial value
as it is used for numerous types of applications, i.e., the
filament yarns, the staple, the pulp, the chopped fiber com-
posites, and the woven cloth products for special end users
[22]. Also, its applications include ballistic-evaluated body
defensive layer texture and ballistic composites, bike tires,
marine cordage, marine frame support, and substitution of
the aramid fiber for asbestos. The aramid fiber is extremely
impermeable against the effect of pulling, unlike the carbon
nano tube. The application of aramid fiber in a composite
also requires epoxy resin treatment to enhance its bonding
strength [23]. Epoxy is used as the resin matrix to efficiently
hold the fiber in place. It is compatible with all common
reinforcing fibers, including fiberglass, carbon fiber, aramid,
and basalt. Figure 1 illustrates the aramid fiber, its various
usages, and its molecular structure.

Recent advances focus only on a beam element in the use
of aramid fiber for strengthening concrete composite struc-
tures [21, 24, 25]; however, as the studies have a limit on the
repairing in a single composite member, it may not prevent
total collapse in a concrete composite structure. Concrete cube
double-wrapped with aramid fibers increases the compressive
strength by 140% at room temperature and 150% when dried
in an oven at 200°C [26]. RC beams shear strengthened with
aramid fibers have good strength when compared with uncon-
fined beams in both wrapping and single and double piles [27].
Beam–column joint containing high-performance fibers rein-
forced cementitious composites exhibits flexural failure rather
than shear failure in the case of nonseismic detailed specimen
[28]. The beam–column joints provided with steel fibers
exhibit higher ductility, energy absorption, and stiffness
when compared to conventional RC beam–column joints
[29]. Beam–column joint with reactive powdered concrete
under static load improve the load carrying capacity by 32%
and first crack load by 60% when compared with
beam–column joints with normal concrete [30]. In finite
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element modeling, using Abaqus for RC beam–column joint
indicates that the use of different sizes of mesh and values for
the viscosity led to decreased analysis time and fewer analysis
steps. This research introduces a novel modeling technique
involving reactive powder concrete beam–column joints for
predicting structural behavior and response. It also aims to
enhance shear strength resistance against various structural
loads [31]. In beam–column joint, the headed bars have the
advantage of improving a much wider compressive strength
in the joint, along with joint confinement, which improves the
joint’s overall performance. They also have the advantage of
transferring a more uniform distribution of compressive
stress to the concrete at the headed end [32, 33]. The
beam–column junction specimens without joint hoop rein-
forcement experience significant displacement and develop
broader cracks. The ultimate load-carrying capacity, energy

dissipation, displacement ductility, and joint shear strength all
rise with an increase in joint hoop reinforcement [32, 33].

Therefore, in the current study, the lateral displacement–
load behavior of beam–column joint wrapped with the aramid
fiber is evaluated with focusing on the experimental and numer-
ical analysis. The present study is a significant key as its results
tend to be useful for fixing the joint structurally in the distressed
concrete composite structure affected by surplus loadings such as
earthquakes and landslides.

2. Materials and Methods

2.1. Materials, Properties, and Mix Proportions. The objective
of this study is to investigate the behavior of beam–column
joint that is wrapped with aramid fiber. A concrete mix grade
of M30 was designed for casting the beam–column members.

ðaÞ ðbÞ

ðcÞ ðdÞ
FIGURE 1: The aramid fiber: (a) raw fiber; (b) pipe; (c) fabric; (d) molecular structure.

TABLE 1: Physical properties of aggregates.

Types of aggregate
Properties

Specific gravity
(g/cm3)

Water
absorption (%)

Fineness
modulus (%)

Aggregate impact
value (%)

Elongation
(%)

Flakiness
index (%)

River sand 2.68 1 2.8 – – –

Granite 2.66 2 – 38.73 16.68 14.29
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TABLE 2: Mix proportions.

Type of mixture
Materials

Cement (kg/m3) River sand (kg/m3) Granite (kg/m3) Water/cement ratio

Ratio 1 2.05 2.52 0.47
Proportion 394 803 992 0.47
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FIGURE 2: Reinforcement arrangement: (a) A-type; (b) B-type; (c) C-type.
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The materials used for the experiment include granite as
coarse aggregate, natural river sand as fine aggregate, ordi-
nary Portland cement, and aramid fiber. The properties of
the aggregates determined include specific gravity, flakiness
and elongation, water absorption, impact value, crushing
strength, abrasion resistance, attrition resistance, and fineness

Loading frame

Beam–column joint specimen

Hydraulic push and pull jack

FIGURE 3: Schematic diagram of test setup.

TABLE 3: The parameters used for modeling of the aramid fiber reinforced concrete composite structure in the Abaqus software.

Properties
Types of material

Concrete Aramid fiber Reinforcing steel bar

Density (kg/m3) 2,400 1,450 7,850
Compressive strength (MPa) 29 – –

Splitting tensile strength (MPa) 3.9 – –

Flexural strength (MPa) 0.11 – –

Modulus of elastic (MPa) 19,364 90,000 210,000
Poison’s ratio 0.17 0.36 0.27
Characteristic strength (MPa) 30 – –

Yield strength (MPa) – 3,000 415
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FIGURE 4: Wrapping of aramid fibers.
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FIGURE 5: Load-deflection of beam–column member A-type and
A-type with aramid fiber.
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modulus. The aggregate properties were determined according
to the procedures in Indian standards (IS 2386-3, 1963 [34]),
and cement tests were done following IS 4031 [35]. The coarse
aggregate was of size ranges 12–20mm, and fine aggregate was
the portion of the material that passed 4.75mm aperture size.
Aramid fiber was recycled in a bullet-resistance jacket. This
fiber had good abrasive resistance, and under repeated loading,
they can scratch against each other by weakening the sheets.
The aramid fiber was prepared from synthetic products and
characterized by strength. The thickness of the aramidfiber was
1.5mm, and overall size was 4.0× 1.2m. The density of aramid
fiber was 1.44 g/cm3 and elongation was 2.8%. Table 1 gives the
properties of the aggregates, and Table 2 presents the mix
proportions.

2.2. Experimental and Numerical Modeling. Six types of
beam–column joints were investigated; A-type, which had the
conventional reinforcement arrangement (Figure 2(a)), B-type,
where hanger bars are added at the joint (Figure 2(b)), C-type
(Figure 2(c)), where diagonal cross bars and hanger bars are
added at the joint, and the remaining three members include
A-type, B-type, and C-type wrapped with aramid fiber.
Beam–column joint with cross-sectional dimension of beam
of 130× 130mm, length of beam 1,000mm were employed.
Column with cross-section 150× 150mm and length 600mm
were adopted.

Figure 3 shows the of load setup for the beam–column
joint during the experimental investigation. When the mem-
ber has been positioned in a loading frame of 2,000 (kN)
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FIGURE 6: Load-deflection of beam–column member B-type and
B-type with aramid fiber.
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FIGURE 7: Load-deflection of beam–column member C-type and
C-type with aramid fiber.
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FIGURE 10: Maximum principal stress: (a) A-type without aramid fiber; (b) A-type with aramid fiber.
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capacity, then the load was applied near one end of the
column. To measure the applied load, load cell of capacity
500 kN was used. The deflection of the member was mea-
sured on the dial gauge attached to the machine. Resulting
cracks propagation at the beam–column joint were observed
and marked. The yield point in the RC beam–column joint is
recorded by crack observation method. Incremental loads are
applied to the joint specimen, and observations are made for
the formation of cracks in the concrete. At the yield point,
formation of wider and more visible cracks will be noticed,
indicating the onset of plastic deformation. The behavior of
beam–column joints was also explored using the finite ele-
ment approach. The numerical simulation and analysis were
performed in Abaqus finite element software in order to
study the behavior of the beam–column joints under loading.
Table 3 gives the parameters used for modeling of the aramid
fiber RC composite structure in the Abaqus software.

2.3. Retrofitting Process. The specimens’ surfaces were metic-
ulously cleaned. The surface where aramid fibers to be
wrapped was covered with a very thin layer of resin that
had been well mixed with the hardener. The surface was
then covered with the aramid fiber that had been trimmed
to size. The cloth was bonded onto the surfaces as distinct
sections covering the sides of the beam and columns by
wrapping around in one layer. Any air voids that had been
caught in the interface were removed by rolling a small hand
roller over the fastened fabric. For 24 hr, the specimens were
held at room temperature to verify that the fibers were
completely bonded. The illustration of fiber wrapping can
be seen in Figure 4.

3. Results and Discussions

3.1. Experimental Evaluation. During the loading of the col-
umn end of the beam–column connections, the resulting load,
and deflection on the member were measured. Figure 5 shows
the load-deflection plot for A-type joint without aramid
fiber and A-type with aramid fiber, respectively. The load-
deflection behavior was linear upto the first crack load. For
the member without aramid fiber, the ultimate load of speci-
men was 18 kN at a deflection of 9.3mm. The initial crack
occurred at 14 kN and deflection of 8.7mm. Whereas, when
aramid fiber had been applied to the A-type beam–column
joint, the ultimate load of specimen was 18 kN at a deflection
of 5.7mm. The initial crack occurred at 8 kN at a deflection of
3.7mm.With this result, there was a significant strengthening
effect of aramid fiber on the A-type member, which resulted
in limited deformation experienced in members with aramid
fiber. The higher stiffness of aramid fiber helps the flexural
rigidity around the joint of the beam–column connection.
This observation agrees with the finding of a similar study
[36], which reported that aramid fiber enhanced the bending
strength of beams.

Figure 6 shows the load-deflection plot for B-type with-
out aramid fiber and B-type with aramid fiber, respectively. For
the member without aramid fiber, the ultimate load of speci-
men was 20 kN at a deflection of 5.4mm. The initial crack
occurred at 14 kN and deflection of 3.8mm. Whereas, when
aramid fiber had been applied to the B-type beam–column
joint, the ultimate load of specimen was 24 kN at a deflection
of 7.5mm. The initial crack occurred at 16 kN at a deflection of
4.9mm. With this result, there was a significant strengthening
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FIGURE 11: Analytical Load versus displacement for A-type member without aramid fiber and with aramid fiber.
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effect of aramid fiber on the B-type member due to limited
deformation experienced in members with aramid fiber.

Figure 7 shows the load-deflection plot for C-type without
aramid fiber and C-type with aramid fiber, respectively. For the
member without aramid fiber, the ultimate load of specimen
was 24 kN at a deflection of 6.4mm. The initial crack occurred
at 16 kN and deflection of 5.2mm.Whereas, when aramid fiber
had been applied to the C-type beam–column joint, the ulti-
mate load of specimen was 26 kN at a deflection of 10.1mm.
The initial crack occurred at 16 kN at a deflection of 7.5mm.
With this result, there was a significant strengthening effect of
aramid fiber on the C-typemember due to limited deformation
experienced in members with aramid fiber. Moreover, the ini-
tial crack appeared later than in members without aramid fiber
and was equivalent to that beam normally designed for lateral
loads. As such, it can be said that the use of aramid fiber
controlled the propagation of cracks.

Energy absorption is the area under the load–deflection
curve. The energy absorption capacity of specimens is man-
ifested in Figure 8. From the figure, it is clear that maximum
energy absorption of 174.2 kNmm was obtained for C-type
beam–column joint wrapped with aramid fibers. Similarly,
for A-type and B-type beam–column joints wrapped with
aramid fibers, energy absorption was obtained as 114.57
and 147.735 kNmm, respectively.

Ductility is a crucial property of an RC beam–column
joint, especially in seismic regions, as it allows the joint to
absorb energy and undergo significant deformations without
sudden failure. In the current investigation, ductility is deter-
mined by using load–deflection curve. Ductility is often calcu-
lated by comparing the ultimate displacement or deformation to
the yield point displacement. From the load–deflection response,
ductility is arrived, which is assumed as bilinear. The ductility
factor can be calculated as the ratio of ultimate deformation to
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FIGURE 12: Maximum principal stress: (a) B-type without aramid fiber; (b) B-type with aramid fiber.
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yield deformation. The ductility of beam–column joints is
arrayed in Figure 9. The maximum ductility of A-type aramid
beam–column joint was found to be 1.54, whereas themaximum
ductility of 1.51 was obtained for B-type beam–column joint.
Similarly, for C-type aramid beam–column joint, ductility was
found to be 1.33. In all the cases, the ductility is maximum for
wrapped beam–column joints.

3.2. Numerical Evaluation

3.2.1. Constitutive Models and Material Properties.
(1) Concrete Numerous constitutive models that can forecast
concrete behavior, such as cracks and crushing, have been cre-
ated in recent years. Concrete behavior can be predicted using
two methods in Abaqus: smeared crack and plastic damage
models. Since the plastic damage model has a larger potential
for convergence than the smeared crack model, it has been
chosen for this study with element type C3D8R. The two pri-
mary concrete failure mechanisms are assumed by the concrete,
plastic damage model to be crushing and cracking. The elastic
modulus, Poisson’s ratio, plastic damage parameters, and
descriptions of compressive and tensile behavior are needed
for the plastic damage model. The dilation angle, flow potential
eccentricity, initial equibiaxial compressive yield stress to initial
uniaxial compressive yield stress, second stress invariant on the
tensile meridian to that on the compressive meridian, and the
viscosity parameter that determines viscoplastic regularization
are the five parameters that determine plastic damage [31, 37].

(2) Steel Reinforcement The conventional metal elastic-
perfectly plastic model with T3D2 element was utilized as the
constitutive model to represent the steel reinforcement. The
assumption has been made that steel is an elastic, perfectly
pliable substance that responds to stress and compression
equally. The elastic modulus, Poisson’s ratio, and the yield
stress are the inputs for the steel model. In the experimental
investigation, the elastic modulus, Es, and yield stress, fy,
were measured. The results showed that Es= 210GPa,
fy= 415MPa, and the Poisson’s ratio was taken to be 0.27.

(3) Aramid Fibers As a linear elastic orthotropic material
with an S4R element, the aramid fiber was modeled. It is clear
that the behavior is primarily orthotropic because the com-
posite is unidirectional. Manufacturer specifications for the
unidirectional aramid fiber material utilized in the experi-
mental study state that its elastic modulus in the fiber direc-
tion is 90GPa and its Poisson ratio is 0.3. The isotropic
model uses this value for E and v= 0.3.

(4) Interface between Concrete and Aramid Fiber It is
very important to have a model for the aramid fiber and
concrete contact. This research assumes a perfect connection
at the concrete and aramid fiber contact.

(5) Boundary Conditions and Meshing Based on calibra-
tion using existing experimental data, the ideal mesh size was
identified (i.e., this mesh best reproduces experimental data).
Modeling reinforcement bars utilized 2-noded single Gauss
point truss elements that were placed to match the speci-
mens’ detailing of the reinforcement (such as bar spacing,
cover distance, etc.). A fixed boundary condition is adopted
such that the top end of the column is rigidly attached and it
is fixed in space. This would mean that the displacement and

rotation of the top end of the column are both constrained in
all directions [38].

The analysis of all types of the beam–column joints has been
performed in Abaqus finite element software. Figures 10(a)
and 10(b) show the maximum principal stress of A-type
beam–column joint. In the member without aramid fiber, the
maximumprincipal stress was found to be 2.542×10−2N/mm2.
While A-type member with aramid fiber had maximum princi-
pal stress of 3.646× 10−2N/mm2. The load-deflection plots for
the A-type beam–column joint with and without aramid fiber
are presented in Figure 11. As can be seen from the Figures, the
ultimate load for A-type beam–column joint is 18 kN, and the
corresponding deflection is 9.1mm. Similarly for A-type aramid
fiber beam–column joint ultimate load was 18 kN and corre-
sponding deflection was 5.3mm. The beam–column joint with
aramid fiber had prolonged resistance to loading than in the
member without aramid fiber.

The maximum principal stress obtained for the B-type
beam–column joint is presented in Figure 12. The member
with aramid fiber developed higher stress than the joint with-
out aramid fiber (Figures 12(a) and 12(b)). In the member
without aramid fiber, the maximum principal stress was
found to be 2.330× 10−2 N/mm2. Whereas B-type member
with aramid fiber had a maximum principal stress of 4.014×
10−2N/mm2. The load-deflection plots for the B-type beam–

column joint with and without aramid fiber are presented in
Figure 13. As can be seen from the following figures, the
ultimate load obtained from B-type beam–column joint is
20 kN, and the corresponding deflection is 4.8mm. Similarly,
the ultimate load for B-type aramid beam–column joint is
26 kN, and the corresponding deflection is 6.8mm.
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FIGURE 13: Load versus displacement for B-type member without
aramid fiber and with aramid fiber.
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Figures 14(a) and 14(b) show the maximum principal
stress obtained for the C-type beam–column joint. The
member with aramid fiber developed higher stress than the
joint without aramid fiber. In the member without aramid
fiber, the maximum principal stress was found to be
2.557× 10−2 N/mm2. Whereas C-type member with aramid
fiber had a maximum principal stress of 2.595× 10−2N/mm2.
The load-deflection plots for the C-type beam–column joint
with and without aramid fiber are presented in Figure 15. As
can be seen from the following figures, the ultimate load for
C-type beam–column joint is 26 kN, and the corresponding
deflection is 6.5mm. Similarly, the C-type beam–column joint
with aramid fibers is 28 kN, and the corresponding deflection
is 8.2mm.

From the experimental and numerical analysis, aramid
fiber was found to practically make a difference by improving
the rigidity and resistance of beam–column joints to lateral
failures. The behavior of the beam–column joints under the

experimental and numerical analysis in Abaqus software are
somewhat similar. The aramid strengthened joints demon-
strated a huge tendency to resist twisting loads. Correlation
with the quantity of aramid fiber wrapped with the increase
in load capacity is arrayed in Table 4. From the table, it is clear
that for each type (A-type aramid, B-type aramid, and C-type
aramid) is wrapped with one layer, which is about 0.2m2.
A-type aramid beam–column joint has the same ultimate
load of 18 kN when compared to an unwrapped A-type
beam–column joint. In the case of B-type aramid
beam–column joint, the ultimate load increases by 20% when
compared to an unwrapped specimen. Similarly, in the case of
C-type aramid beam–column joint, the ultimate load increases
by 8.3%. Based on these results, it would be appropriate that
aramid fibers increase the strength, stiffness, and durability and
an effective technique for enhancing their performance and
extending their service life. Comparison of experimental and
analytical investigation are shown in Table 5.

X

Y

S, Max. Principal
SNEG, (fraction = –1.0)
(Avg: 75%)

+ 2.557e + 03
+ 2.344e + 03
+ 2.130e + 03
+ 1.917e + 03
+ 1.704e + 03
+ 1.490e + 03
+ 1.277e + 03
+ 1.063e + 03
+ 8.500e + 02
+ 6.366e + 02
+ 4.233e + 02
+ 2.099e + 02
– 3.510e + 00

Z

ðaÞ

X

Y

Z

S, Mid. Principal
(Avg: 75%)

+ 2.595e + 00
+ 1.922e + 00
+ 1.250e + 00
+ 5.767e – 01
– 9.618e – 02
– 7.691e – 01
– 1.442e + 00
– 2.115e + 00
– 2.788e + 00
– 3.461e + 00
– 4.134e + 00
– 4.806e + 00
– 5.479e + 00

ðbÞ
FIGURE 14: Maximum principal stress: (a) C-type without aramid fiber; (b) C-type with aramid fiber.
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4. Conclusions

This study evaluates the lateral displacement-load behavior of
beam–column joints which have been wrapped with aramid
fiber using experimental and numerical analysis. Beam–column
joints under three categories of reinforcement arrangements
were subjected to lateral loading towards the column end, after

which the load and deflection at the joints were determined. The
following conclusions were drawn from the study:

(i) There was a significant impact provided by the
aramid fiber on the resistance of the beam–column
joints to loading. Although reinforcement arrange-
ment also contributed to the member’s behavior,
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FIGURE 15: Load versus displacement for C-type member without aramid fiber and with aramid fiber.

TABLE 4: Correlation of quantity of aramid fibers with ultimate load.

Beam–column joint Wrapped/unwrapped No of layers
Quantity of aramid

fibers (m2)
Ultimate
load (kN)

Increase in ultimate
load (%)

A-type Unwrapped – 18 –

A-type aramid Wrapped 1 0.2 18 0
B-type Unwrapped – 20 –

B-type aramid Wrapped 1 0.2 24 20
C-type Unwrapped – 24 –

C-type aramid Wrapped 1 0.2 26 8.34

TABLE 5: Comparison of experimental and finite element analysis.

Beam–column joint
FCL (kN) FCL∂ (mm) UL (kN) UL∂ (mm)

Exp Abaqus Exp Abaqus Exp Abaqus Exp Abaqus

A-type 14 13 8.7 8.3 18 18 9.3 9.1
A-type aramid 8 8 3.7 3.6 18 18 5.7 5.3
B-type 14 14 3.8 3.7 20 20 5.4 4.8
B-type aramid 16 16 4.9 5.0 24 26 7.5 6.8
C-type 16 15 5.2 5.1 24 26 6.4 6.5
C-type aramid 16 16 7.5 7.5 26 28 10.1 8.2

Note: FCL, first crack load; FCL∂, ultimate load; UL, ultimate load; UL∂, ultimate load deflection.
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but the aramid fiber possesses the ability to increase
the rigidity of joints.

(ii) The ultimate load of the A-type beam–column
joint without aramid fiber was 18 kN with a deflec-
tion of 9.5mm, whereas the joints with aramid
fiber had wrapping had a deflection of 5.7mm.
Thus, aramid fibers reduce the deflection in A-type
beam–column joint by 40% when compared to
unwrapped A-type beam–column joint.

(iii) In B-type with aramid and C-type aramid fiber
beam–column joint, the ultimate load was found
to be 24 and 26 kN, respectively, which is 16% and
7% higher than unwrapped beam–column joints.
This is due to the high tensile strength and stiffness
of aramid fibers, which can help to distribute the
loads more evenly across the structure.

(iv) The energy absorption of A-type aramid wrapped,
B-type aramid, and C-type aramid-wrapped beam–

column joint is about 39%, 50%, and 42% higher than
unwrapped beam–column joints.

(v) The ductility of A-type aramid wrapped, B-type ara-
mid, and C-type aramid-wrapped beam–column joint
is about 39%, 8%, and 9% higher than unwrapped
beam–column joints.

(vi) The load–deflection results obtained from the numer-
ical investigation is very close to the load–deflection
curve obtained from the experimental study. The ulti-
mate load obtained in numerical investigation goes in
hand with experimental study.

(vii) The C-type beam–column joint, having conven-
tional reinforcement combined with hanger bars
and diagonal reinforcements, gave the best resis-
tance to joint failure. Also, the beam–column joint
was well strengthened by using aramid fiber wrap-
ping at joint. The ultimate load of the C-type
beam–column joint without aramid fiber wrapping
was 24 and 26 kN for the joints with aramid fiber
wrapping at 28 days.

(viii) The use of aramid fibers can also help to reduce the
cracking and deformation of RC beam–column
joints, which can lead to a longer service life for
the structure. This is due to the high modulus of
elasticity and low creep of aramid fibers, which can
help to maintain the integrity of the structure over
time and make them as cost-effective and reliable
solution for improving the performance and dura-
bility of concrete structures.
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