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Abstract  Beam-column (BC) joints are the most 
crucial zones of structures wherein that region, the bond, 
and normal stresses are comparatively higher. In the 
present study, the seismic performance of the joint region 
has been improved with reinforcement with various fibers 
(polypropylene fiber and steel fiber). Tests are performed 
with various fiber types in the BC joints under a 100 kN 
capacity cyclic actuator. The output attributes considered 
are load, displacement, degradation in the stiffness, drift 
angle, and dissipation of energy in the BC joint. The 
specimens have also been computationally modeled and 
analyzed for static cases using ANSYS-v14 software. 
Static analysis procedure has been used to determine the 
key parameters like displacement, stress, strain, and forces 
in structural components due to the loads. Percentages of 
polypropylene fiber are varied between 0.15 - 0.50% and 
the steel fiber is kept constant at 0.75%, while the control 
specimen (CS) prepared with only normal concrete of mix 
M25 grade of concrete with characteristic cube 
compressive strength of 25 MPa without any fibers. 
Results indicate that the specimen having 0.25% 
polypropylene and 0.75% steel fiber exhibits better 
performance under reversed cyclic loading. Further, 
improvement in BC joints in terms of strength and ductility 
has been observed in presence of hybrid fibers. 

Keywords  Beam-Column Joint, Hybrid Fibre, 
Stiffness, Strength, Displacement 

1. Introduction
Beam-column (BC) joints have a vital role in the 

reliability of the structural system of the buildings. Due to 
this cause, structural systems must be designed with 
appropriate strength and stiffness to uphold the loads 
transferred from structural elements [1]. The plastic hinge 
formation in the columns must be prohibited since the 
effect will be on the entire structure. Because of the 
congestion of reinforcement in the critical joint area, the 
casting of the BC joint will be tedious. This may result in 
honeycombing in the concrete. However, those 
recommendations do not apply to fiber-reinforced concrete. 
In reinforced concrete structures, diagonal cracking and 
concrete crushing in the joint area may be forbidden by two 
means, such as assigning large column sizes and 
closed-loop closely spaced lateral ties around column main 
steel bars in the joint area. BC joints are very crucial for 
force and moment transfer within beams and columns. The 
stress reversal by moments in beam-column joints may 
cause the formation of higher joint shear forces in the joint 
area when subjected to seismic excitations [2]. Due to this 
reason, BC joints are to be designed for enough strength 
and stiffness to ensure overall stability and structural 
integrity. So the detailing of the beam-column joint region 
must be provided accurately as per the guidelines of 
IS-13920: 2016. 

Recent earthquakes in different places in various 
countries have led to the significance of reinforced 
concrete structures with higher ductility. The main 
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challenge with these problems is the trend of concrete, i.e., 
cracking in both its plastic (early-age) and hardened 
(long-term) state. Cracks at an early age in the concrete are 
caused by the inherent stresses caused during the initial 
curing stage of concrete. The shrinkage that causes 
long-term cracking in the concrete can affect the integrity 
of the concrete structure and the overall performance on the 
capacity of concrete. 

The strength and ductility of structures are dependent on 
accurate reinforcement detailing in BC joints. The force 
transfer within the BC joint may not be proper and accurate 
if the assigned joint shear strength is not proper. The BC 
joint portion is exposed to horizontal and vertical shear 
forces because of seismic excitations, for which 
magnitudes are much higher than the adjacent members to 
beams and columns [3]. The plastic hinge formation in 
columns must be restricted since it affects the entire 
structure [4]. Due to the formation of multiple cracks, 
ordinary concrete loses its tensile resistance. However, 
fiber-reinforced concrete can withstand a considerable part 
of the resistance following concrete cracking to accept 
further load cycles [5-6].  

Fiber-Reinforced Polymer (FRP) has significant 
characteristics, for example, high elasticity, high durability, 
cracking resistance, light-weight, and imperviousness, to 
ensure the capacity of concrete for reversal of stresses [7-8]. 
Concrete structures are designed for sufficient and required 
capacities to play proficiently during seismic excitation [9]. 
In current years, the use of rebar-reinforced with hybrid 
fibers has increased considerably. When there is an 
increase in the loads applied, human errors in the initial 
phases of construction, or when a loss of strength for 
structural members due to deterioration over time, then 
proper strengthening of the structure is required [10]. The 
strengthening of the structure is an efficient and 
economical option since the demolishing and 
reconstruction of the structure is a very tedious, time 
dependant, and costly affair. To improve the seismic 
capacity of reinforced concrete structures, researchers have 
been experimenting with various alternative materials like 
basalt, glass, polypropylene, steel, carbon, fiber composite 
(FRP) [11].  

Steel fiber-reinforced concrete may be introduced for the 
improvement of the strength and ductility characteristics of 
the BC joint. Due to high modulus and stiffness, steel fibers 
are capable of enhancing the compressive strength and 
durability of concrete [12-13]. On the other side, 
polypropylene has important characteristics to arrest crack 
propagation [14]. Hybrid fibers, which are a combination 
of different fibers have been tested to be the substitute 
materials for the improvement of strength and ductility of 
BC joint [15-16]. Due to the formation of multiple cracks, 
ordinary concrete loses its tensile resistance. However, 
fiber-reinforced concrete can withstand a considerable part 
of its resistance following the cracking of concrete to 
accept more load cycles applied to the same [17]. 

The occurrence of diagonal cracking and crushing of 
concrete in the joint area can be avoided either by assigning 
large column sizes and by applying closed-loop closely 
spaced lateral ties around column main steel bars [18]. This 
bond developed because the same will jointly help keep the 
concrete in place and help carry shear forces, thereby 
lowering cracking and the collapse of the concrete. 
However, the above-said option for improvement of 
strength of the joint the region is restricted to initial cycles 
of load, and later on, it may trail the specimen cracking and 
crushing near the joint on further cycles of load [19]. So in 
the present approach, an effort has been made to improve 
the strength of the joint region by using the ductile 
approach and the replacement of ordinary concrete being 
used in general construction practices with fiber reinforced 
concrete.  

The introduction of closed-loop closely spaced lateral 
ties and evenly dispersed fibers to concrete would help to 
resist crack and subsequent improvement of its properties. 
Various fibers used in concrete are namely steel, 
polypropylene, glass, carbon, and nylon. This type of 
concrete with the addition of fibers is known as Fiber 
Reinforced Concrete. In this composite object, short 
discrete fibers are distributed randomly throughout the 
mass of concrete [20]. The overall efficiency of this 
composite material is comparatively superior to that of 
normal concrete, and many other materials used in 
construction have similar costs [21-22]. On the other hand, 
synthetic fibers like carbon, glass, aramid, and natural 
fibers such as Jute, sisal, coir, flax, cotton, pineapple, etc., 
have immense reinforcement capacities combined with 
polymers. Being cheaper and having good inference of 
specific quality and specific modulus, these materials are 
very reliable. However, synthetic fibers are gradually 
getting replaced for their impact on the environment, 
leading us to the revolution of engineering materials [23].  

Recently, Attari et al. [24] have performed an 
experimental investigation to evaluate the strength of 
fiber-reinforced polymer-based reinforced concrete 
beam-column joints. The tests are conducted with reverse 
cyclic loading under constant axial load. Generation of 
strain and cracking fields are observed both numerically 
and experimentally. Saghafi et al. [25] have experimentally 
examined the ductility ratio, energy dissipation, and the 
cyclic behavior of the frames made up of fiber-reinforced 
cementitious composites. Results indicate that the lateral 
behavior has been significantly improved, including 
various seismic parameters. 

Pertinent literature reveals that recently many research 
works have been ongoing to look into the response of 
reinforced concrete structures under-stimulated seismic 
conditions. In general, the lack of accessible scientific 
know-how in the area of earthquake engineering and the 
need for proper design recommendations and practices has 
encouraged these research programs [26-27]. Numerous 
reinforced concrete buildings that have suffered severe 
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damage in the recent past were of conventional design. 
Considering these factors, capacity enhancement of the BC 
joint area has been attempted by using supplementary 
reinforcement using a variety of combinations of fibers. 
Seven beam-column joint specimens are considered for 
this study. The rebar detailing for the specimens is done 
according to the provisions prescribed in IS-13920: 2016 
[28]. In this study, the properties of the BC joint are 
examined in terms of parameters such as load, 
displacement, stiffness degradation, drift angle, and 
dissipation of energy by the BC joint, considering various 
fiber combinations in the test specimens. The fibers used in 
this study are steel fiber and polypropylene fiber. 
Combinations of the fibers that have been used in the test 
specimen are polypropylene fiber (0.15 - 0.50%), steel 
fiber (0.75%), and the control specimen prepared from a 
normal concrete mix of M25 grade of concrete. The 
behavior of the test specimens with various types of fibers 
is examined, and the specimen giving reliable performance 
under reverse cyclic load is identified. It has been observed 
from the tests that the application of hybrid fibers would be 
helpful in the improvement of the strength and ductility of 
the BC joints. 

2. Numerical Analysis 
To evaluate the range of load and strain energy that can 

be sustained by the specimens is being preliminary 
observed by the computational analysis. The ANSYS-v14 
software program used in the present case is a 
general-purpose FE Analysis package for solving plenty of 
engineering problems numerically. Appropriate element 
type selection is the key criterion for finite element analysis. 
For BC joints, the modeling of concrete is done by using 
special elements available in the package i.e. SOLID65 
element, and similarly, reinforcement is modeled by using 
the LINK180 element. The study has been carried out to 
simulate the behavior of these joints subjected to 
monotonic loading. Nonlinear static analysis has been 
carried out for getting prior information about the load at 
first crack, crack pattern, load, and deflection at yielding, 
ultimate load, etc. for all the specimens in order to 
appropriately plan the arrangement of experimental 
investigation. In the numerical study, concrete has been 
modeled using a 3-D solid element (SOLID65), which is 

accomplished by incorporating cracking as well as 
crushing besides plastic and creep behavior. An iterative 
solution has been performed as the adapted element has the 
non-linear characteristics. 

The characteristic cube compressive strength of the 
concrete (fck) is 25.0 MPa, the tensile strength of the 
concrete (fr) is 3.5 MPa, and the modulus of elasticity (Es) 
is 25000 MPa has been used as material properties. The 
reinforcement steel was modeled with a series of two-node 
link elements (LINK 180). The properties pertaining to the 
link included an initial yield stress of 500 MPa. The 
boundary conditions were simulated with the precision in 
the test set-up of the horizontal and vertical restraints, 
representing a pin connection applied at the top and bottom 
of the column. The displacement at the free end of the 
column was applied using a slowly increasing monotonic 
method. The mesh size was fixed at 25mm. Since in reality, 
a full fixity at both ends of the columns could not be 
attained, a series of horizontal and vertical springs were 
used to model the lateral stiffness of both the end clamping 
mechanisms of the test setup. In the present study, the 
displacement on the both the ends of the column in the two 
directions were set to zero (both ends of the columns were 
hinged). 

A static analysis of the BC joint is done with the 
application of a static load of 10 kN. The static load is 
applied to the beam tip at the same point as that of the 
experimental specimen. Both the ends of the column were 
kept constrained along with all the three directions X, Y, 
and Z, and the load is applied along the direction of the 
column length. A standard earth gravity load is applied to 
the column. The properties for each specimen were applied 
after experimentally calculating their material properties in 
the lab namely the compressive strength of cubes and 
splitting tensile strength of cylinders. The energy 
dissipated for each specimen has been obtained. 

In this study, seven BC joint specimens are modeled in a 
one-third scale. The rebar detailing for the specimens is 
done in compliance with the provisions prescribed in 
IS-13920: 2016. Analysis results for two specimens are 
presented in Fig. 1(a) and Fig. 1(b) for specimen CS and 
HFRC2 respectively for comparison only. From the results 
obtained in ANSYS, it has been studied that the strain 
energy is a maximum for a specimen with hybrid fibers 
with 0.75% steel and 0.25% polypropylene which was 
withstanding with high energy dissipation.  
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Figure 1(a).  Strain energy of control specimen. 

 

Figure 1(b).  Strain energy of specimen HFRC2 

3. Experimental Programme 
Experimental studies were carried out to identify and 

compare the behavior of the joint specimens with 
combinations of various fibers. The experimental models 
used were of one-third scale of actual joints. All the 
specimens were cast with concrete of specified 
characteristic cube strength of 25 MPa and they had a 
common cross-sectional dimension of 120×150 mm for 
both the beam and column. The beam length from the face 
of the column is 690mm and the total length of the column 
is 1400mm. The characteristic cube compressive strength 
of the concrete (fck) is 25.0 MPa, the tensile strength of the 
concrete (fr) is 3.5 MPa, and the modulus of elasticity (Es) 
is 25000 MPa which has been achieved after testing set of 

at least 30 cubes for which standard deviation has been 
calculated as 1.67. The tensile strength of steel has been 
tested and found to be 592 MPa and the modulus of 
elasticity is 2x105 MPa. In this study, seven beam-column 
joint specimens are prepared in one-third scale for which 
rebar detailing is done in compliance with the provisions 
prescribed in IS-13920: 2016. The overall dimensions and 
reinforcement detailing of the test specimens are shown in 
Fig. 2(a) and also tabulated in Table 1. The beam-column 
joint specimens cast are control specimen, polypropylene 
fiber (0.15-0.50%), steel fiber (0.75%) specimen as 
mentioned in Table 2. The specimens of beam-column 
joints have been tested in servo-controlled hydraulic 
actuator of the capacity of 100 kN. 
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Figure 2(a).  Test specimen details 

Table 1.  Reinforcement details used in the specimens 

Specimen 

Beams Column 

Effective 
Span (mm) 

Cross 
Section 
(mm) 

Main Steel 
Bars 

Effective Span 
(mm) 

Cross 
Section 
(mm) 

Main Steel 
Bars 

CS 615 120×150 4#8ø 1300 120×150 4#8ø 
PFRC1 615 120×150 4#8ø 1300 120×150 4#8ø 
PFRC2 615 120×150 4#8ø 1300 120×150 4#8ø 
SFRC 615 120×150 4#8ø 1300 120×150 4#8ø 

HFRC1 615 120×150 4#8ø 1300 120×150 4#8ø 
HFRC2 615 120×150 4#8ø 1300 120×150 4#8ø 
HFRC3 615 120×150 4#8ø 1300 120×150 4#8ø 

Table 2.  Specimen details prepared for tests 

Sl. No. Designation of Specimens 
Volume fraction of fibre (%) 

Steel Polypropylene 

1 CS 0 0 

2 PFRC1 0 0.15 

3 PFRC2 0 0.25 

4 SFRC 0.75 0 

5 HFRC1 0.75 0.15 

6 HFRC2 0.75 0.25 

7 HFRC3 0.75 0.50 

 
4. Results and Discussions 

The specimens were tested in the cyclic actuator test 
setup as shown in Fig. 2(b). The loading mechanism is as 
explained above and the loading history is shown in Fig. 3. 

Fig. 4 and Fig. 5 show the pictures of the joint area of the 
specimen after completion of the experiment for specimen 
CS and HFRC2 respectively. The hysteretic response for 
all the specimens obtained by plotting the test data is 
shown in Fig 6a-6g.  
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Figure 2(b).  Set-up of Cyclic Actuator 

Figure 3.  Applied specimen loading history 

Figure 4.  Crack Pattern for Control Specimen (CS) 
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Figure 5.  Crack pattern for HFRC2 specimen 

-15

-10

-5

0

5

10

15

-60 -40 -20 0 20 40 60

Lo
ad

 (k
N)

Diplacement (mm)

CS

 

Figure 6(a).  Hysteresis Curve of CS specimen 
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Figure 6(b).  Hysteresis curve for PFRC1 specimen 
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Figure 6(c).  Hysteresis curve for PFRC2 specimen 
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Figure 6(d).  Hysteresis loop for SFRC specimen 
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Figure 6(e).  Hysteresis curve for HFRC1 specimen 
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Figure 6(f).  Hysteresis curve for HFRC2 specimen 
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Figure 6(g).  Hysteresis curve for HFRC3 specimen 
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4.1. Hysteresis Behavior 

For the control specimen (CS); the occurrence of the 
flexural cracks in the joint region took place at 
displacement amplitude of ±1mm. Further cracks appeared 
in the joint and the beam areas thereafter as displacement 
amplitude has been increased. It is observed from the 
hysteresis loop that the specimen attains the maximum load 
of 10.56 kN in the push direction at 20th cycle at a 
displacement of 20mm. Similarly, a maximum load of 9.49 
kN in the pull direction is observed at 17th cycle at a 
displacement of 17mm. At higher displacement amplitudes, 
cracks in the beam-column interface were observed and the 
previous cracks in the joint region become more extensive. 
Spalling of concrete was observed at upper and lower 
columns near the joint panel. The experiment was stopped 
at displacement amplitude of ± 41mm at which load came 
down to the desired level. Ultimate load carrying capacity 
of the specimen was recorded to be 10.025 kN. 

The specimen PFRC1 was tested in the cyclic actuator 
test setup. The hysteresis response obtained by plotting the 
test data is shown in Fig. 6(b) for the PFRC1, the 
occurrence of the flexural cracks in the joint region took 
place at displacement amplitude of ±2mm. Additional 
cracks appeared in the joint and the beam areas thereafter 
as displacement amplitude has been increased. It is 
observed from the hysteresis loop that the specimen attains 
the maximum load of 10.91 kN at 20th cycle at a value of 
displacement of 20mm in the direction of the push. 
Similarly, the maximum load of 9.75 kN is observed at 13nd 
cycle at a value of displacement of 13mm in the direction of 
pull. At higher displacement amplitudes, cracks in the 
interface of beam-column were observed and the previous 
cracks in the joint region became more extensive. Spalling 
of concrete was observed at upper and lower columns near 
the joint panel. The experiment ended at displacement 
amplitude of ± 41mm at which load came down to the 
desired level. A load of 10.33 kN has been recorded for the 
specimens before failure which indicates the ultimate 
load-carrying capacity of the specimen. 

The hysteresis response obtained by plotting the test data 
is shown in Fig. 6(c) for the specimen PFRC2, the 
occurrence of the flexural cracks in the joint region took 
place at displacement amplitude of ±2 mm. Additional 
cracks appeared in the joint and the beam areas thereafter 
as displacement amplitude has been increased. It is 
observed from the hysteresis loop that the specimen attains 
the maximum load of 11.99 kN at the 17th cycle at a value 
of displacement of 19mm in the direction of the push. 
Similarly, the maximum load of 11.98 kN has been noticed 
at 15th cycle at a displacement of 15mm in the direction of 
pull. At higher displacement amplitudes, cracks in the 
interface of beam-column were observed and the previous 
cracks in the joint region became more extensive. Spalling 
of concrete was observed at upper and lower columns near 
the joint panel. The experiment was ended at displacement 
amplitude of ± 41mm at which load came down to the 

desired level. A load of 11.99 kN has been recorded for the 
specimens before failure which indicates its ultimate 
load-carrying capacity of the specimen. 

For specimen SFRC, the occurrence of the flexural 
cracks in the joint region took place at displacement 
amplitude of ±2mm. Additional cracks appeared in the joint 
and the beam areas thereafter as displacement amplitude 
has been increased. It is observed from the hysteresis loop 
that the specimen attains the maximum load of 10.46 kN at 
23rd cycle at a value of displacement of 23mm in the 
direction of push which is shown in Fig. 6(d). Similarly, the 
maximum load of 12.35 kN has been noticed at the 20th 
cycle at a value of displacement of 20mm in the direction of 
pull. At higher displacement amplitudes, cracks in the 
interface of beam-column were observed and the previous 
cracks in the joint region became more extensive. Although, 
the widening of diagonal cracks was considerably 
prevented in the joint region due to the presence of steel 
fibers in the region. Spalling of concrete was observed at 
upper and lower columns near the joint panel. The 
experiment was ended at displacement amplitude of ± 
42mm at which load came down to the desired level. A load 
of 11.40 kN has been recorded for the specimens before 
failure which indicates the ultimate load-carrying capacity 
of the specimen. 

It is observed from the hysteresis loop that the specimen 
HFRC1 attains the maximum load of 11.44 kN at the 21st 
cycle at a value of displacement of 21mm in the direction of 
push which is shown in Fig. 6(e). Similarly, the maximum 
load of 13.15 kN has been noticed at the 22nd cycle at a 
value of displacement of 22 mm in the direction of pull. At 
higher displacement amplitudes, cracks in the interface of 
beam-column were observed and the previous cracks in the 
joint region became more extensive. Spalling of concrete 
was observed at upper and lower columns near the joint 
panel. The experiment ended at displacement amplitude of 
± 43 mm at which load came down to the desired level. A 
load of 12.30 kN has been recorded for the specimens 
before failure which indicates the ultimate load-carrying 
capacity of the specimen. 

It is observed from the hysteresis loop that the specimen 
HFRC2 attains the maximum load of 12.06 kN at the 19th 
cycle at a value of displacement of 19 mm in the direction 
of push which is shown in Fig. 6(f). Similarly, the 
maximum load of 13.19 kN has been noticed at the 23rd 
cycle at a value of displacement of 23 mm in the direction 
of pull. At higher displacement amplitudes, cracks in the 
interface of beam-column were observed and the previous 
cracks in the joint region became more extensive. Spalling 
of concrete was observed at upper and lower columns near 
the joint panel. The experiment ended at displacement 
amplitude of ± 43 mm at which load came down to the 
desired level. A load of 12.63 kN has been recorded for the 
specimens before failure which indicates its ultimate 
load-carrying capacity of the specimen 

It is observed from the hysteresis loop that the specimen 
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HFRC1 attains the maximum load of 11.44 kN in the 
direction of push at 21st cycle at a value of displacement of 
21mm. Similarly, the maximum load of 13.15 kN in the 
direction of pull has been noticed at 22nd cycle at a value of 
displacement of 22 mm. At higher displacement amplitudes, 
cracks in the beam-column interface were observed and the 
previous cracks in the joint region became more extensive. 
Spalling of concrete was observed at upper and lower 
columns near the joint panel. The experiment was stopped 
at displacement amplitude of ± 43 mm at which load came 
down to the desired level. Ultimate load carrying capacity 
of the specimen was found to be 12.3 kN. 

It is observed from the hysteresis loop that the specimen 
HFRC3 attains the maximum load of 12.14 kN at 21st cycle 
at a value of displacement of 21mm in the direction of push 
which is shown in Fig. 6(g). Similarly, the maximum load 
of 12.46 kN is observed at the 22nd cycle at a displacement 
of 22 mm in the direction of pull. At higher displacement 
amplitudes, cracks in the interface of beam-column have 

been noticed and the previous cracks in the joint region 
became more extensive. Spalling of concrete was observed 
at upper and lower columns near the joint panel. The 
experiment was ended at displacement amplitude of ± 
43mm at which load came down to the desired level. A load 
of 12.30 kN has been recorded for the specimens before 
failure which indicates the ultimate load-carrying the 
capacity of the specimen. 

The load-deflection characteristics for all the test 
specimens are shown in Fig. 7 and are also tabulated in 
Table 3. From the test results of all the specimens tested, it 
can be noticed that the HFRC2 specimen has been exposed 
to a maximum peak load of 13.19 kN in the backward cycle 
and the specimen HFRC3 has been exposed to a maximum 
load of 12.14 kN in the forward cycle. Further, it has been 
observed that the maximum average peak load is 
encountered by the HFRC2 specimen. This result 
represents that the HFRC2 specimen is suitable for 
maximum load-carrying capacity 

 

Figure 7.  Comparison of load vs. deflection 

Table 3.  Test Results 

Designation of  
specimen 

First crack load 
(kN) 

Ultimate load 
 (kN) 

Deflection at ultimate load 
(mm)  

  Forward cycle Reverse cycle Forward cycle Reverse cycle 

CS 3.15 10.56 9.49 20 17 

PFRC1 2.72 10.91 9.75 20 13 

PFRC2 3.28 11.99 11.98 17 15 

SFRC 3.31 12.35 12.35 23 20 

HFRC1 3.42 13.15 13.15 21 22 

HFRC2 4.03 13.19 13.19 19 23 

HFRC3 3.51 12.46 12.46 21 22 
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Table 4.  Energy absorption capacity and displacement ductility 

Designation of  
specimen 

Energy absorption 
capacity (kN-mm)  δy (mm) δu (mm) Displacement ductility 

factor, ψ  

    Absolute Relative 

CS 6852.39 7.82 33.92 4.33 1.00 

PFRC1 7215.65 5.26 34.42 6.54 1.51 

PFRC2 7684.67 8.22 36.45 4.43 1.02 

SFRC 8200.34 5.71 40.93 7.16 1.65 

HFRC1 9523.48 4.57 43.87 9.61 2.21 

HFRC2 11186.80 4.75 53.15 11.18 2.58 

HFRC3 10623.72 4.40 40.93 9.30 2.14 

 

4.2. Energy Absorption and Displacement Ductility 

The area under the load-deflection curve represents the 
capacity of energy absorption. The capacity for energy 
absorption has been calculated and the obtained values are 
tabulated in Table 4. From the results it can be observed 
that there is a consistent gain in energy absorption 
capacity and maximum value has been noticed for HFRC2 
specimen with 0.75% steel fibers and 0.25% 
polypropylene fibers, which is found to be approximately 
1.63 times higher than that of CS specimens. In the elastic 
range, the seismic-resistant structure is required to be 
capable of behaving in a more ductile way when being 
exposed to several cycles of seismic loads. Ductility is the 
ability of the material to undergo significant plastic 
deformation before failure. The ductility factor which is 
an indicator of ductility of a material and is defined as the 
ratio of maximum displacement (δu) at the failure to the 
yield displacement (δy). The ductility factors calculated 
have been tabulated in Table 4. 

4.3. Cumulative Energy and Drift Angle (%) 

The seismic-resistant structures should be capable of 

dissipating a higher amount of energy. They should be 
able to resist the strong ground motion of earthquakes due 
to the ability to dissipate seismic energy. The ductility of 
the joint region of the specimens has a great role in energy 
dissipation and is created mainly by inelastic deformations 
of the BC specimens. The same can be calculated from the 
area within the hysteresis loop of the load-displacement 
curve for each load cycle. Throughout the test, the 
dissipation of the cumulative energy by the specimens has 
been calculated by summing up the dissipated energy in 
successive load-displacement loops and is shown in Fig.8. 
It has been observed that all the specimens made from 
fiber-reinforced concrete have higher cumulative energy 
dissipation capacity than the CS specimen which has been 
from normal concrete without adding any fibers. In all the 
HFRC specimens, the improvement in energy-dissipating 
capacity has been observed due to the inherent property of 
enhanced ductility. The HFRC2 beam-column joint 
specimen has a maximum dissipation of energy which is 
found to be 11186.8 kN-mm. The HFRC2 specimen has 
also been found with a high value of ultimate loading 
carrying capacity of 12.63 kN. 
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Figure 8.  Comparison of cumulative energy vs. drift angle 

4.4. Degradation of Stiffness 

Degradation in the stiffness at the joint of BC 
specimens has been observed under the influence of 
repeated cyclic load. By estimating the secant stiffness 
which is an indicator of degradation of stiffness, the 
amount of degradation of stiffness in the BC specimens 
can be ascertained. The trend for the degradation of 
stiffness for the BC joint specimens is shown in Fig. 9. 
The lowest value of initial stiffness and also a rapid rate of 
reduction in the secant stiffness have been observed in the 
CS specimen. The degradation of stiffness trend in the 
PFRC specimens was in line with that of CS specimens. 
Generally, polypropylene fibers have a lower modulus of 
elasticity. Probably this could not contribute much to the 
stiffness of PFRC specimens. A decrease in the rate of 
degradation of stiffness can be seen after the introduction 
of steel fibers in comparison to the polypropylene fibers. 
A significant improvement in the initial secant value has 
been observed after the introduction of hybrid fibers in the 
specimens and a consistent degradation in the stiffness has 

been observed till failure. Hybrid fibers played a vital role 
which in combination has great capabilities to arrest the 
cracks at both micro and macro level. Micro crack 
develops in the specimens with the increase in the number 
of load cycles which can be controlled by the 
polypropylene fibers due to its presence in large numbers. 
Macro cracks as well as the widening of cracks can be 
controlled by steel fibers due to its special material 
properties. This, in turn, will be very much helpful in 
arresting the further propagation of cracks and as result 
will enhance the energy absorption capacity of the 
specimens. It is evident from the result that with the 
increase in the value of displacement, there is a decrease 
in the value of stiffness for all the specimens of BC joint 
with or without fibers. A sharp decrease in the stiffness 
can be observed at the initial stage and a gradual decrease 
in the stiffness can be seen at a later stage. From the 
results, it is seen that specimen HFRC2 can perform better 
as it exhibits the highest stiffness up to failure load. 
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Figure-9.  Comparison of stiffness vs. drift angle 

 

Figure 10.  Absolute displacement graph  

5. Conclusions 
Performance of the beam-column joint with hybrid and 

non-hybrid fiber reinforced concrete specimens using 
various types of fibers under reversed cyclic loading are 
examined in the present case. The performance of these 
specimens was observed in terms of hysteresis behavior, 
load-deflection characteristics, stiffness degradation, 
dissipation of energy, etc. The experimental results dictate 
the use of hybrid fibers for the improvement of strength 
and ductility of beam-column joints considerably. The 
output of the experiments conducted for different 

specimens lead to the following conclusions: 
1. The first visible crack has been observed in the 

control specimen CS at an applied displacement of 
1mm and in some of the fiber-reinforced specimens; 
the first visible crack appeared on the application of 2 
mm displacement.  

2. It has been noticed from the experimental results that 
the specimens made by the addition of fibers 
experienced ultimate load in comparison to the 
control specimen. The specimen HFRC2 yields a 
remarkable increase in first-crack strength and 
ultimate strength, as well as improved ductility and 
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energy-dissipation capacity compared to other tested 
specimens.  

3. For the specimens with fibers, stiffness has decreased 
at a similar rate with the increment in applied 
displacement. And the stiffness was more compared 
to the control specimen. 

4. All the specimens with fiber exhibit higher 
cumulative energy dissipation than that of the CS 
specimen which was made without fibers. The 
maximum energy dissipation can be seen in the 
HFRC2 BC joint specimen with 0.75% steel fiber and 
0.25% polypropylene fiber. 

5. The capacity of energy absorption and displacement 
ductility has been improved by 1.63 times and 2.58 
times, respectively, for HFRC2 specimen in 
comparison to CS specimen. 

6. The above methodology may be implemented in 
general construction practices which may be 
beneficial for the construction industry. The 
congestion of reinforcement in conventional concrete 
in beam-column joint is a real-life problem faced in 
the construction industry and the same may be 
avoided by the introduction of fiber in the ordinary 
concrete used in construction. 
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