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Abstract — Reinforced concrete (RC) buildings styled for IS 456-

2000 are found to be weak in adequate seismic design provisions, 

capability style concerns and particularisation for ductile 

behavior. Experimental tests RC frames have shown that the 

excessive injury or failure of beam-column joints, above all 

exterior (or corner) joints which might result in the worldwide 

collapse of a building. The poor joint behavior of older 

construction may be attributed to the inadequate shear 

reinforcement in joint region and also the deficient anchorage 

details into the joint region. Recent analysis of engineering 

structures has incontestable that the majority of them can  like 

major repairs within the close to future. Up gradation to higher 

seismic zones of many cities and cities within the country has 

additionally necessitated in evolving new retrofitting ways. 

One of the techniques of strengthening the RC structural 

members is thru confinement with a composite enclosure. This 

external confinement of concrete by high strength fiber bolstered 

compound (FRP) composites will considerably enhance the 

strength and malleability furthermore as end in giant energy 

absorption capability of structural members .FRP materials like 

basalt, glass and hybrid fiber, on the market these days within 

the style of sheets, square measure getting used to strengthen a 

range of RC components to boost the flexural, shear and axial 

load bearing capability of components.   

 

Keywords—component; formatting; style; styling; insert (key 

words) 

I.  INTRODUCTION  

In the previous few decades, moderate and severe earthquakes 

have stricken totally different places within the world, 

inflicting severe harm to concrete (RC) structures.          

Retrofitting of existing structures are the foremost challenges 

that fashionable engineering field is facing of late. Recent 

analysis of engineering structures has incontestable that the 

majority of them can would like major repairs within the close 

to future. Up gradation to higher unstable zones of many cities 

and cities within the country has conjointly necessitated in 

evolving new retrofitting ways.   In RC buildings, parts of 

columns that are common to beams at their intersections are 

known as beam-column joints. Since their constituent 

materials have restricted strengths, the joints have restricted 

force carrying capability. Once forces larger than these are 

applied throughout earthquakes, joints are severely broken. 

Beam column joints during a concrete moment resisting 

frames are crucial zones for transfer of masses effectively 

between the connecting parts (i.e. beams and columns) within 

the structure. In traditional style observe for gravity masses, 

the planning check for joints isn't essential and thus isn't 

typically done. But, the failure of concrete frames throughout 

several earthquakes has incontestable serious distress thanks to 

shear within the joints that culminated within the collapse of 

the structure.  

a) Objectives  

                                        Normally this investigation was 

administered to review the behavior of the beam-column 

joint beneath static and reverse loading. In additional 

specific terms this analysis was conducted to realize the 

subsequent. 

 Studies and behavior of concrete beam column 

joint retrofitted with volcanic rock fibre 

bolstered compound sheets (BFRP). 

 To compare the behavior of unstrengthened 

and strengthened specimen. 

 To increase the shear capacity of beam column 

joint using basalt fibre reinforced materials. 

 

b) Literature Review 

  1)  G.A. Lakshmi.G.A et al (2008) 

   He conducted a detailed investigation by experimental study 

on strengthening of beam-column joints under cyclic 

excitation using FRP composites. In that study three typical 

modes of failure namely flexural failure of beam, shear failure 

of beam and shear failure of column were discussed. 

Comparison was made in the terms of load carrying capacity. 

Three exterior beam-column joint sub assemblages were caste 

and tested under cyclic loading. All the three specimens were 

retrofitted using FRP materials and result was compared with 

control specimens. They concluded that the shear failure was 

very brittle and hence retrofitting should be done in such a 

manner that the eventual failure occurs in the beam in flexure. 
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2)  G.Maariappan & R. Singaravadivelan (2013) 

He conducts an experimental study on beam column joint 

under different loading using basalt fiber polymer sheet. In 

that study three modules are made and the load is carrying on 

it. The result is found that after providing a basalt fiber sheet 

that the beam column joint is stronger than normal beam 

column joint. 

 

3) K.R.Bindu et al (2008) 

He conducted a detailed investigation on the performance of 

exterior beam-column joints with inclined bars at joints under 

cyclic loading. They investigated the effect of inclined bars at 

the joint region. Four exterior beam column joints were cast 

and tested under cyclic loading. The performance of 

specimens which had joint reinforcement with inclined bars 

was compared with the specimen without inclined bars. They 

concluded that specimens with inclined bars show more 

ductility and energy absorption capacity than the specimen 

without inclined bars. 

 

c) Experimental Investigation 

              The experimental program consisted of testing of 9 

concrete beam-column joint specimens. The columns had a 

cross section of 200 X 200 mm with an overall length of 1500 

mm and therefore the beams had a cross section of 200 X 200 

mm with a cantilevered portion of length 600 mm. In three 

specimens, the lateral ties within the column square measure 

supplied with spacing 180mm c/c as per IS 456:2000. 

                    In remaining 3 specimens, the lateral ties within 

the column are given spacing 80 mm c/c and 100 mm c/c as 

per IS 13920:1993.  The concrete combine was designed for 

target strength of 30 MPa at the age of 28 days. The load 

carrying capability of the column was evaluated as 525 kN as 

per the code IS 456-2000. 

 

d) Parameters Investigated 

 

                      M30 grade concrete was created with a mixture 

of 1:2.18:2.96. Companion cubes were created to seek out the 

worth of characteristic strength of concrete.  The longitudinal 

reinforcement within the column portion all told the 

specimens consisted of four no. 12mm Ø (HYSD) bars. The 

stress reinforcement within the beam portion consisted of two 

no 16mm Ø bars and therefore the beam compression 

reinforcement consisted of two no 16mm Ø bars. The 

anchorage length of the stress and therefore the compression 

reinforcement of the beam are extended into the column as per 

codal provision. The small print of the specimen’s area unit 

given below. 

Sr. 

No. 

Name of 

Specimen 

Code 

Reference 

 

Criteria 

Axial 

Loads 

Retrofitting 

1 BCJ 1 IS 456 15% Nil 

2 BCJ 2 IS 456 30% Nil 

3 BCJ 3 IS 456 45% Nil 

4 BCJ 4 IS 13920 15% Nil 

5 BCJ 5 IS 13920 30% Nil 

6 BCJ 6 IS 13920 45% Nil 

7 BCJ R1 IS 456 15% Basalt fiber 

8 BCJ R2 IS 456 30% Basalt fiber 

9 BCJ R3 IS 456 45% Basalt fiber 

 

 
Fig 1. Reinforcement Details 

 

e) Reinforcement Detail s of Beam Column Joint Specimen 

i. Preparation of Mould 

                  Moulds product of steel sheet had been welded and 

ready for casting the beam column joint specimen. It consists 

of an extended plate and 2 shaped welded plates and this 

assembly was barred along by victimization sq. plates at the 

ends. The inner dimensions of the mould square measure 1500 

X 200X 200 mm within the column portion and 600 x 200x 

200 mm within the beam portion. 

 

ii. Casting of Test Specimen 

              The concrete beam column joint specimens were 

forged exploitation especially unreal steel moulds. 2 moulds 

were ready for this purpose. 

             The unreal reinforcement steel was placed within the 

mould and it's unbroken in position victimization cowl blocks. 

           Concrete was mixed manually and poured into the 

moulds. Care was taken to envision that the concrete was 

properly placed and compacted to a lower place and 

additionally on the edges of the mould employing a needle 

vibrator. 

                  The sides of the mould were removed when 24 

hours from time of casting and therefore the check specimens 

were cured for water mistreatment bagging bag coverings. 

Three cubes of sizes a 150x 150 mm were solid beside every 

check specimen for evaluating the 28day compressive strength 

of concrete. Figure describes the higher than mentioned 

casting and solidification operations. 
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iii. Preparation of the Retrofitted Specimens 

The failing specimens BCJ 1, BCJ 2, and BCJ 3, 

were retrofitted and new specimens BCJR1, BCJR2 and 

BCJR3. The concrete close to the world of failure was 

removed fully. Once applying cement paste during this space, 

the portion was crammed and compacted with a similar grade 

of concrete. The specimens were cured for twenty eight days. 

Before wrapping the volcanic rock fiber sheet the faces of the 

specimens were ground automatically to get rid of any 

laitance. All the voids were crammed with putty. Then a 2 part 

primer system was applied on the concrete surface and 

allowed to cure for twenty-four hours. A 2 part epoxy coating 

was then applied on the primer coated surface and also the 

volcanic rock fiber sheet was at once wrapped over the whole 

surface of the ferroconcrete beam-column joint. 

A roller was then applied gently over the wrap in 

order that smart adhesion was achieved between the concrete 

surface and also the volcanic rock fiber wrap, as urged by the 

makers and allowed to cure for seven days. Another coat of 

the 2 element epoxy was applied over the fiber sheet. Then the 

second wrap was applied by following constant procedure and 

allowed to cure for an additional amount of seven days. Each 

the wrapped layers were orthogonal to every alternative.  

 

iv. Description of test 

The RC beam-column joint specimens were tested 

mistreatment loading border the structural laboratory .A push-

pull jack was found out within the structural laboratory. Each 

the column ends were given hinged boundary conditions. At 

one in all the column ends the axial load was applied by 

mistreatment hydraulic jack of five hundred kN capability that 

features a load menstruation arrangement fitted to that. 

A transverse load was applied at the free finish of the beam by 

employing a push pull jack. A deflect meter was placed on the 

opposite side of the beam that shows the deflection that 

happens at the purpose of application of load on the beam. The 

testing involves pushing of the beam exploitation the push pull 

jack by applying the load within the pushing direction up to 

control deflection of 75mm. 

Then the pull load was applied till the beam comes 

back to its original position. So, one cycle of load reversal was 

applied to the take a look at specimens, i.e. the beam was 

pushed from the traditional position, then force to the 

traditional position, and then it had been force back from the 

traditional position and once more pushed back towards the 

traditional position.  

                 The deflect meter readings were noted down at 

specific load intervals and therefore the deflection of the beam 

determined. . Typical view of test setup is shown in figure. 

 

 
 

II. Discussion of Test Result 

a) Results of the Experimental Investigation on 

Controlled Specimens 

BCJ 1: This specimen has been designed and elaborated 

as per code IS 456:2000. Associate axial load of 15% of the 

safe load on column was applied. The worth of the axial load 

applied was 90KN. The lateral load applied on the beam was 

at associate interval of 5KN. first crack appeared on the stress 

side of the beam at a load of 19KN.  

Further 3 to four cracks developed on the stress side were 

determined. At a load of 23.5KN initial crack developed on 

the compression side of the beam and additional cracks were 

widening on each compression and tension side of beam. At a 

load of 38.1KN crack on the stress side started propagating 

into the column. Spelling of concrete was additionally started 

on the compression side of the beam. The appliance of load 

was stopped once the controlled deflection of 70.5mm. The 

load similar to that deflection was 47.8KN. Whereas pulling 

additional cracks occurred at compression side of beam and it 

propagated into column. Cracks widened and spelling of 

concrete additionally observed. 

 

BCJ 2: This specimen has been designed and detailed as 

per code IS 456:2000. An axial load of half-hour of the safe 

load on column was applied. The value of the axial load 

applied was 180 kN. The lateral load applied on the beam was 

at associate interval of 5KN. initial crack appeared on the 

strain side of the beam at a load of 20.9KN. Additional 3 to 

four cracks developed on the strain side were discovered. At a 

load 25.9KN initial crack developed on the compression side 

of the beam and additional cracks were widen on each 

compression and tension side of beam. At a load of 41.7KN 

crack on the strain side started propagating into the column. 

Spelling of concrete was additionally started on the 

compression side of the beam. The applying of load was 

stopped when the controlled deflection of 70.5mm. The load 

love that deflection was 52.6KN. Whereas pull a lot of cracks 

occurred at compression side of beam and it propagated into 
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column. Cracks widened and spelling of concrete also 

determined. 

 

BCJ 3: This specimen has been designed and elaborated 

as per code IS 456:2000. An axial load of 45th of the safe load 

on column was applied. The worth of the axial load applied 

was 270KN. The lateral load applied on the beam was at an 

interval of 5KN. first crack appeared on the stress side of the 

beam at a load of 17.6KN. More three to four cracks 

developed on the stress side were determined. At a load of 

21.7KN first crack developed on the compression side of the 

beam and more cracks were widen on each compression and 

tension side of beam. At a load of 35.2KN crack on the stress 

side started propagating into the column. Spelling of concrete 

was also started on the compression side of the beam. The 

applying of load was stopped when the controlled deflection 

of 70.50 mm. the load corresponding to that deflection was 

44.6KN whereas pulling a lot of cracks occurred at 

compression side of beam and it propagated into column. 

Cracks widened and spelling of concrete also determined. 

 

BCJ 4: This specimen has been designed and detailed as 

per code IS 13920:1993. An axial load of 15% of the safe load 

on column was applied. The worth of the axial load applied 

was 90 kN. The lateral load applied on the beam was at an 

interval of 5KN. initial crack appeared on the stress aspect of 

the beam at a load of 21.9KN. Additional three to four cracks 

developed on the stress side were determined. At a load of 

27KN first crack developed on the compression side of the 

beam and additional cracks were widening on each 

compression and tension side of beam. At a load of 43.6KN 

crack on the stress side started propagating into the column. 

Spelling of concrete was additionally started on the 

compression side of the beam. The application of load was 

stopped once the controlled deflection of 70.5mm. The load 

corresponding to that deflection was 55KN. while pulling a lot 

of cracks occurred at compression side of beam and it 

propagated into column. Cracks widened and spelling of 

concrete also determined. 

 

BCJ 5: This specimen has been designed and detailed as 

per code IS 13920:1993. An axial load of 30 minutes of the 

safe load on column was applied. The value of the axial load 

applied was 180KN. The lateral load applied on the beam was 

at an interval of 5KN. initial crack appeared on the strain side 

of the beam at a load of 24KN. further three to four cracks 

developed on the strain side were determined. At a load of 

29.8KN initial crack developed on the compression side of the 

beam and more cracks were widen on each compression and 

tension side of beam. At a load of 48.2KN crack on the strain 

side started propagating into the column. Spelling of concrete 

was also started on the compression side of the beam. The 

applying of load was stopped when the controlled deflection 

of 70.5mm the load corresponding to that deflection was 

61KN. whereas pulling a lot of cracks occurred at 

compression side of beam and it propagated into column. 

Cracks widened and spelling of concrete also determined. 

 

BCJ 6: This specimen has been designed and detailed as 

per code IS 13920:1993. An axial load of 45th of the safe load 

on column was applied. The value of the axial load applied 

was 270KN. The lateral load applied on the beam was at an 

interval of 5KN. initial crack appeared on the strain side of the 

beam at a load of 20.2KN. Further three to four cracks 

developed on the strain side were determined. At a load of 

25KN initial crack developed on the compression side of the 

beam and more cracks were widen on each compression and 

tension side of beam. At a load of 40.5KN crack on the strain 

side started propagating into the column. Spelling of concrete 

was also started on the compression side of the beam. The 

application of load was stopped once the controlled deflection 

of 70.5mm. The load corresponding to that deflection was 

51.3KN. Whereas pulling additional cracks occurred at 

compression side of beam and it propagated into column. 

Cracks widened and spelling of concrete also determined. 

 

b) Results of the Experimental Investigation on 

Retrofitted Specimens 

BCJ R1: This specimen has been retrofitted with volcanic 

rock FRP sheets. An axial load of 15% of the safe load on 

column was applied. The value of the axial load applied was 

90KN. The lateral load applied on the beam was at an interval 

of 5KN. first crack appeared on the strain side of the beam at a 

load of 23.8KN. Further three to four cracks developed on the 

strain side were determined. At a load of 29.4KN first crack 

developed on the compression side of the beam and more 

cracks were widen on each compression and tension side of 

beam. At a load of 47.6KN crack on the strain side started 

propagating into the column. Spalling of concrete were also 

started on the compression side of the beam. the applying of 

load was stopped once the controlled deflection of 70.5mm. 

the load such as that deflection was 59.8KN. whereas pulling a 

lot of cracks occurred at compression side of beam and it 

propagated into column. Cracks widened and spalling of 

concrete also determined. 

 

BCJ R2: This specimen has been retrofitted with basalt  

FRP sheets. associate axial load of 30 minutes of the safe load 

on column was applied. the worth of the axial load applied 

was 180KN. The lateral load applied on the beam was at an 

interval of 5KN. first crack appeared on the stress side of the 

beam at a load of 26.1KN. further three to four cracks 

developed on the stress side were discovered. At a load of 

32.4KN first crack developed on the compression side of the 

beam and more cracks were widen on each compression and 

tension side of beam. At a load of 52.4KN crack on the stress 

side started propagating into the column. Spalling of concrete 

were also started on the compression side of the beam. the 

application of load was stopped once the controlled deflection 

of 70.5mm. the load corresponding to that deflection was 

66.3KN. whereas pulling a lot of cracks occurred at 

compression side of beam and it propagated into column. 

Cracks widened and spalling of concrete also determined. 

 

BCJ R3: This specimen has been retrofitted with basalt  

sheets. an axial load of 45th of the safe load on column was 

applied. the value of the axial load applied was 270KN. The 

lateral load applied on the beam was at an interval of 5KN. 

first crack appeared on the strain side of the beam at a load of 
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22KN. further three to four cracks developed on the strain side 

were observed. At a load of 27.1KN first crack developed on 

the compression side of the beam and any cracks were widen 

on each compression and tension side of beam. At a load of 

44KN crack on the strain side started propagating into the 

column. Spalling of concrete were also started on the 

compression side of the beam. the application of load was 

stopped once the controlled deflection of 70.5mm. the load 

corresponding to that deflection was 55.3KN. whereas pulling 

additional cracks occurred at compression side of beam and it 

propagated into column. Cracks widened and spalling of 

concrete also observed. 

 
Table :  Deflection and corresponding Load Values 

 
 

III.     CONCLUSION 

 

 In the case of specimens having reinforcement details 

as per code IS 456:2000, there's an increase of 14.4% 

in  load carrying capability and 18.87% in energy 

absorption capacity, once the axial load on column  

was increased from 15% to 30%. 

 In the case of specimens having reinforcement details 

as per code IS 456:2000, there's an increase of 

12.90% in load carrying capacity and 16.61% in 

energy absorption capacity, once the axial load  on 

column  was increased from 15% to 45%. 

 In the case of specimens having reinforcement details 

as per code IS 13920:1993, there's an increase of 

16.71% in load carrying capacity and 21.06% in 

energy absorption capacity, once the axial load on 

column was increased from 15% to 30%. 

 In the case of specimens having reinforcement details 

as per code IS 13920:1993, there is an increase of 

16.71% in load carrying capacity and twenty 

one.06% in energy absorption capacity, once the 

axial load on column was increased from 15% to 

45%. 

 In the case of specimens retrofitted by basalt FRP 

wrapping, there's an increase of 31.89% in load 

carrying capacity and 33.07% in energy absorption 

capacity, once the axial load on column was 

increased from 15% to 30%. 

 In the case of specimens retrofitted by basalt FRP 

wrapping, there's an increase of 14.58% in  load 

carrying capacity and 16.31% in energy absorption 

capacity, once the axial load  was increased by 15% 

to 45%. 

 In the case of specimens having reinforcement details 

as per code IS 13920:1993 with 15% of axial loading 

on the column, there was a rise of 18.5% in load 

carrying capacity and 19.5% increase in energy 

absorption capacity than the specimens with 

reinforcement details as per code IS 456:2000 with 

same axial load on column. 

 In the case of specimens having reinforcement details 

as per code IS 13920:1993 with 30% of axial loading 

on the column, there was an increase of 17.4% in 

load carrying capacity and 18.4% increase in energy 

absorption capacity than the specimens with 

reinforcement details as per code IS 456:2000 with 

same axial load on column. 

 In the case of specimens having reinforcement details 

as per code IS 13920:1993 with 45th of axial loading 

on the column, there was an increase of 16.3% in 

load carrying capacity and 17.3% increase in energy 

absorption capacity than the specimens with 

reinforcement details as per code IS 456:2000 with 

same axial load on column.  

 

 In the case of specimens having reinforcement 

detailing as per code IS 456:2000 with 15% of axial 

load on column, retrofitted with–Basalt FRP 

wrapping, there was an increase of 32.6% in load 

carrying capacity and 29.5% increase in energy 

absorption capacity than the specimens with 

reinforcement detailing as per code IS 456:2000 with 

same axial loading on column.  

  

 In the case of specimens having reinforcement 

detailing as per code IS 456:2000 with 30% of axial 

load on column, retrofitted with basalt FRP 

wrapping, there was an increase of 35.3% in load 

carrying capacity and 31.5% increase in energy 

absorption capacity than the specimens with 

reinforcement detailing as per code IS 456:2000 with 

same axial loading on column.  

 

 In the case of specimens having reinforcement 

detailing as per code IS 456:2000 with 45th of axial 

load on column, retrofitted with basalt FRP 

wrapping, there was an increase of 33.91% in load 

carrying capacity and 34.84% increase in energy 

absorption capacity than the specimens with 

reinforcement detailing as per code IS 456:2000 with 

same axial loading on column. 
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