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ABSTRACT:The behaviour of reinforced concrete framed structures in recent earthquakes has alerts poor
performances of beam column joints. Beam column joints have a crucial role in the structural integrity of the building.
For this reason they must be provided with adequate stiffness and strength to sustain the loads transmitted from beam
and columns. Pertaining to these areas, a high percentage of transverse hoops in the core of joints was recommended,
which leads congested reinforcement in joints. These difficulties can be overcome by using self-compacting concrete
and steel fibres. In the present experimental study an attempt has been made to study the performance of exterior beam
column joint by adding fibre content and varying the aspect ratio of fibre in SCC under static load.Various aspects such
as load-deflection behaviour, crack width, and ductility have been studied.
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I. INTRODUCTION

Normal convectional concrete has been widely used in construction field. Concrete loses its tensile resistance after the
formation of multiple cracks, so addition of fibres to concrete has been shown to increase in ductility and energy
absorption capacity. Beam column joint is a typical lateral and vertical load resisting member in reinforced concrete
structure. The joint should have adequate strength and stiffness to resist the internal force by the framing members. For
adequate ductility of beam column joints, use of closely spaced hoops as transverse reinforcement was recommended.
Beam column joint plays a crucial role in a multi-storey reinforced concrete framed structure to maintain integrity of
structure. Tensile strength in conventional concrete is less which leads formation of multiple cracks. Due to its specific
properties, self-compacting concrete (SCC) may contribute to a significant improvement of the quality of concrete
structures. SCC gets dense and compacted due to its own self weight in congestion reinforcement of beam column
joints.

The important properties of steel fibre reinforced concrete are its superior resistance to cracking and crack
propagation.As a result of this ability to arrest the cracks, fibre composites possess increased extensibility and tensile
strength, particular under flexural loading [3]. The integrity of structure is not affected when static loads acts, but when
cyclic loads are encountered, the efficiency of beam column joint is reduced. Bar diameter and spacing of stirrups
influence the cracking and ultimate load of beam column joint [10].From the literature, it is noted that addition of steel
fibres improves the structural properties of beam column joint like strength, ductile, energy absorption and crack
arresting. Considering this, an attempt has been made to investigate the behaviour of exterior beam column joint with
varying aspect ratio and percentage of fibre in NSC and SCC.
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Il. LITERATURE REVIEW

It has been observed from past, many experimental researchers have been carried out an exterior beam column joint to
study its exact behaviour under various parameters. Some of the literature review are enlisted below.

1) Conducted a behaviour of steel fiber reinforced high strength concrete beam-column joint. A five bay seven storey
RCC moment resisting frame for a general building has been analysed and designed in STAAD PRO as per IS 1893-
2002 code procedures and detailed as SP-66(ACI) recommendations. Steel fibres were added in different volume
fraction.

It was observed that specimens of beam-column joint by increasing in percentage of steel fiber leads to increase in load
carrying capacity, ductility and stiffness. This permits to reduce the anchorage value of reinforcement in the joint
region, hence limiting steel congestion in steel joints [6].

2) An experimental investigation was conducted on exterior beam column joint subjected to cyclic loading to study the
effect of steel fiber reinforced high performance concrete (SFRHPC). High performance concrete (HPC) of grade M50
with 10% silica fume was used in which steel fibres were added in volume fraction of 0.5%, 1% and 1.5%.

It was found that SFRHPC specimens performed better compared to HPC specimens. It was found that the optimum
percentage of steel fiber was 1%. SFRHPC specimens having more load carrying capacity, energy absorption capacity,
and displacement ductility factor and curvature ductility factor when compared to HPC specimens. Stiffhess
degradation of SFRHPC specimens was less for first four cycles and was more for that last cycle [7].

I1l. OBJECTIVES

The following are the objectives carved from the literature review and gap analysis

a) To study the behaviour of exterior beam column joint with or without fibers.

b) To investigate the load deflection characteristics, ductility factor and crack width of sub-assemblies of steel fiber
reinforced self-compacting concrete beam column joint under static load through experimental study.

c) To compare the behaviour of all the specimens with the effect of steel fibers in the beam column joint under
monotonic load and also to compare the various parameters like ductility factor and crack width.

IV.DETAILS OF EXPERIMENTAL PROGRAMME

During experimental investigation the total 14 of specimens were casted by adding fibre content and varying aspect
ratio of fibre in NSC and SCC. Standard test procedure has been adopted in the research laboratory department of civil
engineering, M.S.Ramaiah institute of technology, Bangalore.

a)Materials- Ordinary Portland cement 43 grade confirming to IS: 12269 (1987) was used. The fine aggregate used was
manufacture sand passing through 4.75 mm IS sieve and having a fineness modulus of 2.43 and specific gravity of 2.39.
The coarse aggregate passing through 12.5 mm and retained on 4.75 mm IS sieve having a fineness modulus of 6.25
and specific gravity of 2.79. CLASS F fly ash used as replacement of cement in reasonable quantity. GLENIUM
STREAM 2 was used as viscosity modifying agent and GLENIUM B233 used as super plasticizer.

b) Mix proportions for M30 grade- Normal Strength Concrete was obtained based on the IS: 10262-2009, the details of
mix proportion thus obtained are given in table 1. The proportion used was 1:2.1:2.46 with W/C ratio of 0.55.

Fine Coarse .
Cement aggregate | aggregate Water | fiber

380 802.323 | 936.6 202.5 | 0.50%
Kg/m® | Kg/m® Kg/m? litm® | 0.75%

Table 1 Mix design for M30 NSC
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¢) Mix proportions of SCC concrete for M30 grade,Nan-su method was used. The main consideration in the Nan-su
method is that voids present in loose aggregates are filled with paste, and that the packing of the aggregates is
minimized. Here it was investigated how maximum packing achieved for different percentages and finally volume ratio
of fine aggregates to total aggregates (S/a) was 53% with a packing factor of 1.14.

In the present study, various tests like filling ability test, passing ability test and segregation resistance test etc. on fresh
SCC were conducted. Trial mixes were conducted from slump flow test, J-ring test, V-funnel test, L-box and U-box test.
After passing these tests, successful SCC mixes were arrived. From such successful mixes, choose final mix of
proportion after the cubes were cast and tested after 7 days and 28 days. The details of workability test results and mix
proportion thus obtained are given in table 2 and table 3 respectively.

SIN. Property of SCC Limitations Test
results
1 Filling ability
Slump flow in mm 650 mm - 800 | 445,
mm
mm
Tso in seconds 2-5 sec 3.8 sec
V-funnel flow in 4-12 sec 11 sec
seconds
2 Passing ability
L-Box blocking ratio
8-1.
(Hi/H,) 08-10 0.85
J-Ring 0-10 mm 4 mm
U-Box (Hz-H;) 0to 30 mm 9 mm
Table 2: Workability test results for SCC
Cement [V |FA |CA |water |SP | VMA | Fiber
340 208.67 | 849.2 | 681.1 | 175.57 0 o | 0-50%
kg/m* | kg/m*® | kg/m® | kg/m® | liters/m? 1.30% | 0.20% 0.75%

Table 3: Mix design for M30 SCC

d) Designing and detailing of beam column joint specimen- G+5 storey building has been modelled in STAAD PRO
software. Dead load and live load combination has been taken into consideration. M30 grade concrete and fe500 grade
steel was used. The axial loads, shear forces & moments coming on to the structure has been noted. Critical exterior
joint on which maximum load, moment and Shear force are acting have been selected and scaled down to 1/8™ of actual
forces and moments.

The size of column is 100mm x 210mm and height is 2000mm. The size of beam is 100mm x 180mm and length of
beam from the face of column is 600mm. Fig. 1(a) shows the detailing of beam column joint. In beam section, 2#12mm
diameter and 1#8mm diameter reinforcement in tension side and 2#8mm diameter reinforcement in compression side
were provided. Shear reinforcement of two legged stirrups of 8 mm diameter at 150 mm c/c are provided .In column
section 4#12 mm diameter and lateral stirrups of two legged stirrups 8 mm diameter at 150 mm c/c are provided, fig.
1(b) shows reinforcement cage. In all the specimens, reinforcement kept constant. Design of beam and column was
designed as per specifications of IS 456:2000 and SP-16.
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Fig 1: (@) Reinforcement details of beam column joint, (b) Reinforcement cage for corresponding details

e) Preparation of formwork- The wooden moulds was arranged properly and placed over a smooth surface as shown in
fig.2 (a). The inside portion and corners of the moulds were properly greased for easy detachment of formwork from
specimen. The Reinforcement cages were placed in the moulds and cover between cage and form kept as 15mm.

f) Mixing of concrete and casting specimen- Mix details are shown in Table 2 and Table 4. The concrete constituents
such as cement, fly ash, fine aggregates, coarse aggregates, water, super plasticizer, viscosity modifying agent and steel
fibres were weighed accurately and mixed. Mixing was done in pan mixer and mixing was continued until a
homogeneous mixture obtained. The concrete was placed into the mould immediately after mixing. Control cubes and
cylinders were casted for all the mixes. The test specimens were demoulded from mould at the end of 24 hours and
cured under wet gunny bags for 28 days as shown in fig. 2(b). After curing specimens were painted with white colour
for proper visualization of crack pattern as shown in fig. 2(c). This procedure was followed for all the 14 specimens.

©

Fig 2: a) Wooden mould, b) Curing of specimens, ¢) Whitewash specimens

g) Experimental set up- The specimens were tested under a loading frame of 100 tones capacity. A constant load 280
kN, which is scaled down load of the axial capacity of the column was applied to the column. A point load was applied
to the beam end at a distance of 50 mm from free end. Load was applied in downward direction. The load-deflection
curve has been plotted by using data acquisition system. The accuracy of the deflection values were 0.01lmm. For every
increment of load, the surface was checked for any visible cracks and if any were marked using a marker pen. First
crack width was measured immediately when crack appeared at surface of the specimen, further crack propagation was
measured for each interval of load and finally, maximum crack width was measured at ultimate deflection. Test was
continued till the specimen reached its ultimate failure. Totally 14 specimens were tested and each specimens denotes
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with which type of concrete, fibers aspect ratio and fiber quantity. For an example, specimen SCC 20@0.5% denotes,
SCC type concrete in which fibres of aspect ratio 20 and 0.5% of fibre quantity were added. A typical loading
arrangement is shown in the Fig. 3.

Fig 3: Testing of Beam-column joint

. First crack Ultimate load |Ultimate Maximum crack
Specimen ad Pe (KN) | Pu(KN)  [defiection (mm|width (mm)
NSC 8.8 131 782 38
SCC 10.1 13.9 7.61 2.8
NSC 15@0.5% 11.3 18.4 7.94 2.1
SCC 15@0.5% 12.5 20.1 18.33 25
NSC 15@0.75% 29.6 328 11.65 23
SCC 15@0.75% 28 36.5 17.64 2.7
NSC 20@0.5% 26.5 34.8 13.13 18
SCC 20@0.5% 26.9 389 187 16
NSC 20@0.75% 18 289 19.25 12
SCC 20@0.75% 20.7 246 16.81 131
NSC 25@0.5% 14.2 20.6 31 22
SCC 25@0.5% 18.5 30.7 17.94 19
NSC 25@0.75% 135 19.9 404 29
SCC 25@0.75% 18.5 24.1 713 26

Table 4: test results
V. RESULTS

A)LOAD-DEFLECTION BEHAVIOUR AND CRACK WIDTH

All the specimen results were obtained from the test on beam column joint at 28 days. Table 4 shows first crack load,
ultimate load, ultimate deflection and maximum crack width of all specimens. From all the NSC specimens, ultimate
load and corresponding deflection of specimens were found to increase as the fibres aspect ratio and content increased,
which ensure that ductility enhanced but specimens NSC 25@0.5% and NSC25@0.75% failed at early load when
compared to other specimens which ensures that providing of percentage and aspect ratio of steel fibre is limited. From
all the SCC specimens, specimens with fibres having better results when compared to specimen without fibres. SCC
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15@0.75% and SCC 20@0.5%specimens having a maximum ultimate load for the corresponding deflection when

compared to other specimens. Fig. 4, shows a comparative graph of load-deflection curve for NSCspecimens. Fig. 5,
shows a comparative graph of load-deflection curve forSCC specimens.

LOAD DEFLECTION CURVE

40

—o— NORMAL NSC

—8— NSC15@0.5%

LOAD

—a— NSC15@0.75%
—8— NSC20@0.5%
—t— NSC20@0.75%
NSC25@0.5%
—=— NSC25@0.75%

5 0 5 10 15 20 25 30 35 40 45

DEFLECTION
Fig 4: comparative load - deflection graph for NSC specimens

LOAD DEFLECTION CURVE
&

40

» —a— 5CC15@0.5%

30 SCC15@0.75%
5 5CC20@0.5%
20 —=—5CC20@0.75%
15 —a—SCC25@0.5%
10 ——SCC25@0.75%

5 —8—NORMAL SCC

0 2 4 6 8 10 12 14 16 18 20

DEFLECTION
Fig 5: comparative load - deflection graph for SSC specimens

In all the specimens cracks appeared near the joint. As the loading is increased, additional cracks are formed. With
further increase in loading, the cracks get propagated up to the beam. Specimens without fibres developed more and
wide cracks at the joint region. Specimens with fibres in the joint region show very less diagonal cracks which are
occurred in beam-column joints with conventional detailing. Fig 6 shows combined load crack width curve for all
specimens.
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Fig 6: combined load crack width curve for all specimens

B)DUCTILITY FACTOR

Ductility is defined as the ability to undergo large deformation beyond the initial yield deformation prior to collapse. In
the present study ductility factor is defined as the ratio of maximum deflection to yield deflection. It was observed that
as the fiber increases the ductility factor got increased. Fig. 7 shows a comparative graph of ductility factor for all
specimen.

DUCTILTY FACTOR

526 54

43

3.05 3.16 333 3.26 3.5 3.56 3.68

O B N W A oo N

Fig 7: comparative ductility graph

VI. CONCLUSIONS

Based on the observation from the experimental results the following conclusions were drawn

1)
2)

3)

4)

Improved the strength and ductility of the joints was achieved by an addition of steel fibres in the SCC.

From the load deflection curve, it was noted that deflection increases with the increasing in fibre quantity upto 0.5%
of fiber further deflection decreases with increases in fiber quantity.

The ultimate load carrying capacity of SCC 20@0.5%specimen was 2.6 times more than specimen without fibre in
SCC.

It was observed that specimens with fibres, the cracks were few with reduced crack width. This was due the fact
that incorporation of fibres resulted in the reduction of the number of cracks and they had arrested crack
propagation too.
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It was observed from the maximum crack width, adding fibres in concrete decreases the crack width upto the 20
aspect ratio of fiber further crack width increased with increases in aspect ratio of fiber.

Specimens NSC 20@0.75% and SCC 20@0.75% had crack width 3.1 times and 2.1 times less than specimens
without fibres in NSC and SCC respectively.

There is certain limits for the quantity and aspect ratio of steel fibres that can be provided in concrete

Ductility factor was more for specimens with fibre when compared to specimens without fibres. Ductility factor
was increased with increasing in fibre content. It can be inferred that adding of fibers in specimen’s better ductility
can be obtained.

Ductility factor for a specimens NSC 25@0.75% and SCC 25@0.75% were 2.4 times more than specimens
without fibre in both NSC and SCC.
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