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Experimental Study on Beam- Column Joint with Fibres under
Cyclic Loading
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Abstract: - In earthquake resistant design, it is important to ensure the ductility in the structure, i.e., the structure
should be able to deform inelastically and dissipate energy without causing collapse. In frame structure, the
bending moment and shear force are maximum in the junction area. So beam-column joint is one of failure
zone. Among the beam-column joint, exterior joint behaves more critically than the interior joint during the
occurrence of earthquake. Many researchers have done research on joints using different techniques, materials
and introduced many repairing methods to enhance the resisting capacity of joints. From literature, it has been
observed that Polypropylene and Steel fibres have enhanced many desirable properties of concrete. Hence, these
fibrous materials can be introduced in these joints to enhance joint property. Polypropylene is a plastic polymer
and Steel fibres are made from prime quality hard-drawn steel wire to ensure high tensile strength and close
tolerances. Literature survey on these fibres does not reflect any prominent work carried out on beam-column
joint using these fibres, particularly under cyclic loading. Hence, in the present research these fiber materials
were used for beam column joint to observe the change/enhancement in the strength, stiffness, ductility and
energy dissipation capacity of the joints. In the present work, three one third (1/3 ™) scaled beam-column joints
have been caste with plain RC and RC fibres. All the specimen has been detailed by the provisions of IS: 13920
incorporating similitude requirements. The specimens were tested by applying cyclic load. The tests were
conducted by using servo hydraulic actuator (MTS made) of 100kN capacity. The recorded data were plotted to
draw hysteresis loop. The result were compared in various plot like envelope curve, stiffness, energy dissipate
and ductility. It was observed that performance of fibre specimens in term of all the above parameters were
better than the plain specimen.
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L. INTRODUCTION
From pre-historic era earthquake is the natural major destruction elements to human beings. During earthquake
most of the structure failure occurred in joint area, so beam-column joint is one of the major failure zone.
Hanson and Connor (1967) ! has been conducted first experimental study of beam-column joint under simulated
earthquake loading in the United States. They were reported regarding moment capacities at first yield of
reinforcement, ultimate moment and ductility of the assemblies, maximum beam deflection and anchorage bond
stresses of the beam reinforcements. Megget and Park (1971) @ performed experimental study of external beam-
column joint under seismic loading, and low column axial load. Authors reported that the joints of the specimens
were not adequately reinforced against large shear stresses at inelastic loading condition. Scribner and Wight
(1980) ®! conducted experimental study the strength decay in eight half scale and six full scale RC exterior
beam-column joint under load reversals to investigate the effect of intermediate longitudinal reinforcement on
shear deterioration of flexural members subjected to repeated type of loading. Durrani and Wight (1985)
investigated experimental study on performance of an interior Beam-Column joint under earthquake type loading
which had less joint reinforcement than recommended by ACI-ASCE Committee 352. They reported that the
joint shear stress had a pronounced effect on the behaviour at large ductility levels and the joint hoop
reinforcement. Abdel-Fattah and Wight (1987) B! investigated, twelve full-size interior beam-column sub-
assemblages were tested under cyclic loads to study relocating of plastic hinging zones for earthquake-resistant
design of RC buildings. The authors concluded that the performance of extra reinforcement in the joint could
help in successfully relocating the plastic hinge away from the column face. Ehsani and Alameddine (1991) !
investigated the behaviour of corner joint, and they were used high strength concrete. In their study twelve
specimen were tested in order to examine the recommendations of ACI-ASCE Committee 352 on the design of
high-strength ductile moment resisting beam-column joints. They reported that the recommendations which were
developed for normal strength concrete could not be applied to high-strength concrete frame. Murty et al.(2003)
1" experimentally studied exterior Beam-Column joints under displacement controlled cyclic loading to study the
effectiveness of anchorages of longitudinal beam bars and the transverse reinforcement in the joint core. The
authors concluded that comparable to among the joint reinforcement details, performance of the joint constructed
following ACI standard hook was the best and easy to construct as well. A.M. Choudhury et al. (2010) ©
investigated Comparative Study of Full Scaled Beam-Column Joints Under Cyclic Loading. They reported that
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envelope curve, stiffness, ductility, ultimate load were improve in column strong specimen than the column
weak specimen.

ML Gambhir ! has reported polypropylene and steel fibre is easily available polymer (C;Hs) and hard-drawn

steel wire fibres. Its resist most of chemicals, and it would be cementing matrix which would deteriorate first
under aggressive chemicals attack. Polypropylene has high melting point, even working temperature is 100 °C
also not affected. Polypropylene and steel fibre avoid micro cracks, improve closed surface of concrete, reduced
bleeding, improves concrete’s resistance to plastic shrinkage cracking, better concrete durability and reduce
surface dusting, improve mix cohesiveness, reduce segregation of the mix, improves water migration. C.D.
Johnston (1974) ™! investigated effect of steel fibre in reinforced concrete. He reported that crack, ductility,
energy absorption and ability to withstand repeatedly applied or impact loading was increased by the steel fibre.
N. Ganesan et al. (2007) ™ experimentally investigated ten steel fibre specimen of external beam-column joint
under cyclic load. They reported that all specimen undergoes large deformation without developing wider cracks
and decrease the rate of stiffness degradation. Machine Hsie et al. (2008) "4 has reported mechanical properties
of polypropylene hybrid fibre compare with pure compressive strength of concrete. They observed that
polypropylene specimen was increase compressive strength, tensile strength, modulus of rupture and toughness
index than the pure concrete. Rana A. Mtasher et al. (2011) ™! has been performed using different percentage of
polypropylene fibre on mix concrete to determine the compressive and flexural strength conducting a series of
test, and they have reported mechanical properties polypropylene fibre relatively high.
Literature survey showed that although extensive experimental investigations were carried out to understand the
behaviour of beam-column joints, yet no record could be found covering fibres at Beam-Column joint. The
research was initiated to observe the change in strength, displacement ductility, energy dissipation etc due to
strengthening by fibre.

1. SELECTION OF THE SPECIMEN
The deflected shape of a frame under the action of lateral loading is shown in Figure.1(a) where the points of
contraflexure lie at the mid-points of beams and columns. Further, the free body diagram of an external beam-
column sub-structure assembly is shown in Figure.1(b). It comprises of half of a column at top and bottom as
well as half of a beam. It may be noted that the symmetric boundary condition should be maintained at both the
ends of column for isolation of a single unit of beam-column joint.

—

@ (b)

Figure 1. (a) Deflected shape of a frame under lateral loading (b) Isolated exterior Beam-Column joint

1. DESCRIPTION OF THE SPECIMEN
Three one third scaled beam-column joint specimens have been considered, namely RCBC (reinforced concrete
Beam-Column as control specimen), SFBC (steel fibre Beam-Column), PFBC (polypropylene fibre Beam-
Column) . All specimens have been designed following the provisions of ductile detailing as per IS: 13920. The
cross sectional dimension and design were adopted same, only difference was materials provided in the Beam-
Column joint. The cross section of the column was taken as 100mmX100mm while the beam took as
100mmX120mm for all specimens. Four number of high strength deformed bar (Yield strength 500MPa) of
8mm diameter was used as reinforcement in column and beam. Mild steel bar of 4mm diameter was used as
lateral ties at 25mm c/c spacing up to the special confinement zone of the column as per 1S:13920. Beyond the
confinement zone of the column, lateral ties of 4mm diameter mild steel bar were used with a pacing of 40mm
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c/c. In the beam, shear reinforcement of 2 legged 4mm diameter mild steel bar with a spacing of 25mm c/c was
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Figure 2.Detailing of Beam-Column joint
used near the beam column joint for a length of 225 mm and2 legged 4 mm diameter with mild steel bar a
spacing of 40 mm c/c was provided for the remaining part of the beam. The detailing of specimen is shown in
Figure.2 and details of three specimens are shown in Table 1.

Table 1. Detailing of all specimens

Beam Column
Effective Cross Longitudinal | % of % of | Effective Cross Longitu | % of % of
Specimen Span Section Reinforcemen | Steel | Fibre Span Section dinal Steel Fibre
(mm) (mmxmm) t (mm) (mmxm | Reinforc
m) ement
RCBC 500 100x120 2-8¢ top 097 | ----- 1100 100x100 | 4-8¢ 121 | -
2-8¢ bottom total
SFBC 500 100x120 2-8¢ top 097 |1 1100 100x100 | 4-8¢ 1.21 1
2-8¢ bottom total
PFBC 500 100x120 2-8¢ top 097 |1 1100 100x100 | 4-8¢ 1.21 1
2-8¢ bottom total
V. INSTRUMENTATION AND LOADING ARRANGEMENT

The typical schematic diagram of test set-up is shown in Figure 3. An MTS actuator of 100 kN capacity with two
A frame was used for testing of specimens. The column was placed in horizontal position while the beam was
placed in vertical position in the set-up. An axial load of 10% of gross capacity of column was applied to the
column to represent gravity load. The load on column was applied by a 100 kN capacity jack, which was
properly calibrated. To simulate support condition at both ends of the column, roller supports were used. The
actuator is of double ended and double stroke nature. The actuator of capacity + 100 kN (Model 244.22) was
used for all specimens. The double amplitude displacement is 250 mm and single amplitude it is + 125m.

V. TESTING OF SPECIMEN

“With the help of hydraulic dynamic actuator, cyclic displacement was applied to all the specimens”. The
displacement controlled load with a frequency of 0.025Hz was applied to all the test specimens. The
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displacement histories applied to all specimens are shown in Figure 4. Three cycles of specific amplitude
consisting of a push and a pull segment were repeated before the next increment in displacement was made. The
first amplitude applied to all the specimens was + 0.47mm. The next amplitude applied was followed by +
0.47mm, £3.3mm, +6.6mm, +10.3mm, +13.6mm, £16.6mm upto +40.0mm. The displacement amplitude
increment was 3.3 mm. The experiment was stopped for all specimens £40.0mm in order to maintain similarity
among the specimen.

SERY( HYDRAULIC ACTUATOR

/| REACTION WALL ATRAME
/ HYDRAULIC
(K
4 | | | |
) 0 0
’ SPECTVEN
b AV
i p
o =
HINGE SUPPORT SUERORT
BLOCK
r,/
/ STRONG FLOOR
,/ / // ,/

Figure 3. Test set-up of all specimens
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Figure 4. Typical displacement history applied for the Specimens

Testing of Specimen RCBC

The test set up of this specimen is shown in Figure 5. Many observations have been taken during experiment
and by analysis hysteresis loop. In Figure 6 a close view of the joint damaged area is shown. The first crack
appeared in the junction of Beam-Column joint at a displacement amplitude of +3.3mm.
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Figure 5. RCBC specimen at the starting of experiment

Figure 6. Cracks on RCBC joint specimen at the end of testing

Further, many numbers of cracks were increased in the junction when displacement amplitude was
increased gradually. From hysteresis loop analysis, it can be observed that the maximum load capacity of RCBC
specimen is 9.8kN in push direction at 24™ cycle at a displacement of +23mm, similarly the maximum load of
9.2kN in the pull direction is observed at12" cycle at a displacement of 10.3mm. Figure 7 shows the hysteresis
loop of RCBC specimen. The width of the first crack and other major cracks were increased gradually. The load
of the last cycle displacement in pull and push direction was 5.985kN and 3.822kN respectively. The percentage
of load at the end of testing came down to 61.1% and 40.54% of ultimate load in push and pull direction
respectively.
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Figure 7. Hysteretic response of RCBC specimen

The ultimate load carrying capacity of this specimen was considered as average of peak load in pull and push
direction. It was 9.5kN for the specimen RCBC.

Testing of Specimen SFBC

The testing arrangement of this specimen is shown in Figure 8. The first crack was appeared at +3.3mm much
closed to the Beam-Column joint junction.

09/04/2012 11.7:13

Figure 8. SFBC specimen at the starting of experiment
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Figure 10. Hysteretic response of SFBC specimen

The maximum load carrying capacity of this specimen at push direction was 11.7kN at 12" cycle at a
displacement a 10.3mm. And minimum load carrying capacity at pull direction was 10.6kN at 12" cycle at a
displacement 10.3mm. Number of cracks developed on the Beam-Column joint and column surface was very
less. One major crack was developed at junction and other was micro cracks. Sometime these micro cracks were
difficult to observe. In Figure 9 is shown close view of Beam-Column joint at end of testing. Ultimate load
carrying capacity was found 11.15kN for this specimen. The percentage of load at the end of testing came down
to 81.58% and 87.8% of ultimate load in push and pull direction respectively. In Figure 10 is shown Hysteretic
loop of SFBC Specimen.

Testing of Specimen PFBC

The testing of specimen was done similar to the earlier ones. In Figure 11 is shown PFBC specimen at
starting of experiment. The first crack was appeared at +6.6mm just at Beam-Column joint junction. In Figure
13 is shown Hysteretic loop of SFBC Specimen. From the hysteresis loop analysis can be observed that the
maximum load in push direction was 10.7kN at 12" cycle at a displacement of 10.3mm. Similarly minimum
load was observed in pull direction 10kN at 12" cycle at a displacement 10.3mm.
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Figure 11. PFBC specimen at the starting of experiment
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Figure 13. Hysteretic response of PFBC specimen
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Only three major cracks were appeared on the surface and others were micro cracks. These micro
cracks were difficult to observe. The width of three major cracks was increased while displacement amplitude
increased gradually. There were no more cracks developed on this joint. In Figure 12 is shown close view of
cracks on Beam-Column joint junction after experiment. On the bottom face of the column appeared three more
major crack and others were micro cracks. There was no spalling concrete condition on this specimen. The
ultimate load capacity of this specimen was 10.35kN. The percentage of load at the end of testing came down to
81.9% and 94% of ultimate load in push and pull direction respectively.

VI. COMPARISON OF TEST RESULTS

The hysteresis loops presented in Figure 7, Figure 10 and 13 shows that the load is the highest in its first
cycle out of three cycles for particular displacement amplitude. Therefore, peak values of the load corresponding
to first cycle for each of the displacement amplitude were used to plot envelope curve. The envelope curve of
hysteresis loop RCBC, SFBC and PFBC is shown in Figure 14. It can be observed that the envelope curve for
SFBC and PFBC specimens shows improvement in ultimate load carrying capacity in the push and pull
direction. The improvement percentages of ultimate load carrying capacity are 17.37% and 8.95% for SFBC and
PFBC specimen respectively. The envelope curves reflect nonlinear behaviour of the tested beam-column joints.
The secant stiffness corresponding to a specified displacement was considered as stiffness of the assemblage.
Drift angle is defined as the ratio of beam tip displacement to the length of the beam.
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Figure 14. Envelopes of hysteresis loops for RCBC, SFBC and PFBC specimens
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Figure 15. Stiffness versus drift angle plot for RCBC, SFBC and PFBC specimens

Stiffness variation with respect to drift angle is shown in Figure 15. The stiffness of SFBC and PFBC
specimens corresponding to first applied amplitude of +0.47mm (drift 0.19%) were 2.9253kN/mm and
2.6126kN/mm, while RCBC specimen was 2.043kN/mm. Thus the gain in initial stiffness was 39.52% and
24.61% respectively. The ability of a structural element to resist an earthquake depends to a large extent on its
capacity to dissipate the energy. The area of hysteresis loop is a measure of the energy dissipated. The
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cumulative energy dissipated at particular amplitude was calculated by summing up the energy dissipated in all
the preceding cycles including that amplitude. The plot of energy dissipation versus drift angle for RCBC, SFBC
and PFBC specimens are shown in Figure 16.
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Figure 16. Cumulative energy dissipated by RCBC, SFBC and PFBC specimens
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Figure 17. Ductility improvement of SFBC & PFBC over RCBC

The figure shows that cumulative energy dissipated by SFBC and PFBC specimens are higher than that
of RCBC specimen at every drift angle. The gains in cumulative energy dissipation at failure stage due to due to
fibres (SFBC, PFBC) are 35.835% and 12.62% respectively. The displacement ductility was calculated from
respective envelope curve. It may be defined as the ratio of maximum displacement to the yield displacement. In
Figure 17 is shown displacement ductility of the specimens. The ductility of RCBC, SFBC and PFBC are 3.56,
7.1 and 7.3 respectively. The ductility of SFBC and PFBC specimen are higher than the RCBC specimen.

Further it can be observed that the ductility increased 99.4% and 105% respectively.

VII. CONCLUSION

In the experimental study of beam-column joint a trial was made to improve this joint area providing
some fibres material. Three scale model of beam-column joint was considered. The first specimen which was
made of RC was treated as control specimen. Second specimen was cast by adding 1% of polypropylene fibre
and similarly third specimen was cast by adding 1% of steel fibre. All specimens tested under cyclic loading to
make a comparative study. The result were comparison in various plot like envelope curve, stiffness, energy
dissipate and ductility.
Based on the interpretation of result the following major conclusion are drawn.-column joints, the following
conclusions were drawn.
e The addition of fibres plays an important role for arresting, delaying and propagating of cracks.
e There was remarkable increase in load carrying capacity due to addition of fibre (ranging from 8.95% to

17.37%)

e Theinitial stiffness for fibres specimen increased tremendously (ranging from 27.9% to 43.2%).
e The energy dissipation increased considerably for fibres specimens (ranging 12.62% to 35.83%).
e  The ductility increased tremendous for fibres specimens (ranging 99.4% to 105%).
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