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ABSTRACT

Some RC frame buildings in India suffered severe damage in recent
earthquakes due to poor detailing of joint reinforcement. Indian standards
do not have detailed design guidelines for determining the amount of
transverse shear reinforcement in joints and anchorage of longitudinal
beam bars in columns. It is therefore important to evaluate the performance
of beam-column joints of existing buildings and to devise suitable
retrofitting techniques for improved seismic behavior of these lateral load
resisting moment frames.

This paper presents details of one of a series of twelve beam-column
specimens with different joint details tested up to failure under reverse
cyclic loading and retrofitted in the joint failure region using glass fabric
reinforced plastic (GFRP) composite. The effectiveness of retrofitting using

TERD
GFRP composite for RC beam-column specimens was studied for improving

the seismic performance of RC joints. The specimen retrofitted with GFRP
composite showed improved strength and marginally improved energy
dissipation characteristics under reverse cyclic testing when compared with
original specimen. However, there is ho improvement in the ductility of the
Jjoint.

1.0 INTRODUCTION

Much of the civil infrastructure is in need of repair or replacement as a
result of damage caused by heavy use and exposure to the environment.
There is additional demand on repair and retrofitting caused by natural
disasters like earthquakes. The fiber reinforced polymers (FRP) are
relatively new materials but they have already become important
engineering materials. The properties of FRP’s like high strength-to-weight
and stiffness-to-weight ratios, corrosion resistance, light weight and
potentially high durability make them very attractive for use in civil
infrastructure. Recently, the new retrofit method for reinforced concrete
(RC) structures using FRP’s is getting attention due to its advantages over
conventional retrofitting techniques like steel jacketing and shortcreting etc.
Their use has significantly increased in the retrofitting of RC structures due
to their tailor able performance characteristics.
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Good seismic performance of RC frames is achieved in frames that
have the ability to (a) avoid a sudden development of collapse mechanism
during strong earthquake shaking, and (b} absorb seismic energy through
inelastic deformations. These objectives are met at global and local levels
while designing a RC frame system. At the global level, a suitable collapse
mechanism is chosen which distributes the inelasticity uniformly
throughout the structure but at specific regions, which enhances overali
energy dissipation potential and limits the inelastic demand at each of these
specific regions to a low level. And, at the local level, these regions
designated for inelastic activity are so detailed that they can undergo large
deformations without losing much strength and stiffness. For typical RC
frames, a strong column-weak beam (SCWB) collapse mechanism (Figure
la) satisfies the above global objective much better than by a strong beam-
weak column (SBWC) mechanism (Figure 1b). In SCWB systems, flexural
capacities of beams at a joint are developed before (i) the shear capacities of
the beams themselves, (ii} the shear capacity of the joint, and (iii) the
flexural capacities of the columns.
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Figure I: Collapse mechanisms of frames (a) overall sway mechanism
owing to strong-column weak-beam design, and (b) storey sway
mechanism owing to strong-beam weak-column design

Moreover, some RC frame buildings suffered damage in recent
earthquakes due to poor detailing of joint reinforcement (amount of
transverse shear reinforcement in joints and anchorage of longitudinal beam
bars in columns) (Rai and Murty, 2003). In the Indian context, most
buildings were designed by the Indian Concrete Code 15:456:1978
(IS:456:1978) and 15:456:2000 (IS:456:2000), in which there is no mention
of beam column joints. It is therefore important to evaluate the performance
of beam-column joints and to devise superior detailing techniques for
improved seismic behavior of lateral load resisting moment frames. Further,
the suitable retrofitting technique to rehabilitate the failed beam-column
joint in existing structures is very important to bring back the damaged
structure in its normal life.
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Extensive research work has been reported in literature on retrofitting
of columns (Priestle et. al., 1996, and Seible ct. al. 1997). Circular, square,
and rectangular bridge columns have been strengthened externally using
continuously wrapped carbon FRP (CFRP) composites and steel jacketing.
Confinement, ductility, and shear effects were studies and design guidelines
were developed. An experimental investigation was conducted by
Sadatmanesh et. al. (1996) to study the effect of retrofitting using composite
straps on seismic performance of RC columns. The retrofitted columns had
a improved ductility (up te 6) compared to low level of ductility (1.5)
observed for specimens without FRP retrofitting. Janoes Gergely et. al.
(2000} studied the wviability of carbon FRP composite for shear
strengthening of RC T-joints. The use of CFRP has increased the joints’s
shear strength greatly and in addition there was better damage control and
the joints had the minimal residual strength at the end of the test sufficient
for supporting dead loads. Malek and Saadatmanesh (1998) studied the
ultimate shear capacity of RC beams strengthened with web-bonded FRP
plates. Older concrete structures do not meet the modified code criteria

This paper reports the findings of two specimens of an experimental
study on retrofitting of damaged exterior RC beam-column joint sub-
assemblages that are typical of gravity-only designed RC frames in Jow
scismic regions and of pre-seismic code constructions in India and many
other developing countries. Full details of all specimens tested in this series
are given elsewhere (Murty et al. 2004).

2.0 OBJECTIVES

Retrofitting of different beam-column joints damaged under reverse
cyclic testing is done by using glass fabric reinforced polymer (GFRP)
overlays. The performance of this FRP retrofitting technique is evaluated
based on hysteretic behavior and energy absorbed under cyclic loading.

3.0 EXPERIMENTAL DETAILS
3.1 Specimen design

Two specimens of half scale RC beam-column joint sub-assemblages
were tested, one original and another retrofitted. The original specimen
represented reinforcement detailing for anchorage of beam bars and
transverse reinforcement of joint core as practiced in most RC frame
building constructions in India (Figure 2). The anchorage in the specimen is
typical for non-seismic (gravity) frames where only tension rebars are
anchored (Indian Standard Handbook on Concrete Reinforcement and
Detailing, 1987). This type of anchorage is least effective against pullout in
strong seismic shaking. The original specimen S1 was tested under cyclic
loads up to failure as reported in a previous study (Murty, et. al., 2003). The
photograph of a typical specimen failed in joint is shown in Figure 3.

Influence of Fibre Wrap Retrofitting on Gravity Designed RC Beam-Column Joints under...... 29



3.2 Application of GFRP overlays

The failed joint was retrofitted by GFRP overlays (4 layers) in the
joint region after replacing the cracked concrete with fresh cqnerete (Figure
4). The balanced weave glass fabric (area density: 350 g/m ) has been used
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Figure 2: Geometry and reinforcement details of specimen

Figure 3: The original specimen tested up to failure
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as reinforcement along with epoxy resin system for application of GFRP
overlays to retrofit all the twelve specimens damaged under cyclic testing.
The epoxy resin has two components: Resin PG-100 and Hardener PH-851
available from local manufacturer M/s Parikh Resins Limited, Kanpur. The
hardener is mixed in the resin (50% by weight) with gel time of 180-200
minutes (sufficient for retrofitting one joint at a time) and curing time of 24
hours at room temperature. After cleaning the finished surface of the
repaired joint a thick coat of epoxy resin was applied first. Subsequently,
layers of cut glass fabric sheets in T-shape were applied in the joint region
(total four layers). The glass fabric was impregnated with epoxy resin in
each layer by using rollers and brushes so that extra resin from below comes
on top ensuring proper impregnation. The cracked concrete in the beam and
column surrounding the joint was also covered with GFRP overlays. The
photograph of the specimen with GFRP overlays in the test set-up is shown
in Figure 5.

Figure 4. Putting fresh concrete after the removal of cracked concrete from
failed joint .
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Figure 5: Photograph of the GFRP retrofitted specimen
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3.3 Test set-up

The isolation of sub-assemblages from the frame structure requires
that proper boundary conditions be simulated in the test seg-up for faithful
emulation of stresses inside the test specimen akin to the prototype. A
schematic of the test-setup used in the study is shown in Figure 6. The sub-

[s]
assemblage was rotated 90 such that the column member is in the
horizontal position and the beam member in the vertical position.

A 250 kN hydraulic actuator was used to apply cyclic displacements at
the beam end. The column ends are held against the reaction floor through
an arrangement, which not only restricts the horizontal movement but also
provides moment-free rotation through an external hinge fixture (Figure 6).
The loading program used was the same as for original specimens, consisted

1 £ N T
of a simple history of reversed symmetric cycles of increasing displacement

amplitudes in predetermined steps (Figure 7). At each step of loading, three
cycles were performed. This simplified history permits the evaluation of
parameters such as energy dissipation potential, and failure mode, which are
important for understanding the seismic performance of any system. The
load cell in the actuator arm measured the applied horizontal force and the
DC type LVDTs mounted on the specimen monitored the displacements and
were recorded online on a data acquisition system.
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Figure 6: Test set-up for cyclic displacement loading of joint sub
assemblage in a 90 ° rotated position
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Figure 7: Cyclic displacement loading history applied on joint sub-
assemblages
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4.0 RESULTS AND DISCUSSIONS

The effect of retrofitting using GFRP overlays for twelve different RC
beam column specimens damaged under cyclic loads (Murty et. al., 2003)
has been studied. The retrofitted specimem has been tested under same
cyclic loading like original specimen. The overall hysteretic behavior of the
two specimens is summarized in Table 1 and Figures 8 and 9. In general, the
retrofitted specimen has been able to regain its original strength. The
specimen failed at the same displacement excursion levels as the original
undamaged specimen. The increase in peak load is between 33.7% as
observed from envelope backbone curves (Figures 10) for the specimens.
Observed pinched hysteretic curves (Figures 8-9) of the sub-assemblages
(for both original and retrofitted specimens) are primarily due to premature
shear failure of the joint region exhibiting performance of joint
reinforcement.

Comparing hysteretic loops (Figures 8-9) and envelope backbone
curves of the specimens (Figures 10), the ultimate displacement (the
displacement at 15% drop of peak load) is 20.0 mm for original specimen
and 18.1 mm for retrofitted specimen. The cumulative energy dissipated
during the hysteretic loops has been plotted for different specimens in
Figure 11 and the total cumulative energy values are given in Table 1 to
compare the performance of different specimens. A comparison of the
energy dissipation of the specimens (Figure 11) shows that the specimen
with no joint reinforcement indicates the poor energy dissipation potential.
It has been observed that use of GFRP overlays for retrofitting has been able
to achicve the original strength and marginally increase the energy
dissipation characteristics. However, there is no improvement in the
ductility.

Table 1: Comparison of observed Ultimate displacement and load, and
computed cumulative energy dissipated during hysteretic cycles

) Ultimate Ultimate Total Energy
Specimens | Displacement Load, dissipated in
S, mm Py kN hysteretic cycles,
i Ecummu, kN'm
(1) (2) 3) 4
S1 21.0 70.6 5.90
S1_Ret 18.1 94 4 7.55
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Figure 8: Lateral load-displacement hysteresis loops of original sub-
assemblage specimen
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Figure 9: Lateral load-displacement hysteresis loops of retrofitted sub-
assemblage specimen
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Figure 11: Comparison of energy dissipation
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