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Abstract—The objective of this paper is to present a new
method for strengthening of RC column in a multi storey
high rise building specifically for the splitting cracks at top
of the column arisen due to cranks in the main rebar. The
lateral compression force equal to split tensile strength of
concrete 3.2 Mpa in the concrete grade of C32/40 was
applied. External steel angles with steel rods were used to
impart a lateral compression force on the RC columns using
hydraulic jacks. This gain in the flexural strength is due to
the confinement effect imparted on the concrete externally.

The RC column was modelled in the 3D and FEM analysis
was done to check the imparted stresses onto the steel angles
and concrete. This method can effectively be used for the
RC columns in the industry as it requires clamping of RC
columns externally which can be achieved on site with ease.
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I.  INTRODUCTION

RC column is most important structural member in
reinforced concrete structure and the failure of RC
column results in collapse of structure. There is an
increase demand of high-rise building all over the world
and many of these buildings are mixture of cast in situ
columns with precast beams and slabs for faster
construction. Since, the precast beams are fabricated in
factory-controlled conditions and the columns are cast in-
situ, there is always a possibility of having shorter/larger
bearing length of precast beams on RC columns. Due to
the increased bearing on the RC columns, cranks were
made in the column rebars thereby having the outer
surface as unreinforced and without confining links.
Cracking occurred at outer face of column due to the
loading from beam which was transferred to the column’s
outer unreinforced concrete. These cracks generally occur
at top one third portion of the RC column and can be
easily distinguished from the RC compression failure
cracks which generally occurs at central portion of the
RC column. The multi-story building under this structural
strengthening program is a residential condominium
which consists of a 7 Storey Car Park, a Transfer
Structure and 4 no. 26 storey towers. The cracking was
observed in cast in-situ RC columns at top one third
portion.
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Following were the salient points in support of the fact
that cracking occurred due to the rebar cranks;

o Generally, if the concrete is under strength and load-
ed with very heavy axial loading, the splitting cracks
will form at the centre of the column due to column
bulging and lateral strain and not at edges.

e Many of the columns that were cracked were also
showing very high concrete core compressive
strength.

e The cover meter survey done to identify the cover of
RC columns showed that the cover was upto 150mm
at the cracked locations.

e Since, the quality control at precast factory for
beams fabrication is much better than in-situ column
construction. This might have caused increased bear-
ing on column.

Many options [1]-[12] were available for the
strengtheing of RC columns for splitting cracks and for
confining the concrete like steel jacketing of RC columns
with steel plates/strips, wrapping the column with CFRP
sheets and increasing the size of column by RC Jacketing
outside. All these methods could not be used for this
project due to the urgency of project and there was
requirement for faster repair method & also there was
limitations of others method. Steel jacketing requires
onsite welding and concrete jacketing requires drilling
into existing beam and slab while CFRP were not
effective due to rectangular shape of column (aspect ratio
of 1.5). So, a new method of strengthening works was
proposed to strengthen RC Column by lateral
compression using prestressing rods. The solution was a
sustainable solution as it was designed based on the three
important aspects of sustainability i.e.
society/stakeholders (since the carpark was existing with
the new method of strengthening such that there was no
reduction in the car park lots), client/economic (the
method was economical and easy to construct on site) and
lastly the environment (proposed method avoided the use
of concrete as to reduce the carbon footprint). The
method proposed was easy to use and was able to
increase the flexural strength of the RC column by 3.2
Mpa for a concrete grade of C32/40.

Il. METHODOLOGIES

A. Testing Methodology

In total, 39 RC columns were reported with cracks in
two towers and the concrete core test was recommended
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to check on the concrete compression strength for these
RC columns. Over 100 core tests were done with a test l l
result ranging from 18.5 Mpa to 59.5 Mpa. The columns
with very high core compression strength also reported
with cracks. Based on this observation and based on
visual inspection it was noted that the cracks occurrence
is not due to the under strength of columns and lower
concrete core test results are may be due to the micro
cracks formed inside the RC columns. This was further :
verified by Rebound hammer test results which shows
overall very high concrete compression strength ranging
from 45 Mpa to 60 Mpa, Rebound hammer test results
can be relied upon as the age of building was less than 5
years and rebound hammer test results depends on
hardness of concrete and not on the internal cracks. The
cover meter test was used to ascertain the cover at the

crack locations and was found to be 150mm which shows Figure 2. Bursting force due to cranked rebar
that cranks were made in the column rebar.

The concrete quality was further verified by using 4
Ultrasonic Pulse velocity method in the RC columns — Q

which shows an overall good quality of concrete. ' '
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Figure 3. Proposed strengthening using steel T section

Cracks in RC Column

Figure 1. Crack in RC column due to cranked rebar
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FINITE ELEMENT MODELLING & 3D ANALYSIS
RESULTS

The RC columns and steel T sections were modelled as
3D using plate elements in STAAD Pro and the stresses
observed in steel and concrete are within the allowable
stresses. See Fig. 4 & Fig. 5 for FEM Analysis results.
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Figure 4. FEM Model showing stress in concrete

Figure 5. FEM Model showing stress in concrete

IV. WORK METHODOLOGY

The T sections were fabricated offsite using equal steel

angle

and other works were carried out on site. Fig. 6

shows the final works carried out on site. The site

instal

lation was done based on the following procedure:
The micro cracks were sealed with epoxy resin mate-
rial before the start of strengthening works.
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Surface of column was made free of undulation and
debris.

Bottom two opposing T sections of steel then lifted
up using chain block and forklifts to desired position.
After that 4 numbers of steel bars were slotted into
corresponding steel section holes along with 8 num-
bers of bearing plates and 8 sets of nuts and washers.
Nuts are initially tightened by hand to limit free
movement prior to stressing.

Using spirit level, the steel section was checked
for horizontal alignment. Adjustment of position
was performed if necessary.

4 sets of couplers and lead bars were screwed onto
the steel bars. Stressing with jacks was performed
from one side only.

4 numbers stressing jacks and stressing chairs were
placed in position making sure the jack ram is at re-
tracted position.

Stressing pump was connected to 4 numbers of jacks
securely and pressure gauge was checked.
Incremental stressing was performed in maximum
increments of 10% until desired stressing percentage
was achieved. The 4 numbers of steel bars were
stressed simultaneously. Elongation of steel bars was
measured and recorded at the jack ram.

Upon achieving desired load induced to bar. The lock
nut was tightened to lock off the bar.

Stressing pump shall be depressurized so as to return
the ram to initial position.

Repeat from start for corresponding top sections until
3 layers of steel sections were completed.

Figure 6. Final completed column on site

V. INSPECTION & TESTING

Lift off method was used for the testing of stressed
bars as per the following procedure:
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e 1 set of coupler and lead bar was screwed onto the
installed steel bar.

e 1 number of stressing jack and stressing chair was
placed in position making sure the jack ram is at re-
tracted position.

e Stressing pump was connected to 1 number of jack
securely and pressure gauge was checked.

e Stressing pump pressure was increased until achiev-
ing 95% of lock off pressure recorded during installa-
tion.

e At 95%, the lock off nut was tested for movement. If
no free movement of nut was observed, the test indi-
cates the stress induced in bar is maintained

e Stressing pump shall be depressurized so as to return
the ram to initial position

VI. CONCLUSIONS

e This research paper presents the effectiveness of post
compression method for the increase in flexural
strength of concrete in RC Columns. Overall, there
was an increase of 3.2 Mpa in the flexural strength of
the RC column with a concrete grade of C32/40.

e Finite Element Modelling was used to check the al-
lowable stresses in steel and concrete.

o Lift off test was used on site to verify the imparted
psot tensioned in the rods.

e The current proposed method is used in case of pre-
cast beams on one side of the column and the meth-
od can be further revised for the case of beams in
both directions of RC column.
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