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Abstract - The main aims of the Research is to
investigate the efficiency of repaired damage concrete
columns by using thin concrete  jacketing.
Sustainability =~ necessitates  the  protection  of
infrastructure from any kind of deterioration over the
life cycle of the asset. Deterioration in the capacity of
reinforced concrete (RC) infrastructure (e.g., bridges,
buildings, etc.) may result from localized damage
sustained during extreme loading scenarios, such as
earthquakes, hurricanes or tsunamis. In addition,
factors such as the corrosion of rebars or ageing may
also deteriorate or degrade the capacity of an RC
column, thereby necessitating immediate strengthening
to either extend or ensure its design life is not limited.
The aim of this paper is to provide a state-of-the-art
review of various strengthening and repair methods for
RC columns proposed by different researchers in the
last two decades. The scope of this review paper is
limited to jacketing techniques for strengthening and/or
repairing both normal- and high-strength RC columns.
The paper identifies potential research gaps and
outlines of the future direction of research into the
Strengthening and repair of RC columns.

Key words - Reinforcement, corrosion, Concrete
Jacketing, Strengthening, Repair, Damaged RC
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I. NTRODUCTION

Seismic retrofitting and/or the strengthening of

Reinforcement columns has been a popular area of
research for decades. This is primarily because, in a
building frame system or a bridge, the imposed seismic
energy demand is dissipated by the displacement of the
columns, thereby resulting in slight to severe damage
depending on the severity of the earthquake, and hence
the need for repair emerges to ensure the smooth post-
earthquake recovery of the facility. The repair and
rehabilitation of existing structures are major
construction activities. Meanwhile, reinforced concrete
(RC) is used widely as a construction material in most
parts of the world. The need for strengthening and
repair may also arise because of a number of other
factors such as the ageing of structure, deterioration of
concrete, change in building use and loading
requirements, design errors, corrosion of reinforcement
and construction mistakes during erection.

The failure of the most important structural elements,
i.e., columns, may lead to the total collapse of frame
structured buildings because they are the only structural
elements that convey the total vertical loads of buildings
to the soil. (ese members can lose their strength and
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stiffness due to damages during their service lives.
(therefore, repair or reconstruction is necessary in case
of noticeable cracks to ensure that loads are further
carried and transmitted to the soil.

Strengthening methods depend on the type of structure
and loading. Regarding structures subjected primarily to
static loads, increasing flexural and axial compressive
strength is essential. Regarding structures subjected
primarily to dynamic loads, increasing flexural and
shear strength is crucial. Improving column ductility
and rearranging column stiffness can also be achieved
with strengthening methods. Damages to RC columns
may include slight cracks without damage to
reinforcement, superficial damage in concrete without
damage to reinforcement, concrete  crushing,
reinforcement buckling, or tie rupture. On the basis of
the degree of damages, techniques such as injections,
removal and replacement, or jacketing can be applied.

Many researchers have investigated the bond strength
between two concrete layers and different techniques
for increasing the roughness of the substrate surface.
Nowadays, repairing technigues suitable in terms of low

cost and fast execution time should be identified.
Hence, the current research studied the repairing and
strengthening of square RC columns by applying two
concrete jacketing types: using ultrahigh-performance
fibre-reinforced self-compacting concrete
(UHPFRSCC) and normal strength concrete (NSC) as
jacketing materials with three methods of surface
roughening, i.e., mechanical wire brushing, mechanical
scarification, and using shear studs.

1. EXPERIMENTAL MECHANISM

The experimental work here in aims to investigate the
bonding among the column cores and their jacketing
and the ultimate load-carrying capacity and axial
displacement of uniaxial loaded square RC columns
repaired and strengthened using two jacketing types
with three methods of surface roughening. (The
obtained results are compared with those of the
reference columns. Figure 1 presents the experimental
plan of column specimens’ fabrication.

Preparation of NSC mix

6 monolithically cast 3 unjacketed reference 36 column cores of

reference columns columns of 100 x 100mm 100 x 100mm

Reference column of Roughening of
150 % 150mm surfaces

Reference column of Mechanical wire Mechanical
170 x 170mm brushing scarification

Using shear studs
UHPFRSCC jackets NSC-4.75 jackets
25mm jacket 25mm jacket

35mm jacket 35mm jacket

Fiure 1: Experimental program

I1l. TYPES OF CONCRETE MIXES

In this research, the following concrete mixes are
designed on the basis of the targeted concrete
compressive strength.

5.1 NSC ;- NSC mix is prepared and used to cast the
UC reference columns, MC reference columns, and the
column cores of the two groups A-B and X-Y. Table 2
shows the NSC mixing proportions.

5.2 NSC-4.75;- The NSC mix with a maximum
aggregate size of 4.75mm (NSC-4.75) is prepared and
used to cast the jackets of the A-B column specimens. (e
absolute volume method recommended is used to
compute the quantities of concrete materials required
for the NSC-4.75 mix.

5.3 UHPFRSCC;- The UHPFRSCC mix is used to cast
the jacket of the X-Y column specimens. It is prepared
using the ingredients. The UHPFRSCC mix is designed
to obtain a target standard cylinder compressive strength
of approximately 120 MPa.

IV. COMPARISONS

The load—drift diagrams of all the specimens are
compared in Fig. 13. The main results, both in terms of
maximum bending moments and drifts. The corroded
column shows a decrease of the maximum strength of
about 26 % (rebar corrosion about 20 % in weight) and
a marked decrease of maximum deformation (up to 50
%) with respect to the undamaged one.

The results obtained from the jacketed specimen
showed the effectiveness of this technique for
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strengthening columns with corroded longitudinal
rebars. The maximum load for both positive and
negative drifts is higher than the peak load reached by
the undamaged specimen. The maximum load measured
for negative drifts, the direction in which the
strengthened specimen showed a correct failure mode,
is increased of about 65 and 118 %, if compared to
those of the undamaged and corroded columns,
respectively.

-2.00%, 3

| 2.00%, 3

Fig. 2 Corroded reinforced column (CR): crack pattern
at a drift of 0.75 % (a) and 2 % (b, c)

V- ADVANTAGES

e Itincreases the seismic capacity of the column.

e Amount of work is less as foundation
strengthening does not require.

. It increases the shear strength of the column.

e It also increases the confinement of concrete in
circular column.

e  Steel jacketing does not increases significant
weight of the column and also save construction
time.

VI- DISADVANTAGES

e  Cracks develop in concrete due to shrinkage and
load.

e  Conventional form work construction methods
slow things down.

e  Low tensile strength.

e  Difficult to repair modified and extend.

VI1I- APPLICATIONS OF JACKETING

Jacketing is particularly used for the repair of
deteriorated columns, piers, and piles and may easily be
employed in underwater applications. The method is
applicable for protecting concrete, steel, and timber
sections against further deterioration and for

strengthening.

Jacketing used for purposes other than covering the
deteriorated concrete and providing lateral confinement,
such as to bear longitudinal loads, needs special
considerations. The existing column may have
undergone full shrinkage and most of the creep and also
has elastic strains due to carried loads, whereas the
shrinkage and creep of the new material has to occur.

VIl1- CONCLUSIONS

The outcomes of the experimental study can be
summarized as follows:

e Applying two jacket thicknesses of 25 and
35mm with A-B and X-Y jacketing types
considerably improves ultimate load-carrying
capacity in almost a similar rate to the rate of
increase in jacketing area.

e Repairing and strengthening using
UHPFRSCC and NSC-4.75 jackets
significantly increases the ultimate load-
carrying capacities and axial displacements of
the specimens with respect to the UC and MC
reference columns.

e Although repairing and strengthening RC
columns using NSC-4.75 as a jacketing
material is effective, UHPFRSCC is more
effective due to the use of steel fibres.
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