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Concrete Property

, Kg .

fi(MPa) Ec(MPa) p(—3) v

8.3 14404 2337 0.2
Longitudinal Bar Property

Kg .

F(MPa)  E;(GPa) p(—2) v

400 210 7850 0.3
Transvers Bar Property

Kg .
F,(MPa)  E;(GPa) p(ﬁ) v

230 210 7850 0.3
Table 1. Mechanical properties of RC columns under
axial load
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Table 2. Mechanical properties of Steel cage
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Fig. 3. Finite element models
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Fig. 4. Comparison between experimental and FEM
results in the axially loaded model [13]
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Concrete Property

, Kg .
f¢(MPa)  E(MPa) pC3) v

12.65 17783 2397 0.2
Longitudinal Bar Property

Kg .
F,(MPa) E;(GPa) p(ﬁ) v

500 200 7850 0.3
Transvers Bar Property

Kg .
F,(MPa) E;(GPa) p(ﬁ) v

230 210 7850 0.3

Table 3. Mechanical properties of RC columns under
axial load and bending moment
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Steel Cage Property

Angle Strip E, E x

(mm)  (mm)  (GPa) (GPa) "

Ls.s 230x140x8 YVO Yye ¥
YV XYe e XA

Table 4. Mechanical properties of Steel cage
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Fig. 2. Experimental model under axial load and bending
moment [14]
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Strengthening

Material properties

Specimen Angles Strips (mm?) No. of strips £ (Mpa) fy) (MPa)
C-Un - - - 8.3 -
C-Ref L80.8 270x160%8 5 8.3 275
C-A.St L80.8 270x160%8 7 8.3 275
C-D.St L80.8 270x160%8 3 8.3 275

C-St120 L80.8 270x120%8 5 8.3 275
C-St200 L80.8 270x200%8 5 8.3 275
C-AL60 L60.6 270x160%8 5 8.3 275
C-AL100 L100.10 270x160%8 5 8.3 275
C-T.St6 L80.8 270x160x6 5 8.3 275

C-T.St10 L80.8 270x160x10 5 8.3 275
C-fc12 L80.8 270x160x8 5 12 275
C-fcl6 L80.8 270x160%8 5 16 275

C-fy355 L80.8 270x160%8 5 8.3 355
C-fy235 L80.8 270x160%8 5 8.3 235
C-CA.L80 L80.8 270x160%8 5 8.3 275

Table 5. Specimens analysed in parametric study of the model under the axially loaded

Ji.«}jﬁjéj‘,md}ﬁi\MJM;Q#\JHMLEA)AAM};UILSMQN.\ JJJJ:

Strengthening

Material properties

Specimen Angles Strips(mm3) No. of strips ~ Capital ~ fc(MPa)  fy, (MPa)
R-Un - - - YES 12 -
R-Ref L60.6 230x140x8 5 YES 12 275
R-4.St L60.6 230x140x8 4 YES 12 275
R-3.St L60.6 230x140x8 3 YES 12 275

R-St120 L60.6 230x120x8 5 YES 12 275
R-St100 L60.6 230x100x8 5 YES 12 275
R-L50 L50.5 230x140x8 5 YES 12 275
R-L70 L70.7 230x140x8 5 YES 12 275
R-T.St6 L60.6 230x140x6 5 YES 12 275

R-T.St10 L60.6 230x140x10 5 YES 12 275

R-fc 8 L60.6 230x140x8 5 YES 8 275
R-fc 16 L60.6 230x140x8 5 YES 16 275
R-fy355 L60.6 230x140x8 5 YES 12 355
R-fy235 L60.6 230x140x8 5 YES 12 235
R-N.Ca L60.6 230x140x8 5 NO 12 275

Table 6. Specimens analysed in parametric study OfﬂEF model subjected to axial load and bending moment
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Fig. 8. (A): Load distribution between steel cage and column in C-Ref, C-D.St, C-A.St model. (N, load supported by the
column; Ng, load supported by the cage)., (B): Compressive stress in concrete.
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Fig. 9. (A): Load distribution between steel cage and column in C;Réf, C-St120, C-St200 model. (N¢, load supported by the
column; Ng, load supported by the cage)., (B): Compressive stress in concrete
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Fig. 11. (A): Load distribution between steel cage and column in C-Ref, C-T.St6, C-T.St10 model. (N, load supported by
the column; Ng, load supported by the cage)., (B): Compressive stress in concrete
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Abstract

Nowadays, reinforced concrete structures are widely being constructed all over the world and some of
them need to be strengthened for variety of reasons such as poor design, damages caused by
earthquakes, etc. Nowadays, engineering attitude toward demolition and renovation of structures have
been changed to retrofitting and upgrading. By retrofitting, the structural reliability increases and
saves both time and cost. In some of special cases that the structure can not be demolished and rebuilt,
retrofitting plays an important role. The columns of the structures are one of the main elements that
are subjected to axial, shear forces, and bending moments, and their strength and ductility have an
important impact on their seismic capacity. Different methods are used for strengthening of columns.
These methods include concrete jacketing, steel jacketing and composite jacketing (FRP). Among the
various retrofitting methods of reinforced concrete columns, steel jacketing is one of the methods used
to strengthening of RC structures, especially for confining RC columns with rectangular and square
cross sections. Steel cage is a type of steel jacket and because of its effectiveness, ease of use, light
weight and the availability of material, it has become an affordable, effective, economic and simple
option. This method involves the use of four longitudinal angle steel profiles fixed to the corners of
the RC columns, to which some transverse steel strips are welded. The gap between steel cage and
column is filled with cement or epoxy mortar. Different parameters affect the behavior of the column
reinforced with steel cage. Studies carried out on this strengthening method have mostly focused on
the axially loaded columns. The parameters have been studied are the number of steel strips, the size
of the steel strips, the size of the steel angels, the thickness of the steel strips, the yield stress of the
steel of the cage, the compressive strength of the concrete used in the column, and, finally, the use of
capitals in the beam-column connection joint zone. Capitals are welded to the steel cage and located at
each end of the cage, loads applied to the beam are transmitted to the steel cage through the capitals.
Loads from an upper floor of the building are also transmitted to the cage through the beam via the
capitals. Current study investigates the behavior of RC columns strengthened with steel cage under
axial force and bending moment. In this regard, the strengthened RC column with steel cage was
modeled using finite element method using ABAQUS software and calibrated by experimental results
obtained from other laboratory research works. Then, the parameters affecting the behavior of the
strengthened columns were examined. Seven different parametric studies carried out in order to grasp
the behavior of the retrofitted columns by using parameters such as the number, size, thickness and
yield strength of the steel jacket plates, compressive strength of concrete, condition of the beam to
column connection and the mechanism of load transmission. The results of this study show a good
agreement with experimental results and demonstrate a considerable increase in the ultimate axial
force and bending moment.

Keywords: Strengthening, Steel cage, Finite element method, RC column, Seismic retrofitting
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