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1. Introduction

In current study, a novel retrofitting scheme, hybrid confinement using steel reinforcement profiles and FRP
wraps was presented for strengthening of columns and plain concrete piers and verified using the results of an
experimental work results. Twenty cylindrical concrete specimens were produced in laboratory conditions and
energy dissipation, axial deformation, initial stiffness and load-deflection curve was calculated for each specimen.
Two of specimen was used as benchmark, however the other were retrofitted using CFRP wraps, GFRP wraps, near
surface mounted steel rods, FRP confinement and proposed retrofitting scheme. Based on the results, axial
compressive strength, energy dissipated and ductility was enhanced. The axial force-axial displacement behavior
of hybrid confined specimens had two parts. In the first part a parabola curve was observed whereas in the second
part the behavior was linear. The failure of specimens was brittle and had explosive nature towards CFRP or GFRP
rupture. However, the results proved that we will be able to use the proposed novel confinement scheme for shear
and flexural strengthening of columns and plain concrete piers of road and railroad bridges.

2. Methodology
2.1. Experimental study

Our proposed hybrid confinement scheme was constructed of steel elements and FRP wraps. In the first scheme,
the damage surface of column will be repaired. Then steel elements will be attached to the column surface using
two part epoxy adhesive. The remained space between steel elements and column surface fills using low strength
concrete. Finally, the FRP wrap will be attached around the perimeter of column. A schematic view of proposed
scheme illustrated in the Fig. 1.

2.2 laboratory tests
Experimental tests of cylindrical specimens under uniform axial pressure were conducted in the structure
laboratory. The detail of specimens was illustrated in Table 1.
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Fig. 1. A schematic view of retrofitted scheme: a) after wrapping of FRP, (b) before wrapping of FRP
) Retrofitting detail for wall type pier, d) Retrofitting scheme for circular section column

Table 1. the detail of experimental specimens

specimen Retrofitting Technique Number of Specimen
PCS Benchmark specimen 2
TSP-CFRP Thin steel strips + two layers of CFRP (Scheme 1) 3
WSP-GFRP-CFRP Wide steel strips + one layer GFRP + one layer CFRP 3
CFRP-TSP-CFRP One layer CFRP + Steel strips + one layer CFRP (Scheme 2) 3
GFRP-CFRP One layer GFRP + One layer CFRP 3
CFRP 2 Two layers of CFRP only 3
SR-CFRP Steel rods + two layer of CFRP 3

3. Results and discussion

In order to comparative study of proposed retrofitting scheme, the number of FRP layer, type of FRP and the
structure of scheme was studied. For all specimens, the axial force- axial deformation curve was drawn. The energy
dissipation, axial compressive strength and elastic stiffness were considered as measure parameters. All of the
retrofitted specimens had two part behavior such as curve behavior in the first part and straight behavior in the
last part considering strain hardening behavior. This behavior is same as FRP wraps retrofitted specimens. The
steel element increases the axial load carrying of specimens; also it is very convenient for enhancement of flexural
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strength however the confinement enhancement on the concrete surface is negligible. In the Fig. 2, the comparative
behavior of TSP-CFRP, CFRP-TSP-CFRP and benchmark specimens was illustrated. The elastic stiffness of
retrofitted specimens increased considering the steel elements effects; however the axial compressive strength
and energy dissipation was increased.
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Fig. 2. Axial load-vertical deformation of three tested specimens

4., Conclusions

Based on the result, energy dissipation in proposed retrofitted scheme was enhanced about 24% and 11% ratio
to CFRP only and NSM retrofitted specimens. The failure mode of specimens retrofitted using hybrid steel-FRP,
was inclined to flexural mode however the most failure mode is shear failure considering negligible effect of steel
element onto confinement of concrete. The axial deformation of retrofitted specimen using scheme 1 was increased
ratio to CFRP 4 specimen, however this item was constant about the scheme 2 retrofitted specimens. About the
energy dissipation measure, enhancement was more than 10 time than benchmark specimen, however this item
was 24% more than CFRP 4 specimen. Elastic stiffness was increased about 27% ratio to benchmark specimen
using steel elements. Enhancement in structural behavior of retrofitted specimens using proposed schemes and
considering economical aspect of retrofitting, it is advisable to use these schemes for strengthening of plain
concrete columns and railroad bridge piers for enhancement of shear strength, flexural strength, and ductility.
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