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The objective of this paper is to perform an experimental evaluation of seismic rehabilitation
and retrofit of reinforced concrete columns with composite materials to prevent shear failure.
Mainly, the retrofit technics aim to increase the shear strength and the ductility capacity through
the establishment of principles and strategies applied in an experimental cyclic campaign of RC
columns, carried out in the Laboratory for Earthquake and Structural Engineering (LESE) of the
Faculty of Engineering of University of Porto (FEUP). The test setup, shown in Figure 1, makes use of
a 500 kN actuator to apply lateral loads and a 700 kN actuator to apply axial loads. The specimen and
reaction frame are bolted to the strong floor with high strength prestressed rods. A constant axial load
was applied during the tests, herein described, while the lateral loads were cycled, under displacement
controlled conditions (Delgado et al. (2009) and Delgado et al. (2012)).

Figure 1. General view of the test setup at LESE laboratory
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The most relevant experimental information is illustrated in Figure 2, as for instance the damage
pattern of flexure and shear cracks.

a) Solid sections

b) Web of hollow sections

c) Internal view of hollow sections

Figure 2. Columns damage

Columns were retrofitted with CFRP, acording to Priestley et al.(1996), and the evaluation of
the retrofit solutions efficiency was also performed. These columns rehabilitation and retrofit intended
to replace or improve the initial conditions. For solid sections columns with flexural damage the CFRP
sheets were applied at the bottom (near the foundation, see Figure 3) and for hollow section columns
with shear damage the CFRP strips were applied along the entire height (Figure 4).

a)
PA1-N6-E1: no retrofit; PA1-N4-R2: CFRP + laminates; PA1-N5-R1: 2 x CFRP

b)
View of column PA1-N5-R1

Figure 3. Experimental results for solid sections columns retrofitted with CFRP
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The column PA1-N4-R2 was retrofitted with CFRP jacket and longitudinal CFRP laminate
(anchored at the base), while the columns PA1-N5-R1 was also retrofitted with CFRP jacket, but with
the double of previous column layers. Due to an insufficient anchorage length to the foundations the
column PA1-N4-R2 shows quick reductions of lateral force and insufficient ductility capacity
(Figure 3). On the other hand, column PA1-N5-R1 shows a good ductile behaviour and for the same
lateral force of the column tested before retrofit (PA1-N6-E1).
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a)
PO1-N6: no retrofit; PO1-N6-R1: retrofitted with CFRP strips

b)
Final damage of PO1-N6-R1

Figure 4. Experimental results for hollow sections columns retrofitted with CFRP

Column PO1-N6-R1, with hollow section retrofitted with CFRP strips (Figure 4b), shows
excellent ductility capacity. In comparison with the same column without retrofit (PO1-N6), this shear
retrofit technique allows to keep the maximum lateral force for a displacement ductility of 3, typical of
a flexural behaviour, and the column failure was achieved after the rupture of the first CFRP strip near
the base (Figure 4).

REFERENCES
Delgado, R., Delgado, P., Vila Pouca, N., Arêde, A., Rocha, P. and Costa, A. (2009). Shear effects on hollow
section piers under seismic actions: experimental and numerical analysis, Bulletin of Earthquake
Engineering, 7, 377-389 (DOI: 10.1007/s10518-008-9098-x).
Delgado, P.; Arêde, A.; Vila Pouca, N.; Rocha, P.; Costa, A. e Delgado, R. (2012) Retrofit of RC Hollow Piers
with CFRP Sheets, Composite Structures, 94, 1280–1287, doi:10.1016/j.compstruct.2011.11.032.
Pavese, A. Bolognini, D. Peloso, S. (2004). FRP seismic retrofit of RC square hollow section bridge piers,
Journal of Earthquake Engineering, 1 SPEC. ISS., 225-250.
Priestley, M.J.N. Seible, F. Calvi, G..M. (1996). Seismic Design and Retrofit of Bridges, John Wiley & Sons,
New York.

