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ABSTRACT

New strengthening method based on Near Surface Mounted technique (NSM) is suggested, which can overcome
the brittle nature of failure inherent to those reinforced concrete beams strengthened with FRP composite materials.
The suggested technique secures ductile failure of reinforced concrete beams by having the strengthening Hybrid
FRP rebars unbonded in parts. Experiments were performed in order to compare structural behaviors of strengthened
beams with and without unbonding along the Hybrid FRP rebars. Test results showed that only those beams
strengthened by partially unbonded NSM failed in ductile manner. Theoretical expressions were derived for the
minimum unbonded length of Hybrid FRP rebars with which ultimate strength of the reinforced concrete beam with
partially unbonded NSM could be reached. The suggested partially unbonded NSM technique is expected to
significantly improve the structural behavior of the strengthened beam with FRP composite materials.
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Fig. 1 Schematic load-deflection curves of reinforced
concrete beams with and without brittle FRP
strengthening composite materials.
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Fig. 2 Reinforced concrete beam with intermediate
unbonding of brittle FRP compositem
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Fig. 3 Idealized stress-strain curve for hybrid FRP
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Fig. 5 Prediction model of stress-strain curve of
hybrid FRP rebar

Table 1 Tensile properties of Hybrid FRP rebar

Peak Yield Ultimate
Strain| Stress | Strain | Stress |Strain| Stress
(96) | Crgrtom®)| (%) [(hetom?)l (96) |(kaftem?)

9.0 | 1.34 | 8510 | 1.34 | 6,700 | 3.51 | 6,700

Dia.
(mm)

Stress
(kgt/cm2)

o /\/\/\/\/

0 0.0134 0.0351

Gage length—dependent strain (Ig=450mm) Strain{mm/mm)

Fig.6 Typical stress—strain relations of Hybrid FRP
rebar

& g3l uAHUY. 18y Hybrid FRP rebard 7
T AR ARt gdEE fAdA ARE AR R
Aol Byo] HFHoRn el F4drt muby
A2 FEuIIUSHE Folatd & WHES S4

145



Table 2 Details of strengthened beams

Specimens Reinforcing bar .
Main bar yield Hybrid FRP bar X
Bottom Top Ultimate Test/
Name Width [Depth | Length A . d Embedded length Load | Type load
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(o) | (mm) | (un) |Area) ds|Area|d’s P (kgf)
(kgt/cm) | (%) | (mr) | (mp) |Unbonded |Bonded
(o) | (mm)| (mar) | (mm)
(mm) (mm)
Dlo@ .
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Fig. 7 Strengthening method for PUNSM beams
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