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Tensile Behavior and Fracture Properties of Ductile Hybrid FRP
Reinforcing Bar for Concrete Reinforcement

o9 F 8"
Chan-Gi Park - Jong-Pil Won

Abstract

FRP re-bar in concrete structures could be used as a substitute of steel re-bars for that cases in which
aggressive environment produce high steel corrosion, or lightweight is an important design factor, or
transportation cost increase significantly with the weight of the materjals. But FRP fibers have only linearly
elastic stress-strain behavior; whereas, steel re-bar has linear elastic behavior up to the yield point followed
by large plastic deformation and strain hardening. Thus, the current FRP re-bars are not suitable concrete
reinforcement where a large amount of plastic deformation prior to collapse is required.

The main objectives of this study in to evaluate the tensile behavior and the fracture mode of hybrid FRP
re-bar. Fracture mode of hybrid FRP re-bar is unique. The only feature common to the failure of the hybrid
FRP re-bars and the composite is the random fiber fracture and multilevel fracture of sleeve fibers, and the
resin laceration behavior in both the sleeve and the core areas. Also, the result of the tensile and interlaminar
shear stress test results of hybrid FRP re-bar can provide its excellent tensile strength-strain and interlaminar
stress-strain behavior.

Keywords : Corrosion, Core, Fracture mode, Hybrid FRP re-bar, Interlaminar shear stress, Sleeve fiber,
Tensile behavior
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Table 1 Mix proportion, manufacturing process and matrix resin of FRP rebar

) Slesve fiber Core fiber
Tylglilff hg’bnd Matrix resin | Manufacturing process | (Fiber volum fractio, %) | (Fiber volum fractio, %)
rebar E-glass Aramid Carbon
Hybrid(A) Vingl ester | [ ultrusion/braiding/ - 730 370
Filament winding
Hybrid(B) Vingl ester | L itrusion/braiding/ 15, o 346 136
Filament winding
GFRP Aslan Vinyl ester Pultrusion 700 - -

Fig. 1 Photo of FRP re-bars

B A7 194 slo]Be= FRP B2
A5& B71eh7] 9istel AkInterlaminar shear
stress) 2 4TS Wrletion, 1 Ads
A sjdofA da AMREHI % "5t Hughes
brothers AFe] GFRP ®B79] Asd vl #4

si9ich

7t ek &

[Es

AG5AE Hrlet7] Asted ASTM D 4475
(Standard Test Method for Apparent Hori-
zontal Shear Strength of Pultruded Reinforced
Plastic Rods by in Short-Beam Method)?}

o

B rE o

¥e ARSIt AdAge 3888 50 KN
g A% § A UTME AHgste] wigel
E5 1.3 mm/minZ 3t AEE AAjEiT

Fig. 2 Interlaminar shear stress test set-up

B Ao A1&3 FRP BAE AdeA A A
HAA 9 252 Fig 29 2t

194 sto]HYE FRP EZAZY AAAFS ¥
7¥st7] ¢Jated ACL 440004 AAstaL gle 71&
of wet AFAIFES AAEIAT. ACT 44094 &
FRP ®B7+29] Addole 279 408] oldez
TFAst o, HA AgZdoe] FA 100 mm ©]
Ao Asta ok ma AAAe)(L)E A 2
of wal AR HA BRdol: 250 mm o)A
o7 FAsITHD)

_ LA

L,= T (2)

Where, 5, = Ultimate strength, MPa
A= Area, mm’
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Fig. 3 Tensile test set-up

ACI 44094 FRP B733E A2A717] 93
A AR AR WA v $347%
Bt} Holk 10~14 mm F% HA stejof Hr}
7 FA3tn ok 194 o) FRP 7
o AFAEE FAAE HYE ¥ 5 Qe
250 KN £ UTME ARgstol AdAlEE
5 mm/min®& st A|@E HAEIoH FRP X
o) HYES SHs7] HAeiA LVDTE AAd
Atk (Fig. 3).
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Fig. 5 Interlaminar shear stress of FRP re-bars
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Fig. 6 Shear failure modes of hybrid FRP re-bars
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Fig. 8 Tensile behavior of hybrid FRP re-bars
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