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3 Externally Bonded Reinforcement On Grooves


mailto:dmostofi@cc.iut.ac.ir
http://dx.doi.org/10.22034/23.5.8
https://mcej.modares.ac.ir/article-16-67575-fa.html
http://dx.doi.org/10.22034/23.5.8
https://mcej.modares.ac.ir/article-16-67575-fa.html

[ Downloaded from mcej.modares.ac.ir on 20258-02-19 |

[ DOI: 10.22034/23.5.8 ]

;]j{)d%r Y1) dlﬁ&)gﬂé)ﬂa

BEIE] u‘d‘%SJ?U)‘-ﬁEM’CD r Jié);Uo C\)}u»oudb)s J)Lf
LS“-L}U 9 drt ﬂ\)dﬁ|uwdc(’° .:J‘J d‘y@rg‘dr%&d

]4[ J“?L\Sf wbdﬁd‘uﬁmrj‘q lo e‘)&_é;).]péj'.:") 9 )(T

‘LSJ}C 6\{%}—(,.:@&{ )‘er )s_BJ( fn.}tr'cj rﬁd&r FRP 6‘; )\nr A JS.::

)‘af ).)( ‘;% 6.rd—n.}¢rt )‘b r >C( ‘dd‘d}@rd—md&f )‘br )g_)(
i\ uo\@és‘(ﬁ)—ucr'c

(<) (h
- Dowel @ RC." " - - " Embedment .
e lestyemre ;
- Key portion-- @ © e dteftha R
(b) (a)
o ® @
e o ‘Enibedment ;
i shidie ;
: /-cornponcnt \ ]d—e'nt'h‘ -
(i T ,. " o §
Andac: Diameter’ »\
2 length e LYy
il
i
il
(d) (c)

Fig. 1. Straight anchors and bent anchors: (a) Straight FRP anchors-
side view; (b) Straight FRP anchors- front view; (c) bent anchors-

side view; (d) bent anchors- front view [2]
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Modulus of Tensile . Ultimate
. . Thickness .
Material elasticity  strength (mm) strain
(GPa) (MPa) (%)
SikaWrap-
230C 238 4300 0.131 1.8
Quantom-
EPR 3301 4.5 30 - 1.5

Table 1. Mechanical properties of FRP sheets and epoxy
matrix
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Fig. 3. Single-lap shear test setup
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Fig. 5. Steps of anchor construction: (a) cutting CFRP to
required lengths; (b) rolling the anchor around the dowel
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Fig. 4. Concrete surface preparation: (a) EBROG method;
(b) EBR method
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Fig. 6. Preparation of specimens
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Prest P Increase in bond strength Increase in bond
Test specimen (‘Eﬁgg over EBR control strength over EBROG  Failure mode
(kN) specimens (%) control specimens (%)
EBR-S-1 8.32 DC
7.95 - -
EBR-S-2 7.58 DC
EBR-60-2-1 10.74 DC + DF
10.57 33 -
EBR-60-2-2 10.4 DC + DF
EBR-60-3-1 11.97 DC + DF
12.56 58 -
EBR-60-3-2 13.15 DC + DF
EBROG-S-1 12.73 DC
13.2 66 -
EBROG-S-2 13.68 DC
EBROG-60-2-1 19.32 FR
18.76 136 42
EBROG-60-2-2 18.2 FR

Table 2. Results of single-lap shear tests
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Abstract:
Fiber-reinforced polymer (FRP) sheets are lightweight and offer high tensile strength and durability under
harsh environmental conditions. For this reason, FRP sheets are used extensively for the strengthening of
concrete structures. Concrete structures reinforced with FRP composites commonly experience debonding
failure of the reinforcement sheet before the tensile capacity of the FRP sheet has been fully utilized. One
method used to prevent the debonding of FRP sheets is the use of FRP anchors. FRP anchors are made by
rolling the FRP sheet and impregnating it with epoxy resin as a matrix. One end of the FRP anchor then is
placed into a hole drilled in the concrete and the other end is fanned out across the FRP composite. In this
research the bond technique, method of fan application, length of fan part, the anchor cross-section to
reinforcement sheet cross-section ratio, and converting the failure mode to FRP rupture for straight FRP
anchors were investigated. The FRP anchors were examined by the externally-bonded reinforcement (EBR)
method and the externally-bonded reinforcement on grooves (EBROG) technique. To strengthen the
specimens, FRP with a net thickness of 0.131 mm (SikaWrap-230C), a bond length of 70 mm, and a width
of 48 mm was used. In the EBROG technique, two grooves with widths of 10 mm, depths of 10 mm, and
spaced 20-mm apart were cut on the concrete surface. The matrix phase of the composite was Quantom-EPR
3301 epoxy resin. FRP composites were prepared by the wet lay-up method. To determine the bond behavior
of FRP anchors, 15 single-lap shear tests on T-shaped specimens were conducted. The results showed that,
in EBR method an increase in the anchor cross-section had a positive effect on the bond strength, so an
increase of about 58% in bond strength of the EBR-60-3 specimens was observed. The failure mode in EBR
specimens was debonding. The load-slip curves of the EBR joints showed that in the first part, the load
increases sharply and linearly up to the initiation of debonding; in the second part, slippage increased
significantly and the slope of the curve decreased. The use of straight FRP anchors significantly increased the
bond strength and the final slip values compared to the control specimens. In the EBROG method, anchors
with a cross-section ratio of twice eliminated the debonding and the failure mode for this group was the
rupture of the FRP sheet. The load-slip curves for the EBROG method ascended and did not exhibit the
almost two-line behavior of the EBR specimens. The load-slip curves consisted of an ascending branch
with an initial slope that was greater than at the end. The slippage of the EBROG specimens was
significantly lower than for the EBR specimens. This small amount of slip versus the high bond strength
reveals the high stiffness of the bond. A comparison of the EBR and EBROG methods shows that the
EBROG eliminated debonding at lower FRP fan and bond length values. Also, the bond strength of the
EBROG specimens with FRP anchors increased by 136% compared to the EBR specimens. In this
research, an embedment depth of 50 mm transferred stress to the concrete without pulling out the fibers.

Keywords: Fiber Reinforced Polymers (FRP), Anchor, Debonding, Single-lap shear test.
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