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CONCRETE STRUCTURE MEMBER
STRENGTHENED WITH PRESTRESSED FRP
ELEMENTS

FIELD OF THE INVENTION

The present invention relates to a concrete structure mem-
ber, in particular to a concrete structure member strengthened
with prestressed FRP bars.

BACKGROUND OF THE INVENTION

Fiber reinforced polymer (FRP) bars are featured with light
weight, high strength, and high corrosion resistance, etc., and
have been widely applied 1n building projects to substitute
steel strands and steel bars. Concrete structures strengthened
with embedded FRP bars are one of the main applications, in
which FRP bars are put into preformed grooves on the surface
of structure, and a binding material 1s poured into the grooves,
so that the FRP bars and the structure form a whole, so as to
improve structural properties. Prestressing technique 1s 1ntro-
duced subsequently, to give full play to the high strength
elffect of FRP bars. Such a technical application of FRP bars
can effectively improve nigidity, bending resistance, and
shear resistance bearing capacity of structures. However, the
failure mode 1s not 1deal, and premature debonding failure or
splitting failure often occurs at the interface. For example,
splitting failure may occur at the interface between FRP bars
and binding material, at the interface between concrete and
binding material, and in the binding material, and splitting
failure of concrete may occur near the groove surface. Such
premature failures will surely constrain the play of the high
strength performance of FRP bars.

DISCLLOSURE OF THE INVENTION
Technical Problem

The technical problems to be solved by the present inven-
tion 1s to provide a concrete structure member strengthened
with prestressed FRP bars, in which the FRP bars will not
have premature debonding failure at the interface, and the
stress from the FRP bars can be transferred uniformly and
elfectively.

Technical Solution

The present invention comprises prestressed FRP bars and
a concrete structure member body, wherein, the prestressed
FRP bar 1s arranged 1n the concrete structure member body,
and the prestressed FRP bar 1s surrounded by an epoxy resin
cladding layer, outside of which a polymer-concrete thicken-
ing layer 1s arranged.

In an aspect of the present invention, a groove 1s made on
the bottom surface of the concrete structure member, and the
prestressed FRP bar 1s arranged 1n the groove; the epoxy resin
cladding layer 1s filled 1n a part of the groove and surrounds
the prestressed FRP bar; the polymer-concrete thickening
layer 1s filled 1n the rest part of the groove. To ensure enough
thickness of the bonding layer, the polymer-concrete thick-
enming layer can be made into a dome shape. Preferably, the
depth and the width of the groove are equal to each other, and
are 1.5 times of the diameter of the prestressed FRP bar.

In another aspect of the present invention, the prestressed
FRP bar, epoxy resin cladding layer, and polymer-concrete
thickening layer are arranged on the bottom surface of the
concrete structure member, and the polymer-concrete thick-
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2

ening layer bonds the prestressed FRP bar and epoxy resin
cladding layer to the bottom surface of the concrete structure
member body. Preferably, the polymer-concrete thickening
layer 1s made into a dome shape.

Beneficial Eftects

With the epoxy resin cladding layer and polymer-concrete
thickening layer, the concrete structure member of the present
invention can ensure enough bonding strength between the
FRP bar and the concrete structure member body and thereby
prevent premature debonding failure at the interface. Since
the polymer-concrete has high rigidity, i1t constrains the defor-
mation of epoxy resin, and thereby ensures uniform and
effective transter of the stress 1n the FRP bar. Meanwhile, the
bonding strength between the polymer-concrete and the con-
crete body 1s very good; moreover, the polymer-concrete
thickening layer with certain thickness ensures excellent
bonding strength at the interface and defers debonding failure
at the interface. With the dome shaped polymer-concrete
thickening layer, the FRP bar has enough bonding thickness;
therefore, inadequate bonding resulted from inadequate
embedding depth can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic structural diagram of embodiment 1
of the present invention;

FIG. 2 1s a schematic structural diagram of embodiment 2
of the present invention;

FIG. 3 1s a curve comparison diagram among the effects of
three tests.

EMBODIMENTS

Example 1

As shown 1n FIG. 1, 1n this example, the concrete structure
member strengthened with prestressed FRP bar comprises a
concrete structure member body 1 and prestressed FRP bar 2.
A groove 1-1 1s made on the bottom surface of the concrete
structure member body 1, and the prestressed FRP bar 2 1s
arranged 1n the groove 1-1.

Preferably, the depth and the width of the groove 1-1 are
equal to each other, and are 1.5 times of the diameter of the
prestressed FRP bar 2.

An epoxy resin cladding layer 3 1s arranged 1n one part of
the groove 1-1. The epoxy resin cladding layer 3 1s arranged
around the prestressed FRP bar 2 and surrounds the FRP bar
2. A polymer-concrete thickening layer 4 1s arranged 1n the
rest part of the groove 1-1. After the polymer-concrete thick-
ening layer 4 fills up the rest part of the groove 1-1, the bottom
surface of the concrete structure member body 1 can be
shaped as dome or plane.

Example 2

As shown 1n FIG. 2, 1n this example, the concrete structure
member strengthened with prestressed FRP bar comprises a
concrete structure member body 1' and prestressed FRP bar
2'. The prestressed FRP bar 2' 1s arranged on the bottom
surface of the concrete structure member body 1'. An epoxy
resin cladding layer 3' 1s arranged around the prestressed FRP
bar 2' and surrounds the FRP bar 2'. A polymer-concrete
thickening layer 4' 1s arranged outside of the epoxy resin
cladding layer 3', to bond the prestressed FRP bar 2' and the
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epoxy resin cladding layer 3' to the bottom surface of the
concrete structure member body 1'.

As shown 1n FIG. 3, under the same prestress condition,
curve A represents a case in which both the cladding layer and
the thickening layer are made of epoxy resin; curve B repre-
sents a case 1n which both the cladding layer and the thick-
ening layer are made of polymer-concrete; curve C represents
a case 1 which the cladding layer 1s made of epoxy resin
while the thickening layer 1s made of polymer-concrete. As it
can be seen from the figures, the ultimate bearing capacity for
C 1s higher than that for A and B. The points a, b, and ¢ on
curves A, B, and C represent the time when debonding begins
to occur on the FRP bars, wherein, the time when debonding
begins to occur on the FRP for curve C 1s later than the time
when debonding begins to occur on the FRP bar for curves A
and B; specifically, debonding begins to occur on the FRP bar
for curves A and B before the concrete 1s crushed; 1n contrast,
debonding begins to occur on the FRP bar for curve C after the
concrete 1s crushed, which means the concrete structure
member has higher ductility. The curve C 1s better than the
curves A and B, 1n terms of improvement of bearing capacity
and structural ductility.

The mvention claimed 1is:

1. A concrete structure member strengthened with pre-
stressed FRP bar, comprising prestressed FRP bar and a con-
crete structure member body, wherein, the prestressed FRP
bar 1s arranged on the concrete structure member body, an
epoxy resin cladding layer 1s arranged around the prestressed
FRP bar to completely surround the prestressed FRP bar, and
a polymer-concrete thickening layer having a dome shape 1s
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arranged over the epoxy resin cladding layer bonding with
both the epoxy resin cladding layer and the concrete structure
member body.

2. The concrete structure member strengthened with pre-

stressed FRP bar according to claim 1, wherein, a groove 1s
made on a bottom surface of the concrete structure member,

the prestressed FRP bar 1s arranged 1n the groove; the epoxy
resin cladding layer 1s filled into one part of the groove and
surrounds the prestressed FRP bar, and the polymer-concrete
thickening layer 1s filled into the rest part of the groove.

3. The concrete structure member strengthened with pre-
stressed FRP bar according to claim 2, wherein, the polymer-
concrete thickening layer forms a dome shape on the bottom
surface of the concrete structure member body.

4. The concrete structure member strengthened with pre-
stressed FRP bar according to claim 2, wherein, the depth and
the width of the groove are equal to each other, and are 1.5
times of a diameter of the prestressed FRP bar.

5. The concrete structure member strengthened with pre-
stressed FRP bar according to claim 1, wherein, the pre-
stressed FRP bar, epoxy resin cladding layer, and polymer-
concrete thickening layer are arranged on a bottom surface of
the concrete structure member, and the polymer-concrete
thickening layer bonds the prestressed FRP bar and epoxy
resin cladding layer to the bottom surface of the concrete
structure member body.

6. The concrete structure member strengthened with pre-
stressed FRP bar according to claim 3, wherein, the depth and
the width of the groove are equal to each other, and are 1.5
times of the diameter of a prestressed FRP bar.
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