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An Experimental Study on Concrete Bond Behavior According to Grid Spacing of
CFRP Grid Reinforcement

Chi-Hoon Noh', Nag-Seop Jang®, Hongseob Oh*

Abstract: Recently, as the service life of structures increased, the load-carrying capacity of deteriorated reinforced concrete, where corrosion of reinforcing
bars occurs due to various causes, is frequently decreased. In order to address this problem, many studies on the bond characteristic of FRP (Fiber
Reinforced Polymer) bars with corrosion resistance, light weight and high tensile strength have been conducted, however there are not many studies
on the bond characteristic of grid-typed CFRP embedded in concrete. Therefore, in order to evaluate the bond characteristics of grid-typed CFRP and
its usability as a substitute for steel rebar, a pull-out test is performed using the longitudinal bond length and transverse grid length of the grid-typed
CFRP as variables. Through the pull-out test, the bond load-slip curve of the grid-typed CFRP is derived, and the bond behavior is analyzed. The total
bond load equation is proposed as the sum of the bond force of the longitudinal bond length and the shear force of the grid in the transverse direction.
Also, expressing the area of the bond load-slip curve as total work, the change in dissipated energy with respect to the slip is analyzed to examine the
effect of the tranverse grid on the bond force.
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Table 1 Mixed proportion of concrete specimen

Gmax  W/C Slump S/a unit of weight(kg/m®)
(mm) (%) (mm) (%) Cc W S G AD

25 430 120 50.0 405 466 875 867 4.05

Table 2 Average compressive strength of concrete for bond test

3day (MPa) 7day (MPa) 28day (MPa)

13.4 20.95 31.6

™, B §}3E= Table 19 A2l th 2B E dF5AEE=KS
F 2403l w2} 217 100 mm, %] 200 mmo] 5= FAl
A AFsI 3Y, 7Y, 28Y HI Y=SPEE

Table 201 AE]sIA T 28Y HH U=F=+=31.6 MPaZ A

AU =S TSk Sl

2.1.2 A% CFRP B3 A

Aol AH&-3E BARS] A2 CFRP A= ©hadf-<f
o ZEA A& AT BA S 2 e F ElololE AF
o A &= A 2 5H AAE CFRP R3] o] @iz o] 4
SHA| 282 dElo]7] wioll B eH A S ARgste] Ao
83kt A 37 A% CFRP B3 o] Al 2 =
22 5442 217} Fig. 17} Table 33 2Tk 23 IEA g ol AF
£ AA3 CFRP BAA| 9] vitjd o= 100 mm, SHEF 7
27103225 mm, 50 mm, 100 mm 2 G543 .0, 3v3aF 2
A o] =30 mm, 25 mm, 50 mm, 100 mmE 23 s+ 24
Z 247N W€ A3

A% CFRP 27341 2] 147455 ASTM D3916(2016)°l
A AQKE kR A 1E Alzlste] A O] JIEA S H7t
SFATE A2 CFRP BA3A| o] S0l P& Al A&
2star, A4 AARJNAA T TS $J5ke] ASTM 2] 2] 1.9]
AL LFrF T 6061-T6-2> AHE3IATE & A 1= &2

=

(a) CR6

(b) CR8
Fig. 1 Type of grid typed CFRP reinforcement

Table 3 Mechanical properties of CFRP grid

Specimens CR6 CR8
Reinforced Polymer High Strength Carbon Polymer
Cross section Area (mm?) 17.5 26.4
Space Distance (mm) 100x100
width (mm) 6.9 8.3
thickness (mm) 4.2 4.5
Tensile strength (MPa) 1121.14 1121.82
Elastic Modulus (GPa) 103.31 104.48
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Fig. 2 Tensile stress and strain relationship of CFRP grid
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Table 4 Pull-out test vairables of CFRP grid

Transverse Bonded length

Specimens Bond length (mm
p gth (mm) (mm)
CR6-25-0 0
25
25
50
100
CR6-50-0 0
25
50
50
CR6-50-100 100
CR6-100-0 0
25
100
CR6-100-50 50
CR6-100-100 100
CR8-25-0 0
25
25
50
100
CR8-50-0 0
25
50
50
CR8-50-100 100
CR8-100-0 0
25
100
50
CR8-100-100 100
<+— Top LVDT

Tranverse bond length

Bond length

Unbond length

Strain Gage —> |:| i<— Bottom LVDT

--------

«+— Anchor Jig

Fig. 3 Grid typed CFRP and concrete block
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Fig. 4 Direct pull-out test setup of grid typed CFRP
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Fig. 5 CR6 bond loads and slip relationships
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Table 5 Test results of grid typed CFRP reinforcement on pull-out bond test

|

Fig. 7 Bond mechanism of grid typed CFRP reinforcement

A4 A2 CFRP BAA9] 25152
Rt R A A o
EIskE 2] ()7 e

VFRP

Fig.7
o= T

(D

. Loads (kN) . .
Specimens - - slip at peak (mm) Failure
at Slip 0.1 mm at Slip 1.0 mm Peak loads
CR6-25-0 6.06 7.02 7.41 1.77
CR6-25-25 5.55 10.41 13.74 4.99
CR6-25-50 4.68 9.30 16.11 6.22
CR6-25-100 6.66 9.60 18.36 8.17 Grid rupture
CR6-50-0 6.6 10.29 16.68 9.48
CR6-50-25 6.54 12.30 19.62 7.29
CR6-50-50 7.20 11.19 19.98 6.68
CR6-50-100 5.04 8.85 22.83 9.70 Grid rupture
CR6-100-0 5.97 10.02 16.05 9.56
CR6-100-25 7.05 12.09 23.52 7.64 Grid rupture
CR6-100-50 6.15 13.80 22.83 6.21
CR6-100-100 6.54 11.49 19.23 7.23
CR8-25-0 4.56 6.45 6.51 0.89
CR8-25-25 4.92 12.12 16.98 3.32
CR8-25-50 5.73 13.11 20.94 4.51
CR8-25-100 5.7 12.24 16.05 4.11 Con’c failure
CR8-50-0 5.19 9.72 23.49 9.79
CR8-50-25 4.14 11.94 26.28 7.46 Grid rupture
CR&-50-50 6.75 15.15 25.41 7.65
CR8-50-100 4.17 11.88 25.14 6.99
CR&-100-0 6.39 13.44 23.25 8.51
CR8-100-25 5.64 15.12 25.59 7.31
CR8-100-50 7.14 21.00 27.06 5.26 slip
CR8-100-100 6.54 15.90 34.56 8.05
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