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A Experimental and Analytical Study on One directional Bond Behavior of Grid

typed CFRP Reinforcement

Chi Hoon Noh', Nak Seop Jang”, Hongseob Oh**

Abstract: In this study, authors attempted to determine the bond behavior characteristics to utilize Grid typed CFRP reinforcement as an alternative
to steel rebar used as concrete reinforcement. Since it is difficult to understand the influence of the transverse grid length of the Grid typed CFRP
reinforcement in the existing numerical analysis proposal for bond behavior, a nonlinear 3D model was created and finite element analysis was performed.

To perform the analysis, the analysis was conducted by inputting a nonlinear material model and modeling the bond interface characteristics between
the Grid typed CFRP reinforcement and concrete and comparing them with the actual direct pull-out test results. The bond behavior characteristics
of the Grid typed CFRP reinforcement were found to be very dominated by the factors of the transverse grid, and showed a tendency to continuously

increase load.
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Fig. 1 Differences between Spring element and Surface to Surface
Element
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Table 1 Specification and mechanical propreties of grid typed CFRP
reinforcement

Specimens CR6 CRS8 CR13
Fiber High Strength Carbon Fiber
Resin Vinyl Ester
Structures Cross Laminate Structure
Cross Section Area (mm?) 17.5 26.4 65.0
Unit Weight (g/m’) 540 810 2020
Tensile Force (kN) 19.44 29.38 66.66
. 1110.86 1156.53 1025.54
Tensile Strength (MPa) (1400) (1400) (1400)
. 93.8 96.7 103
Elastic Modulus (GPa) (100) (100) (100)

1000

Load(kN)

=
&
3

200 —CR6 === CR8 ---CRI3

0
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014
Strain

Fig. 2 Tensile test setup and test results of Grid typed CFRP
reinforcement
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Table 2 Mixed proportion of concrete specimens

Unit of weight(kg/m>

G W/C Sl;m S/a ght(kg/m’)
0, 0,

(mm) (%) )

C W S G AD

25  43.0 120 50.0 405 166 875 867 4.05

Table 3 Average strength of concrete for direct pull out test

Average Compressive Average Splitting Tensile

Age

Strength (MPa) Strength (MPa)
3 days 13.39 1.63
7 days 20.90 2.16
28 days 31.64 4.25
Unbonded length
CFEP Grid (PVC Pipe)
E / \ ....... '/ _____ || Transverse Bonded Length
2| E == (50mm, 100mm)
€
175mm
Bonded Length
350mm 350mm (50mm)
Casting Direction

Fig. 3 Grid typed CFRP reinforcement pull out test specimens

Fig. 4 Direct pull out test setup of grid typed CFRP reinforcement
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Table 4 Specification and mechanical propreties of grid typed CFRP
reinforcement

Cross Bond Transverse
. Section  Circumference Bonded
Specimens Length
Area (mm) (mm) Length
(mm?) (mm)
CR6-50-0 0
CR6-50-50 17.5 19.36 50 50
CR6-50-100 100
CR8-50-0 0
CR8-50-50 26.4 24.60 50 50
CR8-50-100 100
CR13-50-0 0
CR13-50-50 65 41.76 50 50
CR13-50-100 100
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Table 5 Mechanical properties of concrete in Abaqus

Mass Elastic Poisson’s Compressiv. ~ Tensile
Density Modulus Ratio e Strength  Strength
(ton/mm®) (GPa) (MPa) (MPa)
2.3E-009 26.6 0.2 30 3
Table 6 Plasticity paramter of CDP model
Dilation -
angle Eccentricity — f,0/f.0 K I
31° 0.1 1.16 0.667 0
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Fig. 5 Simplified concrete damages model by Hafezolghorani et al.(2017)
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Table 7 Mechanical properties of grid typed CFRP reinforcement in
engineering constants

Decription Symbol Unit Vaule
Density - g/m®  1.5E-005
Tensile Strength - MPa 1100
E GPa 110
Elastic Modulus £, GPa 16
£ GPa 16
Vi, - 0.21
Poisson’s Ratio 7 - 0.21
Vg - 0.3
G, GPa 5.6
Shear Modulus G, GPa 5.6
Gy GPa 5.6
Q)
7 (3)
Local Coordinate
) — Y (2)
X ()
e ’Oﬁl;z_?a}fic Global Coordinate

X (1)

Material
Orientation

Y(2)

Fig. 6 Application of local coordinate system to grid typed CFRP
reinforcement
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Table 8 Specification and mechanical propreties of grid typed CFRP reinforcement

. Bond Strength (MPa) . Comparison(%)
Specimens - Slip at Peak (mm) " -
Peak Strength at Slip 1.0mm P.E Peak® P.E1.0mm” P.E Slip°

CR6-50-0 17.2 10.7 9.29
2.78 6.48 0.17

CR6-50-0-A 17.7 10.0 9.27

CR6-50-50 20.6 11.5 6.67
9.21 7.47 0.10

CR6-50-50-A 18.7 10.7 6.66

CR6-50-100 23.5 9.1 9.61
9.91 7.10 0.54

CR6-50-100-A 21.2 9.8 9.66

CR8-50-0 19.0 7.9 11.25
2.02 0.92 14.16

CR8-50-0-A 19.4 8.0 9.66

CR8-50-50 20.6 124 7.64
1.76 3.99 0.41

CR8-50-50-A 21.0 11.9 7.67

CR8-50-100 20.4 9.6 6.99
4.49 7.59 3.82

CR8-50-100-A 21.3 10.3 7.25

CR13-50-0 10.3 8.1 6.72
9.02 2.78 15.65

CR13-50-0-A 11.2 84 5.66

CR13-50-50 20.6 9.0 5.48
5.40 40.23 1.19

CR13-50-50-A 19.5 12.6 5.54

CR13-50-100 24.8 12.8 4.58
2.00 7.16 3.62

CR13-50-100-A 243 13.7 4.75

*: P.E Peak = Error of peak bond strength
®: P.E 1.0mm = Error of bond stregnth at slip 1.0mm
¢: P.E Slip = Error of slip at peak bond strength
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Fig. 9 Comparison of bond behavior with Exp. and FE analysis results
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