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Evaluation and Modification of Tensile Properties of Carbon Fiber Reinforced
Polymer(CFRP) as Brittle Material with Probability Distribution

Yun-Gon Kim'™*

Abstract: Carbon Fiber Reinforced Polymers(CFRP) has widely utilized as a material for rehabilitation because of its light-weight, deformability and
workability. Because CFRP is brittle material whereas steel is ductile, it is inappropriate to apply conventional design approach for steel reinforcement.
For ductile material, the behavior of combined elements is on average of that of unit element due to the stress redistribution between elements after
yielding. Therefore, the mean value of the stress of combined elements is equal to that of unit element and the standard variation is smaller. Therefore,
although the design value can increase, it is used as constant value because it is conservative and practical approach. However, for brittle material, the
behavior of combined elements is governed by the weaker element because no stress redistribution is expected. Therefore, both the mean value and
standard variation of the stress of combined elements decreases. For this reason, the design value would decrease as the number of element increases
although it is eventually converged. In this paper, in brittle material, it is verified that the combination of unit element with normal distribution results
in combined element with weibull distribution, so the modifying equation of mechanical properties is proposed with respect to the area load applied.
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Fig. 2 Load-strain relationship for FRP composite system
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Table 1 Mechanical tensile properties of GFRP rebar product data sheet

Nominal | Nominal |Guaranteed| Ultimate |Guaranteed Ultimate
Diameter | Area Strength Load Modulus strain
(mm) | (mm® | (MPa) (kN) (GPa)
6 31.67 896 28.34 1.94%
10 71.26 827 58.72 1.79%
13 126.7 758 95.90 1.64%
16 197.9 724 143.41 1.57%
19 285.0 690 196.60 1.49%
22 387.9 655 254.00 16 1.42%
25 506.7 620 314.27 1.34%
29 641.3 586 375.83 1.27%
32 791.7 551 436.60 1.19%
35 958.1 482 462.40 1.04%
38 1160 448 520.40 0.97%
41 1338 413 553.50 0.90%
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Fig.10 Regression analysis of the strength of GFRP

Table 3 Mechanical properties of GFRP rebar product data sheet

Nominal | Nominal Guaranteed | Calculated
Diameter | Area | In(A/Ao) strength strength | Ratio
(mm) (mm?2) (MPa) (MPa)

6 31.67 0 896 -
10 71.26 0.81 827 811 0.98
13 126.7 1.39 758 750 0.99
16 197.9 1.83 724 704 0.97
19 285.0 2.20 690 665 0.96
22 387.9 2.51 655 633 0.97
25 506.7 2.77 620 605 0.98
29 641.3 3.01 586 580 0.99
32 791.7 322 551 558 1.01
35 958.1 341 482 538 1.12
38 1160 3.60 448 518 1.16
41 1338 3.74 413 503 1.22
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