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Table 2.1  Properties of PAN-based carbon fiber used in this study. 

D  [g/cm3] [GPa] E [GPa] [%] m [-] 0 [GPa] 

7.00 1.76 3.22 152 2.11 5.36 3.49 

D : Filament diameter, : Density, : Tensile strength, E : Tensile modulus,  : Fracture strain,  
m : Weibull shape parameter, 0 : Weibull scale parameter. 
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N [-] P [N] [GPa] E [GPa] [%] Vf [%] 

2 0.239 3.10 (18.9%) 148 1.95 52.0 (13.6%)
3 0.380 3.29 (15.1%) 179 1.83 52.4 (18.0%)
4 0.546 3.52 (19.6%) 169 2.00 63.6 (12.2%)
7 0.890 3.49 (14.6%) 154 2.11 54.5 (10.7%)

N : Number of fibers, P: Fracture load, 
E Vf : Fiber volume fraction. 
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N 
[-] 

Fracture probabilities, Pkf [%] Pf 
[%] [-] P1f P2f P3f P4f P5f P6f P7f P8f P9f P10f

2 57.6 39.2 0 0 0 0 0 0 0 0 

3 0 31.0 64.4 0 0 0 (1.3) (3.3)

4 0 0 0 51.7 37.9 0 0 0 0 0 

7 0 0 0 0 0 84.3 4.3 0.4 0 0 

N 
[-] 

Fracture probabilities, Pkf [%] Pf
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Table 3.1  Properties of PAN-based carbon fiber used in this study . 

D [GPa] E [GPa] [%] m [-] 0 [GPa] 

7.00 3.56 
(21.5%) 

152 
(14.8%) 2.11 5.36 3.49 

D : Filament diameter, : Tensile strength (Value in parentheses shows 
E : Tensile modulus,  : Fracture strain, m : Weibull shape parameter, 0 : Weibull scale parameter. 
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Table 3.2  Loading conditions of combined tensile-torsional test. 

Loading condition Rotation speed [deg/sec] Tensile speed [mm/min] 

TS1 142 0.75 

TS2 150 0.35 

TS3 148 0.15 
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Loading condition [GPa] [GPa] 1 [GPa] m [-] 0 [GPa] 

 T0[9] 3.56 0.000 3.56 5.36 3.49 
TS1 3.06 0.098 3.07 6.36 3.29 
TS2 2.67 0.178 2.68 7.31 2.86 
TS3 1.74 0.262 1.78 8.75 1.85 
S0 0.000 0.389 0.389 11.6 0.406 

: Average tensile strength, : Average torsional strength, 1 : Average maximum principal stress, 
m: Weibull shape parameter, 0 :Weibull scale parameter. 
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Loading condition [GPa] [GPa]  [deg] 

TS1 3.16 0.090 
TS2 2.79 0.179 
TS3 1.83 0.269 
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Equivalent radius of micro-sized CFRP specimens.

Number of fibers, N [-] 1 2 3 4 7

Fiber radius, r and equivalent radius, R 3.50 4.46 4.84 5.52 6.88
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Table 4.2  Loading conditions of combined tensile-torsional test. 

Loading condition
Number of fibers, N [-] 
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N [-] [GPa] m [-] 0 [GPa] 

1 0.389 11.6 0.406 
2 0.419 13.9 0.435 
3 0.432 9.59 0.454 
4 0.496 13.4 0.514 
7 0.550 21.2 0.563 

N : Number of fibers, : Average pure torsional strength, m: Weibull shape parameter, 0 :Weibull scale parameter. 
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N : Number of fibers, ns : Number of samples, : Average pure torsional strength. 
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N [-] Loading condition [GPa] [GPa] 
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Table 4.7  Estimated constants of elliptic quadratic curve to predict tension-torsion biaxial 
strength of micro-sized CFRP. 

Constant
Number of fibers, N [-] 

2 3 4 7 
X
S
A
B
C
D
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