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Abstract

An investigation was conducted to study the statistical nature of tensile strength and static
fracture toughness of carbon fiber reinforced plastics (CFRP) materials. A good understanding of
statistical aspects of strength data is essential for the successful application of such materials
because these composites unpossess material uniformity as compared with conventional metallic
materials. In this paper, a statistical approach based on Weibull distribution was applied to the
test data to evaluate the dispersion in the tensile strength and static fracture toughness by the
change of stacking method and test temparature of the CFRP materials.
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Table 1 The properties and geometric shape of carbon fiber and prepreg

Property Unit ’ Carbon fiber Prepreg
Tensile strength MPa ] 5,096 1,764
Tensile elastic modulus MPa 298,900 135,543
Elongation 1 % 1.7 -
Density kg/m? 1.76X10°* -
Filament count 12,000 -
Filament diameter pm 5 -
Resin content wt % - 36£2%
Carbon fiber weight kg/m? - | 0.25
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Table 2 Staking and pressurizing method
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Table 3 Stacking and pressurizing method sequence
Pressure I ‘
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(b)
Shape and dimension of tensile specimen(a),
compact specimen (b)

Fig. 1

P
{a) Rectangle cross laminates

P
{(b) Angle cross laminates

Fig. 2 Shape of rectangle cross and angle cross lami-
nates
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Fig. 7 Weibull plots of fracture toughness for [0/90].s

specimen specimen
Table 4 Statistical properties of tensile strength
. | [0:/90:]. [0/90).
Specimen
[ Single Multi Single Multi

Number of sample J 45 26 34 27
Sample mean (MPa) 911 728 943 799
Standard deviation (MPa) 76.0 123.5 74 133.1
Coefficient of variation (%) 8.3 16.9 7.8 16.7
Weibull distribution 15.0 6.1 14.0 6.4
parameter 8 940 780 980 863
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Table 5 Statistical properties of fracture toughness ([0,/90:]s)

Direction of fiber, ¢ 0° 15° 30° 45°
Number of sample 7 7 7 7

A Sample mean (MPa) 498.0 475.7 456.0 397

Standard deviation (MPa) 12.45 25.5 28.7 34.5
Coefficient of variation (%) 2.5 5.4 6.2 8.7
Weibull distribution 320 14.4 142 8.7
parameter 8 505 490 474 414
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Table 6 Statistical properties of fracture toughness ([0/90]ss)

Direction of fiber, 4 0° 15° 30° 45°
Number of sample 7 7 7 7
Sample mean (MPa) 503 414 370 407
Standard deviation (MPa) 10.3 46.5 24.4 29.1
Coefficient of variation (%) 2.0 11.2 6.6 7.1
Weibull distribution @ 35.1 8.2 13.6 13.8
parameter 8 510 ’ 434 380 420
wjgkzhol o] EAjo] §1HE ¥ mgwl oleh, v, st skl &, dEe AANE we minl
ool shAlgAR Aol olsh, AfHe  Abalolsh o) adleld AguWEt 67k 0 H,
7ol o g 4ol shelslgiont chabd dfue] of T AREUgel Aznez ARG o 4
o sl E NHAL £ YL Aoz dEH  lw, Ackdde] oa sigle] Ad LT} Bl
o}, &3 g7F Folsld s A A wHEAF S35 HeyFam Qlvh zerd g7 157, 30° 40
Zohge Holw 9es oF 4 ok el [0/ o AYAe ETwze) Agulgdor Folo] AA
90]2s AlEHi o] Al aFte] 15014+ 11.2% 2 D} = @ 5 ek el dhEulake mx= IoA|mb
s e Aake qoleh AW, 23§ A¥se 4 FAAnels AulS el Badtel Folg A
S0l ml ol A% wlasl =, [02/902]s2 73% Al sk Aol vleldetn e £ 4 9o
74 [0/90]stf B e alel A E spAE o
4 ogleh o= wHElEL 27E4 Azl Beo] 1 33 AESTO ME BNl EE 4
AEH4 "dzg A&yl vl Z7bibe] (delimina [0/90)s H&3ke] Alaigle] whdt z}aiclidAd
tion) 7} golstr] wjfoll SHAFe| Fhasle]l 5 A odol AJF 5o oidl spxel A CSJ +
Tl e F7tete Aoz Azslch %% Fig. 110} uvhepujeich, Table 7.2 g}l 4 A
Fig. 102 A& siel Afuskztel 0°15°30°,  Alde AE Aeld Zo|v, 2%+ WEIbull LN
45°al CT#lsdel] chzled mpzjeiddAlg Fol 7 2o stepelleln A fep gl ol g E e <
939
%'OL; i T ___*__,:f
800 7 3 o' vc |
EEPY S g ®:50C ]
500 O { moc ]
L [ ©:10'C [n—
3 I
9\_, 200 /, #
& 100 . 1 |
;’é 50 (| . l
£ / /
ol /3 i
‘ [ 1]
f
04 1 5 10 40
(c) \r‘\, Fracture toughness, (MPa, X 10%)
Fig. 10 Fracture shape of specimen after fracture Fig. 11 Weibull plots of fracture toughnéss for [0/90]as

toughness test

specimen



518 ZAAA - oA G

Al

2.4

Table 7 Statistical properties of fracture toughness ([0/90]ss)

Fracture toughness, (MPa, *10%)
Fig. 12 Weibull plots of fracture toughness for [0/
90.]; specimen

FHol A+ CFRPo) ofdle

Test temperature 15C 50C 90°C 130°C
Number of sample 5 9 9 10
Sample mean (MPa) 472 416 327 139
Standard deviation (MPa) 16.9 20.0 26.3 21.0
Coefficient of variation (94) 3.6 4.8 8.0 15.0
Weibull distribution @ 20.8 17.8 13.7 54
parameter 8 480 425 338 149
Table 8 Statistical properties of fracture toughness ([02/90.]s)
Test temperature 15T 50°C 90°C 130°C
Number of sample 6 7 7 7
Sample mean (MPa) 483 425 351 154
Standard deviation (MPa) 15.0 9.1 26.0 11.0
Coefficient of variation (%) 3.1 2.1 7.4 7.2
—
Weibull distribution a 23-3 345 105 19.5
parameter 8 493 431 364 155
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