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Static strength and fatigue life scattering of glass fiber reinforced epoxy composite materials

has been studied. Normal, lognormal, two-parameter and three-parameter Weibull distribution
functions are used for strength and one-stress fatigue life distribution. The value of mean fatigue
life is analysed using mean fatigue life, mean log fatigue life and expected value of 2 and
3-parameter Weibull distribution functions. Two-stress level fatigue life(low-high and high-low) is
investigated using the distribution functions. Modification on non-statistical cumulative damage

models is made in order to interpret the result of two-stress level fatigue life scattering. The

comparison results show that 3-parameter Weibull distribution has better predictions in static

strength and one-stress level fatigue life distributions. However, no advantage of 3-parameter

Weibull distribution is found over 2-parameter Weibull distribution in two-stress lvel fatigue life

predictions. It is found that two-stress level fatigue life prediction by the expanded equal rank

assumption is close to the experimental data.
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Table 1 Properties of E-glass fiber reinforced unidirectional composite
Mechanical properties of unidirectional composite
Property Longitudinal Transverse

Tensile strength 770 MPa 20 MPa

Tensile modulus 33.1 GPa 9.7 GPa

Compressive strength 880 MPa 28 MPa

Flexural strength 1,150 MPa 75 MPa

Flexural modulus 38.6 GPa 11.1 GPa

Short beam shear 62 GPa

Impact strength 81.3 J

Barcol hardness 70
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Table 2 Parameters of Weibull distribution function
Parameters of Weibull distribution function
q a b c

Static 17.2 791 1.92 110 671

0.9 1.16 616 1.16 616 0

0.85 0.99 3586 0.76 3059 292

0.8 2.44 12442 2.03 10984 1417

0.75 1.15 30356 0.95 28233 1781

0.7 2.15 56217 1.58 438480 9794
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Table 3 Residual Sum of squares, static and one-stress level fatigue test

Residual Sum of squares

g Normal Lognormal 2-p Weibull 3-p Weibull
Static 0.0516 0.0426 0.1131 0.0260
0.9 0.1784 0.1257 0.1299 0.1299
0.85 0.2455 0.0345 0.721 0.0383
0.8 0.0362 0.232 0.0152 0.0141
0.75 0.0643 0.0243 0.0130 0.0095
0.7 0.1248 0.507 0.1195 0.871
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Table 4 Standard deviation

Standard deviation

q Neormal Lognormal 2-p Weibull 3-p Weibull
Static 48.9 0.0631 55.1 52
0.9 345 0.8403 509 509
0.85 4322 1.0489 3648 4851
0.8 4194 0.4295 4830 5013
0.75 21382 0.9132 25222 30257
0.7 24642 0.4554 24369 25443
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Table 6 Comparison of predicted remaining fatigue life with experimental data using two-parameter Weibull
distribution, low-high (0.7-0.85) test, »,=10000 cycles

Two-stress level fatigue life prediction

P | pua Eepen Miner | Spogmen |
0.10331 105 297 191 — % 130
0.19575 139 683 490 29 371
0.28819 268 1120 850 388 680
0.38064 . 345 1619 1276 800 1059
0.47308 445 2202 1785 1289 1521
0.56552 856 2899 2405 1885 2094
0.65796 1053 3767 3187 2639 2826
0.75041 3003 4913 4233 3652 3816
0.84285 3920 6601 5792 5167 5307
0.93529 10179 9853 8830 8136 8246

%* Broutman and Sahu’s model can not predict remaining fatigue life at this probability of failure
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Table 7 Comparison of predicted remaining fatigue life with experimental data using three-parameter Weibull

g ¢

2.

i\l.

2 A

©

distribution, low-high (0.7-0.85) test »,=10000 cycles

Two-stress level fatigue life precition

: pata forcet Miner | Bpowmen | Haio
0.10331 105 163 234 — % 164
0.19575 139 408 436 — % 326
0.28819 268 734 705 237 554
0.38064 345 1156 1060 570 866
0.47308 445 1698 1526 1009 1284
0.56552 856 2405 2145 1598 1852
0.65796 1053 3357 2993 2413 2643
0.75041 3003 4719 4225 3607 3808
(.84285 3920 6904 6230 5566 5729
0.93529 10179 11592 10600 9868 9970

% Broutman and Sahu’s mode! can not predict remaining Fatigue life at these probabilities of failure

Table 8 Comparison of predicted remaining fatigue life with experimental data using two-parameter Weibull
distribution, high-low (0.85-0.7) test, »,=500 cycles

Two-stress level fatigue life prediction

» pata Pereent Mier | Bpogman | o
0.21641 28200 6429 12208 22541 16387
0.38313 31944 17340 28416 34566 33162
0.54985 33747 27877 41758 45996 45901
(.71657 33900 39861 55705 58741 59138
0.88329 37458 57454 75045 77114 77679

Table 9 Comparison of predicted remaining fatigue life using three-parameter Weibull distribution, high-low
(0.85-0.7) test, n,=500 cycles

Two-stress level fatigue life prediction

r Pereent Mier | Bpgmen | Hahin
0.21641 28200 5848 9630 20965 13361
0.38313 31944 15560 24649 31793 29517
0.54985 33747 25900 38484 43172 42740
0.71657 33600 38640 53746 56816 57102
0.88329 37458 58969 76234 78048 78578




Table 10 Comparison of precicted remaining fatigue life with experimental data using two-parameter Weibull

B4R g2 49 Fxol BE 23

distribution, low-high (0.75-0.85) test, »,=5000 cycles

801

Two-stress level fatigue life prediction

. pata Pcent | e | Bpgme | fahn
0.14205 157 97 84 — % 62
0.19670 433 331 295 — % 231
0.25135 863 582 527 59 429
0.30599 928 853 782 351 653
(.36064 965 1148 1061 657 906
0.41528 1180 1469 1369 985 1189
0.46993 1416 1823 1710 1342 1507
0.52458 1649 2216 2090 1736 1865
0.57922 2454 2658 2520 2177 2273
0.63387 2541 3162 3012 2679 2744
0.68852 3777 3750 3587 3263 3297
0.74316 5746 4452 4275 3960 3963
0.79781 6057 5324 5133 4826 4797
0.85245 6087 6475 6268 5969 5905
0.90710 6191 8169 7942 7652 7547
0.96175 11401 11429 11172 10893 10729

# Broutman and Sahu’s model can not predict remaining fatigue life at these probabilities of failure

Table 11 Comparison of predicted remaining fatigue life with experimental data using three-parameter Weibull

distribution, low-high (0.75-0.85) test, », =500 cycles

Two-stress level fatigue life prediction

: Data Percent Mier | Bpamen | Hehi
0.14205 157 58 70 - % 52
0.19670 433 213 236 — % 182
0.25135 863 396 418 — % 334
0.30599 928 610 626 178 514
0.36064 965 858 864 444 726
0.41528 1180 1145 1139 741 976
0.46993 1416 1479 1459 1079 1272
0.52458 1649 1869 1835 1470 1623
0.57922 2424 2330 2279 1927 2043
0.63387 2541 2880 2812 2472 2552
0.68852 3777 3552 3464 3136 3179
0.74316 5746 4393 4284 3967 3972
0.79781 6057 5491 5358 5052 5016
0.85245 6087 7019 6857 6563 6482
0.90710 6191 9412 9213 8932 8797
0.96175 11401 14423 14163 13901 13686

% Broutman and Sahu’s model can not predict remaining fatigue life at thess probabilities of failure
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Table 12 Comparison of predicted remaining fatigue life with experimental data using two-parameter Weibuli
distribution, high-low (0.85-0.75) test, #,=500 cycles

Two-stress level fatigue life prediction

. Data bt | e | Bpgme | Hehin
0.15498 3514 862 991 4082 1322
0.23396 4775 4026 4497 7033 5482
0.31293 9422 7359 8072 10278 9366
0.39190 13588 10953 11856 13832 13325
0.47088 13882 14911 15974 17774 17553
0.54985 16854 19372 20577 22233 22228
0.62882 17355 24545 25882 27414 27582
0.70780 28916 30784 32248 33667 33980
0.78677 34693 38767 40362 41673 42113
0.86574 44769 50121 51861 53060 53619
0.94472 48190 71016 72949 74012 74696

Table 13 Comparison of predicted remaining fatigue life with experimental data using three-parameter Weibull
distribution, high-low (0.85-0.75) test. »,=>500 cycles

Two-stress level fatigue life prediction

, b | R | e | Ppume | G
0.15498 3514 1015 868 3832 1158
0.23396 4775 3711 3478 6252 4346
0.31293 9422 6758 6622 9162 7879
0.39190 13588 10230 10261 12569 11766
0.47088 13882 14236 14461 16553 16120
0.54985 16854 18944 19374 21264 21125
0.62882 17355 24625 25264 26966 27062
0.70780 28916 31743 32598 34121 34411
0.78677 34693 41222 42305 43650 44105
0.86574 44769 55306 56648 57806 58405
0.94472 48190 82744 84430 85360 86094
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