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Abstract: The strength of brittle material has commonly been characterized by a normal distribution or Weibull
distribution, but it may fit the gamma distribution for some material. The use of an extreme value distribution is
proper when the largest values of a set of stresses dominate the failure of the material. This paper presents a
formula for reliability estimation based on stress-strength interference theory that is applicable when the strength of
material is distributed like a gamma distribution and the stress is distributed like an extreme value distribution. We
verified the validity of the equation for the reliability estimation by examining the relationships among the factor
of safety, the coefficient of variation, and the reliability. The required minimum factor of safety and the highest
allowable coefficient of variation of stress can be estimated by choosing an objective reliability and estimating the
reliabilities obtained for various factors of safety and coefficients of variation.
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Table 1 Combination of statistical distributions for stress and strength presented in ref. [8]

Stress . . Type I - Type 1I -
Strength Normal | Log-Normal | Exponential | Gamma Weibull LEV. LEV.
Normal O O
Log-Normal ©
Exponential ©) ©)

Gamma @)

Weibull © @) © ©
Type I - S.E.V. © © O
Type 1 - L.EE.V. O © ©
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Table 2 Estimated parameters, the fitted chi-square values, K-S distances and log-likelihood values for
different distribution functions, taken from Ref. [5]

Statistical distribution | Shape parameter Scale parameter Kolmogorov Log-likelihood
Weibull 2.8045 0.1030 0.1873 -85.9770
Gamma 6.3305 0.7358 0.1634 -85.5922

Log-normal 0.4087 0.1260 0.1608 -85.6416
Gen. Exp. 10.2548 0.3432 0.1617 -85.6909
Normal 8.6032(mean) 0.2956(variance) 0.1989 -85.6209
0.14
Table 3 Basic statistics for strength of ZrO, following ]
gamma distribution 012 ] .
Statistic Value Statistic Value 010 4 J/ \\\
Scale Mode 0.08 | ¢ \\

parameter(\) 0.7358 ((m—=1)X) 7.24 - L \\

Shape 63305 |  Median 8.16 004 | J

parameter(m) ] p \

Expectation Skewness I N

(m/\) 8.60 (y =2/ m) 0.795 s & | | R

0 5 10 15 20
Variance Kurtosis ‘ Gamma Dist. —=---Normal Dist. |
11.69 0.948
(m/\?) (3 =6/m)

Fig. 4 Comparison of p.d.f. of gamma and normal
distribution with same mean and variance
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Table 4 Coefficients of regression curve for reliability as

2

coefficient of variation

FaSCtt(‘)rt of Coefficients of Regression Curve Coefficient of
afety .
(n) Co Cs Ca C cl Co Determination
1.25 -0.0327 0.4862 -2.8586 8.2975 -11.5680 4.0030 65.3633 0.9998
1.50 -0.0831 1.1127 -5.7286 13.7857 | -13.3216 | -4.9603 79.7306 1.0000
1.75 -0.1052 1.4076 -7.2459 17.4715 | -17.0034 | -6.4774 88.0412 1.0000
2.00 -0.1069 1.4476 -7.5870 18.8776 | -19.8125 -5.0097 92.7458 1.0000
2.25 -0.0961 1.3215 -7.0889 18.3208 | -20.8153 -2.9420 95.4346 1.0000
2.50 -0.0793 1.1114 -6.1240 16.4977 | -20.2253 -1.1883 97.0107 1.0000
3.00 -0.0441 0.6504 -3.8484 11.4676 | -16.4095 0.7753 98.5685 1.0000
4.00 -0.0012 0.0579 -0.6736 3.4091 -7.8361 1.1706 99.5559 1.0000
5.00 0.0106 -0.1253 0.4652 -0.0994 -2.9096 0.5684 99.8377 1.0000
2.00 100
95 "
e s4=2.7388, 6=02236 20
g 85
2 ‘ % .
| 50=4.1082,/0=0.3354 < !
0.80 '::' 2
’ H ': £\ lsyr 5776, 8=0.4472
I ™
0.40 "l :I'u": :| 6 |
RN
A A=0.7358 m=6.3305 60 ; } "
0.00 NS ZaER B e 10 15 20 25 30 35 40 45 50
0.0 40 8.0 12.0 16.0 20.0 Design Factor of Safety, n

Fig. 5 Probability density functions of gamma and
extreme value distribution
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Fig. 6 Reliability as design factor of safety for
coefficient of variation
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Table 5 Maximum allowed value of coefficient of variation to obtain the reliability objectives

Factor of Reliability Objectives
Safety
(n) 70% 80% 90% 95% 97% 99% 99.5% 99.9%
1.25 n/a n/a n/a n/a n/a n/a n/a n/a
1.50 1.0682 n/a n/a n/a n/a n/a n/a n/a
1.75 1.8286 0.6733 n/a n/a n/a n/a n/a n/a
2.00 2.5619 1.0480 0.2929 n/a n/a n/a n/a n/a
2.25 3.3283 1.3935 0.5487 0.0922 n/a n/a n/a n/a
2.50 4.0064 1.7413 0.7512 0.3240 0.0079 n/a n/a n/a
3.00 4.5765 2.4206 1.1167 0.6161 0.3863 n/a n/a n/a
4.00 n/a 3.7300 1.8206 1.1006 0.7943 0.3922 0.2018 n/a
5.00 n/a n/a 2.5088 1.5631 1.1668 0.6567 0.4561 n/a
&, WEAFIE 4S5 BAbuel pelo] oiw
A# o] apol 7} AR, e -
Table 4%= 2} QbA &gkl tlate] W75t 2 B e
e WwAS 4 (129 2 Do FAR s .
A5k Aitolth Table 404 7]l &2 AR A5 R e ——
1% 5t 3] FiEA ol A FW E(total variation) & R ——— ——
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00 01 02 03 04 05 06 07 08 09 10
AE IS & F Ao Coefficient of Variation, C,,
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Testing material Determination of

strength

Design Variables

v

Factor of safety(n)
Coeff. of variation
of stress(c,)

v v

Estimation of Calculation of
parameters(\,m) parameters(6,s,)

| |
v v

Estimation of
reliability

Regression analysis for coefficient of
variation and reliability as factor of safety

v

Acquisition of design variables to meet the
reliability objective

Fig. 10 Schematic diagram to estimate reliability
and to obtain design variables
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