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Materials can’t be controlled to be perfectly homogeneous.  Even though the 
process is controlled, there will always be imperfections like impurities, 
distortions; interphase defects for composite; from the atomic to the macroscopic 
level.  Material properties are affected by these variations and show a scatter of 
behaviour. 

Design values have to be obtained from the limited information of a sample. This 
brings us into the domain of Uncertainty.

B basis: of 10 samples of the population, 9 will typically have better properties. 
This behaviour will be true or better for 95% of our future samples.

We will see what confidence means for the example in next pages: confidence on 
B basis assuming normality depends on confidence in the distribution mean and 
standard deviation.
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The Bayes theorem is the basic rule for inference., to determine the posterior 
probability of future data, by combining any prior information with the sampled 
data.

An example of prior information could be a probability distribution for the 
population mean, coming perhaps from other tests.

In the case of no particular prior information, for a certain model of the data, 
Bayes says that the probability of a combination of parameters is proportional to 
the sampling distribution. The sampling distribution is the product of probabilities 
of all sampling points. This seems simple but is quite powerful. 

For example, if according to our information we can model the distribution as a 
Normal distribution, the parameters we are interested in are the mean and the 
standard deviation. 
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The normal distribution is very special and useful. Posterior closed form available.

Under mild conditions, the mean of a large number of random variables 
independently drawn from the same distribution is distributed approximately 
normally, irrespective of the form of the original distribution. Maximum entropy for 
given mean and variance. Maximum likelihood estimate=mean. 

CMH17 prefers the Normal: 

1.Experience has shown that large samples of composite material strength data 
tend to be modeled

well by the normal distribution.
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A Basis : Z=2.326
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Bayes didn’t lie.
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CMH17: 2. Without a significant quantity of data (roughly more than 60 data 
points), it is not possible to differentiate

between data sets following normal, Weibull, or lognormal distributions with a 
reasonable level of statistical power.

Weibull and lognormal

These distributions are useful in representing samples which are “skewed”, 
that is one of the tails are not prominent. For materials controlled by 
material specifications which has a tendency of eliminating low test points 

Weibull: weakest link model. Behaviour of brittle materials including 
composites

Lognormal: Distribution of a random variable whose logarithm is normally 
distributed. Can be thought of as a product of many independent random 
variables
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Damages on metal have the potential to develop into a growing crack, which 
won’t stop until the part completely breaks, or will stop temporarily at the next 
arrest feature. This makes MLP the main means to ensure a robust design.

Focussing of use of A basis for composite at coupon level would be missing the 
point of more critical damage tolerance at higher assembly levels (except for slow 
growth)

Refer to shared database. Complex evaluation
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Links:

Jaynes: Highly recommended to understand probability in a rational way as 
opposed to a collection of ad-hoc recipes

https://bayes.wustl.edu

Conjugate prior: Some postprocess of the Normal conjugates with unknown 
mean and variance is needed to arrive to the porterior for them

https://en.wikipedia.org/wiki/Conjugate_prior

13



14



15


