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INTRODUCTION

A statistical analysis of shear strength data for spot welds, which

connect back-to-back support struts in the Diablo Canyon Power Plant,

was performed to determine the tenth percentile strength value. The

results of this analysis will be used to develop spot weld shear

strength criteria by Bechtel Power Corporation. The statistical infor-

mation reported was obtained using a random sampling procedure recom-

mended in Reference 1, which was based on estimates of the lineal

footage of each type of support strut in the power plant, and updated by

the "on-site" sampling effort (Ref. 2). The sample sizes used in the

analysis are listed in Table l.

The analysis of the data consisted of the following: (1) Compare data

from the three support strut types to determine whether spot weld

strengths of any of the three types could be assumed to be from the same

population of spot welds, and thus combined; (2) Verify that the normal

distribution is a reasonable model to represent the spot weld shear

strength populations in the plant; (3) Determine the shear strength

value for each support strut type corresponding to the tenth percentile

level from the normal distribution.
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The sampling procedure and statistical tests are discussed in the

following sections. The results of the analysis are discussed in the

last section of this report.

SAMPLING PROCEOURE

The sampling procedure given in Reference 1 recommended numbering

each support strut of the type A1202, E1202, and H1202 with a unique

number, generating a series of r andom numbers to obtain random samples

of each type, removing the sample struts, and randomly selecting a spot

weld in each strut to test. Struts were omitted from the sample if they

were too short to obtain a proper test specimen, if they were stitch

welded, or if they could not be removed by virtue of being inaccessible

in the plant. Note that it is implicitly assumed that no bias exists

between those struts which are accessible for removal and those which

are inaccessible.

The recomoended sampling rate was based in part on the estimated

rate of testing performed during production runs (approxiamtely one weld

every.500 feet). In addition, for a large amount of material a minimum

t'estsample sige..of 30 was recommended. This number is believed to be a

minimum needed for estimating the variance of a large population. The

initial estimate of the lineal footage of the H1202 struts (H Series)

was on the order of 10,000 feet and a sample size of 30 was recommended.
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Initial estimates of the proportion of the type A1202 (A Series) and

type E1202 (E Series) were then used to recommend proportionately larger

sanples (150 and 90 respectively). Note that the recommended sanpling.

rates were somewhat greater than the production testing rate.

During removal of samples from the power plant it was determined

that the actual lineal footage of the H and E Series was much less than

originally estimated and that a large proportion (approximately 84 per

cent) of the E and H Series struts have been stitch welded (Ref. 2) and

should be eliminated from the sampling progran for spot welds. Based on

this updated information the original sample sizes recommended in

Reference 1 for the E and H Series were determined not to be reasonable.

The sample sizes of 34 for the E Series and 9 for the H Series obtained

from the plant represent greater sanpling rates than intended in the

recommended procedure (Ref. 1), and are adequate to develop spot weld

shear strength criteria.

STATISTICAL TESTS

The spot weld shear strength data (Ref.3) was analyzed statis-
g.l.'ical'ly to determine commonality of populations and appropriate prob-

ability distribution models for the support strut spot weld population

in the plant. Tests of the hypothesis that either of the E or H Series

samples belong to the same population of spot weld strengths as the A

w 3
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Series were performed first, followed by goodness-of-fit tests to the

assumed normal distributions. Two different tests for combining samples

were made. The first test investigated the hypothesis that two

populations have the same mean when the variance (assumed to be the same

for both populations) is unknown. The test statistic is given by the

following expression:

"2)~ .
p ~l "2

where sp -[(n1-1)s12 q (n2-l)s22] /(n1+n2-2)

x1, x2 = the sample means

n1, n2 = the sample sizes

and s12 and s22 are unbiased sample estimates of the unknown variance of

the two populations (Ref.4). The test assumes that the underlying

distributions for the populations are normal and the variances are

equal. The critical region of the observed t-statistic in this two-sided

test.,is determined from the t-distribution at the 0.05 significance

level with n1+42 - 2 degrees of freedom. Results of this test for both

the A and E Series and the A and H Series data are given in Table 2 and

discussed in the last section.

-4-
Jack R. BenJamln 5 Associates, inc. ~
Consulting Engineers





113-090-H-01
June 30, 1983

In preparation for the above hypothesis test, a preliminary hy-

pothesis test was performed to determine whether the two population

variances are equal. The test statistic is given by the following

expression:

F = s12/s22

If the underlying populations are assumed to be normal the critical

region of the observed F-statistic, in this two-sided test, is deter-

mined from the F-distribution with (n1-1) and (n2-1) degrees of freedom

at the 0.05 significance level (Ref. 4). Results of this test are also

given in Table 2.

The Kolmogorov-Smirnov test (Ref.5), which permits comparison of

two sets of data without assuming an underlying distribution, was the

second population combination test performed. The hypothesis tested is

simply that the two sets of data are from the same distribution. The

test statistic is given by the following expression:

Dp '=lmax DFy*(x) - F2*(x)g

where F1*(x) and F2*(x) are the normalized observed cumulative

histograms of the two samples.
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The observed value of the this statistic is readily determined

from a normalized cumulative histogram plot for any two data sets and is

compared with the acceptance value, at the 0.05 significance level using

a sample size n = n1n2/(n1 + n2). Figure 1 is a plot of the normalized

cumulative histograms of the three sets of data. Results of the

Kolmogorov-Smirnov test are listed in Table 2 and discussed in the last

section.

Based on the results of these tests it was concluded that the spot

weld populations represented by the A and'H Series samples are not

significantly different and that the data may be combined for developing

a common shear strength distribution. It was also concluded that the

spot weld population represented by E Series data is significantly

different from the A Series data and should not be combined with the A

Series. The E Series data is therefore used to develop a separate spot

weld shear strength distribution.

To combine the data from the A and H Series tests in an unbiased

manner, a proportionate random sample from the H series was used (Ref.
qt').

Based os'the estimated lineal footage of each type of strut (See

Table 1) the proportionate sample size for the H Series, corresponding

-6-
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to a sample size of 162 for the A Series, is four. Therefore, four

randomly selected H Series samples were included in the combined A and H

Series sample.

The two sets of data, E Series and the combined A and H Series,

were assumed to be samples from normally distributed populations and

this hypothesis was tested using the Chi-square goodness-of-fit test.

Assuming that the underlying models for these two populations are nor-

mal, the maximum likelihood estimates of the means and variances were

determined and used as parameters in tlie test. The Chi-square test

compares the expected number of observations in each interval with the

actual number of observations in the interval over the entire range of

the assumed model. The test statistic is given by the following

expression:

k

01 =Z0 N; - npi ) 2gnp; j
1

where N; is the observed number of data value" in interval i, pi is the

probability of the strength of a spot weld in the population being

within interval i, n is the total number of observed values in the

sample, arid k is the number of intervals assumed. As recommended in

Reference 5, the intervals were picked such that each has an equal
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probability. The observed value of the D1 statistic was then compared

to the acceptance value of the Chi-square distribution at the 0.05 sig-

nificance level with k-3 degrees of freedom.

Table 3 lists the 01 statistic for both the E Series and combined A

and H Series. The D1 statistic was determined by dividing the range

into ten equal probability intervals. Thus, the Chi-square value which

determines the acceptance region has seven degrees of freedom.

Goodness-of-fit can also be tested by visual inspection of the

cumulative histogran on probability paper. The cumulative histograns

for the E Series and the combined A and H Series are shown in Figure 2.

The superposed straight lines represent the assumed normal models.

Results of these tests are discussed in the following section.

ANALYSIS RESULTS

Table 2 suggests the hypothesis that the A and E Series data are

from the same distribution should be rejected at the 0.05 significance

level. However, the hypothesis that the A and H Series data are from

the same "distribution is accepted at the 0.05 significance level. Data

from the A and H Series samples were combined according to the propor-

tionate anounts of each strut type in the plant (See Table 1). The

combined sample size is 166.

-8- Jack R. Benjamin 5 Associates, Inc.
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Assuming maximum likelihood values for the mean and variance,

normal models were fit to the.E Series and combined A and H Series

samples as shown in Figure 2, and the Chi-square test was performed at

the 0.05 significance level. The hypothesis test results given in Table

3 sugqest the hypothesis that the combined A and H Series fits the

normal distribution, N(5383,14582), be accepted. However, the hypo-

thesis that the E Series fits the N(3156,10692) is rejected at the 0.05

significance level (Note however, that at a lower significance level,

the test statistic falls within the acceptance region). Figure 2 shows

the E Series data is skewed to higher values than the normal model

predicts. In the region of the tenth percentile the assumed normal

model therefore yields conservative values. Other probability models

may fit the data better than the normal model; however, the small size

of the E Series sample simply does not contain sufficient information to

permit fine discrimination among models.

Although the hypothesis that the E Series data fits a normal model

is rejected at the 0.05 significance level, the assumed normal model is

conservatively used to determine the tenth percentile spot weld shear

strength Value for the E Series struts. Recommended values of the mean,

variance, and tenth percentile are listed in Table 4 for both the E

Series and the combined A and H Series data.
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Table 1

Support Strut Sample Sizes

Estimated No. of
Strut Supports in Plant

~T e Series ID at time of samplin )

Estimated Lineal
Footage in Plant
(at time of samplin )

No. of
Samples

A1202

E1202

E1202

10627

463

245

47,800

2,100

162
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Table 2

Testing Equality of Sample Populations

Pop ul at ions Test
Represented By Hypothesis

Acceptance
Region (0.05

Test significance
St at ic 1 evel ) Conclusion

Series A and E

Series A and H

Series A and E

Series A and H

Series A and E

Series A and H

Equal Means

Equal Means

Equal Variances

Equal Variances

Equal Distributions
Equal Distributions

F=1.76

F=0.60

D2=0.74

D2=0.18

0.61 to 1.81

0.44 to 3.72
< 0.25
< 0.45

t=+8.43 -1.96 to +1.96

t=-0.63 -1.97 to +1.97

rejected
accepted

accepted

accepted

rejected
accepted
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Table 3

Testing Assumed Population Models

Populations
Represented By Hypothesis

Test
Static

Acceptance
Region (0.05
significance
level) Conclusion

Series E N(3156,10652)

Series A and H N(5383,14582)

01~17.18

01=12.07

< 14.07

< 14.07

rejected*
accepted

* The hypothesis that the E Series Sample represents a normally distributed
population with mean = 3156 and variance = 10692 is rejected at the 0.05

significance level. However, the hypothesis would be accepted at the

0.01 significance level, since 17.18< 18.48.

-13-
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Table 4

Statistical Summaries of Spot Meld Shear Stren ths - Normal Model

Series A and H Series E

Mean

Var i ance

10th Percentile

5383

1458~

3514

3156

1069~

1786

-14-
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H Ser ies

78

68

58

48

E Ser ies

h Series

0
Gl

8I
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Spot Weld Shear Strength
Figure 1 Normalized Cumulative Histograms

For A, E, and H Series a a
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