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Summary

Analyses performed to estimate variability in 
CTE properties for SA-508 and Alloy 600

Data from various sources addressed, 
including:
– Test data obtained from ANL (ANTER & PMIC)

– PMIC data re-evaluated by B&W Canada

– New Test Data from ANTER

Results yield standard deviations of:
– 1.75% for SA-508 tubesheet material

– 2.3% for Alloy-600 tubes
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Summary (continued)

Statistical analyses are based on mean 
results of samples tested for each heat
– Within-heat variability demonstrated to be same as 

test method uncertainty

Strain hardening due to tube expansion did 
not cause significant differences in CTE

Validates continued use of ASME Code 
curve for mean in statistical analyses
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Data Sources Included in Evaluation

Alloy-600: SA-508 Grade 2: 
Specialty Metals Datasheet MatWeb AISI 1020 

Aero SM Handbook ANL ANTER 
Mil Handbook 5 ANL PMIC (Re-evaluated) 
NSMH Values  

Miscellaneous Datasheets  
ANL ANTER  
ANL PMIC  

  
New ANTER Data: New ANTER Data: 

9 heats (3 to 4 samples each) 4 heats (10 samples each) 
Multiple Tests; single sample Multiple Tests; single sample 
Strain Hardened Specimens  
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Alloy 600 Data
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2007 Edition
Special Metals Datasheet
NSMH Values
Misc. Datasheets
Mil Hdbk 5
Aero. Struct. Mat. Hdbk
ANL ANTER Alloy 600
ANL PMIC Alloy 600
Heat 44F-NX9180
Heat 44F-NX9292
Heat 44F-NX1518
Heat F-NX9749
Heat F-NX0419
Heat F-NX9821
Heat D5-NX1002
Heat D5-NX1019
Heat D5-NX1145
Overall Mean

Coefficient of Thermal Expansion Values for Alloy 
600 (w/ Heat Averages of New Test Data)
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SA-508 Data

Original Data After Reassessment5.5
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SA-508 Gr. 2 2007 Edition

MatWeb AISI 1020

ANL ANTER SA-508 

PMIC Weigted-10 Fit

Heat 03D958-1-6

Heat 97D28-1-1

Heat 97B80-1-11

Heat 97D258-1-1

Overall Mean

Coefficient of Thermal Expansion Values for SA-508 Gr. 
2 (w/ Heat Averages of New Test Data )
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Statistical Analysis Method
Compute deviations (residuals) between individual data 
points (taken at ~50°F intervals) and overall mean curve

Rank order residuals (lowest to highest)

Plot on various types of probability paper

– Normal, Lognormal, and Weibull

– Vertical axis: Ordered residual values 

– Horizontal axis: Order statistic medians for the 
distribution
[e.g. Norm Inverse of F; where F = (n - 0.3) / (N + 0.4)] 

– Analyzed each material individually (A-600=226 
points; SA-508=100 points)
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Normal Probability Plots

A-600 A-508
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R2 = 0.9293
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Recommended Normal Distribution for 
A-600 CTE Data

Parameters of 
Distribution:

• μ = 0.014 x 10-6

• σ = 0.173 x 10-6

(~2.3% of Mean 
CTE at 400°F)
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Recommended Normal Distribution of 
SA-508 CTE Data

Parameters of 
Distribution:

• μ = -0.006 x 10-6

• σ = 0.122 x 10-6

(~1.75% of Mean 
CTE at 400°F)
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Details of New ANTER
Test Data Analysis

Typical Test Results

Within-heat Variability Compared to 
Testing Uncertainty 

– Multiple tests of same sample

Tests of Strain Hardened A-600

– Hydraulically expanded tubes

Overall Mean Versus ASME Code Curves
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New ANTER Data for Alloy 600
(Typical) 

 
A600, Model F Tube, Heat NX9749

Coefficient of Thermal Expansion Data
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A600, Model D5 Tube, Heat NX1002

Coefficient of Thermal Expansion Data
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New ANTER Data for A-508
(Typical) 

 

A508 Gr. 3 Cl. 2(3), Heat 97D258-1-1
Coefficient of Thermal Expansion Data
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A508 Gr. 3 Cl. 1, Heat 03D958-1-6
Coefficient of Thermal Expansion Data
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Evaluation of Within-Heat Variability 
(SA-508)

A508 Gr. 3 Cl. 2(3), Heat 97D258-1-1
Coefficient of Thermal Expansion Data
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A508 Heat 97D258-1-1, Multiple Run, Sample #8
Coefficient of Thermal Expansion Data
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Conclusion: Variability is due to test measurement uncertainty



Evaluation of Within-Heat Variability 
(Alloy 600)

A600 Heat NX1019, Multiple Run, Sample #3
Coefficient of Thermal Expansion Data
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A600, Model D5 Tube, Heat NX1019
Coefficient of Thermal Expansion Data
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Conclusion: Variability is due to test measurement uncertainty



Evaluation of Strain Hardening Effect 
(Alloy 600)

A600, Model 44F Tube, Heat NX9180
Coefficient of Thermal Expansion Data
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A600, Model 44F Tube, Heat NX9180 Strain Hardened
Coefficient of Thermal Expansion Data
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Results / Conclusions
Variability of existing CTE data for A-600 
and A-508 reasonably well characterized 
by normal distributions

Resulting standard deviations:
– 1.75% for A-508 tubesheet material

– 2.3% for Alloy-600 tubes

Analysis removes effect of test 
measurement uncertainty – results thus 
represent true material variability
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Results / Conclusions (cont’d)

Testing of hydraulically expanded A-600 
tube material indicates no significant effect 
on CTE

Overall means of test data very close to 
ASME Code CTE curves. Therefore 
acceptable (conservative) to use ASME 
Code curves as means in the analyses
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