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Achieving a Reasonable Level of Assurance
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Commercial Grade Dedication

An acceptance process that is undertaken to provide 

reasonable assurance that a commercial-grade item to be 

used as a basic component will perform its intended safety 

function and, in this respect, is deemed equivalent to an item 

designed and manufactured under a 10CFR50, Appendix B 

QA program.  (10CFR21)
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Commercial Grade Dedication

An acceptance process that is undertaken to provide 

reasonable assurance that a commercial-grade item to be 

used as a basic component will perform its intended safety 

function and, in this respect, is deemed equivalent to an item 

designed and manufactured under a 10CFR50, Appendix B 

QA program.

Most of the words and terms used in this definition are pretty 

clear and understood by the variety of dedicating entities.

But for many years certain suppliers of more commodity type 

items have felt like this…
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Uneven Playing Field
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Testing Requirements for a B7 Bolt

As a supplier of fasteners for many years, we never 

understood why a utility could get away with dedicating 

fasteners by taking a hardness on the flats, when we were 

forced to perform hundreds of dollars in testing that included:

 Full size wedge tensile test

 Machined coupon tensile test

 Macroetch test

 Mid-radius hardness test

 Full chemistry for all included and excluded elements

Note - All of the above are destructive
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Dedication versus Certification

When commodity items like bolts are purchased safety-

related, the safety function is rarely ever provided.  In the 

absence of a safety function, the supplier is compelled to 

consider every attribute critical and verify all of them.

The supplier is still performing dedication in that the starting 

products are commercial grade and the ending products are 

safety-related.

But the supplier is also certifying full compliance to the 

specification given they are verifying each and every 

attribute.
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Dedication versus Certification

But we are talking about a bolt here…

Is there some subset of the tests and inspections that can be 

performed that will provide a reasonable level of assurance 

the bolt will provide its likely safety-function?

When a utility dedicates bolts and puts them into inventory, 

they do not know where those bolts will be installed prior to 

selecting a subset of tests.

Why can’t a supplier do the same?

Let’s look at all of the various tests and see if we can be more 

reasonable in our approach.
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Macroetch Testing

All of the previously mentioned tests are required by ASTM A 

193 for Grade B7, one of the most common bolting materials 

in nuclear.  Let’s look at these one at a time, starting at the 

beginning with the macroetch test.

A macroetch test is done by taking a section of the starting 

material, which for a bolt will be bar or wire, and polishing the 

flat surface then etching it with acid.  This process reveals 

certain defects that could cause catastrophic failure during 

either hot or cold forging.



9 |  May 15, 2019 |   © Curtiss-Wright 

Macroetch Testing

There is a step in making bread that states the dough should 

rise before baking.  But if you are dedicating loaves of bread, 

the dough clearly rose, right?

Same for the macroetch test – if you’re dedicating bolts, they 

clearly formed properly meaning the defects that would 

prevent proper forming were not present.

Performing a macroetch test on a finished bolt  accomplishes 

nothing and does not offer any additional assurance the bolts 

will perform their safety function, whatever that function might 

be.
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Machined Coupon Tensile Testing

The next test we can arguably forego is the machined coupon 

tensile test.  It is important to know a bit of history regarding 

the A 193 specification, which was really for material rather 

than fasteners and if the starting material is bar stock, it 

makes perfect sense to first machine a coupon out of it and 

then test the coupon.

As A 193 has transitioned to more of a fastener specification 

and began requiring tests of the bolts themselves, the 

machined coupon test has become more of a means to test 

fasteners when they are so large they require a gigantic 

testing machine to test them.
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Machined Coupon versus Full Size Tensile Testing

Bolting specifications such as A 325, A 354 and A 449, that 

were originally created as fastener specifications do not 

include machined coupon testing requirements.

Fastener specifications often permit the use of machined 

coupon tests when bolts are too long or too large for available 

equipment to test.

In fact, bolts too short for testing are exempt from tensile 

testing.
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Wedge Tensile Testing

Wedge Tensile Testing is performed on 

full-size fasteners and tests for several 

things.  First it tests for tensile strength.  

The ultimate tensile strength for Grade 

B7 is 125,000 psi.  3/4-10 UNC threads 

have a tensile stress area of 0.334 in2.  

125,000 x 0.334 = 41,750 pounds.  So 

if testing is performed on a 3/4-10 B7 

bolt, that bolt needs to hold a load 

greater than 41,750 before failure.
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Wedge Tensile Testing

If a bolt holds 45,000 and then the head breaks off, this is 

considered a failure.  The bolt must fail in the threaded 

section where the cross-sectional area is the smallest.  

Failure in any other location indicates there is a defect.

The wedge placed under the head places additional stress on 

the head to body junction and simulates shear loading.
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Mid-Radius Hardness Testing

The mid-radius hardness test may be a bit of a self-inflicted 

wound.  We need to keep a few things in mind with regard to 

A 193 bolts.  The first is that A 193 was not written for nuclear 

applications, but for general industry.  The second is that 

most bolts are produced in huge quantities where the buyer 

likely receives many thousands of pieces from the producer.

Specifications like this often contain statements like, “when 

disagreements exist between the buyer and producer, the 

arbitration method XYZ shall be used.”  And so is the case 

with hardness.
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Mid-Radius Hardness Testing

A fastener manufacturer knows that the surface hardness of a 

large fastener is higher than the core.  And certain forming 

operations can also increase the surface hardness.  

Conversely, decarburization that occurs during heat treatment 

can make the surface softer than the material below it.

Knowing that two parties taking hardness readings can get 

two different values – one meeting and one not meeting the 

specification requirements, the knowledgeable supplier will 

simply perform hardness testing using the mid-radius method.

But for CGD, hardness readings on the flats are perfectly 

acceptable provided the surfaces are prepared properly.
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Chemical Composition

Chemical composition requirements for materials such as 

Grade B7 are semi-specific in that specific elements are 

listed and the percent compositions are defined, but an 

overall alloy is not defined.  This fits between material 

specifications that do not have specific elements listed and 

those that require specific alloys, such as UNS S31600.

There are two sets of composition requirements:

 The Ladle Analysis, which is taken from the original steel

 The Product Analysis, which is taken from the finished 

products and includes extra tolerances to compensate for 

variations within the lot and test method accuracy.
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Chemical Composition

Elements fall into four categories for Grade B7.

1) There is a requirement for Carbon, Silicon, Chromium, 

Molybdenum, and Manganese, with Iron being the balance. 

2) Phosphorus and Sulfur have a maximum, but no minimum.
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Chemical Composition

3) The addition of Selenium, Tellurium, Bismuth, or Lead is 

prohibited.

4) The addition of any other element that would make the 

material conform to a different grade is also prohibited.  

Vanadium is an example of such an element.
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Chemical Composition

In terms of reasonable assurance, the hardness test proves 

the carbon content is sufficient for the steel to respond to heat 

treatment.  And passing the wedge tensile demonstrates the 

presence of Chromium and Molybdenum.

Some dedicating entities use equipment that does not detect 

the presence of Carbon, for example.  And certain equipment 

might not check for the presence of Bismuth or Vanadium.

But regardless of the equipment used by the dedicating entity, 

some measure of the chemical composition should be 

performed.
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Chemical Composition

The Product Analysis allows for specific variations below the 

minimum or above the maximum.  For example, Carbon is 

permitted to vary by 0.02% such that the Ladle Analysis 

range of 0.37 to 0.49 percent is expanded to 0.35 to 0.51 

percent.

There is an added requirement that test results cannot vary 

both above and below the Ladle Analysis range.  In other 

words, a Product Analysis of 0.50 is good as is 0.36, but 

results of 0.50 and 0.36 within the same lot is not permitted.
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Samples

All of the tests mentioned are destructive.  Even if the test 

itself is rather innocuous, preparation for the test typically 

alters the dimensions sufficient to render a bolt non-

conforming.

It is permissible to use samples for multiple tests.  For 

example, the broken halves of the tensile sample can be 

used to chemical analysis.
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Mass Production and Lot Homogeneity

Nearly all commercial fasteners will be produced by cold 

formed from annealed (soft) wire.  Round heads are formed 

and then the flats are sheared off.  The body is extruded to a 

reduced diameter and threads are rolled into the material.

The dimensions of bolts produced in this manner will be 

extremely consistent within lots.  So consistent that if bolts 

from several different lots are comingled, they can be easily 

separated back into the original lots by checking a few 

dimensions.  In fact, they can likely be separated into the 

original lots visually as well.
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Mass Production and Lot Homogeneity

Given sample testing relies heavily on lot homogeneity, the 

dedicating entity may choose to perform dimensional 

examinations first, which establishes a high confidence in lot 

homogeneity, justifying a smaller sample size for the more 

expensive destructive testing.

If destructive testing is performed first and then dimensional 

examinations are found to be inconsistent, the lot should 

probably be rejected.
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Reasonable Assurance = Reasonable Price

The cost to perform all of the tests required by A 193 Grade 

B7 is about $500, which is inconsequential when 100,000+ 

bolts are being produced.

But $500 in testing to dedicate 50 bolts is $10 per bolt that 

probably has a commercial cost less than a dime.

The cost to perform hardness on the flats, a wedge tensile 

test, and chemical analysis is closer to $100, or $2 per bolt.

Another way to look at this would be to take the $500 to 

dedicate & certify the 50 bolts and dedicate 500 or 1,000 

bolts.  But this means someone must maintain dreaded 

inventory.
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Achieving a Reasonable Level of Assurance

The first step is selecting the ideal subset of tests and 

inspections.  The “bang-for-the-buck” tests should be 

selected, not just the least expensive to perform, or the 

easiest to perform.

Another factor is selecting tests that differentiate good 

products from bad.  For example, if after performing 

macroetch tests on bolts for 30 years, none has ever failed, 

what is the point to performing this test?

The suppliers of products are in the best position to select the 

ideal subset of tests.  But…
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Achieving a Reasonable Level of Assurance

When a utility purchases an ASTM A 193 Grade B7 bolt 

safety-related, the supplier is back to certification-dedication.

There is a better way.

The suppliers of products can prepare dedication plans that 

utilize the ideal set of tests and inspections that balance cost 

and assurance.  These dedication plans would explain the 

selection of the tests and justify those tests that will not be 

performed.

The suppliers then provide these dedication plans to the 

utilities.  The utilities then purchase products to the dedication 

plans.
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Achieving a Reasonable Level of Assurance

There will always be applications where utilities will want full 

compliance to specifications.

And it is the responsibility of the sites to ensure that a product 

dedicated to a reasonable level of assurance is appropriate 

for specific applications – just as is done today.

How will this all work?
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How Will This All Work?

If Nova provides a reasonable assurance dedication plan to 

one utility and then another fastener supplier provides a 

different dedication plan to another utility, etc., we as an 

industry will fail to achieve all of the benefits of this concept.

This needs to be an industry effort.  Multiple suppliers of 

commodity type items need to participate.

And multiple utilities need to adopt the dedication plans 

without too many changes such that we do not end up with a 

half-dozen plans for the same product.
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How Will This All Work?

Curtiss-Wright has begun the process.  If any suppliers are 

interested in participating, please contact me.

Any utilities interested in participating should also contact me 

at this point.

This probably needs to transition to a neutral third party, such 

as the EPRI JUTG.
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Who Is Ready to Jump on the Bandwagon?
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Questions?      

cwnuclear.com

Greg Keller

Mobile 702.630.9789

Email  gkeller@curtisswright.com
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