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U.S. Department 1200 New Jersey Avenue, SE
of Transportation Washington, DC 20590

Pipeline and Hazardous
Materials Safety
Administration

August 7, 2025

Art Fleener

Fleener Consulting LLC
3741 Mathews Road
Ames, |A 50014

Reference No. 25-0050
Dear Mr. Fleener:

This letter is in response to your April 23, 2025 email requesting clarification of the Hazardous
Materials Regulations (HMR; 49 CFR Parts 171-180) applicable to the minimum thickness for
Department of Transportation (DOT) specification Motor Carrier (MC) 331 cargo tanks. You
explain that Pipeline and Hazardous Materials Administration (PHMSA) previously issued a
memo to the Federal Motor Carrier Safety Administration’s (FMCSA) Hazardous Materials
Division, providing clarification on the minimum thickness requirements for cargo tanks under
the HMR, including those for MC 331 cargo tanks. You ask questions regarding the minimum
shell thickness requirements.

We have paraphrased and answered your questions as follows:

Q1. Isthe memo from PHMSA to FMCSA, as referenced in your incoming email, regarding
the minimum shell thickness of an MC 331 specification cargo tank still valid?

Al.  Yes, this memo remains valid for the specific scenario that it addressed at the time it was
drafted. Please keep in mind that an interagency memo, like the one referenced in your
incoming email, is intended for “internal use only.” This memo is not meant to be shared
outside of the agency, as it serves as internal guidance for specific situations.

Q2. Foran MC 331 specification cargo tank, what thickness is considered below the
minimum requirement?

A2. Inaccordance with 8 178.337-3(e), the minimum thickness of the tank shell and head
shall be determined using structural design requirements in Section VII1 of the American
Society of Mechanical Engineers (ASME) Code? or 25% of the tensile strength of the

L ASME BPVC.VIII.1-2017, Section VIII—Rules for Construction of Pressure Vessels Division 1.



material used. Additionally, the minimum required thickness for an MC 331 cargo tank
constructed before October 1, 2003, is determined by the thickness indicated on the U-1A
form? minus any corrosion allowance, as required in § 180.407(i)(9). If no corrosion
allowance is indicated on the U-1A form, then the thickness of the tank shall be the
thickness of the material of construction indicated on the U-1A form with no corrosion
allowance. For an MC 331 cargo tank constructed after October 1, 2003, the required
minimum thickness is the value that has been marked on the cargo tank, as required by
88 180.407(i)(9) and 178.337-17(b).

Incidentally, 8 180.407(i)(9) states that the minimum thickness for an MC 331 cargo tank
constructed after October 1, 2003, can be found on the specification plate, but this is incorrect.
However, the minimum thickness markings can be found on the name plate in accordance with
§ 178.337-17(b) and this will be corrected in a future rulemaking.

I hope this information is helpful. Please contact us if we can be of further assistance.

Sincerely,

Dirk DerKinderen
Chief, Standards Development Branch
Standards and Rulemaking Division

2 Form U-1A


https://www.asme.org/wwwasmeorg/media/resourcefiles/aboutasme/standards_certification/bpvc%20data%20forms/bpvc_viii-1_u-1a.pdf

From: Dodd, Alice (PHMSA)

To: Baker, Yul (PHMSA)

Subject: FW: interp request

Date: Thursday, April 24, 2025 11:53:46
Attachments: under mill tollerance with .0004.pdf

interp thickness.pdf

Baker, Y
25-0050

From: Kelley, Shane (PHMSA) <shane.kelley@dot.gov>
Sent: Wednesday, April 23, 2025 3:19 PM

To: Hazmat Interps <hazmatinterps@dot.gov>

Cc: art fleener <fleenerconsulting@yahoo.com>
Subject: Fw: interp request

Please process and thank you

From: art fleener <fleenerconsulting@yahoo.com>
Sent: Wednesday, April 23, 2025 3:09:48 PM

To: Kelley, Shane (PHMSA) <shane.kelley@dot.gov>
Subject: interp request

You don't often get email from fleenerconsulting@yahoo.com. Learn why this
Is important

This email originated from outside of the Department of Transportation (DOT). Do

not click on links or open attachments unless you recognize the sender and know the content

is safe.

Shane
See the below and the attached files.
Thanks

art

Fleener Consulting LLC.
515 291 9208
fleenerconsulting.com

On April 18, 2014, PHMSA issued a Memorandum, REF: 13-0216 that addressed
minimum thickness of various specification cargo tanks. (see attached file). This
memo appears to no longer be available as a PHMSA interpretation (interp) when a
search is made on PHMSA's website.
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UG-16

DESIGN

UG-16 GENERAL

(a) The design of pressure vessels and vessel parts
shall conform to the general design requirements in
the following paragraphs and in addition to the specific
requirements for Design given in the applicable Parts
of Subsections B and C.

(b) Minimum Thickness of Pressure Retaining Com-
ponents. Except for the special provisions listed below,
the minimum thickness permitted for shells and heads,
after forming and regardless of product form and mate-
rial, shall be Y4 in. (1.6 mm) exclusive of any corrosion
allowance. Exceptions are:

(1) the minimum thickness does not apply to heat
transfer plates of plate-type heat exchangers;

(2) this minimum thickness does not apply to the
inner pipe of double pipe heat exchangers nor to tubes
in shell-and-tube heat exchangers, where such pipes or
tubes are NPS 6 (DN 150) and less. This exemption
applies whether or not the outer pipe or shell is
constructed to Code rules. All other pressure parts of
these heat exchangers which are constructed to Code
rules must meet the %¢ in. (1.6 mm) minimum thickness
requirements.

(3) the minimum thickness of shells and heads of
unfired steam boilers shall be Y, in. (6 mm) exclusive
of any corrosion allowance;

(4) the minimum thickness of shells and heads
used in compressed air service, steam service, and
water service, made from materials listed in Table

UCS-23, shall be %, in. (2.4 mm) exclusive of any

corrosion allowance.

(5) this minimum thickness does not apply to the
tubes in air cooled and cooling tower heat exchangers
if all the following provisions are met:

(a) the tubes shall not be used for lethal UW-
2(a) service applications;

(b) the tubes shall be protected by fins or other
mechanical means; ‘

(c) the tube outside diameter shall be a minimum
of % in. and a maximum of 1Y% in;

(d) the minimum thickness used shall not be
less than that calculated by the formulas given in UG-
27 or 1-1 and in no case less than the greater of the
minimum thickness calculated using a design pressure
of 500 psi at 70°F or 0.022 in.

(c) Mill Undertolerance. Plate material shall be or-
dered not thinner than the design thickness. Vessels
made of plate furnished with an undertolerance of not
more than the smaller value of 0.01 in. (0.3 mm) or
6% of the ordered thickness may be used at the
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full design pressure for the thickness ordered. If the
specification to which the plate is ordered a_llows a
materials shall be sufﬁmently greater than the design
thickness so that the thickness of the material furnished
is not more than the smaller of 0.01 in. (0.3 mm) or
6% under the design thickness.

(d) Pipe Undertolerance. If pipe or tube is ordered
by its nominal wall thickness, the manufacturing under-
tolerance on wall thickness shall be taken into account
except for nozzle wall reinforcement area requirements
in accordance with UG-37 and UG-40. The manufactur-
ing undertolerances are given in the several pipe and
tube specifications listed in the applicable Tables in
Subsection C. After the minimum wall thickness is
determined, it shall be increased by an amount sufficient
to provide the manufacturing undertolerance allowed
in the pipe or tube specification.

(e) Corrosion Allowance in Design Formulas. The
dimensional symbols used in all design formulas
throughout this Division represent dimensions in the
corroded condition.

UG-17 METHODS OF FABRICATION IN

COMBINATION

A vessel may be designed and constructed by a
combination of the methods of fabrication given in this
Division, provided the rules applying to the respective
methods of fabrication are followed and the vessel is
limited to the service permitted by the method of
fabrication having the most restrictive requirements (see
UG-116).

UG-18 MATERIALS IN COMBINATION

Except as specifically prohibited by other rules of
this Division, a vessel may be designed and constructed
of any combination of materials permitted in Subsection
C, provided the applicable rules are followed and the
requirements in Section IX for welding dissimilar metals
are met.

The requirements for the base metals, HAZ’s, and
weld metal(s) of a dissimilar metal weldment shall
each be applied in accordance with the rules of this
Division. (For example, if a carbon steel base metal
is joined to a stainless steel base metal with a nickel
filler metal, the rules of Part UCS apply to the carbon
steel base metal and its HAZ; Part UHA to the stainless
stee]l base metal and its HAZ; and Part UNF to the
weld metal.)






VII1-1-98-84, VIII-1-98-85, VIII-1-98-86 Section VIII-1 — Interpretations No. 46

(,_ﬁ/_"frrﬁl';(“erpretation: Vll@
Subjéc; “““““ Section VIII, Division 1 (1998 Edition, 1998 Addenda); UG-16(c)
Date Issued: October 25, 1999
File: BC99-222
Question: May rounding rules provided in ASTM E 29 and referred by plate general requirements

SA-6 and SA-20, be used when determining compliance with the undertolerance requirements of UG-
16(c) in Section VI, Division 1?

[% Reply: Yes.

Interpretation: VIll-1-98-85

Subject: Section VIII, Division 1 (1998 Edition, 1998 Addenda); Fig. UW-13.1 Sketch (n) and
UW-33(a)

Date Issued: October 25, 1999
File: BC99-300

Question: May the center line misalignment of a Category B joint of materials of different
thicknesses, as determined by Fig. UW-13.1 sketch (n) of Section VIII, Division 1, be increased by
the amount of offset allowed for the applicable joint in Table UW-33?

Reply: Yes.

Interpretation: Viil-1-98-86

Subject: Section VIII, Division 1 (1998 Edition, 1998 Addenda); UG-99(b) and (c)
Date Issued: October 25, 1999

File: BC99-346

Question: Do the requirements of UG-99(b) and (c) in Section VII, Division 1 preclude the use
of a temperature recorder for the test medium during the performance of the hydrostatic test?

Reply: No.
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- Designation: E 29 — 06b

INTERNATIGNAL

Standard Practice for

An American National Standard

Using Significant Digits in Test Data to Determine
Conformance with Specifications’

This standard is issved under the fixed desiznation E 29: the number immediately following the designition indicates the year of original
adoption or. in the case of revision, the year of 1ast revision A number in parentheses indicmes the year of last reapproval A superscript
cpsilon (e} indicaies an editorial change since the last revision or reapproval

This siandard has been approved for nse by apencies of the Deparunent of Defense

1. Seope*

1.1 This practice is intended to assist the various technical
committees in the use of uniform methods of indicating the
number of digits which are to be considered significant in
specification limits. for example, specified maximum values
and specified minimum values Its aim is to outline methods
which should aid in clarifying the intended meaning of
specification limits with which observed values or calculated
test results are compared in determining conformance with
specifications.

1.2 This practice is intended to be used in determining
confonmance with specifications when the applicable ASTM
specifications or standards make direct reference 1o this prac-
tice

1.3 Reference to this practice is valid only when a choice of
method has been indicated, that is, either absolute method or
rounding method

2. Referenced Documents
21 ASTM Standards. *
E 456 Terminclogy Relating to Quality and Statistics
E 2282 Guide for Defining the Test Result of a Test Method
SI 10 Standard for Use of the International System of Units
(SI) (the Modernized Metric System)

3. Terminology

— -~ 31 Definitions.:.... __ . _

32 observed value, n—ihe value obtained by making an
observation. E 2282

33 significant digil—any of the figures 0 through 9, except-
ing all leading zeros and some trailing zeros in numbers not
represented with a decimal point, which is used with its place
value to denote a numerical quantity to some desired approxi-
mation.

' This practice is under the jurisdiciion of ASTM Comminee E11 an Quatity and
Statistics and is the disect responsibility of Subcomminee E11.30 on Data Analysis

Current edilion approved Nov 15, 2006 Published December 2006 Originally
approved in 1940 Last previous edition approved in 2006 as E 29 - 062,

* For teferenced ASTM standards. visit the ASTM website. www astn org. or
contact ASTM Custiomer Service ot service@astm org For Amaual Book of ASTM
Standards volume information. refer 1o the standard’s Document Sumimary page o3
the ASTM wehsite

Nore 1~The digit zero may cither indicine a specific value or indicate
place only. Zeros ieading the first nonzero digit of a number indicate order
of magniwde only and are nor significam digits For example. the number
00034 has two significant digits Zeros wailing the last nonzero digit for
numbers represenied with a decimal point are significam digits For
example. the numbers (270 and 32.00 each have four significant digits
The significance of trailing zeros for numbers represented without use of
1 decimal point can only be identified from knowledge of the source of the
value For example. a modulus strength, stated as 140 000 Pa. may have
as few as two or as many as six significant digits

Note 2—To climinate ambiguity. the exponential notation may be
used Thus, 140 X 10° indicates that the modulus is reported 1o the
ncarest 0 01 X 107 or 1000 Pa

Nomz 3—Use of appropriate SI prefixes is recommended for metric
units 10 reduce the need for trailing zeros of uncenain sigrificance Thus,
140 kPa {without the decimal point) indicates that the modulus is reported
either 10 the nearest [0 or | kPa, which is ambiguous with respect 1o the
number of significant digits However, 0 140 MPa clearly indicates that
the modulus is reporied to the nearest 1 kPa. and 0 14 MPa clearly
indicates that the modulus is reported 1o the neayest 10 kPa

3.4 test result, n—the value of a characteristic oblained by
carrying out a specified test method E 2282

4. Significance and Use

4.1 This practice describes two commonly accepted meth-
ods of rounding data, identified as the Absolute Method and the
Rounding Method. In the applications of this practice 10 a
specific material or materials it is essential o specify which
method is intended to apply. In the absence of such specifica-
tion, reference to this practice, which expresses no preference
as to which method should apply. would be meaningless The
choice of method depends upon the current practice of the
particular branch of industry or technology concerned. and
should therefore be specified in the prime publication.

4 1.1 The unqualified statement of a numerical limit. such as
“250 in max,” cannot, in view of different established
practices and customs, be regarded as carrying a definite
operational meaning concerning the number of digits to be
retained in an observed or a calculated value for purposes of
determnining conformance with specificalions

=B 41.2 Absolute Method—In some fields. specification limits

of 2.5 in. max, 2.50 in max, and 2500 in. max are all taken to
imply the same absolute limit of exactly two and a half inches

*A Summary of Changes section appears af the end of this standard.
Copyrignt & ASTM Intemational. 100 Barr Harbor Orive. PO Box C700. Wesl Conshohocken. FA 19426:2859. Uniled States

Copyright by ASTM Int') (all rights reserved); Toe Mar 20 21:08:08 EST 2007
Downloaded/printed by

THOMAS H DALRYMPLE (TRINITY INDUSTRIES INC) pursnant o License Agreement No further reproductions authorized
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and for purposes of determining conformance with specifica-
tions. an observed valve or a calculated value is to be compared
directly with the specified limit. Thus. any deviation, however
small, outside the specification limit signifies nonconformance
with the specifications. This will be referred 1o as the absolute
method, which is discussed in 5.

= 413 Rounding Method—In other fields. specification limits

of 2.5 in. max, 2.50 in. max, 2.500 in. max are taken to imply
that, for the purposes of delermining conformance with speci-
fications. an observed value or a calculated value should be
rounded 1o the nearest 0.1 in. 0.01 in, 0 001 in, respectively,
and then compared with the specification limit. This will be
referred to as the rounding metlod which is discossed in 6

4.2 Section 7 of this practice gives guidelines for use in
recording, calculating. and reporting the final result for test
data.

5. Absolute Method

5.1 Where Applicable—The absolute method applies where
it is the intent that all digits in an observed value or a calculated
value are to be considered significant for purposes of deter-
mining conformance with specifications. Under these condi-
tions, the specified limits are referred to as absolute Hmits.

52 How Applied—With the absolute method. an observed
value or a calculaied value is not to be rounded, but is to be
compared directly with the specified limiting value. Conform-
ance or nonconformance with the specification is based on this
comparison.

53 How Expressed—This intent may be expressed in the
standard in one of the following forms:

53 1 If the absolute method is to apply to all specified limits
in the standard, this may be indicated by including the
following sentence in the standard:

For purposes of determining conformance with these speci-
fications, ail specified limits in this standard are absolute limits,
as defined in ASTM Practice E 29, for Using Significant Digits
in Test Data to Determine Conformance with Specifications.

5.3 2 If the absolute methad is 10 apply 1o all specified limits
of some general type in the standard (such as dimensional
tolerance limits), this may be indicated by including the
following sentence in the standard:

For purposes of determining conformance with these speci-
fications. all specified (dimensional tolerance) limits are abso-
Jute limits, as defined in ASTM Practice E 29, Using Signifi-
cant Digits in Test Data ito Determine Conformance with
Specifications.

5 3 3 Ifthe absolute method is to apply 10 all specified limits
given in a table, this may be indicated by including a footnote
with the table as follows:

Capacity Volumetric Tolerance®
mbL = mb
10 oo2
25 003
50 005

Copyright by ASTM Int'l {al] rights reserved); Tue Mar 20 21:08:08 EST 2007
Downloaded/printed by
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4 Tolerance Himils specified are absolule limits as defired in ASTM Practice
E 29, for Using Significard Digils in Test Daia to Delermine Conformance wilh
Specilications

6. Rounding Method

6 1 Where Applicable—The rounding method applies where
it is the intent that a limited number of digits in an ohserved
value or a calculated value are to be considered significant for
purposes of determining conformance with specifications

6.2 How Applied—With the rounding method, an observed
value or a calculated value should be rounded by the procedure
prescribed in 4.1 3 to the nearest unit in the designated place of
figures stated in the standard. as. for example, “to the nearest
kPa,” *“io the nearest 10 ohms,” “io the nearest 0.1 percent”
etc. The rounded valve should then be compared with the
specified limit. and conformance or nonconformance with the
specification based on this comiparison.

6.3 How Expressed—This intent may be expressed in the
standard in one of the following forms:

6.3 1 If the rounding method is 1o apply to all specified
limits in the standard, and if all digits expressed in the
specification limit are to be considered significant, this may be
indicated by including the following statement in the standard:

The {oflowing applies 1o all specified imits in this standard: For purposes of
determining conformance with these specificalions, an observed value or 2 cal-
culated value shall be rounded “io the nearest unil™ in the last right-hand digit
used in expressing the specilicalion limil. in accordance with the rounding
method of ASTM Practice E 29. for Using Significant Digits in Test Data to De-
termine Conformance wilh Specificalions

6 3.2 1f the rounding method is to apply only to the specified
limits for centain selected requirements, this may be indicated
by including the following statement in the standard:

The foliowing applies 1o specified limits for requirements on (lensile
strength}. {elongalion). and { . ) given in . (applicable seclion number and
litle} and { ... ) ol this standard: For purposes of determining conformance with
these specifications. an abserved vaiue or a cakcutated value shall be rounded
to the nearest 1kPa jor (tensile strenglh). to the nearest {1 percent) {or (elonga-
tion). and 1o the nearest { ..} for { .. ) in accordance with the rounding-off
mathod ol ASTM Praclice E 29 Using Significant Digits in Tes( Dala io Deter-
mine Cenlormance with Specifications

6.3.3 If the rounding method is to apply (o all specified -

limits in a table. this may be indicated by a note in the manner
shown in the following examples:
6.3.3 1 Example l1-—Same significant digits for all jtems:
Chemical Composition,

% mass
Copper 45=D5
ifron 1.0 max
Silicon 25=05
Other constituents {magnesium + zinc + manganase) 0 5 max
Alurairum remainder

Note 4—For purposes of determining conformance with these speci-
fications, an observed valoe or a calculated value shall be rounded 1o the
nearesi 0 1 percent, in accordance with the rounding method of ASTM
Practice E 29, for Using Significant Digits in Test Data o Determine
Conformance with Specifications

THOMAS H DALRYMPLE (TRINITY INDUSTRIES INC) pursuant 1o License Agreement No fusther reproductions authorized
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TABLE 1 Examples” of Rounding

Rowunded
C\)/bserved To Be Vaiue d\z\z be Conforms
" - 'alue or sed for with
Specified Limil Calculaied F?\:‘mdedl Purposes of Specified
Value o heares Determining Limil
GConformance
Yield point. 36 000 35940 100 psi 35 800 no
psi. min {35850 100 psi 36 000 yes
35 960 100 psi 36 000 yes
Nickel. 57 %. mass. 564 3% 56 no
min {565 1% 56 no
566 1% 57 yes
Waler extract 404 1 ms/m 4¢ yes
conductivity. 40 {405 1 ms/m . 40 yes
ms/m, max 40.6 1 ms/m 41 no
Sodium bicarbonate 054 01% 05 yes
0 5 %. max. dry {oss D1% 06 no
mass basis 0.56 0.1% 0.6 no

* These examples are meant to illusirate rounding rules and do not necessanly
reflect the usual number of digils associated with these lest methods.

6.3.3.2 Example 2—Significant digits not the same for all
items; similar requirements: '
Chemical Composition. % mass

min max
Nickel 57 .
Chromium . 14 18
Manganese 3
Silicon 0.40
Carben 0.25
Sudfur 003
ron remainder

Note 5—For purposes of determining conformance with these speci-
fications, an observed value or a calculated value shall be rounded "o the
nearest unit” in the tast ight-hand significant digit used in expressing the
limiting value, in accordance with the rounding method of ASTM Practice
E 29. Using Significamt Digits in Test Data to Determine Conformance
with Specifications.

6 3 33 Example 3—Significant digits not the same for all
items; dissimilar requirements:

Tensile Requirements

Tensile strength. psi 60 000 to 72 000
Yield poinl. min. psi 33000
Elongation in 2in, min % 22

Note 6—For purposes of deiermination of conformance with these
specifications. an observed value or a calculated value shall be rounded off
10 the nearest 1000 psi for 1ensile swength and yield point and o the
nearest 1 percent for elongation, in accordance with the rounding method
of ASTM Practice E 29 for Using Significant Digits in Test Data 1o
Determine Conformance with Specifications

6.4 Rounding Procedure—The actual rounding procedure®
shail be as follows:

6.4.1 When the digit next beyond the last place to be
retained is less than 3, retain unchanged the digit in the last
place retained '

6.4.2 When the digit next beyond the last place to be
retained is greater than 5, increase by 1 the digit in the last
place retained.

* The rounding procedure given in this practice is the same as the one given in
the ASTM Manual 7 on Presemtation of Data and Control Charr Anahsis

Copyright by ASTM Int} {all rights reserved); Tue Mar 20 21:08:08 EST 2007
Downloaded/printed by

643 When the digit next beyond the last place 10 be
retained is 3, and there are no digits beyond this 3, or only
zeros, increase by | the digit in the last place retained if it is
odd, leave the digit unchanged if it is even. Increase by | the
digit in the last place retained, if there are non-zero digits
beyond this 5

Note 7—This method for rounding 5's is not universally wsed by
software packages ’

644 This rounding procedure may be restated simply as
follows: When rounding a number to one having a specified
number of significant digits, choose that which is nearest If
two choices are possible, as when the digits dropped are
exactly a 5 or a 5 followed only by zeros, choose that ending
in an even digit Table ! gives examples of applying this
rounding-off procedure

6.5 The rounded value should be obtained in one step by
direct rounding of the most precise value available and not in
two -or more successive roundings. For example: 89 490
rounded to the nearest 1 000 is at once 89 000; it would be
incorrect o round first to the nearest 100, giving 89 500 and
then to the nearest 1 000, giving 90 000

6.6 Special Case. Rounding to the Nearest 50, 5, 0.3, 0.03,
etc —If in special cases it is desired to specify rounding to the
nearest 50. 5, 0.3, 005, etc.. this may be done by so indicating
in the standard. In erder to round to the nearest 50, 5, 0.5, 0.05,
etc., double the observed or calculated value, round off to the
nearest 100, 10, 10. 010, etc, in accordance with the
procedure in 6.4, and divide by 2 For example, in rounding
6 025 to the nearest 50, 6 025 is doubled giving 12 050 which
becomes 12000 when rounded to the nearest 100 (6.4 3).
When 12 000 is divided by 2, the resulting number. 6 000, is
the rounded value of 6 025. In rounding 6 075 to the nearest 50,
6 075 is doubled giving 12 150 which becomes 12 200 when
rounded to the nearest 100 (6 4 3) When 12 200 is divided by
2, the resulting number, 6 100, is the rounded value of 6 075.

6.7 Special Case, Rounding to the Nearest Imterval Nor
Covered in 6.4 or 6.6—In some lest methods, there may be a
requirement 1o round a value 1o an interval that does not align
with the specific requirements in 6 4 or 6 6, such as to the
nearest 002, 025, 03 etc. In such cases, the following
procedure can be used for rounding to any interval:

Note 8—Using a caleulation subroutine that has been programmed 1o
perform the rounding procedure described in 67 1,67 2. and 6 7 3 can be
advantageous in evaluating labormory datz

6.7.1 Divide the result by the desired rounding increment or
imerval.

6.7 2 Round off the result obtained in 6 7 | 1o the nearest
whole number following the conventions in 64, 641, 6.4.2,
and 6 4 3 as appropriate

6.7.3 Muhiply the result obtained in 6.7 2 by the desired
rounding increment or interval.

6.7 4 For example, in rounding 0.07 to the nearest 0.02,
dividing 0.07 by 0.02 gives a value of 3 5. Rounding this value
to the nearest whole number gives a value of 4. based on the
information in 64 3. Multiplying 4 by 0.02 yields 008 In
rounding 0 09 to the nearest 0 02, dividing 0 09 by 0.02 gives
a value of 45 Rounding this value to the nearest whole

THOMAS H DALRYMPLE (TRINITY INDUSTRIES INC) pursuant io License Agreement No further reproductions awthorized
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number gives a value of 4. based on the information in 64 3
Multiplying 4 by 0.0 yields 008

7. Guidelines for Retaining Significant Figures in
Calculation and Reporting of Test Results

7.1 General Discussion—Rounding iest results avoids a
misleading impression of precision while preventing loss of
information due to coarse resolution. Any approach to retention
of significant digits of necessity involves some loss of infor-
mation; therefore, the level of rounding should be carefully
selected considering both planned and potential uses for the
data. The number of significant digits must, first, be adequate
for comparison against specification limits (see 62) The
following guidelines are intended to preserve the data for
statistical summarjes For certain purposes, such as where
calculations involve differences of measurements close in
magnitude, and for some statistical calculations. such as paired
t-tests, autocorrelations. and nonparametric lesis, reporting
data to a greater number of significant digits may be advisable.

712 Recording Observed Values—When recording direct
measurements, as in reading marks on a buret. ruler, or dial, all
digits known exactly. plus one digit which may be uncertain
due {o estimation, should be recorded For example. if a buret
is graduated in units of 0 1 mL. then an observed value would
be recorded as 9.76 mL where it is observed between 9 7 and
9 8 marks on the buret, and estimated about six tenths of the
way between those marks When the measuring device has a
vernier scale, the last digit recorded is the one from the vernier

7.2 1 The number of significant digits given by a digital
display or printout from an instrument should be greater than or
equal to those given by the rule for reporting test results in 7 4
below.

7.3 Calculation of Test Result from Observed Values—
When calculating a test result from observed values, avoid
rounding of intermediate quantities As far as is practicable
with the calculating device or form used. carry out ealculations
with the observed values exactly and round only the final
result

74 Reporting Test Results—A suggesied rule relates the
significant digits of the test result to the precision of the
measurement expressed as the standard deviation ¢. The
applicable standard deviation is the repeatability standard
deviation (see Terminology E 436} The rounding interval for
test resuits should not be greater than 0.5 ¢ nor less than 0.05
o, but not greater than the unit in the specification (see 6 2).
When only an estimate. s, is available for o, s may be used in
place of o in the preceding sentence

Example:A tes! resub is calculated as 1 45728. The slandard deviation of
the test method is estimated o be, 0 0052 Round io 1 457 or the neares]
0 001 since this rounding unit. 0 001. is between 0 05 o = 0 00026 and 0 50
=0 0026

Nore 9—A rationale for this rule is derived from representing the
standard deviation of a rounded sest resalt by \/ &° + w712 where o is
the standared deviation of the unrounded test resull The guantity w/ \/ﬁ
is the standard deviation of an error usiformly distributed over the range
w Rounding so that w is below 0 5 o ensures that the standard devialion
is increased by at most | %. while adding more digits would give a
mislcading impression of precision

74.1 When no estimate of the standard deviation ¢ is
known, then rules for retention of significant digits of com-
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puted quantities may be used to derive a number of significant
digits to be reporled, based on significant digits of test data.
74.1.1 The rule when adding or subtracting test data is that
the result shall contain no significant digits beyond the place of
the last significant digit of any datum
Examples:
(1) 1124 + 93 + 6 32 = 26.9. since the lasl significant digit of 8 3 is the first fol-
lowing the decimal place. 26 & is oblained by rounding the exact sum. 26 B6. to
this place of digits.
(2926 -9234=3
(3) 140 000 + 91 450 = 231 000 when the first value was recorded to the near-
esi thousand
74.1.2 The rule when multiplying or dividing is that the
result shall contain no more significant digits than the value
with the smaller number of significant digits.

Examples’
(7) 11.38 X 4.3 = 49. since the factor 4 2 has two siginificant digils
(3) {926 — 923 4)/4.3 = 0 6 Qnly one figure is significant since the numerator
diffierence has only one significant digil

74.1 3 The rules for logarithms and exponcmials are: Digits
of In (x) or log,4(x) are significant through the n-th place after
the decimal when x has » significant digits. The number of
significant digits of ¢ * or 10% is equal to the place of the last
significant digit in x after the decimal
Examples;in(3 46) = 1.241 to three places after the decimal. since 3 46 has
three significant digils. 10°*C = 280D has wo significant digtis. since 3 46 is
given 1o two places aller the decimai

74.14 The rule for numbers representing exact counts or
mathematical constants js that they are to be treated as having
an infinite number of significant digits

Examples:

(7} 1-028/2 =0 B8 where the numbers 1 and 2 are exact and 0 23 is an ap-
proximale quamity {2} A count of 50 pieces fimes a measured lhickness 0 124
mm is 50 x 0 124 = 6.20 mm. having three significant figures (3) A measure-
ment of 1 634 in o the nearest thousandth. is converted 1o mm, The resull.
1.834 x 25 4 =41 50 mm. has four significan! digits The conversion constanl,
25 4. is exact

Note 10—More exitensive discussion of dimensional conversion can be
found in Standard S1 10

1.5 Specification Limits—When the rounding method is to
apply to given specified limits, it is desirable that the signifi-
capt digits of .the specified limits should conform to the
precision of the test following the rule of 74 That is, the
rounding unit for ihe specification limits should be between
005 and 0.5 times the standard deviation of the test

76 Averages and Standard Deviarions—When reporiing
the average and standard deviation of replicated measurements
or repeated samplings of a material, a suggested rule for most
cases is to round the standard deviation to two significant digits
and round the average to the same last place of significant
digits. When the number of observations is large (more than 15
when the lead digit of the standard deviation is 1. more than 50
with lead digit 2, more than 100 in other cases). an additional
digit may be advisable.

7.6 1 Ahernative approaches for averages include reporting
X to within 0.05 10 0.5 times the standard deviation of the
average o/ \/7 . or applying rules for retzining significam
digits to the calculation of . ASTM Manual 7 provides
methods for reporting % and s for these applications

Note 11—A rationale for the suggested rule comes from the uncer-
1ainty of a calcuiated standard deviation s The standard deviation of ¢
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bascd on sampling from a normal distribution with # obscrvations is 407,421, and 4 47 for a constituent. The average and standard deviation, i
approximately af '\/ﬂ . Reporting 5 to within 003 to 0.5 of this value, unrounded, are £ =4 0233, and s =0.3089.  The suggested rule would
following the rule of 7 4. lcads to two significant digits for most values of report X and s as 402 and 0 31.
o when the number of observations n is 100 or fewer.
Example: Analyses on six specimens give values of 3 56. 3.88. 3 93, . . -

SUMMARY OF CHANGES

Committee E11 has identified the location of selected changes 10 this standard since the last issue (E 29 - 06a) - - i
that may impact the use of this siandard. i

(]} — Revise the definition of significant digit as follows, and
replace the second sentence in Note 3.

ASTM International takes no position respecling the validity of any patent rights asseried in connection with any item menlioned ‘
in this standard. Users of this standard are expressly advised that delermination of the validity of any such palent rights. and the risk :
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This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed eveiy five years and
if not revised. either reapproved or withdrawn Your comments are invited either Jor revision of this standard or for additional slandards
and should be addressed o ASTM Intemational Heatiguasters Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend If you leel that your commenis have not received a {air hearing you should
make your views known lo the ASTM Commitlee on Standards, al the address shown below.
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United States Individual reprints (single or multiple copies) of this standard may be obtained by conlacling ASTM al the above
address or al 610-832-9585 (phons). 610-832-9555 (lax}). or service@astm org (e-mail), or through the ASTM websile
{www asim org)
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ASME Section VII Divisiorn 1, 2010 Edition, A11 Addenda

Component: Bllipsoidal Head
Material Specification: SA-316 70 (I-D p.18, In. 19)
Straicht Flange govems MDMT

Internal design pressure; P =250 pst @ 125 °F
Static liquid head:

Py= 1.03 psi (SG=0.617, H;=46 4375" Operating head)
Py=2.21 psi (SG=1, H=61.3" Horizonta! test head)

Corrosion allowance: Inner C=0" Outer C=0"

Design MDMT = -20°F No impact test performed

Rated MDMT = -45°F Material is not normalized -
Material is not produced to fine grain practice
PWHT is not performed
Do not Optimize MDMT / Find MAWP

Radiography: Category A joints - Seamless No RT

Head to shell seam - Spot UW-11{a)(5)(b) Type 2

Estimated weight*: new =616.71b corr=616.7 1b

Capacity*: new = 134.1 US gal corr=134.1 US gal

* includes straight flange

Outer diameter = 60"

Minimum head thickness = 035"

Head ratio D/2h = 2 (new)

Head ratio D/2h = 2{corroded)

Straight flange length Lgs = 15"

Nominal straight flange thicknesstss = 0.5"

Results Summary

The goveming condition is internal pressure.

Minimum thickness per UG-16 0.0625" + 0" = 0.0625"

Design thickness due to intemal pressure (t) = 0.374"
Maximum allowable working pressure (MAWP) = 33738 psi
Maximum allowable pressure (MAP) = 33841 psi
K (Corroded)

K =  (oR+®/Ch))

(U6)*[2 + (591 (2%14.75))2)
1

K (New)
K

ey 2+(D/ (2*n)2]
(U6)*[2 +(39 1 (2*14.T5)2]
1

Design thickness for internal pressure, (Corroded at 125 °F) Appendix 1-4(c)

P*Dy*K / (2*S*E + 2*PH(K - 0.1)) + Corrosion
= 251.03%60%1/(2*20,000%1 +2#251 03*(1 - 0.1)) + 0
= 033

-
]

The head internal pressure design thickness is 0.3724".

Maximum allowable working pressure, (Corroded at 125 °F) Appeadix 1-4(c)

P 2*S*E*t/ (K*D,, - 2*t*(K - 0.1)) - B,
2%20,000¥1*0.5 / (1*60 - 2*0.5*(1 - 0.1)) - 1.03

337.38 psi

The maximum allowable working pressure (MAWP) is 337.38 psi.

Maximum allowable pressure, (New at 70 °F) Appendix 1-4(c)

P

2#S*E*t/ (K*D, - 2*t*(K - 0.1)) - P
= 2%20,000%1*0.5 / (1¥60 ~ 2*0.5%(1 - 0.1)) - 0
= 338.41 psi

The maximum allowable pressure (MAP) is 33841 psi.

% Extreme fiber elongation - UCS-79(d)

EFE =  (5*t/R)*(1-Re/Ry)

= (75*05/10.28)%(1 - 10.28 /)
= 36479%

The extreme fiber elongation does not exceed 5%.

0072100200012

Ellipsoidal Head #2
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U.S. Department 1200 New Jersey Avenue, SE
of Transportation Washington, D.C. 20590

Pipeline and Hazardous
Materials Safety
Administration

Memorandum

Subject:

From:

To:

DOT Specification Cargo Tank Date: APR 18 2014
Manufacture and Shell Thickness
(Ref. No. 13-0216)

Charles E. Betts \%6 Replyto  Neal Suchak
Director, * Attn. of Transportation Specialist
Standards and Rulemaking Division : (202) 366-4517

Mr. John Hardridge

US DOT/FMCSA-Hazardous Materials Division
1200 New Jersey Ave. SE

Washington, DC 20590

This is a response to your November 13, 2013 e-mail requesting clarification of the
Hazardous Materials Regulations (HMR; 49 CFR Parts 100-185) applicable to the
manufacture and requalification of DOT specification cargo tanks in accordance with
subpart J of part 178 and subpart E of part 180. Specifically, you ask about a number of
scenarios regarding minimum shell thickness. Your questions and PHMSA’s responses
are summarized below: '

Q1. The ASME data plate and U1A form for a specification MC331 cargo tank
reads 0.443 inch for the minimum shell thickness with no corrosion allowance.
What is the absolute minimum actual thickness a newly manufactured tank can
measure and still be considered to meet the specification?

Al. Inaccordance with § 178.337-3(e), the minimum metal thickness for tank
shell is determined using structural design requirements in ASME Section VIII,
Division 1. For the cargo tank described, a newly manufactured tank would need
to have a shell thickness of at least 0.429 inches.

Q2. The ASME data plate for a specification MC331 cargo tank reads 0.443 inch
for the minimum shell thickness with no corrosion allowance. If this tank has been
in service for 20 years, what is the minimum actual service thickness allowable in
order to meet the specification?





A2. In accordance with §§ 178.337-3(e) and 180.407(1)(9), for MC 331 cargo
tanks constructed before October 1, 2003, minimum thickness shall be determined
by the thickness indicated on the U1 A form minus any corrosion allowance. For
the cargo tank described, an existing tank would need to have a shell thickness of at
least 0.429 inches.

Q3. If a MC331 cargo tank with a minimum shell thickness of 0.443 inch that has
been in service for 20 years shows localized pitting or gouging that is below the
minimum thickness, must this tank be repaired to bring the damaged area back to at
least the minimum thickness?

A3. In accordance with § 180.407(1)(4)(ix) a thickness test must be performed in
known thin areas in the tank shell, which would include pitting or gouges. The
acceptable results of tests and inspections in § 180.411(b)(2) states that the
minimum thickness remaining beneath a cut, dig, or gouge may not be less than
that prescribed in the applicable specification. Therefore, the tank must be repaired
to bring the damaged area back to the minimum thickness. For the cargo tank
described, a shell thickness of at least 0.429 inches would be required.

Q4. For a specification DOT 412 cargo tank, that is constructed and certified in
accordance with the ASME Code, the minimum thickness for the shell as shown in
Table I of § 178.348-2 is 0.157 inch, what is the minimum actual manufactured
thickness that is allowable for this tank?

A4. In accordance with § 178.345-2(b) for DOT 412 cargo tanks, the minimum
thickness for the tank in no case must be less than what is specified in § 178.320(a).
Therefore, minimum thickness for a DOT 412 cargo tank shell, as defined by

§ 178.320(a), is the greatest of: the specified minimum thickness in Table II of

§ 178.348-2, the thickness necessary to meet the structural integrity and accident
damage requirements for DOT 412 cargo tanks, or the thickness as computed per
the ASME Code requirements (if applicable). Based on the scenario you provide,
we do not have enough information to determine the minimum thickness for this
tank. In general, the tables establish a thickness for mechanical damage for low
pressure tanks that may require a lesser thickness based on ASME stress or
structural calculations, in which case the table thickness would govern.

Q5. For a specification DOT 412 cargo tank, that is constructed and certified in
accordance with the ASME Code, the minimum thickness for the shell as shown in
Table IT of § 178.348-2 is 0.157 inch, what is the minimum in-service thickness
that is allowable for this tank?

AS. See A4. In accordance with § 178.345-2(a) for DOT 412 cargo tanks, the
minimum thickness for the tank in no case must be less than what is specified in
§ 178.320(a).





Q6. For a non-specification cargo tank, known as a nurse tank, with a
manufactured minimum shell thickness of 0.375 inch known on the ASME plate,
with no corrosion allowance, what is the minimum actual measured thickness for
new construction?

A6. Nurse tanks are required to meet the requirements in § 173.315(m). Within
this paragraph, these non-specification cargo tanks are excepted from the
requirements of part 178 provided they conform to § 173.315(m)(1)(i)-(vii). In
accordance with § 173.315(m)(1)(i), a nurse tank must meet the requirements of
Section VIII, Division 1 of the ASME Code at the time it was manufactured and be
marked with a valid ASME plate. For the nurse tank described, a newly
manufactured tank would need to have a shell thickness of at least 0.361 inches,
provided the manufacturers data report form “Ul-A” does not indicate in the
remarks section that there are Local Thin Areas (LTAs). LTAs as allowed by the
ASME Code could reduce the 0.361 inch value at certain points on the tank.

Q7. For a non-specification cargo tank, known as a nurse tank, that has been in
service for 20 years with a manufactured shell thickness of 0.375 inch on the
ASME plate, with no corrosion allowance, what is the minimum in-service shell
thickness?

A7. The HMR do not specify a minimum in-service shell thickness for nurse tanks.
It is the opinion of this Office that the minimum in-service shell thickness of a
nurse tank must meet the requirements of Section VIII, Division 1 of the ASME
Code at the time it was manufactured. See A6.

I hope this information is helpful. If you have any more questions, please do not hesitate
to contact this office.

#HE#






This interp amongst other things answers questions on when a MC331 cargo tank is
below the minimum thickness. This interp tells us based on ASME code that the
USDOT will allow .014” below the minimum thickness as shown on the specification
plate. So, if a tanks minimum thickness as shown on the specification plate is .250”,
this tank would not be too thin until it is more then .014” below .250” or once the tank
went below .236” for thickness.

PHMSA determined the .014” in the April 18, 2014, memo by using the ASME code
for mill under tolerance for .01”. The .004” is based on a ASME interpretation for
rounding rules for a combination total of .014”. (see attached file)

Below are the 49 CFR regulations for determining minimum thickness of specification
cargo tanks.

Questions:

1. Isthe April 18, 2014, Memorandum, REF: 13-0216 that addressed minimum
thickness of various specification cargo tanks still accurate for when a MC 331 cargo
tank is too thin and allowing .014” below the minimum thickness as shown on the
specification plate before the tank is too thin.

2. If as described in question #1 is no longer allowed by the USDOT for a MC331
cargo tank when would a MC331 cargo tank that has a minimum thickness of .250”
be below the minimum thickness?

If you have any questions, please let me know.

Thank you.

Art Fleener

Fleener Consulting LLC

§ 180.407 Requirements for test and inspection of specification cargo tanks.
0] Thickness testing.

(5) Minimum thicknesses for MC 300, MC 301, MC 302, MC 303, MC 304, MC
305, MC 306, MC 307, MC 310, MC 311, and MC 312 cargo tanks are determined
based on the definition of minimum thickness found in § 178.320(a) of this
subchapter. The following Tables | and Il identify the “In-Service Minimum
Thickness” values to be used to determine the minimum thickness for the
referenced cargo tanks. The column headed “Minimum Manufactured Thickness”
indicates the minimum values required for new construction of DOT 400 series
cargo tanks, found in Tables | and Il of 8§ 178.346-2, 178.347-2, and 178.348-2 of
this subchapter. In-Service Minimum Thicknesses for MC 300, MC 301, MC 302,



MC 303, MC 304, MC 305, MC 306, MC 307, MC 310, MC 311, and MC 312
cargo tanks are based on 90 percent of the manufactured thickness specified in
the DOT specification, rounded to three places.

§ 178.320 General requirements applicable to all DOT specification cargo tank
motor vehicles.

Minimum thickness means the minimum required shell and head (and baffle and
bulkhead when used as tank reinforcement) thickness needed to meet the
specification. The minimum thickness is the greatest of the following values:

1)
(i) For MC 330, MC 331, and MC 338 cargo tanks, the specified minimum thickness
found the applicable specification(s); or

(i) For DOT 406, DOT 407 and DOT 412 cargo tanks, the specified minimum
thickness found in Tables | and Il of the applicable specification(s); or

(iii) For MC 300, MC 301, MC 302, MC 303, MC 304, MC 305, MC 306, MC 307, MC
310, MC 311, and MC 312 cargo tanks, the in-service minimum thickness prescribed
in Tables | and Il of § 180.407(i)(5) of this subchapter, for the minimum thickness
specified by Tables | and Il of the applicable specification(s); or

(2) The thickness necessary to meet with the structural integrity and accident damage
requirements of the applicable specification(s); or

(3) The thickness as computed per the ASME Code requirements (if applicable).


https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ecfr.gov%2Fcurrent%2Ftitle-49%2Fsection-180.407%23p-180.407(i)(5)&data=05%7C02%7Cshane.kelley%40dot.gov%7C0b833bcd08ec42e708d408dd829a7be9%7Cc4cd245b44f04395a1aa3848d258f78b%7C0%7C0%7C638810322755470293%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=jDKcINaAurtTE51sVt%2FbWapHRc7li5kVvaWk%2BTLH1cQ%3D&reserved=0
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