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FOREWORD

The functionof theReinforcedThermosetPlastic (RTP)Corrosion-ResistantEquipmentCommittee is to establish rules
of safety governing the design, fabrication, and inspection during construction of such equipment, and to interpret these
rules when questions arise regarding their intent. In formulating the rules, the Committee considers the needs of users,
materialmanufacturers, fabricators, and inspectors of this equipment. The objective of the rules is to afford protection of
life and property, and to provide a margin for deterioration in service so as to give a reasonably long safe period of
usefulness. Advancements in design and material and the evidence of experience are recognized.
The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any

proprietary or specific design or as limiting in any way the Fabricator’s freedom to choose any method of design or any
form of construction that conforms to the rules of this Standard.
This Standard contains mandatory requirements, specific prohibitions, and nonmandatory guidance for materials,

design, fabrication, examination, inspection, testing, certification, and pressure-relief activities. This Standard does not
address all aspects of these activities, and those aspects that are not specifically addressed should not be considered
prohibited. This Standard is not a design handbook and cannot replace education, experience, and the use of engineering
judgment.Thephraseengineering judgment refers to technical judgmentsmadebyknowledgeabledesignersexperienced
in the application of this Standard. Engineering judgments must be consistent with the philosophy of this Standard, and
such judgments must never be used to overrule mandatory requirements or specific prohibitions of this Standard.
The first edition of this Standard was issued on December 31, 1989.
Following approval by the ASME RTP Committee, ASME RTP-1–2023 was approved by the American National Stan-

dards Institute as an American National Standard on November 9, 2023.
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STATEMENT OF POLICY ON THE USE
OF THE ASME SINGLE CERTIFICATION MARK
AND CODE AUTHORIZATION IN ADVERTISING

ASMEhas established procedures to authorize qualified organizations to performvarious activities in accordancewith
the requirements of the ASME Codes and Standards. It is the aim of the Society to provide recognition of organizations so
authorized. An organization holding authorization to perform various activities in accordance with the requirements of
the Codes and Standards may state this capability in its advertising literature.
Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that

have been constructed and inspected in compliance with ASME Codes and Standards are issued Certificates of Author-
ization. It is the aim of the Society to maintain the standing of the ASME Single Certification Mark for the benefit of the
users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all re-
quirements.
Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the

ASME Single Certification Mark, Certificates of Authorization, and references to Codes or Standards construction. The
American Society of Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or
activity, and there shall be no statements or implications thatmight so indicate. An organization holding the ASME Single
Certification Mark and/or a Certificate of Authorization may state in advertising literature that items, constructions, or
activities “are built (produced or performed) or activities conducted in accordance with the requirements of the ap-
plicable ASME Code or Standard.” An ASME corporate logo shall not be used by any organization other than ASME.
TheASMESingle CertificationMark shall be usedonly for stamping andnameplates as specifically provided in theCode

orStandard.However, facsimilesmaybeused for thepurposeof fostering theuseof such construction. Suchusagemaybe
by an association or a society, or by a holder of the ASME Single Certification Mark who may also use the facsimile in
advertising to show that clearly specified items will carry the ASME Single Certification Mark.

STATEMENT OF POLICY ON THE USE
OF ASME MARKING TO IDENTIFY MANUFACTURED ITEMS

The ASME Codes and Standards provide rules for the construction of various items. These include requirements for
materials, design, fabrication, examination, inspection, and stamping. Items constructed in accordance with all of the
applicable rules of ASME are identified with the ASME Single Certification Mark described in the governing Code or
Standard.
Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certification

Markshallnotbeusedonany itemthat isnot constructed inaccordancewithall of theapplicable requirementsof theCode
or Standard.
Items shall not be describedonASMEDataReport Formsnor on similar forms referring toASME that tend to imply that

all requirements have beenmet when, in fact, they have not been. Data Report Forms covering items not fully complying
with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME require-
ments.
ASME’s certification related to products means that the capability by the supplier to fulfill requirements in the ap-

plicable standard has been reviewed and accepted by ASME. The supplier is responsible for ensuring that productsmeet,
and if applicable continue to meet, the requirements on which the certification is based. This shall be made clear on
stampings, labels, or nameplate markings by inclusion of the words:
Certified by

(Manufacturer)

xii
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ð23ÞCORRESPONDENCE WITH THE RTP COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revisions or cases, report errata, or request interpretations. Correspondence for this Standard should be sent to the staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/RTPcommittee.

Revisions and Errata. The committee processes revisions to this Standard on a continuous basis to incorporate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the Stan-
dard. Approved revisions will be published in the next edition of the Standard.
In addition, the committee may post errata on the committee web page. Errata become effective on the date posted.

Users can register on the committee web page to receive e-mail notifications of posted errata.
This Standard is always open for comment, and the committee welcomes proposals for revisions. Such proposals

should be as specific as possible, citing the paragraph number, the proposed wording, and a detailed description of the
reasons for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) The most common applications for cases are

(1) to permit early implementation of a revision based on an urgent need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential additional requirements prior to incorporation

directly into the Standard
(4) to permit the use of a new material or process

(b) Users are cautioned that not all jurisdictions or owners automatically accept cases. Cases are not to be considered
as approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or owners to choose any method of design or any form of construction that
conforms to the Standard.

(c) Aproposedcase shall bewrittenasaquestionandreply in the same format as existing cases. Theproposal shall also
include the following information:

(1) a statement of need and background information
(2) the urgency of the case (e.g., the case concerns a project that is underway or imminent)
(3) the Standard and the paragraph, figure, or table number
(4) the editions of the Standard to which the proposed case applies

(d) A case is effective for use when the public review process has been completed and it is approved by the cognizant
supervisory board. Approved cases are posted on the committee web page.

Interpretations. Upon request, the committee will issue an interpretation of any requirement of this Standard. An
interpretation can be issued only in response to a request submitted through the online Interpretation Submittal Format
https://go.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic e-mail
confirming receipt.
ASME does not act as a consultant for specific engineering problems or for the general application or understanding of

the Standard requirements. If, based on the information submitted, it is the opinion of the committee that the inquirer
should seek assistance, the requestwill be returnedwith the recommendation that such assistance beobtained. Inquirers
can track the status of their requests at https://go.asme.org/Interpretations.
ASMEprocedures provide for reconsideration of any interpretationwhen or if additional information thatmight affect

an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME
committee or subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.
Interpretationsarepublished in theASMEInterpretationsDatabaseathttps://go.asme.org/Interpretationsas theyare

issued.
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Committee Meetings. The RTP Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend anymeeting should contact the secretary of the committee. Information on future committeemeetings
can be found on the committee web page at https://go.asme.org/RTPcommittee.
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INTRODUCTION

GENERAL

The use of reinforced thermoset plastic (RTP) vessels,
with maximum allowable working pressure (MAWP) and
maximumallowable externalworking pressure (MAEWP)
not exceeding 15.0 psig (103 kPag) external and/or 15.0
psig (103 kPag) internal above any hydrostatic head, that
contain corrosive and otherwise hazardous materials,
dictates the need for rules and/or stress analysis
concerning materials of construction, design, fabrication,
quality control, and inspection of such equipment. In
developing rules for RTP, the committee has adapted
the principles of rules included in the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1, wherever
they are applicable.
Adaption of standard rules to RTP requires recognition

of differences that exist between metallic materials and
RTP. These differences are addressed in the remainder
of this Introduction.

MATERIALS AND ASSEMBLY

In the absence of ASTM standards, RTP laminate speci-
fications (Part 2) have been developed for use with this
ASME Standard. These specifications include laminate
composition and properties. Laminates (composites)
manufactured by contact molding and by filament
winding are covered.
These materials of construction are not available in

commerce as mill shapes such as sheet and plate for
forming and joining by the Fabricator. They are produced
in situonamandrel ormoldby theFabricatorduring fabri-
cation of RTP equipment components. Each Fabricator, as
part of the Fabricator's shop,must demonstrate capability
to produce laminates meeting the requirements of the
laminate specifications.
Assembly of components such as shells, heads, and

nozzles requires joining by secondary bonding. This
operation involves fit-up, surface preparation, and over-
wrappingwith a laminate of composition equivalent to the
laminates being joined. Secondary Bonders must be qual-
ified individually by the procedures detailed in
Mandatory Appendix M-5.

DESIGN

Design by formulas and by stress analysis are both
included in this Standard. Consideration is given both
to ultimate strength and to limiting strain. Time and
temperature dependence of RTP laminate properties
are recognized.
The ultimate stress consideration is required to ensure

safety against catastrophic failure over a reasonably long
term. The design factors of Subparts 3A and 3B include
consideration of variability of quality in the labor-inten-
sive fabricating operation. The strain considerations are
required to ensure long-term operation under cyclic
stress (fatigue) without cracking the resin matrix of
the composite laminate, thus maintaining maximum
corrosion resistance. More than 20 years of successful
experience, together with test data, have shown these
considerations to be valid.

INSPECTION

Reliance is placed on careful auditing of the Fabricator’s
Quality Control Program and close visual inspection of
equipment during fabrication and of finished equipment.

NONMANDATORY APPENDICES

Nonmandatory Appendices are provided in this Stan-
dard for reference only. The content of Nonmandatory
Appendices is not a requirement even when referenced
in mandatory parts of this Standard.

UNITS

Either U.S. Customary units or SI units may be used to
demonstrate compliance with the requirements of this
Standard. It is not permissible to use a combination of
both systems of units. Values are listed in the Standard
with U.S. Customary units as the primary units and SI
units shown parenthetically. The SI unit values have
been converted from the U.S. Customary unit values.
Conversion of units shall be performed to ensure that
dimensional consistency is maintained. For either
system of units, the Qualified Designer is responsible
for ensuring that all units are consistent and correct.
A supplement to the Standard is included as a conve-

nience to the user to provide typical SI units and
commonlyused conversion factors. Additional conversion
factors are available in IEEE/ASTM SI 10.

xvii
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ASME RTP-1–2023
SUMMARY OF CHANGES

Following approval by the ASMERTP-1 Committee and ASME, and after public review, ASMERTP-1–2023was approved
by the American National Standards Institute on November 9, 2023.

ASME RTP-1–2023 includes the following changes identified by a margin note, (23).

Page Location Change
xv Correspondence With the RTP

Committee
Added

13 2-100 First sentence revised
14 2-320 Revised
14 2A-222 Revised
15 2A-300 (1) Subparagraphs (a) and (c) revised

(2) Subparagraph (a)(3) added
17 2A-400 Subparagraphs (c) and (d) revised
18 2A-600 Subparagraph (b) revised
18 2B-200 Subparagraphs (a) and (b) revised
18 2B-300 Subparagraph (a) revised
20 3-200 Subparagraph (g) revised
22 3A-126 Equations and nomenclature revised
23 3A-200 Revised in its entirety
27 3A-300 (1) Revised in its entirety

(2) Figure 3-4 deleted
31 3A-400 Title revised
32 3A-710 Nomenclature revised
39 4-330 Subparagraphs (i) and (j) revised
60 6-930 (1) In subpara. (d), “kPa” revised to “kPag”

(2) Subparagraph (d)(2) revised
62 Table 6-1 Revised in its entirety
65 6-950 (1) In subparas. (a) and (b), “kPa” revised to “kPag”

(2) Subparagraph (c) revised
67 Table 7-1 Revised
66 7-600 Subparagraph (d) revised in its entirety
79 M1B-420 Subparagraph (b)(1) revised
79 Mandatory Appendix M-1, Article C The word “fiberglass” deleted in title and throughout this Article
82 Mandatory Appendix M-1, Article D The word “fiberglass” deleted in title and in para. M1D-100
92 M3-100 Fifth paragraph revised
94 M3-200 First paragraph revised
115 M3-630 In first paragraph, “MPa” revised to “MPag”
122 M5-410 Subparagraph (b) deleted and subsequent subparagraphs

redesignated

xviii
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Page Location Change
125 Figure M5-1 Revised
122 M5-420 Subparagraph (e) added and subsequent subparagraph

redesignated
125 Figure M5-2 Revised
127 Figure M5-3 Revised
131 Table M6-1 “kPa” changed to “kPag” throughout
137 Figure M6-3 “kPa” changed to “kPag”
144 Mandatory Appendix M-9 (1) Definitions of burn out (burn off), chopped strandmat, chopper

gun, gun roving, hot patch, intersperse, equipment, matrix,
reinforcement, resin putty, spray-up, and voids revised

(2) Definitions of fiber(glass)and fiberglass roving deleted
(3) Definitions of fiber, fiber content, and fiber roving added

148 Mandatory Appendix M-10 Updated
151 Mandatory Appendix M-11 Deleted and information moved to the Correspondence With the

Committee page
152 M12A-200 First sentence revised
179 M12G-520 Revised
244 Figure NM4-5 Revised
276 NM7-300 Last two paragraphs added
281 Form NM7-3 Added
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Part 1
General Requirements

1-100 INTRODUCTION

Part 1of this Standarddefines the requirements that are
applicable to all reinforced thermoset plastic corrosion-
resistant vessels fabricated to this Standard and shall be
used in conjunction with the specific requirements in
other Parts and Mandatory Appendices of this Standard.

1-110 Scope

(a) This Standard applies to stationary vessels used for
the storage, accumulation, or processing of corrosive or
other substances at pressures not exceeding 15.0 psig
(103 kPag) external and/or 15.0 psig (103 kPag) internal
above any hydrostatic head.

(b) In relation to the geometry of vessels, the scope of
this Standard shall include the following:

(1) where external piping is to be connected to the
vessel

(-a) the first threaded joint for screwed connec-
tions

(-b) the face of the first flange for bolted connec-
tions

(-c) the vessel side sealing surface for proprietary
connections or fittings

(2) the vessel attachment joint when an attachment
is made to either the external or internal surface of the
vessel

(3) covers for vessel openings, such as manhole and
handhole covers

(4) the vessel side sealing surface for proprietary
fittings, such as gages and instruments, for which rules
are not provided by this Standard

1-120 Exclusions

The following types of reinforced thermoset plastic
equipment are excluded from the rules of this Standard:

(a) vessels with MAWP or MAEWP in excess of 15.0
psig (103 kPag)

(b) hoods, ducts, and stacks
(c) fans and blowers
(d) vessel internals such as entrainment separators,

chevron blades, packing support plates, and liquid distri-
bution plates

(e) pumps
(f) pipe or piping (see ASME B31.3)
(g) fully buried underground closed vessels

1-130 Application Limitations

Vessels specified, designed, fabricated, and certified by
the Fabricator as conforming to this Standard shall be
limited to the following pressure and temperature limits:

(a) Maximum Internal Pressure1
(1) With Proof Test of As-Constructed Laminate. The

MAWP, measured at the top of the vessel, shall not be
greater than 15.0 psig (103 kPag).

(2) Without Proof Test of As-Constructed Laminate.
The MAWP shall not be greater than 2.0 psig (14 kPag).

(b) Maximum External Pressure1
(1) With Proof Test of As-Constructed Laminate. The

MAEWP shall not be greater than 15.0 psig (103 kPag).
(2) Without Proof Test of As-Constructed Laminate.

The MAEWP shall not be greater than 2.0 psig (14 kPag).
(c) Temperature Limits. The design temperature shall

be limited to a value forwhichmechanical properties have
been determined by the procedures in paras. 2A-300(b)
and 2B-200(a), and the chemical resistance has been
established by the material selection process identified
in Form 1-1, item 3.
Operating temperatures to 180°F (82°C) maximum are

commonly encountered and a large body of mechanical
property and chemical resistance data exists to facilitate
design. The design temperature shall not be less than the
maximumoperating temperature (seepara. 3-300).Appli-
cations above 180°F (82°C) require that the designer
recognizes and accounts for possible reduced mechanical
properties at the elevated temperature and possibly
decreasing mechanical properties with time as a conse-
quence of thermal and chemical exposure. Such elevated
temperatureapplications require special designattention,
and consultation with the resin manufacturer is essential.

1-200 USER’S BASIC REQUIREMENTS
SPECIFICATION

It is the responsibility of the User, or an Agent acting on
the User’s behalf, who intends that a vessel be designed,
constructed, inspected, tested, and certified to be in
compliance with this Standard, to provide or cause to
be provided for such vessel a User’s Basic Requirements
Specification (UBRS). The UBRS shall set forth the
intended design conditions of the vessel to provide the

1Refer to para. 6-930(d) for Proof Test requirements.
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Page 1 of 4

RTP Edition No.

UBRS Revision No.

User firm name

User’s Agent firm name

Title of equipment

User’s designation no.

Installation location (name and address)

UBRS prepared by (User or User’s Agent):

etaD.onenohPemaN

Address

1. Equipment description (equipment sketch and nozzle schedule must be attached):

2. Additional Fabricator responsibilities:
[ ] Special requirements

[ ] Acoustic emission testing
[ ] Inspection or testing requirements not listed in the Standard

[ ]
[ ]

[ ] User waives visual inspection prior to application of final exterior coat: [ ] Yes [ ] No
[ ] Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1): [ ] Level 1 [ ] Level 2
Quantity limitations for gaseous air bubbles or blisters

Form 1-1    User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1)

ASME RTP-1–2023
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Page 2 of 4

RTP Edition No.

UBRS Revision No.

[ ] Additional inspection aids/methods [refer to para. 6-940(c)]

3. Material selection
3.1 Material selection by:

[ ] Resin manufacturer (include data per section 4 of this document)
[ ] Fabricator (include data per section 4 of this document)
[ ] End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirements, etc. (list and specify;

attach copies of local code/ordinance requirements)

[ ] Other
3.2 Material of construction:

Catalyst/cure systemResin

Barcol hardness per 6-910(b)(3) and 6-910(b)(4)Veil
[ ] Lift lugs: [ ] RTP [ ] Carbon steel [ ] Other
[ ] Hold-down lugs: [ ] RTP [ ] Carbon steel [ ] Other

4. Chemical service data(shall be provided when Fabricator or resin manufacturer is making material selection)

4.1   Description of process function and process sequence:

4.2 Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time

4.3 pH range: max. min.

5. Design
5.1 Design conditions:

Operating (for reference only) Design
Internal pressure
External pressure
Temperature
Specific gravity

Normal (used for seismic design only) Maximum
Liquid level

Form 1-1    User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

ASME RTP-1–2023

3

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


Page 3 of 4

RTP Edition No.

UBRS Revision No.

Wind/seismic/snow code (include edition or year)
Basic wind speed Classification category erusopxE
Elevation above grade

Latitude

Snow load psf (kPa)
Floodedgal (L)OperatingCapacities:

5.2 Mechanical agitator: [ ] Required   [ ] Not required
lb (N)Dead load

ft-lb (N·m)Static bending moment
ft-lb (N·m)Dynamic bending moment

ft-lb (N·m)Torque
hp (W)Horsepower

in. (mm)Impeller diameterRPMImpeller speed
Foot bearing:     [ ] Yes     [ ] NoNumber of impellers

5.3 Heating and cooling:
[ ] Electric panels
[ ] Steam coil
[ ] Steam sparger
[ ] Heat exchanger
[ ] Other

5.4 Mechanical and other forces:
[ ] Violent chemical reaction
[ ] Subsurface introduction of gas or vapor

[ ] Subsurface introduction of steam
[ ] Transmitted mechanical load/force
[ ] Impact due to introduction of solids
[ ] Vacuum from pump down (or vessel draining)
[ ] Vacuum from cool down
[ ] Other

5.5 Corrosion barrier excluded from structural calculations:
[ ] Yes
[ ] No

5.6 Declaration of critical service (only by User or User’s Agent; refer to para. 1-210):
[ ] Yes

[ ] No

MPH (m/s)
Topographic factorsft (m)

Longitude Seismic Risk Category

5.7    Operation and Environmental Factor (must be greater than or equal to 1.0):

gal (L)

Form 1-1    User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

5.8  Hydrostatic test gaskets
 [ ] Specified service gasket  
 [ ] Fabricator's standard 
 [ ] Other__________________________

ASME RTP-1–2023

4

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


Page 4 of 4

RTP Edition No.

UBRS Revision No.

6. Approval of UBRS
6.1 Authorized User’s representative:

Name Title

Signature Date

6.2 Authorized Fabricator’s representative:
Name Title

Signature Date

Additional requirements:

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form 1-1    User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)
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basis for design and shall identify the external environ-
ment to which the vessel will be exposed, the intended
function of the vessel, mechanical loads imposed on
the vessel, specific installation requirements, and specific
codes and laws applicable at the locationwhere the vessel
will be installed. The User also shall specify within the
UBRS the type of resin required or define the contents
to which the vessel shall be exposed.
See Form 1-1 for User’s Basic Requirements Specifica-

tion.

1-210 Service Restrictions

(a) When a vessel is to be used in a critical service, it
shall be the responsibility of the User or the User’s desig-
nated Agent to declare such in the UBRS.

(b) This Standard provides generalized guidelines to
help the User or User’s Agent in determining when a
vessel should be declared to be in critical service.
However, the User or User’s Agent has sole authority
and responsibility for such declaration. Any such declara-
tion made is not a function of the scope, requirements, or
content of this Standard, orof any firmor individual (other
than the User or User’s Agent) involved in any part of the
process of using or determining proper use of the Stan-
dard.

(c) Critical service should be declared when the oper-
ating environment complies with all of the following
conditions specified in (1) through (4) or the condition
specified in (5):

(1) MAWP or MAEWP for the vessel is equal to or
exceeds ±5.0 psig (34 kPag) and

(2) vessel is located in close proximity to areas
frequented by personnel on a regular basis such that
abrupt failure of the vessel would be likely to threaten
the life or health of personnel and

(3) substance contained in the vessel is of such
nature that if abruptly released it could threaten the
life or health of personnel and

(4) substance contained is known by the User or
User’s Agent to degrade the physical strength properties
of the RTP laminate at an abnormally high rate or

(5) substance contained is known by the User to be
an insidious and extremely poisonous gas or liquid of such
anature that a very small amount of the gas or of the vapor
of the liquidmixed or unmixedwith air is dangerous to life
when inhaled, or of such a nature that a very small amount
of the substance in contactwith the bodymaybe absorbed
and cause a toxic reaction that is dangerous to life. By
insidious is meant the substance is of such nature that
exposure to the substance might result in a discomfort
level not sufficient to warn of potentially severe and irre-
versible damage to an individual’s health.

(d) Quantities in the system, concentrations, pressure,
temperature, the nature of the environment, substance
properties such as flammability and toxicity, and the
potential for environmental pollution should also be

considered by the User or User’s Agent in order to deter-
mine whether a critical service should be declared.

1-220 Critical Service Requirements

(a) When a User or User’s Agent has declared in the
UBRS that a vessel is to be used in critical service, the
following shall apply:

(1) Regardless of design pressure, all vessels
declared to be in critical service shall be subjected to a
Proof Test of the as-constructed laminate. Refer to
para. 6-930(d).

(2) The vessel shall be specified, fabricated, and
inspected to be in full compliance with Level 1, Critically
Corrosion Resistant, visual inspection criteria as
described in Table 6-1.

(3) Design factors for the physical strength proper-
ties of the laminate shall be at least 125% of those speci-
fied elsewhere in this Standard. Greater design factors
may be warranted based on analysis of the expected
design conditions and such factors as are outlined in
para. 1-210(d). If so, they shall be specified by the
User or User’s Agent.

(4) Acoustic emission testingofRTPvesselshasbeen
found useful in identifying major defects. Its use as an
additional verification of integrity for vessels to be
used in critical service is optional.

(5) Postcure of critical service vessels is optional but
should be given consideration. Postcure of RTP laminates
is known to improve certain mechanical properties of the
laminate and reduce residual styrene content, and may
improve the corrosion resistance of the laminate.
Other mechanical properties, such as elongation, may
be reduced by postcure.
Consultations with the resin manufacturer and Fabri-

cator should be conducted, and where postcure is to be
employed, a specification defining procedures, methods,
and a time–temperature program shall be specified by the
User.

(b) Compared to steel, RTP materials have the
following characteristics:

(1) the long-term effects of chemical and thermal
degradation on mechanical properties are less well
defined

(2) flammability
(3) limited impact resistance
(4) low ductility that could lead to abrupt rupture

due to excess loading
(5) the long-term effects of creep are less well

defined
(c) On the basis of (b) above, the following additional

safeguards should be carefully considered:
(1) location of vessels
(2) guarding against physical damage and abuse
(3) fire protection
(4) prevention of excess loading imposed by attach-

ments or auxiliary equipment

ASME RTP-1–2023
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(5) periodic structural and material inspections and
tests

1-230 Operation and Environmental Factor
(a) An operation and environmental factor may be

specified to account for reduction in laminate properties
during the design life.
BACKGROUND: There exist conditions that are not identified as
severe service, but may require increased design factors to
achieve acceptable safety and reasonable service life. The
end user is advised to research each unique application,
design, and construction to determine if increased design
factors are needed to satisfy their safety and service life require-
ment. Some chemical services have been identified that result in
more rapid deterioration of laminate properties (permeation
causing attack of reinforcement and resin) increasing risk of fail-
ures. Elevated temperatures and cyclic loading have also been
shown to decrease service life.

(b) The operation and environmental factor is a multi-
plier that is applied to design factors and strength ratios
for the physical strength properties of the laminate. This
factor is in addition to any increase in design factors and
strength ratios for the physical strength due to critical
service. For example, an environmental factor of 1.33
requires that the design factors and strength ratios for
the physical strength properties of the laminate be at
least 133% of those specified elsewhere in this Standard.

(c) The operation and environmental factor must be
greater than or equal to 1.0.

(d) It shall be the responsibility of theUseror theUser’s
designatedAgent todeclareanenvironmental factor in the
UBRS.

(e) This Standard does not provide guidelines for
determining the operation and environmental factor.
The User or User’s Agent has sole authority and respon-
sibility for determining if an operation and environmental
factor is required. Any operation and environmental
factor specified is not a function of the scope, require-
ments, or content of this Standard, or of any firm or in-
dividual (other than the User or User’s Agent) involved in
any part of the process of using or determining proper use
of the Standard.

1-300 FABRICATOR’S DESIGN REPORT

The Fabricator or the Fabricator’s designated agent
shall prepare a Fabricator’s DesignReport,which includes
the calculations, component and joint thicknesses, and
laminate sequences necessary to establish that the
design complies with the rules of this Standard and
the UBRS.
The ASME RTP-1 Qualified Designer qualified in accor-

dance with para. 1-310 shall be in responsible charge of
preparingall aspects of theFabricator’sDesignReport and
shall certify by signature that the Fabricator’s Design
Report is in compliance with these rules and the UBRS.

1-310 Qualifications of the ASME RTP-1 Qualified
Designer

The ASME RTP-1 Qualified Designer is the person(s) in
direct charge of performing the engineering design of an
ASMERTP-1–certified tankandshall beexperienced in the
use of this Standard. The qualifications and experience
required of the ASME RTP-1 Qualified Designer will
depend on the complexity and criticality of the system
and the nature of the individual’s experience. As a
minimum, the individual shall have all of the following
qualifications:

(a) Completion of an engineering degree, accredited by
an independent agency [such as ABET (U.S. and interna-
tional), NBA (India), CTI (France), and CNAP (Chile)],
requiring the equivalent of at least 4 yr of study that
providesexposure to fundamental subjectmatter relevant
to the design of tanks and pressure vessels, plus a
minimum of 5 yr of experience in the design of related
tanks and pressure vessels including design calculations
for pressure, sustained and occasional loads, and cyclic or
thermal loading conditions.

(b) Professional Engineering registration in one or
more of the states of the United States or provinces of
Canada or alternatively recognized by a jurisdiction
outside the United States or Canada.

(c) At least 5 yr direct experiencewithdesign and fabri-
cation including materials selection of RTP tanks and
vessels using the ASME RTP-1 Standard; ASME Boiler
and Pressure Vessel Code, Section X; or EN 13121 or
other recognized international fiberglass vessel or tank
code or standard.

1-400 INSPECTION

This Standard requires that specific inspections be
carried out by Inspection Personnel experienced in the
fabrication of RTP vessels. In addition, other inspections
may be carried out as a part of the Fabricator’s Quality
Control Program. Throughout this Standard, Inspection
Personnel are referred to as either inspector(s) (lower-
case “i”), Inspector(s) (uppercase “I”), or Certified Individ-
ual(s) (uppercase “CI”).
The Certified Individual is an employee of the Fabri-

cator authorized by ASME to use its marks. The Certified
Individual’s principal responsibility is toprotect theASME
mark by carrying out the duties described in para. 1-410.
The Certified Individual may also be the Inspector. (Refer
to Nonmandatory Appendix NM-10, para. NM10-500.)
The Inspector is an employee of the Fabricator whose

relationship to management shall be independent of the
production and marketing groups. The Inspector’s
primary responsibility is to carry out the duties described
in para. 1-430. (Refer to Nonmandatory Appendix NM-10,
para. NM10-400.) The Inspector may also be the Certified
Individual or the inspector, but not both.

ASME RTP-1–2023
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The inspector is an employee of the Fabricator engaged
in the daily inspection activities during the course of fabri-
cation. Such activities include, but are not limited to, thick-
ness verifications, visual inspections, dimensional
verifications, ply sequence verification, and resin cure.
The inspector may be the Inspector but shall not be
the Certified Individual.

1-410 Duties of the Certified Individual

The Certified Individual shall
(a) perform an annual audit to verify that the Fabrica-

tor’sQualityAssuranceProgram is current and in effective
operation

(b) verify that the qualifications of the Inspector and
inspector are in accordance with the Fabricator’s
Quality Assurance Program

(c) verify that corrective actions resulting from ASME
audits are properly resolved

(d) verify that correctiveactions taken to resolvevessel
nonconformities are in accordance with the Fabricator’s
Quality Assurance Program

(e) verify that the responsibilities and activities of the
Inspector are in accordance with the requirements of the
Standard

(f) verify that vessels are manufactured by qualified
Laminators and Secondary Bonders

(g) sign the Fabricator’s Partial Data Report subse-
quent to completion of all inspections by the Inspector,
in the case that only components are being produced

(h) approve by signing of the ASME Fabricator’s Certi-
ficate of Compliance on the Fabricator’s Data Report
subsequent to completion of all inspections by the
Inspector

1-420 Qualifications of the Certified Individual

The Certified Individual shall meet the following quali-
fications:

(a) education and experience (minimumof high school
diploma and 5 yr of experience in the RTP corrosion resis-
tance industry)

(b) demonstrated inspection ability to the Fabricator
employing the Certified Individual

(c) satisfactory expertise and experience according to
the complexity of the assignment

(d) knowledge of ASME RTP-1
(e) knowledge of Fabricator’s Quality Assurance

Program and shop procedure
(f) knowledge and ability to evaluate and monitor

procedures and performance
(g) knowledge of keeping and maintaining records

1-430 Inspector’s Duty
The Inspector shall make all the inspections necessary

to verify that the requirements of this Standard and the
Fabricator’s Design Report have been met. The Inspector

of the vessel does not have the duty of determining the
completeness or correctness of the design calculations;
however, the Inspector does have the duty of establishing
that the Fabricator of the vessel has the UBRS and the
Fabricator’s Design Report on file, and that the require-
ments of para. 1-300 have been met.

1-440 Access for the Inspector

The Inspector shall be permitted free access, at all times
whilework on the vessel is being performed, to all parts of
the Fabricator’s shop that concern the fabrication of the
vessel and to the site of field fabrication or erection during
the period of field fabrication, erection, and testing. The
Fabricator shall keep the Inspector informed of the
progress of the work and shall notify the Inspector in
advance when the vessel or materials will be ready for
any required tests or inspection.

1-500 FABRICATOR’S QUALITY CONTROL
PROGRAM

A written description of the Quality Control Program,
that explains which documents and procedures the Fabri-
catorwill use to produce equipment to this Standard, shall
be available for review. The Quality Control Program shall
be in accordance with the requirements of Mandatory
Appendix M-4. See Nonmandatory Appendix NM-6 for
an example of a Fabricator’s Quality Control Program.

1-510 Fabricator’s Demonstration of Capability

See Part 7.

1-520 Certification

(a) In order for any vessel to bemarkedwith the ASME
Certification Mark with RTP Designator, the Fabricator
shall meet the requirements of ASME CA-1 (refer to
Part 8). The Fabricator has the responsibility of complying
with all the requirements of this Standard and the UBRS.
TheFabricator alsohas the responsibility of certifying that
any work done by others complies with all the require-
ments of this Standard. This responsibility includes
providing the Inspector with all required information
and assuring that the detailed examinations and tests
are performed at the stages of fabrication that permit
them to be meaningful.

(b) The Certified Individual, subsequent to completion
of all inspections by the Inspector (see Part 6), shall
complete and sign the Fabricator’s Data Report or Fabri-
cator’s Partial Data Report as applicable. See Forms 1-2
and 1-3. An original document of such Data Reports shall
be sent ordelivered to theUser (orUser’sAgent). Copiesof
such Data Reports shall be retained in the Fabricator’s
record system in accordance with Mandatory Appendix
M-4, para. M4-300(c).

ASME RTP-1–2023
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(c) The Inspector shall sign the Inspector’sCertification
on the Fabricator’s Data Report (or Partial Data Report)
only when the Inspector is satisfied that all requirements
of this Standard have been met.

(d) Vessels may also be registered by filing the Fabri-
cator’s Data Report with the National Board of Boiler and
Pressure Vessel Inspectors, 1055 Crupper Avenue,
Columbus, OH 43229.

ASME RTP-1–2023

9

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


(Nat'l Bd. no.)

(AE or other)

(1) (specify units)

(2) (specify units)

14. Supports: 
(describe: if legs how many and size, if skirt describe, if support ring mat'l. and type, if saddles mat'l. and type)

15. Material selection:         Resin (specific nomenclature and cure system): 

Resin manufacturer Fabricator

13. Vessel fabricated for storage of: 
(briefly describe chemicals to be contained or stored)

Declaration of critical service: 
( yes or no )

11. Safety relief or atmospheric vent size and location:
(identify location, item designation, type, and size)

12. Inspection openings:
(describe size, quantity, and general location)

(top, bottom, ends) (structural only) (min. and max. measured) (ASME F&D, 2:1 elliptical, flat)

10. Heads: Type:  
(type I, type II, type X) (specify veil, sequence, or type of thermoplastic and thk.)

Location Nominal Thickness Barcol Hardness Shape

(type I, type II, type X) (structural only) (specify veil, sequence, or type of thermoplastic and thk.)

(specify units) (specify units) (min. and max. measured)

Maximum allowable working pressure (specify units):  

Maximum allowable external working pressure (specify units):   

NDE:

Dia.:  

Quantity limitations for gaseous air bubbles or blisters:

(Table 6-1, Level 1 or Level 2)

9. Shell: Type:  

7. Laminate proof tests performed per para. 1-130:
(yes/no) (yes/no)

8. Fabricated for the following:                  Contents specific gravity:

5. Vessel fabricated in accordance with UBRS rev.:  
(rev. and date)

6. Vessel designed according to Part 3A or 3B:
(indicate A or B or combination)

4. Type:
(horiz. or vert. vessel) (mfr’s. serial) (dwg. no.)

2. Fabricated for: 
(name and address of Purchaser)

3. Location of installation:
(name and address)

Form 1-2  Fabricator’s Data Report
(As Required by the Provisions of ASME RTP-1)

1. Fabricated and certified by: 
(name and address of Fabricator)

End User

Other (explain)

16. Fluid concentrations and temperatures as listed in the UBRS: 

Vessel no.: Year built:

Remarks: 

ASME RTP-1 edition:

Data pkg. and Design Report complete:

If yes, results reviewed and accepted: .

at maximum temp. (specify units): 

at maximum temp. (specify units):

 Struct. visual acceptance level: 
(Table 6-1, Level 1 or Level 2)

Liner visual acceptance level:

Liner:

Barcol hardness:

Nom. thk.:

Length:

Liner:

ASME RTP-1–2023
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FABRICATOR’S CERTIFICATE OF COMPLIANCE

ASME RTP-1– No.
(Certificate of Authorization and expiration date)

Date
(month / day / year) (Fabricator’s name) (signature of Certified Individual)

(print or type name)

(address of fabrication site)

INSPECTOR’S CERTIFICATION

I, the undersigned, employed by of ,
(print company name) (city and state)

Date
(month / day / year) (Inspector’s signature)

(print or type name)

GENERAL NOTES:
(a) The following documents, all updated to as-built status, are required attachments to this Data Report:

(1)  User’s Basic Requirements Specification (UBRS)
(2)  Design Report signed and stamped by the Qualified Designer
(3)  drawings
(4)  copies of all quality control forms used in the Fabricator’s Quality Control Program during the course of fabrication

(b) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form 1-2  Fabricator’s Data Report (Cont’d)
(As Required by the Provisions of ASME RTP-1)

17. Nozzles/fittings:

Purpose/Use

The above documents shall be part of the Fabricator’s and End User’s records. As an option, the data report may be 
submitted (without above documentation) to the National Board for vessel registration.

Quantity Size

We certify the information in this Data Report to be correct and that the vessel has been designed and fabricated in 
accordance with all requirements of ASME RTP-1 and the User’s Basic Requirements Specification.

have inspected the vessel described in this Fabricator’s Data Report and believe that the Fabricator has constructed it in 
accordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor the Inspector's employer 
(if other than the Fabricator) makes any warranty, expressed or implied, concerning performance of the vessel.
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GENERAL NOTES:
(a)  The following documents, all updated to as-built status, are required attachments to this Data Report:
       (1)  applicable design data signed and stamped by the Qualified Designer
       (2)  drawings
       (3)  copies of all quality control forms used in the Fabricator’s Quality Control Program during the course of fabrication
(b)  This form may be reproduced and used without written permission from ASME if used for purposes other than 
       republication.

NOTE:
(1)   The Fabricator referred to in this Partial Data Report is that Fabricator who constructed the part or portion of the vessel
        covered by this Partial Data Report. 

(print or type name)

                                                                    FABRICATOR’S1 PARTIAL DATA REPORT

We certify the information in this Partial Data Report to be correct and that the part(s) is designed and fabricated in

accordance with all requirements of ASME RTP-1.

ASME RTP-1–

Description of part fabricated and inspected

Date
(month / day / year)                                                  (Fabricator’s name)                                                              (signature of Certified Individual)

(address of fabrication site)

                                                                        INSPECTOR’S CERTIFICATION

I, the undersigned, employed by                                                                                    of                                                              ,

have inspected the part(s) described in this Fabricator’s Partial Data Report and believe that the Fabricator has constructed 

such in accordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor the Inspector's

employer (if other than the Fabricator) makes any warranty, expressed or implied, concerning performance of the part(s).

(month / day / year)   (Inspector’s signature)

(print or type name)

Date

Form 1-3 Fabricator’s Partial Data Report
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Part 2
Materials

2-100ð23Þ SCOPE

Part 2 defines the materials comprising the fiber rein-
forced thermoset polyester and vinyl ester resin lami-
nates, and the types of laminates used to fabricate the
RTP corrosion-resistant equipment. See Mandatory
Appendix M-12 for thermoplastic lining materials used
in dual laminate vessels.

2-200 LAMINATE COMPOSITIONS

The composition of the allowable RTP laminates is
l imited to the specif ic materials in Part 2 and
Mandatory Appendices M-1 and M-2. Subpart 2A
covers predefined standard laminates as representative
flat laminates. Subpart 2B covers laminates developed
using the Lamination Analysis Method, by which the
modulus properties of laminates are obtained. Subpart
2C covers permissible tolerances for laminate thickness
variation.
Construction and testing for properties of design basis

laminates are required in Subpart 2A. Calculation of lami-
nate properties by the Lamination Analysis Method
(Mandatory Appendix M-3) is addressed in Subpart 2B.
Minimum inspections and tests to be performed on re-

inforcements, prior to their use, are described in
Mandatory Appendix M-1.
Minimum inspections and tests to be performed on

resins, curing agents, and common additives, prior to
their use, are described in Mandatory Appendix M-2.

2-210 Resin and Reinforcement Substitution

The Fabricator shall use the same resins and reinforce-
ments during fabrication as used in the design basis lami-
nates andLaminationAnalysisMethod,with the exception
of the surfacing veil,whichmaybe changed as required for
corrosion resistance.

2-300 MATERIALS

2-310 Resin Matrix

The resin shall be that polyester or vinyl ester specified
by the User’s Basic Requirements Specification. Only
resins with a heat deflection temperature (HDT) of at
least 180°F (82°C) per ASTM D648 with a 264 psi
(1.82 MPa) loading and a 1∕8-in. (3-mm) specimen, as

published by the resin manufacturer, shall be used. Prop-
erties established through testing at ambient temperature
are validup to180°F (82°C) orup to35°F (19°C) below the
resin’s HDT, whichever is lower. When a maximum flame
retardancy is specified by the UBRS, the flame spread
rating shall be determined by the resin manufacturer
according to ASTM E84 using all mat laminates greater
than 0.1 in. (2.5 mm) thick. Verification of the flame
spread rating is not required as a part of laminate quali-
fication. Since flame spread can be determined only on flat
laminate panels, verification is not required on fabricated
equipment. Prior to use in laminate fabrications, the resin
shall be inspected, tested, and found acceptable by the
inspections and tests specified in Mandatory Appendix
M-2.

(a) The catalyst/promoter/accelerator system shall be
as recommended by the resin manufacturer and specified
in the Fabricator’s written procedures.

(b) The resin shall not contain anypigment, dyes, color-
ants, or filler, except as follows:

(1) A thixotropic agent that does not interfere with
visual inspection of laminate quality, or with the required
corrosion resistance of the laminate, may be added for
viscosity control.
NOTE: The addition of a thixotropic agent may reduce the resis-
tance of a laminate to some corrosive chemical environments. It
is the responsibility of theFabricator toobtain approval from the
selector of the resinprior tousing a thixotropic agent in the inner
surface (para. 2A-221) or the interior layer (para. 2A-222).

(2) Resin pastes used to fill crevices before overlay
shall not be subject to these limitations.

(3) Pigments, dyes, or colorants may be added to the
exterior surface when specified by the UBRS.
NOTE: The addition of pigment, dyes, or colorants may interfere
with visual inspection of laminate quality.

(4) Flame retardant synergists shall be used only
when required in the UBRS. If fire retardant synergists
were used to obtain the specified ASTM E84 flame
spread rating, the same type and amount must be used
in the laminate.
NOTE: The addition of fire retardant synergists may interfere
with visual inspection of laminate quality.

(5) Common additives, as described in Mandatory
Appendix M-2, Article F, may be added without requali-
fying the standard laminate.
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(6) Fillers or additives for abrasion resistance,
thermal shock resistance, and electrical conductivity
are allowed. A requalification of the design basis laminate
is required if these fillers or additives are added to the
structural laminate. All fillers or additives shall be
approved by the End User and the resin supplier for
the design chemical service.
Note that fillers may interfere with visual inspection of

the laminate and could affect properties of the laminate.

2-320ð23Þ Fiber Reinforcement

Fiber reinforcements shall be in compliance with the
following references for each material type:

(a) surfacing veil, organic fiber surfacing veil, carbon
fiber surfacing veil, and chopped strandmat—Mandatory
Appendix M-1, Article A

(b) spray-up roving and filament winding roving —
Mandatory Appendix M-1, Article B

(c) woven roving fabric, unidirectional fabric, and
nonwoven multifabric — Mandatory Appendix M-1,
Article C

(d) milled fiber — Mandatory Appendix M-1, Article D
With the exception of surfacing veils, all Type I andType

II reinforcement shall be Type E or Type E-CR glass.
Type X laminates may be constructed using carbon,

basalt, or glass (Types AR, E, E-CR, H, R, S, and S2) fiber

2-330 Balsa Wood Core

Balsa wood core materials shall be in compliance with
Mandatory Appendix M-13.

SUBPART 2A
REQUIREMENTS FOR REPRESENTATIVE FLAT

LAMINATES

2A-100 INTRODUCTION

A representative flat laminate is one made with the
laminate sequence used in the design. Design basis lami-
nates per para. 2A-300 are required.

2A-200 LAMINATE REQUIREMENTS

2A-210 Laminate Construction

Laminate construction shall be in accordance with the
tabulated lay-up sequence for the specified type.

(a) Type I laminate structure is detailed in Table 2A-1.
(b) Type II laminate structure is detailed in Table 2A-2.
(c) Type X laminate structure is detailed in Subpart 2B.

2A-220 Laminate Composition

Laminates shall consist of a corrosion-resistant barrier
(comprised of an inner surface and interior layer) and a
structural layer. The reinforcement content of the corro-
sion barrier shall be 20% to 30% by weight.

2A-221 Inner Surface Corrosion-Resistant Barrier.
The inner surface exposed to the contents shall be a
resin-rich layer reinforced with a surfacing veil providing
a thickness of 0.01 in. to 0.02 in. (0.25 mm to 0.50 mm).

2A-222 ð23ÞInterior Layer Corrosion-Resistant Barrier.
The inner surface layer, exposed to the contents, shall
be followed with an interior layer. This layer is composed
of resin reinforcedwith aminimumof twoplies of noncon-
tinuous fibers with a minimum total interior layer thick-
ness of 0.075 in. (1.91 mm). Each ply of reinforcement
shall be well rolled to thoroughly wet out reinforcement
and remove entrapped air prior to the application of addi-
tional reinforcement. The combined thickness of the inner
surfaceand interior layer shall not be less than0.10 in. (2.5
mm). The corrosion-resistant barrier is to exotherm and
cool before the structural layer is applied.

2A-223 Structural Layer

(a) Application of the structural layer shall not alter the
corrosion-resistant barrier.

(b) The first ply of the structural layer of the laminate
shall be one or more plies of noncontinuous glass fibers
totaling 1.5 oz/ft2 (450 g/m2), comprised of chopped
strand mat and/or chopped roving.

(c) Lay-up in the sequence of plies stated for the speci-
fied laminate type.

(d) All edges of reinforcement material shall be lapped
a minimum of 1.0 in. (25 mm). Lapped edges of adjacent
layers shall be staggered.

(e) Upon interruption of the fabrication process to
allow for an exotherm, instructions noted on the appro-
priate table for the particular laminate type shall be
followed. The final ply of reinforcement before interrup-
tion for gel and exotherm shall be 0.75 oz/ft2 (225 g/m2)
minimum.The first ply of the ensuing lamination shall also
be 0.75 oz/ft2 (225 g/m2) minimum. Both the final and
first plies shall be comprised of layers of chopped
strand mat and/or layers of chopped roving.

2A-224 Outer Surface

(a) The outer surface of the finished laminate shall be a
separately applied paraffinated resin coat that, when
cured, passes the acetone test per ASTM C582, para.
9.2.2. This outer surface coat shall be applied either
over the final mat ply of the structural layer or over
an additional resin-rich layer when required by (b).

(b) When the UBRS indicates the outer surface will be
subjected to spillage or a corrosive environment, a resin-
rich layer, in accordance with para. 2A-221, shall be
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applied over the final mat ply of the structural layer prior
to the application of the paraffinated resin coat in (a).

(c) TheUBRSmay includeprovisions tominimizeultra-
violet degradation of the laminate. Methods include use of
ultraviolet absorbers, screening agents, or resins resistant
to ultraviolet degradation, or incorporation of pigment of
sufficient opacity in the paraffinated resin coat. Since
pigmentation makes laminate inspection difficult, the
resin-rich layer shall be applied only after the laminate
has been inspected by the Inspector. This provision
may be waived by the User.

(d) Where the final lay-up is exposed to air, full surface
cure shall be obtained by applying to the final lay-up a coat
of paraffinated resin that, when cured, passes the acetone
test. Other techniques such as sprayed, wrapped, or over-
laid films are also acceptable methods to attain surface
cure, provided the surface resin under the film passes
the acetone test.

2A-300 ð23ÞREQUIREMENTS FOR PHYSICAL AND
MECHANICAL PROPERTIES

(a) TheFabricator shall prepare designbasis laminates
for each combinationof resin and fiber to determine thick-
ness and fiber content. Straight line interpolation shall be
used to determine values not tested directly. In addition,
the Fabricator shall choose one or more of the following
options to establish design values:

(1) The Fabricator shall specify the minimum values
in Table 2A-3. This method shall not be used where lami-
nates are fabricated for use above 180°F (82°C).

(2) The Fabricator shall obtain the tensile strength,
tensilemodulus, flexural strength, and flexuralmodulus of
the design basis laminates in accordance with
para. 2A-400. Results shall be certified by the individual
who conducted or supervised the testing.

Table 2A-1
Standard Laminate Composition Type I

Nominal
Thickness,
in. (mm)

[Notes (1), (2)]

Sequence of Plies

Drafting
Symbols1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

0.18 (4.6) V M M M M … … … … … … … … … … … … … V, 4M
0.23 (5.8) V M M M M M … … … … … … … … … … … … V, 5M
0.27 (6.9) V M M M M M M … … … … … … … … … … … V, 6M
0.31 (7.9) V M M M M M M M … … … … … … … … … … V, 7M
0.35 (8.9) V M M M M M M M M … … … … … … … … … V, 8M

0.40 (10.2) V M M M M M M M M M … … … … … … … … V, 9M
0.44 (11.2) V M M M M M M M M M M … … … … … … … V, 10M
0.48 (12.2) V M M M M M M M M M M M … … … … … … V, 11M
0.53 (13.5) V M M M M M M M M M M M M … … … … … V, 12M
0.57 (14.5) V M M M M M M M M M M M M M … … … … V, 13M

0.61 (15.5) V M M M M M M M M M M M M M M … … … V, 14M
0.66 (16.8) V M M M M M M M M M M M M M M M … … V, 15M
0.70 (17.8) V M M M M M M M M M M M M M M M M … V, 16M
0.74 (18.8) V M M M M M M M M M M M M M M M M M V, 17M

GENERAL NOTES:
(a) Thicknesses above 0.74 in. (18.8 mm) nominal can be used by adding additional plies of mat.
(b) Actual thickness and glass content of each sequence of plies shall be established by each Fabricator based on his or her design basis laminate.
(c) Corrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.
(d) Structural lay-up may be interrupted at intervals long enough to exotherm in accordance with Fabricator’s procedure.
(e) A weight-equivalent layer or layers of chopped strand glass or mat may be used in place of layers of 1.5 oz/ft2 (450 g/m2) mat.

NOTES:
(1) Nominal thickness is calculated as follows:

V = 10 mil surface mat (veil) − 0.010 in./ply (0.25 mm/ply)
M = 1.5 oz/ft2 mat − 0.043 in./ply (450 g/m2 mat − 1.1 mm/ply)

(2) This information is based on historical data andmay not reflect all laminatesmade today. Laminatesmade today are often thinner and have a
higher glass content than noted in the Table. The Table should be used for establishingminimum glass plies per nominal laminate thickness.
Ply thicknesses should be based on design basis laminates.
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Table 2A-2
Standard Laminate Composition Type II

Nominal
Thickness,
in. (mm)

[Notes (1), (2)]

Sequence of Plies

Drafting Symbols1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0.22 (5.6) V M M M R M … … … … … … … … … … … … … … V, 2M, MRM
0.29 (7.4) V M M M R M R M … … … … … … … … … … … … V, 2M, 2(MR)M
0.37 (9.4) V M M M R M R M R M … … … … … … … … … … V, 2M, 3(MR)M

0.41 (10.4) V M M M R M R M R M M … … … … … … … … … V, 2M, 3(MR)M, M
0.49 (12.5) V M M M R M R M R M M R M … … … … … … … V, 2M, 3(MR)M, MRM
0.56 (14.2) V M M M R M R M R M M R M R M … … … … … V, 2M, 3(MR)M, 2(MR)M

0.64 (16.3) V M M M R M R M R M M R M R M R M … … … V, 2M, 3(MR)M, 3(MR)M
0.68 (17.3) V M M M R M R M R M M R M R M R M M … … V, 2M, 3(MR)M, 3(MR)M, M
0.76 (19.3) V M M M R M R M R M M R M R M R M M R M V, 2M, 3(MR)M, 3(MR)M,

MRM

GENERAL NOTES:
(a) Thicknesses above 0.76 in. (19.3 mm) nominal can be used following pattern established for 0.76 in. (19.3 mm) thick laminate.
(b) Actual thickness and glass content of each sequence of plies shall be established by each Fabricator based on his or her design basis laminate.
(c) Corrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.
(d) Structural lay-upmay be interrupted long enough to exothermbetween adjacent “MM”plies. If required by fabrication procedure, location of

exothermpliesmaybe changedby shifting plies 10 and17within the laminate body or by splitting an “M”ply intoweight-equivalent layer(s).
(e) A weight-equivalent layer or layers of chopped strand glass or mat may be used in place of layers of 1.5 oz/ft2 (450 g/m2) mat.

NOTES:
(1) Nominal thickness is calculated as follows:

V = 10 mil surface mat (veil) − 0.010 in./ply (0.25 mm/ply)
M = 1.5 oz/ft2 mat − 0.043 in./ply (450 g/m2 − 1.1 mm/ply)
R = 24 oz/yd2 woven roving − 0.033 in./ply (810 g/m2 woven roving − 0.84 mm/ply)

(2) This information is based on historical data andmaynot reflect all laminatesmade today. Laminatesmade today are often thinner and have a
higher glass content than noted in the Table. The Table should be used for establishingminimum glass plies per nominal laminate thickness.
Ply thicknesses should be based on design basis laminates.

Table 2A-3
Minimum Values of Flat Laminates

Nominal Thickness,
in. (mm) Type

Ultimate Tensile
Strength, psi (MPa)

[Note (1)]

Tensile Modulus,
psi (GPa)
[Note (1)]

Ultimate Flexural
Strength, psi (MPa)

[Note (2)]

Flexural Modulus,
psi (GPa)
[Note (2)]

All I 9.0 × 103 (62.1) 1.00 × 106 (6.90) 16.0 × 103 (110) 0.70 × 106 (4.83)
0.22 (5.6) II 12.0 × 103(82.7) 1.30 × 106 (8.96) 19.0 × 103 (131) 0.80 × 106 (5.52)
0.29 (7.4) II 13.5 × 103 (93.1) 1.40 × 106 (9.65) 20.0 × 103 (138) 0.90 × 106 (6.21)
0.37 (9.4) and above II 15.0 × 103 (103) 1.50 × 106 (10.3) 22.0 × 103 (152) 1.00 × 106 (6.90)

GENERAL NOTE: The tabulated values remain unchanged up to 180°F (82°C). Above that temperature, measured properties may decrease.

NOTES:
(1) ASTM D638 at 73°F (23°C), ASTM D3039 at 77°F (25°C), or ASTM D5083 at 73°F (23°C).
(2) ASTM D790 at 73°F (23°C).
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(-a) When the corrosion barrier is included in the
design as a contributor to the structural strength of the
laminate, the following design basis laminates shall
include the inner surface, interior layer, and structural
layer, but not the outer surface:

(-1) Type I, 0.18 in. (4.6 mm) nominal thickness
(-2) Type I, 0.48 in. (12.2 mm) nominal

thickness
(-3) Type I, 0.74 in. (18.8 mm) nominal

thickness
(-4) Type II, 0.22 in. (5.6mm)nominal thickness
(-5) Type II, 0.49 in. (12.5 mm) nominal

thickness
(-6) Type II, 0.76 in. (19.3 mm) nominal

thickness
(-7) Type X, 0.25 in. (6.4mm) nominal thickness
(-8) Type X, 0.50 in. (12.7 mm) nominal

thickness
(-9) Type X, 0.75 in. (19.1 mm) nominal

thickness
(-b) When the corrosion barrier is excluded from

thedesign as a contributor to the structural strength of the
laminate per para. 6-930(d)(5)(-d), the following design
basis laminates shall include only the structural layer:

(-1) Type I, 0.35 in. (8.9 mm) nominal thickness
(-2) Type II, 0.37 in. (9.4mm)nominal thickness
(-3) Type X, 0.38 in. (9.7mm) nominal thickness

(-c) Properties of Types I, II, and noncylindrical X
laminates in (-a) and (-b) above shall be establishedon flat
laminates prepared under shop conditions. For Type II
laminates, the woven roving is laid-up in square array
with warp rovings parallel layer to layer, and test speci-
mens are cut parallel to the warp rovings.

(3) The Fabricator shall proof test the as-built lami-
nate to verify the design values employed in the design
calculations per paras. 6-930(d)(1) through 6-930(d)(4).
Proof Test values shall meet or exceed design values.

(b) For design purposes, properties established at the
applicable ASTM test method temperature are valid up to
180°F (82°C) or up to 35°F (19°C) below the resin’s HDT,
whichever is lower. Where laminates are fabricated for
use at design temperatures above 180°F (82°C) or up
to 35°F (19°C) below the HDT, certification of strength
and modulus per paras. 2A-400(a) and 2A-400(b) shall
be supplied at or above the specified temperature.

(c) The thicknessand fiber contentof laminates shall be
based on the data obtained from the Fabricator’s design
basis laminates. For laminate Types I, II, and X, thickness
and fiber content shall be determined from laminates
described in (a)(2). Six thickness and fiber content
(weight percent) readings shall be taken on each
design basis laminate. They shall be taken at 1 in. to 2
in. (25 mm to 50 mm) from each corner, except for
two readings taken from the middle of the laminate.
The highest thickness and fiber content (weight
percent) reading taken (of the six) shall be no more

than 115% of the lowest reading taken. The six readings
shall be averaged to give the design basis laminate thick-
ness and glass content for each laminate tested. The
average thickness value shall be from 85% to 115% of
the nominal thickness listed in Tables 2A-1 and 2A-2.

(d) The laminate compositions and minimum proper-
ties for Type I production laminates are given in
Tables 2A-1 and 2A-3.

(e) The laminate compositions and minimum proper-
ties for Type II production laminates are given in
Tables 2A-2 and 2A-3.
NOTE: The laminate properties found in Table 2A-3 are conser-
vative and historically proven. They represent a compilation of
data on the most available laminating materials.

2A-400 ð23ÞTEST METHODS

(a) Tensile strength and tensile modulus of elasticity
shall be determined by ASTM D638, ASTM D3039 at
77°F (25°C), or ASTM D5083. The tensile modulus
shall be determined using the data between 400 and
1,300 microstrain unless another strain range better
represents the flat portion of the curve. Any strain
range other than 400 and 1,300 microstrain shall be
reported with the modulus value. Specimens shall be
in accordance with ASTM D638, Figure 1, Type III, or
in accordance with ASTM D5083, para. 6.1.1, except
that actual laminate thickness shall be used.

(b) Flexural strength and flexural modulus of elasticity
shall be determined by ASTM D790. The molded surface
(corrosion barrier) shall be tested in compression.

(c) Fiber content, weight percent, shall be determined
in accordance with ASTM D2584.

(d) Whenrequired, the residual undisturbedglass fiber
plies from ASTM D2584 shall be separated carefully and
counted and/or weighed to confirm standard lay-up
sequence.

(e) Thickness shall be measured with a micrometer or
caliper. When the configuration of the part will not allow
the use of these instruments, a digital magnetic intensity
instrument or an ultrasonic thickness gage found to be
accurate when measuring vessel cutouts shall be used.

(f) When required, thermal conductivity shall be
measured in accordance with ASTM C177.

(g) When required, thermal expansion shall be
measured in accordance with ASTM D696.

(h) For isotropic laminates, mechanical property
testing in only one direction is required. For anisotropic
laminates, testing inboth the principal x and ydirections is
required.

2A-500 RECORDS

The results of all required tests shall be recorded and
shall be available for review by the Inspector.
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2A-600ð23Þ ADDITIONAL STANDARD LAMINATE
COMPOSITIONS FOR SUBPART 2A

Other standard laminates may be used only after they
have been listed as acceptable in Subpart 2A. In order for
the new laminate to receive proper consideration, infor-
mation and data are required to properly categorize the
laminate. In general, this informationanddata include, but
are not necessarily limited to, the following:

(a) All materials of the laminate shall be identified and
suggested specifications provided for any material not
covered in Mandatory Appendices M-1 and M-2.

(b) The laminate information needed includes tensile
strength, tensile modulus, fiber content, and thickness.
The information shall be supplied in the form of
Table 2A-1 and/or Table 2A-2, plus data for minimum
properties of standard laminates, Table 2A-3. The data
shall be generated from laminates made under typical
shop conditions and tested per para. 2A-400. The infor-
mationshall include theheatdeflection temperatureof the
resinused,which is required tobe180°F (82°C)orgreater.
NOTE: The requester should consider supplying data on lami-
nates made using two or more widely different specific gravity
resins by three or more fabricators, together with the appro-
priate Type I and/or Type II control laminate data.

Where the laminate is intended for special applications,
requires special handling, or has known limitations or
susceptibility to failure in certain services, precautionary
requirements and information should be included in the
submittal. The data should be submitted on laminates
intended for use in place of the design basis laminates
of Type I and/or Type II , as outl ined in para.
2A-300(a)(2). Examples of representative field experi-
ences should be submitted.
NOTE: When the new laminate is a minor modification of an
existing standard laminate, the data required may be
reduced with the concurrence of the Committee. When the
data supplied is insufficient for an adequate evaluation, the
Committee will request additional data.

SUBPART 2B
REQUIREMENTS FOR LAMINATES DEVELOPED
USING THE LAMINATION ANALYSIS METHOD

(TYPE X)

2B-100 LAMINATE COMPOSITION

Laminates developed under Subpart 2B are designated
as Type X laminates. Laminates developed under Subpart
2B are nonstandard laminates not defined in Tables 2A-1,
2A-2, and 2A-3.
Laminates shall consist of a corrosion-resistant barrier

(comprised of an inner surface and interior layer) and a
structural layer.

2B-110 Inner Surface Corrosion-Resistant Barrier

See para. 2A-221.

2B-120 Interior Layer Corrosion-Resistant Barrier

See para. 2A-222.

2B-130 Structural Layer

(a) Application of the structural layer shall not alter the
corrosion-resistant barrier.

(b) The first layer of the structural portion of the lami-
nate shall be one or more plies of chopped strand mat
totaling 0.75 oz/ft2 (225 g/m2) minimum or equivalent
chopped roving saturated with resin.

(c) The balance of the structural layer shall then be
applied in strict duplication of the laminate sequence
as designed per Mandatory Appendix M-3.

2B-140 Outer Surface

See para. 2A-224.

2B-200 ð23ÞREQUIREMENTS FOR PHYSICAL AND
MECHANICAL PROPERTIES

(a) The resin matrix tensile modulus and specific
gravity are measured on a fully cured 0.125-in. (3.2-
mm) thick neat resin casting. Tensile modulus and
cured specific gravity properties provided by the resin
manufacturer may be used for design temperatures up
to 180°F (82°C).

(b) Standardized tensile modulus and specific gravity
for the fiber shall be used for the Lamination Analysis
Method (Mandatory Appendix M-3).

(c) Laminate properties shall be calculated using the
Lamination Analysis Method contained in Mandatory
Appendix M-3.

(d) TheFabricator shall prepare designbasis laminates
and test per para. 2A-300.

(e) For cylindrical laminates, the following mechanical
property tests are required: flexural strengthandmodulus
in the hoop and axial directions (corrosion barrier in
compression) and tensile strength and modulus in the
axial direction.

2B-300 ð23ÞTEST METHODS

(a) Fiber content, weight percent, shall be determined
in accordance with ASTM D2584.

(b) Matrix tensile modulus shall be determined in
accordance with ASTM D638.

(c) Matrix specific gravity shall be determined in accor-
dance with ASTM D792.

(d) Thickness of individual plies shall be determined
with amicroscopeor other instrument having an accuracy
of 0.001 in. (0.02 mm).
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2B-400 RECORDS

For each laminate in para. 2B-130,wind angles, number
of wind cycles, and supplemental reinforcement shall be
recorded. The objective is to uniquely define each lami-
nate. Also, for each laminate, results of testing done in
paras. 2B-300(a) and 2B-300(b) shall be recorded and
made available for review by the Inspector.

SUBPART 2C
PERMISSIBLE TOLERANCES FOR LAMINATE

THICKNESS VARIATION

There are two types of laminate thickness tests, as
follows:

(a) average spot thickness of small area or component
(such as a nozzle)

(b) average thickness of major part (such as a head,
shell, or body flange)

2C-100 TOLERANCE FOR AVERAGE SPOT
THICKNESS

Refer topara. 6-920(f)(2)(-a) for theprescribedmethod
of determining the average thickness of a small area or
component. The thinnest value (of six) shall be 90% of

the design thickness. The acceptable average thickness
shall be100%up to135%ofdesign. For average thickness
greater than 135%, see para. 2C-300.

2C-200 TOLERANCE FOR THICKNESS OF AMAJOR
PART

Refer topara. 6-920(f)(2)(-b) for theprescribedmethod
of determining the average thickness of a major part. The
acceptable average thickness shall be 100%up to 135%of
design. Foraverage thickness greater than135%, seepara.
2C-300.

2C-300 EXCEPTIONS AND ADJUSTMENTS

Fabricators may add additional material to achieve the
design thickness. All such additions shall be in accordance
with the repeatingdesignply sequence. Theaverage thick-
ness of the corrosion-resistant barrier and structural
layers shall meet the requirements of Subpart 2C. Over-
thickness up to 140% is permissible for corrosionbarriers
with a design of 0.200 in. (5.0 mm). At no time shall any
overthickness of the barrier be used as part of the struc-
tural thickness. Overthickness greater than the stated
tolerances is permissible when accepted by the Qualified
Designer and User and reflected in the Design Report.
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Part 3
Design

3-100 SCOPE

Part 3 sets forth design formulas and rules for the use of
contactmolded and filamentwound RTPmaterials for the
fabrication of corrosion-resistant vessels. It is limited to
vessels that operate up to and including 15.0 psig (103
kPag) internal pressure as measured at the top of the
vessel. The limit on external pressure is 15.0 psig (103
kPag). The hydrostatic head resulting from the weight
of internal contents andappliedpressure shall be additive.

(a) Part 3 contains two separate subparts.
(1) Subpart 3A, Design by Rules
(2) Subpart 3B, Design by Stress Analysis

(b) Subpart 3A or Subpart 3B methods may be used at
the discretion of the Qualified Designer for all or any part
of RTP vessels.

(c) If specific rules of Subpart 3A do not apply, Subpart
3B design methods shall be used. Rules and limitations in
Subpart 3A only apply to Subpart 3A.

3-200ð23Þ GENERAL

The followingparameters are common to all RTPequip-
ment:

(a) The heads of RTP vessels shall be fabricated by
contact molded laminates.

(b) The cylindrical shells of RTP equipment may be
fabricated by contact molding or filament winding.

(c) Contact molded or filament wound laminate thick-
nesses are calculated for internal loadings and external
loadings in accordance with the rules and procedure in
Subpart 3A or Subpart 3B.

(d) Laminates shall be selected so that the imposed
load(s) does not produce stresses or strains in excess
of those specified in Subpart 3A or Subpart 3B, as appli-
cable.

(e) Ultimate tensile strength and modulus values of all
types of laminates may require reduction when tempera-
tures above 180°F (82°C) are encountered. See
para. 2A-300 or para. 2B-200 for design temperatures
above 180°F (82°C).

(f) The average thickness of any pressure-containing
part of a vessel shall not be less than 0.22 in. (5.6
mm). The procedure to determine the thickness of
such a part is specified in para. 6-920(f)(2). The permis-
sible thickness tolerance of such a part is specified in
Subpart 2C.

(g) The minimum ultimate axial tensile strength shall
be 9,000 psi (62.1 MPa) for all laminate construction,
except external shear ledges, external stiffening rings/
ribs, and external wound on lugs.

3-300 DEFINITIONS AND RELATED
REQUIREMENTS

atmospheric vessel: a vessel provided with both an over-
flow and a free vent. An atmospheric vessel has a
maximum allowable working pressure of 0 psig
(0 kPag) and a maximum allowable external pressure
of 0 psig (0 kPag).
design pressure: themaximumpositive internal gage pres-
sure anticipated at the top of the vessel. The design pres-
sure is specified by the User on the UBRS as a basis for
design.
design temperature: the highest anticipated temperature
towhichmajor componentswill be exposedduring the life
of the vessel. The design temperature is specified by the
User as a basis for design.
external design pressure: the maximum pressure differen-
tial bywhich the external pressure is anticipated to exceed
the internal pressure in a vessel at the designated
maximum design temperature. The external design pres-
sure is specified by the User as a basis for design.
free vent: an opening above the maximum liquid level and
discharging freely to atmosphere.
intermittent loads: loads of short duration including, but
not limited to

(a) design wind load
(b) loads due to design seismic activity
(c) design snow load
(d) additional hydrostatic pressure under test
(e) intermittent gravity loads on platforms and roofs
(f) any other intermittent load specified in the UBRS
(g) loads imposed by pressure relief
(h) thermal loads due to brief temperature excursions

due to process upset
(i) external flooding
Eachof the above intermittent loads shall be considered

independently in combinationwith the sustained loads. In
addition, wind load shall be evaluated with the vessel
empty of liquid contents. Also, temporary loads occurring

ASME RTP-1–2023

20

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


during manufacture, shipping, and installation shall be
considered using intermittent load stress criteria.
maximum allowable external working pressure (MAEWP):
the maximum pressure differential by which the external
pressure may exceed the internal pressure in a vessel at
the designated maximum design temperature. It is the
basis for the setting of the vacuum relieving devices
protecting the vessel. The MAEWP shall not exceed the
external design pressure unless additional calculations
and applicable tests show that all other requirements
of this Standard are met at a higher external pressure
difference. For vessels that comply with this Standard,
the MAEWP shall not exceed 15.0 psig (103 kPag).
maximum allowable working pressure (MAWP): the
maximum positive gage pressure permissible at the
top of a vessel in its operating position at the designated
design temperature. It is the basis for the setting of the
pressure-relieving devices protecting the vessel. The
MAWP shall not exceed the internal design pressure
unless additional calculations and applicable tests
show that all other requirements of this Standard are
met at a higher internal pressure. For vessels that
comply with this Standard, the maximum allowable
internal working pressure shall not exceed 15.0 psig
(103 kPag).
NOTE: The hydrostatic pressure measured at the bottom of a
vessel will normally exceed the MAWP.

maximum liquid level: the maximum level of liquid
contents in a vessel. The maximum liquid level shall
not be lower than the overflow or equivalent protection
or, in its absence, the highest point on the vessel. The
maximum liquid level is used as a basis for design for
all calculations other than for external pressure calcula-
tions, except that a lower normal liquid level may be used
for seismic design calculations.
NOTE: The contents of a vessel may exceed the maximum liquid
level for hydrostatic testing. In this case, stresses resulting from
hydrostatic testing must be considered in the design.

normal liquid level: a liquid level that has a low probability
of exceedance and is used as the basis for seismic design.
The normal liquid level, if different from the maximum
liquid level, shall be specified by the User in the UBRS.
overflow: an opening or system of piping connected at the
maximum liquid level of the vessel, and/orwith its highest
invert at themaximum liquid level of the vessel, capable of
freely accommodating all simultaneous liquid in flows to
the vessel and conducting them by gravity to a disposal or
containment facility.
sustained loads: continuous loads including, but not
limited to

(a) internal design pressure
(b) external design pressure

(c) hydrostatic pressure due to weight of liquid
contents

(d) loads at supports
(e) other gravity loadsdue to selfweight andsupported

internal and external equipment
(f) loads imposed by piping and ducting, and other

external imposed loads
(g) loads imposed by process activity including agita-

tion
(h) loads due to unbalanced pressure (e.g., flexible

joints, process flow, internal design pressure acting
against a supported flat bottom)

(i) internal thermal loads due to expansion or contrac-
tion and thermal gradients

(j) any other sustained load specified in the UBRS
All nonexclusive combinations of the above loads shall

be considered to establish the maximum (tensile) and
minimum (compressive) sustained load on any compo-
nent. In addition to other combinations, a vessel
subject to external pressure shall be evaluated empty
of liquid contents.

SUBPART 3A
DESIGN BY RULES

3A-100 LOADINGS

As a minimum, the loadings to be considered in
designing RTP vessels shall include the following:

(a) external and internal pressure, including the addi-
tional pressure resulting from the static head of the
contents

(b) weight of the vessel and contents under design
conditions

(c) superimposed static loads from machinery, other
vessels, insulation, personnel, or platforms

(d) attachments
(1) internal (baffles, weirs, packing, etc.)
(2) external (lugs, support rings, legs, skirts, etc.)

(e) dynamic, such as fluid agitation, subliquid surface
jets

(f) environmental, such as snow, wind, and seismic
loadings

(g) thermal expansion and stresses caused by thermal
gradients or restrained expansion

(h) any other combination of loads specified in the
UBRS

3A-110 Design Acceptability

The requirements for the acceptability of a design by
rules, including design details, are as follows:

(a) Where aminimum laminate thickness is prescribed
by formula in paras. 3A-200 through 3A-800, this shall be
the minimum.
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(b) Where a maximum internal or external pressure is
prescribed by formula in paras. 3A-200 through 3A-800,
this shall be the maximum.

(c) Where a maximum deflection is prescribed by
formula in paras. 3A-200 through 3A-800, this shall be
the maximum.

(d) Where no formula is prescribed in paras. 3A-200
through 3A-800 but other recognized engineering
formulas are applicable, the rules of paras. 3A-120
through 3A-140 shall apply.

3A-120 Other Formulas

Details of design and construction for which no rule is
provided in Subpart 3A, but for which other recognized
engineering formulasexist,maybeacceptedbycomparing
calculated laminate stresswithultimate laminate strength
to establish a minimum design factor.

3A-121 LaminateTypes.Other recognizedengineering
formulas are applicable to Type I or Type II laminates,
laminates in accordancewith Subpart 2B, or combinations
of Types I and II. Other combinations, e.g., Type II with
laminates in accordance with Subpart 2B, require addi-
tional consideration. Laminate design strengths are appli-
cable to reinforcement patterns continuing in the plane of
the membrane.

3A-122 Design Factors. The minimum design factors
applied to ultimate strength-based design shall be 10 for
sustained loads and combinations of sustained loads, and
5 for intermittent (short-term) loads taken individually
and in combination with sustained loads.

3A-123 Loadings. Loadings to be considered include
those listed in para. 3A-100.

3A-124 LaminateStrengths.Laminate tensile strength
and flexural strength are as established in Subpart 2A.
Ultimate secondary bond shear stress is considered to
be2,000 psi (13.79MPa). Ultimate peel strength is consid-
ered to be 500 lb/in. (88 N/mm).

3A-125 Filament Wound Laminates. For design in
accordance with this section, the ultimate hoop tensile
strength of filament wound laminates wound at an
angle of 54 deg or higher to the mandrel may be deter-
mined by testing or taken to be 0.01 times the calculated
hoop tensilemodulus.Axial tensile and flexural strengthof
filament wound laminates shall be established by testing.

3A-126ð23Þ Combined Stress. Combined flexural and
membrane stresses shall comply with the following rule:

+
S S F

1mc

t

fc

f sus

and

+
S S F

1mi

t

fi

f int

where
Fint = intermittent load design factor

x = 5
Fsus = sustained load design factor

x = 10
Sf = ultimate flexural strength, psi (MPa)
St = ultimate tensile strength, psi (MPa)
σfc = calculated maximum sustained flexural stress,

psi (MPa)
σfi = calculated maximum intermittent flexural

stress, psi (MPa)
σmc = calculated maximum sustained membrane

stress, psi (MPa)
σmi = calculated maximum intermittent membrane

stress, psi (MPa)

3A-127 Recognized Formulas. Other recognized
formulas include stress calculations presented in
various sections of the ASME pressure vessel codes,
formulas included in the nonmandatory appendices of
this Standard, and well-documented formulas presented
elsewhere.

3A-130 Maximum Corrosion-Resistant Barrier
Strain

In addition to the stress criteria listed above, the tensile
strain in the corrosion-resistant barrier shall be limited to
the following:

(a) for sustained loads: 0.0013 in./in. (mm/mm) for
resins for which the tensile elongation of the cast resin
is at least 4%, and 0.0010 in./in. (mm/mm) for all
other resins. Elongation of the resin shall be determined
in accordance with ASTM D638 at 77°F (25°C).

(b) for intermittent loads: 0.0020 in./in. (mm/mm).
It is not necessary to apply the corrosion barrier strain

limits in (a) or (b) toType I orType II laminates. The stress
criteria in Subpart 3A are adequate to limit the corrosion
barrier strains to acceptable values in Type I and Type II
laminates.

3A-140 Maximum Compressive Stress Stability

In addition to the stress criteria listed above, for all
loading conditions and combinations (including external
pressure) that result in compressive loads in a shell, the
stress shall be limited to one-fifth of the critical buckling
stress.

3A-150 Conservative Design

Where the application of para. 3A-110(d) indicates a
less-conservative design than para. 3A-110(a), para.
3A-110(b), or para. 3A-110(c), additional justification
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shall be provided before using the less-conservative
design.

3A-200ð23Þ PRESSURE AND AXIAL LOADS DESIGN

3A-210 Calculation of Minimum Thickness of
Cylindrical Shells

(a) Contact molded construction is calculated as
follows:

= =t t

Hoop Loading Axial Loading

h
PtD

Sht F a
Nax

Sat F2 / sus / sus

where
D = inside diameter, in. (mm)

Fsus = sustained load design factor
x = 10

Nax = axial force per circumferential inch of shell,
lb/in. (N/mm)

Pt = total internal pressure, psig (MPag) (internal
pressure/MAWP plus hydrostatic head)

Sat = ultimate axial tensile strength, psi (MPa)
Sht = ultimate hoop tensile strength, psi (MPa)
ta = total wall thickness, in. (mm), for axial stress
th = total wall thickness, in. (mm), for circumferen-

tial stress

The shell thickness shall be the greater of ta or th at the
point considered by the calculation.

(b) Filament wound construction is calculated as
follows:

= =t t

Hoop Loading Axial Loading

h
PtD

Eh
a

Nax
Sat F2(0.001 ) / sus

or

= =t th
P D

S F a
N

S F2 / /
t

ht

ax

atsus sus

NOTE: Corrosion-resistant barrier strain shall not exceed limits
in para. 3A-130.

where
Eh = hoop tensile modulus, psi (MPa)

The shell thickness shall be the greater of ta or th at the
point considered by the calculation.

3A-220 Design of Cylindrical Shells Under
Combined Axial Loads

3A-221 Tensile Loads. The thickness of shells under
combined axial tensile loads shall be equal to the
largest value for t as calculated below:

(a) Shells under internal pressure shall meet the re-
quirements of para. 3A-210.

(b) For shells under combined axial tensile design
loads, t shall be calculated as follows:

= + +t
M

D S F

F
D S F

PD
S F( /2) ( / ) ( / ) 4( / )

A

at

A

at at2
sus sus sus

where
D = inside diameter, in. (mm)
FA = axial tensile force resulting fromdesign loads, lb

(N)
Fsus = sustained load design factor

x = 10
MA = bending moment resulting from design loads,

in.-lb (N·mm)
P = design internal pressure (MAWP), psi (MPa)

Sat = ultimate axial tensile strength, psi (MPa)

(c) For shells under combined axial tensile loads
resulting from design loads, including wind, snow, or
seismic loads, t shall be calculated as follows:

= + + + +t
M M

D S F

F F
D S F

PD
S F( /2) ( / ) ( / ) 4( / )

A B

at

A B

at at2
int int int

where
FB = axial tensile force resulting from intermittent

design loads, lb (N)
Fint = intermittent load design factor

x = 5
MB = bending moment resulting from intermittent

design loads, in.-lb (N·mm)

3A-222 Compressive Loads. The thickness of shells
under combined axial compressive loads shall be equal
to the largest value for t as calculated below.

(a) Shells under external pressure shall meet the re-
quirements of para. 3A-310.

(b) For shells under combined axial compressive
sustained design loads, t shall be the greater of t1 or t2
calculated as follows:

= + +

= + +
l
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Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
|
}oo
~oo

t

t

M

D S F

F
D S F

P D
S F

M

D

F
D

P D F D
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1
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2
( /2) 4

( / 2)
0.3

0.5

A

at

A

at

e

at

A A e

2
sus sus sus

2
buc

eff

where
D = inside diameter, in. (mm)

Eaf = axial flexural modulus, psi (MPa)
Eeff = (EafEht)0.5
Eht = hoop tensile modulus, psi (MPa)
FA = axial compressive force resulting from

sustained design loads, lb (N)
Fbuc = buckling load design factor

x = 5
Fsus = sustained load design factor

x = 10
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MA = bending moment resulting from sustained
design loads, in.-lb (N·mm)

Pe = external pressure (MAEWP), psi (MPa)
Sat = ultimate axial tensile strength, psi (MPa)

(c) For shells under combined axial compressive loads
resulting from design loads and occasional loads,
including wind, snow, or seismic loads, t shall be the
greater of t1 or t2 calculated as follows:

= + +

= + +

+ +

+ +l
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where
FB = axial compressive force resulting from intermit-

tent design loads, lb (N)
Fbuc = buckling load design factor

x = 5
Fint = intermittent load design factor

x = 5
MB = bending moment resulting from intermittent

design loads, in.-lb (N·mm)

3A-230 Minimum Thickness of Torispherical
Heads

The minimum thickness, t, of torispherical heads shall
be calculated as follows:

=t
MP R
S F2( / )

t c

t sus

where
Fsus = sustained load design factor = 10

M = 1∕4[3+ (Rc/r)0.5]
Pt = total internal pressure, MAWP plus hydrostatic

pressure when fluid head exists, psi (MPa)
r = head knuckle radius, in. (mm), ≥ 0.06Rc

Rc = head crown radius, in. (mm), ≤ Di
St = ultimate tensile strength, psi (MPa)

For a torispherical headwhereRc=Di and r=0.06Rc, the
minimum thickness, t, reduces to

=t
P R

S F
0.885

/
t c

t sus

For torispherical heads subject to internal loading, the
knuckle radius shall be externally reinforced in accor-
dance with Figure 3-1, sketch (a). The reinforcement
thickness shall be equal to the thickness of the head as
calculated above. The thickness of a joint overlay near
the knuckle radius tangent line of a dished head contri-
butes to the knuckle reinforcement. For torispherical

heads not subject to internal loading, see Figure 3-1,
sketch (b).

3A-240 Minimum Thickness of Ellipsoidal Heads

The minimum thickness of ellipsoidal heads (2:1) shall
be calculated as follows:

=t
P D

S F2 /
t i

t sus

where
Di = inside diameter of shell, in. (mm)

Fsus = sustained load design factor = 10
Pt = total internal pressure, MAWP plus hydrostatic

pressure when fluid head exists, psi (MPa)
St = ultimate tensile strength, psi (MPa)

3A-250 Minimum Thickness of Toriconical Heads
(a) The minimum thickness of toriconical heads that

have a half apex angle, α, not greater than 60 deg shall
be calculated as follows:
The thickness of the conical portion, tc, of a toriconical

head shall be

=t
P D

S F2 cos ( / )c
t c

t sus

where
Dc = inside diameter of the conical portion of a tori-

conical head at the point of tangency to the
knuckle, measured perpendicular to the axis
of the cone (see Figure 3-2), in. (mm)

x = Di − 2r(1 − cos α)
Di = inside diameter of shell (see Figure 3-2), in.

(mm)
Fsus = sustained load design factor = 10

Pt = total internal pressure, MAWP plus hydrostatic
pressure when fluid head exists, psi (MPa)

r = inside knuckle radius, in. (mm); (the minimum
radius shall be 0.06Di or 3tkr, whichever is
greater.)

St = ultimate tensile strength, psi (MPa)
α = one-half of the included (apex) angle of the cone

at the centerline of the head

The minimum thickness of the knuckle, tk, shall be

=t
MP R

S F
0.5

/k
t c

t sus

where
M = + R r0.25(3 / )c
Rc = Dc/(2 cos α)

Subpart 3B calculations may be applied to demonstrate
adequacy of knuckle design.
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Figure 3-1
Torispherical Heads
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The minimum total reinforced knuckle thickness, tkr,
shall be

=t t t2 or 2 , whichever is greaterkr k c

For toriconical heads, compute the knuckle reinforce-
ment length, Lc, as follows:

=L
D t
cosc

i kr

(b) Toriconical heads having a half apex angle, α,
greater than 60 deg shall comply with Subpart 3B.

(c) For toriconical heads, the knuckle radius shall be
externally reinforced in accordance with Figure 3-2.
The total reinforced knuckle thickness, tkr, shall be calcu-
lated in accordance with the rule in (a). The thickness of a
joint overlay near the knuckle radius tangent line of a tori-
conical head contributes to the knuckle reinforcement.

(d) When Subpart 3A design rules are used, the
secondary bond overlays shall be in accordance with
para. 4-320.

(e) Openings for bottom nozzles in toriconical heads
are limited to 10%of the toriconical head diameter. Open-
ings greater than 10% require special consideration and
stress levels shall satisfy the limits of Subpart 3B.

3A-260 MinimumThickness of Flat-BottomHeads

(a) The minimum thickness for fully supported flat-
bottom heads using Type I laminates, subject to hydro-
static pressure only, shall be as follows:

(1) 0.27 in. (6.9 mm) for inside diameters ≤72 in.
(1830 mm)

(2) 0.31 in. (7.9 mm) for inside diameters >72 in.
(1830 mm) to ≤96 in. (2440 mm)

(3) 0.40 in. (10.2 mm) for inside diameters >96 in.
(2440 mm) to ≤144 in. (3660 mm)

(4) See (c) for diameters over 144 in. (3660 mm)
(b) The minimum thickness for fully supported flat-

bottom heads using Type II laminates, subject to hydro-
static pressure only, shall be as follows:

(1) 0.22 in. (5.6 mm) for inside diameters ≤72 in.
(1830 mm)

(2) 0.29 in. (7.4 mm) for inside diameters >72 in.
(1830 mm) to ≤96 in. (2440 mm)

(3) 0.37 in. (9.4 mm) for inside diameters >96 in.
(2440 mm) to ≤144 in. (3660 mm)

(4) See (c) for diameters over 144 in. (3 660 mm)
The thicknesses given in (1), (2), and (3) above have

proven adequate to prevent damage during normal condi-
tions associated with fabrication, handling, shipping, and
installation.

(c) For inside diameters that exceed 144 in. (3 660
mm), design analysis shall be undertaken to establish a
bottom thickness that will withstand the conditions in
(b) above without resultant damage.

(d) The radius of the bottom knuckle of a flat-bottom
vessel shall not be less than 1.0 in. (25mm) if the diameter
is 48 in. (1 220 mm) or less, and 1.5 in. (38 mm) for
diameters exceeding 48 in. (1 220 mm). The minimum
thickness of the radius section shall be equal to the
combined thickness of the shell wall and the bottom.
The reinforcement of the knuckle radius area shall
taper so that it is tangent with the flat bottom and
shall not extend beyond the tangent line onto the tank
bottom. The knuckle reinforced area shall extend for a
minimum distance of 8.0 in. (200 mm) from the inside
tank bottom up the vertical wall for tanks up to and
including 48 in. (1 220 mm) in diameter, and 12.0 in.
(300 mm) for tanks over 48 in. (1 220 mm) in diameter.
The reinforcement shall then taper into the sidewall for an
additional length of 4.0 in. (100mm) (see Figure 4-3). The
perimeter of the tank bottom shall be a flat plane, and the
bottom shall not have any projections that exceed 0.25 in.
(6.0mm) and that will prevent uniform contact with a flat
support surface when the tank is filled with liquid. While
Figure 4-3, sketches (a) and (d), show a joint line, it is
permissible to fabricate the head integral with the
shell (no joint required). This method of manufacture
requires reinforcement of the knuckle radius area as
described above [see Figure 4-3, sketch (c)].

(e) The design of flat heads that are unsupported by a
foundation over their entire flat surface or are loaded by
external pressure is not included in Subpart 3A. Such
designs may be carried out using Subpart 3B rules. See
Nonmandatory Appendix NM-13.

Figure 3-2
Toriconical Head Dimensions
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(f) The design of flat heads that are supported by a
foundation over the entire flat surface and are loaded
by internal pressure requires the use of hold-down
lugs to prevent the vessel from lifting. The lugs and
the knuckle shall be designed to withstand the
moments induced because of uplift in addition to the
other loads. The design factor for RTP components
shall be 10 for pressure loading or 5 for pressure
combined with wind, seismic, and other temporary
loads, whichever governs. The size and number of the
anchor bolts are part of the hold-down design. The
depth and attachment of the anchor bolts to the concrete
foundation, as well as the integrity of the foundation, are
not considered part of the scope.

3A-261 Flat-Bottom Knuckle Design

(a) The flat-bottom knuckle details displayed in
Figure 4-3 are empirically based and suitable for shop
fabricated tanks. These details may be used in lieu of a
calculation-based design for tanks 16 ft (4.9 m) in
diameter and smaller.

(b) When the Fabricator elects to use a knuckle detail
that differs from Figure 4-3, the knucklemust be designed
by calculation.

(c) For tanks greater than 16 ft (4.9m) in diameter, the
bottom knuckle must be designed by calculation.

(d) Knuckle design calculationsmust account for liquid
pressure, design pressure uplift, foundation contact,
knuckle thickness and radius, and discontinuities
resulting from the knuckle-to-shell connection. A calcula-
tion method that may be used is axisymmetric finite
element design with contact elements. The design criteria
is strength-based for contactmolded laminates andstrain-
based for filament wound laminates. For continuous
loading, the design factors shall be 10 and 0.0010 in./
in. (mm/mm) hoop direction, filament hoop laminates.
For intermittent loading, the factors in para. 3A-440
shall be used.

(e) The Qualified Designer is responsible for recog-
nizing the limitations of Figure 4-3 details and should
give special consideration to tall tanks, high specific
gravity contents, high design pressure, and combinations
thereof.

3A-270 Minimum Thickness of Hemispherical
Heads

For hemispherical heads under internal pressure,
compute the minimum thickness, t, as follows:

=t P R S F/2t s t sus

where
Fsus = sustained load design factor = 10

Pt = total internal pressure, MAWP plus hydrostatic
pressure when fluid head exists, psi (MPa)

Rs = inside radius of head, in. (mm)
St = ultimate tensile strength, psi (MPa)

3A-300 ð23ÞEXTERNAL PRESSURE DESIGN

3A-310 Cylindrical Shells

The maximum allowable external pressure between
stiffening elements is computed by the following:

=P
E E t

L D F

KD(0.853)

(1 ) ( /2)
a

hf at

ah ha o buc

3/4 1/4 5/2

3/4 3/2

where
Do = outside diameter of shell, in. (mm)
Eaf = axial flexural modulus, psi (MPa)
Eat = axial tensile modulus, psi (MPa)
Ehf = hoop flexural modulus, psi (MPa)

Fbuc = buckling load design factor = 5
KD = 0.84, a knockdown factor

x = 1.0 for Type I and Type II laminates
L = design length of a vessel section, in. (mm), taken

as the largest of the following:
(a) the distance between head-tangent lines

plus one-third the depth of each formed head, if
there are no stiffening rings (excluding conical
heads and sections)

(b) the distance between cone-to-cylinder
junctions for vessels with cone or conical
heads, if there are no stiffening rings

(c) the greatest center-to-center distance
between any two adjacent stiffening rings

(d) the distance from the center of the first
stiffening ring to the formed head tangent line
plus one-third the depth of the formed head
(excluding conical heads and sections), all
measured parallel to the axis of the vessel

(e) the distance from the first stiffening ring
in the cylinder to the cone-to-cylinder junction

Pa = allowable external pressure, psi (MPa)
t = wall thickness, in. (mm) (nominal)

Zp =

E E

E
L

D t
(1 )

( /2)
hf at

af
ah ha

o

3/2 1/2

2
1/2

2

γ = reduction factor developed to better correlate
theoretical predictions and test results

x = 1 − 0.001Zp if Zp ≤ 100
x = 0.9 if Zp > 100

νah = flexural Poisson’s ratio in the axial direction ≈
−S54/S44, where S54 and S44 are terms in the
inverted form of the laminate ABD stiffness
matrix, Sij (see Mandatory Appendix M-3,
para. M3-520)
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νha = flexural Poisson’s ratio in the hoop direction ≈
−S45/S55

NOTES:
(1) For design without calculating the Poisson’s ratios, the

following apply:
(a) Type I Laminates. For an all Type I laminate, the flexural

and in-plane Poisson’s ratios for axial and hoop are identical.
Setting these to zero produces about a 9%reduction in allowable
pressure.

(b) Type II Laminates. For all Type II laminateswithno liner,
the flexural and in-plane Poisson’s ratios are slightly different
due to the 5/4weave. Setting these to zero produces about a 5%
reduction in allowable pressure. Setting the flexural and in-plane
Poisson’s ratio equal to the in-plane Poisson’s ratios produces a
<1% reduction in allowable pressure for standard Type II lami-
nates. Any number of chopped strandmat plies may be added to
theType II laminate, so in the limit of an infinite number of Type I
plies, the settingof thePoisson’s ratios to zeroproduces the same
result as the Type I laminates above.

(c) Type X Laminates. For Type X laminates, the Poisson’s
ratios need to be calculated per laminate analysis or determined
by testing.

(2) NonmandatoryAppendixNM-16provides an example of the
NASASP-8007solution for lateral and longitudinal pressure.

3A-320 Torispherical and Elliptical Heads

For torispherical heads, compute the allowable external
pressure, Pa, as follows:

= ( )P E F t R0.36 / ( / )a f obuc
2

For torispherical heads, compute the minimum thick-
ness, t, as follows:

= ( )t R F P E/0.36o e fbuc
0.5

For elliptical heads, compute the allowable external
pressure, Pa, as follows:

= ( )P E F t K D0.36 / ( / )a f o ohbuc
2

For elliptical heads, compute the minimum thickness, t,
as follows:

= ( )t K D F P E/0.36o oh e fbuc
0.5

where
Doh = outside diameter of head, in. (mm)
Ef = flexuralmodulus of elasticity for head, psi (MPa)
Ko = factor depending on ellipsoidal head propor-

tions as follows:

Major to Minor Axis Ratio Ko
2.0 0.90
1.8 0.81
1.6 0.73
1.4 0.65

Table continued

Major to Minor Axis Ratio Ko
1.2 0.57
1.0 0.50

Pa = allowable external pressure, psi (MPa)
Pe = design external pressure (MAEWP), psi (MPa)
Ro = outside crown radius of head, in. (mm)

3A-330 Stiffening Rings

The required moment of inertia, Is, of a circumferential
stiffening ring, including the effective length of the shell
and the added stiffener ring, for cylindrical shells under
external pressureor internal vacuumshall notbe less than
that determined by the following formula:

=I P L D F E/24s e s o h
3

buc

where
Do = shell outside diameter, in. (mm)
Eh = effectivehoopmodulus of shell and stiffener, psi

(MPa)
Fbuc = buckling load design factor = 5

Ie = the calculated effective moment of inertia, in.4
(mm4), considering the different moduli of the
shell and stiffener and the resulting shift in
neutral axis. Ie shall be greater than or equal
to Is.

Is = moment of inertia, in.4 (mm4), of stiffener and
effective length of shell. The effective length of
shell shall not be greater than the length of the
shell under theringplusnomore than the length
of the bending boundary layer (BBL) in the shell
where the stresses are 50% of the peak values
on each side of the centroid of the ring. See
Nonmandatory Appendix NM-17 for the BBL
formulation. Portions of shell shall not be
considered as contributing to more than one
stiffening ring.

Ls = one-half of the distance from the centerline of
the stiffening ring to the next line of support on
one side, plus one-half of the centerline distance
to the next line of support on the other side of
the stiffening ring, bothmeasuredparallel to the
axis of the cylinder, in. (mm). A line of support is

(a) a stiffening ring that meets the require-
ments of this paragraph

(b) a circumferential line on a head at one-
third the depth of the head from the head
tangent line

(c) a cone-to-cylinder junction
Pe = design external pressure (MAEWP), psi (MPa)
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See Figure 3-3 for stiffener details and Nonmandatory
Appendix NM-17 for example calculations. Other stiffener
profiles meeting the required moment of inertia may be
used.

3A-340 Top Head Loads

The top head, regardless of shape, shall be designed for
intermittent and sustained loads per para. 3-300. In the
absence of greater required external concentrated and
uniform loads per the UBRS or local building codes,
the minimum external intermittent loads are as follows:

(a) concentrated load: a 250 lb (1.11 kN) concentrated
load on any 16 in.2 (10300 mm2) compact area with a
maximum deflection of 0.5% of the shell diameter or
0.50 in. (13 mm), whichever is less. See Nonmandatory
Appendix NM-11 as an option to satisfy this requirement
for torispherical top heads.

(b) uniform load: 10psf (0.48 kPa) plus thedeadweight
of the top head.
Unless specified by the UBRS, local building codes, or

qualified designer, the minimum external loads are not
required to be considered simultaneous (together).

3A-345 Fully Supported Flat-Bottom Heads Subject
toExternalPressure.Flat-bottomheads shall bedesigned
so that, when subject to the external pressure(s)

(a) calculated stresses in the head do not exceed
(1) one-tenth of the ultimate strength(s) of the lami-

nates employed for sustained loads
(2) one-fifth of the ultimate strength(s) of the lami-

nates employed for intermittent loads combined with
sustained loads and

(b) upward deflection of the flat bottom resulting from
the external load will not exceed 11∕2% of the diameter of
the head for all external loading conditions
Liquid contents of the vessel shall not be considered to

reduce stresses or deflection.
NOTE:Where rigid internal equipment is fitted on or close to the
bottom, a lower deflection limit may be required.

3A-350 Toriconical Heads

(a) For toriconical heads whose half apex angle, α, is
≤60 deg, the maximum allowable external pressure
between stiffening elements is computedby the following:

= [ ]
[ ]

P
K E F D L t D

t D

( / )( / ) ( cos )/

1 0.45 ( cos )/
a

rc o s o

c o

buc
2.5

0.5

Pa shall be checked for eachconical segment slant length
between stiffening elements, L, based on its respectiveDo.
Also check for stress in the cone, Sc, as follows:

=S
P D

t2 cosc
e c

c

The stress, Sc, must not exceed St/Fsus.
For toriconical heads, compute the knuckle reinforce-

ment length, Lc, as follows:

=L
D t
cosc

i kr

The thickness of the knuckle, tk, shall be

=t
MP R

S F
0.5

/k
e c

t sus

where
Dc = inside diameter of the conical portion of a tori-

conical head at the point of tangency to the
knuckle, measured perpendicular to the axis
of the cone (see Figure 3-2), in. (mm)

x = Di − 2r(1 − cos α), in. (mm)
Di = inside diameter of the shell
Do = outside diameter at the large end of the conical

segment between stiffening elements, in. (mm)
Eac = axial tensile modulus for the cone, psi (MPa)
Ehc = hoop tensile modulus for the cone, psi (MPa)
Erc = resultant modulus for the cone, psi (MPa)

x = (EacEhc)0.5
Fbuc = buckling load design factor = 5
Fsus = sustained load design factor = 10

K = 4 − 0.75(Erc/1,000,000) for U.S. Customary
units

x = 4 − 0.75(Erc/6900) for SI units
L = conical segment slant length between stiffening

elements, in. (mm). The following are consid-
ered stiffening elements:

(1) cylinder-to-cone junction, where L is
taken from the point of intersection of the cyl-
inder and cone as if there were no knuckle
radius

(2) stiffening rib,whereL is taken fromthe
center of the rib

(3) apex of the cone
M = + R r0.25(3 / )c
Pa = allowable external pressure, psi (MPa)
Pe = design external pressure (MAEWP), psi (MPa)
r = inside knuckle radius (see Figure 3-2), in. (mm)

(the minimum radius shall be 0.06Di or 3tkr,
whichever is greater.)

Rc = Dc/(2 cos α)
St = ultimate tensile strength, psi (MPa)
tc = cone thickness (see Figure 3-2), in. (mm)
tk = knuckle thickness (see Figure 3-2), in. (mm)
tkr = total reinforced knuckle thickness (see

Figure 3-2), in. (mm)
x = 2tk or 2tc, whichever is greater
α = one-half the apex angle in toriconical heads and

sections (see Figure 3-2), deg
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Figure 3-3
Stiffener Details for Half-Round, Trapezoidal, and Filament Wound Band Configurations
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(a) Half-Round Configuration

(b) Trapezoidal Configuration

(c) Filament Wound Band Configuration

GENERAL NOTES:
(a) See Nonmandatory Appendix NM-17 for the calculation of the BBL and the stiffener effectivemoment of inertia for the above configurations.
(b) ts = stiffener thickness, in. (mm), and is not limited to alternating layers of mat and woven roving with a final mat layer.
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(b) When the half apex angle α exceeds 60 deg, the tori-
conical head shall be designed in accordance with
Subpart 3B.

(c) For toriconical heads subject to external pressure,
the knuckle radius shall be externally reinforced in accor-
dance with Figure 3-2. The total reinforced knuckle thick-
ness tkr shall be calculated in accordance with the rule in
(a). The thicknessof a jointoverlaynear theknuckle radius
tangent line of a toriconical head contributes to the
knuckle reinforcement.

(d) When Subpart 3A design rules are used, the
secondary bond overlays shall be in accordance with
para. 4-320.

(e) The required moment of inertia, Is, of a circumfer-
ential stiffening ring for conical shells under external pres-
sure shall not be less than that determined by the
following formula:

=I
P L D F

E
( /cos )

24s
e s o

hs

3
buc

where
Do = outside diameter at the large end of the conical

segment between stiffening elements, in. (mm)
Ehs = hoop tensile modulus for the stiffening ring, psi

(MPa)
Fbuc = buckling load design factor = 5

Ls = one-half of the conical segment slant distance
from the centerline of the stiffening ring to
the next line of support on one side, plus
one-half of the conical segment slant distance
from the centerline of the stiffening ring to
the next line of support on the other side, in.
(mm). A line of support is

(a) a stiffening ring thatmeets the require-
ments of this paragraph

(b) the toriconical head-to-cylinder junc-
tion

(c) the apex of a toriconical head
Pe = design external pressure (MAEWP), psi (MPa)
α = one-half the apex angle in toriconical heads and

sections (see Figure 3-2), deg

See para. 3A-350 for equation variable definitions not
shown above.

3A-400ð23Þ INTERMITTENT LOAD DESIGN

3A-410 Design Loadings

The loadings to be considered in designing vessels shall
include seismic loads, wind loads, and snow loads, deter-
mined by vessel installation, location, and customer spec-
ification as defined in the UBRS. The effects of liquid
sloshing in large vessels shall be considered. The
design shall be certified by a Qualified Designer experi-
enced in the design of reinforced plastics.

3A-420 Specifying Design Loadings

The magnitude and orientation of the forces enumer-
ated in para. 3A-410 shall be as specified by the UBRS (see
para. 1-200). Examples of codes and design calculations
are shown in Nonmandatory Appendix NM-3.

3A-430 Assumed Design Loadings

The vessel design shall be analyzed under the following
loading combinations:

(a) sustained loads plus seismic load
(b) sustained loads plus snow load
(c) sustained loads plus wind load
(d) wind loads on an empty vessel
Seismic, wind, and snow loads are considered to act

separately. The forces are not cumulative.

3A-440 Stresses From Loadings

Stresses produced by seismic, wind, or snow loading, in
conjunction with any appropriate working stresses, shall
be less than Su/5, a design factor of 5 for contact molded
construction. For filament wound construction, the hoop
strain shall be less than 0.0020 in./in. (mm/mm) and the
axial stress shall be less than Su/5.

3A-450 Loading Design Examples

Examples of wind and snow load design are given in
Nonmandatory Appendix NM-3. The wind load calcula-
tions are for static loading only and do not consider
the effect of stress buildup due to resonant vibrations,
which may be a factor in tall structures. These examples
are given to illustrate the extent of analysis necessary to
verify the resistance of equipment to these loads. Other
methods of analysis may be used, provided that all of the
stresses induced by these loads are considered and satisfy
the requirements of Part 3.

3A-460 Hold-Down Lugs

3A-461 General. Concentrated loadings resulting from
hold-down lugs shall be calculated. A design method for
hold-down lugs is given inNonmandatoryAppendixNM-4.
When hold-down lugs are attached in the shop or in the
field, the attachment of the hold-down lugs shall be
performed by secondary bonders qualified in accordance
with Mandatory Appendix M-5, and the vessel pressure
test per para. 6-950 shall be performed after the attach-
ment of the lugs. Final inspection per para. 6-900 shall be
completed after the hold-down lug attachment and testing
have been completed. The Fabricator retains overall
responsibility for all field work, testing, and inspection.
The hold-down lug shall be parallel to and above the

datum plane for flat-bottom vessels as shown in
Figure 4-1. Nonmandatory Appendix NM-4 suggests a
minimum dimension of 0.50 in. (13 mm) between the
datum plane and the bottom of the hold-down lug.
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3A-462 Containment Area Flood Loading on Hold-
Down Lugs

(a) When flooding is designated in the UBRS, hold-
down lugs shall be designed to withstand uplift forces
from flooding of the containment area.

(b) When the UBRS specifies that the bottom head and
shell are not to be designed to withstand flooding of the
containment area, the vessel nameplate or a separate label
shall contain the following statement: “Bottom head and
shell not designed for flooding of the containment area.
Containment area flooding may result in damage and
vessel leaks. Vessel must be inspected before being
returned to service if containment area is flooded.”

3A-500 LARGE DIAMETER RTP EQUIPMENT BODY
FLANGES

Methods for designing flangeswith full-face gaskets are
given in Nonmandatory Appendices NM-2 and NM-12.
Dimensions and allowable pressures for representative
flanges with full-face gaskets are given in Table NM2-1.
The maximum allowable design stress value shall be
3,000 psi (20.7 MPa) for flanges constructed of Type II
laminates and 1,800 psi (12.4 MPa) for flanges
constructed of Type I laminates.

3A-600 VESSELS SUPPORTED BY SHELL
ATTACHMENTS

Where the vessel is supported by attachments to the
shell, the attachments and associated reinforcement
shall be designed to avoid exceeding allowable stresses
both in the attachments and the shell. Attachments
may be fabricated from RTP or metal as agreed upon
by the User and the Fabricator.
The use of support lugs for vertical cylindrical vessels

requires consideration of the forces caused by eccentric
loadingof the lugs. In small vessels, these radial forcesmay
be accommodated by reinforcement of the shell. In vessels
larger than36 in. (910mm) insidediameter, sometypeofa
metallic ring–lug support shouldbeused.Adesignmethod
for metal l ic ring–lug supports is presented in
Nonmandatory Appendix NM-5.

3A-700 REINFORCEMENT OF CIRCULAR
OPENINGS

(a) Openings cut in cylindrical shells and heads for
installation of nozzles and manways shall be reinforced
by a circular area concentric with the cutout shown in
Figures 4-7 and 4-8. Required patterns of reinforcement
placement are shown in Figure 4-10.

(b) Only circular openings whose diameter does not
exceed one-half of the vessel diameter are covered by
these rules. Openings of other geometries and openings
whose diameter exceeds one-half of the vessel diameter

require special considerationandstress levels shall satisfy
the limits of Subpart 3B.

(c) For circular nozzles, only openings with the largest
dimension along one axis being no longer than two times
the largest dimension along the axis 90 deg to the first axis
are covered by these rules. These dimensions shall be
measured from one cut edge to the opposite cut edge
(the chord is measured in the hoop direction).

(d) These rules only cover reinforcement of cylinders
and dished, elliptical, or conical heads using the thickness
equations shown in Subpart 3A.

3A-710 ð23ÞWall Thickness Definitions
Ta = actual structural wall thickness, in. (mm)
x = wall thickness obtained after fabrication, not

including any sacrificial corrosion barrier
Tc = calculated structural wall thickness, in. (mm)
x = wall thickness planned on being used to fabricate

the vessel; calculated by summing the theoretical
thickness of each layer, not including any sacri-
ficial corrosion barrier

Tt = theoretical structural wall thickness, in. (mm)
x = minimum wall thickness that will satisfy the

design conditions; does not include sacrificial
corrosion barrier if it is specified
EXAMPLE: The design calculations establish that the
wall thickness shall be at least 0.24 in. (6.1 mm)
(Tt). A 0.29 in. (7.4 mm) (Tc) wall thickness is specified
for fabrication. After fabrication, it is determined to be
0.32 in. (8.1 mm) (Ta).

D = vessel inside diameter, in. (mm)
d = nozzle’s largest hole dimension, in. (mm)
K = 1 for nozzles ≥NPS 6 (DN 150)
x = d/6 for nozzles <NPS 6 (DN 150)
M = 1 for Type I or Type II wall laminates
x = σ/Su for Type X wall laminates
x = σ/103 for Type X laminates, for SI units

Su = tensile ultimate strength of laminate used to rein-
force the opening

x = 15,000 psi (103 MPa)
NOTE: After completing the calculation using 15,000
psi (103 MPa), if the calculation result is greater
than 0.25 in. (6.4 mm), the repad thickness may be
re-evaluated using 70%of the tensile ultimate strength
of a Type II design basis laminate as determined per
para. 2A-300(a)(-b) for Su. The Su used for the rein-
forcement thickness re-evaluation shall not be
greater than 25,000 psi (172 MPa).

T = vessel wall thickness, in. (mm)
t = nozzle wall thickness, in. (mm)
tr = reinforcement thickness, in. (mm)
V = 1 for internal pressure
x = 1∕2 for external pressure
σ = hoop tensile ultimate strength for cylinders, psi

(MPa)
x = tensile ultimate strength for heads, psi (MPa)
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3A-720 Reinforcement Diameter

The outer diameter of the opening reinforcing laminate,
dr, shall not be less than two times the opening’s largest
dimension. For openings with largest dimension less than
6.0 in. (150 mm), the minimum opening reinforcement
diameter, dr, shall be the largest dimension plus 6.0 in.
(150 mm).
The reinforcing diameters, dr, of two openings shall not

overlap.

3A-730 Reinforcement Thickness

(a) Reinforcing materials shall always be Type II,
except Type I reinforcing can be used on Type I laminates.

(b) Taover andaboveTc shall not be considered tohave
reinforcing value.

(c) When tr < 0.13 in. (3.3 mm), no reinforcing is
required.

(d) tr = VMKTt − M(Tc − Tt).
(e) Opening reinforcement thickness that must be

added to the wall may be applied to the outer or inner
surfaces, or be divided between them as shown in
Figure 4-10. Beyond the limits of dr, the added opening
reinforcement thickness shall be tapered onto the shell.

3A-800 SECONDARY BOND SHEAR STRESS

The ultimate secondary bond shear stress is 2,000 psi
(13.8 MPa).

SUBPART 3B
DESIGN BY STRESS ANALYSIS

3B-100 INTRODUCTION

Either vessel or vessel part may be designed using the
stress analysis methods listed in this Subpart. The
Subpart 3B design process consists of two steps: (1)
the biaxial stress analysis shall be performed at points
of concern as determined by the Qualified Designer,
and (2) the stress analysis results of the vessel or
vessel part shall fall within the limits established by
para. 3B-500.
Various methods may be used to determine the biaxial

stress state in the laminate. These methods are
(a) the stress analysis methods of Nonmandatory

Appendix NM-13 that are adapted from Section VIII,
Division 2 of the ASME Boiler and Pressure Vessel Code

(b) the finite element method
(c) closed formsolutions that yield the completebiaxial

state of stress
(d) back calculation of the biaxial state of stress using

strain gage data

(e) other mathematical and/or experimental techni-
ques, provided they are as accurate or as conservative,
in the opinion of the Qualified Designer, in determining
the biaxial state of stress as those listed above
The stress criteria are different because of the brittle

behavior of RTP compared with steel and other ductile
metals, and because of the anisotropic behavior of fila-
ment wound and other laminates containing continuous
roving.

3B-200 DESIGN ACCEPTABILITY

The requirements for the acceptability of a design are
(a) the design shall be such that the stress shall not

exceed the limits described in the stress criteria in
para. 3B-500

(b) for configurations that involve external pressure or
other loads defined in para. 3B-300, the load shall not
exceed one-fifth of the critical buckling load

3B-210 Basis for Determining Stresses

The equivalent stress ratio at any point in a vessel is the
value of stress ratio deduced from the stress condition at
the point by means of a theory of failure. The theory of
failure used in the rules of this Subpart for combining
stresses is the quadratic interaction criterion. It is appli-
cable to the most general combination of isotropic and
anisotropic lamina allowed by this Standard. The
stress analysis and evaluation shall include the directional
properties of the laminate and individual lamina and shall
take into account the primary and secondary stresses
caused by gross structural discontinuities.

3B-220 Terms Relating to Stress Analysis

Termsused in this Subpart relating to stressanalysisare
defined as follows:

(a) Gross Structural Discontinuity. A gross structural
discontinuity is a source of stress or strain intensification
that affects a relatively large portion of a structure and has
a significant effect on theoverall stress or strain pattern or
on the structure as a whole.
Examples of gross structural discontinuities are head-

to-shell and body-flange-to-shell junctions, and junctions
between shells of different diameters or thicknesses.

(b) LoadStress. A loadstress is a stress that results from
the application of a load, such as internal pressure or the
effects of gravity, as distinguished from thermal stress.

(c) LocalPrimaryMembraneStress. Casesarise inwhich
a membrane stress produced by pressure or other
mechanical loading and associated with a primary
and/or a discontinuity effect would, if not limited,
produce excessive distortion in the transfer of load to
other portions of the structure. Such stresses are
termed local primary membrane stress.
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An example of a local primary membrane stress is the
membrane stress in the shell produced by external load
and moment at a permanent support.

(d) Membrane Stress. The membrane stress is defined
as the component of normal stress which is uniformly
distributed and equal to the average value of stress
across the thickness of the section under consideration.

(e) Moment Resultant. The intersection of the reference
surface and the section under consideration defines an
intersection line. The moment resultant is the moment
of the normal stress about the intersection line. It is
the bending moment per unit length in the laminate.
(SeeMandatory AppendixM-3, FigureM3-1.) The location
of the reference surface is chosen by the engineer. The
reference surface used to define the stress resultants
shall be the same as that used to compute stiffness coeffi-
cients.

(f) Normal Force Resultant. The normal force resultant
is the resultant force of the normal stresses in all the
lamina at the section under consideration.

(g) Normal Stress. The normal stress is the component
of stress normal to the plane of reference. Usually the
distribution of normal stress is not uniform through
the thickness of a lamina. The stress is considered to
bemade up of two components, one of which is uniformly
distributed and equal to the average value of the stress
across the lamina of the section under consideration, and
the other of which varies with the location across the
lamina.

(h) Off-Axis Coordinates. The off-axis coordinates are
coordinates chosen by the engineer. They coincide
with the vessel coordinates (see Figure M3-4).

(i) On-Axis Coordinates. The on-axis coordinates are a
collection of sets of axes, one for each lamina. The x-axis of
a set is aligned with the reinforcement, and the y-axis is
perpendicular to the x-axis and lies in the plane of the
lamina. The x-y axes or on-axis systems are also called
the principal material axis systems (see Figure M3-4).

(j) Primary Stress. A primary stress is a normal stress or
a shear stress developed by the imposed loading. It is nec-
essary to satisfy the laws of equilibrium of external or
internal forces and moments.
The basic characteristic of a primary stress is that it is

not self-limiting. Primary stresses that considerably
exceed the stress at onset of cracking will result in
failure or at least in gross distortion. A thermal stress
is not classified as a primary stress.
Examples of primary stress are

(1) the general membrane stress in a circular cylin-
drical or a spherical shell due to internal pressure or
distributed live loads

(2) the bending stress in the central portion of a flat
head due to pressure

(k) Reference Surface. The reference surface is a surface
that is parallel to the lowermost surface of the laminate.
The distance from the lowermost surface is chosen by the

engineer. Common choices are the surface midway
between the outermost and innermost laminate surfaces
or the neutral bending surface (see Mandatory Appendix
M-3, para. M3-200). In the case of symmetric laminates,
these choices coincide.

(l) Shear Force Resultant. The shear force resultant is
the resultant force of the shear stresses in all the lamina at
the section under consideration. It is the shear force per
unit length in the plane of the laminate.

(m) Shear Stress. The shear stress is defined as the
component of stress tangent to the plane of reference.

(n) Secondary Stress. A secondary stress is a normal
stress or a shear stress developed by the constraint of
adjacent parts or by self-constraint of a structure. The
basic characteristic of a secondary stress is that it is
self-limiting. Local inelastic deformation and minor
distortions can satisfy the conditions that cause the
stress to occur.
Examples of secondary stress are

(1) general thermal stress
(2) bending stress at a gross structural discontinuity

(o) Strength Ratio. The strength ratio is defined as the
lowest value by which each component in the stress state
at a point could bemultiplied so that the multiplied stress
state would violate the failure criterion in para. 3B-500.

(p) Thermal Stress. A thermal stress is a self-balancing
stress produced by a nonuniformdistribution of tempera-
ture or by adjoining parts with different thermal coeffi-
cients of expansion. Thermal stress is developed in a solid
body whenever a volume of material is prevented from
assuming the size and shape that it normally would
under a change in temperature.

(q) Twisting Moment Resultant. At each point along the
intersection of the reference surface and a section under
consideration, the twisting moment resultant is the
moment of the shear stress about the point (see
Figure M3-1).

(r) Closed Form Solution. A closed form solution is a
mathematically exact solution or series of equations
that accurately describes the state of stress without
being based on empirical data.

3B-300 LOADING

All vessels shall be designed to resist the hydrostatic
load. Top heads, or other surfaces where personnel
might walk, shall be designed to support a 250 lb
(1.11 kN) load on a 16 in.2 (10 300 mm2) compact
area without exceeding the stress cr i ter ia of
para. 3B-500, and with a deflection ≤ 0.5% of the
vessel diameter or width.
Vessels shall also be designed to withstand the

following load combinations without violating the
criterion of para. 3B-500. The magnitude of each of the
loads is defined by the UBRS (see para. 1-200) as follows:

(a) internal pressure above the liquid contents, super-
posed on the hydrostatic pressure.
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(b) loadsonsupport ringor lugs fromthevesselweight,
the contents weight, and imposed loads.

(c) external pressure.
(d) seismic load, which shall be considered as acting at

the same time as the hydrostatic and pressure loads, but
not simultaneous with maximum wind loads. The vessel
shall resist the seismic loads without exceeding the
criteria of para. 3B-500, as required by local codes.
(See Nonmandatory Appendix NM-3.)

(e) loads from attachments, such as ladder clips, agita-
tors, and lifting lugs.

(f) loads from internal parts, such as baffles and
packing supports.

(g) load on nozzles due to flow forces and pressure (as
in the case of manways and other nozzles with blind
flanges).

(h) loading that results from thermal expansion, and
stresses caused by thermal gradients.

(i) snow loads, which shall be considered as acting at
the same time as the hydrostatic and pressure loads, but
not simultaneous with seismic or wind loads.

(j) wind load,which shall be considered as acting at the
same time as the hydrostatic and pressure loads, but not
simultaneous with seismic or snow loads.

(k) wind load on an empty vessel.
(l) loadings due to the temporary oblation of circular

shell sections.
(m) any other combination of loads specified in the

UBRS.

3B-400 DESIGN

The stress distribution, at all the critical points on the
vessel, shall be calculated for the specified loading combi-
nation, or other combinations of loads, that produces the
most severe stress condition.
The stress components from different types of loads

that may be applied simultaneously are summed algeb-
raically.
The design factor is calculated at each critical point on

the vessel using the procedures of Mandatory Appendix
M-3.

3B-500 STRESS CRITERIA

For all loading conditions specified in para. 3B-300, and
load combinations, the following strength ratios shall be
used unless otherwise indicated in this Standard for spe-
cific loading conditions. The strength ratio in the inner
surface and interior layer shall be as follows:

(a) Forall vessels that aredesignedusing combinations
of Subparts 3A and 3B, the minimum strength ratio shall
be 10.

(b) For all vessels that are designed entirely by
Subpart 3B, the minimum strength ratio shall be 9.

(c) For all vessels that are designed entirely by
Subpart 3B and for which an acoustic emission examina-
tion by Mandatory Appendix M-8 is performed, the
minimum strength ratio shall be 8.

(d) For all vessels designated for critical service, the
minimum strength ratios in (a) through (c) above shall
be multiplied by 1.25.
The minimum strength ratio in each layer in the rest of

the laminate for each combination of loads shall be 1.6 for
vessels not in critical service and 2 for vessels in critical
service.
For wind and seismic loads, and for combinations of

wind and seismic loads with sustained loads, the strength
ratios in (a), (b), (c), and in the preceding paragraph may
be divided by 1.2.
Individual layers oftenhavedifferent elasticmoduli due

to the type and/or orientation of the reinforcement. At the
same level of strain, the stress in these layers will be
different. The strength ratio used for design in
Subpart 3B is calculated for each layer, whereas the
design factor used in Subpart 3A is based on the ultimate
strength of the entire laminate.
If the strength ratio of any layer of the laminate is less

than1.6, then the designermust recognize and account for
the possibility of reduced mechanical properties in the
laminate.

(e) For loadings due to temporary oblation, the design
factor shall be greater than or equal to 3.0, and the
criterion for strength ratios of the laminate layers shall
be as follows:

(1) The interior mat layers shall be greater than or
equal to 3.0.

(2) The strength ratio of C-veil inner layers shall be
greater than or equal to 3.0.

(3) The strength ratio of synthetic veil inner layers
shall be greater than or equal to 2.0 when the veil is in
tension and greater than or equal to 3.0 when the veil is in
compression.

(4) The strength ratio of the structural layers shall be
greater than or equal to 1.5, with the exception of axially
oriented fiber layers that may be less than 1.0. Micro-
cracking shall be permitted only in axially oriented
fiber layers.

3B-600 EXTERNAL PRESSURE

The stress distribution resulting fromexternal pressure
shall satisfy the criteria of para. 3B-500. In addition, to
ensure elastic stability, the calculated buckling pressure
of the vessel shall be at least five times the design external
pressure. For dished heads and cylindrical shells fabri-
cated of Type I or Type II laminates, the rules of para.
3A-300 may be used to calculate the allowable external
pressure, satisfying the requirement for elastic stability.
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Many vessels are constructed with Type X laminates
that may be anisotropic. Anisotropy can have a strong
influence on elastic stability and must be taken into
account in design calculations.

3B-700 ATTACHMENTS

Attachments may be designed by stress analysis or by
Subpart 3A rules. If they are designed by Subpart 3A rules,
they shall satisfy the lower allowable stresses of Subpart
3A.
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Part 4
Fabrication

4-100 SCOPE

Part 4 sets forth fabrication details that are used in
conjunction with the design rules and procedures of
Part 3. Relevant Part 4 figures and tables may be used
without further design justification, so long as the
design and fabrication requirements defined in the
respective details are satisfied. Alternative styles,
methods, or details may be used, provided they are
not otherwise specifically prohibited elsewhere by this
Standard. Alternative styles shall be designed in accor-
dance with the design criteria given in Subpart 3A or
Subpart 3B. Where complete details are not given, the
Fabricator shall providedetails of design andconstruction
that shall be as safe as those provided by the rules of this
Standard.

4-110 Fabrication Requirements

All fabrication shall satisfy all requirements of the
User’s Basic Requirements Specification and the Fabrica-
tor’s Design Report using the fabrication procedures of
Part 4 and drawings certified by the Qualified Designer
prior to application of the ASME Certification Mark
with RTP Designator.

4-115 Overlay Taper Length

The edges of all overlays shall have a minimum taper
length of 4 times the thickness.

4-120 Large Diameter Fabrication Details

For vessels over 16 ft (4.9m) inside diameter, the fabri-
cationdetails given inPart4maybemodifiedas longas the
design loadings and stresses meet the requirements of
Subpart 3B. The tolerances given in Part 4 shall be modi-
fied as follows: Maximum out-of-roundness shown in
Figure 4-1 shall not exceed ±1% of the inner diameter
for diameters up to and including 16 ft (4.9 m). For
diameters greater than 16 ft (4.9 m), the maximum toler-
ance shall be ±1% of the radius. In no case shall the toler-
ance exceed 2 in. (50 mm) on the radius, unless agreed to
by the purchaser in the UBRS. Offset joints shall be ground
or filled with reinforced resin putty and/or mat to a
minimum taper of 4:1. Maximum putty thickness shall
not exceed 1∕2 in. (13 mm). Joint width shall be increased
by the width of the putty, if used. Oblated shell sections

shall not contain any secondary bonds except for minor
repair areas for the inner surface and interior layer.

4-200 LARGE DIAMETER BODY FLANGES

Body flanges shall be flat and true to a required toler-
ance given in Table 4-1. If machining of the flange face is
required, the machined surface shall have the original
corrosion barrier restored and sealed with resin. All
bolt holes shall be back spot-faced for ASME B18.21.1
Type A Narrow washers. Bolt holes and spot facing
shall be resin coated. Overall machine facing of the
back of flanges in lieu of spot facing is permitted, provided
the hub is not undercut.

4-300 SHELL JOINTS

4-310 Shell-to-Shell Joints

Shell-to-shell joints shall be of either butt or bell-and-
spigot construction as shown in Figure 4-2. No longitudi-
nal shell joints are permitted.

4-320 Type I and Type II Secondary Bond Overlays

Secondary bond overlays shall complywith (a) through
(f) below.

(a) All cured laminate surfaces to be overlayed shall be
roughened with 36 grit size abrasive medium or coarser
for external surfaces and 60 to 80 grit size abrasive
medium for the final internal surface preparation.

(b) The thickness of the overlay shall be the thickness
required for an equivalent hand lay-up laminate regard-
less of the type laminate being joined. A Type II laminate
structure, as shown in Table 2A-2, shall be used for over-
lays of Type II laminates. Type I laminate overlays, as
shown in Table 2A-1, shall be used when making Type
I laminate joints.

(c) The joint overlay to Type I contact molded lami-
nates shall consist of chopped strand mat plies only.
The number of plies shall be not less than the number
of structural plies for the structural portion of the thickest
laminate being joined or 0.22 in. (5.6 mm) minimum. The
first ply shall have aminimumwidth of 3 in. (75mm). Each
successive ply shall overlap the preceding ply by 5∕16 in.
(8 mm) minimum on each side.
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Figure 4-1
Fabrication Tolerances
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NOTES:
(1) See para. 6-920 for thickness tolerances.
(2) Tolerances for tanks above 40 ft (12 m) in height should be stated in the UBRS.
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(d) The joint overlay for Type II contact molded lami-
nates and for filament wound laminates shall consist of
alternate plies of mat and woven roving equivalent to
the structural portion of the thickest Type II laminate
being joined or 0.22 in. (5.6 mm) minimum. Minimum
ply width shall be 3 in. (75 mm). The woven roving
shall not be greater in width than the layer of chopped
strand mat it follows. Each successive mat ply shall
extend 1∕2 in. (13 mm) minimum beyond each side of
the preceding mat ply.

(e) The corrosion-resistant overlay shall consist of a
minimum of three plies, each of 1.5 oz/ft2 (450 g/m2)
chopped strand glass mat, with a minimum of one ply
of surfacing veil on the surface exposed to the process
environment. The minimum ply width shall be 3 in.
(75 mm), with each successive layer of mat extending
1∕2 in. (13 mm) minimum beyond each side of the
preceding ply, followed by the surfacing veil extending
1∕2 in. (13 mm) minimum beyond each side of the last
ply of 1.5 oz/ft2 oz (450 g/m2) mat.

(f) Following gel and peak exotherm of the overlay, a
paraffinated top coat of resin shall be applied over the
surfacing veil and the adjacent roughened surface.

(g) The overlay width and thickness that result from
using (c) and (d) above apply only to the following
joints: torispherical head to shell, ellipsoidal head to
shell, the joints shown in Figure 4-3, cylindrical shell
to cylindrical shell, and joints in the flat portion of a
fully supported flat bottom. Nozzle installation overlays
shall satisfy all the requirements of para. 4-430. For other
overlay joints (Figure 4-4), the width and thickness shall
be as determined by the Qualified Designer, and the joint
design shall be as safe as thoseprovidedby the rulesof this
Standard.

4-330ð23Þ Alternative Secondary Bond Overlays

(a) Joints shall be constructed by any qualified fabrica-
tion method.

(b) Theoverlay strength for the joint shall bebasedona
design basis laminate.

(c) The structural layers may be included in the exte-
rior overlayor the interior overlay.Whenstructural layers
are included in the interior overlay, they are to be covered
with a corrosion-resistant overlay per para. 4-320(e). The

minimum exterior structural joint overlay thickness shall
be 0.22 in. (5.6 mm).
CAUTION: The potential for chemical attackmust be consid-
ered by the designer when a portion of the structural over-
lays are included in the interior overlay.

(d) The structural thickness of the joint shall satisfy the
design conditions and shall be sufficient to withstand the
stresses incurred by the joint, including but not limited to
stresses from occasional loads such as wind, earthquake,
or lifting and handling. Consideration shall be given to the
effect of the joint design on the stability of the shell.

(e) The minimum overlay width shall be 6-in. (152-
mm) full thickness plus 4:1 minimum tapers specified
in Figure 4-2.

(f) The width of the overlay shall be sufficient to
provide average secondary bond shear strength at
least equal to the axial tensile strength of theweaker part.

(g) Average secondary bond shear stress shall not
exceed 200 psi (1.4 MPa).

(h) The minimum axial and hoop tensile strengths of
the overlay shall be 9,000 psi (62 MPa).

(i) The layer adjacent to the bond surface shall be a
minimum thickness of 0.02 in. (0.5 mm) mat or randomly
chopped fiber.

(j) Joint laminate sequencing, if interrupted, shall be
stopped with an exothermic ply of mat or randomly
chopped fiber and shall be resumedwithmat or randomly
chopped fiber.

(k) The corrosion-resistant overlay shall satisfy all the
requirements of paras. 4-320(e) and 4-320(f).

4-400 FLANGED NOZZLES

4-410 Fabricating Flanged Nozzles

All flanged nozzle necks may be fabricated by the hand
lay-upor filamentwoundmethodsusingType I, Type II, or
Type X laminates and in accordance with Figure 4-5(a)
[Figure 4-5(b)] and Figure 4-6 and installed per
Figures 4-7 through 4-10. The thickness of nozzle
necks given in Figure 4-5(a) [Figure 4-5(b)] shall be
the minimum thickness for all types of laminate construc-
tion used. In addition, if a filamentwound laminate is used
to fabricate the nozzle neck, the laminate properties shall
be at least equivalent to those of a Type II hand lay-up
laminate of equal thickness in both the hoop and axial
directions. Nozzle flanges shall only be fabricated by
the hand lay-up method using Type I or Type II laminates
and in accordance with Figure 4-5(a) [Figure 4-5(b)] and
Figure4-6.Thenozzle shall extend6 in. (150mm) fromthe
outside diameter of the shell to the nozzle-flange face
unless otherwise specified. Nozzles up to and including
NPS 4 (DN 100) shall be gusseted per Figure 4-11.

Table 4-1
Flange Flatness Tolerance

Inside Diameter, in. (mm) Tolerance, in. (mm)
2 to 84 (50 to 2100) +1∕32 (0.8)
over 84 to 108 (2100 to 2700) +1∕16 (1.5)
over 108 to 144 (2700 to 3600) +3∕32 (2.4)
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Figure 4-2
Joint Arrangement

First ply of mat

4:1 min. taper

Exterior overlay
   [see para. 4-320(c) or para. 4-320(d)]

3/8 in. (10 mm) max. gap

3/8 in. (10 mm) max. gap

Resin putty

Resin putty

Maximum offset between upper
    and lower sections of joint shall
    be 1/4 in. (6 mm) or 2t /3,
    whichever is less

t = thickness of thinner part
      being joined

t = thickness of thinner part
      being joined

(b) Tolerances for Butt Joints

(a) Tolerances for Bell and Spigot Joints

Bell thickness to be
    1/4 in. (6 mm) min. or
    t max.

11/2 in. min. (40 mm)
 3 in. max. (75 mm)

4:1 min. taper

4:1 min. taper

Exterior overlay
    [see para. 4-320(c) or para. 4-320(d)]

Interior overlay
    [see para. 4-320(e)]

Taper to 1/4 in. (6 mm)
 

3/8 in. (10 mm) max. gap

Maximum offset
    1/4 in. (6 mm) or 2t /3,
    whichever is less

GENERAL NOTE: The use of putty should be kept to a minimum and used only to fill gaps and offsets, and not be used to fill depressions on the
shell. Use of putty may create excessive noise during acoustic emission testing. Taper of the structural portion may be desired to minimize
structural discontinuities, such as the case of high axial loading applications.
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Figure 4-4
Support Skirt Attachment Detail

Interior overlay
   [see para. 4-320(e)]

Apply all joint and knuckle
   reinforcement before
   attaching skirt

Tangent line

3 in.
(75 mm)

Fill with milled fiber resin putty tol

tsk

Optional 1/4 in.
   (6 mm) overlay
   [Note (1)]

Legend:
tol = thickness of skirt-to-shell overlay bond
tsk = thickness of skirt

GENERAL NOTE:
(a) tol, length of bond, and type of laminate to be determined by a Qualified Designer [see para. 4-320(g)].
(b) Skirt inside diameter shall be the same as vessel inside diameter.

NOTE: (1) If overlay is used, it may be applied after an acoustic emission test.
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Figure 4-5(a)
Nozzle Flange Dimensions for Class 150 Bolting (U.S. Customary Units)

F

Min. radius
    1/4 in. (6 mm)

T

t

hr

A
+1/2 in. (13 mm)
– 0 in.

C

LF

Flange face flatness
 per Table 4-1.
 At F, spot face for
 washers. See below.

Nominal
Pipe Size
(NPS)

A, in.
[Note
(1)]

C, in.
[Notes
(2)–(4)]

Min. T,
Type I

Laminates,
in.

Min. T,
Type II

Laminates,
in.

Min. Hub
Reinforcement,

hr, in.
Min.
t, in.

Min.
L, in.

No.
of

Bolts

Bolt
Hole
Diam-
eter,
in.

Bolt
Diam-
eter,
in.

ASME
B18.21.1
Type A
Narrow
Washer
Size

(O.D.),
in.

Bolt
Torque,
ft-lb
[Note
(5)]

2 6.00 4.75 0.63 0.56 0.25 0.25 2.63 4 3∕4 5∕8 15∕16 25
3 7.50 6.00 0.63 0.56 0.28 0.25 2.88 4 3∕4 5∕8 15∕16 25
4 9.00 7.50 0.81 0.69 0.31 0.25 3.25 8 3∕4 5∕8 15∕16 25
6 11.00 9.50 0.94 0.69 0.31 0.25 3.81 8 7∕8 3∕4 11∕2 25

8 13.50 11.75 1.13 0.81 0.38 0.25 4.38 8 7∕8 3∕4 11∕2 25
10 16.00 14.25 1.25 0.94 0.50 0.25 4.38 12 1 7∕8 13∕4 25
12 19.00 17.00 1.44 1.06 0.63 0.25 4.94 12 1 7∕8 13∕4 25
14 21.00 18.75 1.44 1.06 0.69 0.31 5.00 12 11∕8 1 2 30

16 23.50 21.25 1.56 1.19 0.72 0.31 5.06 16 11∕8 1 2 30
18 25.00 22.75 1.63 1.25 0.75 0.38 5.50 16 11∕4 11∕8 21∕4 35
20 27.50 25.00 1.81 1.31 0.75 0.38 5.75 20 11∕4 11∕8 21∕4 35
24 32.00 29.50 2.13 1.50 0.81 0.44 5.75 20 13∕8 11∕4 23∕8 40

GENERAL NOTES:
(a) Gaskets shall be 1∕8-in. thick full-face elastomericmaterial havingahardnessof ShoreA60±5andhavingamaximumseating stress,γ, of 50psi.

If a harder gasketmaterial or one requiring a higher seating stress is to beused, the flange(s) shall be customdesigned for the required gasket
seating stress using Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-12 and shall meet all the requirements of para. 4-410.

(b) Flange thicknesses arebasedon1,800psi design stress for Type I laminates anda3,000psi design stress forType II laminates. Adesign factor
of 5:1 was used against ultimate tensile stress in both types of laminate construction.

(c) The nozzle neck thicknesses given are based on a Type II or equivalent strength filament wound Type X laminate with a design factor of 10:1
against ultimate tensile strengthandare theminimumthicknesses thatmaybeused in all typesof laminate construction. If Type Ihand lay-up
laminates are utilized, the nozzle neck thicknesses shall be increased for nominal pipe sizes 10 in. and up.

(d) The rating of all nozzle necks and flanges for all sizes given in this table is 50 psi.
(e) Dimensions generally comparable to Class 150 welding-neck flanges.

NOTES:
(1) O.D. tolerance of +½ in., −0 in. is provided to ensure a minimum edge distance with the bolt holes allowing for mold and fabrication

discrepancies and also to prevent interference with adjacent valve or piping equipment.
(2) ±0.06 in. (see ASME B16.5).
(3) ±0.03 in. center to center of adjacent bolt holes (see ASME B16.5).
(4) Eccentricity between bolt holes and center of nozzle: for size 2 in., ±0.03 in.; for size 3 in. and larger, ±0.06 in.
(5) The specified bolt torque is based onwell-lubricated threads and nuts or bolt head towasher bearing surfaces resulting in amaximumnut or

friction factor of 0.15andamaximumbolt stress of 18,800psi. Torque tolerance shall be±5 ft-lb for flanges sizes2 in. to 12 in. and±10 ft-lb for
flanges sizes 14 in. and up.
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Figure 4-5(b)
Nozzle Flange Dimensions for Class 150 Bolting (SI Units)

F

Min. radius
    1/4 in. (6 mm)

T

t

hr

A
+1/2 in. (13 mm)
– 0 in.

C

LF

Flange face flatness
 per Table 4-1.
 At F, spot face for
 washers. See below.

Nominal
Pipe
Size
(NPS)

A, mm
[Note
(1)]

C, mm
[Notes
(2)–(4)]

Min.
T,

Type I
Laminates,

mm

Min.
T,

Type II
Laminates,

mm

Min. Hub
Reinforcement,

hr, mm

Min.
t,

mm

Min.
L,
mm

No.
of

Bolts

Bolt
Hole
Diam-
eter,
in.

[Note
(5)]

Bolt
Diam-
eter,
in.

[Note
(5)]

ASME
B18.21.1
Type A
Narrow
Washer
Size

(O.D.), in.
[Note (5)]

Bolt
Torque,
N-m
[Note
(6)]

2 150 120.7 16 14 6 6 67 4 3∕4 5∕8 15∕16 34
3 190 152.4 16 14 7 6 73 4 3∕4 5∕8 15∕16 34
4 230 190.5 21 17 8 6 83 8 3∕4 5∕8 15∕16 34
6 280 241.3 24 17 8 6 97 8 7∕8 3∕4 11∕2 34

8 345 298.5 29 21 10 6 111 8 7∕8 3∕4 11∕2 34
10 405 362.0 32 24 13 6 111 12 1 7∕8 13∕4 34
12 485 431.8 37 27 16 6 125 12 1 7∕8 13∕4 34
14 535 476.3 37 27 17 8 127 12 11∕8 1 2 41

16 595 539.8 40 30 18 8 129 16 11∕8 1 2 41
18 635 577.9 41 32 19 10 140 16 11∕4 11∕8 21∕4 47
20 700 635.0 46 33 19 10 146 20 11∕4 11∕8 21∕4 47
24 815 749.3 54 38 21 11 146 20 13∕8 11∕4 23∕8 54

GENERAL NOTES:
(a) Gaskets shall be 3mm thick full-face elastomeric material having a hardness of Shore A60 ±5 and having amaximum seating stress, γ, of 345

kPa. If a harder gasket material or one requiring a higher seating stress is to be used, the flange(s) shall be custom designed for the required
gasket seating stress using Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-12 and shall meet all the requirements of para.
4-410.

(b) Flange thicknesses arebasedon12.4MPadesign stress forType I laminates anda20.7MPadesign stress forType II laminates. Adesign factor
of 5:1 was used against ultimate tensile stress in both types of laminate construction.

(c) The nozzle neck thicknesses given are based on a Type II or equivalent strength filament wound Type X laminatewith a design factor of 10:1
against ultimate tensile strength andare theminimumthicknesses thatmaybeused inall typesof laminate construction. If Type I hand lay-up
laminates are utilized, the nozzle neck thicknesses shall be increased for nominal pipe sizes 10 in. and up.

(d) The rating of all nozzle necks and flanges for all sizes given in this table is 345 kPa.
(e) Dimensions generally comparable to Class 150 welding-neck flanges.

NOTES:
(1) O.D. tolerance of +13 mm, −0 mm. is provided to ensure a minimum edge distance with the bolt holes allowing for mold and fabrication

discrepancies and also to prevent interference with adjacent valve or piping equipment.
(2) ±1.5 mm (see ASME B16.5).
(3) ±0.8 mm center to center of adjacent bolt holes (see ASME B16.5).
(4) Eccentricity between bolt holes and center of nozzle: for size 50 mm, 0.8 mm; for size 75 mm and larger, 1.5 mm.
(5) Bolt hole diameter, bolt diameter, and washer size shall remain in U.S. Customary units for consistency with ASME B16.5.
(6) The specified bolt torque is based onwell-lubricated threads and nuts or bolt head towasher bearing surfaces resulting in amaximumnut or

friction factor of 0.15 and amaximumbolt stress of 129.6MPa. Torque tolerance shall be 6.8 N·m for flanges sizes 2 in. to 12 in. and 13.6 N·m
for flanges sizes 14 in. and up.
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Figure 4-6
Flanged Nozzle Lay-Up Method

Three full-face plies of mat
    plus one ply surface matT/2

[Note (1)]

Flange

(a)  Flange on Pipe Type

CL

1/4 in. (6 mm) radius (min.)

L

T

t

T/2
[Note (1)]

Flange

(b)  Integral Type

CL

L

T

t

1/4 in. (6 mm) radius (min.)

NOTE: (1) T/2 = hub reinforcement.
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Figure 4-7
Flush Nozzle Installation

Shell reinforcement
 Style A

4:1 min. taper

0.26 in. (6.6 mm)
    min.

[Note (1)]

hi

ho

ho

totr

to ti

hi

dr

r

d

Shell reinforcement
    Style B

0.26 in.
   (6.6 mm)
   min.

ho

ho

to
to

tr

tx

ts

tn

ti

hi

ti

r

Legend:
d = nozzle diameter
dr = cutout reinforcement diameter, measured on the vessel surface (greater of 2d or d + 6; see para. 3A-720)
hi = inside shear bond length (see Table 4-3)
ho = outside shear bond length (see Table 4-3)
hs = total shear bond length (see Table 4-3)
x = hi + ho
r = fillet radius [3∕8 in. (10 mm) min.]
ti = inside installation laminate thickness
x = tw − to [minimum ti = 0.14 in. (3.6 mm) (3M, V)]
tn = minimum nozzle stub thickness {see Figure 4-5(a) [Figure 4-5(b)] and Table 4-2}
to = outside installation laminate thickness
x = tw − ti [minimum to = 0.26 in. (6.6 mm) (6M)]
tr = cutout reinforcement laminate thickness (see para. 3A-730)
ts = shell thickness
tw = total installation laminate thickness [minimum tw = 0.40 in. (10.2 mm)]
x = greater of tr or 2tn for Style A
x = lesser of tr or 2tn for Style B
tx = reinforcement base thickness
x = tr/2 (Style B reinforcement)

GENERAL NOTE: The installation laminate and the reinforcement may be applied as a single unit.

NOTE: (1) Nozzle wall may also butt up against the shell or head exterior surface.
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Figure 4-8
Penetrating Nozzle Installation

Shell reinforcement
    Style A

4:1 min.
   taper

0.26 in. (6.6 mm)
    min.

le

ho

ho

toto
tr

ti
hi

hi

dr

r

d

Shell reinforcement
    Style B

0.26 in.
   (6.6 mm)
    min.

ho

ho

to
to

tr

tx

ts
ti

tn

r

Legend:
d = nozzle diameter
dr = cutout reinforcement diameter, measured on the vessel surface (greater of 2d or d + 6; see para. 3A-720)
hi = inside shear bond length (see Table 4-3)
ho = outside shear bond length (see Table 4-3)
hs = total shear bond length (see Table 4-3)
x = hi + ho
Ie = penetration length [2 in. (50 mm) min.]
r = fillet radius [3∕8 in. (10 mm) min.]
ti = inside installation laminate thickness
x = tw − to [minimum ti = 0.14 in. (3.6 mm) (3M, V)]
tn = minimum nozzle stub thickness {see Figure 4-5(a) [Figure 4-5(b)] and Table 4-2}
to = outside installation laminate thickness
x = tw − ti [minimum to = 0.26 in. (6.6 mm) (6M)]
tr = cutout reinforcement laminate thickness (see para. 3A-730)
ts = shell thickness
tw = total installation laminate thickness [minimum tw = 0.40 in. (10.2 mm)]
x = greater of tr or 2tn for Style A
x = lesser of tr or 2tn for Style B
tx = reinforcement base thickness
x = tr/2 (Style B reinforcement)

GENERAL NOTE: The installation laminate and the reinforcement may be applied as a single unit.
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Figure 4-9
Bottom Drain Detail

d or 3 in.
(75 mm)
   min.

Taper (typ.)

to

to
d

Apply all joint reinforcement
   before installing nozzle

d

2hi

Plate gusset

Interior overlay [see para. 4-320(e)]

Exterior overlay [see para. 4-320(c) or para. 4-320(d)]

(a) Flush Drain

(b) Full Drain

Interior overlay [see para. 4-320(e)]

Taper (typ.)

Apply all joint reinforcement
   before installing nozzle

Plate gusset

Exterior overlay [see para. 4-320(c) or para. 4-320(d)]

ti

ti

tr

tr

to

to

tr
ho

ti

ti

hi

hi

tr
hi

ho

hi2hi

2ho

d or 3 in. (75 mm) min.

2ho

GENERAL NOTE: For flush drain and full drain, notch foundation to accommodate offset. Notch is to beminimized, as determined by a Qualified
Designer. Drawings are to show dimensions of notch. It is optional to fill notch with grout. Grouting requirements are to be determined by a
Qualified Designer. (See Figure 4-7 for definitions of nomenclature, such as ho, hi, and to.)
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Figure 4-10
Nozzle Installation and Cutout Reinforcement Location Alternate

Corrosion barrier

All Exterior
Corrosion barrier

Balanced

Flush-Type Nozzle

Penetrating-Type Nozzle

Reinforcements

Balanced

Outside joint

All Exterior

Reinforcement

Corrosion
    barrier

All Interior

Type T laminate

Cone attachment
    overlay

End seal

2 in.
(50 mm)

All Interior [Notes (1), (2)]

Corrosion barrier
    should extend
    past structural
    overlayCorrosion barrier

    needs to protect
    penetrating nozzle
    structure

Corrosion barrier
    needs to protect
    penetrating nozzle
    structure

Cone attachment
    overlay

End seal

Inside joint

2 in. (50 mm)

End seal

T

NOTES:
(1) The reinforcement(s) and joint(s) may be done in one operation.
(2) In highly corrosive environments, interior structural overlays are not recommended.
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Figure 4-11
Nozzle Gussets

Attachment of gusset
    to back of flange is
    optional

Fill voids with
    filled resin

1/4 in. (6 mm) dia. drain
   hole at low point of
   cone

Four plies of 1.5 oz/ft2 (450 g/m2)
   mat min. by min. 3 in.
   (75 mm) wide

Split conical gusset to allow
    exterior nozzle attachment
    overlay

Cone to be integrally formed with
    flange or bonded to the outside
    of the flange

60 deg

Four reinforced
    plastic gussets

Three plies of
    1.5 oz/ft2 (450 g/m2)
    mat overlay

(a) Plate-Type Gussets [Note (1)]

(b) Typical Cone-Type Gussets [Note (2)]

11/2 in. (40 mm)

11/2 in. (40 mm)

1/4 in. (6 mm)

Fill voids with
    filled resin

60 deg

60 deg

Four reinforced
    plastic gussets

Three plies of
    1.5 oz/ft2 (450 g/m2)
    mat overlay

11/2 in. (40 mm)

1 in.(25 mm) max.

11/2 in. (40 mm)

1/4 in. (6 mm)

1 in. (25 mm)
max.

3/16 in. (5 mm)

60 deg

3/16 in. (5 mm)

NOTES:
(1) Gussets are to be evenly spaced around nozzle. Gussets are to be added after complete assembly of nozzle on shell. Gussets are not normally

required on nozzles over NPS 4 (DN 100).
(2) Conical gusset attachment to the shell or head shall be made after the installation of the external structural nozzle attachment overlay.
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Other gasket materials or flange dimensions than those
given in Figure 4-5(a) [Figure 4-5(b)] are permissible
provided the following are met:

(a) The neck thickness requirements of Figure 4-5(a)
[Figure 4-5(b)] are met.

(b) The flange satisfies the requirements of Nonman-
datory Appendix NM-2, Nonmandatory Appendix NM-12,
or Subpart 3B.

(c) If the nozzle will be subjected to pressures greater
than 50 psig (345 kPag), in addition to (b) above, the
nozzle neck thickness shall be the greater of the thickness
in Figure 4-5(a) [Figure 4-5(b)] or that resulting from
design by Subpart 3B or Nonmandatory Appendix NM-12.

4-420 Bolt Holes

All bolt holes shall be back spot-faced for washers in
accordance with Figure 4-5(a) [Figure 4-5(b)]. Bolt
holes and spot facing shall be resin coated. Overall
machine facing of the back of flanges in lieu of spot
facing is permitted, provided the hub is not undercut.

4-430 Installation of Nozzles

The laminates used to install a nozzle or manway shall
bemadeby the hand lay-upmethodusingType I orType II
laminates in accordance with Figures 4-7 through 4-10
(see also Tables 4-2 and 4-3).

(a) If the vessel section is of filament wound construc-
tion, the reinforcement laminate shall be of a Type II
construction.

Table 4-2
Typical Dimensions of Manways

Nominal
Size, in.

Minimum Diameter of
Flange and Cover,

in. (mm)

Minimum
Thickness of

Flange and Cover,
in. (mm)

Minimum Manway
Wall Thickness,

in. (mm)

Diameter of Bolt
Circle, in.

[Notes(1)–(3)]
Number of

Bolts
Bolt Hole

Diameter, in.
Pressurized manway — up to 15 psig (103 kPag)

20 27.50 (700) 1 (25) 0.38 (10) 25.00 (635.0) 20 3∕4
22 29.50 (750) 1 (25) 0.38 (10) 27.25 (692.2) 20 3∕4
24 32.00 (815) 1.25 (32) 0.38 (10) 29.50 (749.3) 20 3∕4

Manway — atmospheric pressure, up to 0.5 psig (3.4 kPag)
20 27.50 (700) 0.38 (10) 0.25 (6) 25.00 (635.0) 20 1∕2
22 29.50 (750) 0.38 (10) 0.25 (6) 27.25 (692.2) 20 1∕2
24 32.00 (815) 0.38 (10) 0.25 (6) 29.50 (749.3) 20 1∕2

GENERAL NOTES:
(a) Bolt size equals bolt hole diameter minus 1∕8 in.
(b) Gaskets shall be 1∕8 in. (3 mm) thick full-face elastomeric material having a hardness of Shore A60 ±5.

NOTES:
(1) ±0.06 in. (1.5 mm) (ASME B16.5).
(2) ±0.03 in. (0.8 mm) center to center of adjacent bolt holes (ASME B16.5).
(3) ±0.06 in. (1.5 mm) eccentricity between bolt circle and center of nozzle.

Table 4-3
Shear Bond Length

Minimum Nominal Overlay Thickness,
in. (mm)

Minimum Shear
Length, hs,

in. (mm) [Note (1)]
1∕4 (6) 3 (75)

5∕16 (8) 3 (75)
3∕8 (10) 3 (75)

7∕16 (11) 31∕2 (90)
1∕2 (13) 4 (100)

9∕16 (14) 41∕2 (115)
5∕8 (16) 5 (125)

11∕16 (17) 51∕2 (140)
3∕4 (19) 6 (150)
7∕8 (22) 7 (175)
1 (25) 8 (200)

GENERAL NOTE: When internal overlay serves only as a corrosion
barrier, the total shear length shall be placed on the exterior overlay.

NOTE: (1) hs is total shear length (ho + hi). See Figures 4-7 and 4-8.
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(b) If the vessel section is of filament wound construc-
tion, the attachment laminate shall be of a Type II
construction for nozzles NPS 6 (DN 150) and above in
size. For nozzles below NPS 6 (DN 150) in size that
are gusseted in accordance with Figure 4-11, the attach-
ment laminatemay be of Type I or Type II construction for
any type of vessel section laminate where the nozzle is
located.

(c) Where plate gussets are installed in accordance
with Figure 4-11, all nozzle reinforcement andattachment
laminates shall be installed before the installation of the
gussets.

(d) Circular openings in shells and heads for the
purpose of installing nozzles shall be cut within the
following tolerances:

(1) maximum gap of 3∕16 in. (5 mm) for nozzles NPS
12 (DN 300) and smaller

(2) maximumgapof 1∕4 in. (6mm) for nozzles greater
than NPS 12 (DN 300) and smaller than NPS 24 (DN 600).

(3) maximum gap of 3∕8 in. (10 mm) for nozzles NPS
24 (DN 600) and greater

(e) Where necessary to meet the required tolerance,
additional laminate shall be applied to the nozzle neck
outside diameter, prior to assembly.

(f) Corners in rectangular openings and exterior
corners of rectangular nozzles shall have a minimum
radius of three times the nozzle neck thickness.

(g) All openings shall be cut with a smooth profile to
avoid stress concentrations (cuts, square corners, etc.) in
the perimeter of the opening.

4-500 MANWAYS

4-510 Diameter

Manways shall have a minimum size of NPS 20
(DN 500). Manway dimensional requirements are as
shown in Table 4-2.

4-520 Installation

The installation of a manway shall comply with the re-
quirements given for nozzles.

4-530 Bolt Holes

Allmanway flangebolt holes shall bebackspot-faced for
ASME B18.21.1 Type A narrow washers. Bolt holes and
spot facing shall be resin coated. Overall machining of
the back of manway flanges in lieu of spot facing is
permitted, provided the hub is not undercut.

4-600 REINFORCEMENT OF CUTOUTS

When reinforcing materials are cut to facilitate place-
ment around an installed nozzle, joints in successive rein-
forcing layers shall be staggered to avoid overlapping and,
on cylindrical shells, shall not be placed so that the joints
are parallel to the axis of the cylinder.

4-700 TOLERANCES

Required fabrication tolerances are given in
Figures 4-1; 4-2; and 4-12, sketches (a) through (c).
Flange face drawback and/or waviness shall not
exceed the values listed in Table 4-1 as measured at or
inside the bolt circle. Reverse drawback shall be
limited to 1∕64 in. (0.4 mm), measured at the inside of
the flange using the outside of the flange as a reference
point.

4-800 BALSA WOOD CORED PLATES

Balsa wood cored plates shall be limited to flat panel
designs fabricatedusingType I, Type II, orTypeX laminate
with balsa wood that meets the requirements of Manda-
tory Appendix M-13. The following applies to fabrication
with balsa wood cored plates:

(a) Minimum laminate thicknessper sideof balsawood
core laminate shall be 0.22 in. (5.6 mm).

(b) At least one layer of 1.5 oz/ft2 (450 g/m2) chopped
strandmat shall be placed on each side, between the balsa
wood core and the structural laminate, to ensure proper
bond.

(c) Balsa wood core laminates shall use only end-grain
core.

Figure 4-12
Flange Tolerances

Reverse Drawback
(b)

Flange Drawback
(c)

Flange waviness
(a)

See Table 4-1
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(d) Core thicknesses greater than2 in. (50mm) shall be
layered in up to2-in. (50mm) incrementswith at least one
layer of 1.5 oz/ft2 (450 g/m2) chopped strand mat
between balsa wood layers to ensure proper bond
between layers, with the following exception: For a
tapered sloped bottom that is greater than 2 in.

(50 mm) thick, a single machined layer of full-thickness
balsa may be used.

(e) A typical flat cored bottom knuckle detail is shown
in Figure 4-13.

(f) A design method for flat cored plates subject to
internal or external pressure is given in Nonmandatory
Appendix NM-15.

Figure 4-13
Flat Cored Bottom Knuckle Detail

R

Grain

  direction

45 deg

GENERAL NOTE: Refer to Figure 4-3 for flat-bottom tank corner detail.
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Part 5
Overpressure Protection

5-100 BASIS FOR DESIGN

5-110 Atmospheric Tanks

(a) Atmospheric tanks shall be directly vented to atmo-
sphere through an open top or through aminimumheight,
permanently attached vent.

(b) Vents for atmospheric tanks shall have a cross-
sectional area equal to or exceeding the combined
areas of inlets or outlets, whichever is greater.

(c) Atmospheric tanks may not be equipped with a
flanged vent or a removable vent.

(d) All atmospheric tanks shall be equipped with an
overflow at or below the top of the shell and the overflow
must have a cross-sectional area equal to or exceeding the
combined areas of inlets.

5-120 Excessive Pressure

In view of the relatively low mechanical properties of
RTP comparedwithmetals, careful considerationmust be
given to excessive internal or external pressure.

5-130 Operating Characteristics

Operating conditions shall reflect both normal and
abnormal operations relating to internal or external pres-
sure, venting, vessel overflow location, and process
upsets.

5-200 PROTECTION AGAINST OVERPRESSURE

All vessels within the scope of this Standard shall be
providedwith protection against internal and/or external
pressure exceeding maximum allowable pressures. This
shall be the responsibility of the User.
The size and location of all nozzles used for overpres-

sure protection set forth in para. 5-300 shall be shown in
the equipment sketch and nozzle schedule attached to the
UBRS.

5-300 TYPE OF OVERPRESSURE PROTECTION

Protection against overpressure shall be accomplished
by one or a combination of the following devices:

(a) direct spring-loaded safety or safety relief valves
(b) rupture disks
(c) deadweight loaded pallet-type vent valves
(d) free vents

5-400 LOCATION OF OVERPRESSURE
PROTECTION DEVICES

Devices listed in paras. 5-300(a) through 5-300(d) shall
be located in the top of the vessel above the maximum
liquid level.
Overflows for vertical vessels shall be on or below the

top head tangent line. Overflows for horizontal vessels
shall be located in the head or shell below the top of
the shell.
The User shall not use free vents as liquid overflows.

5-500 INSTALLATION PRACTICES

Unsecured (not locked or sealed open) block valves
shall not be installed between the vessel and any relieving
device.

5-600 OVERPRESSURE DEVICE SET PRESSURE

Relief devices shall be set no higher than the maximum
allowable working pressure.

5-700 RELIEF DEVICE SIZING

5-710 Sizing of Spring or Deadweight Loaded
Valves and Rupture Disks

Devices listed in paras. 5-300(a), 5-300(b), and
5-300(c) shall be sized in accordance with the device
manufacturer’s catalog so that at its full flow capacity
the relief pressure shall not exceed 110% of the vessel
MAWP.

5-720 Sizing of Vents and Overflows

Vents andoverflows that discharge freely into the atmo-
sphere shall be sized sufficiently to handle the flow dis-
placement of all combined inlet andoutlet nozzleswithout
creating any pressure above the vessel’s MAWP or any
external pressure higher than the vessel’s MAEWP.

5-800 DISCHARGELINESFROMPRESSURERELIEF
DEVICES

Discharge lines from pressure relief devices shall be
designed to facilitate drainage or shall be fitted with
an open drain to prevent lodging in the discharge side
of the safety device. Discharge lines shall lead to a safe
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place of discharge. The size of the discharge lines shall be
such that any pressure that may exist or develop will not
reduce the relieving capacity of the relieving device below
that required to protect the vessel properly.

5-900 RESPONSIBILITY FOR DESIGN AND
SELECTION

The design and/or selection of pressure relief devices,
the sizing of mounting nozzle, and the size, length, and
routing of discharge piping shall be the responsibility
of the User and not that of the Fabricator or the Inspector.
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Part 6
Inspection and Tests

6-100 SCOPE

This Part covers inspection and testing of RTP corro-
sion-resistant vessels. It is intended to ensure that a vessel
has been designed and fabricated in accordance with the
requirements of the latest revision of the design, the
approved drawings, and this Standard.
This Part does not cover specifications, instructions,

and inspections referred to in the User’s Basic Require-
ments Specification (UBRS), which may be more restric-
tive than the requirements of this Standard and may
require additional verification by the User’s inspector.
Nonmandatory Appendix NM-7 covers User’s inspection.

6-200 INSPECTOR

See para. 1-400.

6-300 INSPECTION AND RESPONSIBILITY

(a) The Fabricator of a vessel has the responsibility to
comply with all the requirements of this Standard, the
design, and the UBRS. The Fabricator is additionally
responsible for assuring that any RTP subassemblies
or components fabricated by a Subcontractor that will
become a portion of the vessel and are part of the
scope of ASME RTP-1 (see paras. 1-110 and 1-120)
shall be fabricated by an ASME RTP-1 certified shop
and are to be in full compliance with all the requirements
of ASME RTP-1. Partial Data Reports shall accompany any
suchsubassemblyor componentandshall be signedby the
Subcontractor’s Certified Individual.

(b) Any subcontracted or outsourced subassembly or
component to be furnished with a vessel by a Fabricator
that will become a portion of the vessel, or a load-bearing
accessory that will be attached to the vessel (i.e., a
support), shall also be inspected by the Fabricator’s
inspector. Procedures and general requirements for
acceptance or rejection shall be part of the Fabricator’s
Quality Control Program.

(c) The Fabricator shall have a written Quality Control
Manual, to include defined procedures and forms so as to
control the process of fabrication. The Fabricator’sQuality
Control Programshall be supervisedby theFabricator and
shall be in effective operation throughout the process of
fabrication. See Mandatory Appendix M-4.

(d) A copy of the Fabricator’s Quality Control Manual
shall be made available to the Inspector on request. The
Fabricator’s Quality Control Manual may contain proprie-
tary information and procedures. No copies of the Fabri-
cator’s Quality Control Manual shall be removed from the
Fabricator’s premises without the Fabricator’s permis-
sion. This security protection, however, is not to apply
to quality control forms and checklists that may be a
portion of the Quality Control Manual but are necessary
to be used during fabrication to check and control the
fabrication process.

(e) The Certified Individual’s responsibility is to verify
that the Fabricator’s Quality Control Program is in effec-
tive operation via an annual audit as required in
para. 1-410(a) and to additionally make such specific
inspections and tests as are required by this Standard.
The Inspector shall provide a complete report including
all data as required in paras. 6-910 through 6-960.

(f) Prior to the start of fabrication, the Fabricator shall
make available to the Inspector such records pertaining to
the vessel as required to permit the Inspector to perform
the inspections. These shall include drawings, material
test results, the UBRS, the Fabricator’s Design Report,
and any other reports or records as required. The Fabri-
cator shall provide for Inspector’s hold points and veri-
fications of satisfactory completion. Fabrication shall not
proceed beyond a hold point until specified inspections
have been made.

(g) The Fabricator shall make his/her quality control
personnel available to the Inspector.

(h) TheFabricator shallmakeavailable to the Inspector
any and all necessary tools and test equipment so the
Inspector may conduct all inspections required by this
Standard.

(i) Final acceptance of the vessel by the Certified Indi-
vidual shall be obtained by the Fabricator prior to the
application of the official ASME Certification Mark with
RTP Designator. The Certified Individual shall sign the
Fabricator’s Certificate of Compliance on the Fabricator’s
Data Report only when the Certified Individual is satisfied
that all requirements of this Standard have been met [see
paras. 6-900(d) and 6-900(e)].
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6-400 CONDITIONS FOR INSPECTION

(a) The Fabricator shall ensure that the vessel is clean
and free of foreign materials to permit the Inspector to
inspect all accessible surfaces.

(b) The Fabricator shall position and ensure that the
vessel is in suitable condition to permit reasonable and
safe access for inspection.

(c) The Fabricator shall provide reasonable and safe
means, such as ladders and/or platforms, to permit the
Inspector to safely inspect accessible inner and outer
surfaces of the vessel.

(d) The User’s inspector should be familiar with the
possible hazards and safety requirements associated
with the use of all RTP materials and fabrication
methods. The User’s inspector should observe safety re-
quirements set up by the Fabricator and should be alert to
fabricating shop hazards that might be associated with
hydrostatic testing of equipment.

6-500 EQUIPMENT DESIGN

The Inspector shall examine the Fabricator’s design
records and reports and verify that the vessel conforms
to the latest revision of approved drawings and the UBRS,
and that the Fabricator’s Design Report has been certified
by a Qualified Designer.

6-600 MATERIALS

The Inspector shall verify that materials used in fabri-
cation of a vessel comply with the requirements of this
Standard and the UBRS.

6-700 FABRICATION

The Inspector shall establishholdpoints andmakeperi-
odic inspections and measurements of the vessel as are
required by this Standard to verify that fabrication is in
accordancewith therequirementsof this Standardand the
UBRS.
At the completion of each hold point inspection, the

Inspector shall report results on forms provided in the
Fabricator’s Quality Control Program, and highlight any
discrepancies requiring corrective action.

6-800 FABRICATOR’S QUALITY ASSURANCE
PROGRAM

The Inspector shall make such checks as are necessary
to verify that the Fabricator’s Quality Assurance Program
is in effective operation. In addition, the Certified Individ-
ual shall perform an annual audit of the Fabricator’s
Quality Assurance Program.
Any discrepancies shall be promptly brought to the

Fabricator’s attention for discussion and resolution.

6-900 FINAL INSPECTION

(a) At the time of final inspection, the Fabricator shall
provide to the Inspector the final revision of all of the
following documents:

(1) design drawings
(2) UBRS
(3) completedand signedcopiesof all forms fromthe

Fabricator’sQuality ControlManual thatwereusedduring
fabrication to check and verify compliance with this Stan-
dard and the design

(4) any copies of Fabricator’s Partial Data Reports,
with signed Certificates of Compliance, applicable to the
finished fabrication (see Form 1-3)

(5) copies of all inspection reports made by any
inspector/Inspector during the course of fabrication

(6) completed original document of the Fabricator’s
Data Report, applicable to the vessel to be inspected, with
the Certificate of Compliance signed and dated by the
authorized representative of the Fabricator (see
Form 1-2)

(7) copy of the final revision of the Fabricator’s
Design Report

(8) the nameplate that is to be applied to the vessel,
so that the Inspector may verify that the nameplate meets
the requirements of the UBRS and para. 8-850

(b) Design drawings shall showdesign thicknesses and
the laminate reinforcing sequence for every section or
member. If, during the course of fabrication, it was nec-
essary to add repeatable units to the laminate [see
para. 6-920(f)(4)], this change shall be noted and high-
lighted on the drawings provided to the Inspector.

(c) The Fabricator shall also make available to the
Inspector all nozzle and manway cutouts, each identified
clearly as to its point of origin on the vessel.

(d) Upon completion of final inspection, the Inspector
shall prepare a brief report summarizing his/her inspec-
tion activities and findings, and submit the report to the
Fabricator as an attachment to the Certificate of Compli-
ance.

(e) When the Inspector has completed the inspections
and found the results to bewithin required tolerances, the
Inspector shall present his/her inspection report along
with any findings to the Certified Individual. The Certified
Individual shall signanddate theCertificateofCompliance
prior to returning it to the Fabricator with the inspection
report.

(f) Paragraphs 6-910 through 6-960 describe the
minimum basic tests that shall be made, witnessed, or
verified by the Inspector prior to or at the time of final
inspection.

6-910 Resin Cure

(a) During the course of fabrication, the Fabricator
shall make all such checks necessary to ensure that
resin additives, promotion, catalyzation, dilution, and
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curing are controlled and are within the requirements of
this Standard. The Fabricator’s Quality Control Program
shall include procedures and forms, to be used throughout
fabrication, to control the ongoing process of resin hand-
ling and curing so as to ensure that cure iswithin required
tolerance prior to the final inspection.

(b) The Inspector shall verify that the resin has prop-
erly cured by testing the internal (process exposed)
surfaces of major equipment components and joints,
such as heads, shell sections, head/shell and shell/shell
juncture overlays, nozzle and manway necks NPS 18
(DN 450) diameter and larger, and manway covers and
blind flanges.
Additionally, the following external surfaces shall be

tested to verify proper resin cure: head/shell and
shell/shell juncture overlays, and nozzle and manway
juncture overlays. Testing shall be as follows:

(1) Surface hardness shall be determined in accor-
dance with ASTM D2583, except ASTM D2583 paras. 6.1,
8.1, 8.2, and 10.1. Allowable surface temperature range
shall be 50°F to 90°F (10°C to 32°C). Readings shall
not be taken on pits, heavy mold release, or other irregu-
larities that may affect the readings. Only dense resin-rich
surfaces shall be tested. The Barcol reading will be the
average of five impressions taken at various points
broadly distributed about the component or joint so as
to provide a representative hardness.

(2) If low Barcol readings are encountered on wax
top-coated surfaces, retest after removing thewax by light
sanding or scraping.

(3) Barcol test data shall verify that the surface hard-
ness of laminateswith glass surfacing veil or carbon surfa-
cingveil has reachedat least90%of thehardness specified
by the resin manufacturer for a clear resin casting.

(4) Laminateswith organic surfacing veilmay have a
Barcol reading lower than 90% of the hardness as speci-
fiedby the resinmanufacturer for a clear resin casting. The
minimum acceptable Barcol reading shall be established
between the User and Fabricator prior to fabrication.

(5) Barcol instruments shall be calibrated prior to
and during use using the test discs and procedure recom-
mended by the manufacturer of the Barcol instrument.

(6) The Inspector shall confirm thatminimumBarcol
hardness values have been established, the test values are
within acceptable limits, and the Barcol instrument has
been calibrated.

(7) The Inspector shall verify that all potential air-
inhibited interior surfaces and overlays, and other
surfaces selected at the Inspector’s option, shall pass
an acetone sensitivity test. For this test, a few drops of
acetone are applied to a 1-in.2 to 2-in.2 (650 mm2 to
1 300 mm2) area, which is rubbed slightly until the
acetone has evaporated. Tackiness or softness indicates
unacceptable cure of the surface resin.

(c) Failure tomeet the requirements of these tests shall
be considered a nonconformance and corrections shall be
made by the Fabricator in accordance with Mandatory
Appendix M-7.

(d) The Inspector shall include results and Barcol data
from the above tests in the inspection report.

6-920 Dimensions and Laminate Thickness
Checks

(a) During the course of fabrication, the Fabricator
shallmake checks to ensure that dimensions and laminate
thicknesses are within the requirements of this Standard
and the design. The Fabricator’s Quality Control Program
shall include procedures and forms, to be used throughout
fabrication, to control the ongoing process of checking all
dimensions and laminate thicknesses (to ensure that they
are within required tolerances) prior to the final inspec-
tion.

(b) Refer to Figure 4-1 for mandatory dimensional
tolerances. The Inspector shall verify that all these dimen-
sions are within tolerances.

(c) Refer to Figures 3-1, 3-3, 4-2, 4-3, 4-5(a) [4-5(b)]
through 4-8, 4-10, and 4-11 for details and tolerances on
overlay, flange, nozzle, and manway designs. The
Inspector shall select and check several of these details.

(d) Overlays at head-to-shell and shell-to-shell joints
and at manways shall be closely inspected and shall
conform to the requirements of Part 4.

(e) The Inspector shall select and check several lami-
nate thicknesses critical to the safe performance of the
equipment. Approved methods of measurement are
outlined in para. 2A-400(e).

(f) Laminate Thickness and Tolerances
(1) The nature of existing practical RTP fabrication

methods leads to nonparallel and somewhat irregular
surfaces of a laminate. Consequently, a single thickness
measurement at one point is not sufficient to characterize
a laminate thickness at that area of a laminate. Addition-
ally, the thicknessmeasurement of one small area of lami-
nate on a part of the equipment (such as a shell or head) is
not sufficient to characterize the laminate thicknessof that
part. For purposes of characterizing the thickness of lami-
nates, this shall be referred to as laminate thickness varia-
tion.

(2) The following procedures shall be used to deter-
mine thickness:

(-a) Determining Average Spot Thickness of One
Small Area or of a Small Component [Such as a NPS 10
(DN 250) Flange]. Lightly mark a continuous circle
between 4 in. (100 mm) and 12 in. (300 mm) diameter
on the component/area to be thickness checked (on a
small component/area that will not accommodate a
4 in. (100 mm) diameter circle, mark the circle as
large as the small component/area will allow). Select
six points to be measured for thickness so that all
points are well distributed (not in a line) over the area
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of the circle. (Aholemayoccupyaportionof the areaof the
circlemarked, such as on a flange face or at a pointwhere a
nozzle will penetrate a vessel wall.) Avoid selection of a
spot to be measured that straddles an overlaid joint.

Average the six readings taken; this is the average
spot thickness of the small area or small component.
Record all six measurements in the inspection report.

(-b) Determining the Average Thickness of a Major
Part of a Piece of Equipment [Such as a Head, Shell, Nozzle
(or Subassembly), or Manway Wall; Body or Manway
Flange]. Four average spot thickness measurements
shall be taken, located at the discretion of the Inspector,
so as to be broadly distributed over a representative area
of the part. The Inspector shall locate one area to be
measured at what appears to be the thinnest portion
of the part and a second area at what appears to be
the thickest portion of the part. Avoid selection of
spots falling over joints (overlays).

The other two areas shall be located so as to
achieve a representative distribution over the area of
the part.

Average the four average spot thicknesses; this is
the average thickness of the major part. Record all
measurement data in the inspection report.

(-c) Special Measurement Practices. Cylindrical
shells designed with tapered walls or stepped thickness
walls require treatment as a multiplicity of parts, where
each part to be measured shall represent a wall thickness
zone as designated in the design.

The measurement of nozzle or manway cutouts,
each to represent one average spot thickness, is a conve-
nient means to arrive at the average thickness of a vessel
head or shell.

(3) Refer to Subpart 2C for permissible tolerances on
laminate thickness variation.

(4) Variations in thickness may be caused by factors
such as resin viscosity, mat or chop density, wetout, fabri-
cation technique, etc. Refer to Mandatory Appendix M-7,
para. M7-640, for requirements and procedures to
compensate for these variations.

(g) The Inspector shall include results of dimensional
and laminate thickness tests in the inspection report.

(h) Balsa Wood Core Laminates. Balsa wood core lami-
nates shall be subject to the same average spot thickness
rules as outlined in (f). Average thickness records shall be
taken on the interior and exterior laminate in accordance
with (f).

6-930ð23Þ Physical Property and Laminate
Reinforcing Content Tests

(a) The Fabricator is responsible for producing lami-
nates that will meet or exceed permissible mechanical
property values as used in the design and as are estab-
lished as minimum within Subpart 2A and/or Subpart
2B. Laminates shall also be in accordance with the rein-

forcing sequence and minimum reinforcing content as
established in Subpart 2A and/or Subpart 2B.

(b) During the course of fabrication, the Fabricator
shall ensure that laminate reinforcing and mechanical
properties are controlled and arewithin the requirements
of this Standard and the design. The Fabricator’s Quality
Control Programshall includeprocedures and forms, to be
used throughout fabrication, to control the ongoing
process of checking laminate reinforcing and mechanical
properties, and to ensure that they are within required
tolerances prior to the final inspection.
All such ongoing checks and/or tests done to ensure

quality control, but not including Proof Tests as described
in (d), may be done by either the Fabricator or an inde-
pendent testing laboratory and require certification only
by the individualwhoconductedor supervised the testing.

(c) The Inspector shall visually inspect all nozzle and
manway cutouts. At least one such cutout fromeachmajor
component (or fabricated section if a component is fabri-
cated in more than one section) that has a cutout shall be
used to verify the reinforcing sequence in accordancewith
thedesigndrawings.The Inspector shall note the results in
the inspection report. With certain laminate reinforcing
designs and some resins, it may not be possible to
verify reinforcing sequence through visual inspection.
In such cases, the Inspector shall require the Fabricator
toconduct sufficient laminateburnout tests, in accordance
with ASTM D2584, using samples taken from the cutouts,
to verify reinforcing sequence through count after the
burnout test. For each such test made, the reinforcing
content weight percent shall also be determined and
recorded in the inspection report.

(d) Laminate Proof Tests are mandatory for all vessels
built to this Standard having a MAWP or MAEWP equal to
or exceeding 2.0 psig (13.8 kPag). Additionally, Laminate
Proof Tests are required on all vessels that are field fabri-
cated and all vessels with an inside diameter equal to or
greater than 16 ft (4.9 m).

(1) Fabricators shall verify through Proof Tests that
the laminate mechanical property data, the reinforcing
sequence, and reinforcing content weight percent data
of the as-constructed heador cylindrical shell are in accor-
dance with

(-a) the proof test values required in (3) or (4)
shall meet or exceed design values.

(-b) the laminate sequence as specified in the
design drawings

(2) ProofTestsmaybeperformedbyan independent
testing laboratory (contracted by the Fabricator) or by the
Fabricator, provided proper test equipment is available.
The test results shall beaccepted, providing the laboratory
maintains either ISO Certification that includes internal
self-audits and third-party audits or the laboratory is
accredited, by the American Association for Laboratory
Accreditation, to conduct tests. If the laboratory
conducting the testing is not accredited or certified to
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conduct the tests, the laboratory shall maintain annually
calibrated testing equipment and the testing procedures
shall be reviewed by the Fabricator. The Fabricator shall
specify and document in the UBRS acceptable parties to
review and approve the written procedures unless the
reviewandapproval are conductedby a registeredprofes-
sional engineer. In all cases, the test results shall be
reviewed by a qualified designer to determine whether
they meet the design requirements.

(3) For vessel shells constructed of laminates essen-
tially isotropic in the hoop and axial directions (e.g., Type I
or Type II laminates), at least one set of mechanical prop-
erty tests (ASTMD638,ASTMD3039,orASTMD5083)and
one reinforcing content weight percent test (ASTM
D2584) shall be carried out using laminate samples
taken from nozzle, shell end trim, or manway cutouts.
Data obtained from the tests shall be the tensile strength
and tensile modulus of elasticity, the reinforcing content
weight percent, and the reinforcing sequence.

(4) For cylindrical shells constructed of anisotropic
laminates (e.g., filament wound laminates), the following
mechanical property tests are required: flexural strength
and modulus in the hoop and axial directions (corrosion
barrier in compression; ASTMD790), and tensile strength
andmodulus in the axial direction (ASTMD638). The rein-
forcing content weight percent (ASTM D2584) and the
reinforcing sequence shall also be determined.

(5) Specimen requirements shall be as follows:
(-a) Test specimens shall not be machined on the

inner or outer surface.
(-b) Specimensprepared fromcylinder cutouts for

isotropic laminates as defined above shall be cut in the
axial direction of the cylinder to minimize surface curva-
ture.

(-c) Specimens prepared from flat laminates
containingwoven roving shall have their long axis parallel
to the warp of the woven roving.

(-d) When the design requires that all or a portion
of the corrosion barrier is to be excluded as a contributor
to the structural strength of a laminate, then tests of lami-
nates as fabricated would not yield correct data. In such
cases, that portion tobe excluded as a contributor to struc-
tural strength shall be removed from test specimens prior
to testing. By so doing, tensile strength and tensile
modulus test data produced may be compared with
the actual structural design values used and the thick-
nesses of structural portions of laminates that were speci-
fied in the design.

This may be conveniently accomplished by placing
a piece of release film on (or within) the corrosion barrier
during lamination of the shell, at manway cutout location,
or on an extended length of shell near the mandrel end.
CAUTION: Mark the release film location prominently! A
failure to completely remove material covering release
film could cause delamination during service.

Test samples shall then be prepared frommaterial
taken from the release film location.

(e) The Fabricator shall proof test a sample plate for
vessels with proof test requirements and no material
available for proof testing. The sample plate shall use
the same method of fabrication, laminate sequence,
and material lot numbers used to fabricate the vessel.
The Laminator(s) fabricating the vessel shall prepare
the sample plate simultaneously during fabrication.
The Laminator(s) shall construct the sample plate in
the same area as the vessel to ensure environmental
factors are the same as the vessel.

(f) The Inspector shall include copies of all mechanical
property and reinforcing content Proof Test reports in the
inspection report.

6-940 Laminate Imperfections — Visual
Inspection

(a) During the course of fabrication, the Fabricator
shall make all such checks necessary to ensure that lami-
nate imperfections (as defined in Table 6-1) arewithin the
requirements of this Standard and the Visual Inspection
Acceptance Level as specified in the UBRS. The Fabrica-
tor’s Quality Control Program shall include procedures
and forms to be used to control the ongoing process of
laminate fabrication so as to ensure that imperfections
are within required tolerances prior to the final inspec-
tion.

(b) Prior to making a visual examination, the Inspector
shall review the UBRS to determine which Visual Inspec-
tion Acceptance Level has been specified.

(c) The Inspector shall visually check interior and ex-
terior surfaces. (Inspection may be made with the aid of a
light placed behind the section to detect air voids, dela-
mination, lack of fiber wetting, and other imperfections as
described in Table 6-1.)

(d) Visual inspection shall be made before an exterior
pigmented coating or insulation is applied to the shell or
heads of a vessel. Where exterior pigmentation or insula-
tionhasbeen specified, the Fabricator,User, and Inspector
must discuss and agree on visual inspection methods and
arrange for closely timed and scheduled inspections.

(e) The Inspector shall record the results of the visual
inspection in the inspection report.

(f) Balsa Wood Core Laminates
(1) Visual inspection of the component shall be

required from the interior side of the laminate to
check for delamination of the balsa wood core.
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(2) Laminates that are to have a balsa wood core
applied over them after resin saturation and prior to
curing shall be visually inspected prior to applying the
balsa wood core.

(3) The Fabricator shall take the appropriate
measures to ensure adhesion of the interior laminate
to the balsa wood core.

6-950ð23Þ Pressure Tests and Acoustic Emission Tests

(a) A water fill hydrostatic test shall be performed on
all vesselswithMAWPabove 0.50 psig (3.4 kPag). The test
pressure at the top of the vessel shall be 110% to 120% of
the design pressure.

(b) A vessel withMAWP at or below 0.5 psig (3.4 kPag)
shall be filled with water to at least its full designated
liquid capacity, regardless of the specific gravity of the
material to be contained.

(c) Vesselswith an insidediameter less thanor equal to
16 ft (4.9 m) and with MAEWP less than or equal to 6.0 in.
(152 mm) of water, and vessels larger than 16-ft (4.9 m)
inside diameter with MAEWP less than or equal to 1.0 in.
(25 mm) of water, are exempt from vacuum testing. All
other vessels designed for vacuum service shall be evac-
uated to the MAEWP.
WARNING: Suitable precautionary measures shall be taken
to protect personnel and property from a catastrophic
implosion failure during the test.

It should be noted that attainment of full vacuum is not
practical. When the design vacuum cannot be achieved,
the User or User’s Agent and the Fabricator shall agree
on the absolute internal pressure to be achieved
during the test. Internal test pressure shall be 12 psig
(83 kPag) or lower for vessels with a design vacuum
that exceeds 12 psig (83 kPag) external pressure. Such
agreement shall be reachedprior to the start of fabrication
and shall be documented in the UBRS and pressure test
inspection report.

(d) The Fabricator shall have written procedures for
pressure testing. The test pressure shall be held for a
minimum of 2 hr. No visible leakage is permissible
during the 2-hr hold on an internal pressure test.
Some leakage is permissible during a vacuum test,

provided the vacuum test pressure is held for the 2-hr
minimum. (This may require continuous connection to
the vacuum source.) Subsequent to all pressure testing,
the vesse l sha l l pass a v isua l inspect ion per
para. 6-940. During pressure testing, vessels shall be
supported similar to the way they will be supported in
service (so that the loads imposed on the vessel and
the supports are similar to those of the expected
service loads). If the pressure test generates an
upward force, all anchor bolts shall be secured. Vertical
vessels may be hydrotested in the horizontal position if
agreed upon by the User or User’s Agent and Fabricator,
and indicated in the UBRS. The pressure at the highest
point of the vessel in the test position shall be equal to
110% to 120% of the total pressure (hydrostatic plus
design) at the lowest point in the design position. The
User is cautioned that the horizontal test of a vertical
vessel will not simulate all of the loading conditions of
its final installed position.

(e) When it is not practical to conduct a pressure test
until the equipment has been installed in service position,
the test may be conducted at the installation site.

(f) The Inspector shall witness all pressure tests, verify
the test results, and record results of the test in the inspec-
tion report.

(g) If acoustic emission tests are required by the UBRS
oraremandatoryunderdesignprovisionsof this Standard
[see para. 3B-500(c)], the Inspector shall witness the tests
and verify that the procedures used were in accordance
with Mandatory Appendix M-8.

6-960 Procedures for Rectifying Nonconformities
or Imperfections

Mandatory Appendix M-7 describes approved proce-
dures for rectifying nonconformities or imperfections.
Mandatory documentation requirements for rectifying

nonconformities or imperfections are outlined in
Mandatory Appendix M-4, para. M4-400(e).
The Inspector shall include the documentation of

nonconformity or imperfection rectification in the inspec-
tion report.
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Part 7
Shop Qualification

7-100 SCOPE

This Part covers the requirements a Fabricator shall
meet in order to qualify capability in accordance with
this Standard. Included are the Fabricator’s facilities, per-
sonnel, Quality Control Program, and required demon-
stration of capability.

7-200 GENERAL

A Fabricator shall seek to fabricate vessels according to
the rules of this Standard only in the general size range for
which the shop has experience.

7-210 Shop Survey

Fabricators who desire a shop location to be certified
according to the rulesof this Standard shall be surveyedby
anASME survey team. The survey team shall verify that all
requirements of Parts 7 and 8 are met.

7-300 FABRICATOR’S FACILITIES AND
EQUIPMENT

(a) The shop area and field site shall have designated
areas for

(1) storage of resin, catalyst, promoter, solvent, and
other chemicals

(2) resin mixing and dispensing
(3) bulk reinforcement and core material storage
(4) tools and maintenance materials

(b) Headmolds (other than cone shapes or flat covers)
shall be as follows:

(1) ASME torispherical flanged and dished heads, a
2:1 semielliptical head, or a hemispherical head

(2) flanged flat head molds that will produce heads
that satisfy para. 3A-260 and Figure 4-3

(c) Laboratory equipment shall be available for the
quality control of bulk resin, reinforcing materials as
received, and resin mixes as dispensed to fabrication per-
sonnel. Refer to Mandatory Appendices M-1 and M-2.

7-400 PERSONNEL

The Fabricator’s organization shall include specific per-
sonnel designated for each function listed below:

(a) Design and Drafting. As an alternative, this function
may be performed by outside qualified engineering per-
sonnel. Design and drafting will be in accordance with re-
quirements in Parts 1, 3, 4, and 6 of this Standard.

(b) Quality Control. See Mandatory Appendix M-4.
(c) Material Control and Issue. This will include mixing

and testing of resins, and inspection and cutting of rein-
forcement. See Mandatory Appendices M-1 and M-2.

(d) Fabrication
(e) Laminators and Secondary Bonders. Laminators and

Secondary Bonders shall be qualified in accordance with
Mandatory Appendix M-5.

7-500 QUALITYCONTROLPROGRAM, DOCUMENT
HANDLING, AND RECORD SYSTEM

(a) The Fabricator shall establish and maintain an
effective Quality Control Program throughout all
phases of the fabricating process to ensure that all appli-
cable requirements of this Standard are met. Refer to
Part 6, Mandatory Appendix M-4, and Nonmandatory
Appendix NM-6.

(b) The Fabricator shall have a procedure that ensures
only themost current revision of the latest and/or correct
drawings, specifications, purchase orders, and quality
control procedures are used for procurement, fabrication,
and inspection purposes.

(c) A record keeping system satisfying the require-
ments of this Standard shall be in use and available for
audit by the Certified Individual, the Inspector, and the
User’s representative.

7-600 ð23ÞDEMONSTRATION OF CAPABILITY
(DEMONSTRATION LAMINATES)

(a) Each Fabricator’s shop shall demonstrate the
ability to fabricate laminates as required by the rules
of this Standard. This initial demonstration qualifies
the Fabricator to produce laminates by those specific
processes qualified for a maximum period of 5 yr.

(b) Each Fabricator’s shop must redemonstrate the
ability to fabricate laminates, as required by the rules
of this Standard, at no greater intervals than 5 yr. The
Fabricator may redemonstrate the ability to fabricate a
laminate using either of the following methods:
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(1) produce acceptable demonstration laminates as
required by the rules of this Standard for initial qualifica-
tion

(2) provide acceptable Proof Tests for a specific type
of laminate and specific process per para. 6-930(d) [all
requirements of paras. 7-600 through 7-620 are met
with the completion of a successful Proof Test]

(c) Subpart 2A and/or Subpart 2B provides specific
rules governing all laminates and refers to design basis
laminates that a Fabricator is required to make in
order to establish values for strength, thickness, and
glass content. The demonstration laminates required
by thisPart are for thepurposeofqualifying theFabricator
and shop procedures. They may also be used to qualify
Laminators (see Mandatory Appendix M-5). Demonstra-
tion laminates anddesignbasis laminates arenot the same
in purpose; hence requirements in terms of configuration,
quantity to be produced, and tests may differ.

(d) Requirements for demonstration and redemon-
stration laminates shall be as follows:

(1) For initial demonstration, laminates are required
for each type of laminate and each laminating process that
the Fabricator shall use on vessels fabricated to this Stan-
dard; refer to Table 7-1.

(2) For redemonstration, the fabrication process for
Types I and II laminates shall be fabrication process 1 or
fabrication process 2. Fabrication process 3 shall remain
unchanged; refer to Table 7-1.

(e) Each demonstration laminate shall be identified
and labeled by the Fabricator in accordance with
para. 7-900.

(f) Demonstration laminates shall be tested in accor-
dance with this Standard by an independent testing lab-
oratory. The independent testing laboratory shall return

the remains of the demonstration laminate and specimens
with a certified written report. The report shall state the
results of the tests.

(g) AFabricator’s shop is qualified toproduce a specific
type of laminate by a specific process provided the certi-
fied test report indicates that the demonstration laminate
meets or exceeds the requirements of this Standard (see
para. 7-700).

(h) Upon the successful completion of a Demonstration
Laminate Test Program, Fabricators shall complete a
document of “Demonstration Laminate Certification.”
This document is to bemaintainedwithin the Fabricator’s
quality control files and a copy shall be made available to
the User, User’s Agent, or Inspector on request. In this
document, the Fabricator shall certify, via the dated signa-
ture of the Fabricator’s authorized agent, the following:

(1) The demonstration laminate samples were
constructed according to all requirements of this Stan-
dard.

(2) Tests were conducted on the demonstration
laminates according to all requirements of this Standard.

(3) The test data have been carefully examined by
the Fabricator, and the results are in accordance with
all requirements of this Standard.

(4) The next required date for demonstration of
capability via demonstration laminates shall be indicated.

(5) Test reports from the independent testing labo-
ratory are referenced by the specific date and/or refer-
ence number within the certification document and a
copy attached thereto.

Table 7-1
ð23ÞRequired Resins and Acceptable Fabrication Processes for Demonstration Laminates

Type
[Note (1)]

Initial Demonstration
Laminate Thickness, in. (mm)

Redemonstration Laminate
Minimum Thickness, in. (mm)

Required
Resins

[Note (2)]

Fabrication
Process

[Note (3)] Qualification
Type I 0.48 (12.2) 0.25 (6.4) 1 polyester or

1 vinyl ester
1, 2 All resins, all

thicknesses
Type II 0.49 (12.4) 0.37 (9.4) 1 polyester or

1 vinyl ester
1, 2 All resins, all

thicknesses
Filament
wound

0.37 (9.4) min. 0.25 (6.4) 1 polyester or
1 vinyl ester

3 All resins, all
thicknesses

GENERAL NOTES:
(a) A Fabricator shall qualify all fabrication processes to be used to construct vessels to this Standard.
(b) For initial certification, see Mandatory Appendix M-6, para. M6-200(b).

NOTES:
(1) Designates laminate reinforcement type.
(2) Generic classes of resins required for qualification.
(3) Process employed to produce the laminate:
1 — Hand lay-up.
2 — Spray-up using a chopper gun device.
3 — See para. 7-620(b).
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7-610 Hand Lay-Up and Spray-Up Demonstration
Laminates

(a) All Fabricators shall produce and qualify hand lay-
up Types I and II laminates in accordance with require-
ments in Tables 7-1 through 7-3.

(b) Fabricators who plan to produce laminates by the
spray-up (chopper gun) process shall also produce and
qualify spray-up Types I and II laminates in accordance
with requirements in Tables 7-1 through 7-3.

(c) After fabrication, the Fabricator shall identify each
demonstration laminate in accordance with the instruc-
tions in para. 7-900.

(d) The quality control records shall contain a descrip-
tion of the fabrication procedure used to produce each
demonstration laminate.

(e) The mechanical properties of each demonstration
laminate shall be determined in accordance with
para. 7-1000.

7-620 Filament Wound Demonstration Laminates

(a) Fabricators who plan to produce laminates by the
filament winding process shall produce and qualify fila-
ment wound laminates in accordance with the require-
ments in Table 7-1. Qualification for filament winding
shall be in addition to qualification for Type I or Type
II laminates.
NOTE: Both qualifications are required for Fabricators planning
to construct filamentwound vessels to this Standard, as Type I or
Type II laminates are required for the fabrication of heads or
when joining the subassemblies of vessels together.

(b) Since there are many process variations employed
to produce filament wound laminates, each requiring
distinctly different tooling, controls, and skills, this Stan-
dard requires that a Fabricator qualify all the process
variations to be used in the construction of filament
wound vessels to this Standard.
Some examples of process variations, each requiring a

demonstration laminate, are
(1) dry continuous filament winding
(2) wet (bath) continuous filament winding
(3) tape winding in conjunction with (1) or (2)
(4) spray-up in conjunction with (1) or (2)

Table 7-2
Dimensional Requirements for Hand Lay-Up and

Spray-Up Demonstration Laminates

Req.
No. Requirements
(1) A demonstration laminate shall be square within ±0.3 deg,

measuring 24 in. ± 1∕16 in. (600 mm ± 1.50 mm) on each side.
(2) The peak deviation from flatness of the inner surface shall not

exceed 3∕16 in. (4.5 mm)
(3) The average spot thickness of a demonstration laminate shall be

determined by procedures outlined in para. 6-920 and shall
be within tolerances established in Subpart 2C.

(4) Edges of a demonstration laminate shall be smooth and not
jagged. Edge indentationor chips shall not exceed 1∕32 in. (0.80
mm) in depth.

(5) For demonstration laminates made by the spray-up process, a
24 in. × 24 in. (600 mm × 600 mm) test sample shall be cut
from the center of an approximately 30 in. × 30 in. (750mm×
750 mm) laminate.

Table 7-3
Reinforcement Requirements for Hand Lay-Up and Spray-Up Demonstration Laminates

Laminate
Type

Nominal Thickness, in.
(mm) [Notes (1), (2)]

Liner Plies Structural Plies
1 2 3 4 5 6 7 8 9 10 11 12 13

Type I 0.48 (12.2) V M M M M M M M M M M M …
Type II 0.49 (12.4) V M M M R M R M R M M R M

GENERAL NOTES:
(a) Actual thickness and glass content of each sequence of plies shall be established by each Fabricator based on the Fabricator’s design basis

laminate.
(b) Corrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.
(c) Structural lay-upmay be interrupted long enough to exothermbetween adjacent “MM”plies. If required by fabrication procedure, location of

exotherm plies may be changed by shifting ply 10 within the laminate body or by splitting an “M” ply into weight-equivalent layer(s).
(d) One or more weight-equivalent layers of chopped strand glass or mat may be used in place of layers of 1.5-oz/ft2 (450-g/m2) mat.

NOTES:
(1) Nominal thickness shall be calculated as follows:

V = 10 mil surface mat (veil) − 0.010 in./ply (0.25 mm/ply)
M = 1.5 oz/ft2 mat − 0.043 in./ply (450 g/m2 mat − 1.1 mm/ply)
R = 24 oz/yd2 woven roving − 0.033 in./ply (810 g/m2 woven roving − 0.84 mm/ply)

(2) This information is based on historical data andmaynot reflect all laminatesmade today. Laminatesmade today are often thinner and have a
higher glass content than noted in the Table. The Table should be used for establishingminimum glass plies per nominal laminate thickness.
Ply thicknesses should be based on design basis laminates.
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It is possible to qualify more than one of the above vari-
ables in a single demonstration laminate, as long as the
resulting laminating process shall routinely be employed
to produce vessels to this Standard.

(c) Demonstration laminates shall have a Type I hand
lay-upor spray-up liner overwhich the structural filament
wound layer is applied. This liner shall exotherm and cool
before the structural filament wound layer is applied.

(d) A minimum of one ply of 0.75-oz/ft2 (225-g/m2)
chopped strand mat or an equivalent weight by the
chopped spray method shall be applied over the liner
immediately before starting the filament wound struc-
tural layer.

(e) A filament wound demonstration laminate shall be
24 in. ± 2 in. (600 mm ± 50 mm) and may be a round/
elliptical or square/rectangular section cut from a hoop,
which wound on a mandrel with a minimum diameter of
8 ft (2.4m) tominimize the effects of curvature on sample
testing. The width of the hoop shall be greater than 24 in.
(600mm)byamargin sufficient toavoid turnaroundareas
in the 24 in. × 24 in. (600 mm × 600mm) cut section from
which test samples shall be taken.

(f) The thickness of the demonstration laminate shall
be 0.37 in. (9.4 mm) minimum [0.25 in. (6 mm) for rede-
monstration], butmay be increased up to 0.63 in. (16mm)
to allow for variations inwinding or laminating sequences
that require thicknesses over 0.37 in. (9.4 mm) to
complete.

(g) Filament wound demonstration laminates shall be
tested in accordance with para. 7-1000. Tensile strength
and tensilemodulus per para. 7-1000(c) shall be obtained
in the axial direction only. Also, disregard para.
7-1000(a)(2).

(h) Refer to para. 7-900(a)(4). Fabricators shall
provide a comprehensive description of the filament
wound laminate sequence.

7-700 MINIMUM TEST VALUES FROM
DEMONSTRATION LAMINATES

(a) Type I or Type II Demonstration Laminates
(1) Dimensions shall bewithin tolerancesoutlined in

Table 7-2.
(2) Barcol hardness readings shall show that 80% of

the readings meet or exceed 90% of the resin manufac-
turer’s published casting hardness data.

(3) Tensile strength and tensilemodulus values shall
meet or exceed the values given in Table 2A-3.

(b) Filament Wound Demonstration Laminates
(1) Dimensions shall bewithin tolerancesoutlined in

paras. 7-620(e) and 7-620(f).
(2) Refer to (a)(2) forBarcol hardness requirements.
(3) Axial tensile strength and tensilemodulus values

shall meet or exceed those values given for a Type I lami-
nate in Table 2A-3.

7-800 DEMONSTRATION VESSEL

Fabricators shall design, fabricate, and satisfactorily
test a demonstration vessel in accordance with instruc-
tions contained in Mandatory Appendix M-6.
The design and fabrication of the demonstration vessel

requires a comprehensive understanding of this Standard.
It involves a full demonstration of the Fabricator’s ability
to design, execute drawings, qualify demonstration lami-
nates, establishdesign values fromdesignbasis laminates,
qualify Laminators and Secondary Bonders, and fabricate
under effective overview of the Fabricator’s Quality
Control Program, all in full accordance with the require-
ments of this Standard.
No Fabricator shall claim qualification to fabricate to

this Standard until having satisfactorily completed and
tested the demonstration vessel in accordance with the
instructions in Mandatory Appendix M-6.

7-900 IDENTIFYING DEMONSTRATION
LAMINATES

(a) Identification Report. A complete identification
report shall accompany each demonstration laminate.
This shall include the following:

(1) Fabricator’s shop name, address, phone number
(2) identification of person fabricating the laminate
(3) date the laminate was completed
(4) fabrication process
(5) description of fabrication materials used

(-a) resin manufacturer’s name and designation
for resin

(-b) generic class of resin
(-1) polyester
(-2) vinyl ester

(-c) reinforcement manufacturer’s name(s) and
designation for reinforcement(s)

(b) Labeling. The Fabricator shall clearly label each
demonstration laminate with the following:

(1) name of the Fabricator’s shop and identification
of person who fabricated the laminate

(2) date laminate was completed
(3) typeof laminate (Type I, Type II, filamentwound)
(4) inner surface andouter surface shall be identified
(5) the two warp strand edges on Type II laminates,

and hoop and axial directions on filament wound lami-
nates, shall be identified

(6) resin and reinforcementmanufacturers and their
Manufacturer’s Specific Product Identifications (MSPI)

7-1000 LABORATORY TEST AND TEST REPORT
REQUIREMENTS FOR DEMONSTRATION
LAMINATES

The demonstration laminate specimen shall be tested,
and information recorded and reported, in accordance
with the following requirements:
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(a) Dimensional Measurements of the Demonstration
Laminate

(1) The length and width of the demonstration lami-
nate shall be measured and recorded.

(2) The flatness of the demonstration laminate shall
be determined by measuring the maximum possible gap
under a straightedge placed on the veil side and moved to
achieve a maximum gap; this gap shall be recorded. (Does
not apply to filament wound laminates.)

(3) Theaverage thicknessof thedemonstration lami-
nate shall be determined using the procedures outlined in
para. 6-920(f)(2)(-a). All measurement data shall be
recorded. Measurements should be taken at the approx-
imate center of the demonstration laminate.

(4) The testing report shall summarize measure-
ments taken and state compliance or nonconformance
with the requirements of this Standard. Reference is
made to Table 7-2, paras. 7-620(e) and 7-620(f), and
Subpart 2C.

(b) Barcol Hardness and Acetone Sensitivity Test
(1) Barcol hardness shall be determined on the

demonstration laminate inner surface in accordance
with para. 6-910(b), and all Barcol readings shall be
recorded.

(2) 80% of the Barcol hardness readings taken shall
meet or exceed90%of the resinmanufacturer’s published
hardness data.

(3) An acetone sensitivity test shall be conducted in
accordance with para. 6-910(b)(7).

(4) The testing report shall summarize the Barcol
hardness measurements and the results of the acetone
sensitivity test, and state compliance or nonconformance
with the requirements of this Standard.

(c) Tensile Strength and Tensile Modulus of Elasticity
(1) Tensile strength and tensilemodulus of elasticity

shall be determined using the method given in ASTM
D638, ASTM D3039, or ASTM D5083.

(2) Test specimens shall be taken from equally
spaced areas on the demonstration laminate. Specimens
shall be cut parallel to the edge of the laminate and the
procedure must not chip, tear, or degrade the specimens.
Type II test specimens shall be cut parallel to the labeled

warp strand edge. The thickness of the specimens shall be
the full thickness of the laminate and must not be
machined on the inner or outer surfaces. Both hoop
and axial test coupons are required for anisotropic lami-
nates.

(3) Test specimens shall be machined to the dimen-
sions shown in Figure 7-1.

(4) The testing report shall include the following
data and shall state compliance or nonconformance
with the requirements of this Standard (see para. 7-700):

(-a) testing speed, in./min (mm/min)
(-b) width and thickness of each specimen, in.

(mm)
(-c) peak load for each specimen, lb (N)
(-d) tensile strength of each specimen, psi (MPa)
(-e) tensilemodulus of elasticity of each specimen,

psi (GPa)
(-f) average tensile strength, psi (MPa)
(-g) average tensile modulus, psi (GPa)

(d) Glass Content and Reinforcing Sequence
(1) The glass content weight percent shall be deter-

mined by the method given in ASTM D2584.
(2) A 1-in. (25-mm) wide strip shall be cut from the

demonstration laminate. This strip shall be cut into three
1-in. (25-mm) long specimens.

(3) The testing report shall include the following
data and shall state compliance or nonconformance
with the requirements of this Standard (see para. 7-700):

(-a) pyrolysis temperature.
(-b) specimen weight before ignition, g.
(-c) weight of specimen plus crucible, before igni-

tion and after ignition, g.
(-d) reinforcing sequence identification in the

general form of Table 2A-2; report in drafting symbol
style (by visual inspection). This identification is not
required for Type I laminates.

(-e) ignition loss for each specimen, g.
(-f) resin content of each specimen and average,

wt %.
(-g) glass content of each specimen and average,

wt %.
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Figure 7-1
Dimensions for Tensile Test Specimen

Thickness
(as fabricated)

2.25 in. (57 mm)

1.
13

 in
. 

(2
9 

m
m

)

4.5 in. (115 mm)
Grip distance

9.7 in. (246 mm)
Minimum length

0.75 in. ± 0.20 in.
  (19 mm ± 5 mm)

3 in. (76 mm) radius
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Part 8
Certification

8-100 SCOPE

Part 8 provides rules for certification of Fabricators of
RTP vessels.

8-200 GENERAL

A certified Fabricator is one who holds a valid ASME
RTP-1 Certificate of Authorization. The Certificate of
Authorization permits the Fabricator to stamp the
vessel with the ASME Certification Mark with RTP Desig-
nator, certifying that the vessel complies with all require-
ments of this Standard and ASME CA-1.
The responsibilities set forth herein relate only to

compliancewith this Standard and are not to be construed
as involving contractual or legal liabilities.

8-300 CERTIFICATION PROCESS

8-310 Application

(a) Application for ASME RTP-1 Certification and the
Certification Mark stamp shall be in accordance with
ASME CA-1, para. 2.1.

(b) When requested by the applicant on forms desig-
nated by ASME, ASMEwill arrange for an evaluation of the
applicant’s Quality Control Program and shop qualifica-
tions.

8-320 Quality Control Program

The Quality Control Program shall meet the require-
ments of para. 1-500, para. 8-325, and ASME CA-1, paras.
2.2 and 2.3.

8-325 Changes to Quality Control Program. If the
Certificate Holder wishes to make changes to the
Quality Control Program, the Certificate Holder shall
submit the proposed changes to ASME for approval,
which shall accept or reject them in writing.

8-330 Evaluation of Quality Control Program

Evaluation of the Quality Control Program shall meet
the requirements of ASME CA-1, paras. 2.2 and 2.3.
The acceptance by ASME of a Quality Control Program
shall not be interpreted tomean endorsement of technical
capability to perform design work.

8-340 Evaluation of Shop Qualification

The evaluation shall be in accordance with Part 7.

8-350 Verification of Shop Qualification

An organization applying for a Certificate of Authoriza-
tion shall have its shop(s) surveyed by anASME-approved
survey team to ensure that all requirements of the Stan-
dard are met.

8-400 ASME RTP-1 CERTIFICATE OF
AUTHORIZATION HOLDER

A Fabricator shall obtain a valid Certificate of Author-
ization in accordance with para. 1-520 and ASME CA-1, in
order to stamp the vessel.

8-410 Additional Responsibilities of the ASME
RTP-1 Certificate Holder

Responsibilities include the following:
(a) evaluation andapproval ofmaterialmanufacturers,

and suppliers of parts and subcontracted services, in
accordance with Mandatory Appendix M-4

(b) establishing and maintaining a Quality Control
Program in accordance with Mandatory Appendix M-4

(c) preparing and filing a Quality Control Program
manual per ASME CA-1, para. 2.3.4 and Table 1

(d) furnishing the User or User’s Agent with the appro-
priate Fabricator’s Data Report(s)

(e) capability of testing per para. 6-950
(f) ability to meet the requirements of ASME CA-1,

paras. 2.1, 5.2, and 5.3

8-420 Subcontracting

TheFabricator completing anyvessel tobemarkedwith
the ASME Certification Mark with RTP Designator has the
responsibility of ensuring that any work done by others
complies with all the requirements of this Standard and
ASME CA-1.

8-500 ISSUANCE OF CERTIFICATION

The requirements of ASME CA-1, para. 2.4 shall apply.

8-550 Maintaining Certification

The requirements of ASME CA-1, para. 2.5 shall apply.
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8-560 Renewal of Certification

The requirements of ASME CA-1, para. 2.6 shall apply.

8-570 Suspension of Certification

The requirements of ASME CA-1, para. 2.7 shall apply.

8-580 Withdrawal of Certification

The requirements of ASME CA-1, para. 2.8 shall apply.

8-600 DESIGNATED OVERSIGHT

The requirements of ASME CA-1, Section 3 shall apply.

8-700 DATA REPORTS

The requirements of paras. 1-520 and 8-410(d) shall
apply.

8-800 ASME RTP CERTIFIED MARK AND
CERTIFIED DESIGNATOR

8-810 Marking Items With the ASME Certification
Mark and the RTP Certification Designator

(a) The official ASME Certification Mark with RTP
Designator (as shown in Figure 8-1) shall be applied to
a vessel built according to all provisions of this Standard
and ASME CA-1, para. 5.1.

(b) The Fabricator who completes a vessel, and has
held throughout its design and fabrication a valid Certi-
ficate of Authorization, and having the acceptance of the
Certified Individual [see para. 6-300(i)], may then apply
the ASME Certification Mark with RTP Designator, which
together with the Fabricator’s Data Report shall certify all
requirements of this Standard have been met. The ASME
Certification Mark with RTP Designator shall be applied
after the successful completion of all tests required by
paras. 6-910 through 6-960.

(c) RTP subassemblies or components of a vessel for
which Partial Data Reports are required in Part 6 shall be
marked by the component Fabricator with the following:

(1) the official ASME Certification Mark with RTP
Designator shown in Figure 8-1 above the word “COMPO-
NENT”

(2) name of the Fabricator of the part of the vessel,
and certificate number, preceded by the words “Certified
By”

8-820 Authorization and Time of Marking

The requirements of ASME CA-1, para. 5.2 shall apply.

8-830 Control

The requirements of ASME CA-1, para. 5.3 shall apply.

8-840 RTP Requirements for Nameplate
Construction and Attachment

(a) The method for identifying a vessel built to this
Standard shall be a nameplate not less than 4 in. × 6
in. in size. The nameplate shall be permanently attached
to the vessel or to a corrosion-resistant bracket perma-
nently attached to the vessel as follows:

(1) Papernameplates shall be laminated to thevessel
surface or to an RTP bracket using resin-wetted layers of
fiberglass surfacing veil.

(2) Cast, etched, embossed, engraved, or stamped
nameplates shall be permanently attached to a metal
or RTP bracket. Easily removable fasteners such as
screws, bolts, and drive pins are not acceptable attach-
ment methods.

(3) In thecaseof an insulatedvessel, thebracket shall
have a standoff height of at least 1 in. (25 mm) more than
the insulation thickness.

(b) Thenameplate shall bemarkedwith all information
as required by para. 8-850.

(c) After attachment to the vessel or bracket, all data
shall be visible and legible.

(d) Nameplates shall be located in such a position as to
be easily visible after a vessel is installed. Users should
designate required nameplate location prior to the
time thatdrawings are approved for fabrication. Locations
near manways, which after vessel installation would be
near ground level or just above an operating platform,
are recommended.

(e) In addition to the nameplate, Fabricators may affix
or attach any such proprietary or User logos, or data
plates, as desired, with no limitation on design,
method of attachment, data content, or location, provided
the structural integrity of the vessel or its usefulness is not
compromised.

8-850 Requirements for RTP Nameplate
Information and Marking

(a) Eachnameplate shall bemarkedwith the following:
(1) the official ASME Certification Mark with RTP

Designator shown in Figure 8-1

Figure 8-1
Official ASME Certification Mark With RTP Designator

RTP
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(2) name of the Fabricator of the vessel and certifi-
cate number

(3) Fabricator’s serial number for the vessel
(4) year stamped
(5) User’s identification number (if specified in the

UBRS)
(6) Manufacturer’s Specific Product Identification

for resin
(7) appropriate Visual Inspection Level (Level 1 or

Level 2)
(8) for vessels defined as “Atmospheric” in the UBRS

(see also para. 3-300), the words
(-a) “Design Pressure — Atmospheric”
(-b) “Maximum Temperature”

(9) for other vessels
(-a) “Maximum Allowable Working Pressure at

Maximum Temperature” (may be abbreviated “MAWP
at Max. Temp.”)

(-b) “Maximum Allowable External Working Pres-
sure at Maximum Temperature” (may be abbreviated
“MAEWP at Max. Temp.”)

(10) design basis specific gravity of contents
(11) the designation “Critical Service” if applicable

Specified pressures shall be gage pressures given in
units as specified in the UBRS. Temperatures shall be
in units specified in the UBRS.

(b) If the vessel is optionally registered, the National
Board Mark and Registration Number shall be stamped
on the nameplate. The legend “National Board Registra-
tion Number” is optional.

(c) Letters and figures indicating specific vessel design
data shall be at least 5∕16 in. (7.5 mm) high. Preprinted
legend letters and figures shall be at least 1∕8 in. (3
mm) high.

8-860 Requirements for RTP Nameplate Design

(a) Paper Nameplates
(1) Paper shall be at least 0.004 in. (0.1 mm) thick

and of high quality, white bond or linen base.
(2) All markings shall be black, highly visible and

readable, on a white background.
(3) Markings, including the ASME CertificationMark

withRTPDesignator, shall bemade in indelible ink of such
nature as not to be water or resin soluble.

(b) Cast, Etched, Embossed, Engraved, or Stamped
Nameplates

(1) Material shall be 300 series stainless steel or
other suitable corrosion-resistant material.

(2) Thickness shall be sufficient to resist distortion
due to the application of the marking, but in no case shall
be less than 0.020 in. (0.5 mm)

(3) Markings including the RTP Designator may be
produced by casting, etching, embossing, stamping, or
engraving. The ASME Certification Mark shall be
stamped. All stamps for applying the ASME Certification
shall be obtained from ASME.
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MANDATORY APPENDIX M-1
REINFORCEMENT MATERIALS RECEIVING PROCEDURES

M1-100 INTRODUCTION

All inspections and tests specified in this Appendix are
to be performed by Fabricator personnel or an indepen-
dent testing laboratory.

ARTICLE A
FIBERGLASS SURFACING VEIL, ORGANIC FIBER
SURFACING VEIL, CARBON FIBER VEIL, AND

FIBERGLASS CHOPPED STRAND MAT

M1A-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that shall be performed on the rolls of fiberglass
surfacing veil, organic fiber surfacing veil, and fiberglass
chopped strand mat that shall be used to fabricate equip-
ment to this Standard.

M1A-200 ACCEPTANCE INSPECTION

Acceptance inspection shall include inspection of all
rolls for proper packaging and identification, and contam-
ination. This acceptance inspection is to be conducted on
the unopened roll. Acceptance requirements and limits
are as defined in para. M1A-410. Acceptance inspection
shall include inspection of selected rolls for measurement
of unit weight per ASQ Z1.4 criteria. Inspection for manu-
facturing imperfections shall be conducted during use of
rolled goods. Acceptance requirements and limits are as
defined in paras. M1A-420 and M1A-430.
Form M1A-1, or a similar form that contains the provi-

sions to record the results of these required inspections
and certifications, if applicable, shall be used by the Fabri-
cator and shall be retained in the inspection records. A
separate form shall be used for each mat manufacturer,
mat nomenclature, mat treatment, and mat unit weight.
In lieu of performing the above manufacturing inspec-

tions, measurements, and documentation, the Fabricator
shall provide the User or User’s Agent with a Certificate of
Compliance from the material manufacturer. This Certi-
ficate shall ensure that materials were manufactured,
inspected, and tested per the material supplier’s specifi-
cations.

M1A-300 EQUIPMENT AND MEASURING TOOLS
REQUIRED

M1A-310 Inspection Table and Lights

An inspection table andadequateoverhead lighting that
are suitable for the inspection and testing of the mat are
required. The equipment used must not introduce
contamination to the mat during inspection and testing.

M1A-320 Linear Measuring Tools

A standard linearmeasuring tool (longer than thewidth
of the rolls) that measures the roll widths with minimum
accuracy of ±1∕8 in. (±3mm) is required. A 12 in. ± 1∕32 in. ×
12 in. ± 1∕32 in. (300 mm ± 0.80 mm × 300mm ± 0.80 mm)
template is required.

M1A-330 Laboratory Balance

A laboratory balance that measures to 0.1 g is required.

M1A-400 PROCEDURESANDACCEPTANCELIMITS

M1A-410 Roll Identification and Package
Inspection

The mat shall be packaged as shipped from the mat
manufacturer’s factory. If repackaging is required, the
Fabricator shall ensure that a material Certificate of
Compliance traceable to the original material is provided.
The original labels can be modified in regards to number
and width of rolls only. All other documentation shall
remain unchanged. Verify and enter in the inspection
record that the mat rolls as identified by the mat manu-
facturer have the same nomenclature as the mat specified
to produce the laminate by Subparts 2A and 2B, and
examine the packaging of the mat for damage that
renders the mat unusable. Indicate acceptable rolls by
recording the date and name of the person performing
the examination in Form M1A-1, column 4.
For packaged mats that are found to be acceptable for

further inspection and tests, enter the reinforcement
production date and lot number in Form M1A-1,
columns 2 and 3.
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Fabricator’s name Mat manufacturer

Address Mat nomenclature

Mat treatment (if given) [Note (1)]

QC file no. Mat weight [Note (2)]

1 2 3 4 5 6 7 8

Roll Reinforcement Lot No. Packaging Width Weight of Property Visual
noitcepsnInoitcepsnInoitcepsnI])1(etoN[etaDnoitcudorP.oN

)6dna5.sloC(elpmaS)neviGfi(

etaDyBetaDyBetaDyB

1

2

3

4

5

6

7

8

Comments on visual and packaging inspection (indicate which roll):

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

NOTES:
(1) Lot, batch, product code, or other label identification.
(2) Manufacturer’s label weight.

Form M1A-1 Veil and Mat Reinforcement Log Sheet

ft2 (m2)
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M1A-420 Visual Inspection of Mat

(a) As the mat is used during fabrication, it shall be
visually inspected for imperfections and contamination.
Date and name of person performing visual inspection
shall be recorded in Form M1A-1, column 8.

(b) The mat shall be uniform in color, texture, and
appearance. Imperfections and/or contaminants shall
be removed so as not to damage the mat or by making
two parallel cuts across the width of the mat and
discarding the rectangular section of the mat containing
the defects. Contaminants do not include white or light
gray binder spots.
NOTE: Examples of imperfections are holes, cuts, thin spots, or
delaminations, i.e., separating into layers during unrolling.
Examples of contaminants are dirt, oil, grease, and foreign
objects.

(c) Rolls having any of the following defects shall not be
used in laminates made to this Standard:

(1) wet spots
(2) water contamination
(3) bar marks
(4) lengthwise wrinkles exceeding 5 ft (1.5 m) in

length

M1A-430 Unit Weight of Mat

From the leading edge of each roll of mat that will be
tested as per para. M1A-200, cut a 1-ft2 (0.01-m2) [10-ft2
(0.1-m2) for surfacing veil] sample using the template
specified in para. M1A-320. If the roll is less than 12
in. (300 mm) wide, use the full width of the roll, but
adjust the length of the sample (use the linear measuring
tool specified in para. M1A-320). Any property measure-
ment shall be conducted by unrolling only the quantity of
material required to conduct the test. Using the laboratory
balance required by para. M1A-330, weigh the sample of
mat to the nearest 0.1 g. Convert the grams to ounces, if
needed, by multiplying grams by 0.0352. If the sample
from a roll falls outside the mat manufacturer’s specified
weight range, the roll of mat shall be rejected. Enter the
values of weighed samples for acceptable and unaccept-
able rolls in the inspection form in FormM1A-1, column 6.
Note the rejected rollswith theword “rejected” next to the
recorded weight in column 6.

ARTICLE B
FIBERGLASS SPRAY-UP ROVING AND FILAMENT

WINDING ROVING

M1B-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on fiberglass spray-up
roving and filament winding roving that are to be used
to fabricate equipment to this Standard.

M1B-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection of the
roving balls for proper packaging, identification, and
contamination. This acceptance inspection is to be
conducted on the unopened roll. Acceptance require-
ments and limits are as defined in para. M1B-410. Accep-
tance inspection shall include inspection of selected rolls
for measurement of roving yield per ASQ Z1.4 criteria.
Inspection for manufacturing imperfections shall be
conducted during use of roving balls. Acceptance require-
ments and limits are as defined in paras. M1B-420 and
M1B-430.
Form M1B-1, or a similar form that contains the provi-

sions to record the results of inspections, shall be used by
the Fabricator and shall be retained in the inspection
records. A separate form shall be used for each roving
manufacturer, roving nomenclature, and roving yield.
In lieu of performing the above inspections, measure-

ments, and documentation, the Fabricator shall provide
the User or User’s Agent with a Certificate of Compliance
from the material manufacturer. This Certificate shall
ensure that materials were manufactured, inspected,
and tested per the material supplier’s specifications.

M1B-300 EQUIPMENT AND MEASURING TOOLS

M1B-310 Wrap Reel

Adevicemay be used that provides aminimumof a 6 yd
(5.5m) samplemeasured and cut under sufficient tension
to keep the strand taut. Equipment such as standard36-in.
or 54-in. (900-mmor1350-mm)yarn reelwith adjustable
transverse, four skein capacity is suggested.

M1B-320 Laboratory Balance

A laboratory balance that measures to 0.1 g is required.

M1B-400 PROCEDURESANDACCEPTANCELIMITS

M1B-410 Roving Identification and Package
Inspection

The roving shall bepackaged as shipped fromthemanu-
facturer’s factory. The roving shall not be repackaged in
the distribution of thematerial after themanufacturer has
shipped the roving. Verify that the roving balls as identi-
fied by the manufacturer have the same nomenclature as
the roving required by Part 2 and examine the packaging
of the roving for damage that renders the roving unusable.
Indicate acceptable roving by recording in Form M1B-1,
column 4, the date and name of the person performing the
examination.
Forpackaged rovings that are found tobe acceptable for

further inspection and tests, enter the reinforcement
production date and lot number for each ball in
Form M1B-1, columns 2 and 3.
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Fabricator’s name Roving manufacturer

Address Roving nomenclature

Roving yield

QC file no.

1 2 3 4 5 6 7

Ball Reinforcement Lot No. Packaging Yield Property Visual
noitcepsnInoitcepsnInoitcepsnI])1(etoN[etaDnoitcudorP.oN

(if Given) (Column 5)

By Date By Date By Date

1

2

3

4

5

6

7

8

Comments on visual and packaging inspection (indicate which roll):

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
NOTE:
(1) Lot, batch, product code, or other label identification.

Form M1B-1 Roving Reinforcement Log Sheet
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M1B-420ð23Þ Visual Inspection of Roving

(a) The roving ball shall be visually inspected for
imperfections and contamination prior to use by the
Fabricator. Record the date and the inspector’s name
in Form M1B-1, column 7. If any roving ball is rejected,
record the reason in the comments section inFormM1B-1.

(b) Roving balls having any of the following defects
shall not be used for laminates made to this Standard:

(1) any package that exhibits foreign matter such as
dirt, oil, grease, waste fiber, or fragments of fiber such that
it would detract from the performance or appearance of
the finished product

(2) balls that have been contaminated by water

M1B-430 Measurement of Roving Yield

Fromonerovingball pershipment, obtainaminimumof
a 6 yd (5.5 m) sample (length A) of roving as required by
para. M1B-310. Roving shall be pulled from the same side
of the package as used in the Fabricator’s process. If the
roving is pulled from the outside of the package, sufficient
material shall be removed and discarded so that the
sample will be taken from undisturbed material.
Remove the sample from the wrap reel. Double the
sample several times and tie with a single knot. Using
the balance required by para. M1B-320, weigh the
sample to the nearest 0.1 g. Convert grams to ounces
by multiplying grams by 0.0352. Two specimens from
each package shall be measured and the average
computed. Record as weight A.
Calculate the yield, yd/lb, using the following formula:

= × =A
A A

yield, yd/lb
16 oz/lb length

weight , oz
96

weight , oz

Calculate the yield, km/g, using the following formula:

=
×

A
A

yield, km/g
length , m

1000 m/km weight , g

Calculate the TEX, g/km, using the following formula:

= × A
A

TEX, g/km
1000 m/km weight , g

length , m

Enter the yield of acceptable and unacceptable balls of
roving in Form M1B-1, column 5. If the yield of the ball of
roving is outside the manufacturer’s specification, the
remaining balls in the shipment are to be inspected
per ASQ Z1.4 criteria, following the procedure specified
in this paragraph. Balls whose yield is outside the manu-
facturer’s specification shall not be used for laminates
made to this Standard. Note the rejected roving balls
with the word “rejected” next to the yield in column 5.
Also, record the date and name of the person performing
the yield measurement in column 6.

ARTICLE C
ð23ÞWOVEN ROVING FABRIC, UNIDIRECTIONAL

FABRIC, AND NONWOVEN BIAXIAL FABRIC

M1C-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on the rolls of woven
roving fabric, unidirectional fabric, and nonwoven
biaxial fabric that are to be used to fabricate equipment
to this Standard.

M1C-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection of all
fabric rolls for proper packaging and identification, and
contamination. This acceptance inspection is to be
conducted on the unopened roll. Acceptance require-
ments and limits are as defined in para. M1C-410. Accep-
tance inspection shall include inspection of selected rolls
for measurement of unit weight and verification of
construction of fabric per ASQ Z1.4 criteria. Inspection
for manufacturing imperfections shall be conducted
during use of rolled goods. Acceptance requirements
and limits are as defined in paras. M1C-420 through
M1C-450.
Form M1C-1, or a similar form that contains the provi-

sions to record the results of these required inspections,
shall be used by the Fabricator and shall be retained in the
inspection records. A separate form shall be used for each
fabric manufacturer, fabric nomenclature, fabric unit
weight [oz/yd2 (g/m2)], and fabric construction.
In lieu of performing the above inspections, measure-

ments, and documentation, the Fabricator shall provide
the User or User’s Agent with a Certificate of Compliance
from the material manufacturer. This Certificate shall
ensure that materials were manufactured, inspected,
and tested per the material supplier’s specifications.

M1C-300 EQUIPMENT AND MEASURING TOOLS
REQUIRED

M1C-310 Inspection Table and Lights

An inspection table andadequateoverhead lighting that
are suitable for the inspection and testing of the fabric are
required. Theequipmentused shall not introduce contam-
ination to the fabric during inspection and testing.

M1C-320 Linear Measuring, Marking, and Cutting
Tools

(a) A standard linear measuring tool (longer than
width of roll) that measures the roll widths with
minimum accuracy of ±1∕8 in. (±3 mm) is required.

(b) A3 in. ± 1∕32 in. (76mm±0.80mm) square template
is required.

(c) A fine-point felt-tip pen and scissors are required.
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Fabricator’s name Fabric manufacturer

Address Fabric nomenclature

Fabric weight

QC file no. Fabric construction

1 2 3 4 5 6 7 8 9

Roll Reinforcement Lot No. Packaging Width Weight Construction Property Visual
noitcepsnInoitcepsnInoitcepsnI])1(etoN[noitcudorP.oN

Date (Cols. 5, 6,
(if Given) and 7)

etaDyBetaDyBetaDyB

1

2

3

4

5

6

7

8

Comments on visual and packaging inspection (indicate which roll):

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
NOTE:
(1) Lot, batch, product code, or other label identification.

Form M1C-1 Fabric Reinforcement Log Sheet
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M1C-330 Laboratory Balance

A laboratory balance that measures to 0.1 g is required.

M1C-400 PROCEDURESANDACCEPTANCELIMITS

M1C-410 Roll Identification and Package
Inspection

The fabric shall be packaged as shipped from themanu-
facturer’s factory. The fabric shall not be repackaged in the
distribution of the material after the manufacturer has
shipped the fabric. Verify that the fabric rolls as identified
by the manufacturer have the same nomenclature as the
fabric requiredbyPart2, andexamine thepackagingof the
fabric for damage that renders the fabric unusable. Indi-
cate acceptable rolls by recording thedate andnameof the
person performing the examination in Form M1C-1,
column 4.
For packaged rolls that are found to be acceptable for

further inspection and tests, enter the fabric production
date and lot number in Form M1C-1, columns 2 and 3.

M1C-420 Visual Inspection of Fabric

(a) As fabric is used, it shall be visually inspected for
imperfections and contaminations by the Fabricator.
Record date and name of inspector in Form M1C-1,
column 9. If a roll is rejected, record the reason under
the comments section in Form M1C-1.

(b) Fabric shall be uniform in color, texture, and
appearance. The following imperfections and/or contam-
inations shall be removed from woven roving and
nonwoven biaxial fabric by making two parallel cuts
across the width of the fabric and discarding the rectan-
gular sections of fabric containing the following defects:

(1) dirt spots [3∕16 in. to 3∕4 in. (4.5 mm to 19 mm) in
diameter] in excess of one per 10 lineal feet (3 lineal
meters) (dirt spots are defined as all foreign matter,
dirt, grease spots, etc.)

(2) missing ends for more than 2 consecutive feet
(600 consecutive millimeters) in length

(3) fuzz clumpsor loopsgreater than1 in. (25mm) in
height from the surface

(c) Woven and nonwoven biaxial fabric having any of
the following defects shall not be used for laminatesmade
to this Standard:

(1) dirt spots in excess of 3∕4 in. (19 mm) in diameter
(dirt spots are defined as all foreign matter, dirt, grease
spots, etc.)

(2) more than 11 missing ends, either individual
picks or any combination of individual and multiple (2,
3, 4, or 5) ends in any consecutive 100 lineal feet
(30.5 lineal meters)

(3) fuzz clumps or loops that prevent the proper lay-
down of the fabric and that cannot be easily removed

(4) rolls that have been contaminated by water

(d) Unidirectional fabric shall be uniform in color,
texture, and appearance. The following imperfections
and/or contaminations shall be removed from the
fabric by making two parallel cuts across the width of
the fabric and discarding the rectangular sections of
fabric containing the following defects:

(1) dirt spots [3∕16 in. to 3∕4 in. (4.5 mm to 19 mm) in
diameter] in excess of one per 10 lineal feet (3 lineal
meters) (dirt spots are defined as all foreign matter,
dirt, grease spots, etc.).

(2) missing ends in any direction less than one per
lineal foot (300 lineal millimeters).

(3) areas of the fabric less than6 in. × 6 in. (150mm×
150 mm) where rovings are disoriented or looped less
than 1 in. (25 mm) in height from the surface. The
number of these areas shall not exceed two per 5
lineal yards (4.6 lineal meters) of fabric. If so, the roll
shall not be used for laminates made to this Standard.

(4) weft tails exceeding 1 in. (25mm) or less than 1∕8
in. (3 mm) in length.

(5) bias exceeding ±10 deg from 0 deg/180 deg in a
warp (machinedirection)productor from90deg/270deg
in a weft (fill direction) product.

(e) Unidirectional fabric rolls having any of the
following defects shall not be used for laminates made
to this Standard:

(1) dirt spots in excess of 3∕4 in. (19 mm) in diameter
(dirt spots are defined as all foreign matter, dirt, grease
spots, etc.)

(2) missing ends in any direction more than one per
lineal foot (meter) of fabric

(3) areas of the fabric greater than 6 in. × 6 in. (150
mm × 150 mm) where rovings are disoriented or looped
less than 1 in. in height from the surface

(4) areas of the fabric where rovings are disoriented
or looped greater than 1 in. (25 mm) in height from the
surface

(5) rolls that have been contaminated by water or
other substances

M1C-430 Width Measure of Fabric

With the linear measuring tool given in para. M1C-320,
measure thewidth of the fabric at least 1 yd (1m) from the
beginning (leading) edge of the roll and at two additional
positions at least 6 in. (150 mm) apart. Follow the manu-
facturer’s definition for the width of the particular fabric
(see note below). Measure to the nearest 1∕8 in. (3 mm).
Average the threemeasurements and enter the measured
widthof acceptable andunacceptable rolls inFormM1C-1.
Note the rejected rollswith theword “rejected” next to the
width in column 5. Rolls with variations greater than ±1∕2
in. (±13 mm) shall not be used in laminates made to this
Standard.
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Record the date and name of the person performing the
width, weight, and construction measurements in column
8.
NOTE: Due to the methods of manufacturing fabrics, there are
different ways of describing widths of fabrics.

M1C-440 Unit Weight of Fabric

Unroll the fabric on the inspection table and lay flat. Pull
one fill pick from the sample or mark a line across the
width of the fabric. Measure from the pulled pick or
line using a 36-in. (915-mm) rule meeting the accuracy
requirements of para. M1C-320. Pull another fill pick
or mark off the 36-in. (915-mm) sample for cutting.
Cut the 36-in. (915-mm) long sample across the width
of the fabric using scissors. Measure the width of the
fabric according to para. M1C-430. Weigh the sample
to the nearest 0.1 g. Convert grams to ounces by multi-
plying grams by 0.0352. Calculate the unit weight in
ounces per square yard using the following formula:

= ×
weight, oz

yd

36 in.

yd

sample weight, oz
sample width, in.2 2

Calculate the weight in grams per square meter using
the following formula:

=
×

weight, g

m

sample weight, g
0.915 m sample width, m2

Rolls whose weight per square yard (squaremeter) are
outside the manufacturer’s specification shall not be used
for laminates made to this Standard. Enter the weight per
square yard (square meter) of acceptable and unaccept-
able rolls in the inspection report shown in Form M1C-1.
Note the rejected rollswith theword “rejected” next to the
weight in column 6.

M1C-450 Construction

Unroll the fabric on the inspection table and lay flat.
Perform the verification of construction in an area at
least 1 yd (1 m) from the beginning of the roll and
one-tenth of the width from the edge of the fabric. For
example, on 60 in. (1500 mm) material start at least 6
in. (150mm) fromone edge and1yd (1m) from thebegin-
ning of the fabric. Using the template required by
para. M1C-320, measure a 3-in. (76-mm) square and
count the number of warp strands (if applicable) to
the nearest half strand in the section. Repeat this three
times diagonally across the fabric. Add the total warp
strands counted in the three 3-in. (76-mm) squares
and divide by nine. This will give picks per inch (per
25 millimeters) in the warp of the fabric. Repeat for
the fill (weft) strands if applicable. Rolls whose picks
per inch (per 25 millimeters) in either warp or fill are
outside the manufacturer’s specification shall not be
used for laminates made to this Standard. Enter the

picks per inch (per 25 millimeters) in the warp and fill
of acceptable and unacceptable rolls to the nearest 0.1
picks in Form M1C-1, column 7.

ARTICLE D
ð23ÞMILLED FIBERS

M1D-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on the packages of
milled fiber that are to be used to fabricate equipment
to this Standard.

M1D-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection of the
milled fiber for proper packaging and identification, and
visual inspection for contamination. Acceptance require-
ments and limits are defined in paras. M1D-410 and
M1D-420(a).
Form M1D-1, or a similar form that contains the provi-

sions to record the results of these required inspections,
shall be used by the Fabricator and shall be retained in the
inspection records. A separate form shall be used for each
milled fibermanufacturer, milled fiber nomenclature, and
milled fiber length.
In lieu of performing the above inspections, measure-

ments, and documentation, the Fabricator shall provide
the User or User’s Agent with a Certificate of Compliance
from the material manufacturer. This Certificate shall
ensure that materials were manufactured, inspected,
and tested per the material supplier’s specifications.

M1D-300 EQUIPMENT REQUIRED

An inspection table andadequate overhead lighting that
are suitable for the inspection of the milled fiber are
required. The equipment used must not introduce
contamination to the milled fiber during inspection.

M1D-400 PROCEDURESANDACCEPTANCELIMITS

M1D-410 Package Identification and Inspection

The milled fiber shall be packaged as shipped from the
manufacturer’s factory. The milled fiber shall not be
repackaged in the distribution of the material after the
manufacturer has shipped the milled fiber. Verify that
the milled fiber as identified by the manufacturer has
the same nomenclature as the milled fiber required by
Part 2, and examine each package of milled fiber for
damage that renders it unusable. Indicate acceptable
milled fibers by recording date and name of the
person performing the examination in Form M1D-1,
column 4.
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Fabricator’s name Fiber manufacturer

Address Fiber nomenclature

Fiber length

QC file no.

54321

Package Reinforcement Production Date Lot No. Packaging Visual
noitcepsnInoitcepsnI])1(etoN[)neviGfi(.oN

By Date By Date

1

2

3

4

5

6

7

8

Comments on visual and packaging inspection (indicate which package):

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
NOTE:
(1) Lot, batch, product code, or other label identification.

Form M1D-1 Milled Fiber Reinforcement Log Sheet
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For packagedmilled fiber that is found to be acceptable
for further inspection, enter the reinforcementproduction
date and lot number for each package ofmilled fibers used
in Form M1D-1, columns 2 and 3.

M1D-420 Visual Inspection of Milled Fiber

(a) Asmilled fiber is used, it shall be visually inspected
for contamination by the Fabricator. Record the date and
the inspector’s name in Form M1D-1, column 5.

(b) Packages having contamination of the milled fiber
evident in the form of water, oil, grease, or clumping
together shall be rejected.

(c) Record the results of the visual inspection of each
package of milled fiber in the inspection report.
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MANDATORY APPENDIX M-2
MATRIX MATERIALS RECEIVING PROCEDURES

M2-100 INTRODUCTION

This Appendix’s Articles A (Visual Inspection Require-
ments), B (Specific Gravity), C (Viscosity, Brookfield
Method), and D (Room Temperature Gel Time) specify
the minimum requirements for the inspections and
tests that shall be performed by the Fabricator or an inde-
pendent testing laboratory on resins and curing agents
(curing agents include accelerators, promoters, and
peroxides as required for specific resins systems).
The Fabricator may use a Certificate of Analysis

prepared by the manufacturer as a means of satisfying
the requirements of this paragraph and Articles A
throughD in lieu of inspections and tests being performed
by the Fabricator or an independent testing laboratory on
resins and curing agents, under the following conditions:

(a) The product is accompanied by a manufacturer’s
prepared Certificate of Analysis, which states the test
methods and procedures were followed to obtain the
results.

(b) The Fabricator accepts the Certificate of Analysis.
(c) The Fabricator determines the products are the

ones that were ordered and they meet the labeling re-
quirements of Article A with the following exceptions:

(1) M2A-200(a)(3): the appearance (color, clarity,
absence of solids, gels, and dirt) may be determined by
the manufacturer.

(2) M2A-200(a)(4): specific gravity, viscosity, and
room temperature gel time may be determined by test
methods established and performed by themanufacturer.

(3) M2A-200(a)(5): results of specific tests need not
be recorded on the Resin Log Sheet (Form M2E-1),
provided the Certificate of Analysis is noted in the Log
Sheet by a traceable identification and is available for
review by concerned parties.

(4) M2A-200(b)(6): testing of proper curing activity
need not be performed on curing agents by the Fabricator
nor recorded on the Curing Agents Log Sheet (Form
M2E-2), provided the Certificate of Analysis is noted in
the Log Sheet by traceable identification and is available
for review by concerned parties.
If a Certificate of Analysis is not acceptable to the Fabri-

cator, then these inspections shall beperformedonat least
one random sample from each lot or batch of material
received from a supplier. If any containers or packages
aredamaged, then the contentsof eachdamagedcontainer
shall be inspected according to the procedures of this

section. The requirements of this Appendix shall be
completed prior to use of resins and curing agents for
fabrication of equipment to this Standard.

M2-200 SAFETY

See Safety Data Sheets (SDS) for materials to be used.

ARTICLE A
VISUAL INSPECTION REQUIREMENTS

M2A-100 INTRODUCTION

This Article specifies the steps that shall be followed
when inspecting resins and curing agents that are to
be used to fabricate vessels to this Standard.

M2A-200 REQUIREMENTS

(a) Resins, before use, shall comply with the following:
(1) They shall be checked to ensure they are the

products ordered.
(2) They shall have proper labeling for the specified

product, including the manufacturer’s product name and
identifying number.

(3) A sample shall be of normal color and clarity for
the specific resin, free from solid or gelled particles and
dirt as determined by visual examination.

(4) They shall be within the manufacturer’s specifi-
cation limits for specific gravity, viscosity, and room
temperature gel time as determined by the test
methods of Articles B through D, unless the Fabricator
has developed and implemented written test method
procedures documented in their Quality Control
program that develops the data required to be docu-
mented on the Resin Log Sheet.

(5) Results of visual examinations and specific tests
shall be recorded on the Resin Log Sheet, Form M2E-1.

(b) Curing agents, before use, shall comply with the
following:

(1) They shall be checked to ensure they are the
products ordered.

(2) They shall have proper labeling for the specified
product, including the manufacturer’s product name and
identifying number.
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(3) They shall have no layering or separation into
two or more phases.
CAUTION:Layeringorseparationpresentspotentialhazard;
contact supplier immediately at emergency telephone
numbers shown on the Curing Agents Log Sheet for instruc-
tions if layering is observed.

(4) In the case of liquids, they shall be free of sedi-
ment or suspended solids.

(5) They shall have proper curing activity as defined
by the Fabricator’s process and/or manufacturer’s spec-
ification, as determined by the room temperature gel time
test (see Article D).

(6) Results of visual examination andgel time testing
shall be recorded on the Curing Agents Log Sheet,
Form M2E-2.

M2A-300 ACCEPTANCE CRITERIA

Materials failing visual inspection criteria or failing to
meet the manufacturer’s specifications in any prescribed
test shall not be used unless

(a) in consultation with the manufacturer’s QC contact
(shown on log sheet), corrective sampling procedures are
undertaken that result in the material passing visual
examination

(b) test result differences are shown, by retest, to be
caused by procedural differences in testing rather than
by differences in quality of materials

ARTICLE B
SPECIFIC GRAVITY

M2B-100 INTRODUCTION

This Article specifies the procedure that shall be used to
determine the specific gravity. This is accomplished by
weighing a standard volume of liquid at a specific
temperatureandconverting thisweight to specific gravity.

M2B-200 APPARATUS

The following apparatus is required:
(a) laboratory balance (0.1 g sensitivity)
(b) weight per gallon cup (water capacity 83.3ml)with

lid (Gardner catalog No. CG 9652 or equivalent)
(c) thermometer (ASTM No. 17C)

M2B-300 PROCEDURE

(a) Precondition the resin sample and weight per
gallon cup for 20 min at 77°F ± 0.2°F (25°C ± 0.1°C).
Insert the cup and the resin sample separately in a
large beaker. Place in a 77°F (25°C) water bath.

(b) Tare weigh the empty cup and lid to ±0.1 g.
(c) Fill the cup to the brim with bubble-free resin.

(d) Place the cover on the cup and force it down to seat
fully.

(e) Wipe the cup clean on the outside.
(f) Weigh the filled cup to ±0.1 g.

M2B-400 CALCULATIONS

(U.S. Customary Units)

=

=

–
density, lb/gal

specific gravity

weight of full cup, g  tare weight, g
10

density, lb/gal
8.33

(SI Units)

=

=

–
density, g/mL

specific gravity

weight of full cup, g  tare weight, g
83.3 mL

density, g/mL
0.9982 g/mL

M2B-500 REPORT

Record specific gravity on the Resin Log Sheet,
Form M2E-1.

ARTICLE C
VISCOSITY, BROOKFIELD METHOD

M2C-100 INTRODUCTION

The Brookfield method determines the viscosity and
thixotropic index of a resin using a Brookfield viscometer.
It is applicable for both thixotropic and nonthixotropic
resins. However, close control of resin temperature
and careful maintenance of the Brookfield viscometer
are required to obtain accurate viscosity values.

M2C-200 APPARATUS

The following apparatus is required:
(a) viscometer suitable for measuring Brookfield vis-

cosity (calibrated via manufacturer’s directions)
(b) 250 ml polypropylene beakers
(c) constant temperature water bath at 77°F ± 1°F

(25°C ± 0.5°C)
(d) thermometer (ASTM No. 17C)
(e) stirring rod or spatula that will not absorb resin or

additives
(f) timer, reading in 0.1 min

M2C-300 PROCEDURE FOR TEMPERATURE
ADJUSTMENT

(a) Fill beaker with material to be tested.
(b) Immerse covered beaker in agitated 77°F (25°C)

water bath and allow to come to temperature, 77°F ±
1°F (25°C ± 0.5°C). The temperature adjustment may
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be hastened by spatula agitation of the sample (avoid air
entrapment).

(c) Check temperature using ASTM No. 17C thermo-
meter.

M2C-400 PROCEDURE FOR THIXOTROPIC RESINS

(a) Vigorously agitate the resinwith a spatula until it is
thoroughly mixed minimizing entrapment of air, replace
cover on beaker, and return to water bath for a minimum
of 5 min or until all visible entrapped air is gone.

(b) LevelBrookfield viscometer, andattach spindle and
guard as designated by resin manufacturer.

(c) Remove beaker from bath, place open beaker in
position under Brookfield viscometer, and center and
immerse spindle to middle of the notch.

(d) Set speed to 6 rpm, and start Brookfield viscometer
and timer. After 1min, increase speed to 60 rpm. At 2min
on timer, stop viscometer, and read. Reduce speed to 6
rpm, and take final reading 1 min after restarting.
Record the 60 rpm and 6 rpm values.

(e) Repeat steps (a) through (d) above for second
reading at each spindle speed.

M2C-500 PROCEDURE FOR NONTHIXOTROPIC
RESINS

(a) LevelBrookfield viscometer, andattach spindle and
guard as designated by resin manufacturer.

(b) Remove beaker from bath, place open beaker in
position under Brookfield viscometer, and center and
immerse spindle to middle of the notch.

(c) Run viscosity at 60 rpm for 1 min with a spindle
chosen so that the Brookfield pointer falls approximately
in themidrange of the recording dial. Alternatively, run at
rpm and spindle recommended by resin manufacturer.
Record the value.

(d) Repeat steps (a) through (c) above for second
result.

M2C-600 CALCULATIONS

(a) Determine viscosity by multiplying the values
obtained in paras. M2C-400 andM2C-500with the Brook-
field constant for the particular spindle number and rpm
used to obtain the value.

(b) If the two results for a particular spindle and speed
do not agree within ±50 centipoise, repeat the test.

(c) Determine thixotropic index as viscosity at 6 rpm
divided by viscosity at 60 rpm.

M2C-700 REPORT

Report the following on the Resin Log Sheet,
Form M2E-1:

(a) Brookfield viscometer spindle and speed

(b) viscosity in centipoise at 77°F (25°C) averageof two
trials at both 6 rpm and 60 rpm

ARTICLE D
ROOM TEMPERATURE GEL TIME

M2D-100 INTRODUCTION

This Article specifies the procedure that shall be used to
determine the room temperature 77°F (25°C) gel time of
resins that have been properly mixed with correctly
proportioned amounts of accelerator, promoter, and
peroxide curing agents.

M2D-200 APPARATUS

The following apparatus is required:
(a) constant temperature water bath at 77°F ± 1°F

(25°C ± 0.5°C)
(b) polypropylene graduated beaker, 8.45 oz (250 ml),

minimum
(c) stirring rodsor spatulas thatwill not absorbresinor

additives
(d) laboratory timer, calibrated in units of 0.1 min
(e) laboratory balance (0.1 g) sensitivity
(f) graduated syringes, delivery 0.003 oz to 0.1 oz (0.1

ml to 3.0 ml)
(g) thermometer (ASTM No. 17C)

M2D-300 PROCEDURE

(a) Place 100 g of resin to be tested into a clean 250ml
polypropylene beaker. Place charged beaker in the
constant temperature bath previously set at 77°F ± 2°F
(25°C ± 0.5°C) for a minimum of 20 min until the resin
in the beaker is stabilized throughout at 77°F ± 2°F
(25°C ± 1°C).

(b) Addcontrolledpromotersand/oraccelerators indi-
vidually, stirring with the metal spatula between each
addition until they are thoroughly dispersed (1 min for
each addition). The quantities and precision of
amounts are to be as specified by the resin supplier.
NOTE: It is recommended thatwooden tongue depressors not be
used, since they will absorb curing components and may also
leach undesirable contaminants into the resin solution.

(c) After addition of the promoters and accelerators,
allow the resin to rest in the control temperature bath.
When enough of the entrapped air from stirring has
left the sample to allow visual examination, check the
sample for good dispersion, particularly of cobalt addi-
tives. Any signs of striations or strings of the cobalt
will require remixing.
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(d) Add the required concentration of the peroxide
catalyst and mix vigorously with a clean metal spatula
for 1 min. Start the timer simultaneously with the start
of mixing.
WARNING: Peroxides will react violently if placed in direct
contact with metallic promoters or organic accelerators.
Extreme care must be taken to avoid this. Refer carefully
to peroxide manufacturer’s instructions for safe handling
of these materials.

(e) Return the polypropylene beaker with the
remaining resin to the constant temperature bath. Peri-
odically probe the resin solution with the spatula until
such time that the resin turns very thick and will
“snap” or break evenly when the probe is lifted from
the resin. When the snap occurs, stop the timer and
record the time lapse as “gel time.”

M2D-400 REPORT

Record the room temperature 77°F (25°C) gel time on
the Resin Log Sheet, Form M2E-1.

ARTICLE E
RESIN AND CURING AGENTS LOG SHEETS

See Forms M2E-1 and M2E-2 for the Resin and Curing
Agents Log Sheets.

ARTICLE F
COMMON ADDITIVES

M2F-100 INTRODUCTION

This Article specifies the minimum inspections by the
Fabricator thatmust be performedprior to the acceptance
and use of any of the common additives in the resin.

M2F-200 DEFINITION AND LIMITS

M2F-210 Thixotropic Agents

Thixotropic agents are flame-processed silicondioxides
that are used to adjust the resin flow characteristics. The
laminating resin shall contain not more than 1.5 parts per
100 parts resin by weight.

M2F-220 Flame Retardant Synergists

Flameretardant synergists areantimonyoxides that are
added to halogenated resins to enhance their measured
flame retardant characteristics whenmeasured per ASTM
E84. The laminating resin shall not contain more than 5
parts antimony oxide per 100 parts resin byweight.When
predispersed concentrates are used, the laminating resin

shall contain not more than 5 parts active antimony oxide
by weight. No more than 10 parts of the predispersed
concentrate per 100 parts resin by weight is permissible.

M2F-230 Ultraviolet Light Absorbers

Ultraviolet light absorbers are organic compounds that,
by converting photochemical energy to thermal energy,
effectively stabilize resinbinders against thedeteriorating
effectsof ultraviolet light.Only theouter surface resin-rich
layer may contain the ultraviolet light absorber.

M2F-240 Pigments

Pigments are compounds that provide coloration and/
or opacity. Only the outer surface resin-rich layer may
contain pigment.

M2F-300 ACCEPTANCE INSPECTION

(a) The package for each of the common additives shall
be inspected at the time of delivery. Acceptance require-
ments are defined in para. M2F-400.

(b) Form M2F-1, or a similar form that contains the
provisions to record the results of these required inspec-
tions, shall be used by the Fabricator and shall be retained
in the inspection records.

M2F-400 ACCEPTANCE CRITERIA

(a) The primary package shall be clearly labeled by the
additive manufacturer to identify the contained product
by manufacturer, name, and lot number.
The primary container shall be free from damage

(breakage, tear, or puncture). There shall be no visible
sign that any part of the primary container wall has at
any time been saturated with a liquid such as water.

(b) For additives found to be acceptable, the Fabricator
must list themanufacturer’s name, product name, product
lot number, and purpose of additive on the inspection
form. In the space next to “As Received,” the inspector
will sign his/her name and record the date.

M2F-500 INSPECTION IN USE

At the time of use, additives shall be visually inspected
for contamination. Solid contaminants may be removed
and discarded. Any portion of a product that has been
agglomerated by exposure to a liquid contaminant
must be removed and discarded before the remainder
can be added to a resin.
Whencontamination is found, theFabricatormustenter

thedate, describe the condition, and initial theentryon the
original Common Additives Log Sheet (see Form M2F-1).
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Manufacturer QC Contact

Resin Address

Spindle no. Telephone no.

Emergency telephone no.

Viscosity @ 77°F (25°C) cificepSemiTleG
(cps)@ 77°F (25°C) Gravity Visual

Date Lot No. (Minutes) @ 60 rpm @ 6 rpm            @ 77°F (25°C)               Examination

Manufacturer’s Specification:

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form M2E-1 Resin Log Sheet
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Manufacturer QC contact

Curing agent Address

Standard resin Telephone no.

Emergency telephone no.

noitanimaxElausiVGel Time @ 77°F (25°C) (Minutes).oNtoLetaD

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form M2E-2 Curing Agents Log Sheet
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Raw Materials Inspection Inspector Date

As Received
Manufacturer

In Use Quality Problems

Product Name

Lot Number

Additive Purpose

As Received
Manufacturer

In Use Quality Problems

Product Name

Lot Number

Additive Purpose

As Received
Manufacturer

In Use Quality Problems

Product Name

Lot Number

Additive Purpose

As Received
Manufacturer

In Use Quality Problems

Product Name

Lot Number

Additive Purpose

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form M2F-1 Common Additives Log Sheet
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MANDATORY APPENDIX M-3
CALCULATIONS USING THE CLASSICAL LAMINATION THEORY

(CLT) ANALYSIS METHOD

M3-100ð23Þ SCOPE

This Appendix sets forth the micromechanics and classical lamination theory (CLT) analysis method to be used to
calculate the laminatepropertiesneeded fordesignandanalysis inSubpart3Aand the stress, strain, andstrengthanalysis
for Subpart 3B. The geometric and lamina notations used are defined in Figures M3-1 through M3-4.
The CLTmethod consists of integrating through the thickness of a laminate the physical and mechanical properties of

each lamina of a laminate to determine the physical and mechanical properties of the total laminate. The constitutive
equations thus formed (the ABDmatrix) allow calculations of stresses and strains on a ply-per-ply basis for applied loads
or applied deformations.
Direct calculation of laminate properties according to para. M3-400 is required for Subpart 3B design. However, the

extensive calculations required for Subpart 3B are not necessary for Subpart 3A, and they would limit its usefulness. For
Subpart 3A design, the minimum properties in Table 2A-3 or the properties from demonstration/qualification testing
may be used. Paragraphs M3-200 (physical properties), M3-300 (micromechanics theory), M3-310 (unidirectional
composites), and M3-320 (random-oriented fibers) present a shorter method for determining lamina elastic properties
that may be used with Subpart 3A design rules instead of the equations in paras. M3-400 and M3-600.
Theequationsdefining the theoryof failure forusewithSubpart3Bdesignaregiven inpara.M3-500.Theygive rules for

calculating the strength ratio, R, at a point from the stiffness coefficients and the resultant forces and moments at that
point.
The elastic properties of oriented and random fiber-reinforced laminas have been calculated from the theory of

composite micromechanics. The simplified micromechanics equations are based on isotropic fibers and isotropic
resins. The micromechanics equations presented for oriented fiber composites are based on the work of Z. Hashin
as modified by R. M. Christiansen and are used in MIL-HDBK-17-3F. The equations attributed originally to Halpin-
Tsai as presented in theDelawareCompositesDesignEncyclopedia are also acceptable, as the results are nearly identical.
The mechanical properties of randomly reinforced in-plane composites are computed by integrating the calculated
oriented fiber properties of a fictitious laminate with the same resin and fiber properties but at volume fraction of
the random lamina over all directions between 0 deg and 180 deg.
The properties of each lamina calculated as described above are used to assemble the CLT matrices and used for the

subsequent laminate calculations.

Figure M3-1
Moment Resultants

MyMxy
Mxy

Mx

y

x

GENERAL NOTE: Units are in.-lb/in. (N·mm/mm).
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A limitationof basicCLT is that all calculations areperformedabout themidthicknessof the laminate, and thus, it is only
valid for balanced (equal numbers of lamina of each orientation above and below themidthickness) and symmetric (the
laminate sequences aremirror images about themidthickness) laminates. In otherwords, the neutral axis of the laminate
for bending in both in-plane directionsmust be at themidthickness of the laminate. This basic CLTdoes, however, predict
the flexural properties correctly, as the results are independent of the plane about which the calculations are performed.
Tocalculate the tensileproperties, it isneeded todetermine theneutral axes inbending for the twostructuraldirections.A
simplifiedapproach is shown in thedesignexample inpara.M3-610.ParagraphM3-620demonstratesadvanced laminate
analysis techniques. The strain limits used for predicting strength have not been changed from ASME RTP-1–2007.

M3-110 Notations Commonly Used in Laminate Analysis

In CLT analysis of plate structures, it is conventional to use 1 and 2 as the principal axes of the material (local axes),
definedas the fiber directionand transverse to the fiberdirection, respectively, for an individual ply of the laminate, and3
is in the through-the-thickness direction. The in-plane shear properties that are in the 1-2 direction are commonly
compacted to be called the 6 direction.
The x and y directions (global or structural) are then the in-plane structural axes of the principal directions of the

structure. Then, z is in the thickness direction. Laminate theory for a cylinder typically uses x as the axial direction and y as
the hoop direction.
Theanglebetween thematerial principal axesand the structural axesof aunidirectional layer is commonly called theta,

θ (see Figure M3-4), and the conventional notation is 0 deg for axial, and 90 deg for hoop.

Figure M3-2
Force Resultants

y

x
Nx

Nxy

Nyx

Ny

GENERAL NOTE: Units are lb/in. (N/mm).

Figure M3-3
Geometry and Notation of an n-Layered Laminate

tn − 2

hk

t2

tn

t1

h1h0

z

Reference plane
Neutral axis
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Aply is a lamina of the total laminate lay-up. A cover is defined as a layer of a plus-minus laminate or one layer of a hoop
filament winding.
When CLT analysis is applied to thin wall shells, the usual notation for the structural directions are R (radial) for

through the thickness, Z for the axial direction, and θ for the angle between the axial direction of the shell and the fiber
direction. The 1, 2, and 6 conventions defined above are typically used for the laminas that comprise the shell laminate.
FiguresM3-1 throughM3-4 show the notation conventions. Note thatNxy =Nyx, andMxy =Myx.Nxy is the in-plane shear

resultant, and Mxy produces a saddle-type deformation with the diagonal corners moving equally up and down but in
opposite directions. The in-plane force resultants have units of pounds per unit width, and the moment resultants have
units of inch-pound per unit width, as is conventional in plate and shell theory.

M3-200ð23Þ PRELIMINARY CALCULATIONS FOR THE CLT METHOD

Typically, the weight per area of the fiber reinforcement, density of the fiber, and density of the resin for a composite
lamina are known. The thickness is then the unknown variable that defines each lamina. If the laminate physically exists,
the layer thicknesses can bemeasuredmicroscopically from the edge of a sample. If the laminate does not physically exist
for testing purposes, then either the reinforcement content or thickness is assumed for each lamina and the corre-
sponding value calculated. The volume fraction of fiber or the thickness for each lamina of the laminate are calculated
using themicromechanics in the equations in para.M3-300. Typicalweights for commonglass reinforcements are shown
below. Actual weights for both glass and carbon reinforcements should be confirmed with the reinforcement manu-
facturer.
All laminates designed on the basis of this initial assumption (thickness or volume fraction) must be checked after

fabrication to confirm the assumed value is reasonable and based on testing or published data.
The equations in the following example can be used to calculate the preliminary physical andmechanical properties of

each lamina or ply. The numerical material properties are for the resin and fibers used for the filament wound portion of
the designs for the examples in paras. M3-610 and M3-620.

Figure M3-4
Coordinate Systems

1
2

y

x

U

Legend:
x–y = vessel coordinates
1–2 = material coordinates
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(U.S. Customary Units)
Thickness: M6-3t = 0.021 in.
Weightper areaof fiber reinforcement:W=1.508 lb/ft2 for the entire laminate,where theweights for the components are
as follows:

W = 0.0938 lb/ft2 for chopped strand mat (CSM)
x = 6.90 × 10−3lb/ft for c-veil
x = 0.142 lb/ft2 for 225-yield glass roving at 8 strands per inch
x = 0.0926 lb/ft2 for 24-oz/yd2 woven roving with 5/4 construction in the warp direction, and 0.0741 lb/ft2 in the

weft direction

Specific gravity of resin: SGr = 1.2964
Density of resin: ρm = SGr × 0.0361 lb/in.3 = 0.0468 lb/in.3
Density of fiber: ρf = 0.0943 lb/in.3
Fiber volume per unit area: = νf = W/ρf = 1.508 in.3/ft2
Resin volume per unit area: νr = 144t − νf = 1.545 in.3/ft2

Volume fraction fiber: = =
+

V 0.495f
f

f r

Weight fraction fiber: = =
+

W 0.664f
V

V V(1 )
f f

f f f m
Density of composite: ρc = ρm(1 − Vf) + ρfVf = 0.0703 lb/in.3

(SI Units)
Thickness: t = 0.53 mm
Weight per area of fiber reinforcement:W = 7.363 kg/m2 for the entire laminate, where the weights for the components
are as follows:

W = 0.458 kg/m2 for chopped strand mat (CSM)
x = 0.034 kg/m2 for c-veil
x = 0.694 kg/m2 for 2200 tex glass roving at 3.1 per centimeter
x = 0.452 kg/m2 for 810 g/m2 woven roving with 5/4 construction warp direction, and 0.362 kg/m2 in the weft

direction

Specific gravity of resin: SGr = 1.2964
Density of resin: ρm = SGr × 1000 = 1296 kg/m3

Density of fiber: ρf = 2610 kg/m3

Fiber volume per unit area: νf = W/ρf = 2.660 × 10−4 m3/m2)
Resin volume per unit area: νr = t/1000 − νf = 2.725 × 10−4 m3/m2

Volume fraction fiber: = =
+

V 0.495f
f

f r

Weight fraction fiber: = =
+

W 0.664f
V

V V(1 )
f f

f f f m
Density of composite: ρc = ρm(1 − Vf) + ρfVf = 1946 kg/m3

Thematerial properties at the design temperature of the fiber and resin are generally known, and some typical proper-
ties are shown below.

(U.S. Customary Units)
Volume fraction fiber: Vf = 0.495
Volume fraction matrix: Vm = 1 − Vf = 0.505
Modulus of matrix: Em = 4.000 × 105 psi
Poisson’s ratio of matrix: νm = 0.35

Shear modulus of matrix (assumed isotropic): = = ×
+

G 1.481 10 psim
E

2(1 )
5m

m
Modulus of fiber: Ef = 10.5 × 106
Poisson’s ratio of fiber: νf = 0.22

Shear modulus of fiber (assumed isotropic): = = ×
+( )

G 4.303 10 psif
E

2 1
6f

f
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(SI Units)
Volume fraction fiber: Vf = 0.495
Volume fraction matrix: Vm = 1 − Vf = 0.505
Modulus of matrix: Em = 2760 MPa
Poisson’s ratio of matrix: νm = 0.35

Shear modulus of matrix (assumed isotropic): = =
+

G 1 020 MPam
E

2(1 )
m

m
Modulus of fiber: Ef = 72400 MPa
Poisson’s ratio of fiber: νf = 0.22

Shear modulus of fiber (assumed isotropic): = =
+( )

G 29 700 MPaf
E

2 1

f

f

The glass fiber volume fraction, orientation, and resin modulus at the operating temperature are then used to deter-
mine themechanical properties of each lamina or layer from the appropriate equations in paras. M3-310 (unidirectional
lamina) andM3-320 (random-oriented lamina). The effective properties, such as thermal expansion andmoisture absor-
banceexpansion, and transportproperties, suchas thermal conductivity, canalsobedeterminedbut areconsideredoutof
the scope of this Standard.

M3-300 MICROMECHANICS EQUATIONS FOR A UNIDIRECTIONAL LAMINA

Notation is that used byMIL-HDBK-17-3F. The subscript f refers to fiber, andm refers tomatrix. The subscript 1 refers
to the fiberdirection, andsubscript2 refers to the transverse to the fiberdirection.V refers tovolume fraction, andυrefers
to Poisson’s ratio.
Plane strain bulk modulus for isotropic fibers:

=
( )

K
E

2 1 2
f

f

f f
2

Plane strain bulk modulus for isotropic matrix:

=
( )

K
E

2 1 2
m

m

m m
2

Plane strain bulk modulus, psi (MPa):

=
+ × + + ×

+ × + + ×

( )
( )

k
K K G V K K G V

K G V K G V

( )

( )

m f m m f m m f

f m m m m f
star

Modulus in the fiber direction, psi (MPa):

= × + × +
× ×

+ +
E E V E V

V V4( )
m m f f

f m m f
V
K

V

K G

1

2

1m

f

f

m m

Major Poisson’s ratio:

= × + × +
× × ×

+ +

i
k
jjjjj

y
{
zzzzz

V V

V V( )

m m f f

f m K K m f

V
K

V

K G

12

1 1

1

m f

m

f

f

m m

A three-phase concentric cylinder model produces a quadratic equation for G2, which is G23 in laminate theory:

+ + =
i
k
jjjjj

y
{
zzzzz

i
k
jjjjj

y
{
zzzzzA

G
G

B
G
G

C2 0
m m

2
2

2
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where

= × × + + × + ×

× × × +

= × × + + × + × +

× + × × …

+ × + × + + ×

= × × + + × + + × × + ×

=

=

= +

Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ Ä

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑ

( )

( ) ( )

( )( )
( )

( )
( ) ( )

A V V V

V

B V V V

V

V

C V V V V

3 ( 1) ( )

( 1) ( 1)

3 1 ( 1) 1

( 1) 2

( 1)( 1)

3 ( 1) ( 1) 1

3 4
or

1 2

f m f m f m m f f

f m m

f m f m f

m f m f f

V
m f m f f

f m f m f f m f f

G

G

f f

G

K

2 3

2 1
2

3

2
3

2 3

f

f

m

f

f

Solving for the positive root of G2 produces the following:
Transverse shear modulus, psi (MPa):

=

+
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
( )

G

G B AC B

A

4 4 2

2

m

2

2
1
2

Transverse Young’s modulus, psi (MPa):

= ×
+ ×

E
k G

k m G
4

2
star 2

star 2

where

= +
×

m
k

E
1

4 star 12
2

1

In-plane shear modulus, psi (MPa):

= +
+

G G
V

m
f

G G
V
G

1 1
2f m

m

m

Note that G1 is also referred to as G12 in laminate theory.
Transverse Poisson’s ratio:

= ×
+ ×

k m G
k m G23

star 2

star 2

Modulus of elasticity in normal direction, psi (MPa):
=E E33 22

Minor Poisson’s ratio:

= ×E
E21 2
12

1
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M3-310 Micromechanics of Unidirectional Fiber Composites

The following example shows the application of the basic equations for themicromechanics of a unidirectional lamina
with the properties of the fibers and resin shown in para. M3-200: The notation for kstar is used in the Halpin-Tsai
equations, and KT is used in the MIL-HDBK-17-3F equations; they have identical values. The values for Ef, Em, Gm,
νf, and νm are from the equations in para. M3-200.
Plane strain bulk modulus for isotropic fibers:

= = ×
( )

K
E

2 1 2
7.684 10 psi (53 000 MPa)f

f

f f
2

6

Plane strain bulk modulus for isotropic matrix:

= = ×
( )

K
E

2 1 2
4.938 10 psi (34 100 MPa)m

m

m m
2

5

Plane strain bulk modulus for the lamina, KT = kstar:

=
+ × + + ×

+ × + + ×
= ×

( )
( )

k
K K G V K K G V

K G V K G V

( )

( )
1.028 10 psi (70 900 MPa)

m f m m f m m f

f m m m m f
star

6

= ×K 1.028 10 psi (70 900 MPa)T
6

Young’s modulus in the fiber direction:

= × + × +
× ×

+ +
= ×E E V E V

V V4( )
5.400 10 psi (37 200 MPa)m m f f

f m m f
V
K

V

K G

1

2

1
6

m

f

f

m m

Note that E1 is also referred to as E11 in laminate theory.
Poisson’s ratio for load in the fiber direction:

= × + × +
× ×

+ +
=

i
k
jjjjj

y
{
zzzzz

V V

V V( )

0.28m m f f

f m K K m f

V
K

V

K G

12

1 1

1

m f

m

f

f

m m

Transverse shear modulus:

=

+

= ×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
( )

G

G B AC B

A

4 4 2

2
3.943 10 psi (2 720 MPa)

m

2

2
1
2

5
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where

= × × + + × + × ×

+ × × × +

= × × + + × + +

× + × × …

+ × + × + + ×

= × × + + × + + × + + ×

=

= =

= + =

=

Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑ

( ) ( )

( )
( ) ( )

( )
( ) ( )

A V V V

V V

B V V V

V

V

C V V V V

3 ( 1) ( )

( 1) ( 1)

3 ( 1) ( 1) 1

( 1) 2

( 1)( 1)

3 ( 1) ( 1) 1

3 4 2.120
or

1 2 2.120

3 4

f m f m f m m f f

f f m n

f m f m f

m f m f f

V
m f m f f

f m f m f f m f f

G

G

f f

G

K

m m

2 3

3

2 1
2

3

2
3

2 3

f

f

m

f

f

Transverse to the fiber direction Young’s modulus:

= ×
+

= ×E
K G

K mG
4

1.122 10 psi (7 740 MPa)T

T
2

2

2

6

where

= +

= ×
=

×

( )
m

E

v

1

5.400 10 psi 37 200 MPa

0.28

K v
E

4

1
6

12

T 12
2

1

In-plane shear modulus:

= +
+

= ×G G
V

4.025 10 psi (2 780 MPa)m
f

G G
V
G

1 1
2

5

f m

m

m

Poisson’s ratios:

= × =E
E

0.05821 12
2

1

= =

= =
+

1 0.42

or

0.42

E
G

k mG
k mG

23 2
2

2

star 2

star 2

The properties of the lamina that involve through-the-thickness properties are not required for the CLT analyses but
are included for information only. Note that calculation of G23 is needed for calculating E2.
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M3-320 Micromechanics of Randomly Distributed Fiber-Reinforced Composites

For random-reinforced lamina, the fictitious properties for a continuous, unidirectional lamina with the thickness and
weight of reinforcement are calculated as in para.M3-310, and the averageproperties aredeterminedby integrating over
all directions from 0 deg to 180 deg. It is assumed that the lengths of the random strands exceed the critical fiber length
[approximately 0.4 in. (10 mm) with 400-ksi (2760-MPa) strength in the fiber] and exceed 200-psi (1.38-MPa) shear
strength at the fiber–resin interface.
The averagematerial properties of a random1.5-oz/ft2 (450-g/m2) chopped strandmat (CSM)material can bedefined

as follows:
Reduced stiffness:

=Q T QT d1 T
CSM 0

1

Inverse transformation matrix:

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ
rT

m n mn
n m mn
mn mn m n

2
2

1
2 2

2 2

2 2

Transpose of the inverse of the transformation matrix:

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ
T

m n mn
n m mn
mn mn m n2 2

T
2 2

2 2

2 2

These matrix equations can be expanded to yield the following:

= × + + × × + ×
Ä
Ç
ÅÅÅÅÅÅÅÅ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

É
Ö
ÑÑÑÑÑÑÑÑ( )Q q q q q d1

cos( ) 2 2 sin( ) cos( ) sin( )CSM11 0 11
4

12 66
2 2

22
4

= + × × + × +
Ä
Ç
ÅÅÅÅÅÅÅÅ

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

É
Ö
ÑÑÑÑÑÑÑÑ( )( )Q q q q q d1

4 sin( ) cos( ) sin( ) cos( )CSM12 0 11 22 66
2 2

12
4 4

= + × × + ×
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

Ä
Ç
ÅÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑÑ

É

Ö
ÑÑÑÑÑÑÑÑÑ( )( )Q q q q q d1

2 sin( ) cos( ) cos( ) sin( )CSM66 0 11 22 12
2 2

66
2 2 2

where the stiffnesses of the CSM are as follows:

=
×

q
E

111
1

12 21

= ×
×

q
E

112
12 2

12 21

=
×

q
E

122
2

12 21

=q G66 12

These equations are integrated and reduce to the following:

= × + × + × + ×Q q q q q3
8

1
4

1
2

3
811CSM 11 12 66 22

= × + × × + ×Q q q q1
8

q
1
8

1
2

3
412CSM 11 22 66 12
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= × + × × + ×Q q q q1
8

q
1
8

1
4

1
266CSM 11 22 12 66

By definition, the properties of an isotropic material (E, G, and υ) are as follows:

=Q E
111CSM 2

=Q E
112CSM 2

=Q G66CSM

Substituting into the integrated equations produces the following:

= ×
×

+ × ×
×

+ × + ×
×

E E E
G

E

1

3
8 1

1
4 1

1
2

3
8 12

1

12 21

12 2

12 21
12

2

12 21

= ×
×

+ ×
×

× + × ×
×

E E E
G

E

1

1
8 1

1
8 1

1
2

3
4 12

1

12 21

2

12 21
12

12 2

12 21

= ×
×

+ ×
×

×
×

+ ×G
E E E

G
1
8 1

1
8 1

1
4 1

1
2

1

12 21

2

12 21

12 2

12 21
12

Defining Δ = 1 − υ12 × υ21 results in the following three equations:

= × + × × + × + ×E E E
G

E

1

3
8

1
4

1
2

3
82

1 12 2
12

2 (1)

= × + × × + × ×E E E
G

E

1

1
8

1
8

1
2

3
42

1 2
12

12 2 (2)

= × + × × × + ×i
k
jjj y

{
zzzG

E E E
G

1
8

1
8

1
4

1
2

1 2 12 2
12 (3)

Equation (2) is for 1.5-oz/ft2 (450-g/m2) chopped strand mat using the fiber and resin properties from para. M3-200.
Equation (3), for G, is uncoupled from the first two equations. Solving for υ and E completes the calculations.

= + × + × ×
+ + × + ×

E E G E
E E E G

4 6
3 3 2 4
1 2 12 12 2

2 1 12 2 12

= + × + × × + + × × × + × × ×
+ + × + × ×

E
E E E E G E E G E E G

E E E G
2 4 4 4 8

(3 3 2 4 )
2

2
2 1 2 12 1

2
1 12 12

2
2

2
12 2 12

2 1 12 2 12

M3-330 Micromechanics of Unidirectional Fiber Composites

The following example shows random reinforcement micromechanics calculations with weight reinforcement W =
0.09375 lb/ft2 (0.458 kg/m2).

(U.S. Customary Units)
Input and Preliminary Calculations for 1.5 oz/ft2 CSM
Thickness: t = 0.043 in.
Specific gravity of resin: SGr = 1.296
Density of resin: ρm = SGr × 0.0361 lb/in.3 = 0.0468 lb/in.3
Density of fiber: ρf = 0.0943 lb/in.3

Fiber volume per unit area: υf =
W

f
= 0.9942 in.3/ft2

Resin volume per unit area: υr = 144t − υf = 5.198 in.3/ft2

ASME RTP-1–2023

101

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


Volume fraction fiber: = =
+

V 0.161f
f

f r

Weight fraction fiber: = =
+ ×( )

W 0.278f
V

V V1

f f

f f f m
Density of composite: ρc = ρm(1 − Vf) + ρfVf = 0.0545 lb/in.3

Fiber and Matrix Properties
Volume fraction fiber: Vf = 0.161
Volume fraction matrix: Vm = 1 − Vf = 0.840
Modulus of matrix: Em = 4.000 × 105 psi
Modulus of fiber: Ef = 10.5 × 106 psi
Poisson’s ratio of fiber: νf = 0.22
Poisson’s ratio of matrix: νm = 0.35

Shear modulus of matrix (assumed isotropic): = = ×
+

G 1.481 10 psim
E

2(1 )
5m

m

Shear modulus of fiber (assumed isotropic): = = ×
+

G 4.303 10 psif
E

2(1 )
6f

f

(SI Units)
Input and Preliminary Calculations for 450 g/m2 CSM
Thickness: t = 1.09 mm
Specific gravity of resin: SGr = 1.296
Density of resin: ρm = SGr × 1000 = 1296 kg/m3

Density of fiber: ρf = 2610 kg/m3

Fiber volume per unit area: υf =
W

f
= 1.754 × 10−4 m3/m2

Resin volume per unit area: νf = t/1000 − νf = 9.169 × 10−4 m3/m2

Volume fraction fiber: = =
+

V 0.161f
f

f r

Weight fraction fiber: = =
+ ×( )

W 0.278f
V

V V1

f f

f f f m
Density of composite: ρc = ρm(1 − Vf) + ρfVf = 1507 kg/m3

Fiber and Matrix Properties
Volume fraction fiber: Vf = 0.161
Volume fraction matrix: Vm = 1 − Vf = 0.840
Modulus of matrix: Em = 2760 MPa
Modulus of fiber: Ef = 72400 MPa
Poisson’s ratio of fiber: νf = 0.22
Poisson’s ratio of matrix: νm = 0.35

Shear modulus of matrix (assumed isotropic): = =
+

G 1 020 MPam
E

2(1 )
m

m

Shear modulus of fiber (assumed isotropic): = =
+

G 29 700 MPaf
E

2(1 )
f

f
Micromechanics for a unidirectional composite based on the random reinforcement properties given above are as

follows:
Plane strain bulk modulus for isotropic fibers:

= = ×
( )

K
E

2 1 2
7.684 10 psi (53 000 MPa)f

f

f f
2

6

Plane strain bulk modulus for isotropic matrix:
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= = ×
( )

K
E

2 1 2
4.938 10 psi (3 410 MPa)m

m

m m
2

5

Plane strain bulk modulus for the lamina:

= =
+ × + + ×

+ + +
= ×

( )
( )

K k
K K G V K K G V

K G V K G V

( )

( )
6.048 10 psi (4 170 MPa)T

m f m m f m m f

f m m m m f
star

5

Young’s modulus in the fiber direction:

= × + × +
× ×

+ +
= ×E E V E V

V V4( )
2.023 10 psi (14 000 MPa)m m f f

f m m f
V
K

V

K G

1

2

1
6

m

f

f

m m

Poisson’s ratio for load in the fiber direction:

= × + × +
× ×

+ +
=

i
k
jjjjj

y
{
zzzzz

V V

V V( )

0.32m m f f

f m K K m f

V
K

V

K G

12

1 1

1

m f

m

f

f

m m

Transverse shear modulus:

=

+

= ×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
( )

G

G B AC B

A

4 4 2

2
1.922 10 psi (1 330 MPa)

m

2

2
1
2

5

where

= × + + × + ×

× × × +

= × × + + × + × +

× + × × …

+ × + × + + ×

= × × + + × + × + × + + × ×

=

= =

= + =

=

i
k
jjj y

{
zzz

Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÄ

Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ

Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑ

( )

( )

( )( )
( )

( )
( ) ( )

A V V V

V

B V V V

V

V

C V V V V

3 ( 1) ( )

( 1) ( 1)

3 1 ( 1) 1

( 1) 2

( 1)( 1)

3 ( 1) ( 1) 1

3 4 2.120
or

1 2 2.120

3 4

f m f m f m m f f

f m m

f m f m f

m f m f f

V
m f m f f

f m f m f f m f f

G

G

f f

G

K

m m

2 3

2 1
2

3

2
3

2 3

f

f

m

f

f

Transverse Young’s modulus:

= ×
+

= ×E
K G

K mG
4

5.663 10 psi (3 900 MPa)T

T
2

2

2

5

where
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= +

= ×
=

×
m

E

1

2.023 10 psi (14 000 MPa)
0.32

K v
E

4

1
6

12

T 12
2

1

Note that E2 is also referred to as E22 in laminate theory.
Plane strain bulk modulus for the lamina:

= +
+

= ×

+

k K
V

6.048 10 psi (4 170 MPa)m
f

K K
V

K G

star 1
5

f m

m

m m

In-plane shear modulus:

= +
+

= ×G G
V

2.004 10 psi (1 380 MPa)m
f

G G
V
G

1 1
2

5

f m

m

m

Poisson’s ratios:

= × =E
E

0.0921 12
2

1

= =

= =
+

1 0.47

or

0.47

E
G

k mG
k mG

23 2
2

2

star 2

star 2

Micromechanics of random composites that are isotropic in-plane for the CSM material are as follows:
Young’s modulus:

=

+ × × + × + ×
× × × + × × +

+ × + + ×
= ×E

E E G E E E

G E E G E
E E E G

4 2 8

4 4
(3 2 3 4 )

1.025 10 psi (7 070 MPa)

11
2

11 12 11 22 12 22

12 12
2

22
2

22 12 22
2

11 12 22 22 12

6

where
E11 = E1
E22 = E2
G12 = G1
Δ = 1 − υ12 × υ21 = 0.97

In-plane shear modulus:

= × + + × = ×G
E E E G2 4

8
3.863 10 psi (2 660 MPa)11 12 22 22 12 5

In-plane Poisson’s ratio:

= + × + ×
+ × + + ×

=E E E G
E E E G

6 4
3 2 3 4

0.3311 12 22 22 12

11 12 22 22 12

The predicted properties of the lamina that involve through-the-thickness properties are not required for the CLT
analyses but are included for information only.
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M3-400 THE CLT ANALYSIS PROCEDURE

The use of the CLT analysis equations do not require any sophisticated or complex mathematical calculations, but the
enormityof thearithmetic formost laminatesgenerally requiresusingacomputerprogramfor speedandaccuracy.There
are a number of commercial programs available.
Other valid statements of lamination analysismaybeused in place of the equations herein, but it is the responsibility of

the Qualified Designer to show that they are mathematically and physically consistent with the equations herein.
The basic constitutive equations for laminate theory are shown in the matrix below.

= ×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

N
N
N
M
M
M

A A A B B B
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xyo
x
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11 12 16 11 12 16
21 22 26 21 22 26
61 62 66 61 62 66
11 12 16 11 12 16
21 22 26 21 22 26
61 62 66 61 62 66

Nx, Ny, and Nxy are the force resultants [lb/in. (N/mm)].Mx,My, andMxy are the moment resultants [in.-lb/in. (N·mm/
mm)]. εxo, εyo, and εxyo are the midplane strains, and κx, κy, and κxy are the curvatures.
Explicit expansion of the above matrix:

=

× + × + × + × + × + ×
× + × + × + × + × + ×
× + × + × + × + × + ×
× + × + × + × + × + ×
× + × + × + × + × + ×
× + × + × + × + × + ×
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M
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A A A B B B

A A A B B B

A A A B B B

B B B D D D

B B B D D D

B B B D D D

x
y

xy

x
y

xy

xo yo xyo x y xy

xo yo xyo x y xy

xo yo xyo x y xy

xo yo xyo x y xy

xo yo xyo x y xy

xo yo xyo x y xy

11 12 16 11 12 16

21 22 26 21 22 26

61 62 66 61 62 66

11 12 16 11 12 16

21 22 26 21 22 26

61 62 66 61 62 66

where

= [ ]
=
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=
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n
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3
1

3
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hk = the vectorial distance from the geometric reference midplane of the laminate (defined as z = 0) to the upper
surface of the nth lamina. The neutral axes in the x and y directions may be different from the midplane,
depending on the laminate sequence. Any dimension below the midplane is negative, and any dimension
above the midplane is positive. h0 is then the distance from the midplane to the bottom of the laminate
and is negative (see Figure M3-3).

i, j = 1, 2, 6
n = total number of plies

The Qbar equations are as follows:

= × + × + + × ×Q Q m Q n Q Q m nbar 2( 2 )11 11
4

22
4

12 66
2 2

= × + × + + × ×Q Q n Q m Q Q m nbar ( 2 ) 222 11
4

22
4

12 66
2 2
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= + × × + +( )Q Q Q Q m n Q m nbar ( 4 )12 11 22 66
2 2

12
4 4

= × × + × × +( )Q m n Q m n Q mn m n Q Qbar (2 )16
3

22
3

11
2 2

66 12

= × × × × + × +( )Q m n Q m n Q mn m n Q Qbar (2 )26
3

11
3

22
2 2

66 12

= + × × + ( )Q Q Q Q m n Q m nbar ( 2 )66 11 22 12
2 2

66
2 2 2

where
m = cosine
n = sine of the angle between material and structural axes per Figure M3-4

Q11 = E1

Q12 = = =× ×
Q

E E
21

12 2 21 1

Q22 = E2

Q66 = G 1
Δ = 1 − υ12 × υ21

E1, E2, G12, and G21 are from test data or the micromechanics calculations performed above in para. M3-300.
Typically, the force and moment resultants are known, and it is necessary to invert the 6 × 6 ABD matrix in the first

matrix to solve for the midplane strains and curvatures.
The compliance equations are shown in the following matrix.

= ×
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xyo
x
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xy

x
y

xy

x
y

xy

11 12 13 14 15 16
21 22 23 24 25 26
31 32 33 34 35 36
41 42 43 44 45 46
51 52 53 54 55 56
61 62 63 64 65 66

Themidplane strains and curvatures are thenused to calculate stresses and strains in the structural directions for each
lamina.
Thestrainvectorwith themidplanestrains andcurvaturesand theABDmatrixhavebeencalculated; thus, the left-hand

side of the first matrix is determined, and the stress strain equations for a laminate are as follows:
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16 26 66

Transformation of the material strains to the structural strains:
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Transformation of the structural strains to the material strains:
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Transformation of the structural stresses to the material stresses:

=
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Ç
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Transformation of the material stresses to the structural stresses:
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NOTE: The engineering shear strain, γxy, is not a tensorial quantity as it doesn’t rotate per the transformation equations. The tensorial
shear strain is defined as εxy= 1∕2γxy. The shear stresses do transform as tensorial quantities.

Effective material properties in the structural axes are calculated from the following:

=
×

= ×
×

E
t S

A A A
t A

1
x

11

11 22 12
2

22

=
×

= ×
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E
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11 22 12
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11

=
×

=G
t S

A
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1
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33

66

= =S
S

A
Axy

12

11

12

22

where theSij termsare fromthecompliancematrix, theAij termsare fromthestiffnessmatrix, and t is the total thicknessof
the laminate.
NOTE: These are only valid for balanced and symmetric laminates; all the Bij terms are 0, and there is no coupling of extensional and
bending loads.

M3-500 THE QUADRATIC INTERACTION CRITERION

M3-510 Notation and Equations

In general, a plate lamina has five independent uniaxial ultimate strengths: tensile and compressive strengths in the
principal direction of greater strength, tensile and compressive strengths in the direction of lesser strength, and shear
strengthwith respect to a pure shear stress in the principal directions. Type I laminates are treated as isotropic herein, so
any direction can be considered as a principal direction. In Type II, laminates are modeled as two orthogonal plies.
For Type X laminates, the principal direction of greater strength is aligned with continuous roving, and the principal

directionof lesser strength is perpendicular to the roving. Further, the five strength valuesmaybeunequal. Thequadratic
interaction criteriondefines the interactionsbetween the five strengths in caseswhenmore thanonecomponentof stress
is applied to the lamina, and it defines allowable stress states in terms of the strengths.
The criteria in para. 3B-500 are applied to each lamina separately, and if one or more lamina fail the criteria, the

corresponding load on the vessel is not allowed. The prediction of resin failure does not constitute failure as theremay be
transverse fibers in that load direction to protect in any further deformation. Advanced techniques, such as progressive
failure analyses, are allowed if performed by the Qualified Designerwith the caveat that any resin failure in the corrosion
barrier may likely lead to premature failure of the vessel.
The strength ratio is the ratio of the stress capacity to a calculated stress for a particular layer. The allowable stress

ratiosaregiven inpara. 3B-500.This strength theorydefinesa failureenvelope for combinedstressesacting concurrently.
The Tsai-Wu version of stress ratios are calculated using the quadratic interaction equation shown below.
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× + × × + × + × + × + × =( ) ( )R F F F F R F F2 1 0xx x xy x y yy y ss s x x y y
2 2 2 2

The strength ratio for each lamina is then given by the following:

= ± +R H H G
G

4
2

2

where
G = Fxx × σ2x + 2Fxy × σx × σy + Fyy × σ2y + Fss × σ2s
H = Fx × σx + Fy × σy

The strength coefficients are calculated based on the tested strengths of each lamina or the strain limits given below:

=F
S
1

ss 2

=F
X X
1 1

x
c

=
×

F
X X

1
xx

c

= ×F F F
1
2xy xx yy

=F
Y Y
1 1

y
c

=
×

F
Y Y

1
yy

c

NOTE: The Fxy term is a biaxial term and is assumed to be equal to the equation given above.

where
S = the ultimate in-plane shear strength
X = the ultimate tensile strength in the fiber direction
Xc = the ultimate compressive strength in the fiber direction
Y = the ultimate tensile strength transverse to the fiber direction
Yc = the ultimate compressive strength transverse to the fiber direction

The layer strengthsmaybedetermined fromtest data for each laminaormaybe calculated fromthe strain limitsbelow.
= ×S Gxy xy

= ×X Ext x

= ×X Ec xc x

= ×Y Eyt y

= ×Y Ec yc y

where Ex in the fiber direction, Ey transverse to the fiber direction, and Gxy in-plane are the elastic moduli that are
determined by testing or the micromechanics equations in para. M3-300. It is assumed that the tensile and compressive
moduli are equal.
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The allowable strain limits can be measured from testing, or the following strain limits may be used (these are
unchanged from ASME RTP-1–2007):

Layer Type Random Fiber Oriented Fiber
ɛxt 0.0150 0.0200
ɛxc 0.0200 0.0120
ɛyt 0.0150 0.0015
ɛyc 0.0200 0.0080
ɛxy 0.0268 0.0268

Caution should be usedwhere the resin strain-to-failure properties at theworst-case design temperature are less than
the strains listed above.
If the Fxy term is set to 0, which usually has a minimal effect on the results, the fiber- and matrix-dominated strengths

become uncoupled and produce the following equations:
Fiber failure:

× × + × × =R F R F 1 0xx x x x
2 2

Matrix failure:

× + × + × × =R F y F R F( ) 1 0yy ss s y y
2 2 2

This is referred to in the literature as the Hahn, Erikson, and Tsai failure theory.

M3-520 Calculation of Layer Strains and Stresses

The stresses and strains are calculated per the procedures in para. M3-400.

M3-530 Calculation of Strength Ratios

The strength ratio,which is the ratio of the stress capacity of a single layer relative to the stress generatedby an applied
loading condition, is calculated using the stresses from para. M3-400 and the appropriate quadratic interaction equation
in para. M3-510.

M3-600 DESIGN EXAMPLE CALCULATIONS

To illustrate the CLTmethod, assume a cylinder laminate construction of VMM (±54 deg)3MRM. The layer of surfacing
veil, V, is 0.11-oz/ft2 (34-g/m2) glass fiber veil 0.013 in. (0.33mm) thick, and themat layers,M, are 1.5-oz/ft2 (450-g/m2)
chopped strand mat 0.043 in. (1.09 mm) thick. The filament wound layers (±54)3 consist of three wind pattern closures
with awindangle of 54deg relative to themandrel axis, using225-yard/lb (2200-Tex) roving andwith a roving spacingof
8 strands per inch (3.1 strands per centimeter) of bandwidthwith a total thickness of 0.127 in. (3.23mm) [0.021 in. (0.53
mm)perplyor0.042 in. (1.08mm)per layer or cover]. Thewoven roving layer,R, consists of 24-oz/yd2 (810-g/m2) fabric
with a 5 × 4weave style, with the warp fibers [5 rovings per inch (2.0 strands per centimeter)] in the axial direction, and
the weft fibers [4 rovings per inch (1.6 strands per centimeter)] in the hoop direction, with a total thickness of 0.039 in.
(0.99mm)per layer. The glass fiber used is E glasswith a density,Df, of 0.0943 lb/in.3 (2610 kg/m3). The tensilemodulus
is 10.5 × 106 psi (72400MPa), and the Poisson’s ratio is 0.22. The resin density, Dr, is 0.0468 lb/in.3 (1295 kg/m3). The
tensile modulus of the matrix at the design temperature is 400,000 psi (2760MPa), and the resin Poisson’s ratio is 0.35.
The total thickness of the laminate is 0.351 in. (8.92 mm).

M3-610 Cylinder Simplified Design Example Calculations

The following assumptions are inherent to the simplified calculations in eqs. (1) through (3) below.
(a) The ratio of the cylinder radius to the cylinder thickness is sufficiently large that membrane theory is applicable.

This is typically given as R/t > 10. The loads are global.
(b) The lay-up is balanced and symmetric. All the Bij = 0, and the A and D matrices become uncoupled.
(c) Properties are calculated about the midthickness of the laminate. This means the lay-up sequence does not affect

the calculations. This implies that the extensional and flexural moduli are equivalent.
(d) All materials behave linearly elastically.
(e) In general, this lay-up and properties cannot be used for evaluating any local loads on the cylinder, such as pipe

supports or platform clips.
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The following loadscanbeapplied to thecylinderandconverted tomembrane loads foracylinderof radiusR; Z refers to
the axial direction, and θ refers to the hoop direction:
Membrane Cylinder Loads

A = axial load, lb (N), where tension is positive
H = static head, psi (MPa)
M = cylindrical bending moment, in.-lb (N·mm)
P = pressure, psi (MPa), where internal pressure is positive
R = cylinder radius, in. (mm)
S = shear load, lb (N)

T0 = torque, in.-lb (N·mm)

Equivalent Membrane Loads Applied to the Laminate
Axial load, lb/in. (N/mm):

= + ±NZ PR A
R

M
R2 2 2

(1)

Hoop load, lb/in. (N/mm):
= +NT PR HR (2)

In-plane shear load, lb/in. (N/mm):

= +NZT S
R

To
R2

(3)

M3-611 Lamina Mechanical Properties Using Micromechanics. Using the fiber and matrix properties and the fiber
orientations, the corresponding tensilemodulus in the x and ydirections, in-plane shearmodulus, andPoisson’s ratios are
obtained fromtheappropriate equations inparas.M3-310andM3-320 for all the layers in the laminate. This results in the
properties for each of the materials given in the design example, as shown in Table M3-1.

Table M3-1
Properties for Materials in the Design Example

Material E11 E22 G12 ν12
Ply

Thickness
Number
of Plies

Thickness
[Note (1)]

α,
deg

U.S. Customary Units
c-veil 5.492 × 105 psi 5.492 × 105 psi 2.049 × 105 psi 0.34 0.013 in. 1 0.013 in. 0
1.5-oz/ft2 mat 1.025 × 106 psi 1.025 × 106 psi 3.863 × 105 psi 0.33 0.043 in. 4 0.172 in. 0
24-oz/yd2 woven roving
Weft direction 3.643 × 106 psi 7.641 × 105 psi 2.748 × 105 psi 0.30 0.017 in. 1 0.017 in. 90
Warp direction 3.532 × 106 psi 7.476 × 105 psi 2.688 × 105 psi 0.30 0.022 in. 1 0.022 in. 0

Filament wound roving 5.398 × 106 psi 1.122 × 106 psi 4.025 × 105 psi 0.28 0.021 in. 6 0.127 in 54
SI Units

c-veil 3790 MPa 3790 MPa 1410 MPa 0.34 0.33 mm 1 0.33 mm 0
450-g/m2 mat 7070 MPa 7070 MPa 2660 MPa 0.33 1.09 mm 4 4.37 mm 0
810-g/m2 woven roving
Weft direction 25100 MPa 5270 MPa 1900 MPa 0.30 0.43 mm 1 0.43 mm 90
Warp direction 24400 MPa 5160 MPa 1850 MPa 0.30 0.56 mm 1 0.56 mm 0

Filament wound roving 37200 MPa 7740 MPa 2780 MPa 0.28 0.53 mm 6 3.23 mm 54

NOTE: (1) Total thickness for all layers in the design example laminate = 0.351 in. (8.92 mm).

ASME RTP-1–2023

110

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


The A matrix and A inverse matrices are then calculated using the following:
(a) A Matrix

(U.S. Customary Units)

× ×
× ×

×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

5.076 10 2.425 10 0.000
2.425 10 6.657 10 0.000

0.000 0.000 2.567 10

lb/in.

5 5

5 5

5

(SI Units)

× ×
× ×

×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

8.889 10 4.247 10 0.000
4.247 10 1.166 10 0.000

0.000 0.000 4.496 10

N/mm

4 4

4 5

4

where the determinant of matrix A is 7.165 × 1016 (lb/in.)3 [3.849 × 1014 (N/mm)3].
(b) A Inverse Matrix

(U.S. Customary Units)

× ×
× ×

×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

2.385 10 8.689 10 0.000
8.689 10 1.819 10 0.000

0.000 0.000 3.896 10

in./lb

6 7

7 6

6

(SI Units)

× ×
× ×

×

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

1.362 10 4.962 10 0.000
4.962 10 1.039 10 0.000

0.000 0.000 2.225 10

mm/N

5 6

6 5

5

The effective mechanical and physical properties for use in Subpart 3A design are as follows:

Effective Mechanical
Properties

Values
U.S. Customary

Units
SI Units

E-Z 1.195 × 106 psi 8240 MPa
E-θ 1.567 × 106 psi 10800 MPa
G-Z 7.314 × 105 psi 5040 MPa
ν-θZ 0.48 0.48
ν-Zθ 0.36 0.36

Effective Physical
Properties

Values
U.S. Customary

Units
SI Units

Density 0.0608 lb/in.3 1683 kg/m3

Glass volume fraction 0.294 0.294
Glass weight fraction 0.456 0.456
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M3-620 Advanced Design Example Calculations

This CLT calculation includes the effects of the unbalanced laminate sequence. The hoop and axial extensional moduli
are influencedby the couplingeffects in theBijmatrix. Thehoopandaxialmoduli in flexurearebasedonbendingabout the
neutral axes in the x (axial) and y (hoop) directions.
The reductionsof several ormoreplies to threeplies that represents theactual in-planeandbending responses canalso

be referred to as smeared properties or “macros.”
The woven roving layer is modeled as three unidirectional layers oriented at 0 deg and 90 deg. The thickness of these

layers is proportionedwith respect to theweave style (5/9 for axial and 4/9 for hoop). However, the distance z between
the reference plane and the centroid of this layer is taken to the center of the total layer to prevent an unbalanced
calculation of the flexural properties. The neutral axes in bending in the x and y directions are equal for this macro.
Paragraph M3-640 demonstrates the macro formulation.
The filament wound layers are also input into the CLT equations as a balanced and symmetric laminate with three

layers, and the resultant effective properties are then used in the subsequent CLT analysis as these layers with the
calculated “smeared” properties. The neutral axes in bending in the x and y directions are equal for this macro.
The lamina input (developed from themicromechanics in paras. M3-310 andM3-320) for the laminate theory calcula-

tions are shown in Table M3-2.

Table M3-2
Lamina Input for CLT Calculations

Material E1 E2 ν12 G12
Thickness, t
[Note (1)] α, deg

U.S. Customary Units
c-veil 5.492 × 105 psi 5.492 × 105 psi 0.34 2.049 × 105 psi 0.013 in. Random
1.5-oz/ft2 mat 1.025 × 106 psi 1.025 × 106 psi 0.33 3.863 × 105 psi 0.043 in. Random
1.5-oz/ft2 mat 1.025 × 106 psi 1.025 × 106 psi 0.33 3.863 × 105 psi 0.043 in. Random
Filament wound roving 5.400 × 106 psi 1.122 × 106 psi 0.28 4.025 × 105 psi 0.032 in. 54
Filament wound roving 5.400 × 106 psi 1.122 × 106 psi 0.28 4.025 × 105 psi 0.064 in. −54
Filament wound roving 5.400 × 106 psi 1.122 × 106 psi 0.28 4.025 × 105 psi 0.032 in. 54
1.5-oz/ft2 mat 1.025 × 106 psi 1.025 × 106 psi 0.33 3.863 × 105 psi 0.043 in. Random
24-oz/yd2 woven roving
Warp direction 3.532 × 106 psi 7.476 × 105 psi 0.30 2.688 × 105 psi 0.011 in. 0
Weft direction 3.643 × 106 psi 7.641 × 105 psi 0.30 2.748× 105 psi 0.017 in. 90
Warp direction 3.532 × 106 psi 7.476 × 105 psi 0.30 2.688 × 105 psi 0.011 in. 0

1.5-oz/ft2 mat 1.025 × 106 psi 1.025 × 106 psi 0.33 3.863 × 105 psi 0.043 in. Random
SI Units

c-veil 3790 MPa 3790 MPa 0.34 1410 MPa 0.33 mm Random
450-g/m2 mat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
450-g/m2 mat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
Filament wound roving 37200 MPa 7740 MPa 0.28 2780 MPa 0.81 mm 54
Filament wound roving 37200 MPa 7740 MPa 0.28 2780 MPa 1.61 mm −54
Filament wound roving 37200 MPa 7740 MPa 0.28 2780 MPa 0.81 mm 54
450-g/m2 mat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
810-g/m2 woven roving
Warp direction 24400 MPa 5160 MPa 0.30 1850 MPa 0.28 mm 0
Weft direction 25100 MPa 5270 MPa 0.30 1900 MPa 0.43 mm 90
Warp direction 24400 MPa 5160 MPa 0.30 1850 MPa 0.28 mm 0

450-g/m2 mat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random

NOTE: (1) Total thickness for all layers in the design example laminate = 0.351 in. (8.92 mm).
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The following are the classical laminate theory calculations for the ABD matrices from para. M3-400:

(U.S. Customary Units)

Mechanical ABD, lb/in., lb, in.-lb
Midsurface

Strain Thermal Moisture
Nx = 5.076 × 105 2.425 × 105 0.000 −5.720 × 103 1.810 × 103 0.000 × εxo − Nxt − Nxm

Ny = 2.425 × 105 6.657 × 105 0.000 1.810 × 103 −2.079 × 103 0.000 × εyo − Nyt − Nym

Nxy = 0.000 0.000 2.567 × 105 0.000 0.000 1.771 × 103 × γxyo − Nxyt − Nxym

Mx = −5.720 × 103 1.810 × 103 0.000 4.658 × 103 1.399 × 103 91.10 × κx − Mxt − Mxm

My = 1.810 × 103 −2.079 × 103 0.000 1.399 × 103 4.744 × 103 173.6 × κy − Myt − Mym

Mxy = 0.000 0.000 1.771 × 103 91.10 173.6 1.461 × 103 × κxy − Mxyt − Mxym

Midplane
Strainand
Curvature ABD Inverse, (lb/in.)−1, lb−1, (in.-lb)−1 Mechanical Thermal Moisture
εxo = 2.464 × 10−6 −9.169 × 10−7 −3.217 × 10−10 4.153 × 10−6 −2.568 × 10−6 4.662 × 10−8 × Nx + Nxt + Nxm

εyo = −9.169 × 10−7 1.849 × 10−6 5.041 × 10−10 −2.405 × 10−6 1.872 × 10−6 −7.307 × 10−8 × Ny + Nyt + Nym

γxyo = −3.217 × 10−10 5.041 × 10−10 3.929 × 10−6 4.421 × 10−8 1.624 × 10−7 −4.784 × 10−6 × Nxy + Nxyt + Nxym

κx = 4.153 × 10−6 −2.405 × 10−6 4.421 × 10−8 2.431 × 10−4 −7.409 × 10−5 −6.408 × 10−6 × Mx + Mxt + Mxm

κy = −2.568 × 10−6 1.872 × 10−6 1.624 × 10−7 −7.409 × 10−5 2.353 × 10−4 −2.354 × 10−5 × My + Myt + Mym

κxy = 4.662 × 10−8 −7.307 × 10−8 −4.784 × 10−6 −6.408 × 10−6 −2.354 × 10−5 6.935 × 10−4 × Mxy + Mxyt + Mxym

(SI Units)

Mechanical ABD, N/mm, N, N·mm
Midsurface

Strain Thermal Moisture

Nx = 8.889 × 104 4.247 × 104 0.000 −2.544 × 104 8.051 × 103 0.000 × εxo − Nxt − Nxm

Ny = 4.247 × 104 1.166 × 105 0.000 8.051 × 103 −9.248 × 103 0.000 × εyo − Nyt − Nym

Nxy = 0.000 0.000 4.496 × 104 0.000 0.000 7.878 × 103 × γxyo − Nxyt − Nxym

Mx = −2.544 × 104 8.051 × 103 0.000 5.263 × 105 1.581 × 105 1.029 × 104 × κx − Mxt − Mxm

My = 8.051 × 103 −9.248 × 103 0.000 1.581 × 105 5.360 × 105 1.961 × 104 × κy − Myt − Mym

Mxy = 0.000 0.000 7.878 × 103 1.029 × 104 1.961 × 104 1.651 × 105 × κxy − Mxyt − Mxym

Midplane
Strain and
Curvature ABD Inverse, (N/mm)−1, N−1, (N·mm)−1 Mechanical Thermal Moisture

εxo = 1.407 × 10−5 −5.236 × 10−6 −1.837 × 10−9 9.336 × 10−7 −5.773 × 10−7 1.048 × 10−8 × Nx + Nxt + Nxm

εyo = −5.236 × 10−6 1.056 × 10−5 2.878 × 10−9 −5.407 × 10−7 4.208 × 10−7 −1.643 × 10−8 × Ny + Nyt + Nym

γxyo = −1.837 × 10−9 2.878 × 10−9 2.244 × 10−5 9.939 × 10−9 3.651 × 10−8 −1.075 × 10−6 × Nxy + Nxyt + Nxym

κx = 9.336 × 10−7 −5.407 × 10−7 9.939 × 10−9 2.152 × 10−6 −6.558 × 10−7 −5.672 × 10−8 × Mx + Mxt + Mxm

κy = −5.773 × 10−7 4.208 × 10−7 3.651 × 10−8 −6.558 × 10−7 2.083 × 10−6 −2.083 × 10−7 × My + Myt + Mym

κxy = 1.048 × 10−8 −1.643 × 10−8 −1.075 × 10−6 −5.672 × 10−8 −2.083 × 10−7 6.138 × 10−6 × Mxy + Mxyt + Mxym
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The following are the calculations for the ABDmatrices developed from the neutral axes in the x (axial) and y (hoop)
directions from para. M3-400:
ABD Matrix From Bending x Worksheet

(U.S. Customary Units)

ABD, lb/in., lb, in.-lb
5.076 × 105 2.425 × 105 0.000 0.000 4.542 × 103 0.000
2.425 × 105 6.657 × 105 0.000 4.542 × 103 5.421 × 103 0.000

0.000 0.000 2.567 × 105 0.000 0.000 4.665 × 103

0.000 4.542 × 103 0.000 4.594 × 103 1.470 × 103 91.10
4.542 × 103 5.421 × 103 0.000 1.470 × 103 4.781 × 103 173.6

0.000 0.000 4.664 × 103 91.10 173.6 1.533 × 103

(SI Units)

ABD, N/mm, N, N·mm
8.889 × 104 4.247 × 104 0.000 0.000 2.020 × 104 0.000
4.247 × 104 1.166 × 105 0.000 2.020 × 104 2.411 × 104 0.000

0.000 0.000 4.496 × 104 0.000 0.000 2.075 × 104

0.000 2.020 × 104 0.000 5.191 × 105 1.661 × 105 1.029 × 104

2.020 × 104 2.411 × 104 0.000 1.661 × 105 5.402 × 105 1.961 × 104

0.000 0.000 2.075 × 104 1.029 × 104 1.961 × 104 1.732 × 105

ABD Matrix From Bending y Worksheet

(U.S. Customary Units)

ABD, lb/in., lb, in.-lb
5.014 × 105 2.082 × 105 0.000 −2.937 × 103 2.372 × 103 0.000
2.082 × 105 5.697 × 105 0.000 2.372 × 103 0.000 0.000

0.000 0.000 2.072 × 105 0.000 0.000 2.223 × 103

−2.937 × 103 2.372 × 103 0.000 4.617 × 103 1.420 × 103 0.000
2.372 × 103 0.000 0.000 1.420 × 103 4.597 × 103 0.000

0.000 0.000 2.223 × 103 0.000 0.000 1.410 × 103

(SI Units)

ABD, N/mm, N, N·mm
8.781 × 104 3.646 × 104 0.000 −1.306 × 104 1.055 × 104 0.000
3.646 × 104 9.977 × 104 0.000 1.055 × 104 0.000 0.000

0.000 0.000 3.629 × 104 0.000 0.000 9.888 × 103

−1.306 × 104 1.055 × 104 0.000 5.217 × 105 1.604 × 105 0.000
1.055 × 104 0.000 0.000 1.604 × 105 5.194 × 105 0.000

0.000 0.000 9.888 × 103 0.000 0.000 1.593 × 105
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The following are the effective material properties for the laminate:

Material
Properties

Values
U.S. CustomaryUnits SI Units

Ex 1.187 × 106 psi 8180 MPa
Ey 1.549 × 106 psi 10700 MPa
νxy 0.36 0.36
νyx 0.49 0.49
Gxy 7.047 × 105 psi 4860 MPa
Ex flexural 1.142 × 106 psi 7870 MPa
Ey flexural 1.179 × 106 psi 8130 MPa
νxy flexural 0.30 0.30
νyx flexural 0.31 0.31
Dx flexural 4.550 × 103 lb-in. 5.141 × 105 N·mm
Dy flexural 4.701 × 103 lb-in. 5.311 × 105 N·mm
Esx extensional 5.065 × 105 lb-in. 5.723 × 107 N·mm
Esy extensional 6.613 × 105 lb-in. 7.472 × 107 N·mm
Midthickness 0.176 in. 4.47 mm
Neutral axis x 0.164 in. 4.17 mm
Neutral axis y 0.172 in. 4.37 mm

where the following assumptions have been made:
(a) Extension Ex and νxy and flexural Ex and νxy are calculated based on the neutral x axis, such that an extensional load

Nx produces no curvature in the x direction, and an Mx bending load produces no x-direction extension.
(b) ExtensionalEyandνyxand flexuralEyand νyxare calculatedbasedon theneutral yaxis, such that anextensional load

Ny produces no curvature in the y direction, and an My bending load produces no y-direction extension.
(c) In-plane Gxy is assumed to be the average of the Gxy calculated using the x and y neutral axes.

NOTES:
(1) These are one-dimensional values, and the full ABD matrix needs to be used for laminates that have Bij terms present to

determine the actual response of the laminate because of the additional coupling terms.
(2) These predicted material properties using the advanced CLT are within a few percent of those calculated using the simplified

design example in para. M3-610 for the Ex (Ez) and Ey (Eθ) values.

M3-630 ð23ÞStresses, Strains, and Strength Ratios Example

Using the simplified design calculation example in para. M3-610 and assuming a biaxial pressure of 10.0 psig (6.89 ×
10−2MPag) and an inside diameter of 120 in. (3050mm), the stresses, strains, and strength ratios are calculated; results
are shown Table M3-3.
A comparison of the calculated R values shows that there is close agreement between the four strength theories.

M3-640 Macro or Smeared Property Formulation

Resin crazing is allowed in the laminate, except for the liner materials. Filament wound, unidirectional, and woven
roving materials can produce an artificially low R value due to loads transverse to the fiber directions. Then, load
transverse to the fiber direction may be protected due to the adjacent transverse fibers. The strength of the macro
is not compromised, provided there is no fiber failure.
This example is based on the woven roving with properties as calculated in para. M3-310 and used in the design

example.
The woven roving layer is modeled as a balanced and symmetric three-ply laminate as shown in Table M3-4. All the

effectiveelastic properties andstrengthsper strain limits of this three-plymodel canbedeterminedas shown in this table.
The strengths for thismacro are based on the strain allowables in para. M3-310 and by discounting the strength of the

transverse plies. The tensile strength in the 1 direction is the product of the strain allowable (0.020) and Ex, which is
46,900 psi (323.4MPa). The tensile strength in the 2 direction is the product of the strain allowable (0.020) and Ey, which
results in a strength of 40,520 psi (279.4MPa). The other strengths are determined in a similar way, and the result is the
following:
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(U.S. Customary Units)

Equivalent
Macro Layer E11, psi E22, psi ν12 G12, psi t, in.

1 Tens,
psi

1 Comp,
psi

2 Tens,
psi

2 Comp,
psi

Shear,
psi

24-oz/yd2 woven
roving, smeared

2.345 × 106 2.026 × 106 0.11 2.714 × 105 0.039 46,900 24,310 40,520 16,210 7,274

(SI Units)

Equivalent
Macro Layer E11, MPa E22, MPa ν12 G12, MPa t, mm

1 Tens,
MPa

1 Comp,
MPa

2 Tens,
MPa

2 Comp,
MPa

Shear,
MPa

810-g/m2 woven
roving, smeared

16200 14000 0.11 1870 0.99 323.4 167.6 279.4 111.8 50.15

Theeffect of this formulation is similar to aprogressive failure analysiswhere the transverseproperties are assumed to
bediminished in the originalmodel. This is a conservative approach, as theremaybeno resin crazing for the design loads.
This approach also applies to unidirectional axial plies with hoop winds.
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Table M3-3
Strains, Stresses, and Strength Ratios

c-veil
1.5-oz/ft2

(450-g/m2) Mat
24-oz/yd2 (810-g/m2) Woven Roving

Filament Wound RovingWeft Direction Warp Direction
Strains, in./in. or mm/mm

Material axes
ε1 1.90 × 10−4 1.90 × 10−4 1.90 × 10−4 1.90 × 10−4 1.90 × 10−4

ε2 8.30 × 10−4 8.30 × 10−4 8.30 × 10−4 8.30 × 10−4 8.30 × 10−4

ε12 0.00 0.00 0.00 0.00 0.00
Structural axes

εx 1.90 × 10−4 1.90 × 10−4 1.90 × 10−4 1.90 × 10−4 6.10 × 10−4

εy 8.30 × 10−4 8.30 × 10−4 8.30 × 10−4 8.30 × 10−4 4.10 × 10−4

εxy 0.00 0.00 0.00 0.00 6.10 × 10−4

Stresses, psi (MPa)
Material axes

σ1 296.2 (2.042) 534.7 (3.687) 346.1 (2.386) 891.2 (6.145) 1,407 (9.701)
σ2 557.0 (3.840) 1,026 (7.074) 3,130 (21.58) 678.0 (4.675) 2,741 (18.90)
σ12 0.000 0.000 0.000 0.000 1,264 (8.715)

Structural axes
σx 296.2 (2.042) 534.7 (3.687) 3,130 (21.58) 891.2 (6.145) 3,483 (24.01)
σy 557.0 (3.840) 1,026 (7.074) 346.1 (2.386) 678.0 (4.675) 665.4 (4.588)
σxy 0.000 0.000 0.000 0.000 243.6 (1.680)

Strength Calculations
XT, psi (MPa) 8,238 (56.80) 15,380 (106.0) 72,860 (502.4) 70,650 (487.1) 108,000 (744.6)
XC, psi (MPa) 10,980 (75.70) 20,510 (141.3) 43,710 (301.4) 42,390 (292.3) 64,800 (446.8)
YT, psi (MPa) 8,238 (56.80) 15,380 (106.0) 1,146 (7.901) 1,121 (7.730) 1,682 (11.60)
YC, psi (MPa) 10,980 (75.70) 20,510 (141.3) 6,113 (42.15) 5,981 (41.24) 8,973 (61.87)
S, psi (MPa) 5,491 (37.86) 10,350 (71.36) 7,366 (50.79) 7,203 (49.66) 10,790 (74.39)
Fxx, 1/psi2 (1/MPa2) 1.105 × 10−8

(2.324 × 10−4)
3.171 × 10−9
(6.671 × 10−5)

3,140 × 10−10
(6.605 × 10−6)

3.339 × 10−10
(7.024 × 10−6)

1.429 × 10−10
(3.006 × 10−6)

Fxy, 1/psi2 (1/MPa2) −5.526 × 10−9
(−1.162 × 10−4)

−1.586 × 10−9
(−3.336 × 10−5)

−3.347 × 10−9
(−7.041 × 10−5)

−3.528 × 10−9
(−7.422 × 10−5)

−1.538 × 10−9
(−3.235 × 10−5)

Fyy, 1/psi2 (1/MPa2) 1.105 × 10−8
(2.324 × 10−4)

3.171 × 10−9
(6.671 × 10−5)

1.427 × 10−7
(3.002 × 10−3)

1.491 × 10−7
(3.136 × 10−3)

6.624 × 10−8
(1.393 × 10−3)

Fss, 1/psi2 (1/MPa2) 3.317 × 10−8
(6.978 × 10−4)

9.329 × 10−9
(1.962 × 10−4)

1.843 × 10−8
(3.877 × 10−4)

1.927 × 10−8
(4.054 × 10−4)

8.596 × 10−9
(1.808 × 10−4)

Fx, 1/psi (1/MPa) 3.035 × 10−5
(4.402 × 10−3)

1.626 × 10−5
(2.358 × 10−3)

−9.150 × 10−6
(−1.327 × 10−3)

−9.437 × 10−6
(−1.369 × 10−3)

−6.173 × 10−6
(−8.953 × 10−4)

Fy, 1/psi (1/MPa) 3.035 × 10−5
(4.402 × 10−3)

1.626 × 10−5
(2.358 × 10−3)

7.089 × 10−4
(1.028 × 10−1)

7.245 × 10−4
(1.051 × 10−1)

4.829 × 10−4
(7.004 × 10−2)

G 2.575 × 10−3 2.507 × 10−3 1.292 × 10−2 6.455 × 10−2 2.444 × 10−2

H 2.589 × 10−2 2.538 × 10−2 2.167 × 10−1 4.829 × 10−1 2.998 × 10−1

Strength Ratios
R, Compcyl 15.3 15.5 3.77 1.69 2.73
R, Advanced CLT 14.6 14.9 3.69 1.74 2.72
R, Trilam 16.7 16.0 4.04 1.73 2.85

R fiber 27.8 28.8 23.3 79.3 31.0
R matrix 14.8 15.0 3.31 1.65 2.52
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MANDATORY APPENDIX M-4
QUALITY CONTROL PROGRAM

M4-100 GENERAL

(a) The Fabricator shall have and maintain a Quality
Control Program that will ensure that all of the require-
ments of this Standard and any other applicable docu-
ments, as agreed between the Fabricator and the User,
will be met.

(b) The Fabricator shall maintain a program suitable
for the scope and detail of the work performed, and
the size and complexity of the Fabricator’s organization,
and shall designate a Certif ied Individual (see
para. 1-400). A written description of the program
shall be available for review.

(c) A copy of the Fabricator’s Quality Control Manual
shall be made available to the Inspector on request. The
Fabricator’s Quality Control Manual may contain proprie-
tary information and procedures. No copies of the Fabri-
cator’s Quality Control Manual shall be removed from the
Fabricator’s premises without the Fabricator’s express
permission. This security permission does not apply to
quality control forms and checklists that may be a
portion of the Quality Control Manual and are necessary
to be used during fabrication to check the fabrication
process. These quality control forms become attachments
to the Fabricator’s Data Report (see Form 1-2).

M4-200 ORGANIZATION

The Quality Control Program shall include the Fabrica-
tor’s organization chart, which indicates reporting
responsibility and authority. The purpose of this chart
is to identify and associate the various organizational
groups with the particular function for which they are
responsible. The organization chart showing the relation-
ship between management and engineering, purchasing,
fabrication, inspection, and quality control is required to
reflect the actual organization. This Standard does not
intend to encroach on the Fabricator’s right to establish
and to alter whatever form of organization the Fabricator
desires, as long as it is appropriate to fulfill the work
within this Standard. This chart shall illustrate that the
quality control function is independent of the production
group and marketing group.

M4-300 DOCUMENTATION

(a) The Quality Control Program shall include as a
minimum the records required by this Standard. These
records shall be organized in one place and readily avail-
able while fabrication is in progress.

(b) The Quality Control Program shall provide for
incorporation of procedures that will ensure that the
latest applicable drawings, design calculations, and speci-
fications are used for fabrication, inspection, and testing.

(c) Records shall be retained by the Fabricator for a
minimum of 5 yr.

M4-400 QUALITY CONTROL

The Quality Control Program shall include specific
procedures for the following:

(a) inspection of received goods, including raw mate-
rials and purchased items, i.e., any materials that will
become part of the finished vessel.

(b) in-process inspection of resin mixing, raw material
dispersion, component fabrication, and assembly proce-
dures, including verification of reinforcing sequence
(refer to Parts 4 and 6 of this Standard).

(c) scheduling and notification for Inspector’s hold
points and final acceptance inspection. Refer to
paras. 1-400, 1-430, 1-440, and 6-300. Typical inspection
events are given in Forms NM7-1 and NM7-2.

(d) inspection of the finished vessel (refer to Parts 4
and 6).

(e) rectifying nonconformities or imperfections that
shall be done in accordance with Mandatory Appendix
M-7 and shall be recorded on forms included in the Fabri-
cator’s Quality Control Program. Minimum data to be
recorded shall be date of correction, specific location
on the vessel, description of nonconformity or imperfec-
tion,method of correction, name of qualified Laminator or
Secondary Bonder who made the correction, and signa-
ture approvals for each correction in accordance with
Mandatory Appendix M-7 and the Fabricator’s Quality
Control Program.

(f) maintenance and calibration of all inspection and
test equipment.

(g) internal audits of the Quality Control Program. The
Certified Individual shall performthe internal audits at the
frequency specified in the QC Manual. The maximum
interval between audits shall be 14 months (although
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6-month intervals are recommended). The first audit shall
occur no more than 1 yr from the date of issuance of the
Certificate of Authorization.

(h) assurance that the RTP-1 nameplate information
meets the requirements of the UBRS and para. 8-850.

M4-500 EXAMPLE OF A FABRICATOR’S QUALITY
CONTROL PROGRAM

An example of a Fabricator’s Quality Control Program is
included in Nonmandatory Appendix NM-6.
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MANDATORY APPENDIX M-5
QUALIFICATION OF LAMINATORS AND SECONDARY BONDERS

M5-100 GENERAL REQUIREMENTS

(a) This Appendix specifies the rules for qualifying per-
sonnel to produce laminates and/or perform secondary
bonding operations. Laminates and overlays thereof
(secondary bonds) shall only be made by personnel
who have been qualified in accordance with the rules
of this Appendix.

(b) A Laminator is an individual actively engaged
(continually present and possessing full control over
the process) in producing laminates. This is not to
preclude assistance being provided to the Laminator
by one to four assistants.

(c) A Secondary Bonder is an individual who is actively
engaged in joining and overlaying cured subassemblies of
the vessel being fabricated. This is not to preclude assis-
tance being provided to the Secondary Bonder by one or
two assistants.

(d) The Fabricator shall maintain up-to-date records
relating to qualification of each Laminator and Secondary
Bonder.These recordswill document thedateof lastquali-
fication andwill include all calculations and test or inspec-
tion reports from both internal and independent
laboratory testing programs used in the process of quali-
fication. These records are subject to reviewon request by
all parties engaged in the process of procurement or
inspection.

M5-200 RESPONSIBILITY

It is the responsibility of the Fabricator to train and
qualify Laminators and Secondary Bonders.

M5-300 QUALIFICATION OF LAMINATORS

(a) Laminators may qualify their capabilities at the
time a Fabricator produces a demonstration laminate
for the purpose of shop qualification.

(b) To qualify, a Laminator must produce one Type II
demonstration laminate (see Part 7), fabricated of any
polyester or vinyl ester resin, which upon test in accor-
dance with the instructions in Part 7 fulfills the require-
ments of this Standard. A Laminator Qualification Report,
Form M5-1, shall be completed and signed for each lami-
nator qualification.

(c) All laminates made for qualification shall be iden-
tified in accordance with para. 7-900.

(d) Laminators shall be requalified if inactive for 6
months.

(e) TheCertified Individualmay require requalification
of a Laminator at any time if there is cause to question the
Laminator’s ability to produce laminates in accordance
with the requirements of this Standard.

M5-400 QUALIFICATION OF SECONDARY
BONDERS

(a) Secondary Bonders must qualify their capabilities
in accordance with the procedures described in
paras. M5-410 through M5-440.

(b) It is the responsibility of the Fabricator’s Quality
Control Manager to

(1) ensure compliance with procedures as outlined
for the preparation and machining of test samples.

(2) make or supervise the making of circumference
measurements.

(3) make, sign, and date a Secondary Bonder Quali-
ficationReport; see FormM5-2. Attached to the Secondary
Bonder Qualification Report shall be copies of a Compo-
nent Data Sheet, including all items listed in Form NM6-2.
TwoComponentData Sheets are required, one for thepipe
test piece, the second for theoverlay. TheComponentData
Sheets shall be appropriately identified.

M5-410 ð23ÞMaking Pipe Test Pieces

(a) Three pipe test pieces shall be made by a qualified
Laminator utilizing brightly pigmented polyester or vinyl
ester resin.

(b) Refer to Figure M5-1 for dimensions of pipe test
pieces.

(c) The Laminator shall apply a nonpigmented, paraf-
finated top coat to the pipe exterior.

(d) After lamination, application of paraffinated top
coat, and cure, the pipe test pieces must be aged at
70°F (21°C) to 80°F (27°C) for at least 72 hr before
the Secondary Bonder may begin to make overlays.

M5-420 ð23ÞMaking Secondary Bond Test Assemblies

(a) The Secondary Bondermust overlay three pipe test
pieces to make three secondary bond test assemblies as
illustrated in Figure M5-2.
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Data by Fabricator:

Fabricator Laminator

Address Last qualification date

Lamination date

Quality Control Manager

Fabrication process Resin type

Laminate type Catalyst type

Data by Test Laboratory:

Test laboratory Test report no.

Lab technician Testing date

Specimen Specimen Specimen
Number Thickness Width Test Speed Peak Load Sx Sy Ex Ey

1

2

3

4

5

Average

Type II laminates require properties in the warp direction only.

Test laboratory representative Date
(signature)

Certification:

The Laminator whose name appears above is qualified under the provisions of ASME RTP-1, Part 7 and Mandatory Appendix M-5.

Quality Control Manager Date
(signature)

Laminator Date
(signature)

GENERAL NOTES:
(a) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
(b) Attach copies of Form NM6-2 (Component Data Sheet) and laboratory test report to this Laminator Qualification Report.

Form M5-1 Laminator Qualification Report
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Fabricator Secondary Bonder

Address Last qualification date

Secondary bonding date

Quality Control Manager Test laboratory

Qualified Laminator Lab technician

Pipe fabrication date Testing date

Data by Fabricator:

Pipe Circumferences

Specimen Number C1 C2 Ca

Ha p La − Da

Sb p
P

Ca Ha
[minimum allowable p 2,000 psi (13.8 MPa)]

Data by Test Laboratory:

Test laboratory representative Date
(signature)

raehSraehShtpeDeroBfeileRthgieHralloCraehS
Specimen Height Peak Load Strength
Number L1 L2 L3 La D1 D2 D3 Da Ha P Sb

The following certify that they have executed their responsibilities and tests in accordance with the requirements of ASME RTP-1,
para. M5-400:

Secondary Bonder Date
(signature)

Quality Control Manager Date
(signature)

Secondary Bonder □ is qualified □ is not qualified

GENERAL NOTES:
(a) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
(b)  Attach copies of Form NM6-2 (Component Data Sheet) to this Secondary Bonder Qualification Report. One Component Sheet is  
 to apply to the pipe test piece per Figure M5-1; the other is to apply to the overlay per Figure M5-2. Identify each Component Data  
 Sheet accordingly.

Form M5-2 Secondary Bonder Qualification Report
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Figure M5-1
ð23ÞPipe Test Piece

Type II laminate, 0.37 in. (9.4 mm) nominal
    thickness (per Table 2A-2)

CL

Approx. 3/4 in.
   (19 mm)

Approx. 3/4 in.
   (19 mm)

Pipe I.D. shall be 3 in. ± 1/8 in.
  (76 mm ± 3 mm)

18 in. ± 1/8 in.
(460 mm ± 3 mm)

1 in. to 11/4 in.
    (25 mm to 32 mm)
    (typical)

Mark average circumference length
    in these areas [see para. M5-420(d)]

Measurement locations

C
a  =

C
a 

= C2C1

Figure M5-2
ð23ÞSecondary Bond Test Assembly

CL

C
a  =

C
a 

=

9 in. ± 1/8 in.
(230 mm ± 3 mm)

Overlay

Laminate sequence
    2M, 3(MR), M, V [see paras.
    4-320(b) through 4-320(d)]
Bond shall be of the same resin
    system as the pipe

Secondary Bonder to mark name and/or
    employee no. at both ends of secondary bond
    test assembly, 90 deg to Ca data.
Quality Control Manager to mark a number at
    each end, 180 deg to Ca data. (There must be
    a different number at each end of each
    assembly.)
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(b) The Secondary Bonder shall prepare the pipe test
pieces for overlayper para. 4-320(a). Care shouldbe taken
to maintain an even surface and constant circumference,
avoiding removal of excess material that would result in
grooves, tapers, or flat spots.

(c) After preparation for overlay, the circumference of
the area to be overlayed shall be measured using a metal
tape measure at the points indicated in Figure M5-1. This
must be done for each of the three pipe test pieces to be
overlayed. Measurements must be made in accordance
with para. M5-400(b)(2). Measurement accuracy shall
be ±1∕16 in. (±1.5 mm) and rounded to the nearest 1∕16
in. (1.5 mm).

(d) For each of three pipe test pieces, the two circum-
ferencemeasurements shall be recorded in the Secondary
Bonder Qualification Report. When recording measure-
ments, express the values as the decimal equivalents of
the measurements taken. Calculate the average of the
two circumference measurements and round it off to
the nearest hundredth of an inch (0.2 millimeter); this
value is Ca. The value of Ca shall be recorded in the
report and also marked in 1∕2-in. to 3∕4-in. (13-mm to
19-mm) size numerals, with a black indelible marker,
at eachendofapipe testpiece. SeeFigureM5-1 forapprox-
imate locations where the average circumference value,
Ca, is to be marked on each pipe test piece.

(e) A unique specimen identifier shall be marked at
each end of each test piece (see Figure M5-2).

(f) The Secondary Bonder shall then overlay the three
pipe test pieces, following instructions in paras. 4-320(b)
through 4-320(d), so as to make secondary bond test
assemblies as shown in Figure M5-2. Nonpigmented
resin is to be used.

M5-430 Making and Measuring Secondary Bond
Test Specimens

(a) After the overlay is cured, and cure is verified per
the instructions in para. 6-910, machine the secondary
bond test assemblies to make secondary bond test speci-
mens in accordance with Figure M5-3.

(b) Each secondary bond test assembly makes two
secondarybond test specimenswhencut on the centerline
of the overlay.

(c) A minimum of five secondary bond test specimens
are required to be made for testing.

(d) Machining operations may be done by the Fabri-
cator, at another firm or location, or at an independent
testing laboratory.

M5-440 Testing Secondary Bond Test Specimens
and Calculating Secondary Bond Shear
Strength

(a) When machining is complete, five secondary bond
test specimens must be tested by an independent testing
laboratory.

(b) Prior to testing, the average engagement height of
the shear collar must be determined for each secondary
bond test specimen.

(c) Measurements and calculations to determine the
average engagement height of the shear collar must be
done at the independent testing laboratory where the
test specimens are to be tested.

(d) To determine the average engagement height, Ha,
for each test specimen, proceed as follows:

(1) Refer to Figure M5-3.
(2) Using a vernier caliper, make three measure-

ments of the shear collar height, L, at approximately
120-deg intervals and record the measurements in the
Secondary Bonder Qualification Report. The average of
the three measurements, La, shall be calculated; the
value shall be rounded off to the nearest hundredth of
an inch (0.2 millimeter), recorded in the report, and
also marked on each test specimen in approximately
the area shown in Figure M5-3. Refer to para.
M5-420(d) formarkingrequirements.Measurementaccu-
racy shall be ±0.010 in. (0.25 mm).

(3) Using a vernier caliper with a depth slide, make
threemeasurements of the relief boredepth,D, at approxi-
mately 120-deg intervals. Follow the same general proce-
dures as in (2) for recording measurements; averaging
and rounding data to arrive at the average relief bore
depth, Da; andmarking the specimen. Measurement accu-
racy shall be ±0.010 in. (0.25 mm).

(4) Calculate the engagement height,Ha, for each test
specimen as follows:

=H L Da a a

Record the values of Ha in the Secondary Bonder Quali-
fication Report and mark them on the test specimens in
accordance with previous instructions. Testing of speci-
mens may now commence.

(e) Specimens must be tested in compression in a lab-
oratory testing machine such that the secondary bond
area under the shear collar fails in shear. The crosshead
speed shall be 0.05 in./min (1.3 mm/min).

(f) Peak load, P, is to be recorded for each specimen,
rounded off to the nearest 200 lb (890 N).

(g) Secondary bond shear strength, SB, is to be calcu-
lated for each test specimen as follows:

=
×

S P
C H

lb/in. (MPa)B
a a

2

where
Ca = average circumference of test specimen, in. (mm)
Ha = average engagement height, in. (mm)
P = peak load at failure, lb (N)

(h) The independent testing laboratory shall calculate
andreport thevaluesof secondarybondshear strength for
each test specimen tested.
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Figure M5-3
ð23ÞSecondary Bond Test Specimen

L

636363

63

Top and bottom surfaces of specimen
    must be parallel [Note (1)]

8 in. to 9 in.
(200 mm to 230 mm)

1 in. (25 mm) min.
    1¼ in. (32 mm) max.

1/8 in. (3 mm) min.
    width plunge cut
    [Note (2)]

1/8 in. (3 mm) max.
     1/32 in. (0.8 mm) min.
    [Note (5)]

Ca =

Shear collar

Section A– A

Split Shear Collar and Pipe

Relief bore
    [Note (4)]

D [Note (3)] 

Approximate location and
    general arrangement for all
    measurement markings to be
    placed on each test specimen

La =

Da =

Ha =

A

A

GENERAL NOTE: indicates machine lathe finish.

NOTES:
(1) Lack of parallelism may reduce test values.
(2) Plunge cut with squared nose parting tool to depth sufficient to expose pigmented laminate all around and over the full width of the cut.
(3) Machine back pipe 1∕4 in. (6 mm) minimum, 5∕16 in. (8 mm) maximum.
(4) The relief boremust extend aminimumof 3∕32 in. (2.5mm) outboard of the external surface of the pipe for the full circumference of the relief

bore.
(5) Slotmust extend completely through thewall of the shear collar (andpipe) andbeof length sufficient toprotrude fully into theplunge cut slot.
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M5-450 Requirements for Qualification of
Secondary Bonders

(a) The secondarybond shear strengthof all specimens
tested must be greater than or equal to 2,000 psi (13.8
MPa). Should any sample tested fail to achieve a secondary
bondshear strengthof2,000psi (13.8MPa), a complete lot
of six new samples must be made and five of these tested,
so that all five retest samples achieve 2,000 psi (13.8MPa)
minimum shear value.

(b) Secondary Bonders shall be requalified if inactive
for 6 months.

(c) TheCertified Individualmay require requalification
of a SecondaryBonder at any time if there is cause to ques-
tion the Secondary Bonder’s ability to produce secondary
bonds in accordance with the requirements of this Stan-
dard.
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MANDATORY APPENDIX M-6
DEMONSTRATION VESSEL

M6-100 GENERAL

Fabricators shall design, fabricate, and satisfactorily
test a demonstration vessel in accordance with the
instructions contained in this Appendix.
The design and fabrication of the demonstration vessel

require a comprehensive understanding of this Standard
by the Fabricator. These involve a full demonstration of
the Fabricator’s ability to design, execute drawings,
qualify demonstration laminates, establish design
values from design basis laminates, qualify Laminators
and Secondary Bonders, and fabricate under effective
overview of the Fabricator’s Quality Control Program,
all in full accordance with the requirements of this Stan-
dard.
No Fabricator shall claim qualification to fabricate to

this Standard until having satisfactorily completed and
tested the demonstration vessel in accordance with the
instructions herein.

M6-200 PRELIMINARY REQUIREMENTS

Prior to designing or constructing the demonstration
vessel, the Fabricator shall complete all of the following
requirements:

(a) The Fabricator shall have developed a written
Quality Control Program in full accordance with the re-
quirements of Mandatory Appendix M-4. Demonstration
of the effectiveness of the program is suggested on several
jobs in the shopprior to constructionof thedemonstration
vessel.

(b) The Fabricator shall have constructed and shall
have successfully completed testing of demonstration
laminates and design basis laminates of those laminate
types and that resin specified by the UBRS for the demon-
stration vessel (see Part 7 for requirements of demonstra-
tion laminates).

(c) The Fabricator shall have trained and qualified
those Laminators and Secondary Bonders who will
construct the demonstration vessel (see Mandatory
Appendix M-5).

M6-300 DESIGN, FABRICATION, AND TESTING OF
THE DEMONSTRATION VESSEL

Design and drafting requirements shall be demon-
strated by the Fabricator in full accordancewith this Stan-
dard.
All instructions for fabricationand testingof thedemon-

stration vessel are contained in the UBRS identified as
Table M6-1 (see Figure M6-1).

M6-400 REQUIREMENTS SUBSEQUENT TO
TESTING

(a) Subsequent to completion of successful testing, the
Fabricator shall section (cut) the demonstration vessel to
reveal details and the integrity of laminates and secondary
bonds. Instructions for sectioning are included in the
UBRS (see Figure M6-2). The Fabricator may polish or
grind the cut edges, but no resin, resin putty, or any
other material is to be applied to such cut edges.

(b) The quadrant sectioned from the demonstration
vessel may be retained or disposed of by the Fabricator,
at the Fabricator’s option.

(c) The three-quarter section from the demonstration
vessel shall be placed on display at the Fabricator’s shop
for viewing by the ASME Certification Audit Team. No
paints, coloration, or pigmentation shall be applied to
the demonstration vessel. The Fabricator has the
option to retain or dispose of the vessel after initial issu-
ance of an ASME RTP-1 Certificate number.

(d) Subsequent to the completion of successful testing,
the Fabricator shall execute a Fabricator’s Data Report
(see Form 1-2). Attached to the Data Report shall be
all information required by the Data Report, plus the
following additional items:

(1) a copy of the Witness of Hydrotest form (see
Figure M6-3)

(2) certified test reports of all required demonstra-
tion and design basis laminates [see para. M6-200(b)]

(3) certified test reports covering the qualification of
Laminators and Secondary Bonders [see para. M6-200(c)
and Mandatory Appendix M-3]

(4) a photograph of the sectioned demonstration
vessel
All of the above shall be organized and bound as a single

document. The Fabricator may reproduce as many copies
of this document as desired.
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(e) At least one copy of the document described in (d)
shall be available for reviewas longas theFabricatorholds
an RTP Certificate of Authorization.
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Table M6-1
ð23ÞUser’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1)

Page 1 of 4

RTP Edition No.

UBRS Revision No.

User firm name For display at Fabricator’s shop

User’s Agent firm name Not applicable

Title of equipment ASME RTP-1 demonstration vessel

User’s designation no. ASME RTP-1 A1

Installation location (name and address) Fabricator’s shop

UBRS prepared by (User or User’s Agent):

20/8/3DateNot applicablePhone no.Mandattory Appendix M-6, ASME RTP-1Name

Address

1. Equipment description (equipment sketch and nozzle schedule must be attached):

Storage vessel

2. Additional Fabricator responsibilities:
[ ] Special requirements

[ ] Acoustic emission testing
[x] Inspection or testing requirements not listed in the Standard A special hydrotest shall be performed,

fully flooded (all air vented off). Water shall be ambient temperature. An acceptable Hydrostatic Proof
test shall be in the range of 44.0 psig–46.0 psig (303 kPag – 317 kPag). Test shall be witnessed by a Qualified Designer.
The Witness of Hydrotest form (Figure M6-3) shall be completed.

[ ]
[ ]

[ ] Visual inspection acceptance level (refer to Table 6-1):
[ ] Level 1
[x] Level 2

Quantity limitations for gaseous air bubbles or blisters
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Table M6-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 2 of 4

RTP Edition No.

UBRS Revision No.

[  ]    Additional inspection aids/methods [refer to para.6-940(c)]

3. Material selection

3.1 Material selection by:
[ ] Resin manufacturer (include data per section 4 of this document)
[ ] Fabricator (include data per section 4 of this document)
[ ] End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirements, etc. (list and specify; attach

copies of local code/ordinance requirements)

[x] Other As required by Mandatory Appendix M-6
3.2 Material of construction:

CoNap/MEKPCatalyst/cure systemClear chlorendic polyesterResin
Veil Fiberglass surfacing veil NABarcol hardness per para. 6-910(b)(4)
[ ] Lift lugs: [ ] RTP [ ] Carbon steel [ ] Other
[x] Hold-down lugs: [x] RTP [ ] Carbon steel [ ] Other

4. Chemical service data (shall be provided when Fabricator or resin manufacturer is making material selection)

4.1 Description of process function and process sequence: Not applicable

4.2 Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time

Potable water 100 100 Continuous

4.3 pH range: max. min.

5. Design
5.1 Design conditions:

Operating Design

Internal pressure 15.0 psig (103 kPag)

External pressure 0.0 psig   (0.0 kPag)

80°F (27°C)Temperature 150°F  (66°C)

Specific gravity 1.0
FullLiquid level Full

14.0 psig (96.5 kPag)

0.0 psig  (0.0 kPag)

1.0
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Table M6-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 3 of 4

RTP Edition No.

UBRS Revision No.

Wind/seismic/snow code (include edition or year) ASCE 7
Basic wind speed Classification Category erusopxE
Elevation above grade ft (m)

,stneiciffeocnoitomdnuorg,epytlios(noitamrofnicimsiescificeps-etiS1enozcimsieS
etc.)

Snow load 0 psf (kPa)
Capacities: Operating Flooded gal (L)   Flooded By Fabricator gal (L)

5.2 Mechanical agitator: [ ] Required [ ] Not required
b (N)ldaoldaeD
b (N·m)l-tftnemomgnidnebcitatS

b (N·m)l-tftnemomgnidnebcimanyD
b (N·m)l-tfeuqroT

p (W)hrewopesroH
in. (mm)retemaidrellepmIMPRdeepsrellepmI

oN][seY][:gniraebtooFsrellepmiforebmuN
5.3 Heating and cooling:

[ ] Electric panels
[ ] Steam coil
[ ] Steam sparger
[ ] Heat exchanger
[x] Other Not applicable

5.4 Mechanical and other forces:
[ ] Violent chemical reaction
[ ] Subsurface introduction of gas or vapor
[ ] Subsurface introduction of steam
[ ] Transmitted mechanical load/force
[ ] Impact due to introduction of solids
[ ] Vacuum from pump down (or vessel draining)
[ ] Vacuum from cool down
[x] Other Not applicable

5.5 Corrosion barrier excluded from structural calculations:
[ ] Yes
[x] No

5.6 Declaration of critical service (only by User or User’s Agent; refer to para. 1-210 of ASME RTP-1):
[ ] Yes
[x] No

6. Designation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASME RTP-1. It shall be recognized that ASME RTP-1
establishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throughout
a major portion of the fabrication interval.). Inspector shall be:
[x] Fabricator’s Quality Control principal
[ ] User’s representative
[ ] Other

MPH (m/s)0

Topographic factors
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Table M6-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 4 of 4

RTP Edition No.

UBRS Revision No.

Inspector’s name Telephone

Company

Address

6.1 Approval of Inspector designation
6.1.1 Authorized User’s representative:

eltiTemaN

Signature Date
6.1.2 Authorized Fabricator’s representative:

eltiTemaN

Signature Date

Additional requirements:    Dimensional tolerances per Figure NM7-1 are specified as mandatory.

All gaskets to be full faced, 1⁄8 in. (3mm) Neoprene at 60 ± 5 Shore A durometer.

All bolts to be B8 or B7 studs, or A307 Grade B bolts.

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Figure M6-1
ASME RTP-1 Demonstration Vessel

45 deg 

65
 deg 

Type II laminate

Type II or filament
    wound laminate

Type I laminate

ASME flanged and dished head

ASME flanged and dished head

RTP pipe leg supports,
    four required,
    equally spaced

C, NPS 2 (DN 50) nozzle

Gusset

Affix nameplate to
    bracket located in
    this general area

D, NPS 2 (DN 50) nozzle

B, NPS 3 (DN 80)
    tangential nozzle

A, NPS 18 (DN 450)
   nozzle with cover

Tangent line

Tangent
    line

3 ft 6 in. (1070 mm) I.D. (min.)
4 ft 6 in. (1370 mm) I.D. (max.)

4 
ft

 0
 in

.
(1

20
0 

m
m

)

2 
ft

 0
 in

.
(6

00
 m

m
)

2 
ft

 6
 in

.
(7

60
 m

m
)

RTP support legs,
  equally spaced

CL

GENERALNOTE: Laminate thicknesses shall be based on design pressure and temperature, and laminates shall be of the type specified here (see
UBRS).
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Figure M6-2
Post-Test Sectioning of Vessel for Final Inspection and Display

30 deg 

Cut line

Cut line

Nozzle centerline

Section above
    gusset line

Nozzle centerline

Vertical centerline

Nameplate
    and bracket

This Section for Display

Cut line

Cut line

Cut line

Vertical centerline

This section for use or disposal,
    at Fabricator's option

D

D

Legend:
D = distance from centerline to cut line to be held to a practical minimum so as to clear the body and edge of the gusset with the cut
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Figure M6-3
ð23ÞWitness of Hydrotest of ASME RTP-1 Demonstration Vessel (Attachment No. 3)

Witness of Hydrotest
ASME RTP-1 Demonstration Vessel

On this date the following parties do certify by their signatures
(month/day/year)

that they have witnessed a hydrostatic test of the RTP demonstration vessel as
constructed by

Fabricator’s name

Address

and that this vessel did successfully contain the hydrostatic test pressure of 45.0 psig
(310 kPag) for 2 hours without leakage or cracking of any of its parts.

(a) Fabricator’s Inspector’s signature
(signature)

(print name)

(b) Qualified Designer’s signature (and seal)

(signature)

(print name)

(c) Fabricator’s authorized agent

GENERAL NOTES:
(a) This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
(b) Attach this witness form directly to the Fabricator’s Data Report (Form 1-2).
(c) An acceptable test pressure range is 44.0 psig to 46.0 psig (303 kPag to 317 kPag).
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MANDATORY APPENDIX M-7
REPAIR PROCEDURES

M7-100 SCOPE

This Appendix sets forth general criteria and repair
procedures that are to be used to correct nonconformities
in vessels before they are accepted as complying with this
Standard and/or before they are placed into service.

M7-200 GENERAL CONDITIONS

Whenadefective or damaged laminate is to be repaired,
the total sequence of laminate construction removed by
the grinding process shall be replaced by a laminate
sequence that shall provide structural properties
meeting the requirements of this Standard. It is required
that the repairedareahave the samephysical strength and
chemical resistance characteristics as the specified
original laminate.

M7-210 Nonconformities

Vessels fabricated to this Standard may be repaired to
correct nonconformities detected prior to being placed
into service, provided all of the following conditions
are met:

(a) The nonconformities shall be classified as repair-
able as indicated in para. M7-300.

(b) The repair procedures used shall be in accordance
with one or more of those outlined in paras. M7-600
through M7-663.

(c) All repair procedures shall be accepted in advance
by the Inspector. If structural repairs are necessary, the
Qualified Designer shall also concur.

(d) The amount of repaired area does not exceed the
limitations set forth in Table 6-1.

(e) Repairs are done by a qualified Secondary Bonder
employed by either the original vessel Fabricator or his/
her designated agent.

(f) All repairs are to be reinspected by the Inspector to
ensure compliance with this Standard.

M7-220 Incorrectly Placed/Sized Attachments

Any vessel repairs that are necessary because of incor-
rect size or placement of nozzles or other attachments as
required by the User shall also meet all the conditions set
forth in para. M7-210.

M7-300 REPAIRS TO CORRECT
NONCONFORMITIES

The following nonconformities shall be considered
repairable by procedures outlined in this Appendix:

(a) all imperfections within the inner surface or
interior layer as defined by Table 6-1

(b) low Barcol hardness levels, provided they are
correctable by postcuring

(c) acetone sensitivity of nonmolded surfaces and the
outside of secondary bond overlays

(d) all imperfections within the structural layer as
defined by Table 6-1

(e) underthickness and/or understrength of the vessel
structural laminate or secondary bond overlays, provided
the correct laminate sequence was followed

(f) incorrect size or placement of vessel nozzles or
attachments

(g) nonconformities that result in leakage during the
hydrostatic test
A hydrostatic test is required after the correction of

nonconformities described in (d) through (g). Additional
hydrostatic testing of vessels previously tested per para.
6-950(b) is not required for repairs above the design
liquid level.

M7-310 Unrepairable Nonconformities

The following nonconformities shall not be considered
repairable by procedures outlined in this Appendix. A
vessel that has any one of the following nonconformities
shall not be certified as being fabricated in accordance
with this Standard:

(a) incorrect materials of laminate construction, such
as resins, curing agents, glass reinforcements, etc.

(b) incorrect structural laminate sequence
(c) incorrect laminate construction and thickness of

the inner surface and interior layer
(d) incorrect wind angle for filament wound vessels
(e) out-of-roundness in excess of that permitted by

Figure 4-1
(f) low Barcol hardness levels uncorrectable by post-

curing
(g) vessel dimensions such as diameter, height, head

radius, etc., that are not in compliance with the basic
vessel design calculations and the UBRS
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M7-400 CLASSIFICATION OF REPAIRS

Vessel repairs shall be classified into the following
types:

(a) Type 1 — inner surface repairs
(b) Type 2 — interior layer repairs
(c) Type 3 — structural layer repairs
(d) Type 4 — dimensional nonconformance repairs
(e) Type 5 — miscellaneous general repairs due to

acetone sensitivity or low Barcol readings
(f) Type 6 — repairs due to nonconformance with the

User’s dimensional requirements
Each type of repair shall have its own corresponding

general repair procedure as given in paras. M7-600
through M7-663.

M7-500 ORDER OF REPAIRS

In cases where repairs due to damage are necessary to
both the structural layer and the corrosion barrier, the
repairs to the structural layer shall be performed first,
followed by repairs to the corrosion barrier, unless other-
wise accepted by the Inspector and approved by the Qual-
ified Designer.

M7-600 REPAIR PROCEDURES

M7-610 Type 1 — Inner Surface Repairs

M7-611 General. Repairs shall involve removing the
inner surface (surfacing veil) by grinding in order to
remove nonconformities such as pits, inclusions, blisters,
or air voids. Repairs may be accomplished by adding back
the correct inner surfacematerial as specified in theFabri-
cator’s design drawings.

M7-612 Materials. Repairs shall be made with the
same type of resin and reinforcement materials used
to fabricate the original vessel inner surface. All laminate
shall be in accordance with Part 2.

M7-613 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.

M7-614 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation
(1) The area to be repaired shall be ground on the

surface with a 60 to 80 grit disk on a power grinder to
remove all nonconformities. The ground area shall not
be gouged out, but tapered out uniformly to the
surface of adjacent unrepaired laminate. Only cured lami-
nate shall be ground. Final grinding shall be done with a
new disk surface to ensure a good surface profile for

secondary bonding. Care shall also be taken not to
remove more than the inner surface unless necessary
to remove all of the nonconformity. If any of the
backup layers of chopped strand mat are removed, a
Type 2 repair procedure shall be utilized as given in
paras. M7-620 through M7-625.

(2) The grinding dust from the ground surface shall
be removedwith a cleanbrush. If secondarybonding is not
started soon after brushing the surface clean, the cleaning
procedure shall be repeated just prior to applying the
repair laminate.

(d) A new inner surface shall be applied as specified in
the Fabricator’s design drawings. Prior to applying the
new veil or veils, the ground area shall be wetted with
catalyzed resin.

(e) After the inner surface has been applied and prop-
erly rolled out, a final topcoat of paraffinated resin shall be
applied.

M7-615 Acceptance Inspection. The repaired areas
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to cure, the

Barcol hardness and acetone sensitivity shall be
checked. Postcuring of the repaired area is acceptable
to achieve the required Barcol hardness.

M7-620 Type 2 — Interior Layer Repairs

M7-621 General. Repairs shall require removing both
inner surface and interior layer laminate by grinding in
order to remove nonconformities such as entrapped air,
blisters, inclusions, cracks, dry spots, etc. Repairs may be
accomplishedbyaddingback thecorrect innersurfaceand
interior layer laminate as specified in the Fabricator’s
design drawings.

M7-622 Materials. Repairs shall be made with the
same type of resin and reinforcement materials used
to fabricate the original vessel inner surface and interior
layer. All laminate shall be in accordance with Part 2.

M7-623 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.

M7-624 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation
(1) The area to be repaired shall be ground with an

80 grit or coarser disk on a power grinder to remove all
nonconformities. The ground area shall not be gougedout,
but tapered out uniformly to the surface of adjacent unre-
paired laminate. Only cured laminate shall be ground.
Final grinding shall be done with a new disk surface to
ensure a good surface profile for secondary bonding.
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(2) The grinding dust from the ground surface shall
be removedwitha cleanbrush. If secondarybonding isnot
started soon after brushing the surface clean, the cleaning
procedure shall be repeated just prior to applying the
repair laminate.

(d) A new inner surface and interior layer shall be
applied as specified in the Fabricator’s design drawings.
This shall involve a minimum of two layers of 1.5 oz/ft2
(450 g/m2) chopped strandmat andone layer of surfacing
veil. Prior to applying the new laminate, the ground area
shall be wetted with catalyzed resin.

(e) After all required laminate has been applied, cured,
inspected, and accepted, the area shall be lightly sanded to
remove sharp projections and feather edges. The repaired
area shall be topcoated with paraffinated resin.

M7-625 Acceptance Inspection. The repaired area
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to cure, the

Barcol hardness and acetone sensitivity shall be
checked. Postcuring of the repaired area is acceptable
to achieve the required Barcol hardness.

M7-630 Type 3 — Structural Layer Repairs

M7-631 General.Repairs shall involve removing struc-
tural material by grinding. However, the approach to
repairwill vary dependingon type of nonconformity, loca-
tion, and relationship to nozzles, supports, etc. The Qual-
ified Designer shall specify any special precautions or
considerations needed for a particular repair.

M7-632 Materials. Repairs shall be made with the
same type of resin and reinforcement materials used
to fabricate the original vessel structural layers. Hand
lay-up laminate shall be used to repair filament wound
vessels (see para. M7-634). All laminate shall be in accor-
dance with Part 2.

M7-633 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.

M7-634 Repair Specification

(a) The Qualified Designer shall specify the surface
area and shape of area to be disturbed for repair.

(b) Anyextramaterial required toeffect aproperrepair
above that removed by grinding will be determined and
specified by theQualifiedDesigner. The required laminate
sequence shall be used.

(c) For repair of nonconformities in filament wound
structural layers, the complete hand lay-up laminate
sequence shall be specified by the Qualified Designer.

M7-635 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation
(1) The area to be repaired shall be groundwith a 36

grit or coarser disk on a power grinder. The ground area
shall not be gouged out, but tapered out uniformly from
the root of the nonconformity being repaired. Only cured
laminate shall be ground. Final grinding shall be donewith
a new disk to ensure a good surface profile for secondary
bonding.

(2) The grinding dust from the ground surface shall
be removed using a clean brush. If secondary bonding is
not started soon after brushing the surface clean, the
cleaningprocedure shall be repeated just prior toapplying
the laminate.

(d) Hand lay-up laminate shall be applied in the same
sequence of construction as removed in the grinding
process and as specified by the Qualified Designer. The
laminate sequence shall be started by wetting the
ground surface with catalyzed resin. The first layer of
the laminate shall be 1.5 oz/ft2 (450 g/m2) chopped
strand mat.

(e) After all required laminate has been applied, cured,
inspected, and accepted, the area shall be lightly sanded to
remove sharp projections and feather edges. The repaired
area shall be topcoated with paraffinated resin.

M7-636 Acceptance Inspection. Structural repairs
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to cure, the

Barcol hardness and acetone sensitivity shall be
checked. Postcuring of the repaired area is acceptable
to achieve the required Barcol hardness.

M7-640 Type 4 — Dimensional Nonconformance
Repairs

M7-641 General. Repairs due to dimensional noncon-
formance shall include underthickness of shells or heads,
nozzles, flanges, secondary bonds, etc. Repairs shall be
done by adding additional laminate of the correct
sequence specified in the Fabricator’s design drawings.

M7-642 Materials. Repairs shall be made with the
same type of resin and reinforcement materials used
to fabricate the original vessel. Hand lay-up laminate
shall be used to repair both filament wound and
contact molded vessels. The Qualified Designer shall
specify any additional thickness of hand lay-up laminate
to be added to a filamentwound shell. All laminate shall be
in accordance with Part 2.

M7-643 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.
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M7-644 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation
(1) The area to be repaired shall be ground on the

surface with a 36 grit or coarser disk on a power grinder.
The ground area shall not be gouged out, but tapered out
uniformly to the surface of adjacent unrepaired laminate.
Only cured laminate shall be ground. Final grinding shall
be done with a new disk surface to ensure a good surface
profile for secondary bonding.

(2) The grinding dust from the ground surface shall
be removed using a clean brush. If secondary bonding is
not started soon after brushing the surface clean, the
cleaningprocedure shall be repeated just prior toapplying
the repair laminate.

(d) Hand lay-up laminate shall be applied in the correct
laminate sequence specified in the Fabricator’s design
drawings and as specified by the Qualified Designer.
The laminate sequence shall be started by wetting the
ground surface with catalyzed resin. The first layer of
the laminate shall be 1.5 oz/ft2 (450 g/m2) chopped
strand mat.

(e) After all required laminate has been applied, cured,
inspected, and accepted, the area shall be lightly sanded to
remove sharp projections and feather edges. The repaired
area shall be topcoated with paraffinated resin.

M7-645 Acceptance Inspection. The repaired area
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to cure, the

Barcol hardness and acetone sensitivity shall be
checked. Postcuring of the repaired area is acceptable
to achieve the required Barcol hardness.

M7-650 Type 5 — Undercured Laminate Repairs

M7-651 General. Undercured laminate causes low
Barcol readings or acetone sensitivity at the surface.
Repairs shall require postcuring the affected laminate
or re-topcoating the surface of the acetone-sensitive lami-
nate.

M7-652 Materials. Laminates involving re-topcoating
shall be repaired with the same type of paraffinated resin
used on the original laminate.

M7-653 Repair Personnel.All repairs shall bemade by
qualified Secondary Bonders.

M7-654 Repair Procedure to Correct Low Barcol
Readings. The laminate giving low Barcol readings
shall beheatpostcured inaccordancewith the resinmanu-
facturer’s recommendations for maximum temperature
versus time of cure. It is recommended that the vessel

be placed in a circulating hot air oven for this purpose.
The use of portable hot air blowers or exhaust steam
(no pressure) shall also be permitted. The temperature
of the laminate shall be monitored during the postcure
to ensure that the proper temperature is maintained.

M7-655 Acceptance Inspection. After postcuring and
the laminate has cooled to room temperature, the Barcol
readings shall be taken again. Where postcuring does not
produce high enough Barcol readings, the laminate shall
be unacceptable. If the area of the laminate that has low
Barcol readings iswithin the limits of repairability given in
Table 6-1, itmay be repaired usingType 1orType2 repair
procedures set forth in paras. M7-610 through M7-625.

M7-656 Repair Procedure to Correct Acetone Sensi-
tivity

(a) The exterior of the laminate showing sensitivity to
acetone shall be lightly sanded to remove sharp projec-
tions and feather edges and previously applied paraffi-
nated resin.

(b) Next, the sanded area shall be re-topcoated with
paraffinated catalyzed resin. If the sanding removes
any part of the surfacing veil, an additional ply of surfacing
veil shall also be applied along with the topcoat of paraf-
finated catalyzed resin. Care shall be taken during appli-
cation of the topcoat to minimize the coverage of adjacent
unsanded areas.

M7-657 Acceptance Inspection. After allowing the
paraffinated topcoat to cure, the acetone sensitivity
shall be checked. If the repaired area remains acetone
sensitive, it is unacceptable.

M7-660 Type 6 — User’s Dimensional
Nonconformance Repairs

M7-661 General.Repairs due to nonconformancewith
the dimensional requirements include the misplacement
of nozzles or attachments and the incorrect size of nozzles
or attachments.

M7-662 Materials. All materials used to correct User’s
nonconformance with User’s dimensional requirements
shall be the same type of resin and reinforcement mate-
rials used to fabricate the original vessel. Further, the
construction of new nozzles or attachments shall
follow the specifications given in the original Fabricator’s
design drawing and be in accordance with Part 4 of this
Standard. All laminates shall also be in accordance with
Part 2.

M7-663 Repair Procedure for Attachments and Other
Nonpenetrating Parts

(a) Provided that the attachment or vessel part is
attached only to the outside structural layer of the
vessel, it may be removed and a new attachment or
part added correctly. The fabrication of the new
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attachment shall be in accordance with the Fabricator’s
design drawings.

(b) The area where the nonconforming attachment or
part was removed shall be ground smooth and re-
topcoated in accordance with para. M7-656.

(c) A new nozzle or attachment may be placed on the
vessel using the correct lamination procedure shown in
the Fabricator’s design drawings and in accordance with
Part 4 of this Standard.

(d) If a new nozzle does not interfere with the original
nozzle, the original nozzle shall not be removed unless
requested by the User. The repair procedure shall be
approved by the Qualified Designer.
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MANDATORY APPENDIX M-8
ACOUSTIC EMISSION EXAMINATION

M8-100 SCOPE

This Appendix states the criteria that a vessel shall
satisfy to pass an acoustic emission examination. Acoustic
emission examination shall be in accordance with ASTM
E1067.
NOTE: Additional background information concerning acoustic
emission testing is contained in Recommended Practice for
Acoustic Emission Testing of Fiberglass Tanks/Vessels, published
by The Society of the Plastics Industry, Inc.

M8-200 GENERAL

(a) Discontinuities located with acoustic emission
examination shall be evaluated by other techniques,
e.g., visual, ultrasonic, dye penetrant, etc., and shall be
repaired and retested as appropriate.

(b) A vessel for which an acoustic emission examina-
tion is specified in the UBRS shall satisfy the criteria of
Table M8-1. If the vessel does not, it is not in compliance
with the requirements of this Standard.

(c) The acoustic emission examination shall be
witnessed by the Inspector, and he or she shall accept
the acoustic emission examination report.

M8-300 WRITTEN REPORT OF RESULTS

The results of an acoustic emission examination shall be
documented according to the reporting requirements of
ASTM E1067. A copy of the report shall be provided to the
Inspector.

Table M8-1
Acceptance Criteria per Channel

Criterion First Loading Subsequent Loadings Significance of Criterion
Emissions during
hold

Not greater than 5 events/min
beyond 2 min with an amplitude
greater than AM [see Note (1)]

No events beyond 2 min with an
amplitude greater than AM
[see Note (1)]

Measure of continuing permanent
damage

Felicity ratio Not applicable Greater than 0.95 Measure of severity of previously
induced damage

Cumulative duration,
ND [see Note (2)]

Less than ND Less than ND/2 Measure of overall damage during a
load cycle

High amplitude hits
[see Note (3)]

Less than or equal to 10 Less than or equal to 5 Measure of high energy
microstructural failures. This
criterion is often associated with
fiber breakage.

GENERAL NOTE: An acceptable vessel shall meet all the criteria listed above. Background noise shall be properly discounted when applying
acceptance criteria.

NOTES:
(1) AM is the decibel level defined in ASTM E1067, para. A2.5.
(2) Cumulative duration value ND is defined in ASTM E1067, para. A2.5.
(3) Highamplitudehits are thosehavingamplitudeequal toorgreater than the referenceamplitude thresholddefined inASTME1067,para. A2.3.
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MANDATORY APPENDIX M-9
ð23Þ GLOSSARY

accelerator: a material added to the resin to increase the
rate of polymerization (curing).
audit: a systematic review to assess the implementation of
prescribed procedures, specifications, or standards.
axial: in the direction of the axis (lengthwise centerline) of
the equipment.
Barcol hardness test: test to determine the surface inden-
tationhardness of the resin,which isdirectly related to the
degree of cure. The Barcol Impressor is the instrument
used for measuring polyester and vinyl ester resin hard-
ness (see ASTM D2583).
binder: chemical treatment applied to the random
arrangement of glass fibers to give integrity to mats. Spe-
cific binders are utilized to promote chemical compat-
ibility with the various laminating resins used.
blister: raised spot on the surface of a laminate caused by a
subsurface air void.
bonding: joining of two or more parts by adhesive forces.
bond strength: force per unit area necessary to rupture a
bond in interlaminar shear.
burned areas: areas of laminate showing evidence of
decomposition (e.g., discoloration and/or cracking) due
to excessive resin exotherm.
burn out (burn off): thermal decomposition of organic
materials (resins and binders) from a laminate specimen
in order to determine the weight percent of resin and re-
inforcement (synthetic reinforcements decompose
together with the resin and binder).
catalyst: an organic peroxidematerial used to activate the
polymerization reaction of a resin, causing it to harden
(polymerization initiator).
certify: to attest, by signature and date, to conformance to
procedures, specifications, or standards. Where certifica-
tion is required by a Qualified Designer, certification shall
include application of the PE stamp.
chopped strand mat: reinforcement made from randomly
oriented strands that areheld together inmat formusing a
binder. Each strand has a sizing.
chopper gun: amachine that is used to cut continuous fiber
roving topredetermined lengths [usually 1∕2 in. (13mm) to
2 in. (50 mm)] and propel the cut strands to the mold
surface. In the spray-up process, a catalyzed resin

spray is deposited simultaneously on the mold. When
intersperse layers are provided in filament winding,
the resin spray is often not used.
contact molding: process for molding RTP in which rein-
forcement and resin are placed in or on a mold. Cure is
either at room temperature using a catalyst-promoter
system or by heat in an oven. Includes both hand lay-
up and spray-up. For the purposes of this Standard, lami-
nates manufactured with a process other than filament
winding are contact molded.
corrosion layer (barrier): see paras. 2A-221 and 2A-222.
coverage: in hoop filamentwinding, the complete covering
of the mandrel surface by a single layer of glass reinforce-
ment and resin. In helical winding, two layers must be
applied to achieve one coverage.
crazing: the formation of tiny hairline cracks in varying
degrees throughout the resin matrix, particularly in
resin-rich areas.
critical service: see para. 1-210(c).
curing agents: materials used to initiate the polymeriza-
tionofa resin.Thecatalyst is theprimaryagent. Promoters
and accelerators are secondary or assisting agents.
cut edge: end of a laminate resulting from cutting that is
not protected by a corrosion barrier.
delamination:physical separation or loss of bond between
laminate plies.
dished end: radiused end closure for a cylindrical vessel, as
opposed to a flat or coned end.
dry spot: an area where the reinforcement fibers have not
been sufficiently wetted with resin.
edge sealing: application of reinforcement and resin, or
resin alone, to seal cut edges and provide a corrosion-
resistant barrier. The final layer of resin shall be paraffi-
nated.
entrappedair void:cavity ina laminatecausedbya trapped
gas bubble.
environment: state of the surroundings in contact with the
internal or external surface. Included are the temperature,
pressure, chemical exposure, exposure to sunlight, rela-
tive humidity, liquids, and/or gases.
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equipment: vessels used for the storage, accumulation, or
processing of corrosive or otherwise hazardous
substances at pressures ranging from full vacuum to
15.0 psig (103 kPag).
equipment assembler: person who puts together the
component parts, e.g., joining sections, installation of
nozzles, etc.
exotherm: evolution of heat by the resin during the poly-
merization reaction. The word exotherm is often used,
however, to designate the maximum temperature
reached during the polymerization process.
exotherm ply: that ply of chopped strand mat at which the
lamination process is stopped to allow gelation and
exotherm of the existing laminate.
exterior layer: outer surface layer of a laminate; see
para. 2A-224.
Fabricator: producer of RTP equipment. The Fabricator
combines resin and reinforcing fibers to produce the
final product.
fiber: a fine solid thread of reinforcement.
fiber content:weight percent of fiber reinforcement in the
laminate.
fiberglass woven roving: heavy fabric woven from glass
fiber rovings.
fiber roving: a number of strands or filaments of fibers
gathered together with little or no twist.
fiberwetting: coating (wetting) of the fiberglasswith resin
by means of roll-out or immersion.
filament: see fiber.
filament winding: a process for forming RTP parts by
winding either dry or resin-saturated continuous
roving strands onto a rotating mandrel.
fillers: inert materials that are added to the resin to
increase density, increase viscosity, improve abrasion
resistance, enhance resin application properties, decrease
resin shrinkage, reduce cost, etc.
fill picks: the rovings in a woven roving that run in the
transverse direction of the fabric, i.e., across the roll
width of the fabric.
fit-up: the match between joining parts, elements, or
components.
flame retardant resin: halogenated resins that can be used
with or without additives to provide a laminate having a
reduced flame spread as measured in accordance with
material found in ASTM E84 and UL 723 (formerly
located in NFPA 255). The resins are not fire retardant
in their liquid state.
flame spread rating: index number resulting from testing
in accordance with material found in ASTM E84 and UL
723 (formerly located in NFPA 255).

gap filling: the filling of voids between joined parts,
elements, or components with resin putty or resin.
gel: the initial jellylike solidphase that developsduring the
polymerization of resin.
gel time: time from the initialmixing of the resinwith cata-
lyst to when gelation begins.
glass content:weight percent of glass fiber reinforcement
in the laminate.
gun roving: roving designed for use in a chopper gun for
spray-up application.
hand lay-up: a method of contact molding wherein the
glass fiber reinforcement is applied to the mold, in the
form of chopped strand mat or woven roving, by hand
or from a reel. The resin matrix is applied by various
methods including brush, roller, or spray gun. Consolida-
tion of the composite laminate is by rolling.
heat deflection temperature: temperature atwhich a speci-
fied bar specimen deflects 0.010 in. (0.25 mm) when
loaded as a simple beam to a constant 264 psi (1.82
MPa) (see ASTM D648). Usually refers to a resin
casting, not a laminate.
helical winding: filament winding where the reinforce-
ment is placed at some angle (other than 0 deg or 90
deg) to the axis of rotation.
hot patch: several small mat tabs, saturated with highly
catalyzed resin, used to hold butted or joined parts or
components in preparation for bonding.
hydrostatic test:pressure test of equipment usingwater as
the test medium.
independent testing laboratory: the laboratory conducting
the tests required by ASME RTP-1must be an entity sepa-
rate organizationally, legally, and financially from the
Fabricator and User or User’s Agent. Additionally, no
commercial, financial, or individual relationships shall
exist between the parties that might compromise
efforts to produce and report accurate test results. It is
expected, however, that a commercial purchase order,
contract, or agreement will be employed by the parties
to arrange for testing services. The independent testing
laboratory must be equipped and staffed with the neces-
sary skilled personnel to conduct the tests in accordance
with the requirements of the Standard.
initiator: see catalyst.
inner surface: see para. 2A-221.
interior layer: see para. 2A-222.
intersperse: chopped reinforcement used in a filament
wound laminate, usually in thin layers between
winding coverages.
isophthalic polyester: a polyester made from isophthalic
acid.
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joint overlay: an overlay laminate that joins the adjoining
surfaces of two contacting parts or elements.
laminate: the total of the part constructed by combining
one or more layers of material (reinforcement and/or
resin). As used in this Standard, the corrosion laminate
consists of the corrosion-resistant barrier, the structural
layer, and the outer surface.
laminate composition: the sequence of reinforcement
materials on a type, class, and category basis that
make up a laminate.
laminate element: a part of the structural layer of a fila-
ment wound laminate that is described by the wind angle,
number of coverages with supplementary reinforcement
(if used), and the required sequence.
laminate structure (Type I, hand lay-up): see Table 2A-1.
laminate structure (Type II, hand lay-up): see Table 2A-2.
laminate structure (Type X): see Subpart 2A.
lamination analysis: procedure by which, given the
amount and properties of the resin and the properties
and orientation of the reinforcement, it is possible to
calculate the elastic properties of the individual layers
and the total laminate.
layout: the arrangement and location of parts, elements,
and/or components that reflect the design of a product.
leno strands: a pair of warp ends at each edge of a woven
fiberglass fabric.
liner: see paras. 2A-221 and 2A-222.
longitudinal: see axial.
lot, resin: a resin lot is a quantity of resin that is formulated
to its final composition in a single vessel, tested and
assigned a unique number, and covered by a certificate
of analysis.
mandrel:mold aroundwhich a laminate is formed to fabri-
cate a cylindrical section.
Manufacturers: producers of materials of construction,
e.g., resin, reinforcement fibers, catalysts, common addi-
tives, etc.
manway: large nozzle or opening in a vessel for the
purpose of entry by personnel.
materials: ingredients (reinforcements, resins, catalysts,
and common additives) that are used to fabricate the
equipment.
matrix: resin phase of a reinforced resin composite.
minor repairs: repairs that do not exceed the area of repair
allowed inPart6andmeet theminimumvisual acceptance
level indicated in the UBRS.
mold: the form over which or into which resin and rein-
forcements are placed to form the composite product
shape.
mold release agents: see parting agents.

monomer: a basic compound that can react with itself to
form a polymer.
MSPI: Manufacturer’s Specific Product Identification.
oblation: the process by which cylindrical tank shells are
compressed to create shapes varying from oval to figure
eight. This action is taken to facilitate over-the-road ship-
ment or installation in a confined space.
original document: the original source document or a
reproduction of the original source document bearing
an original signature.
overlay: laminatesusedoverbaseRTPstructures to secure
a joint, seal a seam, attach a nozzle, etc.
paraffinated resin: resin containing a small amount of
dissolved paraffin (usually 0.1% to 0.5%). Polymerization
of polyesters is inhibited by contact with the atmosphere.
During cure, the paraffinmigrates to the surface, sealing it
against atmospheric exposure.
parting agents: also called mold release agents .
Compounds that assist in releasing an RTP part from
its mold.
peroxide catalyst: see catalyst.
pit: small crater in the surface of the laminate (see
Table 6-1).
polyester resin: resin producedby the polycondensation of
dihydroxy derivatives and dibasic organic acids or anhy-
drides, wherein at least one component contributes ethy-
lenicunsaturationyielding resins that canbecompounded
with styryl monomers and reacted to give highly cross-
linked thermoset resins.
postcuring: process of applying heat [180°F (82°C) to
200°F (93°C)] to an RTP part, following the exotherm
cycle. Properpostcuringwill shorten the time to total cure.
profile: the roughness (smoothness) of the surface.
promoter: a material that activates the catalyst that cures
the resin (also see accelerator).
PVA: abbreviation for polyvinyl alcohol, a parting agent.
quality assurance: the program by which the Fabricator
provides evidence that the quality control system has
been followed in the construction of the product.
quality control: the program a Fabricator uses to fabricate
the equipment in compliance with this Standard.
referee samples: laminate specimens submitted to estab-
lish a level of quality for judging acceptance/rejection of
production equipment.
reinforcement: fibers having the form of chopped roving,
continuous roving, fabric, or chopped strand mat. These
fibers are added to the resin matrix to strengthen and
improve the properties of the resin.
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release film: filmused to facilitate removal of the part from
themoldormandrel. Orientedpolyester film, 3mil to 5mil
(Mylar: Rm, Types A, S, or D; orMelinex 11®, Types S, O, or
442), has been found suitable for this purpose.
resin: the matrix of the laminate.
resin putty: resin filled with clay, fumed silica, milled
fibers, or other inertmaterials to provide puttylike consis-
tency.
resin-rich layer: term often used to describe the corrosion
barrier. The term does not imply excessive resin content.
resin richness: excessive amounts or uneven distribution
of resin in the laminate. Such areas are subject to cracking.
Resin richness is the result of improper wet-out proce-
dures as well as inadequate or improper roll-out techni-
ques or drainage.
roll-out: densification of the laminate by working rein-
forcement into the resin and the air out of the resin
using a roller (a serrated metal or thermoplastic roller
is often used for this purpose).
rough profile: the result of sanding, machining, or other-
wise abrading a laminate surface to produce a roughened
surface for bonding.
roving: a plurality of strands or filaments gathered
together with little or no twist in a package known as
a roving ball.
RTP: reinforced thermoset plastic.
secondary bond strength: adhesive force that holds a sepa-
rately cured laminate to the basic substrate laminate.
sizing: surface treatment or coating applied to filaments to
improve the filament-to-resin bond.
slugs: unfiberized beads of glass.
spray-up: method of contact molding wherein resin and
chopped strands of continuous filament fiber roving are
deposited on the mold directly from a chopper gun.
strain: elongation per unit length.
strand: a plurality of filaments gathered together and
bonded with sizing.
stress: load per unit area.
structural layer: the portion of the laminate construction
providing the primary mechanical strength.

surface preparation: the act of roughening, priming, or
otherwise treating laminate surfaces to achieve surface
conditions that are conducive to adhesion of subsequently
applied laminate bonds.
surfacing veil: thin mat of fiberglass, synthetic organic
fiber, or carbon fiber that is used to reinforce the corro-
sion-resistant resin-rich layer on the inside or outside of
equipment or to provide a smooth surface on the outside
of equipment.
Tex: linear density of roving expressed in grams per 1 000
m.
Type I, Type II, and Type X laminates: see laminate struc-
ture.
unidirectional rovings: continuous parallel roving strands
of glass fibers held together with periodic cross strands.
User: organization for which the equipment is being fabri-
cated.
UV absorber: compounds that are added to resins to
enhance their ultraviolet resistance.
veil: see surfacing veil.
vinyl ester resin: resin characterized by reactive unsatura-
tion located predominately in terminal positions that can
be compoundedwith styrylmonomers and reacted to give
highly cross-linked thermoset copolymers.
visual acceptance criteria: see para. 6-940.
voids:unfilled space causedby air or gas in the resinmix or
by entrapment of such gases during lay-up of individual
plies of reinforcement. Excessive voids reduce the
strength and chemical resistance of the laminate, particu-
larly if the voids are at the resin-reinforcement interface.
warp ends: the roving in a woven roving that runs in the
longitudinal direction of the fabric, i.e., along the roll
length of the fabric.
wind angle: angle from the axis of rotation at which the
reinforcement strands are placed in the filament winding
process.
wind cycle: in filament winding, one traversing of the
carriage to the end of the mandrel and return to the
original position.Dependingonbandwidth, part diameter,
andwind angle, one ormorewind cycleswill be needed to
achieve one coverage.
yield: linear density of roving, expressed in yards per
pound.
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MANDATORY APPENDIX M-10
ð23Þ REFERENCE DOCUMENTS

The following is a list of publications referenced in this
Standard. The latest revisions of all references should be
utilized.

API Standard 650. Welded Steel Tanks for Oil Storage.
American Petroleum Institute.

ASCE 7. Minimum Design Loads for Buildings and Other
Structures. American Society of Civil Engineers.

ASMEB16.5. Pipe Flanges andFlangedFittings. TheAmer-
ican Society of Mechanical Engineers.

ASMEB18.21.1.Washers:Helical Spring-Lock,ToothLock,
and Plain Washers (Inch Series). The American Society
of Mechanical Engineers.

ASME B31.3. Process Piping. The American Society of
Mechanical Engineers.

ASME Boiler and Pressure Vessel Code, Section II. Mate-
rials. The American Society of Mechanical Engineers.

ASMEBoiler and PressureVessel Code, Section V. Nondes-
tructive Examination, Subsection A, Article 11, Acoustic
Emission Examination of Fiber-Reinforced Plastic. The
American Society of Mechanical Engineers.

ASME Boiler and Pressure Vessel Code, Section VIII. Rules
for Construction of Pressure Vessels. The American
Society of Mechanical Engineers.

ASME CA-1. Conformity Assessment Requirements. The
American Society of Mechanical Engineers.

ASQ Z1.4. Sampling Procedures and Tables for Inspection
by Attributes. American Society for Quality.

ASTM C177. Standard Test Method for Steady-State Heat
FluxMeasurements and Thermal Transmission Proper-
ties by Means of the Guarded-Hot-Plate Apparatus.
American Society for Testing and Materials.

ASTM C581. Standard Practice for Determining Chemical
Resistance of Thermosetting Resins Used in Glass-
Fiber-Reinforced Structures Intended for Liquid
Service. American Society for Testing and Materials.

ASTM C582. Standard Specification for Contact-Molded
Reinforced Thermosetting Plastic (RTP) Laminates
for Corrosion-Resistant Equipment. American Society
for Testing and Materials.

ASTM D638. Standard Test Method for Tensile Properties
of Plastics. American Society for Testing and Materials.

ASTM D648. Standard Test Method for Deflection
Temperature of Plastics Under Flexural Load in the
Edgewise Position. American Society for Testing and
Materials.

ASTM D696. Standard Test Method for Coefficient of
Linear Thermal Expansion of Plastics Between −30°C
and 30°C With a Vitreous Silica Dilatometer. American
Society for Testing and Materials.

ASTM D790. Standard Test Methods for Flexural Proper-
ties of Unreinforced and Reinforced Plastics and Elec-
trical InsulatingMaterials. American Society for Testing
and Materials.

ASTM D792. Standard Test Methods for Density and Spe-
cific Gravity (Relative Density) of Plastics by Displace-
ment. American Society for Testing and Materials.

ASTM D883. Standard Terminology Relating to Plastics.
American Society for Testing and Materials.

ASTM D1248. Standard Specification for Polyethylene
Plastics Extrusion Materials for Wire and Cable. Amer-
ican Society for Testing and Materials.

ASTM D1593. Standard Specification for Nonrigid Vinyl
Chloride Plastic Film and Sheeting. American Society
for Testing and Materials.

ASTM D1599. Standard Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings. American Society for Testing
and Materials.

ASTM D1781. Standard Test Method for Climbing Drum
Peel for Adhesives. American Society for Testing and
Materials.

ASTM D1784. Standard Specification for Rigid Poly (Vinyl
Chloride) (PVC) Compounds and Chlorinated Poly
(Vinyl Chloride) (CPVC) Compounds. American
Society for Testing and Materials.

ASTM D1785. Standard Specification for Poly (Vinyl
Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and
120. American Society for Testing and Materials.

ASTM D2241. Standard Specification for Poly (Vinyl
Chloride) (PVC) Pressure-Rated Pipe (SDR Series).
American Society for Testing and Materials.

ASTMD2583. StandardTestMethod for IndentationHard-
ness of Rigid Plastics by Means of a Barcol Impressor.
American Society for Testing and Materials.

ASTM D2584. Standard Test Method for Ignition Loss of
Cured Reinforced Resins. American Society for Testing
and Materials.

ASTM D3039. Standard Test Method for Tensile Proper-
ties of Polymer Matrix Composite Materials. American
Society for Testing and Materials.
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ASTM D3159. Standard Specification for Modified ETFE-
FluoropolymerMolding andExtrusionMaterials. Amer-
ican Society for Testing and Materials.

ASTM D3167. Standard Test Method for Floating Roller
Peel Resistance of Adhesives. American Society for
Testing and Materials.

ASTM D3222. Standard Specification for Unmodified Poly
(Vinylidene Fluoride) (PVDF) Molding Extrusion and
Coating Materials. American Society for Testing and
Materials.

ASTM D3275. Standard Classification System for E-CTFE-
Fluoroplastic Molding, Extrusion, and Coating Mate-
rials. American Society for Testing and Materials.

ASTM D3294. Standard Specification for PTFE Resin
Molded Sheet and Molded Basic Shapes. American
Society for Testing and Materials.

ASTM D3307. Standard Specification for Perfluoroalkoxy
(PFA)-Fluorocarbon Resin Molding and Extrusion
Materials. American Society for Testing and Materials.

ASTM D3350. Standard Specification for Polyethylene
Plastics Pipe and Fittings Materials. American
Society for Testing and Materials.

ASTM D3368. Standard Specification for FEP-Fluoro-
carbon Sheet and Film. American Society for Testing
and Materials.

ASTM D3846. Standard Test Method for In-Plane Shear
Strength of Reinforced Plastics. American Society for
Testing and Materials.

ASTM D4101. Standard Specification for Polypropylene
Injection and Extrusion Materials. American Society
for Testing and Materials.

ASTM D4285. Standard Test Method for Indicating Oil or
Water in Compressed Air. American Society for Testing
and Materials.

ASTMD4444. StandardTestMethods for Laboratory Stan-
dardization and Calibration of Hand-Held Moisture
Meters. American Society for Testing and Materials.

ASTM D4895. Standard Specification for Polytetrafluor-
oethylene (PTFE) Resin Produced From Dispersion.
American Society for Testing and Materials.

ASTM D5083. Standard Test Method for Tensile Proper-
ties of Reinforced Thermosetting Plastics Using
Straight-Sided Specimens. American Society for
Testing and Materials.

ASTM D5162. Standard Practice for Discontinuity
(Holiday) Testing of Nonconductive Protective
Coating on Metallic Substrates. American Society for
Testing and Materials.

ASTM D5575. Standard Classification Systems for Copo-
lymers of Vinylidene Fluoride (VDF)With Other Fluori-
nated Materials. American Society for Testing and
Materials.

ASTM E84. Standard Test Method for Surface Burning
Characteristics of Building Materials. American
Society for Testing and Materials.

ASTM E1067. Standard Practice for Acoustic Emission
Examination of Fiberglass Reinforced Plastic Resin
(FRP) Tanks/Vessels. American Society for Testing
and Materials.

AWS B2.4. Specification for Welding Procedure and
Performance Qualification for Thermoplastics. Amer-
ican Welding Society.

AWS D1.1. Structural Welding Code — Steel. American
Welding Society.

AWS G1.10M. Guide for the Evaluation of Thermoplastic
Welds. American Welding Society.

Barbero, E. J. (1998). Introduction to Composite Materials
Design. Taylor and Francis.

BS 4994. Specification for Design and Construction of
Vessels and Tanks in Reinforced Plastics. British Stan-
dards Institution, Inc.

BS 6399-2. Loading for Buildings, Code of Practice for
Wind Loads. British Standards Institution, Inc.

Christensen, R. M. (2005). Mechanics of Composite Mate-
rials. Dover Publications.

Christensen, R. M., and Lo, K. H. (1979). “Solutions for
Effective Shear Properties in Three Phase Sphere
and Cylinder Models.” Journal of the Mechanics and
Physics of Solids, 27, 315–330.

EN 1991. Eurocode 1: Actions on structures. European
Committee for Standardization.

EN1998. Eurocode8: Design of structures for earthquake.
European Committee for Standardization.

EN 13121. GRP tanks and vessels for use above ground.
European Committee for Standardization.

Hashin, Z. (1979). “Analysis of Properties of Fiber Compo-
sitesWith Anisotropic Constituents.” Journal of Applied
Mechanics, 46, 543–550.

IEEE/ASTM SI 10. American National Standard for Metric
Practice. Institute of Electrical and Electronics Engi-
neers and the American Society for Testing and Mate-
rials.

International Building Code. International Code Council.
ISO 14130. Fibre-reinforced plastic composites — Deter-
mination of apparent interlaminar shear strength by
short-beam method. International Organization for
Standardization.

Jones, R. M. (1999). Mechanics of Composite Materials
(2nd ed.). Taylor and Francis.

Manual de Diseño de Obras Civiles. Comisión Federal de
Electricidad.

Manual of Steel Construction. American Institute of Steel
Construction.

MIL-HDBK-17-3F. Composite Materials Handbook, Vol. 3:
Polymer Matrix Composites Materials Usage, Design,
and Analysis. U.S. Army Research Laboratory.

NASA SP-8007. Buckling of Thin-Walled Circular Cylin-
ders. NASA Langley Research Center.

National Building Code. American Insurance Association.
National Building Code of Canada. National Research
Council Canada.
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NFPA 255. Standard Method of Test of Surface Burning
Characteristics of Building Materials. National Fire
Protection Association.

Recommended Practice for Acoustic Emission Testing
of Fiberglass Tanks/Vessels. Plastics Industry Associa-
tion.

Standard Building Code. International Code Council.

UL 723. Standard Test for Surface Burning Characteristics
of Building Materials. Underwriters Laboratories, Inc.

Uniform Building Code. International Code Council.
University of Delaware Center for Composites Materials.
Delaware Composites Design Encyclopedia. CRC Press.

Vinson, J. R., and Sierakowski, R. L. (1987). TheBehavior of
Structures Composed of Composite Materials. Kluwer
Academic Publishers.
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MANDATORY APPENDIX M-11
ð23ÞSUBMITTAL OF TECHNICAL INQUIRIES TO THE REINFORCED

THERMOSET PLASTIC CORROSION-RESISTANT EQUIPMENT
COMMITTEE

DELETED
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MANDATORY APPENDIX M-12
DUAL LAMINATE VESSELS

M12-100 INTRODUCTION

This Appendix includes the following:
Article A General Requirements
Article B Materials
Article C Design
Article D Fabrication
Article E Inspection and Test
Article F Shipping and Handling
Article G Shop Qualification
Article H Qualification of Welders
Article I Glossary

ARTICLE A
GENERAL REQUIREMENTS

M12A-100 SCOPE

(a) This Appendix describes fabrications that utilize a
structural member that shall be fabricated in accordance
withASMERTP-1 and is linedwith thermoplastic as speci-
fied in the UBRS. The thermoplastic sheet liner serves as
the primary corrosion barrier and either replaces or
augments the corrosion-resistant barrier. For calculation
purposes, the thermoplastic liner shall not be considered
in structural design of the fabrication.

(b) Equipment composed of a thermoplastic lining
inside an RTP structural member is commonly called a
dual laminate structure.

(c) This Appendix specifies rules for the fabrication of a
dual laminatewhere use of a thermoplastic liningmaterial
is selected for special applications, e.g., containment of
aggressive corrosives, of ultra-pure fluids such as deio-
nized water, or of pharmaceutical chemicals, and/or
for abrasive service.

(d) Special bonding materials and preparation proce-
dures are required to ensure satisfactory bonding of the
RTP structural laminate to the thermoplastic lining.

(e) ThisAppendix specifies requirements forqualifying
personnel to weld the thermoplastic materials in order to
provide continuous leak/void-free corrosion- and abra-
sion-resistant liners that conform to the requirements
of this Standard.

(f) This Appendix lists the procedures for end user/
customer inspection and quality assurance to meet the
requirements for thermoplastic lined RTP equipment.

M12A-200 ð23ÞAPPLICATION LIMITATIONS

Thermoplastic lined vessels certified by the Fabricator
as conforming to this Standard shall be lined with those
thermoplastics described in Table M12B-1 or materials
that meet the requirement of ASME NM.1, section 3-2.
Note that the ASTM specifications in Table M12B-1
provide the minimum material specifications.

ARTICLE B
MATERIALS

M12B-100 SCOPE

This Article defines the thermoplastic lining materials
that are used to fabricate dual laminate equipment,
including the joining or welding materials and the
bonding materials to bond the thermoplastic lining to
the RTP structure. Bond strength requirements are
also included. The RTP structural layer shall be in accor-
dance with Part 2 of this Standard.

M12B-200 THERMOPLASTIC LINING MATERIALS

Thermoplastics are used as corrosion-resistant linings
in dual laminate constructions. These materials are
described in Tables M12B-1 and M12B-2. Table
M12B-1 contains the ASTM specifications for materials
used in this Standard. Table M12B-2 contains typical
physical and mechanical properties for general compar-
isons. For purposes of design and selection, the thermo-
plastic manufacturer’s property data shall be used.
Althoughmost thermoplastic sheetmaterials are supplied
as individual flat sheets, some sheet materials may be
supplied as rolls. In this standard, sheet material is
intended to mean both flat sheets and sheets supplied
as rolls. Thermoplastics used to construct the liner
shall not contain regrind. Thickness shall be as follows:

(a) Nominal lining thickness shall be from 0.08 in. to
0.20 in. (2.0mm to 5.0mm). The appropriate thickness for
an application is a balance between thicker linings, which
allow less permeation, and thinner linings, which result in
less internal stress during forming.

(1) Lining thicknesses from 0.06 in. to 0.08 in.
(1.5 mm to 2.0 mm) may be used if the Fabricator has
qualified in that thickness prior to fabricating a vessel.
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(2) Linings over 0.20 in. (5.0 mm) may be used, but
special design calculations shall be performed [see
para. M12C-500(a)].

(b) The thickness of a thermoplastic material with a
fiber backing is defined as the thickness from the
process side to the beginning of the impressed fibers,
i.e., the fiber-free thickness.

(c) Thermoplastic shapes used as components welded
to dual laminate vessels include pipes, ducts, rectangular
tubes, angles, flange faces, reinforcement pads, abrasion
pads, etc. The thickness of shapes shall not be less than the
liner thickness. As in sheet, fiber backed shape thickness is
defined as the fiber-free thickness.

M12B-300 FIBER BACKING MATERIALS

(a) Fibers embedded in the back of the thermoplastic
provide a suitable bonding mechanism. Typically these
fibers are partially embedded in the back of the thermo-
plastic, with the balance of the fibers protruding from the
surface. Examples of fiber backing materials are glass
fibers, polymer fibers, and carbon fibers.

(b) Formed parts such as knuckle radii, flanged and
dished heads, and nozzle flares shall not be restrained
by the backing fabric.

M12B-400 WELDING AND JOINING MATERIALS

(a) Weld rods, cap strips, extrusion welding materials,
and sheet lining shall havemechanical and chemical resis-
tance properties acceptable for intended application.

(b) Some welding materials may be susceptible to
moisture and shall be stored as recommended by the
manufacturer.

M12B-500 FILLER MATERIALS, PIGMENTS,
PROCESSING AIDS, AND CONDUCTIVE
MATERIALS

(a) The thermoplasticmanufacturer shall be agreed on
by the Owner/User. The Fabricator shall provide manu-
facturer’s data and certification documentation.

(b) Thermoplastic sheet incorporating stabilizers shall
be provided if required by the UBRS or other User’s spec-
ification.

(c) Plasticizer, including those used as a processing aid,
shall be disclosed by the thermoplasticmaterials supplier.
This information shall be used to assess chemical compat-
ibility and potential for contamination from the sheet
lining.

(d) Conductive materials for high voltage spark testing
targets shall be suitable to provide a conductive path for
leak detection. Typically this will consist of powdered
carbon or flake graphite mixed into the RTP resin or
of conductive carbon, conductive graphite, or modified
conductive polyester veil in the resin applied next to
the thermoplastic lining.

M12B-600 MATERIALS RECEIVING PROCEDURES

( a ) A l l i n spe c t i on s and t e s t s spe c i f i ed i n
paras. M12B-610, M12B-620, M12B-630, M12B-640,
and M12B-650 shall be performed by the Fabricator,
the Manufacturer, or an independent testing laboratory.

(b) Inspections involving visual observations, a
suitable inspection environment and adequate lighting
for inspection shall be provided. The equipment used
shall not introduce contamination to the material
during inspection and testing.

(c) For inspections requiring linear measuring tools, a
standard linear tool (longer than the length to be
measured) should be used. The tool shall have a
minimum accuracy of ±0.06 in. (±1.5 mm).

(d) In lieu of performing the above manufacturing
inspections, measurements, and documentation, the
Fabricator shall provide the User or User’s Agent with
a Certificate of Compliance from the material manufac-
turer. This Certificate shall verify that materials were
manufactured, inspected, and tested per the material
supplier’s specifications. This does not apply to inspec-
tions required in M12B-614.2(b).

M12B-610 Thermoplastic Sheet

M12B-611 Introduction. This section specifies the
minimum inspections, tests, and acceptance criteria
that shall be performed on sheets or rolls of thermoplastic
material with or without backing.

Table M12B-1
ASTM Specifications for Thermoplastic Polymers

Material
Applicable ASTM Material

Specifications
PP D4101 Group 1, Class 1, Grade 1; Group 1,

Class 1, Grade 2; or Group 1, Class 2,
Grade 0

PP copolymer D4101
PVC D1784 Cell Class 12454, D1593, D1927,

D2241, and D1785
CPVC D1784 Cell Class 23447, 24446, and 24448
PVDF homopolymer D3222
PVDF copolymer D5575
ECTFE D3275
ETFE D3159
FEP D3368
TFE D1457, D4895, D3293, and D3294
PFA F3307
HDPE D1248 and D3350
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M12B-612 Acceptance Inspection

(a) Acceptance inspection shall include inspection of
sheets or rolls for proper packaging and identification,
inspection for imperfections and contamination, and
measurements of thickness, length, and width in accor-
dance with acceptance requirements and limits defined
in para. M12B-610.

(b) The thermoplastic sheetmanufacturer shall specify
acceptable weld materials.

(c) Form M12B-1, or a similar form that contains the
provisions to record the results of these required inspec-
tions, should be used by the Fabricator and shall be
retained in the inspection records. A separate form
shall be used for each sheet/roll manufacturer, sheet
nomenclature, backing material, and unit thickness.

M12B-613 Equipment and Measuring Tools Required

M12B-613.1 Thickness Measuring Tools

(a) A standard micrometer with minimum accuracy of
±0.001 in. (±0.025 mm) is required. The throat should
allow thickness measurements at least 1 in. (25 mm)
in from the edge of the sheet.

(b) Alternative tools are an ultrasonic thickness tester
or a microscope equipped with a calibrated filar eyepiece
thatmeasures across a properly prepared cross section of
the sheet. Thesemeasuring tools shall have an accuracy of
±0.001 in. (±0.025mm) and shall be calibrated to demon-
strate this accuracy with the specific thermoplastic mate-
rial being measured.

(c) In order to measure the thickness of a fiber-backed
sheet using a micrometer, the embedded fibers on the
fiber-backed side of the sheet shall be removed.
NOTE: A tool such as an appropriate hand scraper or a wood
plane is suggested.

M12B-613 .2 L inear Measur ing Tools . See
para. M12B-600(c). For rolls of thermoplastic sheet,
the length measurement may be made if desired by
the Fabricator.

M12B-613.3 Bond Strength Measuring Tools

(a) The testing machine shall measure the load within
1%accuracy of the applied load. The testing range shall be
selected so that the maximum load on the specimen falls
between 15% and 85% of full scale capacity according to
ASTM D1781.

(b) The Fabricator or independent testing laboratory
shall have the apparatus and sample holders required
to perform the bond strength tests.

M12B-613.4 High Voltage Spark Test. An acceptable
high voltage spark tester shall be used (see para.
M12D-500). The Fabricator shall have a documented
spark test procedure. A written report of the spark
testing shall be retained by the Fabricator and available

for the Owner/User. The report shall include details of the
spark test including the operator/tester’s name, date and
time of testing, test voltage,method and frequency of veri-
fication of voltage calibration/verification, and location/
number of pinholes detected. Location of pinholes should
be documented on the weld map. Repair and retesting
shall be documented in the test document.

M12B-614 Procedures and Acceptance Limits

M12B-614.1 Sheet Identification and Package
Inspection

(a) Verify on the inspection record that the sheet or roll
as identified by the manufacturer has the same nomen-
clature as the sheet specified, and is the samematerial and
ASTMspecification as listed inTableM12B-1. Examine the
packaging of the sheet for damage that renders the sheet
unusable. Indicate acceptable sheet by recording the date
and name of the person performing the examination in
Form M12B-1, column 4.

(b) For packaged sheets that are acceptable for further
inspection and tests, enter the sheet production date and
lot number in Form M12B-1, columns 2 and 3.

M12B-614.2 Visual Inspection of Thermoplastic
Sheet or Roll

(a) The thermoplastic material shall be visually
inspected for imperfections and contamination prior to
use by the Fabricator. The defects and criteria listed in
Table M12B-3 will be used.

(b) Fiber backing shall be visually inspected for
adequate embedding, mechanical damage, dryness, and
contamination. The damage or removal of a protective
film shall be noted. Sheet backing that contains moisture
shall be dried and used only if the backing is polyester or
acrylic fiber; all other fibers that show evidence of having
moisture shall be cause for rejection of the thermoplastic
sheet. Any sheet backing that has been exposed to any
other contaminants shall be rejected.

(c) The date and inspector’s name shall be recorded
after inspection in Form M12B-1, column 7. All defects
found that are cause for rejection shall be recorded.
The reason for the rejection shall be recorded under
the comments section in Form M12B-1.

(d) Areas of sheets that have defects greater than
allowed in Table M12B-3 shall not be repaired and
shall not be used.

M12B-614.3 Sheet Thickness

(a) Sheet thickness shall be measured at a minimum
every 6 in. (150 mm) across the width of the sheet
edge. Measurements should be made using a caliper
micrometer or ultrasonic thickness tester, or using
a microscope and measuring across a cross section
using a filar eyepiece. Any measurement not within
the requirements of (c) is cause for rejection.
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Fabricator’s name Manufacturer

Address Nomenclature

Backing material and type of weave or felt

Shop order no. Manufacturer’s label thickness

1 2 3 4 5 6 7 8 9

Sample Production Lot, Batch, or Packaging Thickness Dimensions Visual Bond Strength Comments
Date Production Run Inspection Measured Inspection Measured

By Date By Date By Date By Date

Comments on visual and packaging inspection (indicate which sheet or roll):

Form M12B-1 Thermoplastic Sheet or Roll Receiving Log

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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The minimum/maximum measurement shall be entered
in Form M12B-1, column 5. After other dimensions are
entered, the inspector shall enter the date and his/her
name in column 6 if all measurements are within the re-
quirements of this Standard.

(b) Sufficient measurements should bemade to ensure
that all of the material used is within thickness require-
ments. Measurements across two widths at each end and
at least every 50 ft (15 m) of length shall be made and
recorded.

(c) The sheet’s measured fiber-free thickness shall be
±10% of the specified nominal fiber-free thickness.

M12B-614.4 Bond Strength Requirements

(a) Bond strength tests must be conducted on each
production run of thermoplastic material intended for
lining in dual laminates. The bonded sample will be
made using the RTP resin specified and the laminating
technique to be used in the vessel to be fabricated.
The thickness of the RTP laminate structure will be
that thickness compatiblewith the selected bond strength
test method.

(b) When a bonding resin is used, the bonding resin
used to generate bond test samples will be the same
bonding resin used to fabricate the vessel.

(c) Bond strength tests must be performed with the
conductive target in place over the entire test sample.

(d) The minimum bond strength results (excluding
nozzle necks) are as follows:

(1) for the climbing drum test under ASTM D1781,
the bond strength must be at least 50 in.-lb/in.
(220 N·mm/mm). Under ASTM D1781, para. 9, two
options for calculating the force exist: paras. 9.1.1 and

9.1.2. Fabricatorsmustusepara. 9.1.2,whichcompensates
for the bending of the adherend by subtracting the torque
required to bend the adherend.

(2) for the lap shear test under ASTM D3846 or BS
4994 B-10, the bond shear strength must be at least
1,015 psi (7 MPa).

(e) Separate recordswill bekept foreachbondstrength
test accomplished. Results will be maintained in the
Quality Control Log and the test operator will enter
his/her initials and the date the test was made in
Form M12B-1, column 8. Test results lower than the
values in (d) will be entered in Form M12B-1 in the
comments section and will be cause for rejection of
that material.

M12B-614.5 Disposition of Nonconforming Mate-
rial. Sheets with defective areas may be cut, routed, or
sheared to remove and discard the defective areas.
Care must be used in handling cracked or crazed
sheets, as mechanical treatments may cause the crack
to propagate. After eliminating areas with defects, the
remaining material may be used.

M12B-620 Welding Consumables

M12B-621 Introduction. This section describes the
minimum inspections, tests, and acceptance criteria to
be performed on thermoplastic welding consumables
used for fillermaterials inwelding thermoplasticmaterial
to fabricate equipment to this Standard. Consumables
include weld rod, continuous coils of weld “wire,” cap
strips, and extrusion weld materials.

Table M12B-3
Thermoplastic Sheet Visual Inspection Acceptance Criteria

Imperfection Name Definition of Imperfection
Maximum Size or Amount of Imperfection

Allowed
Foreign inclusions Particles in the sheet that are not of the plastic or

backing composition
None

Surface pits Small crater or hole in the surface of the sheet None deeper than one-tenth of the sheet
thickness nor larger than 1∕32 in. (0.80 mm);
no more than 4 per any 12 in. × 12 in.
(300 mm × 300 mm) area

Scratches Willow marks, grooves, furrows, or channels
caused by mechanical damage

None deeper than 0.005 in. (0.13 mm) nor
more than 4 in. (100 mm) long

Dents, chips Impressions from impact or small pieces broken
out of surface

None deeper than one-tenth of the sheet
thickness

Blisters (internal) Pores within sheet None
Wrinkles Uneven surface from distortion of the sheet None
Cracks Linear fissures None
Orange peel Surface texture resembling the surface of oranges None
Burned particles, lumps, delaminations … None
Color … Uniform to the eye
Damage to fiber backing Snags, tears, knots None

ASME RTP-1–2023

157

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


M12B-622 Acceptance Inspection

(a) Acceptance inspection will include inspection of
weldingmaterials for properpackaging and identification,
inspection for imperfections and contamination, and
measurement of dimensions. Acceptance requirements
and limits are defined in paras. M12B-624.1 through
M12B-624.3.

(b) Themanufacturerof the sheet tobeusedwill certify
that the weld materials are acceptable.

(c) Form M12B-2, or a similar form that contains the
provisions to record the results of these required inspec-
tions,will be used by the Fabricator andwill be retained in
the inspection records. A separate form will be used for
each kind of weld material and for each manufacturer.

M12B-623 Equipment and Measuring Tools Required

M12B-623.1 Inspection Table and Lights. See
para. M12B-600(b).

M12B-623.2 Dimensional Measuring Tools. A stan-
dard micrometer or caliper capable of measuring with an
accuracy of at least ±0.001 in. (±0.025 mm) is required.

M12B-624 Procedures and Acceptance Limits

M12B-624.1 Welding Material Identification and
Package Inspection

(a) The welding materials will not be repackaged
during the distribution of the materials after the manu-
facturer has shipped thematerials. Verify and enter on the
inspection record that the welding materials as identified
by the manufacturer have the same nomenclature as the
materials specified to produce the equipment. For cap
strips, indicate in Form M12B-2, column 1 whether the
strip has a fiber backing and the kind of backing.
Examine the packaging of the welding materials for
damage that renders the materials unusable. Indicate ac-
ceptable welding materials by recording the date and
name of the person performing the inspection in Form
M12B-2, column 4.

(b) For welding material lots found acceptable, enter
the material’s production date and lot number in
Form M12B-2, columns 2 and 3.

M12B-624.2 Visual Inspection of Welding Consum-
ables

(a) Theweldingmaterialswill be visually inspected for
imperfections and contamination prior to use by the
Fabricator.

(b) The limits of imperfections found are as follows:
(1) No foreign materials, including water, other

fluids, or particles, are allowed.
(2) Color of allweldingmaterials in a given lotwill be

uniform.
(3) There will be no bends or other irregularities in

shape, including variations in cross section.

(4) There will be no porosity or bubbles.
(5) Surfacewill be smoothwith uniformappearance.

(c) After visual inspection, record the date and the
inspector’s name in Form M12B-2, column 5. If any
defect is found that is cause for rejection, record the
reason in Form M12B-2, column 7.

M12B-624.3 Dimensions Inspection

(a) The diameter of each rod or coiled welding “wire”
and the widths and thicknesses of other shapes will be
measured. The results of these measurements will be
entered in Form M12B-2.

(b) The inspector performing dimension measure-
ments will enter his/her initials and the inspection
date in Form M12B-2.

M12B-630 Bonding Resin

M12B-631 Introduction. The bonding resin for
bonding PVC or CPVC to the RTP structure is applied
to the thermoplastic, which promotes a chemical bond
to both the thermoplastic and the RTP overlay.

M12B-632 Acceptance Inspection

(a) Acceptance inspections include inspection of the
containers of bonding resin for proper packaging and
identification, for evidence of damage to the resin or
its container, verifying that the label on the container
is correct, and the testing for bonding strength. Accep-
tance requirements and limits are defined in paras.
M12B-634.1 and M12B-634.2.

(b) Form M12B-3, or a similar form that contains the
provisions to record the results of these required inspec-
tions, shall be used by the Fabricator and shall be retained
in the inspection records. A separate formshall beused for
each lot of bonding resin received.

(c) The bonding resin shall be tested for bond strength
in accordance with para. M12B-634.2.

M12B-633 Equipment andMeasuringTools Required.
See para. M12B-600(b) for inspection table and lights.

M12B-634 Procedures and Acceptance Limits

M12B-634.1 Resin Identification and Packaging
Inspection

(a) The resin will be packaged as shipped from the
resinmanufacturer’s factory. The resinwill not be repack-
aged in the distribution of the materials after the resin
manufacturer has shipped the resin. Verify and enter
in the inspection record that the resin as identified by
the resin manufacturer has the same nomenclature as
the resin specified to bond the thermoplastic as specified
in theUBRSand the thermoplasticmanufacturer’s instruc-
tions. Examine the packaging for damage that renders the
resin unusable. Indicate acceptable lots of resin by
recording the date of manufacture and the name of the
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Fabricator’s name Manufacturer

Address Nomenclature

Material shape

Nominal dimensions

1 2 3 4 5 6 7

Welding Production Lot, Batch, or Packaging Visual Dimensions Comments
Material Date Production Run Inspection Inspection

No. By Date By Date

1

2

3

4

5

6

7

8

9

10

11

12

13

14

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form M12B-2 Welding Material Receiving Log
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Fabricator’s name Manufacturer

Address Nomenclature

654321

Number Production Lot, Batch, or Packaging Bond Strength Comments
Date Production Run Inspection Test Results

[Note (1)]

By Date By Date

1

2

3

4

5

6

7

8

9

10

11

12

13

Form M12B-3 Bonding Resin Receiving Log

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

NOTE: (1) Indicate test used: C = climbing drum, P = peel test, L = lap shear test.
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person performing the examination in Form M12B-3,
column 4.

(b) For lots of resin that are found to be acceptable for
further inspection and tests, enter the resin production
date and lot number in Form M12B-3, columns 2 and 3.

M12B-634.2 Bond Strength Measurement. The
bonding resinwill be tested for bonding strength in accor-
dance with the provisions of paras. M12B-613.3 and
M12B-614.4. At least one bond strength test will be
performed for each lot of bonding resin received. The
results will be entered in Form M12B-3, column 5.
Lots of resin that fail tomeet the acceptance requirements
will not be used and a comment noting the failure to meet
the acceptance limits will be entered in Form M12B-3,
column 6.

M12B-640 Conductive Spark Test Targets

M12B-641 Introduction. Conductive material is used
toprovideanelectrically conductive layerbehind the ther-
moplastic lining and behind the weld joints in order to
allow valid high voltage spark tests to evaluate the integ-
rity of the weld joints and the thermoplastic sheet.
Conductive materials for high voltage spark testing
targets will consist of powdered carbon or flake graphite
mixed into theRTP resin, or of conductive carbon, conduc-
tive graphite, or modified conductive polyester veil in the
resin, applied next to the thermoplastic lining. If powder is
used, it is mixed in the resin in sufficient quantity so that
the cured resin is conductive enough for spark testing.
This resin mixture is then applied directly to the thermo-
plastic and entrapped air is removed. The fiber forms of
carbon or polyester are laid into resin already applied to
theback of theweldor sheet. The conductive fibermixture
is then rolled, or otherwise treated, to remove entrapped
air bubbles.
CAUTION: Some carbon and graphite materials can inhibit
resin cure.

M12B-642 Acceptance Inspection

(a) Acceptance inspectionwill include inspectionof the
packaging and identification, and measurement of elec-
trical conductivityof samplesof resinmixedwithaspecific
amount of carbon or graphite, or samples of resin and
conductive polyester mixtures, used to generate the
conductive target.

(b) Form M12B-4, or a similar form that contains the
provisions to record the results of these required inspec-
tions,will be used by the Fabricator andwill be retained in
the inspection records. A separate form will be used for
each carbon, graphite, or polyester manufacturer and for
each carbon, graphite, or polyester nomenclature.

M12B-643 Equipment and Measuring Tools Required

M12B-643.1 Inspection Table and Lights. See
para. M12B-600(b).

M12B-643.2 Small Scale Resin Mixing Area. A table
or other adequate space will be allocated to the prepara-
tionofa sampleof thegraphite–resinmixture. Preparation
equipmentwill consist of at least weighing scales, mix pail
or bucket, and casting mold or equivalent for shaping the
sample to a small slab approximately 0.06 in. (1.5 mm)
thick.

M12B-643.3 Electric Conductivity Measuring
Device. A high voltage spark tester with adjustable
voltage is required. See para. M12D-500 for details of
this test method.

M12B-644 Procedures and Acceptance Limits

M12B-644.1 Conductive Material Identification and
Package Inspection

(a) The conductive materials will be packaged as
shipped from the manufacturer’s factory. They will not
be repackaged in the distribution of the material after
the manufacturer has shipped the material. Verify that
the material as identified by the manufacturer has the
same nomenclature as thematerial required by the UBRS.

(b) The conductive material packaging will be exam-
ined for damage that renders the material unusable. Indi-
cate acceptable lots by recording the date and name of the
person performing the inspection in Form M12B-4,
column 4.

(c) Forpackaged lots that are found tobeacceptable for
further inspection and test, enter the material production
date and lot number in Form M12B-4, columns 2 and 3.

M12B-644.2 Conductivity of Resin-Conductive
Material Samples

(a) A sample of the conductive material is mixed with
the resin to be used in the RTP structure. The sample will
have the same content of conductive material as will be
used in the fabrication of targets on the fabricated vessel.
The samplewill be cast or formedbyappropriatemeans to
about 0.06 in. (1.5 mm) thick and at least 8 in. (200 mm)
long. All air bubbles will be removed; then the sample will
be cured.

(b) The conductivity of the sample will be tested by
using a high voltage spark tester at the same voltage
aswill be used on thewelded thermoplastic in the finished
vessel. The conductive sample will be tested directly by
exposing the high voltage probe over the sample. Alter-
natively, the sample may be placed under the joint
between two pieces of the thermoplastic sheet, also at
least 8 in. (200 mm) long, which are butted up to one
another with a very tight fit and clamped so the three
pieces are immobile. The high voltage test will then be
made on the top of the thermoplastic using the

ASME RTP-1–2023

161

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


Fabricator’s name Carbon/graphite manufacturer

Address Powder nomenclature

Fabric type nomenclature

654321

Conductive Production Lot Number Packaging Conductivity Comments
tseTnoitcepsnIetaD.oNlairetaM

By Date By Date

1

2

3

4

5

6

7

8

9

10

11

12

13

14
Comments on visual and packaging inspection and conductivity test (indicate which lot):

Form M12B-4 Conductive Material Receiving Log

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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pointedprobeandusing thevoltage required for the thick-
ness of thermoplastic used.

(c) The test must produce a bright spark distance
nearly the same distance as a test to an excellent
ground. In the case that the high voltage test does not
produce the normal audible sound or nearly the same
spark distance as to a good ground, the sample will be
deemed as not having adequate conductivity and that
lot of conductive material will be rejected.

M12B-650 Thermoplastic Shapes for Vessel
Components

M12B-651 Introduction. This section specifies the
minimum inspections and tests that are to be performed
on thermoplastic shapes that become part of the fabri-
cated vessel that is to be fabricated to this Standard. Ther-
moplastic shapes include pipe, duct, plate, angle, rod, or
rectangular tubes and other thermoplastic materials that
are intended to become part of the vessel. These shapes
could become nozzle necks, baffles, baffle braces, dip
tubes, supports for internal components, etc.
Adhesion to nozzles, piping, and fittings may be

achieved by alternate surface treatments.

M12B-652 Acceptance Inspections

(a) Acceptance inspections shall include inspection of
the shapes for proper packaging and identification,
inspection for imperfections and contamination, and
dimensional measurements. Acceptance requirements
and limits are defined in paras. M12B-654.1 through
M12B-654.3.

(b) Form M12B-5, or a similar form that contains the
provisions to record the results of inspections, shall be
used by the Fabricator and shall be retained in the inspec-
tion records. A separate form shall be used for each shape
manufacturer and for each different size and shape.

(c) These inspections may be waived if the materials
come from an ISO-certifiedmanufacturing facility and are
accompanied by a manufacturer’s material certificate.

M12B-653 Equipment and Measuring Tools

M12B-653.1 Inspection Table and Lights. See
para. M12B-600(b).

M12B-653.2 L inear Measur ing Tools . See
para. M12B-600(c). A standard caliper or micrometer
accurate to ±0.001 in. (±0.025 mm) is required to
measure the thickness of thermoplastic shapes.

M12B-654 Procedures and Acceptance Limits

M12B-654.1 Shape Identification and Package
Inspection

(a) The Fabricator shall verify and enter on the inspec-
tion record that the shapes as identified by the thermo-
plastic manufacturer have the same nomenclature as the

shapes specified toproduce thevessel, examine thepacka-
ging of the shapes for damage that renders the shapes
unusable, and indicate acceptable shapes by recording
the date and name of the person performing the examina-
tion in Form M12B-5, column 4.

(b) For shapes that are found to be acceptable for
further inspection and tests, the Fabricator shall
record the date of rece ipt and lot number in
Form M12B-5, columns 2 and 3.

M12B-654.2 Visual Inspection of Thermoplastic
Shapes

(a) Shapes shall be visually inspected upon receipt or
when the shapes are used. This inspection shall be for
imperfections and contamination. The date and the
name of the person performing visual inspection shall
be recorded by the Fabricator in Form M12B-5,
column 6. If any shape is rejected, the reason shall be
recorded under the comments section in Form M12B-5.

(b) Thermoplastic shapes having any of the following
defects shall not be used for components of vessels made
to this Standard:

(1) visible contaminants, either inside the shape or
embedded in the surface, 0.06 in. (1.5mm)or larger in size

(2) surface dents other than surface depressions
with depth more than 10% of thickness

(3) scratches and sharp indentations
(c) Surface defects may be repaired to conform to the

above requirements, as long as thickness limitations are
not exceeded.

M12B-654.3 Measurement of Thermoplastic Shape
Dimensions

(a) Thickness of each shape shall be measured in at
least two places. Thickness shall be within ±10% of
the nominal dimensions.

(b) Shape dimensions other than thickness shall be
measured, and al l shal l be less than ±0.06 in.
(±1.5 mm) of the nominal dimensions.

(c) The Fabricator shall record all measurements and
indicate in FormM12B-5, column 5 the date and the name
of the person performing the measurements.

M12B-654.4 Weldability. The Fabricator shall verify
weldability of thermoplastic shapes prior to use by
welding the shape to the sheet and evaluating visually
for mechanical integrity. The Fabricator shall indicate
in Form M12B-5 that a weldability test has been
performed.
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Fabricator’s name Manufacturer

Address Nomenclature

Description

1 2 3 4 5 6 7 8

Shape Production Lot, Batch, or Packaging Dimensions Visual Weldability Comments
Date Production Run Inspection Measured Inspection

By Date By Date By Date By Date

Comments on visual and packaging inspection (indicate which shape):

Form M12B-5 Thermoplastic Shape Receiving Log

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

ASME RTP-1–2023

164

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


ARTICLE C
DESIGN

M12C-100 SCOPE

Article C sets forth special design rules and guidelines
for the thermoplastic lining in order to produce a high-
quality lining with sufficient strength to avoid failure
of the lining or failure of the bond between the lining
and the RTP structure.
This Article contains special requirements for sheet

layout, for forming the thermoplastic sheet, for internal
attachments, for nozzle attachments, and formanagement
of thermal stresses, and guidelines for material selection.

M12C-200 MATERIAL SELECTION

The following factors will be considered for proper
material selection for a lining application:

(a) chemical resistanceat the temperatureof operation
and at maximum design temperatures.

(b) the potential for environmental stress cracking,
considering

(1) the fluids contacted including cleaning and other
incidental fluids

(2) design conditions including the residual and
operational stresses and the exposure temperature.

(c) thickness. The lining will be thick enough so that
permeation will be low to minimize chemical exposure
to the RTP structure. However, the lining will not be
so thick that anticipated forming processes during fabri-
cation will cause damaging stresses and possible failure.

(d) temperature-creep limitations for the bonding
resin. A guideline limit is that the HDT [66 psi (0.455
MPa)] of the bonding resin will be at least 36°F (20°C)
greater than the maximum design temperature of the
vessel.

(e) the need for stress relief in the case of high residual
stresses from forming or welding, which could cause
cracking or other failure mode in service.

(f) residual stresses in the received sheet and the need
for stress relief prior to fabrication.

M12C-300 SHEET MAP AND WELD PLACEMENT

(a) Prior to fabrication, a sheet map will be generated
showing the lining in detail. All sheet sizes will be identi-
fied. The heads of vessels will be laid out, showing the
extent of cold forming or thermoforming and the weld
locations.

(b) The sheet map will show the location of all welds
and the type of each weld, e.g., hot gas weld, extrusion
weld, cap strip weld.

(c) The sheet placement will be such that there are no
four-cornerweld intersections. Sheetswill be staggered to
avoid any such intersections.

(d) Welds in knuckle radii that are parallel to the
centerline of the knuckle radius will not be allowed
except for nozzle penetrations.

(e) If possible, nozzleswill notbeplaced throughaweld
seam.

(f) Nozzle design and weld detail will be shown on
separate drawings. These drawingswill shownozzle loca-
tion, internal attachment details, flange details, and weld
details.

(g) For ledges, see the limit on circumferential welds in
para. M12C-400(e).

M12C-400 WALL ATTACHMENTS

(a) During design stages, every effort will be made to
support all internal appurtenances by the RTP structure.
Internal attachments to the inside of a vessel will not be
attached solely to the thermoplastic lining.

(b) As a last resort, if the thermoplastic lining must
provide support for an internal attachment, the following
typesof conditionsmustbeanalyzedanddesigned tomeet
the following limitations:

(1) the operating stresses imposed on the lining will
not exceed 10% of the ultimate strength of the liner mate-
rial at design temperature

(2) the operating stresses on the lining–RTP bond
will not exceed 10% of the ultimate shear stress for
the lining–RTP bond

(3) long-termweld factors will be used in all calcula-
tions; strengthanddegradationofweldsover timeatoper-
ating temperatures will be considered.

(c) Baffles and dip pipe supports are typical attach-
ments requiring welding to the thermoplastic lining.
These and other appurtenances attached only to the
lining will be designed separately and the results will
be set forth on separate drawings showing stress calcula-
tions; attachment details, including supports and braces;
and weld details.

(d) In designing attachments, the strength of the liner
material at operating temperature, the reduced strength
of welds due to the long-term weld factor, and the pres-
ence of high alternating stresses will be considered.

(e) Ledges will be designed with the support strength
from the RTP structure under the lining. Circumferential
weldswill be located so that they are not part of the bends
required in forming ledges (see Figure M12C-1).

(f) Reinforcement pads will be used [see para.
M12D-700(c)].

M12C-500 DESIGN STRESS LIMITATIONS

(a) The thermoplastic liner will be included in the
analysis but will not be considered to add to the
overall strength of the structure of the vessel. For liner
thicknesses over 0.20 in. (5.0 mm), design calculations
will be accomplished for eachmaterial and each tempera-
ture combination anticipated.
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(b) Residual stresses from forming or welding can be
minimized by post-stress relieving or annealing.

(c) Thermal stresses in the lining from process fluids
must be considered. These stresses will be analyzed,
because differential coefficients of expansion can cause
high bond stresses and debonding. Bond stresses from
thermal stresses must not exceed 100 psi (0.7 MPa) in
shear. If the bond shear strength at operating temperature
is known, thermal stresses must not exceed 10% of this
bond shear strength except that thermal stresseswill in no
case exceed 100 psi (0.7 MPa). In addition, thermal gradi-
ents can promote diffusion beyond expected levels. One
technique to reduce thermal gradients across the lining is
to use external thermal insulation. Analysis of the amount
of reduction ingradients isnecessary toevaluate thebene-
fits of the use of insulation. Another technique to reduce
these high delamination stresses is to use a flexible resin
between the lining and the RTP structure; however, the
mechanical and thermal properties of flexible resins are
usually inferior andmust be considered in design calcula-
tions.

(d) Forming of sheets into vessel shapes can introduce
high internal stresses, which can cause cracking, warping,
and possibly environmental stress cracking in service.
Thermoforming above the softening temperature will
reduce these residual stresses. Post-stress relieving
(annealing) may be required. Cold forming may be
used, especially for thin linings, but the resulting high
internal stresses will be considered.

M12C-600 HEATING AND COOLING DESIGNS

(a) The heating system for the contents of a dual lami-
nate vessel will be designed to avoid any damage to the
vessel. The preferred heating design is to use an external
heat exchangerwith inlet and outlet nozzles on the vessel.
Internal heating coils and the inlet from the external heat
exchanger must be carefully designed so that the vessel
nozzles are not overheated. The heating pipe penetrating
thevessel shouldpass throughspecial flangesof amaterial
that can withstand the highest temperature expected.
These flanges will be installed in an oversize nozzle. In
addition, the supportof the internal coilsmustbedesigned
carefully to avoid highwall stresses due to internal inertia
from agitated contents, as well as thermal stresses due to
differential thermal expansion.

(b) Cooling of the contents of a dual laminate vessel
maycausedamagedue tocold temperatureembrittlement
of the plastic.

(c) Freeze protection from low ambient temperatures
maybeprovidedbywall heaters that aredesigned toavoid
damage from high temperatures.

(d) Thermal stresses for all thermal extremes, as well
as transient condit ions , wi l l be analyzed [see
para. M12C-500(c)].

Figure M12C-1
Support Ledges Showing Recommended Weld Locations Away From Thermoformed Bends

2 in. (50 mm)

2 in. (50 mm)

(a) (b)

1/2 in. (13 mm) min. radius

2 in. (50 mm)

2 in. (50 mm)

1/2 in. (13 mm)
   min. radius
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ARTICLE D
FABRICATION

M12D-100 SCOPE AND OPTIONS

This Article sets forth the required and recommended
fabrication details that are used to fabricate a thermo-
plastic lined RTP vessel. Where necessary, fabrication
details of theRTPpart of thedual laminate vessel, asmodi-
fied by the requirements of the thermoplastic lining, are
presented. The general provisions of Part 4 of this Stan-
dard do apply.
ThisArticle covers the formingandweldingof thevessel

lining walls and ends; the installation and fabrication
details for nozzles, manways, and other attachments;
and the RTP modifications where changes from Part 4
are necessary due to the lining fabrication requirements.
Fabrication options are as follows:
(a) The thermoplastic lining will be fabricated before

the RTP laminate is overlaid.
(b) The vessel lining is fabricated by formed (thermo-

forming or cold forming) components and welding them
together.

(c) The end closure (or vessel head) linings may be
fabricated separately from the shell lining. The RTP struc-
turemaybe laidupon the separateparts or after theentire
vessel lining is assembled.

M12D-200 MACHINING OF THE THERMOPLASTIC
LINING

Sheets, plates, edges of heads, and other parts (internal
endsorprojectionsof nozzles,manwaynecks, etc.)maybe
cut to shape and size by mechanical means such as
machining, drilling, shearing, sawing, grinding, or by
other processes that are not detrimental to the lining
material. After machining, all burrs, flashing, and other
loosematerialwill be removedprior to further fabrication
or use. Excessive stresses may be induced by machining
processes and stress relief may be required.

M12D-300 FORMING

Thermoplastic sheets may be formed into the required
shapes using established procedures that are in the Fabri-
cator’s Procedures Manual (see para. M12G-540).

M12D-310 Limits on Thinning of Lining During
Forming

All forming processes will reduce the thickness of the
lining. Design and the forming process conditions will be
such that the thinnest area of the lining after forming is at
least 90% of the nominal sheet thickness.

M12D-320 Thermoforming

In general, thermoforming is preferred over cold
forming because thermoforming requires much less
force and the internal stresses after forming are mini-
mized. More brittle materials and materials with
greater thickness are more difficult to form and thermo-
formingmay be necessary to avoid cracking or substantial
spring-back.

M12D-400 WELDING

This sectionsets forthrulesandguidelines for the fusion
welding of thermoplastic linings to generate the vessel
lining configuration. Included are welds to assemble
shells, end closures, nozzles, manways, and wall attach-
ments.
Areas forwelding thermoplastic liners shall have provi-

sions for controlling dust, ventilation, cleanliness, and
temperature.
The types of welding allowed for this Standard are
(a) hot gas welding
(b) extrusion welding [but see para. M12D-421(b) for

limitations]
(c) hot plate welding
(d) flow fusion welding
All welds will be full penetration welds.

M12D-410 Welder Qualification

All weldswill bemade by aWelder qualified in that type
of welding and using that type of thermoplastic material.
Procedures for Welder qualification are set forth in
Article H.

M12D-420 Welding Procedures

(a) The gap between lining material before welding
shall be no more than 0.06 in. (1.5 mm) at any location.
For assembly of large components [over 6 ft (1.8 m) in
diameter], the gap shall not exceed 0.13 in. (3.0 mm)
at any location. For assembly after RTP overlay, the
maximum gap between lining material shall be no
more than 0.13 in. (3.0 mm).

(b) Misalignmentof all buttwelds shall benomore than
20% of the thickness of the thermoplastic material. For
l in ing mater ia l o f d i f f e rent th i cknesses , see
Figure M12D-1.

(c) For lining material with fiber backing, the backing
adjacent to the hot gas weld shall be removed amaximum
distance equal to the lining material thickness from the
weld bead. Fiber backing inside weld bead is not accept-
able. For hot plate and flow fusion butt welding, the
amount of backing removed shall not exceed 0.06 in.
(1.5 mm) from the weld centerline.

(d) The Welder shall initial a copy of the lining mate-
rial/weld map placement showing the welds he/she has
made by the end of each day.
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(e) The gap between the lining material and nozzles
will be limited to the thickness of the lining material.

M12D-421 Hot Gas and Extrusion Welding

(a) The basic principles of extrusion welding and hot
gas welding are similar, except that the extrusion welding
rod is hot extruded using an extrusion screw.

(b) Extrusion welding will not be used on materials
equal to or less than 0.13 in. (3.0 mm) in thickness.

(c) Extruder temperatures and operating conditions
will be as recommended by the material manufacturer.
The Welder will verify that temperature settings on
the extruder machine are appropriate for the material
to be welded.

(d) Before extrusion welding, the Welder will visually
inspect extrudate for contamination.

(e) Weld filler materials will be compatible with the
sheet to be welded. In particular, the melt flow character-
isticswill be compatible and themanufacturer of the sheet
will specify the appropriate requirements for weld filler
materials to be used.

(f) When requiredby thematerialmanufacturer, rodor
parent material will be sanded or scraped to remove
oxidation.

(g) For hot gas welding, the gas used will be clean and
dry.Thegaswill be testeddaily for contamination.The test
procedures will be those described in ASTM D4285 using
an absorbent collector described in para. 3.1 of ASTM
D4285. Any deposits, including foreign particles, indicate
that the gas is contaminated and unacceptable.

(h) Drynitrogen, inert gas, or airwill beused forhot gas
and extrusion welding as recommended by the material
manufacturer.

(i) For hot gas and extrusionwelding, all jointsmust be
beveled to a V or double V shape prior to welding. For
sheets up to 0.16 in. (4.0 mm) thick, a V bevel is recom-
mended; for 0.16 in. (4.0 mm) thickness and above, a
double V bevel is recommended. Typical bevel angles
are 30 deg to 35 deg (60 deg to 70 deg total) for butt
welds. Typical bevel angles for T welds are 45 deg to
60 deg. Exceptions are FEP and PFA welds, where V
bevels for butt welds will be 15 deg to 20 deg (30 deg
to 40 deg total).

(j) The hot gasweldswill be visually inspected andwill
meet the requirements of Table M12D-1 as well as the
following requirements:

(1) Weld Bead
(-a) Shape. Shape will be relaxed, indicating

proper flow ofmaterial; elongation or stretching indicates
excessive pressure or unacceptably high speed (see
Figure M12D-2).

(-b) Stretch Marks or Fractures. None allowed.
These indicate that the rodwas too cold or indicate exces-
sive pressure or speed during welding.

(-c) Undercut. None allowed. These indicate rod
too small for area prepared or stretching of rod during
welding (see Figure M12D-2).

(-d) Bridging. None allowed. Bridging may be
caused by improper temperature or pressure during
starts and stops, relaxing of the rod pressure during
welding, or improperly cleaning the V bevel prior to
welding.

( - e ) Lack o f Fus ion . None a l lowed (see
Figure M12D-2).

(2) Flow Lines Evenness. Both sides of the weld bead
must show continuous flow of molten material at the side
of the weld bead (see Figure M12D-3).

(3) Heat-Affected Zone. Not all plastics exhibit a
visual heat-affected zone (see Figure M12D-4).

(k) Extruded weld visual inspection will meet the re-
quirements of Table M12D-1 as well as the following:

(1) Free of porosity. One cause of porosity is exces-
sive heat during extrusion.

(2) No lack of fusion. Low temperature can cause this
lack of fusion.

(3) An even bead showing no lumps, bumps, or
excessive irregularities.

(4) Somesurfacegloss showing theexistenceofheat-
affected zones will be visible.

(l) Safety
(1) The welding process involves more than just the

handling of hot equipment and plastic. When inert gas or
nitrogen is used to melt the thermoplastic, special atten-
tion to ventilation is required. In addition, some plastics
may emit fumes that can affect workers. These possible
safety hazardsmust be considered prior to welding. Many
weldingprocedures are performed inside tanks or on-site.
These require special safety procedures.

(2) Normal safety practices will be followed with
special consideration to the fact that welding guns
exceed the flash point of most solvents.

(3) Prior to welding, the Fabricator will establish a
safety procedure and include it in the Fabricator’s Proce-
dures Manual (see para. M12G-540).

M12D-422 Hot Plate Fusion Welds

(a) In hot plate fusion welding, no filler rod is used. A
heated plate is used to apply heat, and amachine is used to
control pressure and alignment.

Figure M12D-1
MaximumOffset Allowed for Joints Between SheetsWith

Different Thicknesses

t T

Offset max. 0.2T
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(b) Prior to welding, the welding machine will be
inspected and the following verified:

(1) proper plate temperature according to thermo-
plastic manufacturer’s recommendations

(2) proper heat-up pressure and time
(3) proper transfer rate
(4) proper weld pressure and time

(c) Prior to welding, verify that the two pieces to be
welded have been properly aligned and that the weld
faces are shaped properly.

(d) After welding, accelerated cooling will not be used.
(e) Weld bead visual inspection will meet the require-

ments of Table M12D-1 as well as the following require-
ments:

(1) no porosity or air bubbles present
(2) bead “roll over” is not excessive (see Figure

M12D-5)

M12D-423 Flow Fusion Welding. Flow fusion involves
clamping each material to be joined in a special machine
and then using heat to cause them to fuse together under
the pressure caused by expansion of the material. Specia-
lized custom equipment is used for this type of welding.
The fabricator’s equipment, procedure, and the past
testing of welds will be reviewed to ensure viability of
the process used. Welds will be visually inspected
using the applicable criteria from Table M12D-1.

M12D-424 Cap Strip Welding

(a) Cap strip welding is similar to hot gas welding,
except that a flat strip of the same thermoplastic material
is applied over an existing weld. The flat strip may have
fiber backing impressed on the face to be bonded to the
RTP overlay. The cap strip with a fiber backing provides
continuity of bond between the thermoplastic lining and
the RTP structural overlay.

(b) Inspections will show that the requirements of
Table M12D-1 as well as the following are met:

(1) Preparation. For fabric-backed sheet, when a cap
strip is applied over welds, the fabric must be removed
from the sheet in the weld area at least as wide as the cap
strip.

(2) Excessoverbeadmustberemoved toofferanear-
flat surface for the cap strip. Care will be taken to avoid
cutting into the base sheetmaterial and to avoid excessive
surface scratches.

(3) After producing a flat surface, the prepared area
must be fully inspected and spark tested prior to applica-
tion of the cap strip.

(4) Warpage. The cap strip weld must be flat and
relaxed, indicating consistent fusion and the lack of brid-
ging or air voids under the strip. See Table M12D-1.

Table M12D-1
Visual Weld Defects

Imperfection Allowable
Cracks None
Blisters
within the thermoplastic liner None
between the liner and the RTP
laminate

None

debonding of the thermoplastic
liner

None

All Welds
Flow lines Uniform on both sides of weld
Undercut None
Heat-affected zone heat pattern Samewidth on both sides of weld
Hot Gas Welds
Contamination evidence by
discoloration or contaminants
in the flow lines

None

Crown or overbead Relaxedandnomore thanhalf the
sheet thickness above the
sheet surface

Misalignment Maximum one-fifth of sheet
thickness

Bridging over at starts and stops None
Discoloration
charring or burning None
brown from use of air at high
temperature

None

Hot Plate Butt Fusion Welds
Flow lines Height of flow line extrusions

does not exceed thickness of
the plastic sheet

Voids in fusion zone None
Thickness of sheet allowed Minimum 0.09 in. (2.3 mm)
Misalignment Maximum one-tenth of sheet

thickness
Extrusion Welds
Crown or overbead Maximum 1∕8 in. (3.0 mm) above

sheet thickness
Cap Strip Welds
Flow lines Uniformonboth sides ofweld; no

larger than 1∕16 in. (1.5 mm)
Distortion after weld In accordance with UBRS
Voids None
Discoloration No brown color
Spark test for root weld Special test required before cap

strip applied
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Figure M12D-2
Visual Features of Hot Gas Welds

(a) Acceptable Relaxed

Weld Overbead

(b) Unacceptable Unrelaxed

Weld Overbead

(c) Unacceptable

Undercut

(d) Unacceptable

Lack of Fusion

Flow lines

Figure M12D-3
Illustrations of Flow Lines

(a) Acceptable Relaxed

Weld Bead

Flow lines

(c) Unacceptable Uneven

Flow Lines

(b) Unacceptable Excessive

Flow Lines
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Figure M12D-4
Heat-Affected Zone Patterns

(a) Acceptable (b) Unacceptable
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Figure M12D-5

Butt Fusion Welds Showing Melt Flow Lines

Acceptable
Unacceptable
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M12D-500 TESTS FOR DEFECTS IN WELDS

M12D-510 High Voltage Spark Test

Allweldswith adequate accesswill be testedwith ahigh
voltage spark tester to find flaws or imperfections in the
weld. Welds will be tested before application of the RTP
overlay andafter application of theRTPoverlaybut before
shipment.Otherplastic areasmayalsobe tested, as long as
properly functioning targets are present behind the area.
TheFabricatorwill havewritten test procedures including
calibration procedures. When the finished weld has a cap
strip, root welds are to be spark tested after flattening the
root weld bead and before the cap strip is applied [see
para. M12D-424(b)]. Spark testing after welding on a
cap strip may be accomplished if desired for added
security.

(a) Voltage. To ensure proper voltage levels during
inspectionof a thermoplasticweldusinga spark test appa-
ratus, three components should be considered: the level of
ACvoltage, frequency of the spark tester, and travel rate of
thespark tester along theweld. Eachof these threecompo-
nents, independently and together, will impact the overall
results of a spark test, as well as the amount of voltage
received by the sheet lining. The recommended rate of
travel for spark testing is 1 ft/sec (300 mm/s)
minimum, anddonot hold a probe in a stationary position.
The recommended starting voltage should be set to 5 kV
for eachmillimeter ofmaterial thickness. The reduction of
the voltage by 10%with each subsequent pass is optional;
it shall be agreed upon between the User or User’s Agent
and Fabricator. Defects and repairs shall be recorded on
the project weldmap. Final spark test parameters shall be
agreed upon between the User or User’s Agent and Fabri-
cator, recognizing that each polymer type and sheet lining
thickness might require a unique set of spark test param-
eters.

(b) Grounding. Grounding strips will be applied on a
permanent or temporary basis on all weld areas and
any other area to be spark tested. The ground material
will have consistent conductivity and permanent
groundswill not inhibit bond strength. Acceptable perma-
nent ground materials are thoroughly mixed carbon or
graphite/resin putty (33% to 40% by weight carbon or
graphite), carbon veil, carbon fiber tape, or conductive
polyester fiber. The conductivity and continuity of the
ground material will be tested before application of
the RTP laminate by using the test procedure outlined
in para. M12B-644.2.

(c) Procedure. The recommended spark testing proce-
dure will be as outlined in ASTM D5162 Test Method B.
Thevesselwill be thoroughlycleanedanddried.The tester
will be in continuous motion, as dwelling in one place
could rapidly cause penetration and failure. A speed of
about 1 ft/sec (300 mm/s) is recommended. Periodically
(at least every 5 min) touch the tip to the conductive
substrate to ensure proper operation and good electrical

continuity. Proper functioning after application of theRTP
overlay will be confirmed by sparking to any efficient
ground.

(d) Safety. Static electricity can build up in the ground
material during high voltage spark testing, and can cause
arcing and personal injury. Good practice is to wire the
ground material to a good in-the-ground ground to
prevent accumulation of high static voltages.

M12D-520 Gas Penetrant Tests

For welds where accessibility prevents a high voltage
spark test, a heliumorhalide leak test is required. This test
must be done before the RTP overlay is applied. Care will
be taken to avoid damage to the liner from overpressure.
An advantage of this test is that all defects that penetrate
through the sheet, including welds, can be found.

M12D-600 FLANGES, NOZZLES, AND MANWAYS

M12D-610 Fabrication Options

Linings for nozzle necks and manway rounds may be
fabricated from pipe or from sheet stock wrapped and
welded to form the required tube shape. Linings for
flange faces may be cut from sheet stock and welded
to the neck, flued from sheet stock, or flared from
tubing using thermoforming tools. The shell lining can
be flued to join the neck lining or the tubing may be
flared to join the shell at a short distance from the
nozzle. This section will present some of these designs,
with rules and recommendations.

M12D-620 Shell-Neck and Neck-Flange Designs

(a) Figures M12D-6 and M12D-7 show acceptable
constructions for nozzle and manway linings. The thick-
ness of the lining for the necks and flange faces must be at
least as thick as the lining of the shell. The thickness of the
lining for nozzle neckswill not bemore than two times the
nominal thickness of the sheet used for construction of the
vessel shell. Welding on both sides of all T joints is
preferred because of the increased strength and balanced
residual weld stresses. In case access to both sides of a T
joint is not possible, welding from one side of the T joint is
acceptable as long as full penetration is achieved. Nozzle
and manway constructions other than those shown in
Figures M12D-6 and M12D-7 will be agreed to by the
User before fabrication starts.

(b) Figure M12D-8 shows typical designs for bottom
nozzles.

(c) All weldswill be high voltage spark tested. The only
exception will be where access to the inside of the weld
with the spark tester is impossible. This testing requires
appropriate conductive targets to be installed behind
welds. In cases where there is access to the inside of
the vessel, spark testing can be accomplished after
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installing the target and before the remainder of the RTP
overlay is applied.

(d) The RTP structural overlay may be applied to the
nozzle/manway neck and flange before attachment to the
shell or end closure. Alternatively, if the lining can be
supported suitably, the RTP structural overlay may be
applied after weld attachment of these appurtenances.

M12D-700 INTERNAL ATTACHMENTS

(a) Internal attachments include baffles, dip pipes,
spargers, and others. Since these are ordinarily supported
by attachment to the thermoplastic lining, special care in
design and fabrication is necessary to ensure that lining
forces and lining-to-RTP bond forces are low enough to
avoid failure (see para. M12C-400).

(b) In case an attachmentmust be installed over a shell
weld or an end closure weld, the weld overbead will be
mechanically removed before installing the attachment. A
preferred alternative approach for baffles and some other
attachments is to cut out the attachment locally to accom-
modate the weld overbead.

(c) Reinforcement pads are required for all attach-
ments to the liner. A small drain hole may be provided
on the bottomof eachpad. For applications involving sani-
tary conditions, such as food or purewater, this drain hole
will not be installed.

M12D-800 REPAIR PROCEDURES

M12D-810 Scope

This section sets forth general criteria and repair proce-
dures that are to be used to correct nonconformities in
liners in dual laminate vessels before they may be

Figure M12D-6
Nozzle Construction for Penetrating Nozzle

Weld design for 
  pipe nozzle (not 
  able to be flared)

O.D.

B.C.

I.D.
Alternative

Weld Design

Shell
  reinforcement
  Style A

Pe

T'

4:1 taper min.

4:1 taper min.

4:1 taper min.

S.F.
  dia.

To

Tr

Tn'

Tn

4:1 taper min.

4:1 taper min.

Ts

Shell
  reinforcement
  Style B

3/8 in. (9.5 mm) radius
Hr

Ho
Ho

Le

L

Dr = Gr + 2X

Gr X min. X min.
½ in. (13 mm) min. [Note (2)]

[Note (1)]
½ in. (13 mm) min.
  [Note (2)]

Legend:
Gr = outside perimeter of grind block
X = greater of 3 in. (75 mm) or I.D./2

NOTES:
(1) Fill with laminate per para. 2-200.
(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).
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Figure M12D-7
Nozzle and Manway Construction and Installation

(a) Shell Lining Flued

(b) Nozzle Neck Flared

Flared nozzle neck

O.D.

B.C.

I.D.

T'

Shell
  reinforcement
  Style A

4:1 taper

Pe

4:1 taper min. Flued nozzle-to-shell
  flared nozzle

3/8 in. (9.5 mm) radius
Hr

Shell
  reinforcement
  Style B

Ho

Ho

4:1 taper

4:1 taper min.

Tn'
Tn

S.F.
  dia.

To

Tr

Ts

Dr = Gr + 2X

X min.Gr X min.

½ in. (13 mm) min.
   [Note (2)]

[Note (1)]

4:1 taper min. Flued nozzle-to-shell
  flared nozzle

4:1 taper min. Ts

Dr = Gr + 2X

X min.Gr X min.

½ in. (13 mm)
  min.
  [Note (2)]

4:1 taper min. 4:1 taper min.

Flared flange face

O.D.

B.C.

I.D.

Shell
  reinforcement
  Style B

3/8 in. (9.5 mm) radius
Hr

Ho

Ho

S.F.
  dia.

Tn'
Tn

4:1 taper min.

Shell
  reinforcement
  Style A

Pe

[Note (1)]

½ in. (13 mm)
   min.

To

Tr

T'

T

L

L

T
½ in. (13 mm)
   min.

Legend:
Gr = outside perimeter of grind block X = greater of 3 in. (75 mm) or I.D./2

NOTES:
(1) Fill with laminate per para. 2-200.
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accepted as complying with this Standard. Where repair
involves removal and replacement of any of theRTP struc-
tural laminate, the procedures of Mandatory Appendix
M-7 will also apply.

M12D-820 General Conditions

In general,when thenonconformities in thedefective or
damaged liner, bond, or relatedRTP laminateare repaired,
the repairwill ensure that the final areawill have the same
physical strength and chemical resistance as the specified
original laminate. All defects and completed repairs must
be recorded in writing in a repair log, which will become
part of the quality assurance documents for that vessel.
Other general conditions outlined inMandatory Appendix
M-7 appropriate to dual laminate repairs also apply.

M12D-830 Nonconformities

Vessels fabricated to this Standard may be repaired to
correct nonconformities prior to certification and
stamping, provided that all the following conditions
are met:

(a) The general requirements of Mandatory Appendix
M-7, para.M7-210as theyapply to repairofdual laminates
are met.

(b) The thermoplastic manufacturer’s procedures and
limitations on rewelding are followed.

(c) The nonconformities must be classified as repair-
able as indicated in para. M12D-840.

(d) The Fabricator will provide detailed written proce-
dures for each kind of repair that will be made.

(e) The total amount of area repaired by patching or
replacing lining after the RTP has been applied will
not exceed 2% of the total inside liner area or 3 ft2
(0.3 m2), whichever is greater.

(f) The total lengthofweld joints that are repaired after
the RTP overlay is applied will not exceed 2% of the total
length ofwelds in the thermoplastic liner. All welds can be
replaced prior to application of the RTP overlay.

(g) Weld repairs are accomplished by a qualified
Welder qualified on the same material as the liner and
in accordance with the Fabricator’s qualification proce-
dures and with this Standard.

M12D-840 Repairable Nonconformities

Repairable nonconformities are
(a) all weld defects in Table M12D-1.
(b) debonded areas.
(c) blisters.

(d) incorrect location of nozzles only when the correct
nozzle is relocated far enough away so that reinforcing
pads do not overlap.

(e) liner surface nonconformities contained in
Table M12B-3. Scratches may be polished or scraped
out, except that the thickness of the sheet will not
become too thin (see Table M12B-3).

(f) stress relief not accomplished when required.
(g) weld defects detected in the final inspection by high

voltage spark testwhen thevessel has less than1%of total
weld length plus 12 in. (300 mm).

M12D-850 Unrepairable Nonconformities

The following nonconformities will not be considered
repairable. A vessel that has any one of these nonconfor-
mities will not be certified as being fabricated in accor-
dance with this Standard.

(a) Incorrect material: sheet, filler rod, strip, etc.
(b) Weld defects detected during final inspection by

high voltage spark test that exceed the following:
(1) 2% of total weld length plus 12 in. (300 mm)

prior to hydrotest
(2) 1%of totalweld lengthplus12 in. (300mm)after

hydrotest (rehydrotest not required)
(c) Liner is thinner than lower tolerance on thickness.
(d) Thermoformed components are less than specified

thickness.
(e) Ground strip for spark test target omitted or insuf-

ficiently conductive.

M12D-900 APPLICATION OF THE RTP OVERLAY

M12D-910 Application of Spark Test Targets

Prior to applicationof theRTPoverlay, all of the conduc-
tive spark test targets must be applied. As a minimum, all
weldswill have a conductive target on the exterior surface
of the liner prior to application of the RTP overlay (see
para. M12D-500).

M12D-920 Testing Bond Strength Between Liner
and RTP Overlay

The Fabricator will ensure adequate bond strength by
performing the tests required in para. M12B-614.4. In
addition, for dual laminate vessels with PVC or CPVC
liners, these tests shall be performed on each bonding
resin batch and on each lot of liner material used. The
bond strength test results shall be documented and

Figure M12D-7
Nozzle and Manway Construction and Installation (Cont’d)

NOTES (Cont’d)
(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).
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Figure M12D-8
Bottom Nozzle Construction and Installation

O.D. B.C. I.D. 4:1 taper min.

4:1 taper min.

4:1 taper min.

4:1 taper min.

3/8 in.
  (9.5 mm)
  radius

X min.

X min.
Shell Reinforcement
  Style B

S.F.
  dia.

Ho

Hr

Ts

Tr

L

To

Dr  = Gr + 2X

Ho

Ho

Ts

Pe

T

T'

Tn' Tn

Tr

Gr

To

½ in. (13 mm) min.
   [Note (2)]

½ in. (13 mm)
  min. [Note (1)]

Dr  = Gr + 2X X min.
4:1 taper min.

Pe

Ts

Shell
Reinforcement

Style A
T'Tr

To Tn

Tn'
O.D.B.C.I.D.

L

4:1 taper min.

4:1 taper min.

X min.

Shell
Reinforcement

Style B

½ in. (13 mm)
  min. [Note (2)]

Hr
Ho

Ho

T

4:1 taper min.

Gr [Note (1)]

3/8 in.
  (9.5 mm)
  radiusVortex breaker

(optional)

[Note (2)]

Legend:
Gr = outside perimeter of grind block
X = greater of 3 in. (75 mm) or I.D./2

GENERAL NOTE: Special consideration is to be made to address the cantilever, pump, and vortex forces.

NOTES:
(1) Fill with laminate per para. 2-200.
(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).
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shall meet the minimum requirements of para.
M12B-614.4.

M12D-1000 INSPECTION

In addition to the requirements of Article E, the
Inspector will visually check the interior and exterior
surfaces of the lining before the RTP overlay is applied
and the exterior surface of the RTP overlay after it is
applied. All the visual requirements of Tables M12D-1
and M12E-1 will be met. In particular, this inspection
will ensure that cap strips and conductive targets are
installed properly (see para. M12E-220).

ARTICLE E
INSPECTION AND TEST

M12E-100 SCOPE

This Article covers inspections and tests required on a
dual laminate vessel. It is intended to ensure that the
completed vessel has been designed and fabricated in
accordance with the requirements of the latest revisions
of the design, of the approved drawings, of the UBRS, and
of this Standard.
ThisArticle is in addition to the inspection and testingof

theRTPstructural laminateof dual laminate vessels that is
provided inPart 6of this Standard.However, some inspec-
tionsand testsof the lining, thebond, and theRTP laminate
should or may be accomplished at the same time.
When the corrosion barrier of the RTP laminate is

replaced by a thermoplastic lining, the testing for
quality of the lining as provided in this Article will
replace those requirements for the corrosion barrier in
Part 6.

M12E-200 FINAL INSPECTION

(a) In addition to the documents the Fabricator is
required to provide the Inspector in accordance with
para. 6-900(a), the following documents related to
dual laminate inspection will be provided:

(1) Welder qualification records for individual
Welders who made welds in the vessel

(2) current weld map and sheet placement
(3) high voltage spark test records
(4) material logs for all materials used

(b) Paragraphs M12E-210 and M12E-220 describe the
minimum basic tests relating to the thermoplastic lining
that must be made, witnessed, or reviewed by the
Inspector prior to or at the time of the final inspection.

M12E-210 High Voltage Spark Test

The Inspector will witness the last high voltage spark
test performed. This last test will normally be after the
hydrotest. Any spark test indication of a defect will be

cause for rejectionuntil the defect is repaired and retested
with satisfactory results.

M12E-220 Lining Imperfections: Visual Inspection

(a) During fabrication, the Fabricator will make all
checks necessary to ensure that the lining and the
lining–RTP bond meet the requirements of this Standard,
particularly the requirements of Tables M12B-3, M12D-1,
and M12E-1. The Fabricator’s Quality Control Program
will include procedures and forms to be used to
control the ongoing process of lining fabrication and
lining–RTP bond fabrication so as to ensure that imper-
fections are within required tolerances prior to final
inspection.

(b) The Inspector will visually check interior surfaces
of the lining and the exterior surface of the RTP overlay.
The Inspector will ensure that all visual requirements of
Tables M12B-3 and M12E-1 are met.

(c) The final visual inspectionwill bemadeafter the last
high voltage spark test, the hydrotest, and the acoustic
emission (if used) tests are completed.

(d) As provided in para. 6-940(e), the Inspector will
record the results of the visual inspection in the inspection
report.

ARTICLE F
SHIPPING AND HANDLING

M12F-100 SCOPE

This Article covers special requirements for shipping
and handling dual laminate vessels at low temperatures.

M12F-200 PRECAUTIONS TO PREVENT
MECHANICAL DAMAGE

(a) Sincemany of the thermoplastics used for liners are
brittle and becomemore sensitive to mechanical shock as
temperatures decrease, precautions must be taken in
handlingandstoring toensure that impact orhighstresses
are avoided. In particular, polypropylene, PVC, CPVC, and
PVDF homopolymer should be shipped and stored above
32°F (0°C). Special precautions to avoidmechanical shock
are required, especially if ambient temperatures are
below these limits.

(b) Thermal stresses due to sudden changes in
temperature will be avoided, as these can cause cracking
of the thermoplastic liner. An example is moving a vessel
from a heated area to the outside in cold weather.

M12F-300 INSPECTION AFTER SHIPMENT AND
INSTALLATION

When a vessel arrives at the User’s facility and before
unloading from the transport vehicle, a visual inspection
(internal and external) is recommended to detect any
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damage that may have occurred during shipping. After
installation of a vessel at the User’s facility, a high
voltage spark test is recommended to detect any
defects in the liner that may have occurred during ship-
ping, handling, and installation.

ARTICLE G
SHOP QUALIFICATION

M12G-100 SCOPE

This Article covers requirements a Fabricator will meet
in order to qualify capability for fabricating dual laminate
vessels in accordance with this Standard. These require-
ments are in addition to those set forth in Part 7.

M12G-200 GENERAL

In addition to the requirements of para. 7-210 for the
shop survey, the ASME survey team will verify that the
requirements of this Article are met.

M12G-300 FABRICATOR’S FACILITIES AND
EQUIPMENT

In addition to the facilities specified in para. 7-300, the
following facilities and equipment will be available for
qualification during the shop survey:

(a) areas designated for storage of plastic sheet, weld
rod, and other plastic shapes

(b) areas designated for storage of semifinished
components of dual laminate vessels

(c) separate shop fabrication areas for assembling
thermoplastic liners with special provisions for control-
ling dust, proper ventilation, cleanliness, and temperature

(d) equipment for thermoplastic welding including
appropriate gas supply [see paras. M12D-421(g) and
M12D-421(h)]

(e) temperature-measuring instruments capable of
measuring welding and thermoforming temperatures
with accuracy of ±3.5°F (±2.0°C)

(f) equipment for thermoforming plastic sections of
vessels including flaring and fluing for nozzle attachment
[see para. 7-300(b)]

(g) laboratory equipment for evaluation of welds in
accordance with para. M12H-400, except that tensile
test servicesmay be obtained fromaqualified outside lab-
oratory

(h) inspection equipment for determining the quality
of welds, including high voltage spark tester

(i) equipment (internal or at an external facility) for
determining thebond strengthbetween the thermoplastic
liner and the RTP overlay (see para. M12B-614.4)

M12G-400 PERSONNEL

The Fabricator’s organization shall include specific per-
sonnel designated and qualified for the following func-
tions:

(a) welding thermoplastic parts, and training and eval-
uating Welders (see Article H).

(b) designing thermoplastic lined vessels, including
knowledge of the technology of welding thermoplastics.
As authorized in para. 7-400, for RTP vessels this function
maybeperformedbyoutside qualified engineeringdesign
personnel.

Table M12E-1
Lining Visual Inspection Acceptance Criteria

Imperfection Definition of Imperfection Allowed Comments
Omission of cap strip Omission when required Not acceptable Repairable only before

application of RTP structure
Cracks Linear ruptures of the lining None [Note (1)]
Debonding Lack of bond between lining and

RTP structure
None [Note (1)]

Foreign inclusions Particles in the lining that are not
of the plastic composition

None [Note (1)]

Dents, pits, grooves Surface irregularities in the lining Maximum depth 10% of sheet
thickness, maximum size 1∕8 in.
(3 mm) diameter or 1 in.
(25 mm) long

[Note (1)]

Blisters (internal) Pores within plastic sheet None [Note (1)]

NOTE: (1) These imperfections may be repaired if approved by the Inspector and the Fabricator’s Quality Assurance Manager, and written
procedures are received and approved.
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M12G-500 DEMONSTRATION OF CAPABILITY

M12G-510 Welding Capability

Each Fabricator’s shop shall demonstrate the ability to
fabricate thermoplastic liners, including welding, to
required quality levels. A Welder qualification record
(see para. M12H-100) shall be maintained showing
Welder capability to weld thermoplastic parts. The
records shall clearly show qualification records for all
the following:

(a) type ofwelding; i.e., hot gas buttwelding, nozzle-to-
shell welding, cap strip welding, etc.

(b) specific thermoplastic material
(c) specific Welder’s name
(d) certification for each separate combination of (a),

(b), and (c)

M12G-520ð23Þ Bonding Capability

Each Fabricator’s shop shall demonstrate capability to
bond the RTP overlay to thermoplastic liners with suffi-
c ient strength to sat is fy the requirements of
para. M12B-614.4. The shop survey team shall verify
bond strength test records and shall determine that
the Fabricator or an independent testing laboratory
(contracted by the Fabricator) has the equipment and
trained personnel to determine bond strength.

M12G-530 Demonstration Vessel

(a) The Fabricator shall produce a demonstration
vessel, which shall be inspected by the ASME shop
survey team. For the purposes of this qualificationdemon-
stration vessel, the lining system shall be divided into the
following lining classes:

Lining
Classification

Demonstration Vessel
Top Half

Demonstration Vessel
Bottom Half

A [Note (1)] Fabric bonded lining Chemically bonded
lining

B [Note (2)] Fabric bonded lining Fabric bonded lining
C [Note (3)] Chemically bonded

lining
Chemically bonded
lining

NOTES:
(1) Fabric and chemically bonded thermoplastic linings.
(2) Fabric bonded thermoplastic linings only.
(3) Chemically bonded thermoplastic linings only.
A Fabricator selects the appropriate lining classification
and builds a demonstration vessel accordingly. The Fabri-
cator is restricted to fabricating vessels to this Standard in
only that class of lined vessels forwhich he/she has built a
demonstration vessel that has passed the qualification
procedure.

(b) The demonstration vessel shall be fabricated
according to Figure M12G-1 and Table M12G-1.

(c) A Fabricator who is not certified to fabricate solid
RTP vesselsmay qualify for a restricted certificate for dual
laminate vessels only.

M12G-531 Demonstration Vessel Quality Require-
ments

(a) The demonstration vessel shall be inspected by the
ASME shop survey team and shall meet the following re-
quirements:

(1) The vessel shall meet all visual inspection re-
quirements of this Appendix.

(2) The layout of thermoplastic sheets and the weld
mapshall conformto the requirementsofpara.M12C-300.

(3) The vessel shall be tested to full vacuum. No
debonding of the lining will be evident.

(4) The vessel shall be high voltage spark tested and
will not show any defects.

(5) The demonstration vessel shall be cross-
sectioned in accordance with Figure M12G-2 to show
the weld quality, the amount of liner thinning in thermo-
formed knuckles and flares for nozzles, flange construc-
tion and quality, bond between the liner and the RTP
overlay, and the spark test targets. All of these areas
shall meet the requirements of this Appendix.

(b) Failure tomeet anyof the requirements in (a) above
shall cause the Fabricator to fail for qualification to fabri-
cate to ASME standards that class of dual laminate vessel.

(c) The vessel shall be sectioned and placed on perma-
nent display in the same manner as the RTP vessel.

M12G-540 Procedures

The Fabricator shall have the following procedures
clearly defined and established:

(a) spark testing
(b) welding
(c) forming
(d) safety
(e) stress relieving

M12G-550 Fabricator Certification

A Fabricator shall be certified to fabricate only dual
laminate vessels by constructing one demonstration
vessel in accordance with Figure M12G-1. The following
conditions shall be met:

(a) The hydrotest required in Mandatory Appendix
M-6 is performed before the vacuum test required in
M12G-531(a)(3).

( b ) The v i s u a l r e qu i r emen t s o f t h e l i n e r
(Table M12E-1) are substituted for the visual require-
ments of the RTP liner.

(c) The RTP structural overlay of the dual laminate
vessel is in complete accordance with requirements of
this Standard.
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Figure M12G-1
Dual Laminate Demonstration Vessel

NPS 2 (DN 50) nozzle C

45 deg

C  RTP support legs,
  equally spaced

Type I
  laminate

Type II laminate

2 
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Type II or filament
  wound laminate

RTP pipe leg supports;
  four required,
  equally spaced

NPS 2 (DN 50) nozzle B

ASME flanged and dished head
  or 2:1 elliptical head

ASME flanged and dished head
  or 2:1 elliptical head

2 in. × 2 in. (50 mm × 50 mm)
   integral support ledge

Tangent line

Tangent line

Integral body
  flange

Gusset

Affix nameplate to
  bracket located in
  this general area

65 deg

NPS 3 (DN 80)
  tangential nozzle A

I.D. 3 ft 6 in. (1070 mm) min.,
  4 ft 6 in. (1370 mm) max.

GENERAL NOTES:
(a) Laminate thicknesses are to be based on design pressure and temperature, and laminates are to be of the type specified here (see UBRS).
(b) Each head shall have a weld seam with a length exceeding the tank radius.
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Table M12G-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1)

Page 1 of 4

RTP Edition No.

UBRS Revision No.

User firm name Not applicable

User’s Agent firm name Not applicable

Title of equipment ASME RTP-1 dual laminate demonstration vessel

User’s designation no. ASME RTP-1 1

Installation location (name and address) Fabricator’s shop

UBRS prepared by (User or User’s Agent):

etaDelbacilppatoN.onenohP1-PTREMSA,21-MxidneppAyrotadnaMemaN

Address

1. Equipment description (equipment sketch and nozzle schedule shall be attached):

2. Additional Fabricator responsibilities:
[x] Special requirements

[ ] Acoustic emission testing
[x] Inspection or testing requirements not listed in the Standard Special, fully flooded (all air vented), ambient

temp. water, proof hydrotest at 44.0 psig to 46.0 psig (303 kPag to 317 kPag) max.

[x] Full vacuum after hydrotest is complete
[x] Spark test after vacuum test

[x] Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1):
[x] Level 1
[ ] Level 2
Quantity limitations for gaseous air bubbles or blisters
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Table M12G-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 2 of 4
RTP Edition No.

UBRS Revision No.

[ ]     Additional inspection aids/methods [refer to para. 6-940(c)]

3. Material selection
3.1 Material selection by:

[ ] Resin manufacturer (include data per section 4 of this document)
[ ] Fabricator (include data per section 4 of this document)
[ ] End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirements, etc. (list and specify; attach

copies of local code/ordinance requirements)

[x] Other As required by Mandatory Appendix M-12
3.2 Material of construction:

Resin Catalyst/cure system CoNap/MEKP
Barcol hardness per para. 6-910(b)(4)Veil

[ ] Lift lugs: [ ] RTP [ ] Carbon steel [ ] Other
[ ] Hold-down lugs: [ ] RTP [ ] Carbon steel [ ] Other

4. Chemical service data (shall be provided when Fabricator or resin manufacturer is making material selection)

4.1 Description of process function and process sequence: Not applicable

4.2 Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time

Potable water 100 100 Continuous

4.3 pH range: max. min.

5. Design
5.1 Design conditions:

Operating Design
Internal pressure 15.0 psig (103 kPag)
External pressure Full vacuum

80°F (27°C)Temperature 140°F (60°C)
Specific gravity 1.0

Liquid level Full

14.0 psig (96.5 kPag)
0.0 psig (0.0 kPag)

1.0

Full
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Table M12G-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 3 of 4

RTP Edition No.

UBRS Revision No.

Wind/seismic/snow code (include edition or year) ASCE 7
Basic wind speed 0 MPH (m/s) Classification category erusopxE
Elevation above grade ft Topographic factors

,stneiciffeocnoitomdnuorg,epytlios(noitamrofnicimsiescificeps-etiS1enozcimsieS
etc.)

Snow load 0 psf (kPa)
Capacities: Operating Flooded gal (L)

5.2 Mechanical agitator: [ ] Required [ ] Not required
b (N)ldaoldaeD
b (N·m)l-tftnemomgnidnebcitatS

b (N·m)l-tftnemomgnidnebcimanyD
b (N·m)l-tfeuqroT

p (W)hrewopesroH
in. (mm)retemaidrellepmIMPRdeepsrellepmI

oN][seY][:gniraebtooFsrellepmiforebmuN
5.3 Heating and cooling:

[ ] Electric panels
[ ] Steam coil

[ ] Steam sparger
[ ] Heat exchanger
[ ] Other

5.4 Mechanical and other forces:
[ ] Violent chemical reaction
[ ] Subsurface introduction of gas or vapor
[ ] Subsurface introduction of steam
[ ] Transmitted mechanical load/force
[ ] Impact due to introduction of solids
[ ] Vacuum from pump down (or vessel draining)
[ ] Vacuum from cool down
[x] Other Not applicable

5.5 Corrosion barrier excluded from structural calculations:
[x] Yes
[ ] No

5.6 Declaration of critical service (only by User or User’s Agent; refer to para. 1-210 of ASME RTP-1):
[ ] Yes
[x] No

6. Designation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASME RTP-1. It shall be recognized that ASME RTP-1
establishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throughout
a major portion of the fabrication interval.). Inspector shall be:
[x] Fabricator’s Quality Control principal
[ ] User’s representative
[ ] Other

Flooded By Fabricator gal (L)
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Table M12G-1
User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 4 of 4

RTP Edition No.

UBRS Revision No.

Inspector’s name Telephone

Company

Address

6.1 Approval of Inspector designation
6.1.1 Authorized User’s representative:

eltiTemaN

Signature Date
6.1.2 Authorized Fabricator’s representative:

eltiTemaN

Signature Date

Additional requirements:     Requires Witness of Hydrotest form (Figure M6-3).

Approach maximum hydrotest pressure using a manually actuated hydrotest pump, in a number of pressure steps, over a

30-min time period.

Provide a substantial physical barrier between the vessel and all personnel during hydrotest for safety reasons.
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ARTICLE H
QUALIFICATION OF WELDERS

M12H-100 GENERAL REQUIREMENTS

(a) This Article specifies the rules for qualifying per-
sonnel to weld thermoplastic parts together. Thermo-
plastic linings will be assembled only by personnel
who have been qualified in accordance with the require-
ments of this Article.

(b) A Welder is an individual who joins thermoplastic
parts together using fusion bonding processes.

(c) The Fabricator will maintain up-to-date records
relating to qualification of each Welder. These records
will document the date of last qualification, and will
include all calculations and test or inspection reports
from internal and independent laboratory testing
programs used in the process of qualification. These
records are subject to review on request by all parties
engaged in the process of procurement or inspection.

M12H-200 RESPONSIBILITY

It is the responsibility of the Fabricator to train and
qualify thermoplastic Welders. Safety is also the respon-
sibility of the Fabricator [see para. M12D-421(l)].

M12H-300 QUALIFICATION OF WELDERS

(a) Welders may qualify their capabilities at the time a
Fabricator qualifies for shop qualification under Article G.

(b) Welder and welding operator performance qualifi-
cations shall be in accordance with AWS B2.4. The quality
of polymeric weld joints depends on the qualification of
the Welders and welding operators, the suitability of the
equipment used, environmental influences, and adher-
ence to the applicable Welding Procedure Specification
(WPS). Welders and welding operators shall be trained
and possess a valid qualification certificate.

(c) It is the responsibility of the Fabricator’s Quality
Control Manager to

(1) document the Welding Procedure Specification
(WPS) and Performance Qualification Test Record
(PQTR) as outlined in AWS B2.4 for the preparation,
machining, and testing of welder and welding operator
qualification samples

(2) supervise or conduct the visual inspection of
welds made for qualification in accordance with AWS
G1.10M

(3) verify thatweld samples are tested in accordance
with AWS B2.4

(4) sign and date the certification process PQTR
(d) Welders shall qualify separately for each thermo-

plasticmaterial (TPM) and for eachweld process per AWS
B2.4.

Figure M12G-2
Post-Test Sectioning of Dual Laminate Demonstration

Vessel for Final Inspection and Display

Section above
  gusset

Cut lines
30 deg
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M12H-310 Making Weld Test Samples
M12H-311 Butt Welds

(a) Welds shall be made in accordance with AWS B2.4.
In addition to the requirements of AWS B2.4, where ap-
plicable, eachweld sample shall contain aweld start and a
weld stop.

(b) For hot gas welds, a single V-shaped bevel shall be
used forall sheet thicknessesunder0.16 in. (4.0mm)anda
doubleVbevel shall beused for all thicknesses0.16 in. (4.0
mm) and greater. The Welder shall be responsible for the
generation of the appropriate bevels. Forwelding TFE, the
weld rod shall be PFA.

M12H-312 Cap Strip Welds. Cap strip welds shall be
made over existing welds. Cap strips with or without
fiber backing may be used. The crown of the existing
weld shall be appropriately skived or ground off
before the cap strip weld is applied.

M12H-313 NozzleWelds.TheWelder shall prepare the
nozzle and the flat or curved part representing the shell of
thevessel. Twonozzles shall bewelded, oneNPS2 (DN50)
indiameter andanotherNPS4 (DN100) toNPS8 (DN200)
in diameter. Thicknesses shall represent those thick-
nesses expected for that material. If pipe is used, the
pipe wall thickness will be in the range expected to be
used. Evaluation shall be by visual inspection only. The
nozzles shall be cut in half to aid in visual inspection.

M12H-400 EVALUATING WELD SAMPLES

(a) Visual inspection of all welds shall be accomplished
by an inspector experienced in the material and weld
process being evaluated in accordance with AWS
G1.10M. Each weld inspector shall be designated in
writing by the Fabricator’s Quality Control Manager.
This document shall contain the period during which
the assignment as weld inspector will be valid, as well
as any limits on the type or kind of evaluation for each
inspector.

(b) The visual weld inspector shall fill out the PQTR for
all visual factors listed that are appropriate to the weld
process under evaluation per AWS G1.10M.

(c) Each and all individual tensile test or bend test
results shall meet the criteria as required in AWS B2.4.
Results of the tests shall be recorded on the PQTR. In addi-
tion to AWS B2.4 Table 4.3, see Table M12H-1 for addi-
tional short-term weld factors.

(d) Welds shall be qualified in accordance with AWS
B2.4. A WPS and PQTR shall be provided for each
polymerandprocessbeingused.Environmental condition
recommendations shall be included in the WPS.

M12H-500 REQUALIFICATION

Requalification shall be for each TPM and each weld
process. In any case, Welders shall requalify at least
every year. If a Welder has not made a weld using that
specific material and process in the past 6 months, he/
she is required to requalify prior to making welds on
linings under this Standard.

M12H-600 WELDING PROCEDURE
QUALIFICATION

Welding procedures shall be qualified in accordance
with AWS B2.4. A WPS shall be provided for each
polymerandprocessbeingused.Environmental condition
recommendations shall be included in the WPS.

ARTICLE I
GLOSSARY

acoustic emission test: a technique for finding flaws in
materials by using transducers to detect the sound
energy emitted when flaws grow under an intentionally
applied stress.
annealing: heat treatment after processing to remove
internal stresses incurred during fabrication processes.
backing: a fibrous component, eitherwoven or nonwoven,
embedded into a thermoplastic lining to allow a mechan-
ical bond between the lining and the structural laminate;
usually a knit woven product.
backing strip: a thin strip of plastic of the samematerial as
the base plastic sheet fused to the back of fusion welds,
often used to replace the fiber to assist bonding that was
removed in order to accomplish the weld.
bridging: aweld defect inwhich theweld bead does not fill
the prepared groove between two pieces of thermoplastic
to be welded.
butt fusion weld: a weld accomplished by heating the two
surfaces to be joined, then forcing the surfaces together to
accomplish a fusion weld.

Table M12H-1
Weld Strength Requirements

Thermoplastic Flow
Short-Term Minimum Weld Factor
Hot Plate Butt Flow Fusion

PP 0.9 0.9
PVC 0.9 NA
CPVC 0.8 NA
PVDF 0.9 0.9
ECTFE 0.9 0.9
FEP 0.9 0.9
TFE (PFA filler) NA NA
PFA 0.9 0.9
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cap strip: a thin strip of plastic of the samematerial as the
base plastic sheet liner that is heat welded over fusion
welds. When the cap strip is applied on the backside
of aweld, it contains fiber embedding to ensure continuity
of bondingwhere fiber had been intentionally removed to
facilitate welding.
climbing drum test: a test to determine the bond strength
of a lining on a structural material by using a rolling drum
debonding action (ASTM D1781).
CPVC: chlorinated polyvinylchloride.
crown: that part of a hot gas fusionweld that stands above
the surfaces of the base plastic sheets.
CTFE: chlorotrifluoroethylene.
dual laminate: a two-ply laminate consisting of a chemi-
cally resistant thermoplastic liner bonded to anRTP struc-
tural laminate.
ECTFE: ethylene chlorotrifluoroethylene.
environmental stress crack: stress cracking requiring a
specific environment or atmosphere in order to cause
the crack to occur. See stress crack.
etching: a surface effect that results in a roughened surface
from chemical reaction.
extrusionweld: aweld formed between two thermoplastic
materials by a hot thermoplastic strip extruded into the
weld joint at a temperature high enough to form a fusion
bond.
face tensile test: a tensile test to determine the bond
strength of a lining on a structural material by pulling
the bond apart using only tensile forces (ISO 14130).
FEP: fluorinated ethylene propylene.
flaring: a shaping process in which the end of a cylinder is
thermoformed (flared) over a pattern to form a flanged
end.
flow lines: the melted material that flows out, forming
small extrusions on both sides of the weld bead.
fluing: a shaping process in which a flat, or nearly flat,
sheet is pierced with a round tool to generate a hole
with a neck in the sheet.
ground: amaterial on the back of aweld (or any other part
of a thermoplastic liner) that has sufficient electric
conductivity to allow high voltage spark testing to
detect flaws in the weld.
ground strip: a ground in the form of a strip placed against
or bonded onto the back of weld bead.
HDPE: high density polyethylene.
heat-affected zone (HAZ): the areas adjacent to both sides
of the completed weld bead that became heated during
welding and became shiny in appearance.

hot air weld: a fusion weld normally made by hand in
which the base thermoplastic and filler rod are heated
by hot air.
hot gasweld:a fusionweldmadebyhand inwhich thebase
thermoplastic and filler rod are heated by a hot gas.
hot plate weld: see butt fusion weld.
lap shear test: a shear test to determine the bond strength
between a thermoplastic lining and the RTP structural
laminate.
MFA: methylfluoroalkoxy fluoropolymer.
notch: see undercut.
orange peel: an irregularity in surface topology that
visually resembles an orange peel.
overbead: see crown.
PE: polyethylene.
peel strength test: a test that peels the lining off of a dual
laminate composed of a thermoplastic lining and an RTP
structural laminate to determine the bond strength. Three
such tests are the climbing drum test (ASTM D1781), the
peel test (BS 4994), and the floating roller peel test (ASTM
D3167).
PFA: Teflon® PFA or perfluoroalkoxy fluoropolymer.
PP: polypropylene.
PTFE: see TFE.
purgematerial: a different thermoplastic, such as PP, used
to clean out remaining weld filler material from a weld
tool, such as an extruder, to prevent difficulty in contin-
uing welding after cooling the tool.
PVC: polyvinylchloride.
PVDF: polyvinylidene fluoride.
spark test: a high voltage test for detecting flaws in plastic
by emitting a loud crack sound when a spark passes
through a flaw in the plastic to the conductive ground
or target.
speed welding: a hand fusionweld processwhere the filler
rod is fed to theweldusinghand force througha tube to the
weld bead; this process is more efficient and rapid than
handwelding,where the filler rod is held separately in one
hand.
stress crack: an external or internal rupture in a plastic
causedby tensile stresses less than its short-timemechan-
ical strength.
stress relief: a heat treatment given

(a) to received materials before fabrication to remove
residual internal stresses incurred during thermoplastic
processing steps or

(b) to welded parts to remove or reduce internal
stresses from fabrication steps such as welding or ther-
moforming
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surface contamination: any undesired foreign material
adhering to the surfaces ofmaterial used in the fabrication
of dual laminate products. Examples are lubricants and
other processing aids; dirt, oil, and foreign matter from
the environment; residual adhesive from protective
films; solvent and any other cleaning residues; etc.
target: conductive material behind a weld or behind the
liner itself that becomes a ground for high voltage spark
testing.
TFE: tetrafluoroethylene; also used to indicate PTFE,poly-
tetrafluoroethylene.
thermal cycle test: a test using ten thermal cycles to qualify
the bond strength; no debonding indicates satisfactory
bond strength. The temperature extremes are usually
boilingwater and a dry-ice-acetone bath, −108°F (−78°C).
thermoforming: a process for shaping sheet material by
deforming at elevated temperature to allow shaping
with low forces and less danger of cracking.

undercut: a groove in a weld extending below the surface
of the base thermoplastic sheets and usually located at the
edge of the weld bead.
virginmaterial:material (sheet, rod, or strip) thathasbeen
manufactured fromnew, not recycled, plastic and that has
not been used earlier in any other service.
weld bead: the material in the weld comprised of plastic
from the applied welding rod and melted plastic from the
base sheet material.
weld factor: the average tensile strength of welded
samples divided by the average tensile strength of the
unwelded sheet material. The resulting number is
often expressed in percent. Short-term weld factor is a
weld factor from tensile strength tests done in a short
time, i.e., minutes. Long-term weld factor is a weld
factor based on tensile creep strength of weld samples
compared to unwelded sheet material.
welding: a process for joining by using heat or other form
of energy to fuse together two pieces of material.
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MANDATORY APPENDIX M-13
BALSA WOOD RECEIVING AND INSPECTION PROCEDURES

M13-100 INTRODUCTION

All inspections and tests specified in this Appendix are
to be performed by Fabricator personnel or an indepen-
dent laboratory. This Appendix specifies the minimum
inspections and tests that shall be performed on balsa
wood that shall be used to fabricate equipment to this
Standard.

M13-200 ACCEPTANCE INSPECTION

(a) Acceptance inspectionshall include inspectionofall
boxes for proper packaging and identification, and
contamination. This acceptance inspection is to be
conducted on unopened boxes. Acceptance requirements
and limits are as defined in para. M13-410.

(b) Form M13-1, or a similar form that contains the
provisions to record the results of these required inspec-
tions, shall be used by the Fabricator.

(c) In addition toperforming the above inspections and
documentation, the Fabricator shall provide the User or
User’s agent with a Certificate of Compliance from the
material manufacturer. The Certificate shall ensure
that materials were manufactured, inspected, and
tested per the material supplier’s specifications.

M13-300 EQUIPMENT AND MEASURING TOOLS
REQUIRED

A moisture meter as described in ASTM D4444 is
required. The meter shall be capable of reading a
range of 6% to 18% moisture content.

M13-400 PROCEDURESANDACCEPTANCE LIMITS

M13-410 Balsa Wood Identification and Package
Inspection

The balsa wood shall be stored in the packaging as
shipped from the balsa wood manufacturer’s factory. If
repackaging is required, the Fabricator shall ensure
that a material Certificate of Compliance traceable to
the original material is provided. All other documentation
shall remain unchanged. Verify and enter on the inspec-
tion record that the balsa wood as identified by the balsa
wood manufacturer has the same nomenclature as the
balsa wood specified to produce the laminate. Indicate
acceptable balsa wood by recording the date and name
of the person performing the examinat ion on
Form M13-1, column 4.

M13-420 Visual Inspection Criteria

(a) As balsa wood is used during fabrication, it shall be
visually inspected for imperfections and contamination.
Date andnameof the personperforming the visual inspec-
tion shall be recorded on Form M13-1, column 6.

(b) The balsa wood should be uniform in thickness and
show no visible sign of curling due to excessive moisture.

(c) Prior to bedding the balsawood into the inner lami-
nate layer, the moisture content shall be measured and
recorded on Form M13-1, column 5. The moisture
content shall also be measured prior to applying the
outer laminate layers and recorded on Form M13-1,
column 5.

(d) Measurement methods shall be as recommended
by the balsa wood core manufacturer or ASTM D4444.

(e) Balsawoodhaving any of the following defects shall
not be used in laminates built to this Standard:

(1) wet spots
(2) contamination
(3) moisture content above 14%
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Fabricator’s name Balsa wood manufacturer

Address Balsa wood core type

Balsa wood core nomenclature

QC file no.

Receiving inspection

Point of use inspection

1 2 3 4 5 6 7 8

Package Balsa Wood Lot. No. Packaging Moisture Content Visual Laminate Adhesion Comments
No. Production Date [Note (1)] Inspection Inspection Inspection Check

(if Given) By Date By Date By Date By Date

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Form M13-1 Balsa Wood Core Inspection Sheet

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

NOTE: (1) Lot, pallet, product code, or other label identification.
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NONMANDATORY APPENDIX NM-1
DESIGN EXAMPLES

NM1-100 INTRODUCTION

The ASME RTP-1 Standard provides for design by rules
(Subpart 3A) and for design by stress analysis (Subpart
3B). This Appendix presents two example designs, one by
Subpart 3B rules, and one by combined Subparts 3A and
3B rules. They are intended to illustrate Part 3 and are
correct applications of the Standard but are not the
only designs satisfying the requirements. The examples
are

(a) a vertical vessel, with a torispherical top head and a
toriconical lower head, made of Type I laminate and
designed by combined Subparts 3A and 3B rules

(b) a horizontal, saddle-supported vessel, with tori-
spherical heads, made of Type I laminate and designed
by Subpart 3B rules

NM1-200 EXAMPLE 1: VERTICAL VESSEL WITH A
TORICONICAL LOWER HEAD

The UBRS calls for a vessel 8 ft in diameter, 15 ft from
lower to upper knuckle, and with a conical lower head
having a semiapex angle of 45 deg. The vessel must
contain an internal pressure of 10 psi and be made of
Type I laminate. The support ring will be 10 ft above
the lower knuckle. The upper part of the sidewall and
the top head may be designed according to Subpart 3A
rules, but the lower head has a larger semiapex angle
than allowedby Subpart 3A. The lower part of the sidewall
and the lower head must therefore be designed by stress
analysis, using Subpart 3B rules. The Fabricator has qual-
ified Type I laminates for an ultimate tensile strength of
12,000 psi. According to para. 3B-500, the minimum
allowable stress ratio is 10; thus, the allowable stress
is 1,200 psi.
For analysis, the vessel may be cut 8 ft above the cone-

cylinder joint, because the section isout ofboth thediscon-
tinuity zone of the lower head-to-shell joint and the stress
intensification near the support ring, and is therefore in a
simple membrane stress state. The stress there has no
secondary membrane and no bending stress, providing
a convenient section to begin the Subpart 3B analysis.
It is assumed that the sectioned edge has no axial displace-
ment, but no other constraint, which is consistent with a
membrane stress state in a cylinder. The UBRS calls for a 4
in.diameternozzleat theapexof thecone.TherulesofPart
4 may be used to design the nozzle and its attachment, so

for purposes of analysis, a free edge is left at the lower end
of the head. Tominimize stress intensification at the head-
shell juncture, a toroidal transition is used. Figure NM1-1
is a sketch of the resulting model. The numbers in small
rectanglesaremeridionaldistances fromthebottomof the
head to the points indicated.
As a trial design, Subpart 3A rules were used to find the

thickness of the sidewall

=

=

=

t

0.40 in.

PD
X R2( / )
(10)(96)

(2)(12,000/10)

and of the lower head

=

=

=

t

0.57 in.

PD
X R2( / )cos

(10)(96)
(2)(12,000/10)cos (45 deg)

At 0.043 in. per mat ply and 0.01 in. for a veil, the thick-
nesses are rounded up slightly so that they correspond to
an even number of plies. The head laminate is then V, 13M
for a thickness of 0.57 in., and the sidewall laminate is V,
10M, or 0.44 in. thick. As an initial try, the joint overlaywas
set equal to the thickness of the head, and extends full
thickness 1.5 in. above and below the toroidal knuckle
and then tapers.
The vessel was modeled using a finite difference thin-

shell computer program. The program computes the
stresses required by paras. 3B-300 and 3B-400 and
combines them into the longitudinal and circumferential
stresses on the inside and outside of the vessel wall, all
along ameridian. Letσ1 represent the longitudinal normal
stress on the inside surface and σ2 represent the circum-
ferential normal stress. Because the vessel, loading, and
support forces are axisymmetric, the shear stresses
vanish. Paragraph M3-530 gives the criterion for Type
I laminates

=

+ +( )
R X

31
2

1 2 2
2

6
2

1
2
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Figure NM1-1
Toriconical Head

0.0

62.67

67.19

163.19

Conical head design

    per Subpart 3B

45 deg

Cylindrical shell design

    per Subpart 3A

96DIA

5.76RAD
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In the present case, R = 10, X = 12,000 psi, and σ6 = 0.
Therefore

= + = =( )X
R

12,000
10

1,200 psi1
2

1 2 2
2

1
2

This is the criterion for the inside surface of the lower part
of the vessel. The criterion for the outer has the same form.
The term under the square root, the stress intensity, was
plotted as a function of the meridional distance and
compared to the allowable stress. The initial design
was overstressed in the knuckle. A second design with
a joint overlay twice the thickness of the first was
tried. Figure NM1-2 is a graph of stress intensity
versus meridional distance for the second design. The
dashed horizontal line is at 1,200 psi, the allowable
stress. The figure shows that all stresses satisfy the
criterion and that the design conforms to the Standard.
Table NM1-1 lists the thicknesses and laminations of
the successful design as a function of meridional distance
from the bottom of the vessel.
As theexample shows, a vessel that lies outside the rules

of Subpart 3A because one vessel part is not includedmay
use Subpart 3A rules formost of the vessel and Subpart 3B
for the excluded part.

NM1-300 EXAMPLE 2: HORIZONTAL VESSEL BY
SUBPART 3B RULES

The UBRS calls for a horizontal vessel with 10 ft inside
diameter, 20 ft betweenhead–shell junctures, and support
saddles 2 ft in from the junctures and 18 in. wide. The
heads will be torispherical, with the crown radius
equal to the vessel diameter, and the knuckle radius
equal to 6% of the vessel diameter. The vessel will
contain liquid with a specific gravity of 1.1 with a super-
imposed design pressure of 15 psig. The vessel will be
constructed of Type I laminate with ultimate tensile
strength of 16,000 psi. The vessel will be examined
using acoustic emission according to the requirements
of Mandatory Appendix M-8, and thus, the allowable
stress ratio, by para. 3B-500, is eight. Figure NM1-3
contains a sketch of the vessel.
Nomenclature used in this example is as follows:
p = total pressure acting at a point on the inside

surface of the vessel, positive outward, psi
ps = pressure exerted by the support saddle, positive

outward, psi
p0 = pressure superimposed above the hydrostatic

pressure, psi
R = radius to a point on the surface, in.
Rc = radius of the cylindrical portion of the vessel, in.
Rh = crown radius, in.
Rk = knuckle radius, in.
Rs = stress ratio
S = stress intensity, psi
w = weight of the vessel and its contents, lb

X = ultimate strength, psi
γ = specific weight of the contents, lb/in.3
θ = circumferential angle, measured from the top

meridian of the vessel, deg
σz = normal stress in the meridional direction, psi
σθ = normal stress in the circumferential direction, psi
ϕ = anglebetweenanormal to apoint on theheadand

the vessel axis, deg
τ = shear stress in the plane of the laminate, psi

NM1-310 Loading on the Vessel

The combined hydrostatic and design pressure at a
point on the surface of the vessel is given by

= +p p R R( cos )c0
(1)

See Figure NM1-4. The radius to a point on the cylinder is
simply Rc and the pressure on the cylindrical vessel parts
not under the support saddle is given by

= +p p R (1 cos )c0
(2)

The radius to a point on the crown is
=R R sinh (3)

and to a point on the knuckle is
= + =R R R R R Rsin (1 sin )c k k c k (4)

Thus, the pressures on the crown and the knuckle are
computed from eqs. (5) and (6) below, respectively

= +p p R R( sin cos )c h0
(5)

{ }= + [ ]p p R R R (1 sin ) cosc c k0
(6)

The saddle supports are modeled by replacing them
with the pressure they exert against their contact area
on the vessel shell. It is assumed that the reactionpressure
fromthe saddlevaries as cosθon the lowerhalf of the shell
and is zero on the upper half. It is shown in Figure NM1-5
that for equilibrium the variation is

=p w
R L

coss
c

(7a)

for 90 deg ≤ θ ≤ 270 deg, and
=p 0s (7b)

for 0 ≤ θ ≤ 90 deg and 270 deg ≤ θ ≤ 360 deg.
Note that eqs. (7a) and (7b) give negative values, since

the saddle pressure is inward. Thus, the net pressure on
the portion of the shell between 24 in. and 42 in. from the
head–shell juncture is the superposition of the hydro-
static, design, and saddle reaction pressures

= + +p p R
R L

(1 cos ) cosc
c

0 (8)
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for 90 deg ≤ θ ≤ 270 deg.
In this example, p0 = 15 psig, γ = 0.0397 lb/in.3, Rc = 60

in., Rh = 120 in., Rk = 7.2 in., L = 18 in., andw = 118,906 lb.
Then the pressure on the crown becomes

=p 17.382 4.764 cos sin (9)

for 0 ≤ ϕ ≤ 27.91 deg.
On the knuckle

= [ ]p 17.382 0.0397 60 7.2(1 sin ) cos (10)

for 27.91 deg ≤ ϕ ≤ 90 deg.
On the sidewall away from the saddles

=p 17.382 2.382 cos (11)

On the shell sections above the saddles
=p 17.382 2.382 cos (12a)

for 0 ≤ θ ≤ 90 deg and 270 deg ≤ θ ≤ 360 deg, and
= +p 17.382 32.663 cos (12b)

for 90 deg ≤ θ ≤ 270 deg.

NM1-320 Computer Stress Analysis

The thrust of the example is to illustrate computing the
input required by any finite element or finite difference
computer program and using the stress output to deter-
mine whether the design satisfies the Standard. For this
particular example, the BOSOR4 program was used, but
that is incidental to the example. BOSOR4 calculates stress
and deformation in axisymmetric thin-walled shell struc-
tures. Because of symmetry, only the left half of the vessel
needed to be modeled.
The boundary conditions come from symmetry. Since

the vessel and the loading are both symmetrical about a
plane normal to the centerline of the vessel, and halfway
between the tangent lines, there will be no displacement
normal to the plane; i.e., the meridional displacements
vanish at the plane.

NM1-330 Design Criterion

Given the loads, boundary conditions, and the thickness
distribution in Figure NM1-3, BOSOR4 calculated the
meridional, circumferential, and shear stresses on the
inner and outer surfaces along a series of meridians.
Thedesign criteria inMandatoryAppendixM-3determine
whether the set of stress components at a point conforms
to the Standard. For Type I laminates, the criteria reduces
to

=
+ +( )

R X

3
s

z z
2 2 2

1
2

(13)

Equation (13) defines an allowable stress intensity

= = + +( )S X R/ 3s z z
2 2 2

1
2 (14)

In this case, X = 16,000 psi and Rs = 8. Thus, S = 2,000 psi.
The stresses computed by BOSOR4 were substituted into
eq. (14) and compared to the allowable intensity for a
large number of points on the vessel.
The first try was with thickness computed from the

formulasof Subpart3A foravertical vesselwithapressure
equal to the pressure at the bottom of the horizontal tank,
19.76 psig. The resulting head thickness is 1.16 in. (using a
design factor of 10), and the sidewall thickness is 0.65 in. It
is obvious that these are too thin, especially at the saddles,
but by starting too thin and increasing selected thick-
nesses with each iteration, one arrives at a reasonable
design. The joint and knuckle reinforcement used for
this trial were the standard designs.
Figures NM1-6 through NM1-10 give the stress inten-

sity distributions along a number of vessel meridians for
the initial trial. The abscissa of the graphs is the arc length
along themeridian, measured from the left (center) of the
left head, as shown in FigureNM1-3. The angles follow the
same convention as in the pressure distributions. The
stress intensities were computed using eq. (14). The
distribution along the 90-deg meridian (Figure NM1-8)
exceeds the allowable intensity in both the knuckle
and saddle regions.
After a number of iterations, the thicknesses given in

Table NM1-2 were obtained. They result in the stress
distributions graphed in Figures NM1-11 through
NM1-15, which show that the allowable stresses are satis-
fied everywhere. The maximum stress intensity is 1,900
psi and occurs in the knuckle along the 90-deg meridian.
The lamination sequences do not correspond exactly to
the thicknesses, because they have been rounded up to
the next whole layer. They assume 0.043 in. per ply of
mat and 0.01 in. for a veil ply.

Table NM1-1
Example 1, Vessel With a Toriconical Lower Head

Meridional Coordinate Thickness, in. Lamination Sequence
0.00 0.57 V, 13M
54.67 0.57 V, 13M
61.17 1.69 V, 39M
62.67 1.69 V, 39M
67.19 1.69 V, 39M
68.69 1.69 V, 39M
75.19 0.44 V, 10M
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Figure NM1-4
Pressure Distribution

Rc

Rh

Rk

R
R cos  

R = Rh sin   

Rk sin   

Rc − Rk

p = po +   h
   = po +   (Rc − R cos   ) 

h

f f

Rc − Rk
 + Rk sin   

u
u

u
g
g

f

f

f

GENERAL NOTES:
(a) On the sidewall, R = Rc and p = po + γRc(1 − cos θ).
(b) On the crown, R = Rh sin ϕ and p = po + γ(Rc − Rh sin ϕ cos θ).
(c) On the knuckle, R = Rc − Rk + Rk sin ϕ and p = po + γ {Rc − [Rc −Rk(1 − sin ϕ)] cos θ}.
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Figure NM1-5
Saddle Reaction
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Table NM1-2
Wall Thickness in a Horizontal Tank

Meridional Coordinate Thickness, in. Lamination Sequence
0.00 1.16 V, 27M
43.45 1.16 V, 27M
58.45 2.60 V, 61M
66.26 2.60 V, 61M
90.26 1.30 V, 30M
108.26 1.30 V, 30M
116.26 0.65 V, 15M
186.26 0.65 V, 15M
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NONMANDATORY APPENDIX NM-2
DESIGN OF INTEGRAL BODY FLANGES

NM2-100 SCOPE

This Appendix provides a procedure for the design of
flat-face flanges that utilize full-face gaskets.

(a) For each of 14 flanges ranging in size from 24 in. to
144 in. inside diameter, a specific bolt size, number of
bolts, bolt circle, and outside diameter are set forth.
Each of these geometries will cover pressure up to 30
psig ± 3 psig with no change other than flange thickness
and hub height. All bolt circles are sufficiently large to
preclude encroachment into the hub reinforcement by
back spot facing for flange bolting washers.

(b) For the convenience of the users of this Standard,
a table is providedwherein the variables of shell thickness
(thickness of hub at small end g0), flange thickness, and
hub reinforcement height are set forth for each of the
14 flange sizes for pressure ranges of 0 psig to 5 psig,
5 psig to 12 psig, 12 psig to 19 psig ± 3 psig, 19 psig
to 24 psig ± 3 psig, and 24 psig to 30 psig ± 3 psig. A
table covering recommended body flange bolt torque is
also provided.

(c) Anomenclature section, designprocedure guidance
sheet, body flange dimension table (Table NM2-1; see also
Tables NM2-2 and NM2-3), figures and tables covering
various design factors, and a design example of a
typical flange are provided.

NM2-200 NOMENCLATURE

The following symbols are used in the formulas for
the design of f lat-face body flanges (see Form
NM2-1):

A = outside diameter of flange, in. (mm)
AB = cross-sectional area of bolts using the root

diameter of the thread or diameter of
unthreaded portion, whichever is less, in.2
(mm2)

Am = total required cross-sectional area of bolts,
in. (mm2)2

a = nominal bolt diameter, in. (mm)
B = inside diameter of flange, in. (mm)
b = effective gasket or joint-contact surface seating

width, in. (mm)
C = bolt-circle diameter, in. (mm)
d = shape factor
x = (U/V)(h0)(g0)2

d1 = bolt hole diameter, in. (mm)

e = shape factor
x = F/h0
F = shape factor (from Figure NM2-1)
f = hub stress correction factor (from Figure

NM2-2); for calculated values less than 1,
use f = 1

G = diameter at location of gasket load reaction, in.
(mm)

g0 = thickness of hub at small end, in. (mm)
g1 = thickness of hub at back of flange, in. (mm)
x = g0 + t/2
H = total hydrostatic end force, lb (N)
x = 0.7854G2P

HD = hydrostatic end force on area inside of flange,
lb (N)

HG = gasket load, operating
Hgy

= compression load required to seat gasket
outside G diameter

HP = total joint-contact-surface compression load,
lb (N)

x = 2bπGmp = H − HD
HP = total adjusted joint-contact-surface compres-

sion for full-face gasketed flange, lb (N)
x = h h H( / )G G P

HT = difference between total hydrostatic end force
and the hydrostatic end force area inside of
flange, lb (N)

x = H − H D
h = hub length, in. (mm)

hD = radial distance from bolt circle to the circle on
which HD acts, in. (mm)

hG = bolt circle on which HG acts, in. (mm)
hG = radial distance from bolt circle to the circle on

which HGG acts, in. (mm)
hG = lever arm
hT = radial distance from bolt circle to the circle on

which HT acts, in. (mm)
h0 = shape factor, in. (mm)
x = (Bg0)

1/2

K = ratio of outside diameter of flange to inside
diameter of flange

x = A/B (see Figure NM2-3)
L = shape factor
x = [(te + 1)/t] + t3/d
M = unit load, operating, lb (N)
x = MO ∕B
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MD = component of moment due to HD, in.-lb (N·m)
x = HDhD

MG = component of moment due to HG operating,
in.-lb (N·m)

x = H hG G
MO = total moment acting upon flange, for the oper-

ating conditions, in.-lb (N·m)
MT = component of moment due to HT, in.-lb (N·m)

x = H ThT
m = gasket factor
N1 = shape factor
x = 4∕3 te + 1
n = number of bolts
P = design pressure, psi (kPa)
R = radial distance frombolt circle topoint of inter-

section of hub and back of flange, in. (mm)
Sa = allowable bolt stress at atmospheric tempera-

ture, psi (kPa)
Sb = allowablebolt stress atdesign temperature, psi

(kPa)
Sfo = allowable design stress for flange material at

design temperature, psi (kPa)
SH = calculated longitudinal stress in hub, psi (kPa)
SR = calculated radial stress in flange, psi (kPa)

SRAD = calculated radial stress at bolt circle due to
reverse moment, psi (kPa)

ST = calculated tangential stress in flange, psi (kPa)
T = shape factor involving K (see Figure NM2-3)
t = flange thickness, in. (mm)
U = shape factor involving K (see Figure NM2-3)
V = shape factor (see Figure NM2-4)
W = average flange bolt load, lb (N)

Wm1 = required bolt load, operating conditions, lb (N)
Wm2 = required bolt load, gasket seating, lb (N)

Y = shape factor involving K (see Figure NM2-3)
y = gasket or joint-contact surface unit seating

load, psi (kPa)
Z = shape factor involving K (see Figure NM2-3)

NM2-300 EXAMPLE CALCULATION

Check stresses for a 72-in. full-face flange, given the
following (see Figure NM2-5):

A = 781∕2 in.
B = 72 in.
C = 77 in.
P = 30.0 psi
m = 0.50
y = 50 psi

Assume
AB = 8.06 in.2
Sa = 25,000 psi
Sb = 25,000 psi
Sfo = 3,000 psi
d1 = 5∕8 in.

g0 = 3∕4 in.
h = 41∕2 in.
n = 64
t = 17/16 in.

Calculate bolt, flange, and hub stresses
= = =h C B( )/4 (77 72)/4 1.250 in.G

= = =h A C( )/4 (78.5 77)/4 0.375 in.G

= = =G C h2 77 (2)(1.250) 74.5 in.G

= = =b C B0.25( ) 0.25(77 72) 1.25 in.

=
= × × ×
=

H h h b Gy( / )( )

(1.25/0.375)(1.25 74.5 50)

48,760 lb

gy G G

= +
= +
=

W b Gy H

(1.25)( )(74.5)(50) 48,760

63,388 lb

m gy2

= = =H b GmP2 (2)(1.25)( )(74.5)(0.5)(30) 8,777 lbp

= = =H H h h( / ) 8,777(1.25/0.375) 29,257 lbp p G G

= = × × =H G P0.7854 0.7854 (74.5) 30 130,775 lb2 2

= + +
= + +
=

W H H H
130,775 8,777 29,257

168,809 lb

m p p1

Am equals greater of Wm S/ a2 or Wm /1 Sb as follows:

= < =63,388/25,000 2.536 168,809/25,000 6.752 in.2

=
= =

A (64) in. diameter bolts

(64)(0.126) 8.064 in.
B

2

1
2

= +
= + =

W A A S0.5( )
(0.5)(6.752 8.064)(25,000) 185,200 lb

m b a

= + = + =g t g( /2) (1.4375/2) 0.75 1.469 in.1 0

= = × × =H B P0.7854 0.7854 (72) 30 122,145 lbD
2 2

= = =H H H 130,775 122,145 8,630 lbT D
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= + = + =h R g0.5 1.031 (0.5)(1.469) 1.766 in.D 1

= + +
= + + =

h R g h0.5( )

0.5(1.031 1.469 1.25) 1.875 in.
T G1

= = =M H h (122,145)(1.766) 215,647 in.-lbD D D

= = =M H h (8,630)(1.875) 16,181 in.-lbT T T

= + = + =M M M 215,647 16, 181 231,828 in.-lbO D T

= = =H W H 185,200 130,775 54,425 lbG

= +
= × + =

h h h h h( )/( )
(1.25 0.375)/(1.25 0.375) 0.2885 in.

G G G G G

= = =M H h (54,425)(0.2885) 15,702 in.-lbG G G

= = =K A B/ 78.5/72 1.090

=
=
=
=

T
Z
Y
U

1.88 (from Figure NM2-3 or Table NM2-4)
11.63 (from Figure NM2-3 or Table NM2-4)
22.44 (from Figure NM2-3 or Table NM2-4)
24.66 (from Figure NM2-3 or Table NM2-4)

= =g g/ 1.469/0.75 1.95871 0

= = × =h Bg( ) (72 0.75) 7.3480 0
1

2
1

2

= =h h/ 4.5/7.348 0.6120

=F 0.808(from Figure NM2-1)

=V 0.208 (from Figure NM2-4)

=f 1.0 (min.; from Figure NM2-2)

= = =e F h/ 0.808/7.348 0.1100

=

= × × =

d U V h g( / )

(24.66/0.208) 7.348 (0.750) 490.0

0 0
2

2

= = =M M B/ 231,828/72 3, 220O

Approximation of Required Thickness t

=

= ×
=

t MY S0.29( / )

(0.29)(3,220 22.44/3,000)
1.423 in. (use 1.4375 in.)

f 0
1

2

1
2

= + = + =N te4
3

1 (1.33)(1.4375)(0.110) 1 1.2101

= [ + ] +
= [ × + ] +
=

L te T t d( 1)/ /

(1.4375 0.110 1)/1.88 (1.4375) /490
0.622

3

3

Stress Calculations
(a) longitudinal stress in hub

=

= × [ × ]
= <

S fM Lg/

(1 3,220)/ 0.622 (1.469)
2,399 psi 3,000 psi

H 1
2

2

(b) radial stress in flange

=
= × [ × ]
= >

S N M Lt/

(1.21 3,220)/ 0.622 (1.4375)
3,031 psi 3,000 psi

R 1
2

2

(c) tangential stress in flange

=
=
= <

S YM t ZS/

(22.44)(3,220)/(1.4375) (11.63)(3,031)
283 psi 3,000 psi

T R
2

2

(d) greater of 0.5(SH + SR) or 0.5(SH + ST)
+ =

> + =
<

0.5(2,399 3,031) 2,715 psi
0.5(2,399 283) 1,341 psi

2,715 psi 3,000 psi

(e) radial stress at bolt circle

=

= =
× ×

S

225 psi

RAD
M

t C nd

6

( )
(6)(15,702)

(1.4375) ( 77 64 0.625)

G
2

1

2
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Table NM2-1
Typical Body Flange Dimensions and Recommended Bolt Torque Values for RTP Body Flanges

Minimum
Inside

Diameter, B,
in.

Minimum
Outside

Diameter, A,
in.

Bolt Circle
Diameter, C, in.
[Notes (1), (2)]

Design
Pressure

5 psi to 20 psi
Bolt Size, in.

Bolt Hole
Diameter, in.
[Note (3)]

Design
Pressure

25 psi to 30 psi
Bolt Size, in.

Bolt Hole
Diameter, in.
[Note (3)]

Number
of Bolts

Sealing Bolt
Torque

Required,
ft-lb

24 291∕2 28 1∕2 5∕8 1∕2 5∕8 20 9
30 351∕2 34 1∕2 5∕8 1∕2 5∕8 28 12
36 411∕2 40 1∕2 5∕8 1∕2 5∕8 32 13
42 471∕2 46 1∕2 5∕8 1∕2 5∕8 40 14

48 54 521∕2 1∕2 5∕8 1∕2 5∕8 44 16
54 60 581∕2 1∕2 5∕8 1∕2 5∕8 48 18
60 66 641∕2 1∕2 5∕8 1∕2 5∕8 52 18
72 781∕2 77 1∕2 5∕8 5∕8 3∕4 64 21
84 91 891∕2 1∕2 5∕8 5∕8 3∕4 76 25

96 1041∕2 1021∕2 5∕8 3∕4 3∕4 7∕8 84 35
108 117 115 5∕8 3∕4 3∕4 7∕8 96 39
120 1291∕2 1271∕2 5∕8 3∕4 3∕4 7∕8 104 45
132 142 140 5∕8 3∕4 3∕4 7∕8 116 46
144 155 1521∕2 3∕4 7∕8 7∕8 1 120 62

GENERAL NOTES:
(a) The above torque values were calculated using well lubricated low alloy carbon steel bolts with a maximum recommended stud stress of

18,800 psi and amaximumnut or friction factor of 0.15. The torque valueswere calculated to be sufficient to seal gasketswithm and y values
given in Note (a) in Tables NM2-2 and NM2-3.

(b) For flanges having surface irregularities and requiring higher torque values to effect sealing, torques can be increased to 25 ft-lb for 1∕2 in.
diameter bolts, 50 ft-lb for 5∕8 in. diameter bolts, and 83 ft-lb for 3∕4 in. diameter bolts without incurring flange damage.

(c) Lower torques can be used for lower pressure applications.
(d) These dimensionswere used in designing the flanges shown in Table NM2-2. Alternate flange geometries can be considered using the design

method illustrated in this Appendix. Also, see Table NM2-3.
(e) If higher torques are required to seal harder gaskets, themethodsof thisAppendix orNonmandatoryAppendixNM-12 shall be used todesign

the flange.

NOTES:
(1) ± 0.06 in. (ASME B16.5).
(2) ± 0.06 in. eccentricity between bolt circle and center of shell.
(3) ± 0.03 in. center to center of adjacent bolt holes (ASME B16.5).
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Table NM2-2
Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 3,000 psi — Type II Laminates

Nominal Flange
Diameter P, psi t, in. g, in.

24 5 0.5 0.25
10 0.5 0.25
15 0.625 0.25
20 0.75 0.25
25 0.813 0.313
30 0.875 0.313

30 5 0.5 0.25
10 0.563 0.25
15 0.688 0.25
20 0.813 0.313
25 0.875 0.313
30 0.938 0.375

36 5 0.5 0.25
10 0.625 0.25
15 0.813 0.25
20 0.875 0.313
25 0.938 0.375
30 1.0 0.375

42 5 0.5 0.25
10 0.75 0.25
15 0.938 0.25
20 0.938 0.375
25 1.0 0.375
30 1.063 0.5

48 5 0.625 0.25
10 0.938 0.25
15 1.0 0.375
20 1.0 0.375
25 1.125 0.5
30 1.375 0.5

54 5 0.688 0.25
10 1.0 0.25
15 1.125 0.375
20 1.063 0.375
25 1.188 0.5
30 1.25 0.563

60 5 0.813 0.25
10 1.0 0.313
15 1.125 0.375
20 1.125 0.438
25 1.188 0.5
30 1.313 0.625

Nominal Flange
Diameter P, psi t, in. g, in.

72 5 1.063 0.25
10 1.25 0.313
15 1.25 0.375
20 1.25 0.5
25 1.375 0.625
30 1.438 0.75

84 5 1.25 0.25
10 1.375 0.375
15 1.438 0.438
20 1.438 0.563
25 1.563 0.75
30 1.625 0.875

96 5 1.563 0.25
10 1.625 0.438
15 1.688 0.5
20 1.625 0.688
25 1.813 0.813
30 1.938 1.0

108 5 1.813 0.25
10 1.875 0.375
15 1.875 0.563
20 1.813 0.75
25 1.938 0.875
30 2.125 1.125

120 5 2.125 0.25
10 2.0 0.438
15 2.0 0.625
20 2.0 0.813
25 2.125 1.0
30 2.313 1.25

132 5 2.438 0.313
10 2.125 0.5
15 2.188 0.813
20 2.125 0.875
25 2.313 1.125
30 2.438 1.375

144 5 2.375 0.313
10 2.375 0.5
15 2.5 0.75
20 2.5 1.0
25 2.438 1.25
30 2.625 1.438
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Table NM2-2
Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 3,000 psi — Type II Laminates (Cont’d)

GENERAL NOTES:
(a) Flange design based on the following criteria:

P = allowable pressure, psi
t = flange thickness, in.
g = thickness of hub at end of taper (pipe thickness), in. — Type II laminate properties
h = hub length, in. = 3t
m = gasket factor (assumed m = 0.5)
Y = gasket unit seating load (assumed Y = 50 psi)
maximum flange and hub stress = 3,000 psi (based on use of mat/woven roving reinforcement, Type II laminate)
maximum bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
maximum design temperature = 180°F

(b) This table is referenced in Table NM2-1.
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Table NM2-3
Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 1,800 psi

— Type I Laminates

Nominal Flange
Diameter

P, psi
[Note (1)] t, in. g, in.

24 5 0.625 0.25
10 0.625 0.25
15 0.813 0.25
20 0.938 0.313
25 1.063 0.375
30 1.063 0.438

30 5 0.625 0.25
10 0.75 0.25
15 0.875 0.313
20 1.0 0.375
25 1.063 0.438
30 1.125 0.5

36 5 0.625 0.25
10 0.875 0.25
15 0.938 0.375
20 1.0 0.438
25 1.125 0.5
30 1.188 0.625

42 5 0.688 0.25
10 0.938 0.25
15 1.0 0.375
20 1.125 0.5
25 1.188 0.625
30 1.25 0.75

48 5 0.875 0.25
10 1.0 0.313
15 1.125 0.438
20 1.25 0.563
25 1.375 0.688
30 1.438 0.813

54 5 0.938 0.25
10 1.063 0.313
15 1.188 0.5
20 1.313 0.625
25 1.375 0.75
30 1.5 0.938

60 5 1.063 0.25
10 1.125 0.375
15 1.25 0.5
20 1.375 0.688
*25 1.438 0.875
*30 1.563 1.0

Nominal Flange
Diameter

P, psi
[Note (1)] t, in. g, in.

72 5 1.313 0.25
10 1.313 0.438
15 1.375 0.625
20 1.5 0.813
*25 1.625 1.0
*30 1.75 1.25

84 5 1.438 0.25
10 1.5 0.5
15 1.563 0.75
20 1.688 1.0
*25 1.813 1.188
*30 1.938 1.313

96 5 1.75 0.313
10 1.813 0.563
15 1.813 0.813
20 2.0 1.125
*25 2.125 1.375
*30 2.25 1.625

108 5 2.0 0.313
10 1.938 0.625
15 1.938 0.938
20 2.188 1.25
*25 2.313 1.5
*30 2.438 1.813

120 5 2.125 0.375
10 2.0 0.75
15 2.125 1.0
20 2.375 1.375
*25 2.563 1.688
*30 2.625 2.0

132 5 2.25 0.375
10 2.313 0.75
15 2.313 1.125
20 2.563 1.5
*25 2.75 1.875
*30 2.875 2.25

144 5 2.5 0.438
10 2.375 0.875
15 2.438 1.25
20 2.75 1.625
*25 2.875 2.0
*30 3.063 2.438
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Table NM2-3
Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 1,800 psi

— Type I Laminates (Cont’d)

GENERAL NOTES:
(a) Flange design based on the following criteria:

P = allowable pressure, psi
t = flange thickness, in.
g = thickness of hub at end of taper (pipe thickness), in. — Type II laminate properties
h = hub length, in. = 3t
m = gasket factor (assumed m = 0.5)
Y = gasket unit seating load (assumed Y = 50 psi)
maximum flange and hub stress = 1,800 psi (based on use of mat reinforcement, Type I laminate)
maximum bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
maximum design temperature = 180°F

(b) This table is referenced in Table NM2-1.

NOTE: (1) Sizes preceded by an asterisk should be used with SAE steel washers to minimize interference with the hub.
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Design of Flat-Face Integral Body Flanges With Full-Face Gaskets

snoitaluclaCgnitloBsnoitidnoCngiseD

Design pressure, P p psi Lever
hG p

C−B
4

p in. h9G p
A−C

4
p in.armsDesign temperature, T p °F

Atmos. temperature, T p °F G p C − 2hG p in. b p 0.25(C − B) p in.

Flange material: H9gy p (hG/h9G) (b Gy) p lb

Bolting material: Wm2 p b Gy + H9gy p lb

Gasket material: Hp p 2b GmP p lb

DesignFlange Sfo p psi H 9p p Hp (hG/h9G) p lbtemp.
Allowable Design
Stresses Sb p psi H p 0.7854G2P p lbtemp.

Bolting
Atmos.

Sa p psi Wm1 p H + Hp + H 9p p lbtemp.

Gasket Factors Am p greater of
Wm2

Sa
or

Wm1

Sb
p in.2

y p AB p in.2psi m p

W p 0.5(Am + AB)Sa p lb

).dnoCngiseD(stnemoMegnalFsmrAreveLsdaoLegnalF

HD p 0.7854B2P p lb hD p R + 0.5g1 p in. MD p HDhD p in.-lb

HT p H − HD p lb hT p 0.5(R + g1 + hG) p in. MT p HThT p in.-lb

MO p MD + MT p in.-lb

Reverse HG p W − H p lb h99
G p

hGh 9G
hG + h9G

p in. MG p HGh99
G p in.-lb

moment

Allowable
stnatsnoCepahSsnoitaluclaCssertSStress

Long hub SH p fM/Lg2
1 p psiSfo p K p A/B p

Sfo p Radial flg. SR p N1M/Lt2 p psi T p Z p Y p U p

Sfo p Tang. flg. ST p (YM/t2) − ZSR p psi g1/g0 p

h0 p (Bg0)1⁄2 p
Sfo p Greater of 0.5(SH + SR) or 0.5(SH + ST) p psi h/h0 p

Radial stress at bolt circle F p

Sfo p V pSRAD p
6MG

t2( C − nd1)
p psi

f p (1 min.)

dia. bolts

(n) bolts

Slope 1:3 max.

(d1) holes

g0 =

B =

g1 =                  

(g1 = t/2 + g0)

H 9G

h9G

hG

hD

HD

hT
HG

A =

C =

h =
R =

G =

t

e p F/h0 p

d p
U
V

h0g2
0 p

M p MO /B p

Approximation of required thickness

t p 0.29
MY
Sfo

1⁄2

p in.

N1 p 4⁄3 te + 1 p

L p
te + 1

T
+

t3

d
p

Form NM2-1   Design of Flat-Face Integral Body Flanges With Full-Face Gaskets

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

ASME RTP-1–2023

218

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME R
TP-1 

20
23

https://asmenormdoc.com/api2/?name=ASME RTP-1 2023.pdf


Figure NM2-1
Values of F (Integral Flange Factors)

0.5

F

1 1.5 g1/g0 = 1.96

h /h0 = 0.612

g1/g0

0.6

0.7

0.8
F = 0.808

0.9

0.908920

2.5

0.10

3 3.5 4 4.5 52

0.20
0.25
0.30
0.35
0.40

0.45
0.50

0.60

0.70

0.80

0.90

1.00

1.25

1.50
2.00

h
h0

h
Bg0

=
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Figure NM2-2
Values of f (Hub Stress Correction Factors)
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1 1.5 2 3 4 5

f < 1.0; therefore,
    the minimum value
    f = 1.0 shall be used

g1/g0 = 1.96h /h0 = 0.612

g1/g0

h
h 0

h
Bg 0

=

f = 1 (minimum)
                f = 1 for hubs of uniform thickness (g1/g0 = 1)

f = 1 for loose hubbed flanges
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Figure NM2-3
Values of T, U, Y, and Z (Terms Involving K)

1

1.02

5

4

3

10

20

8

6

2

1

5

4

3

10

8

6

2

T,
 U

, Y
, a

n
d

 Z

30

40

50
60

80

100
1.03 1.05 1.10

1.02 1.03 1.05 1.10 1.20 1.30 1.50 2.00 3.00 5.00

K = A / B

T =
K2 (1 + 8.55246 log10 K ) − 1

(1.04720 + 1.9448 K2) (K − 1)

U =
K2 (1 + 8.55246 log10 K ) − 1

1.36136 (K2 − 1) (K − 1)

Z =
K2 − 1
K2 + 1

Y =
1

K − 1 K2 − 1

K2 log10 K
0.66845 + 5.71690

K =
B
A

Poisson's Ratio Assumed = 0.3

U

Y

Z

T
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Figure NM2-4
Values of V (Integral Flange Factors)
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Design of Flat-Face Integral Body Flanges With Full-Face Gaskets

snoitaluclaCgnitloBsnoitidnoCngiseD

Design pressure, P p reveLisp03
hG p

C−B
4

p
77−72

4
p 1.25 in. h9G p

A−C
4

p
78.5−77

4
p 0.375 in.armsDesign temperature, T p F°081

Atmos. temperature, T p F°07 G p C − 2hG p 77 − (2) (1.25) p 74.5 in. b p 0.25(C − B) p 1.25 in.

Flange material: RTP H9gy p (hG/h9G) (b Gy) p (1.25/0.375) (1.25) (74.5) (50) p 48,760 lb

Bolting material: C.S. (193-B7) Wm2 p b Gy + H9gy p (1.25) (74.5) (50) + 48,760 p bl883,36

Gasket material: Neoprene Hp p 2b GmP p (2) (1.25) (74.5) (0.5) (30) p bl777,8

DesignFlange Sfop3,000 psi H 9p p Hp (hG/h9G) p 8,777 (1.25/0.375) p bl752,92temp.
Allowable Design
Stresses Sb p 25,000 psi H p 0.7854G2P p 0.7854 (74.5)2 (30) p bl577,031temp.

Bolting
Atmos.

Sa p 25,000 psi Wm1 p H + Hp + H 9p p 130,775 + 8,777 + 29,257 p bl908,861temp.

Gasket Factors Am p greater of
Wm2

Sa
or

Wm1

Sb
p

168,809
25,000

p .ni257.6 2

y p 50 AB p (64) 1⁄2 in. dia. bolts p (64) (0.126) p .ni460.8 2psi m p 0.5

W p 0.5(Am + AB)Sa p 0.5 (6.752 + 8.064) (25,000) p 185,200 lb

).dnoCngiseD(stnemoMegnalFsmrAreveLsdaoLegnalF

HD p 0.7854B2P p 122,145 lb hD p R + 0.5g1 p 1.7655 in. MD p HDhD p bl-.ni746,512

HT p H − HD p bl036,8 hT p 0.5(R + g1 + hG) p 1.875 in. MT p HThT p bl-.ni181,61

MO p MD + MT p 231,828 in.-lb

Reverse HG p W − H p 54,425 lb h99
G p

hGh 9G
hG + h9G

p 0.2885 in. MG p HGh99
G p bl-.ni207,51

moment

Allowable
stnatsnoCepahSsnoitaluclaCssertSStress

Sfo p 3,000 Long hub SH p fM/Lg2
1 p 2,399 psi K p A/B p 78.5/72 p 1.0902

Sfo p 3,000 Radial flg. SR p N1M/Lt2 p 3,031 psi T p 1.88 Z p 11.63 Y p 22.44 U p 24.66

Sfo p 3,000 Tang. flg. ST p (YM/t2) − ZSR p −283 psi g1/g0 p 1.469/0.75 p 1.959

h0 p (Bg0)1⁄2 p [(72) (0.75)]1/2 p 7.348
Sfo p 3,000 Greater of 0.5(SH + SR) or 0.5(SH + ST) p 2,715 psi h/h0 p 4.5/7.348 p 0.6124

Radial stress at bolt circle F p 0.808

Sfo p 3,000 V p 0.208SRAD p
6MG

t2( C − nd1)
p 225 psi

f p ).nim1(0.1

1/2 in.

5/8 in.

dia. bolts

(n) bolts64

Slope 1:3 max.

(d1) holes

g0 = 0.75 in.

B = 72 in.

g1 = 1.469 in.

(g1 = t/2 + g0)

H 9G

h9G

hG

hD

HD

hT
HG

A = 78.5 in.

C = 77 in.

h = 4.5 in.
R = 1.031

G = 74.5 in.

t

e p F/h0 p 0.808/7.348 p 0.110

d p
U
V

h0g2
0 p (24.66/0.208)(7.348)(0.75)2 p 490

M p MO /B p 231,828/72 p 3,220

Approximation of required thickness

t p 0.29
MY
Sfo

1⁄2

p 0.29
(3,220) (22.44)

3,000

1/2

p 1.43 in.

N1 p 4⁄3 te + 1 p (1.33) (1.43) (0.110) + 1 p 1.21

L p
te+1

T
+

t3

d
p

(1.43)(0.110) + 1
1.88

+
(1.43)3

490
p 0.622

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K)

K T Z Y U
1.001 1.91 1000.50 1899.43 2078.85
1.002 1.91 500.50 951.81 1052.80
1.003 1.91 333.83 637.56 700.70
1.004 1.91 250.50 478.04 525.45
1.005 1.91 200.50 383.67 421.72

1.006 1.91 167.17 319.71 351.42
1.007 1.91 143.36 274.11 301.30
1.008 1.91 125.50 239.95 263.75
1.009 1.91 111.61 213.42 234.42
1.010 1.91 100.50 192.19 211.19

1.011 1.91 91.41 174.83 192.13
1.012 1.91 83.84 160.38 176.25
1.013 1.91 77.43 148.06 162.81
1.014 1.91 71.93 137.69 151.30
1.015 1.91 67.17 128.61 141.33

1.016 1.90 63.00 120.56 132.49
1.017 1.90 59.33 111.98 124.81
1.018 1.90 56.06 107.36 118.00
1.019 1.90 53.14 101.72 111.78
1.020 1.90 50.51 96.73 106.30

1.021 1.90 48.12 92.21 101.33
1.022 1.90 45.96 88.04 96.75
1.023 1.90 43.98 84.30 92.64
1.024 1.90 42.17 80.81 88.81
1.025 1.90 40.51 77.61 85.29

1.026 1.90 38.97 74.70 82.09
1.027 1.90 37.54 71.97 79.08
1.028 1.90 36.22 69.43 76.30
1.029 1.90 34.99 67.11 73.75
1.030 1.90 33.84 64.91 71.33

1.031 1.90 32.76 62.85 69.06
1.032 1.90 31.76 60.92 66.94
1.033 1.90 30.81 59.11 63.95
1.034 1.90 29.92 57.41 63.08
1.035 1.90 29.08 55.80 61.32

1.036 1.90 28.29 54.29 59.66
1.037 1.90 27.54 52.85 58.08
1.038 1.90 26.83 51.50 56.59
1.039 1.90 26.15 50.21 55.17
1.040 1.90 25.51 48.97 53.82

1.041 1.90 24.90 47.81 53.10
1.042 1.90 24.32 46.71 51.33
1.043 1.90 23.77 45.64 50.15
1.044 1.90 23.23 44.64 49.05
1.045 1.90 22.74 43.69 48.02

K T Z Y U
1.046 1.90 22.05 42.75 46.99
1.047 1.90 21.79 41.87 46.03
1.048 1.90 21.35 41.02 45.09
1.049 1.90 20.92 40.21 44.21
1.050 1.89 20.51 39.43 43.34

1.051 1.89 20.12 38.68 42.51
1.052 1.89 19.74 37.96 41.73
1.053 1.89 19.38 37.27 40.96
1.054 1.89 19.03 36.60 40.23
1.055 1.89 18.69 35.96 39.64

1.056 1.89 18.38 35.34 38.84
1.057 1.89 18.06 34.74 38.19
1.058 1.89 17.76 34.17 37.56
1.059 1.89 17.47 33.62 36.95
1.060 1.89 17.18 33.04 36.34

1.061 1.89 16.91 32.55 35.78
1.062 1.89 16.64 32.04 35.21
1.063 1.89 16.40 31.55 34.68
1.064 1.89 16.15 31.08 34.17
1.065 1.89 15.90 30.61 33.65

1.066 1.89 15.67 30.17 33.17
1.067 1.89 15.45 29.74 32.69
1.068 1.89 15.22 29.32 32.22
1.069 1.89 15.02 28.91 31.79
1.070 1.89 14.80 28.51 31.34

1.071 1.89 14.61 28.13 30.92
1.072 1.89 14.41 27.76 30.51
1.073 1.89 14.22 27.39 30.11
1.074 1.88 14.04 27.04 29.72
1.075 1.88 13.85 26.69 29.34

1.076 1.88 13.68 26.36 28.98
1.077 1.88 13.56 26.03 28.69
1.078 1.88 13.35 25.72 28.27
1.079 1.88 13.18 25.40 27.92
1.080 1.88 13.02 25.10 27.59

1.081 1.88 12.87 24.81 27.27
1.082 1.88 12.72 24.52 26.95
1.083 1.88 12.57 24.24 26.65
1.084 1.88 12.43 24.00 26.34
1.085 1.88 12.29 23.69 26.05

1.086 1.88 12.15 23.44 25.57
1.087 1.88 12.02 23.18 25.48
1.088 1.88 11.89 22.93 25.20
1.089 1.88 11.76 22.68 24.93
1.090 1.88 11.63 22.44 24.66
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.091 1.88 11.52 22.22 24.41
1.092 1.88 11.40 21.99 24.16
1.093 1.88 11.28 21.76 23.91
1.094 1.88 11.16 21.54 23.67
1.095 1.88 11.05 21.32 23.44

1.096 1.88 10.94 21.11 23.20
1.097 1.88 10.83 20.91 22.97
1.098 1.88 10.73 20.71 22.75
1.099 1.88 10.62 20.51 22.39
1.100 1.88 10.52 20.31 22.18

1.101 1.88 10.43 20.15 22.12
1.102 1.88 10.33 19.94 21.92
1.103 1.88 10.23 19.76 21.72
1.104 1.88 10.14 19.58 21.52
1.105 1.88 10.05 19.38 21.30

1.106 1.88 9.96 19.33 21.14
1.107 1.87 9.87 19.07 20.95
1.108 1.87 9.78 18.90 20.77
1.109 1.87 9.70 18.74 20.59
1.110 1.87 9.62 18.55 20.38

1.111 1.87 9.54 18.42 20.25
1.112 1.87 9.46 18.27 20.08
1.113 1.87 9.38 18.13 19.91
1.114 1.87 9.30 17.97 19.75
1.115 1.87 9.22 17.81 19.55

1.116 1.87 9.15 17.68 19.43
1.117 1.87 9.07 17.54 19.27
1.118 1.87 9.00 17.40 19.12
1.119 1.87 8.94 17.27 18.98
1.120 1.87 8.86 17.13 18.80

1.121 1.87 8.79 17.00 18.68
1.122 1.87 8.72 16.87 18.54
1.123 1.87 8.66 16.74 18.40
1.124 1.87 8.59 16.62 18.26
1.125 1.87 8.53 16.49 18.11

1.126 1.87 8.47 16.37 17.99
1.127 1.87 8.40 16.25 17.86
1.128 1.87 8.34 16.14 17.73
1.129 1.87 8.28 16.02 17.60
1.130 1.87 8.22 15.91 17.48

1.131 1.87 8.16 15.79 17.35
1.132 1.87 8.11 15.68 17.24
1.133 1.86 8.05 15.57 17.11
1.134 1.86 7.99 15.46 16.99
1.135 1.86 7.94 15.36 16.90

K T Z Y U
1.136 1.86 7.88 15.26 16.77
1.137 1.86 7.83 15.15 16.66
1.138 1.86 7.78 15.05 16.54
1.139 1.86 7.73 14.95 16.43
1.140 1.86 7.68 14.86 16.35

1.141 1.86 7.62 14.76 16.22
1.142 1.86 7.57 14.66 16.11
1.143 1.86 7.53 14.57 16.01
1.144 1.86 7.48 14.48 15.91
1.145 1.86 7.43 14.39 15.83

1.146 1.86 7.38 14.29 15.71
1.147 1.86 7.34 14.20 15.61
1.148 1.86 7.29 14.12 15.51
1.149 1.86 7.25 14.03 15.42
1.150 1.86 7.20 13.95 15.34

1.151 1.86 7.16 13.86 15.23
1.152 1.86 7.11 13.77 15.14
1.153 1.86 7.07 13.69 15.05
1.154 1.86 7.03 13.61 14.96
1.155 1.86 6.99 13.54 14.87

1.156 1.86 6.95 13.45 14.78
1.157 1.86 6.91 13.37 14.70
1.158 1.86 6.87 13.30 14.61
1.159 1.86 6.83 13.22 14.53
1.160 1.86 6.79 13.15 14.45

1.161 1.85 6.75 13.07 14.36
1.162 1.85 6.71 13.00 14.28
1.163 1.85 6.67 12.92 14.20
1.164 1.85 6.64 12.85 14.12
1.165 1.85 6.60 12.78 14.04

1.166 1.85 6.56 12.71 13.97
1.167 1.85 6.53 12.64 13.89
1.168 1.85 6.49 12.58 13.82
1.169 1.85 6.46 12.51 13.74
1.170 1.85 6.42 12.43 13.66

1.171 1.85 6.39 12.38 13.60
1.172 1.85 6.35 12.31 13.53
1.173 1.85 6.32 12.25 13.46
1.174 1.85 6.29 12.18 13.39
1.175 1.85 6.25 12.10 13.30

1.176 1.85 6.22 12.06 13.25
1.177 1.85 6.19 12.00 13.18
1.178 1.85 6.16 11.93 13.11
1.179 1.85 6.13 11.87 13.05
1.180 1.85 6.10 11.79 12.96
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.181 1.85 6.07 11.76 12.92
1.182 1.85 6.04 11.70 12.86
1.183 1.85 6.01 11.64 12.79
1.184 1.85 5.98 11.58 12.73
1.185 1.85 5.95 11.50 12.64

1.186 1.85 5.92 11.47 12.61
1.187 1.85 5.89 11.42 12.54
1.188 1.85 5.86 11.36 12.49
1.189 1.85 5.83 11.31 12.43
1.190 1.84 5.81 11.26 12.37

1.191 1.84 5.78 11.20 12.31
1.192 1.84 5.75 11.15 12.25
1.193 1.84 5.73 11.10 12.20
1.194 1.84 5.70 11.05 12.14
1.195 1.84 5.67 11.00 12.08

1.196 1.84 5.65 10.95 12.03
1.197 1.84 5.62 10.90 11.97
1.198 1.84 5.60 10.85 11.92
1.199 1.84 5.57 10.80 11.87
1.200 1.84 5.55 10.75 11.81

1.201 1.84 5.52 10.70 11.76
1.202 1.84 5.50 10.65 11.71
1.203 1.84 5.47 10.61 11.66
1.204 1.84 5.45 10.56 11.61
1.205 1.84 5.42 10.52 11.56

1.206 1.84 5.40 10.47 11.51
1.207 1.84 5.38 10.43 11.46
1.208 1.84 5.35 10.38 11.41
1.209 1.84 5.33 10.34 11.36
1.210 1.84 5.31 10.30 11.32

1.211 1.83 5.29 10.25 11.27
1.212 1.83 5.27 10.21 11.22
1.213 1.83 5.24 10.16 11.17
1.214 1.83 5.22 10.12 11.12
1.215 1.83 5.20 10.09 11.09

1.216 1.83 5.18 10.04 11.03
1.217 1.83 5.16 10.00 10.99
1.218 1.83 5.14 9.96 10.94
1.219 1.83 5.12 9.92 10.90
1.220 1.83 5.10 9.89 10.87

1.221 1.83 5.07 9.84 10.81
1.222 1.83 5.05 9.80 10.77
1.223 1.83 5.03 9.76 10.73
1.224 1.83 5.01 9.72 10.68
1.225 1.83 5.00 9.69 10.65

K T Z Y U
1.226 1.83 4.98 9.65 10.60
1.227 1.83 4.96 9.61 10.56
1.228 1.83 4.94 9.57 10.52
1.229 1.83 4.92 9.53 10.48
1.230 1.83 4.90 9.50 10.44

1.231 1.83 4.88 9.46 10.40
1.232 1.83 4.86 9.43 10.36
1.233 1.83 4.84 9.39 10.32
1.234 1.83 4.83 9.36 10.28
1.235 1.83 4.81 9.32 10.24

1.236 1.82 4.79 9.29 10.20
1.237 1.82 4.77 9.25 10.17
1.238 1.82 4.76 9.22 10.13
1.239 1.82 4.74 9.18 10.09
1.240 1.82 4.72 9.15 10.05

1.241 1.82 4.70 9.12 10.02
1.242 1.82 4.69 9.08 9.98
1.243 1.82 4.67 9.05 9.95
1.244 1.82 4.65 9.02 9.91
1.245 1.82 4.64 8.99 9.87

1.246 1.82 4.62 8.95 9.84
1.247 1.82 4.60 8.92 9.81
1.248 1.82 4.59 8.89 9.77
1.249 1.82 4.57 8.86 9.74
1.250 1.82 4.56 8.83 9.70

1.251 1.82 4.54 8.80 9.67
1.252 1.82 4.52 8.77 9.64
1.253 1.82 4.51 8.74 9.60
1.254 1.82 4.49 8.71 9.57
1.255 1.82 4.48 8.68 9.54

1.256 1.82 4.46 8.65 9.51
1.257 1.82 4.45 8.62 9.47
1.258 1.81 4.43 8.59 9.44
1.259 1.81 4.42 8.56 9.41
1.260 1.81 4.40 8.53 9.38

1.261 1.81 4.39 8.51 9.35
1.262 1.81 4.37 8.49 9.32
1.263 1.81 4.36 8.45 9.28
1.264 1.81 4.35 8.42 9.25
1.265 1.81 4.33 8.39 9.23

1.266 1.81 4.32 8.37 9.19
1.267 1.81 4.30 8.34 9.16
1.268 1.81 4.29 8.31 9.14
1.269 1.81 4.28 8.29 9.11
1.270 1.81 4.26 8.26 9.08
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.271 1.81 4.25 8.23 9.05
1.272 1.81 4.24 8.21 9.02
1.273 1.81 4.22 8.18 8.99
1.274 1.81 4.21 8.15 8.96
1.275 1.81 4.20 8.13 8.93

1.276 1.81 4.18 8.11 8.91
1.277 1.81 4.17 8.08 8.88
1.278 1.81 4.16 8.05 8.85
1.279 1.81 4.15 8.03 8.82
1.280 1.81 4.13 8.01 8.79

1.281 1.81 4.12 7.98 8.77
1.282 1.81 4.11 7.96 8.74
1.283 1.80 4.10 7.93 8.71
1.284 1.80 4.08 7.91 8.69
1.285 1.80 4.07 7.89 8.66

1.286 1.80 4.06 7.86 8.64
1.287 1.80 4.05 7.84 8.61
1.288 1.80 4.04 7.81 8.59
1.289 1.80 4.02 7.79 8.56
1.290 1.80 4.01 7.77 8.53

1.291 1.80 4.00 7.75 8.51
1.292 1.80 3.99 7.72 8.48
1.293 1.80 3.98 7.70 8.46
1.294 1.80 3.97 7.68 8.43
1.295 1.80 3.95 7.66 8.41

1.296 1.80 3.94 7.63 8.39
1.297 1.80 3.93 7.61 8.36
1.298 1.80 3.92 7.59 8.33
1.299 1.80 3.91 7.57 8.31
1.300 1.80 3.90 7.55 8.29

1.301 1.80 3.89 7.53 8.27
1.302 1.80 3.88 7.50 8.24
1.303 1.80 3.87 7.48 8.22
1.304 1.80 3.86 7.46 8.20
1.305 1.80 3.84 7.44 8.18

1.306 1.80 3.83 7.42 8.16
1.307 1.80 3.82 7.40 8.13
1.308 1.79 3.81 7.38 8.11
1.309 1.79 3.80 7.36 8.09
1.310 1.79 3.79 7.34 8.07

1.311 1.79 3.78 7.32 8.05
1.312 1.79 3.77 7.30 8.02
1.313 1.79 3.76 7.28 8.00
1.314 1.79 3.75 7.26 7.98
1.315 1.79 3.74 7.24 7.96

K T Z Y U
1.316 1.79 3.73 7.22 7.94
1.317 1.79 3.72 7.20 7.92
1.318 1.79 3.71 7.18 7.89
1.319 1.79 3.70 7.16 7.87
1.320 1.79 3.69 7.14 7.85

1.321 1.79 3.68 7.12 7.83
1.322 1.79 3.67 7.10 7.81
1.323 1.79 3.67 7.09 7.79
1.324 1.79 3.66 7.07 7.77
1.325 1.79 3.65 7.05 7.75

1.326 1.79 3.64 7.03 7.73
1.327 1.79 3.63 7.01 7.71
1.328 1.78 3.62 7.00 7.69
1.329 1.78 3.61 6.98 7.67
1.330 1.78 3.60 6.96 7.65

1.331 1.78 3.59 6.94 7.63
1.332 1.78 3.58 6.92 7.61
1.333 1.78 3.57 6.91 7.59
1.334 1.78 3.57 6.89 7.57
1.335 1.78 3.56 6.87 7.55

1.336 1.78 3.55 6.85 7.53
1.337 1.78 3.54 6.84 7.51
1.338 1.78 3.53 6.82 7.50
1.339 1.78 3.52 6.81 7.48
1.340 1.78 3.51 6.79 7.46

1.341 1.78 3.51 6.77 7.44
1.342 1.78 3.50 6.76 7.42
1.343 1.78 3.49 6.74 7.41
1.344 1.78 3.48 6.72 7.39
1.345 1.78 3.47 6.71 7.37

1.346 1.78 3.46 6.69 7.35
1.347 1.78 3.46 6.68 7.33
1.348 1.78 3.45 6.66 7.32
1.349 1.78 3.44 6.65 7.30
1.350 1.78 3.43 6.63 7.28

1.351 1.78 3.42 6.61 7.27
1.352 1.78 3.42 6.60 7.25
1.353 1.77 3.41 6.58 7.23
1.354 1.77 3.40 6.57 7.21
1.355 1.77 3.39 6.55 7.19

1.356 1.77 3.38 6.53 7.17
1.357 1.77 3.38 6.52 7.16
1.358 1.77 3.37 6.50 7.14
1.359 1.77 3.36 6.49 7.12
1.360 1.77 3.35 6.47 7.11
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.361 1.77 3.35 6.45 7.09
1.362 1.77 3.34 6.44 7.08
1.363 1.77 3.33 6.42 7.06
1.364 1.77 3.32 6.41 7.04
1.365 1.77 3.32 6.39 7.03

1.366 1.77 3.31 6.38 7.01
1.367 1.77 3.30 6.37 7.00
1.368 1.77 3.30 6.35 6.98
1.369 1.77 3.29 6.34 6.97
1.370 1.77 3.28 6.32 6.95

1.371 1.77 3.27 6.31 6.93
1.372 1.77 3.27 6.30 6.91
1.373 1.77 3.26 6.28 6.90
1.374 1.77 3.25 6.27 6.89
1.375 1.77 3.25 6.25 6.87

1.376 1.77 3.24 6.24 6.86
1.377 1.77 3.23 6.22 6.84
1.378 1.76 3.22 6.21 6.82
1.379 1.76 3.22 6.19 6.81
1.380 1.76 3.21 6.18 6.80

1.381 1.76 3.20 6.17 6.79
1.382 1.76 3.20 6.16 6.77
1.383 1.76 3.19 6.14 6.75
1.384 1.76 3.18 6.13 6.74
1.385 1.76 3.18 6.12 6.73

1.386 1.76 3.17 6.11 6.72
1.387 1.76 3.16 6.10 6.70
1.388 1.76 3.16 6.08 6.68
1.389 1.76 3.15 6.07 6.67
1.390 1.76 3.15 6.06 6.66

1.391 1.76 3.14 6.05 6.64
1.392 1.76 3.13 6.04 6.63
1.393 1.76 3.13 6.02 6.61
1.394 1.76 3.12 6.01 6.60
1.395 1.76 3.11 6.00 6.59

1.396 1.76 3.11 5.99 6.58
1.397 1.76 3.10 5.98 6.56
1.398 1.75 3.10 5.96 6.55
1.399 1.75 3.09 5.95 6.53
1.400 1.75 3.08 5.94 6.52

1.401 1.75 3.08 5.93 6.50
1.402 1.75 3.07 5.92 6.49
1.403 1.75 3.07 5.90 6.47
1.404 1.75 3.06 5.89 6.46
1.405 1.75 3.05 5.88 6.45

K T Z Y U
1.406 1.75 3.05 5.87 6.44
1.407 1.75 3.04 5.86 6.43
1.408 1.75 3.04 5.84 6.41
1.409 1.75 3.03 5.83 6.40
1.410 1.75 3.02 5.82 6.39

1.411 1.75 3.02 5.81 6.38
1.412 1.75 3.01 5.80 6.37
1.413 1.75 3.01 5.78 6.35
1.414 1.75 3.00 5.77 6.34
1.415 1.75 3.00 5.76 6.33

1.416 1.75 2.99 5.75 6.32
1.417 1.75 2.98 5.74 6.31
1.418 1.75 2.98 5.72 6.29
1.419 1.75 2.97 5.71 6.28
1.420 1.75 2.97 5.70 6.27

1.421 1.75 2.96 5.69 6.26
1.422 1.75 2.96 5.68 6.25
1.423 1.75 2.95 5.67 6.23
1.424 1.74 2.95 5.66 6.22
1.425 1.74 2.94 5.65 6.21

1.426 1.74 2.94 5.64 6.20
1.427 1.74 2.93 5.63 6.19
1.428 1.74 2.92 5.62 6.17
1.429 1.74 2.92 5.61 6.16
1.430 1.74 2.91 5.60 6.15

1.431 1.74 2.91 5.59 6.14
1.432 1.74 2.90 5.58 6.13
1.433 1.74 2.90 5.57 6.11
1.434 1.74 2.89 5.56 6.10
1.435 1.74 2.89 5.55 6.09

1.436 1.74 2.88 5.54 6.08
1.437 1.74 2.88 5.53 6.07
1.438 1.74 2.87 5.52 6.05
1.439 1.74 2.87 5.51 6.04
1.440 1.74 2.86 5.50 6.03

1.441 1.74 2.86 5.49 6.02
1.442 1.74 2.85 5.48 6.01
1.443 1.74 2.85 5.47 6.00
1.444 1.74 2.84 5.46 5.99
1.445 1.74 2.84 5.45 5.98

1.446 1.74 2.83 5.44 5.97
1.447 1.73 2.83 5.43 5.96
1.448 1.73 2.82 5.42 5.95
1.449 1.73 2.82 5.41 5.94
1.450 1.73 2.81 5.40 5.93
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.451 1.73 2.81 5.39 5.92
1.452 1.73 2.80 5.38 5.91
1.453 1.73 2.80 5.37 5.90
1.454 1.73 2.80 5.36 5.89
1.455 1.73 2.79 5.35 5.88

1.456 1.73 2.79 5.34 5.87
1.457 1.73 2.78 5.33 5.86
1.458 1.73 2.78 5.32 5.85
1.459 1.73 2.77 5.31 5.84
1.460 1.73 2.77 5.30 5.83

1.461 1.73 2.76 5.29 5.82
1.462 1.73 2.76 5.28 5.80
1.463 1.73 2.75 5.27 5.79
1.464 1.73 2.75 5.26 5.78
1.465 1.73 2.74 5.25 5.77

1.466 1.73 2.74 5.24 5.76
1.467 1.73 2.74 5.23 5.74
1.468 1.72 2.73 5.22 5.73
1.469 1.72 2.73 5.21 5.72
1.470 1.72 2.72 5.20 5.71

1.471 1.72 2.72 5.19 5.70
1.472 1.72 2.71 5.18 5.69
1.473 1.72 2.71 5.18 5.68
1.474 1.72 2.71 5.17 5.67
1.475 1.72 2.70 5.16 5.66

1.476 1.72 2.70 5.15 5.65
1.477 1.72 2.69 5.14 5.64
1.478 1.72 2.69 5.14 5.63
1.479 1.72 2.68 5.13 5.62
1.480 1.72 2.68 5.12 5.61

1.481 1.72 2.68 5.11 5.60
1.482 1.72 2.67 5.10 5.59
1.483 1.72 2.67 5.10 5.59
1.484 1.72 2.66 5.09 5.58
1.485 1.72 2.66 5.08 5.57

1.486 1.72 2.66 5.07 5.56
1.487 1.72 2.65 5.06 5.55
1.488 1.72 2.65 5.06 5.55
1.489 1.72 2.64 5.05 5.54
1.490 1.72 2.64 5.04 5.53

1.491 1.72 2.64 5.03 5.52
1.492 1.72 2.63 5.02 5.51
1.493 1.71 2.63 5.02 5.51
1.494 1.71 2.62 5.01 5.50
1.495 1.71 2.62 5.00 5.49

K T Z Y U
1.496 1.71 2.62 4.99 5.48
1.497 1.71 2.61 4.98 5.47
1.498 1.71 2.61 4.98 5.47
1.499 1.71 2.60 4.97 5.46
1.500 1.71 2.60 4.96 5.45

1.501 1.71 2.60 4.95 5.44
1.502 1.71 2.59 4.94 5.43
1.503 1.71 2.59 4.94 5.43
1.504 1.71 2.58 4.93 5.42
1.505 1.71 2.58 4.92 5.41

1.506 1.71 2.58 4.91 5.40
1.507 1.71 2.57 4.90 5.39
1.508 1.71 2.57 4.90 5.39
1.509 1.71 2.57 4.89 5.38
1.510 1.71 2.56 4.88 5.37

1.511 1.71 2.56 4.87 5.36
1.512 1.71 2.56 4.86 5.35
1.513 1.71 2.55 4.86 5.35
1.514 1.71 2.55 4.85 5.34
1.515 1.71 2.54 4.84 5.33

1.516 1.71 2.54 4.83 5.32
1.517 1.71 2.54 4.82 5.31
1.518 1.71 2.53 4.82 5.31
1.519 1.70 2.53 4.81 5.30
1.520 1.70 2.53 4.80 5.29

1.521 1.70 2.52 4.79 5.28
1.522 1.70 2.52 4.79 5.27
1.523 1.70 2.52 4.78 5.27
1.524 1.70 2.51 4.78 5.26
1.525 1.70 2.51 4.77 5.25

1.526 1.70 2.51 4.77 5.24
1.527 1.70 2.50 4.76 5.23
1.528 1.70 2.50 4.76 5.23
1.529 1.70 2.49 4.75 5.22
1.530 1.70 2.49 4.74 5.21

1.531 1.70 2.49 4.73 5.20
1.532 1.70 2.48 4.72 5.19
1.533 1.70 2.48 4.72 5.19
1.534 1.70 2.48 4.71 5.18
1.535 1.70 2.47 4.70 5.17

1.536 1.70 2.47 4.69 5.16
1.537 1.70 2.47 4.68 5.15
1.538 1.69 2.46 4.68 5.15
1.539 1.69 2.46 4.67 5.14
1.540 1.69 2.46 4.66 5.13
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Table NM2-4
Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U
1.541 1.69 2.45 4.66 5.12
1.542 1.69 2.45 4.65 5.11
1.543 1.69 2.45 4.64 5.11
1.544 1.69 2.45 4.64 5.10
1.545 1.69 2.44 4.63 5.09

1.546 1.69 2.44 4.63 5.08
1.547 1.69 2.44 4.62 5.07
1.548 1.69 2.43 4.62 5.07
1.549 1.69 2.43 4.61 5.06
1.550 1.69 2.43 4.60 5.05

1.551 1.69 2.42 4.60 5.05
1.552 1.69 2.42 4.59 5.04
1.553 1.69 2.42 4.58 5.03
1.554 1.69 2.41 4.58 5.03
1.555 1.69 2.41 4.57 5.02

1.556 1.69 2.41 4.57 5.02
1.557 1.69 2.40 4.56 5.01
1.558 1.69 2.40 4.56 5.00
1.559 1.69 2.40 4.55 4.99
1.560 1.69 2.40 4.54 4.99

1.561 1.69 2.39 4.54 4.98
1.562 1.69 2.39 4.53 4.97
1.563 1.68 2.39 4.52 4.97

K T Z Y U
1.564 1.68 2.38 4.51 4.96
1.565 1.68 2.38 4.51 4.95

1.566 1.68 2.38 4.50 4.95
1.567 1.68 2.37 4.50 4.94
1.568 1.68 2.37 4.49 4.93
1.569 1.68 2.37 4.48 4.92
1.570 1.68 2.37 4.48 4.92

1.571 1.68 2.36 4.47 4.91
1.572 1.68 2.36 4.47 4.91
1.573 1.68 2.36 4.46 4.90
1.574 1.68 2.35 4.46 4.89
1.575 1.68 2.35 4.45 4.89

1.576 1.68 2.35 4.44 4.88
1.577 1.68 2.35 4.44 4.88
1.578 1.68 2.34 4.43 4.87
1.579 1.68 2.34 4.42 4.86
1.580 1.68 2.34 4.42 4.86

… … … … …
… … … … …
… … … … …
… … … … …
… … … … …
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NONMANDATORY APPENDIX NM-3
SEISMIC, WIND, AND SNOW LOADINGS

NM3-100 TYPICAL CODES

The User/Purchaser shall be responsible for the spec-
ification of the appropriate code to be used. The code
specifies to the designer the magnitude and direction
of the seismic, wind, and snow loads acting on the
vessel. The designer shall use recognized stress analysis
methods to compute the stresses resulting from these
loads.
The following is a list of examplesof international codes,

standards, and manuals that may serve to determine
seismic, wind, and snow loads acting on the vessel:

(a) Uniform Building Code, published by International
Code Council

(b) National Building Code, published by American
Insurance Association

(c) Minimum Design Loads for Buildings and Other
Structures, ASCE 7, published by American Society of
Civil Engineers

(d) International Building Code, published by Interna-
tional Code Council

(e) Standard Building Code, published by International
Code Council

(f) British Standard BS 6399 Part 2, Loading for Build-
ings, Code of Practice for Wind Loads

(g) Dutch Standard NEN 6702 —TGB 1990, Loadings
and Deformations

(h) Eurocode1, Part 2-4, Basis of Design andActions on
Structures

(i) Eurocode 8, Part 1-5, Design Provisions for Earth-
quake Resistance of Structures

(j) Mexican Code,Manual de Diseño deObras Civiles de
la Comisión Federal de Electricidad

(k) National Building Code of Canada
NOTE: The Qualified Designer who certifies the Fabricator’s
Design Report per requirements of para. 1-300 of this Standard
should verify that the Code given in UBRS is used. If Code (e.g.,
IBC) is not specified in UBRS, the Qualified Designer or Fabri-
cator, shouldmake a request that User/Purchaser specifies Code
in writing.

NM3-200 NOMENCLATURE
C = distance of neutral axis, in.
D = nominal vessel diameter, ft
Di = inside diameter, in.
Do = outside diameter, in.

E = tensile modulus of elasticity, psi
F = design factor

Fcra = allowable axial stress (buckling)
Fcrb = allowable flexural stress (buckling)
Fcrv = allowable shear stress (buckling)
Fh = allowable hoop tensile stress (ultimate)
fa = axial stress
fb = flexural stress

fcra = critical axial buckling stress
fcrb = critical flexural buckling stress
fcrv = critical shear buckling stress
fh = hoop tensile stress
fv = shear stress
H = vessel height, ft
I = moment of inertia of vessel shell cross section,

in.4
Mw = bending moment due to wind load, ft-lb
Na = axial stress resultant, lb/in.
P = hydrostatic pressure (total), psig
q = wind pressure, psf

Rc = head crown radius, in.
Su = ultimate tensile strength, psi
SF = shape factor
U = uniform wind pressure load, lb/ft

UT = wind load on top flange, lb/ft
W = total wind load, lb

NM3-300 EXAMPLES

(a) Wind Loads
(1) cantileveredvessel empty (flatbottomedonslab)
(2) suspendedvessel empty (ringor skirt supported)
(3) cantilevered vessel at design conditions
(4) suspended vessel at design conditions

(b) Snow Load on Empty Vessel. The snow load example
belowassumes that thedetailed design of the topheadhas
been done such that the snow load is transferred
uniformly to the shell. The snow load on the top head
is assumed to be a uniform external pressure on the
cover. See para. 3A-320. All the example vessels are
built of Type I or Type II laminates.

(c) Seismic Load on Flat-Bottom Vertical Tank
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NM3-310 Loading Criteria

In the examples below, the load causes shear stress and
normal stress in both axial and hoop directions, all simul-
taneously. In some cases, the normal stress is compres-
sive, which, if excessive, could cause buckling. Therefore,
biaxial strength and buckling criteria are needed to
complete the examples.

(a) Paragraphs3B-500andM3-530containprovisions,
based on lamination analysis, for calculating the resis-
tance of any type of laminate to biaxial stress;
however, the calculations are complicated. For Type I
laminates, a conservative approximation to these provi-
sions is

+ + <f f f f f S F2.25 ( / )a a h h v u
2 2 2 2

For Type II laminates, a conservative approximation to
paras. 3B-300 and M3-530 is

= =f S F f S F/ and /a u h u

if the shear stress is less than 200 psi (1.38 MPa). These
approximations are used in this Appendix instead of the
more exact procedure in paras. 3B-300 and M3-530.
According to para. 3B-500, the design factor F = 10 for
sustained loads, and F = 10/1.2 = 8.33 for wind,
seismic, or snow loads, or for a combination of sustained
loads and wind, seismic, or snow loads.

(b) The interaction criterion for buckling is

+ + <( )f F f f F f f F f/ / / 1a cra b crb v crv
2

This equation applies only to compressive normal stress.
In all cases, the design factor F = 5 for buckling. The buck-
ling criterion is the same as inEquation 9.93, page 1006, of
theAmerican Society of Civil Engineers’ Structural Plastics
DesignManual,ASCEManuals andReports onEngineering
Practice No. 63, 1984.

NM3-320 Design for Sustained Loads

Case (a) is a vented tank with a flat-bottom head and a
torispherical top head. The tank is constructed of Type II
laminate, bolted to a concretepad, 12 ft in diameter and24
ft high, and contains a liquid with a specific gravity of 1.2.
The tank is located outdoors in St. Louis, Missouri.
Paragraph 3A-210 requires a shell thickness given by

=
=
=

t FPD S/2
(10)(24)(12)(0.03613)(1.2)(144)/(2)(15,000)
0.599 in.

i u

The laminate strength is fromTable 2A-3, for Type II lami-
nate. Thenext thickest standardType II laminate is0.64 in.
thick (Table 2A-2). Thus, take t = 0.64 in. Assume that the
shell tapers to 0.22 in. thick at the top, that the head is 0.29
in. thick, and that the flat-bottom head is 0.37 in. thick.
Then the shell weighs 3,500 lb, the top head weighs

319 lb, and the bottom weighs 340 lb, for a total
vessel weight of 4,159 lb.
Case (b) is a vented tank 9 ft in diameter and 18 ft long

from tangent line to tangent line. It has torispherical heads
on both ends and it is supported by a ring 6 ft from the top
of the shell. As in case (a), it is locatedoutdoors in St. Louis,
Missouri, and contains a liquid with a specific gravity of
1.2. Thevessel is constructedofType I laminate,whichhas
Su = 9,000 psi according to Table 2A-3. Paragraph 3A-230
requires that the bottom head have the following thick-
ness:

=
=
=

t FPR S0.885 /
(10)(0.885)(18)(12)(0.03613)(1.2)(108)/(9,000)
0.995 in.

c u

(Use 1.00 in. nominal thickness, per Table 2A-2.) The top
head thickness would be governed by the “footprint” load
specified by para. 3A-340. Nonmandatory Appendix
NM-11 gives a method for designing for this load,
which in this case gives a thickness of 0.35 in. The
shell thickness just above the ring is given by para.
3A-210 as follows:

=
=
=

t FPD S/2
(10)(6)(12)(0.03613)(1.2)(108)/(2)(9,000)
0.187 in.

i u

However, para. 3-200(f) and Table 2A-1, taken together,
require that the thickness of the shell be at least 0.23 in.
Similarly, the shell thickness 12 ft from the top is found
from

=
=
=

t FPD S/2
(10)(12)(12)(0.03613)(1.2)(108)/(2)(9,000)
0.375 in.

i u

or, rounding up to a standard laminate, t = 0.40 in. The
shell thickness 18 ft from the top is found the same way

=
=
=

t FPD S/2
(10)(18)(12)(0.03613)(1.2)(108)/(2)(9,000)
0.562 in.

i u

which rounds up to 0.57 in. The totalweight of the liquid is
found from

= =weight (3.1416)(4.5) (18)(62.4)(1.2) 85,746 lb2

The vessel weighs approximately 2,000 lb; therefore, the
axial stress resultant just below the ring is

= + =N (85,746 2,000)/(3.1416)(108) 259 lb/in.a

The thickness required to resist the axial load is given by
para. 3A-210

=
= =

t FN s/
(10)(259)/(9,000) 0.287 in.

a u
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which is less than the thickness required to resist the hoop
stress. Thus, hoop stress governs and t = 0.57 in.

NM3-321 Example (a2): Empty Cantilevered Vessel
Under Wind Load. This is a continuation of case (a) in
para. NM3-320; it is the same flat-bottom tank with
wind loading. According to Uniform Building Code
(UBC) rules, the wind pressure zone for St. Louis is 30.
From UBC Table 23-F, the design wind pressure for
zone 30 is 25 psf. The shape factor per UBC Table
23-G is SF = 0.8. Then the wind load is

= = =U SF qD( ) (0.8)(25)(12) 240 lb/ft of height

The bending moment at the base of the vessel is

=
=
= =

M UH

(0.5)(240)(24)
69,120 ft-lb 829,440 in.-lb

w
1

2
2

2

and the total lateral force is
= = =W UH (240)(24) 5,760 lb

The total vessel weight is 4,159 lb and the weight of the
bottom is 340 lb; thus, theweight transmitted through the
shell at thebase is4,159−340=3,819 lb.Theaxial stressat
the base is then

= =f 3,819/(3.1416)(144)(0.64) 13.2 psia

where the negative sign denotes compression. The axial
stress on the downwind side of the base resulting from the
wind moment is given by

=f M C I/b w

The moment of inertia is calculated from

=

=

=

( )
( )

I D D(3.1416) /64

(3.1416/64) 145.28 144

760,525 in.

i0
4 4

4 4

4

and C = 72.64 in. Thus
= =f (829,440)(72.64)/(760,525) 79.2 psib

The total axial stress is then fa + fb = −92.4 psi. The tank is
built of Type II laminate, for which Su = 15,000 psi.
However, F = 8.33 and the allowable stress is 15,000/
8.33 = 1,800 psi. The shear stress is

= =f 5,760/(3.1416)(144)(0.64) 19.9 psiv

Since fv<200 psi, the criterion for Type II laminates stated
in para. NM3-310 applies. It is

+ = <f f 92.4 1,800 psia b

which satisfies para. NM3-310. Thus, the design is accept-
able for wind load on the empty tank, as far as strength is
concerned.
The tank must also be checked for elastic stability. The

critical buckling stress for uniformly distributed axial
compression is

=

= ×
=

( )
f Et R0.3 /

(0.3) 1.5 10 (0.64)/72

4,000 psi

cra
6

The critical stress for buckling from bending under the
wind moment is

= =f f1.3 5,200 psicrb cra

For shear, the critical buckling stress for thin-walled tube
of circular cross section is given by

=

= ×
=

( )
f E t R R H0.695 ( / ) ( / )

0.695 1.5 10 (0.64/72) (72/288)

1,423 psi

crv

6 5
4

5
4

1
2

1
2

The buckling interaction equation from para. NM3-310 is

+ + <( )f F f f F f f F f/ / / 1a cra b crb v crv
2

Inserting values for this example gives

+ + [ ]
= <

(13.2)(5)/4,000 (79.2)(5)/5,200 (19.9)(5)/1,423

0.098 1

2

which shows that the empty tank will not fail by buckling
under the design wind load. If the strength and buckling
conditions had not been satisfied, then the shell thickness
would have to have been increased.

NM3-322 Empty Ring Supported Vessel Under Wind
Load. This is a continuation of case (b) in para. NM3-320.
As before, thewind pressure is 25 psf and the shape factor
is 0.8. The wind load U is

=
= =

U SF qD( )
(0.8)(25)(9) 180 lb/ft

The total force above the ring is (180)(6) = 1,080 lb, and
the corresponding bending moment is 1∕2 (1,080)(6) =
3,240 ft-lb. The total force below the ring is (180)(12)
= 2,160 lb, and the corresponding moment is 1∕2(2,160)
(12) = 12,960 ft-lb. This is the largest bending moment
in the vessel. Thus, Mw = 12,960 ft-lb = 155,520 in.-lb.
Check the stress in the vessel just below the support ring.

(a) Axial. Theweight of the shell below the support plus
the weight of the bottom head is 1,300 lb. The axial stress
from the weight is then
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=
=

f (1,300)/(3.1416)(108)(0.40)
9.58 psi

a

(b) Bending Below the Support
=f M C I/b w

=

=
=

( )I D D(3.1416/64)

(3.1416/64)(108.8 108 )

200,084 in.

i0
4 4

4 4

4

=C 54.4 in.

=
=

f (155,520)(54.4)/200,084
42.3 psi

b

(c) Shear

=
=

f 2,160/(3.1416)(108)(0.40)
15.9 psi

v

The strength criterion for Type I laminates is

+ + <f f f f f S F2.25 ( / )a a h h v u
2 2 2 2

The axial stress is the sum of the stresses fromweight and
bending: fa = 9.58 + 42.3 = 51.9 psi. The hoop stress, fh,
vanishes and fv = 15.9 psi. We insert these values in the
criterion

+ = <
= ×

(51.9) 2.25(15.9) 3,262 (9,000/8.33)

1.17 10

2 2 2

6

which is satisfied. The axial stress from the weight is
tensile and, therefore, does not enter into the check for
buckling. The critical bending stress for buckling is

=

= ×
=

( )
f Et R(1.3)(0.3) /

(1.3)(0.3) 1.0 10 (0.4)/54

2,889 psi

crb
6

The critical shear buckling stress is

=

= ×
=

( )
f E t R R H0.695 ( / ) ( / )

(0.695) 1.0 10 (0.40/54) (54/144)

925 psi

crv
6

5
4

1
2

5
4

1
2

The buckling interaction formula is

+ + <( )f F f f F f f F f/ / / 1a cra b crb v crv
2

With the current values in place

+ [ ] = <(5)(42.3)/2,889 (5)(15.9)/925 0.081 12

which is satisfied.
Both strength and buckling criteria are fulfilled, and the

design is acceptable forwithstandingwind loadswhile the
vessel is empty.

NM3-323 Flat-Bottomed Vessel Under Design Condi-
tionsWithWind Load. The hoop stress due to hydrostatic
pressuremustbe combinedwith the axial stress causedby
wind andweight, using a design factor ofF=10/1.2 = 8.33.

=f PR t/h

where P is the sum of hydrostatic and design pressures.
= =f (24)(12)(0.03613)(1.2)(72)/0.64 1,405 psih

From para. NM3-321, the bending stress is 79.2 psi, the
axial weight stress is 13.2 psi, and thus the overall axial
stress is 79.2 + 13.2 = 92.4 psi. The shear stress is 19.9 psi,
which is less than 200 psi, so the simplified criterion for
Type II laminates applies

= < =

= < =

f

f

92.4 15,000/8.33 1,800 psi

1,405 15,000/8.33 1,800 psi
a

h

which are both acceptable.

NM3-324 Ring Supported Vessel Under Operating
Conditions and Wind Load. In this case, the hoop
stress and axial stresses caused by the hydrostatic load
must be superposed on the weight and wind stresses
computed in para. NM3-322. The governing location is
just under the ring, and the hoop stress there is given by

=
=

f (6)(12)(0.03613)(1.2)(54)/0.40
421 psi

h

Axial stresses are from the weight of the contents, the
weight of the vessel, and the wind moment. The contents
weight is (3.1416)(4.5)2(18)(62.4)(1.2) = 85,746 lb. The
weightof thevessel belowthe support is1,300 lb. Then the
axial stress from weight is

= +
=

f (85,746 1,300)/(3.1416)(108)(0.40)
641 psi

a

The stress from thewindmoment is 42.3 psi, and the total
axial stress becomes 641 + 42.3 = 683.3 psi. From above,
the shear stress is 15.9 psi. The strength criterion is

+ + <f f f f f S F2.25 ( / )a a h h c u
2 2 2 2

With the values from the example, this becomes

+ + =(683.3) (683.3)(421) (421) 2.25(15.9) 357,4002 2 2

but 357,400< (9,000/8.33)2 = 1.17 ×106, and the strength
is adequate.
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NM3-325 Snow Load on Top Head of Flat-Bottomed
Example Vessel. The vessel top headmust be designed to
support the snow load and transfer the load to the vessel
shell. The snow load can be treated as a uniform external
pressure applied to the top head. The design snow load in
St. Louis is 25psf. Thus, theweight of the snowon the12-ft
diameter head = (3.1416)(6)2(25)= 2,827 lb. Taking the
head weight as 275 lb, the combined weight equals 3,102
lb. The weight causes an axial stress in the shell

= =f 3,102/(3.1416)(144)(0.64) 11 psia

The allowable stress for strength is 15,000/8.33 = 1,800
psi, and the critical axial buckling stress was calculated in
para. NM3-321 as 4,000 psi. Thus, the allowable stress to
ensureelastic stability is4,000/5=800psi. Bothallowable
stresses are much greater than 11 psi, the applied stress.
NOTE: If the vessel must withstand external pressure, the
external pressure exerted by the snow must be added to the
design external pressure for calculating the head thickness.
Thus, if the vessel has a torispherical head, the head thickness
is calculated by the equation in para. 3A-320, and the term Pa is
the sum of the design external pressure and the snow pressure.
This combination of loads may govern, the “footprint” load re-
quirements in para. 3A-340 may govern, or internal pressure
may govern.

NM3-326 Seismic LoadingonVessels.Avessel experi-
encing a seismic event has its base accelerated both later-
ally and vertically by strong ground motion. The vessel
shell, internals, and any contents respond dynamically
to this base excitation depending on their mass and
natural frequency. The vessel and contents may be
analyzed dynamically or statically using an equivalent
loading magnitude that depends on the seismic area
and importance factor. This paragraph presents a
method for the calculation of seismic loads based on spec-
tral acceleration and probabilistic ground motion. This
method is based on API 650-2000 (Section E.3), ASCE
7-02 (Sections 2.4.1 and 9.14.17.3.8), and the USGS Earth-
quake Hazards Program.
In large fluid-filled tanks, the total mass is considered

either “fixed” or “sloshing.” Fixed mass includes the mass
of the tank structure and that part of the contents that
moves inphasewith the tank shell at its natural frequency.
Sloshingmass is thatpartof thecontents that responds ina
“sloshingmode,” whose frequency is a function of the tank
diameter and height. Tall, slender tanks have more fixed
contents than those that are lowerandwider. Variations in
process design, available space, and custom internals lead
to wide variations in aspect ratio as well as the amount of
fixed mass other than that of the fluid contents. It will be
seen that the base shear and moment contribution for
sloshing mass depend on the sloshing period, but the
fixed mass contributions do not.

NM3-327 Spectral Loading. Spectral acceleration is
defined as the maximum response of a single degree of
freedom (SDOF) system to a given seismic event. Such
a system can be characterized by its natural period of
vibration, T, and the amount of damping present. A
plot of spectral acceleration as a function of natural
period is called a Response Spectrum. In the case of
ground-supported liquid storage tanks, the Response
Spectrum is completelydefinedbyTand themappedspec-
tral accelerations (SA) at periods of 0.2 sec, Ss, and 1.0 sec,
S1. ThevaluesofSsand S1, obtained fromtheUSGSwebsite,
are based on 5% of critical damping and a given prob-
ability of exceedance (PE) in 50 yr. Unless otherwise
given in the UBRS, the Ss and S1 values for 5% PE
should be used.
In order to obtain aResponse Spectrum for a given loca-

tion and soil type, Ss and S1 are first converted to their
maximum considered mapped values, Sms and Sm1, by
multiplying them by Site Factors Fa and Fv. Fa and Fv
depend on the type of soil (Site Class) and the values
of Ss and S1. If detailed information on the site is not avail-
able, Site Class D should be assumed. The spectral design
parameters, Sms, Sm1, Sds, Sd1, and Ts for vessel loading, and
Site D values for Fa and Fv are given below.

Ss Fa S1 Fv
<0.25 1.6 <0.10 2.4
0.6 1.4 0.20 2.0
0.75 1.2 0.30 1.8
1.0 1.1 0.40 1.6
>1.25 1.0 >0.50 1.5

= ×S F
S

100ms a
s

= ×S F
S

100m1
1

= ×S S2
3ds ms

= ×S S2
3d m1 1

=T
S
S

, secs
d

ds

1

NM3-328 Fixed and Sloshing Mass for the Contents.
In order to calculate shear and moment at the base, it is
necessary to determine the amount of fixedmass, sloshing
mass, and their centroids, plus the sloshing period. All are
functions of the aspect ratio, α = D/Hc, where D andHc are
the vessel diameter and contents height in feet, respec-
tively. In the following, Wc is the total mass of contents
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in pounds,Wfc/Wc is the fixedmass fraction, andWsc/Wc is
the sloshing mass fraction. The centroidal positions of
each type of mass are referenced to Hc.

(a) Sloshing Period

=T
h

D, sec
0.578

tan (3.67/ )
c

(b) Fixed Mass Fraction

=
W

W
1 0.218 for 1.333

fc

c

= >
W

W
htan (0.866 )
0.866

for 1.333
fc

c

(c) Sloshing Mass Fraction

=W
W

W

W
1sc

c

fc

c

(d) Fixed Mass Centroid

=
H

H
0.5 0.094 for 1.333

fc

c

= >
H

H
0.375 for 1.333

fc

c

(e) Sloshing Mass Centroid

=
Ä
Ç
ÅÅÅÅÅÅÅÅÅ

i
k
jjj y

{
zzz

É
Ö
ÑÑÑÑÑÑÑÑÑ
Ä
Ç
ÅÅÅÅÅÅÅÅÅ

i
k
jjj y

{
zzz

É
Ö
ÑÑÑÑÑÑÑÑÑ

H
H

h h1 cos
3.67

1
3.67

sin
3.67sc

c

1

NM3-329 Base Shear and Moment. For an atmo-
spheric storage vessel with full contents, the fixed
mass consists of the shell, Wsh, and head, Wh, plus the
fixed portion of the contents, Wfc. For Tc ≤ Ts, Wfc is
taken equal to the total contents weight, Wc.
The base shear, Vb, and base moment,Mb, depend on an

importance factor, I; the ratio, Ts; the short period design
value, Sds; and the sloshing period, Tc. In this case, the
vessel height, H, and contents height, Hc, are equal.
Following ASCE 7-02, in an allowable stress design,
both Vb and Mb are multiplied by the factor 0.7. Mb is
then multiplied by 12 to convert the base moment to
in.-lb.
For Tc ≤ Ts,

= + +V S I W W W(0.7)(0.24 )( )b ds sh h c

= + +i
k
jjj y

{
zzzM S I W H W H W

H
(0.7)(12)(0.24 )

2 2b ds sh h c
c

For Ts < Tc ≤ 4.0,
= + +V S I W W W(0.24 )( )bf ds sh h fc

=
i
k
jjjjj

y
{
zzzzzV S I

T
T W0.8

0.75
bs ds

c
s sc

= +V V V(0.7)( )b bf bs

= + +

+

Ä
Ç
ÅÅÅÅÅÅÅÅÅ

i
k
jjj y

{
zzz

É
Ö
ÑÑÑÑÑÑÑÑÑ

M S I W
H

W H W H

V H

(0.7)(12) (0.24 )
2b ds sh h fc fc

bs sc

For Tc > 4.0,

= + +( )V S I W W W(0.24 )bf ds sh h fc

=
i
k
jjjj

y
{
zzzzV S I

Tc
T W0.71

3.375
bs ds s sc2

= +( )V V V(0.7)b bf bs

= + +

+

Ä
Ç
ÅÅÅÅÅÅÅÅÅ

i
k
jjj y

{
zzz

É
Ö
ÑÑÑÑÑÑÑÑÑ

M S I W
H

W H W H

V H

(0.7)(12) (0.24 )
2b ds sh h fc fc

bs sc

If the vessel has N hold-down lugs, the maximum hold-
down force, Fh, is given below,whereR is the vessel radius
in inches, andFu is anyuplift. Note that ifFh<0, the lugs are
unloaded and also that the contents cannot be used to
reduce Fh since they are supported by the base pad.

=
+

+F
M W W R

NR
F
N

1.695 1.46( )
h

b sh h u

The above shear and moment expressions may be
extended to include the effect of internals or other
fixed masses supported above the vessel base. It is
also possible to include a base skirt, in which case the
contents’ weight, fully supported above the base, will
act to unload the lugs.

NM3-330 Hold-Downs for Seismic Loading

It is necessary to evaluate the capacity of the hold-
downs to handle both pullout and lateral shear. The
design of various types of hold-downs for pullout is
addressed in Nonmandatory Appendix NM-4. Although
the vessel designer does calculate the forces and stresses
in the hold-downs, it is typically the responsibility of a
licensed civil or structural engineer to calculate the capac-
ity of the hold-down embedments in the support slab.
Most civil/structural specifications will not allow the

use of the friction between the vessel bottom and the
support pad as a part of the base shear capacity. This
means either that the hold-downs must be designed to
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resist lateral shear or that some other means must be
provided. Where high lateral shear exists, consideration
maybe given to grouting against a shear lip that is cast into
the pad. Another method is to grout between the vessel
and a circumferential angle attached to the pad, as long as
care is taken to prevent fluid retention, which could
present corrosion problems for the vessel bottom.

NM3-331 Example. Calculate the base shear, base
moment, and maximum hold-down force for an 8 ft ×
13 ft tank with eight hold-down lugs and full contents
whose specific gravity is 1.2. The weight of the shell is
750 lb and that of the head is 175 lb. The tank is at a loca-
tionwhosezipcode is98226.Nodetailedgeotechnic infor-
mation on the site is available. The owner or user’s
insurance company has specified that an importance
factor of 1.25 be used and that the design seismic
event have only a 5% chance of being exceeded in 50
yr. From the USGS website for zip code 98226 and 5%
PE, the value of Ss = 64.59% and S1 = 21.46%. Since
no geotechnic information is available, Site Class D is
assumed.

(a) Spectral Parameters
=F 1.34a

=F 1.97

= =i
k
jjj y

{
zzzS 1.34

64.59
100

0.866ms

= =i
k
jjj y

{
zzzS 1.97

21.46
100

0.423m1

= =S 2
3

(0.866) 0.577ds

= =S 2
3

(0.423) 0.282d1

= =T 0.282
0.577

0.489s

(b) Sloshing Period

= =8
13

0.615

= =T
h

, sec
0.578

tan (3.67/0.615)
8 1.635c

(c) Weight and Mass Fractions

= =W , lb 0.785(8) (13)(62.4)(1.2) 48,906c
2

= =
W

W
1 0.218(0.615) 0.866

fc

c

= =W , lb (0.866)(48,906) 42,353fc

= =W
W

1 0.866 0.134sc

c

= =W , lb (0.134)(48,906) 6,553sc

(d) Centroidal Locations for Fixed and Sloshing Mass

= =
H

H
0.5 0.094(0.615) 0.442

fc

c

= =H , ft (0.442)(13.0) 5.75fc

=

=

Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑ
Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑ( ) ( )h h1 cos 1 sin

0.833

H
H

3.67
0.615

3.67
0.615

3.67
0.615

1
sc

c

= =H , ft (0.833)(13.0) 10.83sc

(e) Base Shear and Moment
= < = <T T0.489 1.635 4.0s c

= + + =V (0.24)(0.577)(1.25)(750 175 42,353) 7,491bf

= =i
k
jjj y

{
zzzV , lb (0.8)(0.577)(1.25)

0.75
1.635

(0.489)(6,553) 848bs

= + =V , lb (0.7)(7, 491 848) 5,837b

= {

+ +

+ }
=

Ä
Ç
ÅÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑÑ( )

M ,in.-lb (0.7)(12) (0.24)(0.577)(1.25)

750 175(13) 42,353(5.75)

848(10.83)
441,643

b

13
2

(f) Hold-Down Force

=

=

+F ,lb

1,781

h
(1.695)(441,643) (1.46)(750 175)(48)

(8)(48)
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NONMANDATORY APPENDIX NM-4
HOLD-DOWN LUG DESIGN

NM4-100 SCOPE

This Appendix provides methods for the design of lugs
attached by hoop winding or secondary bonding. It is rec-
ommended that continuous loads be handled by lugs
supported by metal bands or double rings as described
in Nonmandatory Appendix NM-5.
When wound-on lugs are used for intermittent or occa-

sional loads, such as lift due to wind or minor flooding, a
design factor of 5 on the combined stress in the laminate is
recommended. If wound-on lugs are used in continuous
loading, such as for the support of vessels not exceeding 4-
ft diameter or flat-bottom vessels subject to uplift loads
due to internal pressure, the usual design factor of 10
should be applied to the combined stress in the laminate.
Hold-down lugs used for anchoring vessels are subject to
uplift loads due to internal pressure. Designers are
cautioned that flat tank bottoms as specified per
para. 3A-260 are not sufficiently stiff to permit the use
of the weight of the liquid contents of the tank to
resist wind and/or seismic overturning forces. The
hold-down system should be designed for the total
base moment.

NM4-200 NOMENCLATURE
B.C.D. = bolt circle diameter, in.

D = nominal vessel diameter, ft
Di = vessel inside diameter, in.
Do = vessel outside diameter, in.
d = bar diameter, in.

Eax = axial tensile modulus of elasticity, psi
Ehp = hoop tensile modulus of elasticity, psi

e = load eccentricity, in. (see Figures NM4-1,
NM4-2A, and NM4-2B)

F = total load or reaction at lug, lb
FH = force in horizontal direction (radial), lb
G = wind pressure, psf
H = height of vessel straight side, ft

HD = depth of top head, ft
h = height of lug, in.

hmin = minimum height of lug, in.
h1 = height of wound overwrap or overlay, in.
L = bar length, in.

Max = moment in axial direction, in.-lb
Mhp = moment in hoop direction, in.-lb

ML = moment coefficient, dimensionless (see
Figure NM4-3)

MQ = bending moment due to wind load, ft-lb
N = number of lugs
P = total radial load due to moment, lb

P* = unit load, lb/in.
PG = wind uplift coefficient, dimensionless (see

Figure NM4-4)
p = pressure, psi

Rm = mean radius of overwind, in.
Sa = allowable tensile stress, divided by design

factor 10, psi
Sf = wind shape factor, dimensionless
x = 0.7 for cylindrical vessels
T = total overwind tension, lb
tb = thickness of vessel bottom, in.
tk = thickness of knuckle region, in.
x = tw + tb (Type A only)

tlug = lug thickness, in.
tw = thickness of vessel wall, in.
t1 = thickness of wound overwrap or overlay, in.

Unet = net uplift, lb
W = total load, lb

Wmax = unit radial load on overwrap, lb/in.
Wv = vessel weight, lb
w = lug width, in.
β = coefficient of bending, in.−1
ν = Poisson’s ratio, dimensionless
σ = tensile stress, psi

τw = shear stress across vessel wall, psi

NM4-300 WOUND LUG DESIGN

This design analysis is based on the assumption that the
lug is remote from either the top or bottom head of the
vessel or any stiff support ring. This assumption results in
a conservative analysis, since the full amount of local
bending is presumed to occur. Typically, a major
portion of the total stress in both the longitudinal and
circumferential directions is due to this bending. In actu-
ality, hold-down lugs are normally located in the rein-
forced regions adjacent to the shell-to-bottom-head
junction.
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Figure NM4-1
Wound-On Hold-Down Lug
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Figure NM4-2A
Secondary Bonded Hold-Down Lug, Type A
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Figure NM4-2B
Secondary Bonded Hold-Down Lug, Type B
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Figure NM4-3
Moment Coefficient, ML
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N = number of lugs
θ = angle of w/Do expressed in radians

Figure NM4-4
Uplift Coefficient, PG
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Atypicalwound luggeometry is showninFigureNM4-1.
The vertical reaction, F, is taken into a wound-in shear
ledge or transferred into the vessel as shear in the over-
wind as shown. The lug itself must be checked for bending
stress.
It is necessary to determine the lug force, F, fromknown

loading conditions and statics. Based on an assumed over-
wind force distribution, the overwind tension, T, and
compressive heel reaction, P, may be determined. The
average tensile stress in the overwind and shear in the
vessel wall are then calculated. The necessary parameters
are given in Figures NM4-1 and NM4-5.
The next step is to determine the combined state of

stress in the vessel wall due to the local load, P, and
vessel operating pressure. This is done by first calculating
theaverage radial loadingon the shell due to the lugwidth,
w, and then evaluating the longitudinal bending moment
thatwould bepresent in a similar shell under a ring loadof
the same intensity. The bending stresses due to this
moment are then added to the membrane stress due
to the vessel operating pressure to obtain the peak
values of axial stress at the inner and outer surfaces of
the vessel wall. The corresponding hoop stress in the
wall is obtained by assuming that circular bending is
occurring locally. The bending moment in the hoop direc-
tion is equal to the appropriate Poisson’s ratio times the
bending moment in the longitudinal direction. The
stresses due to this bending are then added to the
hoop stress due to the operating pressure to obtain
the peak values of hoop stress at the inner and outer
surfaces of the vessel wall.
A more exact determination of the local effects is given

in the work of Bijlaard as summarized in Welding
Research Council Bulletin WRC-107 or its earlier
version given in the Department of Commerce Report
PB151987 on local loading in thin shells. However, the
approximate analysis given above accounts conserva-
tively for the effects present.

NM4-400 SECONDARY BONDED LUG DESIGN

Lugsmaybe attachedbymeansof secondarybonding. It
is recommended that such attachments be designed for
shear loading on the basis of a 200 psi allowable shear
strength in the secondarybond. Secondarybondedattach-
ments should not be designed for straight tensile loads.
Such loading tends to peel off the overlaid reinforcement.
It is recommended that radial loads, such as those
resulting from eccentric moments, not exceed 50 lb
per lineal inch tension. If tensile perimeter load is
higher than 50 lb/in., in this case we have the option
to use Type B lugs. These loads are normal to the
overlay along that portion of the perimeter of the lug
or clip that is actually subjected to tensile loading (see
Figures NM4-2A, NM4-2B, and NM4-5).

Lugs are eccentrically loaded, resulting in a localized
moment applied to the vessel shell. The minimum
height of the lug shall be calculatedbasedon the following:
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The lug must then be checked for shear. The minimum
required overlay area of secondary bond shall be

=A W N/200r

where Ar is the minimum required area, in square inches,
of secondary bond overlay attached to the lug or the shell.
If the size of the lug must be increased significantly to
provide sufficient height to reduce the moment reaction
or provide adequate area for the attachment of secondary
bonding overlays, then additional lugs or a different type
lug and attachment should be considered.

(a) Lug Reactions
=M 0A

=
i
k
jjjj

y
{
zzzz

i
k
jjj y

{
zzzFe

W h h
2

2
3

0max

=W Fe
h

3
, lb/in.max 2

=F 0H

=P
W h

2
, lbmax

(b) Overwind Tension
=T PR w/ , lbm

=
+

R
D t2

2m
i k

= T h t/ , psi1 1

(c) Shear Across Vessel Wall
= P t w/ , psiw k

(d) Local Bending in Vessel Wall

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
v

R t

3(1 )

m k

2

2 2

1
4
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Figure NM4-5
ð23Þ Anchor Clips

e

e

F

Width of clip shall be greater than or equal
 to width of tank lug and positioned
 on the same radial c

Alternate
 Design

Lug tang

GENERAL NOTES:
(a) Anchor clips are force-multiplying devices and significantly increase anchor bolt pull-out loads.
(b) Anchor bolt pullout and shear loads shall be communicated to the foundation engineer.
(c) Theanchor clipdesign shownhere is for small loads. Large loadswill requireamuchmore robustdesign.All anchor clipsmustbedesigned for

the relevant loads. The Fabricator may specify not-to-exceed loads for these types of lugs and clips.
(d) Anchor clips may be used in conjunction with either anchor lugs or a FRP shear collar.
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Assuming ν = 0.3,

= R t1.28/( ) , in.m k
11

2

=P P w/ , lb/in.

(e) Bending Moments Due to Lug

=M P /4 , in.-lb/in.ax

M vM , in.-lb/in.hp ax

(f) Loads Due to Pressure, p
=N pR /2, lb/in.ax m

=N pR , lb/in.hp m

(g) Combined Stresses

= ±N t M t/ 6 /ax ax k ax k
2

= ±N t M t/ 6 /hp hp k hp k
2

(1) Allowable stresses for intermittent loading
σax = 0.002 × axial tensile modulus
σhp = 0.002 × hoop tensile modulus
(2) For continuous loading
σax = 0.001 × axial tensile modulus
σhp = 0.001 × hoop tensile modulus

NM4-500 SHEAR LEDGE DESIGN

Lugs may be attached to a shear ledge that is secondary
bonded to the shell near the bottom of the vessel. See
Figure NM4-6.

Ac = contact area between shear ledge and each lug,
in.2

x = wL × tL
As = secondary bond shear area between vessel and

shear ledge at each lug, in.2
x = hL(wL + bs)/2
bs = base width of secondary bond shear area

between vessel and shear ledge at each lug, in.2
x = wL + 2hL

hL = height of shear ledge, in.
x = 4 in. min.
N = number of lugs

Sc = compressive stress in shear ledge under lug, psi
x = U/(N × Ac)
Ss = secondary bond shear stress between vessel and

shear ledge at lug, psi
x = U/(N × As)
tL = thickness of shear ledge in contact with dog clip,

in.
x = 1 in. min.
U = net uplift, lbf

wL = width of anchor lug, in.
x = 3 in. min.

NM4-600 EXAMPLES

NM4-610 Wound Lug Example

12 ft × 24 ft straight height
specific gravity = 1.2
hydro head = (24)(0.433)(1.2) = 12.5 psig
Lower course

= = =t PD S/2 (12.5)(144)/(2)(1,500) 0.60 in.w i a

Use 0.64 in. nominal.
tb = 0.37 in.
tk = 0.64 + 0.37 = 1.01; use 1.00 in.

Approximate vessel weight as follows:
top head = 275 lb
shell = 3,500 lb
bottom = 340 lb
total vessel = 4,115 lb

Calculate wind uplift on roof of vessel.
=U A P G( )t G

where
At = plan area of vessel top, ft2
G = wind pressure = 25 psf

PG = uplift coefficient
U = (π/4)(D2)(0.88)(25) = 2,488 lb uplift

Calculate the wind overturning moment.

Figure NM4-5
Anchor Clips (Cont’d)

GENERAL NOTES (Cont’d)
(e) Anchor clips, as shown, do not resist shear. Field-fit shear stopsmust be included in the design. Special caremust be taken if bearing stress is

applied to the FRP knuckle. The preferred method is to apply bearing stresses to the tang of the anchor lug.
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= + +

=
+ +

= +
=

M S GDH GDH H H0.5 0.25 ( /3)

(0.5)(0.7)(25)(12)(24)

(0.25)(25)(12)(2)(24 )
60,480 3,700
64,180 ft-lb

Q f D D
2

2

2
3

Net uplift is
= +
= + =

U U W M D4 /

2,488 4,115 (4)(64,180)/12 19,766 lb
Qnet

Assume eight lugs. Then load per lug is
= =F 19,766/8 2,471 lb/lug

Assume lug configuration. Assume a 12-in. high angle
with a 4-in. projection and 6-in. width. Assume the load
eccentricity e = 21∕2 in. from the vessel wall to the center-
line of the anchor bolt or to the point of load application by
a hold-down clip.
The lugmust be checked for simple bending, which will

establish its minimum thickness.
M = bending moment
x = Fe = (2,471)(2.5) = 6,177.5 in.-lb

Figure NM4-6
Shear Ledge

WL

bs

As

tL

hL

Ac

GENERAL NOTES:
(a) The shear ledge shall be constructed of hoop filament winding with interspersed layers of wet chop or contact molded Type I or Type II

laminates. The first layer of filament winding shall be embedded in wet chop.
(b) Flat-bottom knuckles shall be manufactured in accordance with Figure 4-3 prior to the attachment of the shear ledge.
(c) Overlap between secondary bond shear areas is not recommended. Further analysis shall be completed if overlapping secondary bond shear

areas cannot be avoided.
(d) Penetrations through the secondary bond shear area are not allowed, and penetrations through the shear ledge in areas outside of the

secondary bond shear area are discouraged. In all cases, 1 in. min. in the top 50% of the total height and 25% of the total shear ledge height
shall be continuous around the entire tank (i.e., uninterrupted by penetrations).

(e) The anchor design shall consider resisting horizontal forces as the anchor ledge is for resisting uplift forces only.
(f) The tensile load in the anchor will be greater than the uplift at the shear ledge due to the lever effect.
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M/Z = bending stress
S = allowable bending = 20,000 psi
Z = section modulus = bd2/6 = wt2lug/6
w = 6 in.

Zmin = minimum required section modulus
x = M/S = 6,177.5/20,000 = 0.309 in.3

tlug =
= [ ] =Z w(6 / ) (6)(0.3009)/6 0.55 in.min

1
2

1
2

Use 5∕8 in. thick lug.
Unit radial load on overwrap

=
= =

W Fe h3 /

3(2,471)(2.5)/(12) 129 lb/in.
max

2

2

Radial load due to moment
=
= =

P W h/2
(129)(12)/2 774 lb

max

`
Hoop overwind load

=
= =

T PR w/
(774)(72)/6 9,288 lb

mtot

Assumeoverwrap thickness t1 =0.38 in.Hoopoverwind
tensile stress is

= = =
< =

t h t/ 9,288/(11)(0.38) 2,222 psi

40,000/5 8,000 psi allowable (OK)
1 1

Shear across vessel wall

= = =
< =

P t w/ 774/(1.00)(6) 129 psi

3,000/2 1,500 psi allowable (OK)
w k

Coefficient of bending in the vessel wall

= = [ ] =R t1.28/( ) 1.28/ (72)(1.00) 0.151 in.m k
11

2
1

2

Unit radial loading is

= = =P P w/ 774/6 129lb/in.

Axial and hoop bending loads

= = =M P /4 129/(4)(0.151) 213.6 in.-lb/in.ax

= =M vM (0.3)(213.6) 64 in. -lb/in.hp ax

Axial load due to pressure
=N pR /2ax m

However, p = 0 for no pressure above the liquid (atmo-
spheric vessel). Therefore, Nax = 0.
Hoop load due to pressure

=N pRhp m

where
p = 12.5 psig hydrostatic (hoop direction)

= =N (12.5)(72) 900 lb/in.hp

Axial and hoop stresses

= +
= + =

N t M t/ 6 /

0 (6)(213.6)/(100) 1,281.6 psi
ax ax k ax k

2

2

= +

= + =

N t M t/ 6 /

900/1.00 (6)(64)/(1.00) 1,284 psi

hp hp k hp k
2

2

NM4-620 Secondary Bonded Lug Example

Using the same example problem as in para. NM4-610,
assume a lug attached by secondary bonding is elected for
use.
Again assume eight lugs with an uplift load of 2,471 lb/

lug × 8 = 19,768 lb total.
Assume the same lug geometry as before, and check the

required minimum lug height. Lug width to vessel
diameter ratio w/Do = 6/145.6 = 0.041. From Figure
NM4-3, assuming eight lugs, ML = 0.024.

=

=

=

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ
Ä

Ç
ÅÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑÑ

h

9.28 in. (min.)

D WeM

NS t

6

(6)(145.6)(19,768)(2.5)(0.024)

(8)(1,500)(1.0)

o L

a k
2

2

1
2

1
2

For simplicity and to permit comparison, again use 12
in. high lug, 6 in. wide.
As before, check the lug for simple bending to establish

its minimum thickness.
Unit radial load on overwrap

= = =W Fe h3 / (3)(2,471)(2.5)/(12) 129 lb/in.max
2 2

Total radial load due to lug moment
= = =P W h/2 (129)(12)/2 774 lbmax

Next calculate the tensile perimeter
+ = + =h w2 (2)(11) 6 28 in.1

The tensile perimeter load =P/tensile perimeter = 774/
28 = 27.6 lb/in. < 50 lb/in.
The minimum required area of secondary RTP bond

overlay on the vessel wall, or the area of overlay on
the upstanding leg of the lug below the retainer bar
required for shear, shall be not less than
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= = =A W N/200 19,768/(200)(8) 12.4 in. /lugR
2

Proceeding as before, the overlay hoop load is
= = =T PR w/ (774)(72)/6 9,288 lbtot m

Theoverlayhoop tensile stress, assumingoverlay thick-
ness t1 = 0.38 in., is

= =
= <

T h t/ 9,288/(11)(0.38)
2,222 psi 3,000 psi

tot 1 1

Shear across vessel wall
= = =P t w/ 774/(1.0)(6) 129 psiw k

Coefficient of bending in vessel wall

= = [ ]
=

R t1.28/( ) 128/ (72)(1.0)

0.151 in.
m k

1

1
2

1
2

Unit radial loading

= = =p P w/ 774/6 129 lb/in.

Bending loads

= = =M P /4 129/(4)(0.151) 213.6 in.-lb/in.ax

= =M vM (0.3)(213.6) 64 in.-lb/in.hp ax

Since theoverlay isnota full circumferentialwinding, all
stresses due to internal pressure and/or hydrostatic head
are presumed to be taken by the vessel shell itself. Thus,
the bending stresses in the overwrap are due only to the
bending loads introduced by the lug.
Bending stresses

= = =M t6 / (6)(213.6)/(0.38) 8, 875 psiax ax 1
2 2

= = =M t6 / (6)(64)/(0.38) 2,659 psihp hp 1
2 2

Since these stresses aremuch toohigh, the thickness of the
overwrap must be increased. Try 1.0 in.

= = =M t6 / (6)(213.6)/(1.0) 1,281.6 psiax ax 1
2 2

= = =M t6 / (6)(64)/(1.0) 384 psihp hp 1
2 2

Ifwe set a stress limit of Sa for loads due to uplift, we can
solve directly for the overlay thickness t1. Use the greater
of

=t M S6 /ax a1min

or

=t M S6 /hp a1min

It can thus be seen that the required overlay thickness is
approximately equal to the vessel wall at the bottom
knuckle region. The use of more hold-down lugs would
reduce the load per lug. This may not be cost effective,
however, since more anchor bolts are required.

NM4-630 Shear Ledge Example

Using the same example problem as in para. NM4-610,
assume a shear ledge is elected for use with the following
parameters:

hL = 8 in.
N = 8
tL = 1 in.
U = 19,768 lbf

wL = 6 in.

Calculate the contact area between the shear ledge and
each lug.

= × = × =A w t 6 1 6 in.c L L
2

Calculate the base width of the secondary bond shear
area between the vessel and the shear ledge at each lug.

= + = + × =b w h2 6 2 8 22 in.s L L

Calculate the secondary bond shear area between the
vessel and the shear ledge at each lug.

= × + = × + =( ) ( )A h w b /2 8 6 22 /2 112 in.s L L s
2

Calculate the compressive stress in the shear ledge
under one lug.

= × = × =
< =

S U N A/( ) 19,768 /( 8 6) 412 psi
15,000/5 3,000 psi (OK)

c c

Calculate the secondary bond shear stress between the
vessel and the shear ledge at one lug.

= × = × =
< =

S U N A/( ) 19,768 /( 8 112) 22.1 psi
2,000/5 400 psi (OK)

s s
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NONMANDATORY APPENDIX NM-5
RING SUPPORT OF VESSELS

NM5-100 SCOPE

This Appendix provides methods for the design and
checking of metallic support rings for vertical vessels.
It is recommended that continuous loads be handled
by metallic bands or double rings. These procedures
cover lugs attached to thin bands and double rings.
The band is proportioned to fully resist the bending

moments applied by the support lugs. No credit is
taken for the buckling strength of the RTP shell, a conser-
vative assumption.

NM5-200 BAND WITH LUGS

The thin band design utilizes a band height that is two
times the height of the lug for dissipation of the stresses
induced by the reaction of the lug (see Figure NM5-1).

NM5-210 Nomenclature
b = spacing between lug gussets, in.
D = outside diameter of vessel, in.
d = lug projection, in.
E = load eccentricity, in.
hL = height of lug, in.
ML = moment coefficient at lug, dimensionless (see

Figure NM5-2)
N = number of lugs
S = allowable stress of band, psi1

Sae = allowable stress of lug, psi1
Sr = allowable stress of rings or section, psi1
Sy = yield stress of ring, psi1
tb = thickness of band, in. (1∕4 in. minimum)
tc = thickness of shear collar, in.
tg = thickness of lug gusset or bearing plate, in.
W = maximum supported vessel weight, lb (larger of

operating or hydrotest weight)
Zr = required section modulus of radial rings, in.3

NM5-220 Design Procedure

Assume a band thickness. The following band thick-
nesses are recommended as a starting point (based on
specific gravity of 1.0). Vessels with a height-to-diameter
ratio greater than 1.25 will require a band thickness
greater than the following:

Diameter, in. Band Thickness, in.
Less than 48 1∕4
49 to 60 3∕8
61 to 84 1∕2
85 to 96 5∕8
97 to 120 3∕4

Determine the required height of the lug based on the
following:

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
h

DWEM

SNt

6
L

L

b
2

1
2

(1)

If the lug height becomes unreasonable, e.g., greater than
about 12 in. high, or the required band thickness becomes
excessive, a double ring or rolled structural channel
should be considered (see para. NM5-300).

NM5-230 Split-Ring Flanges

Bands may be split and flanged for ease of assembly
around thevessel, orwhere corrosionof support elements
may require their replacement. End flanges at the split
must be bolted face to face without inducing stress in
the RTP shell. Flanges must be designed to develop the
full structural capacity of the ring (see para. NM5-500
and Figure NM5-3).

NM5-240 Thickness of Gussets and Baseplate

The required minimum thicknesses of the gussets and
baseplate shall benot less than the largest of the following:

(a) Shear
=t W h S N0.625 /g L ae (2)

(b) Bending

=t WE NS h2 /g ae L
2 (3)

(c) Compression
=t W dS N0.5 /g ae (4)

(d) Lateral Stability
=t d/16g (5)

1 All stress values perASMEBoiler andPressureVessel Code, Section II,
Part D.
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Figure NM5-1
Lugs on Band

3 in. min.

2 in. min.

Band

Shear collar

Overlay

Tank shell

Mat-resin
 filler
 (optional)

Resin putty

Band support

tb

tc

hL

E hL/2

2hL

1/8 in. gap

tc = tb + 3/8 in.
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Figure NM5-2
Moment Coefficient, ML

b /D

M
L

0.10 0.15 0.20 0.250.05
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Legend:
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Figure NM5-3
Split-Ring Flange

Flange weld
 must be
 full penetration

Fabrication Options

c = bolt hole diameter
Minimum

1.5c

f [Note (1)]

Center of
 shear

a

r

tf (3/8 in. min.)

tb

h

NOTE: (1) If f exceeds 8 in., add an additional bolt at midspan to stabilize the flange. Do not include in number of bolts, Nb.
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tg shall be a minimum of 1∕4 in., excluding corrosion
allowance.
The minimum leg size of the continuous fillet welds

attaching the gussets and base to the band shall equal
1.4tg.

NM5-250 Shear Collar

Shear collar height shown in FigureNM5-1 isminimum.
Actual shear and compressive stresses shall be calculated.
Shear collar heights and thicknesses shall be compared to
minimums shown and increased as necessary.

NM5-300 DOUBLE-RING SUPPORT

Double-ring supports are a method of providing
supports of reasonable proportions where the loads
and/or lug eccentricities are large. The support is
comprised of a channel fabricated of two continuous
rings or a rolled structural channel (see Figure
NM5-4). This support ring is proportioned to resist all
bending and torsional loads without introducing any
significant local loads into the RTP shell.
This paragraph provides a method for checking the

stress in a support ring of a vertical vessel. The procedure
is limited to thin ring beams with three or more evenly
spaced lugs. Thin rings are those whose thickness in the
radial direction is less than one-tenth their radius.
Double rings support the vessel by means of a shear

collar.

NM5-310 Nomenclature
b = spacing between lug gussets, in.
D = outside diameter of vessel, in.
d = radial projection of ring or channel fromweb or

band, in.
E = load eccentricity from centerline web to center-

line anchor bolt, in.
e = eccentricity of support reaction force, in. (see

Figure NM5-4)
e* = location of center of torsional shear fromcenter-

line of web or band, in.
h = height of ring section, in.

hb = height of band, in.
x = h + 1
I = moment of inertia of ring section about a

centroid axis in the plane of the ring, in.4
J = torsional stiffness constant of ring section, in.4

Mb = bending moment at a section of ring, in.-lb
ML = moment coefficient at lugs, dimensionless
Mt = twisting moment at a section of ring, in.-lb
N = number of lugs
R = inside radius of double-ring support, in.
Sr = allowable stress of ring or section,2 psi
tb = thickness of band, in. (1∕4 in. minimum)

tc = thickness of shear collar, in.
tg = thickness of gusset, in.
tr = thickness of ring, in.
tw = thickness of web, in.
W = total load supported by ring, lb
Zb = bending section modulus, in.3
Zr = required section modulus of each ring, in.3
Zt = torsional section modulus, in.3
α = angle defined in Figure NM5-5, rad
= normalized stress, dimensionless

σb = bending stress, psi
σvm = Von-Mises stress defined below, psi

τ = torsional stress, psi
ϕ = angle defined in Figure NM5-5, rad

NM5-320 Design Procedure for Double Rings on a
Band

A double-ring support may be fabricated by adding two
rings to a steel band. The vessel is supported by a shear
collar, in this case bearing on the top of the steel support
band [see Figure NM5-4, sketch (a)].

Step 1: Assume a desired ring height and gusset
spacing. Since the vessel diameter, support eccentricity,
weight, and desired number of support points are
known, an approximate section modulus for the ring
can be calculated

=Z
DWeM

NhSr
L

r
(6)

This is the estimated minimum section modulus for
each of two rings mounted on a steel band. The resulting
double ring must be checked for bending and torsional
stresses as follows.

Step 2: Determine the location of the center of shear, e*.
Thismust be added to the projection of the lug, E, from the
centerline of the bolt hole to the centerline of the web to
obtain the total eccentricity, e, for thedouble-ring support.
For double rings on a band [see Figure NM5-4, sketch

(a)]

=e
d h t t

I
( )

4
r r

2 2
(7)

= +e e E

Step 3: Determine the ratio e/R.
Step 4: Calculate Zb. For double rings on a band [see

Figure NM5-4, sketch (a)]

=
+

Ä
Ç
ÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑ( )

Z
t h d h h t

h

( 2 )

6b
b b r

b

3 3 3
(8)

2Manual of Steel Construction.
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Figure NM5-4
Ring Support of Vessels

Shear
 collar

Center of
 torsional
 shear

Projection
 of band =
 tb  + 1/2 in.

tc  = tw + 3/8 in.tc  = tb + 3/8 in.

h  $ 3d

Mat-resin filler
 (optional)

Lug
 extension

(a) Double Rings
 on a Band

Ring/band
 support

Lug
 extension

(b) Rolled Structural
 Ring Without Band

tb

tc

tr    
 (typical)

tr (typical)

3 in. min.

2 in. min.

E

R

d

h

Ee*

e

Center of
 torsional
 shear

tc

d

tw

R

h

e*

e

1/8 in. gap

1/8 in. gap
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Figure NM5-5
Geometric Quantities

Shear center
 of ring

Support
 reaction

e

Point A

R
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Step 5: For double rings on a band per Figure NM5-4,
sketch (a)

= +J
t d t h(2 )

3

( )

3
r b b3 3

(9)

Step 6: Calculate Zt.
=Z J t/t b

Step 7: Calculate the ratio Zb/Zt.
Step 8: Use Figures NM5-6 through NM5-8 for the ap-

plicable number of support points and determine .
Step 9: From this, calculate the maximum combined

stress due to bending and torsion, the Von-Mises stress
= WR Z/vm b (10)

Step 10: Check gusset thickness per para. NM5-240.

NM5-400 DESIGN PROCEDURE FOR A
FABRICATED OR ROLLED STRUCTURAL
CHANNEL DOUBLE-RING SUPPORT

A double-ring support can also be in the form of a fabri-
cated or rolled structural channel.
With a rolled structural channel, the shear collar of the

vessel rests directly on the top flange [see Figure NM5-4,
sketch (b)].

NM5-410 Stress in Ring

The bending and twisting moments at a point A (see
Figure NM5-5) in the ring are given by

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

M WR e
R2

cos
sin

1 sin( )b (11)

=
Ä

Ç
ÅÅÅÅÅÅÅÅÅ

É

Ö
ÑÑÑÑÑÑÑÑÑ

M WR e
R2

sin
sin

cos( )t (12)

where
ϕ = π/N

Figure NM5-6
Ring Design Chart for Three Lugs
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The bending stress is then given by
= M Z/b b b (13)

and the torsional stress by
= M Z/t t (14)

They can be combined in the Von-Mises stress

= +( )3vm b
2 2

1
2 (15)

TheVon-Mises stress intensitymustbenogreater than the
allowable stress intensity at every point on the ring.
To use eqs. (11) through (15) to check the ring design, it

is necessary to calculate σvm at a number of locations
(values of α) to be sure that the maximum stress has
been considered. Depending on the relative values of
E, R, and the ring section, the maximum may occur at
any location.

NM5-420 Design Charts

Paragraph NM5-410 provides a basis for a computer
procedure for ring design, but is tedious to use for
hand computation. A set of charts that are derived
from the equations in para. NM5-410 and cover most
cases of interest is provided (see Figures NM5-6
through NM5-8).

Procedure. Use the procedure of para. NM5-320, substi-
tuting h for hb.

NM5-430 Section Proportions

Rings are often built from plate and welded together so
that the cross sections are not standard structural shapes.
It is important that nonstandard shapes be elastically
stable under loadings that para. NM5-410 or para.
NM5-420 allow. For this reason, the section proportions
should satisfy section 1.5.1.4 of the AISC Specification.2

NM5-500 SPLIT-RING CONSTRUCTION

In many cases, rings are fabricated in two semicircular
parts that are bolted around the vessel; thus, there will be
splices in the ring. These splicesmust be strong enough to

Figure NM5-7
Ring Design Chart for Four Lugs
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develop the full strength of the ring in both bending and
twisting.

NM5-510 Nomenclature
Ab = area of one bolt, in.2
a = radial distance from band to bolt hole, in. (see

Figure NM5-3)
b = effective width of flange, in.
x = 3c
c = bolt hole diameter, in.
e = eccentricity or lug reaction force, in.
f = vertical distance between bolts, in.

Mb = moment in ring due to bending, in.-lb
Mf = moment on flange due to bolt load, in.-lb
Mt = moment in ring due to torsion, in.-lb
Nb = number of bolts = 2 (see Figure NM5-3)
r = distance from ring center of shear to bolt hole

(see Figure NM5-3)
Sa = allowable stress, psi
tf = thickness of flange, in.

Zmin = minimum section modulus of effective width of
flange, in.3

NM5-520 Design Procedure

Equations (11) and (12) of para. NM5-410 provide the
bending and torsional moments for any point on the ring.
On the basis of duplicate ring sections and simplified
design, it is recommended that splice flanges be
located midway between support points.
When splice flanges are located midway between the

support points, the above-referenced equations are
reduced to the following simplified formulas:
For four support points

= +M W R e( 0.0176 0.0884 )b (16)

=M We0.0884t (17)

For eight support points
= +M W R e( 0.00417 0.0239 )b (18)

=M We0.0557t (19)

Figure NM5-8
Ring Design Chart for Eight Lugs
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NM5-521 Procedure

Step 1: Determine themaximum bending and torsional
moments in the ring at the location of the flanged split.

Step 2: Develop an assumed flange configuration (see
Figure NM5-3).

Step 3: Assume a bolt location.
Step 4: Size the bolts based on bending (tension) or

torsion (shear), whichever controls (minimum bolt size
shall be 5∕8-in. nominal diameter).

Step 5: Calculate the flange thickness based on the
bending (tensile) bolt load (calculated as a cantilevered
beam of width 3c and loaded at the end by the tensile bolt
load due to bending of the ring).

NM5-522 Bolt Sizing

(a) Bending
= M fbolt load (tensile) / , lbb (20)

Bolt stress = (2)(bolt load)/NbAb, psi ≤ ASME Boiler and
Pressure Vessel Code allowable (Section VIII, Division 1).

(b) Torsion
= M rbolt load (shear) / , lbt (21)

Bolt stress = bolt load/NbAb, psi ≤ 0.5 ASME Boiler and
Pressure Vessel Code allowable (Section VIII, Division 1).

(c) Flange thickness on cantilevered flange
= ×M abolt load(tensile)f (22)

=Z M S/f amin (23)

=Z bt /6f
2

=b c3

Therefore

=t Z c(min.) (2 / ) 3
8in.f min

1
2 (24)

NM5-530 Welding

All welding shall be continuous. All butt welds shall be
full penetration. Welding shall conform to AWS D1.1.

NM5-600 EXAMPLES

NM5-610 Double-Ring Support

Consider a 10-ft diameter vessel containing 126,000 lb
of liquidwith eight lugs having an eccentricity of 4.5 in., e=
6.2 in., and a lug projection of 6 in. The candidate cross
section is shown in Figure NM5-9. The ring is to be fabri-
cated of steel with an allowable ASME Code stress of
25,000 psi.

Step 1: N = 8
Step 2: e/R = 6.2/61 = 0.1
Step 3: Zb = 58.5 in.3; Zt = 3.94 in.3; Zb/Zt = 14.8
Step 4: From the chart for eight lugs, σ = 0.18
Step 5: Assuming that the vessel itself would weigh 5%

as much as the contents, the entire supported weight is
132,400 lb.

=
= =

WR Z/
(132,400)(61)(0.18)/58.5 24,850 psi

vm b

Thus, the stress intensity is less than the allowable
stress and the section chosen is adequate.

Step 6: Using para. NM5-240, calculate the required
minimum gusset thickness. Equation (5) gives the
maximum value of tg = 6/16 = 3∕8 in.

NM5-620 Band With Lugs

Assumea10-ft diameter×10-ft straight-sidevessel.Use
a specific gravityof1.2 anda lug loadeccentricity,E, of 3 in.
Assume eight lugs (see Figure NM5-10). The lower head is

Figure NM5-9
Example Cross Section
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ASME flanged anddished. The floodedweight of the vessel
is approximately 67,000 lb.
Try a band with lugs, similar to Figure NM5-1. For the

10-ft diameter, the band will be 3∕4 in. thick.
Calculate the required lug height. Assume b = 6 in. Then

b/D = 6/122 = 0.05. ML = 0.022.

=

=

=

i
k
jjjjj

y
{
zzzzz

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑ

h

7.52 in.

L
DWEM

SNt

6

(6)(122)(67,000)(3)(0.022)

(12,700)(8)(0.75)

L

b
2

2

1
2

1
2

Use 8 in. high lugs on a 16 in. high × 3∕4 in. thick band.

NM5-630 Split-Ring Flange

Develop a flange for splitting the ring in the previous
example. This is a 3∕4 in. thick × 16 in. high ring on a 10-ft
nominal diameter vessel. The filled weight is 67,000 lb.
Assume eight lugs. From the previous example

E = 3 in.
e = 3.75 in.
R = 61 in.
W = 67,000 lb

Referencing Figure NM5-3, assume
a = 1.875 in.
c = 0.625 in.
f = 14 in.
r = 71∕4 in.

Figure NM5-10
Lug

tg
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(a) Determine Moments
(1) Moment due to bending

= +
= +
=

M W R e( 0.00417 0.0239 )
67,000( 0.2544 0.090)

11, 015 in.-lb

b

(2) Moment due to torsion

= + =I
0.75(13.5)

13
2(7.5 0.375) (3.75)(0.75) 439.3 in.

3
2 4

= + +

=

J 1
3

(3.75)(0.75)
1
3

(13.5)(0.75)
1
3

(3.75)(0.75)

2.95 in.

3 3 3

4

= =Z 439.3
7.5

58.5 in.b
3

= =Z 2.95
0.75

3.94 in.t
3

=
=
=

M We0.0577
(0.0577)(67,000)(3.75)
14,497 in.-lb

t

(b) Bolt Sizing
(1) Bending

= = =M fbolt load / 11,015/14 786.8 lb(tension)b

Assume 5∕8 in. bolt; Ab = 0.202 in.2 Then

= =
<

bolt stress (tension) (2)(786.8)/(2)(0.202) 3,895psi
25,000 psi for B7 bolts

(2) Torsion
= = =M rbolt load / 14,497/7.25 2,000 lb (shear)t

= = <bolt stress 2,000/(2)(0.202) 4,950 psi 25,000/2 psi

(3) Flange thickness on cantilevered flange

= ×
= =

M abolt load (tensile)

(786.8)(1.875) 1,475 in.-lb
f

= =Z 1,475/12,700 0.116 in.min
3

= [ ]

=

t (2)(0.116)/0.625

0.609 in. (use in. minimum)

f
11

16

1
2
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NONMANDATORY APPENDIX NM-6
EXAMPLE OF A FABRICATOR’S QUALITY CONTROL PROGRAM

This Appendix shows one example of a Fabricator’s
Quality Control Program. It is written with mandatory
language to illustrate the proper terminology for such
a program.
NOTE: Refer to Mandatory Appendices M-1 and M-2 and
Nonmandatory Appendix NM-7 for forms that are referenced
here.

Table of Contents
Section Title

1 Quality Control Policy
2 Quality Control Organization
3 Documentation
4 Inspection of Received Goods
5 In-Process Inspection
6 Finished Equipment Inspection
7 Record Retention and Controls

SECTION 1 QUALITY CONTROL POLICY

1.1 Scope

This policy establishes the requirements, systems, and
procedures for the Quality Assurance Program.

1.2 Purpose

The purposes of the Quality Assurance Program are as
follows.

1.2.1 Ensure adherence to the rules and requirements
of ASME RTP-1 through correct and thorough processing
of purchase orders, drawings, specifications, and other
documents.

1.2.2 Establish an inspection system to monitor the
variability of workmanship, processes, and materials in
order to produce a consistent, uniform product.

1.2.3 Establish and monitor the quality requirements
related to materials and services of Vendors or Subcon-
tractors based on surveillance and performance analysis.

1.2.4 Provide a system for the detection of defect
trends and institute corrective measures.

1.3 Laboratory Standards

1.3.1 A laboratory standards program shall be main-
tained for the calibration of themeasuring and test equip-
ment.

1.3.2 The program shall provide confidence in the
accuracy of the measuring and test equipment.

1.4 Test Methods

Specific written inspection and test procedures shall be
followed for all inspection and test operations.

1.5 Operating Procedures

1.5.1 Parts shall be made in the sequence and by the
conditions specified in the Fabricator’s operating proce-
dures.

1.5.2 These production procedures shall be available
to Quality Control personnel during their audits so as to
confirm adherence to them.

1.6 Documentation

1.6.1 Inspection results shall be documented and kept
on file for 5 yr or as specified by contractual requirements,
whichever is longer.

1.6.2 Inspection documentation shall be by reference
to shop order number, part number, or in anymanner that
will link inspection results with a specific part.

1.6.3 Only approved forms shall be used for the
entering of inspection results, as well as for such
related items as the purchasing of raw materials, proces-
sing orders, and subcontracting work on orders.

1.6.4 Any change in documentation shall be approved
by QC Management.

1.6.5 To ensure that the latest revision of each docu-
ment is recorded and used during the fabrication process,
Engineering shall maintain, update, and distribute the
Document Control Sheet (Form NM6-3), at intervals
not to exceed 7 days.
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1.7 Nonconformity Correction Reports

1.7.1 When nonconformities or imperfections
requiring correction are discovered, a Nonconformity
Correction Report, Form NM6-6 (copy attached), shall
be initiated by the Quality Control Department.

1.7.2 The report shall be forwarded to Engineering to
determine the cause of the nonconformity and to initiate
proper corrective action.

1.7.3 The determination shall include
(a) manufacturing and processing procedures
(b) purchase orders
(c) results of tests

1.7.4 Thereport shall be reviewedandapprovedby the
QC Manager, who shall also secure all other reviews and
approvals as required by Mandatory Appendix M-7.

1.8 Distribution of QC Manual

1.8.1 Themanual shall be distributed, as necessary, by
the QC Manager.

1.8.2 Distribution of thesemanuals is limited, and each
copy shall be numbered.

1.9 QC Manual Revision

1.9.1 Themanual shall be revised, as necessary, by the
QCManager, subject to reviewand approval of theGeneral
Manager.

1.9.2 The manual index shall also be periodically
updated by the QC Manager.

1.9.3 Manual updating shall be done by all holders
upon receipt of a revised section, and the superseded
parts shall be destroyed.

1.9.4 The QC Manager shall maintain a master record
of all manual revisions (see Form NM6-7).

1.10 Notification of In-Process Changes

1.10.1 Initiator shall notify all responsible parties in
writing or verbally with written confirmation, depending
on the impact of the change.

1.10.2 Changes require Engineering approval before
implementation.

1.10.3 Necessary documentation shall be changed and
clearly marked.

SECTION 2 QUALITY CONTROL ORGANIZATION

2.1 Scope and Purpose

This Section sets forth the following:

2.1.1 The organization of the Quality Control Depart-
ment.

2.1.2 The definition of the responsibilities and autho-
rities associated with each job.

2.1.3 The relationship of each job to other jobs within
the organization.

2.2 Organizational Responsibility

2.2.1 GeneralManagement is responsible for theestab-
lishment andmaintenance of an adequate Quality Control
Program.

2.2.2 Additional personnel outside of the QC Depart-
ment may be assigned to act in various quality control
functions.

2.2.3 Where inspection is done by non-QC personnel,
audits of the effectiveness of their work shall be periodi-
cally performed by QC.

2.3 Organizational Functions

2.3.1 The total quality function encompasses many
activities and personnel, but it is the function of QA per-
sonnel to ensure conformance to specifications.
These functions include
(a) design review of applicable drawings
(b) inspection of incoming raw materials and compo-

nents
(c) providing control at various stages of processing

and fabricating
(d) determining product release or rejection

2.3.2 QC Management shall analyze rejection deci-
sions. It may finalize the decision or make changes
under permitted repair procedures.

2.4 Organization Chart

See Figure NM6-1.

SECTION 3 DOCUMENTATION

3.1 Scope and Purpose

3.1.1 This Section establishes the minimum documen-
tation required for quality control during fabrication of
RTP equipment.

3.1.2 Adequate and meticulous documentation is the
foundation of a good Quality Control Program.

3.2 Minimum Documentation

See Document Distribution List, Form NM6-4.

3.3 Document Preparation Responsibility

See Documentation Preparation and Distribution
Responsibility, Form NM6-5 (copy attached).
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SECTION 4 INSPECTION OF RECEIVED GOODS

4.1 Resin

The results of the following shall be recorded on the
Resin Log Sheet, Form M2E-1, prior to use in fabrication.

4.1.1 The resin shall be checked to ensure it is the
product ordered.

4.1.2 Theresin shall have theproper label for thespeci-
fied product, including the manufacturer’s product name
and Manufacturer’s Specific Product Identification
(MSPI).

4.1.3 The resin shall be visually checked tobeof typical
color and clarity for the specific resin, free from solid or
gelled particles.

4.1.4 The resin shall be within the manufacturer’s
specified limits for specific gravity, viscosity, and room
temperature gel time as determined by the test
methods of Mandatory Appendix M-2, Articles B
through E.

4.1.5 Material certification and/or Certificates of
Compliance where applicable shall be checked against
the MSPI.

4.1.6 The storage environment of the resin shall be in
compliance with the manufacturer’s recommendations.

4.2 Reinforcements

The results of the following shall be recorded on Log
Sheets, Forms M1A-1, M1B-1, M1C-1, and M1D-1, prior
to use in fabrication.

4.2.1 The reinforcement shall be checked to ensure it is
the product ordered.

4.2.2 The reinforcement shall have the proper label,
including themanufacturer’s product name and theMSPI.

4.2.3 The reinforcement package shall be checked for
damage.

4.2.4 Material certification and/or Certificates of
Compliance where applicable shall be checked against
the MSPI.

4.2.5 The storage environmentof reinforcements shall
be in compliance with the manufacturer’s recommenda-
tions.

4.3 Curing Agents

The results of the following shall be recorded on the
CuringAgentsLogSheet, FormM2E-2,prior touse in fabri-
cation.

4.3.1 Curing agents shall be checked to ensure they are
the products ordered.

4.3.2 Curing agents shall have the proper label for the
specified product, including themanufacturer’s name and
the MSPI.

4.3.3 Curing agents shall be visually checked to ensure
there is no stratification of the material in two or more
phases. In the case of liquids, they shall be free of sediment
or solid particles.

4.3.4 Curing activity of the curing agent shall be
checked using the test method outlined in Mandatory
Appendix M-2, Article E.

4.3.5 The storage environment of curing agents shall
be in compliance with the manufacturer’s recommenda-
tions.

4.4 Purchased and/or Subvended Items

4.4.1 The item(s) shall be checked to ensure that it is
the product ordered.

4.4.2 The item(s) shall be inspected for damage.

4.4.3 The item(s) shall be in compliance with the ap-
plicable drawings, specifications, and test methods that
are part of the Fabricator/Subvendor/User agreement.

4.4.4 The item(s) shall be properly stored to ensure
integrity.

4.5 Common Additives

The results of the following shall be recorded on the
Common Additives Log Sheet, Form M2F-1, prior to
use in fabrication.

4.5.1 Additives shall be checked to ensure they are the
product ordered.

4.5.2 Additives shall have the proper label for the
specified product, including the manufacturer’s product
name and the MSPI.

4.5.3 Additive packaging shall be checked for damage.

4.5.4 Additives shall be stored in an environment that
complies with the manufacturer’s recommendations.

SECTION 5 IN-PROCESS INSPECTION

5.1 Resin Mixing

The following data shall be recorded on theMixing Data
Sheet, Form NM6-1 (copy attached).

5.1.1 All resinmixing and primary preparation shall be
done in one location under controlled conditions.

5.1.2 Formulas that have been predetermined for each
particular type of resin shall be kept in a logbook
containing completed Mixing Data Sheets.
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5.1.3 Mixing Data Sheets are also filled out for each
batchandkept ina separate logwith reference to theparti-
cular job number(s).

5.2 Material Dispersion

5.2.1 Resin shall be dispersed in containers that are
clearly marked, identifying their contents. These identi-
fying numbers must be transferred to the Component
Data Sheet, Form NM6-2 (copy attached), for the compo-
nent utilizing that resin.

5.2.2 Reinforcements shall be visually inspected, as
they are dispersed, for imperfections (such as holes,
cuts, thin spots, and separations) and contaminants
(such as dirt, oil, grease, and foreign objects) under
adequate overhead lighting. Dimensions, weights, and
identifying numbers shall be recorded on Log Sheets
(Forms M1A-1, M1B-1, M1C-1, and M1D-1).

5.3 Component Fabrication

The following data shall be recorded on the Component
Data Sheet, Form NM6-2 (copy attached), prior to
assembly.

5.3.1 As components are fabricated, the identification
numbers of the materials used are recorded.

5.3.2 The lamination sequence of a particular compo-
nent shall be recorded and verified to be correct.

5.3.3 On machine-made components, pertinent
machine settings shall be recorded.

5.3.4 Curingagent systemandamountutilized foreach
component shall be recorded.

5.3.5 Barcol readings of fabricated components shall
be taken and recorded.

5.4 Assembly

The following data shall be recorded on the Inspection
Checklist, Form NM7-2: Throughout the assembly proce-
dure, proper sequences, materials, and dimensions shall
be verified.

SECTION 6 FINISHED EQUIPMENT INSPECTION

The following data shall be recorded on the Inspection
Checklist, Form NM7-2.

6.1 Resin Cure

6.1.1 Surface hardness shall be checked in accordance
with ASTM D2583. Random readings shall be taken on all
parts and overlays. Certain corrosion barriers and cure
systems may result in lower than typical hardness. If
this is anticipated, an adjusted Barcol hardness value
shall be established with the User prior to fabrication.

6.1.2 All surfaces including overlays shall pass an
acetone sensitivity test. This is done by rubbing
several drops of acetone on a small area and allowing
the acetone to evaporate. Tackiness indicates improper
resin cure.

6.1.3 All repairs to correct a nonconformity shall be
made in accordance with Mandatory Appendix M-7 of
ASME RTP-1.

6.2 Dimensions and Laminate Thickness

6.2.1 Thicknesses of all components and overlays shall
be checked inaccordancewithpara. 6-920ofASMERTP-1.
Thicknesses can be verified by measuring actual cutouts,
where possible, or employing an ultrasonic or magnetic
gage.

6.2.2 All dimensions and locations shall be checked
against the equipment drawing and recorded.

6.2.3 All repairs to correct a nonconformity shall be
made in accordance with Mandatory Appendix M-7 of
ASME RTP-1.

6.3 Visual Imperfections

6.3.1 The entire fabrication shall be checked for visual
imperfections as described in Table 6-1 of ASME RTP-1.
The equipment shall comply with the Visual Inspection
Level that has been specified.

6.3.2 All repairs to correct an imperfection shall be
made in accordance with Mandatory Appendix M-7 of
ASME RTP-1.

6.4 Physical Property Tests

6.4.1 Reinforcement-to-resin ratio is established
through loss by ignition testing in accordance with
ASTM D2584. Each component shall be tested if a
cutout or trim area is available.

6.4.2 Laminate proof tests on a cutout or end sample
from the shell shall be done in accordance with ASTM
D638, ASTM D3039, or ASTM D5083. Values obtained
shall be equal to or greater than those specified and
used in design calculations.

6.5 Equipment Pressure Tests

6.5.1 See para. 6-950 of ASMERTP-1 for requirements
on pressure tests.

6.5.2 It is company safety policy that
(a) a relief valve set at 2 psig to 3 psig above the

maximum test pressure be installed at the top of all
vessels to be hydrotested under positive pressure

(b) prior to applying pressure, all air shall be displaced
by water on vessels to receive a hydrotest at a positive
pressure
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(c) all vacuum tests shall be conducted outside the
shop, behind substantial safety barriers

(d) the Quality Control Manager shall review and
approve all test setups for safety prior to applying pres-
sure or vacuum

SECTION 7 RECORD RETENTION AND CONTROLS

7.1 Scope

7.1.1 This procedure shall ensure that the records
retained are complete and reliable.

7.1.2 Inspection and testing records shall, as a
minimum, indicate thenature andnumberofobservations
made, and the number and type of nonconformities found.

7.1.3 Records shall be available for reviewas one of the
principal forms of objective evidence of the Quality Assur-
ance Program.

7.2 Application and Retention

7.2.1 In general, records shall be retained by the
Quality Control Department.

7.2.2 These records shall be used basically to verify
product conformance. They shall indicate the accept-
ability ofwork or products and the action taken in connec-
tion with nonconformities.

7.3 Record Retention

The Quality Control Department shall maintain inspec-
tion and test records of complete assembled units or
subassemblies. These records shall be stored and main-
tained for 5 yr.

7.4 Procedure for Record Handling

7.4.1 Recordsshall be filedprimarily according toShop
Order number.

7.4.2 For incoming inspection, records shall be subdi-
vided according to part number or alphabetically
according to the name of the supplier.

7.4.3 Serialized items for shipment to a customer shall
be filed sequentially. A separate file shall bemaintained to
show dates of shipments of individual items or groups of
serialized items.

7.4.4 Records of shipped items shall show part name,
part number, and serial number of the product. This shall
be followed by a record of inspections, tests, etc., that will
verify that the product conformed to specification at time
of shipment.

7.4.5 Records shall form a basis of analysis and
management action regarding the Quality Control
Program.

Appendix #1 — Forms or Tables

Form Description
Effective
Date

M2E-1 Resin Log Sheet xx/xx/xx
M2E-2 Curing Agents Log Sheet xx/xx/xx
M1A-1 Veil and Mat Reinforcement Log Sheet xx/xx/xx
M1B-1 Roving Reinforcement Log Sheet xx/xx/xx
M1C-1 Fabric Reinforcement Log Sheet xx/xx/xx
M1D-1 Milled Fiber Reinforcement Log Sheet xx/xx/xx
M2F-1 Common Additives Log Sheet xx/xx/xx
NM6-1 Mixing Data Sheet xx/xx/xx
NM6-2 Component Data Sheet xx/xx/xx
NM6-3 Document Control Sheet xx/xx/xx
NM6-4 Document Distribution List xx/xx/xx
NM6-5 Document Preparation and Distribution

Responsibility
xx/xx/xx

NM6-6 Nonconformity Correction Report (2 pages) xx/xx/xx
NM6-7 QC Manual Master Revision List xx/xx/xx
NM7-2 Inspection Checklist for RTP Equipment

(3 pages)
xx/xx/xx
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Resin Shop order no.

Batch Customer

Viscosity Gel time

To be used for (circle one):

(1) Spray-up and/or shell production

(2) Finishing and assembly

(3) Hand lay-up

(4) Paraffinated top coat

Formula:

Documents:

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

Form NM6-1 Mixing Data Sheet
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Shop order no.: Lay-up date:

Component identification:

Resin nomenclature: Lot no.:

Curing agent system:

Amount By %Curing Agent

COBALT: [  ] Octoate (            % active)
 [  ] Naphthenate (             % active)

DMA
MEKP
CHP
BPO ( % active)

Laminate sequence:

Veil type: Manufacturer:

Product code/lot no.: Prod. date:

Mat type: Manufacturer:

Product code/lot no.: Prod. date:

Fabric type: Manufacturer:

Product code/lot no.: Prod. date:

Roving type: Manufacturer:

Product code/lot no.: Prod. date:

Machine settings [Note (1)]:

Barcol hardness readings [Note (2)]:

Acetone sensitivity [Note (3)]: [  ] Compliance  [  ] Noncompliance

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other
than republication.

NOTES:
(1) On machine-made components, pertinent machine settings must be recorded.
(2) Test to be conducted in accordance with para. 6-910(b)(1).
(3) Test to be conducted in accordance with para. 6-910(b)(2).

Form NM6-2 Component Data Sheet
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Form NM6-3
Document Control Sheet

Document Issue Date Revision No. Changes
1. Purchase Order
2. User`s Basic Requirements Specification
3. Approved Drawings
4. Bill of Material
5. Fabricator’s Design Report
6. Shop Order
7. Shop Qualification Documentation
8. Physical Test Results
9. Document Control Sheet
10. RTP Equipment Inspection Requirements
11. RTP Equipment Inspection Checklist
12. Mixing Data Sheet
13. Resin Log Sheet
14. Curing Agents Log Sheet
15. Reinforcement Log Sheet
16. Additives Log Sheet
17. Component Data Sheet
18. Nonconformity Correction Reports
19. Fabricator’s Data Report
20. Fabricator’s Partial Data Report
21. Packing List

GENERAL NOTE: This formmay be reproduced and used without written permission from ASME if used for purposes other than republication.
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