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FOREWORD

The function of the Reinforced Thermoset Plastic (RTP) Corrosion-Resistant Equipment
Committee is to establish rules of safety governing the design, fabrication, and inspection during

construction—of -such-eguivment —and tointeroret these rules when guestions—arise recarding
e Rl 4 r 1 [o] O

their intent. In formulating the rules, the Committee considers the needs of users, material
manufacturers, 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 aspectséf 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, experiénce, and the use of engineering
judgment. The phrase engineering judgment refers to technical judgments made by knowledgeable
designers experienced in the application of this Standard. Engineering judgments must be consist-
ent with the philosophy of this Standard, and such judgments must never be used to overrule
mandatory requirements or specific prohibitions of this Standard.

The Committee meets regularly to consider requests for interpretations and revisions of the
rules, and to develop new rules as dictated by technological development. Inquiries must be
addressed to the Secretary in writing and maist give full particulars in order to receive consider-
ation and a written interpretation. Proposed revisions to this Standard resulting from inquiries
will be presented to the Standards Cormittee for appropriate action.

Proposed revisions to this Standard-approved by the Committee are submitted to the American
National Standards Institute and‘published at http://cstools.asme.org/csconnect/PublicReviewPage.cfin
to invite comments from allsinterested persons. After the allotted time for public review and
final approval by ASME, révisions are published in updates to this Standard. They may be used
beginning with the dat€ of issuance. Revisions become mandatory as requirements 6 months
after such date of isstiance.

The first edition‘of) this Standard was issued on December 31, 1989. The 2017 edition of this
Standard contaifisitevisions to the 2015 edition and was approved by the American National
Standards Institute on August 3, 2017.

Requests.for interpretations or suggestions for revision should be sent to the Secretary,
RTP Standards Committee, The American Society of Mechanical Engineers, Two Park Avenue,
New<York, NY 10016-5990.
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STATEMENT OF POLICY ON THE USE OF
CERTIFICATION MARKS AND CODE AUTHORIZATION
IN ADVERTISING

ASME has established procedures to authorize qualified organizations to perform various

activities in accordance with 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 Codesland
Standards may state this capability in its advertising literature.

Organizations that are authorized to use Certification Marks for making items or coristructions
that have been constructed and inspected in compliance with ASME Codes and‘\Standards are
issued Certificates of Authorization. It is the aim of the Society to maintain the standing of the
Certification Marks for the benefit of the users, the enforcement jurisdictions; and the holders of
the Certification Marks who comply with all requirements.

Based on these objectives, the following policy has been established on the usage in advertising
of facsimiles of the Certification Marks, 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 that might so indicate. An organization heldiig a Certification Mark and/or a
Certificate of Authorization may state in advertising literature that items, constructions, or activi-
ties “are built (produced or performed) or activities conditeted in accordance with the requirements
of the applicable ASME Code or Standard.” An ASME corporate logo shall not be used by any
organization other than ASME.

The Certification Mark shall be used only for;stamping and nameplates as specifically provided
in the Code or Standard. However, facsimilés-may be used for the purpose of fostering the use
of such construction. Such usage may _be by an association or a society, or by a holder of a
Certification Mark who may also use the facsimile in advertising to show that clearly specified
items will carry the Certification Matk. General usage is permitted only when all of a manufactur-
er’s items are constructed undef the rules of the applicable Code or Standard.

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

The ASME ‘€odes 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
official Certification Mark described in the governing Code or Standard.

Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME” or
the Certification Mark shall not be used on any item that is not constructed in accordance with|
all of the applicable requirements of the Code or Standard.

Items shall not be described on ASME Data Report Forms nor on similar torms referring to
ASME that tend to imply that all requirements have been met 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 requirements.

ASME’s certification related to products means that the capability by the supplier to fulfill
requirements in the applicable standard has been reviewed and accepted by ASME. The supplier
is responsible for ensuring that products meet, 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)
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INTRODUCTION

GENERAL

The use of reinforced thermoset plastic (RTP) vessels,

operation involves fit-up, surface preparation, and over-
wrapping with a laminate of composition equivalent to

the laminates beine ioined.  Secondarv Bonders

ust

with makimum allowable working pressure (MAWDP)
and maximum allowable external working pressure
(MAEWT) not exceeding 15 psig external and /or 15 psig
internal 3bove any hydrostatic head, that contain corro-
sive and| otherwise hazardous materials, dictates the
need for fules and/or stress analysis concerning materi-
als of cofstruction, design, fabrication, quality control,
and insppction of such equipment. In developing rules
for RTP, the Committee has adapted the principles of
rules included in Section VIII, Division 1 of the ASME
Boiler aind Pressure Vessel Code, wherever they are
applicable.

Adaptfon of standard rules to RTP requires recogni-
tion of djfferences that exist between metallic materials
and RTP|These differences are addressed in the remain-
der of thjis Introduction.

MATERIALS AND ASSEMBLY

In the 9bsence of ASTM standards, RTP laminate spec-
ificationg (Part 2) have been developed for use with this
ASME Sfandard. These specifications include laminate
composifion and properties. Laminates (compgagites)
manufacfured by contact molding and by filamentwind-
ing are cpvered.

These [materials of construction are netavailable in
commerde as mill shapes such as sheetl and plate for
forming Jand joining by the Fabricator. They are pro-
duced in situ on a mandrel or.mold by the Fabricator
during fdbrication of RTP equipment components. Each
Fabricatqr, as part of his_dx er shop qualification to
this Standard, must demonstrate capability to produce
laminatgs meeting the)requirements of the laminate
specifications.

Assemply of eomiponents such as shells, heads, and
nozzles tequires joining by secondary bonding. This

o J J
be qualified individually by the procedures detail
Mandatory Appendix M-5.

DESIGN

Design by formulas and by stféss' analysis are
included in this Standard. Corisideration is given
to ultimate strength and te_limiting strain. Time
temperature dependence of RTP laminate propertis
recognized.

bd in

both
both
and
S are

The ultimate stressconsideration is required to efisure

safety against catastrophic failure over a reasonably
term. The design factors of Subparts 3A and 3B in
consideration of variability of quality in the 13
intensivefabricating operation. The strain consi
tions are required to ensure long-term operation y
cyclic stress (fatigue) without cracking the resin ny
of'the composite laminate, thus maintaining maxi
corrosion resistance. More than 20 years of succe
experience, together with test data, have shown

considerations to be valid.

INSPECTION

Reliance is placed on careful auditing of
Fabricator’s Quality Control Program and close V]
inspection of equipment during fabrication and o
ished equipment.

NONMANDATORY APPENDICES

Nonmandatory Appendices are provided in

long
lude
bor-
Hera-
nder
atrix
mum
ssful
these

the
isual
f fin-

this

Standard for reference only. The contenft of

Nonmandatory Appendices is not a requirement
when referenced in mandatory parts of this Stand

even
ard.

Xiv
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SUMMARY OF CHANGES

Following approval by the RTP Committee and ASME, and after public review, ASME RTP-1-2017

was approved by the American National Standards Institute on August 3, 2017.

ASME RTP-1-2017 includes the following changes identified by a margin note, (17).

Page Location Change
xiv Introduction Nonmandatory Appendices.section
added
1 1-130 Second paragraph oftstibpara. (c) revised
2 1-200 In first paragraph,Zsecond sentence
revised
1-220 Subparagraph (a)(3) revised
7 1-300 Second) paragraph revised
1-310 Added
8 1-500 (1) In para. 1-520(a), first sentence revised
(2) Paragraphs 1-530, 1-540, and 1-550
deleted
9 Table 1-2 Item 8 revised
11 Table 1-3 Fabricator’s Partial Data Report revised
12 2-310 (1) Third sentence revised
(2) Subparagraph (b)(6) added
16 2A-300 Subparagraph (b) revised
18 2B-200 Second sentence of subpara. (a) revised
19 3-200 Subparagraph (g) revised
23 3A-250 (1) In subpara. (a), second and third

paragraphs revised and new fourth
paragraph added

(2) In last paragraph of subpara. (a),
numerator in equation for L, revised

(3) Subparagraph (c) revised

(4) Subparagraph (e) editorially revised

Fig. 3-1 Revised

26 3A-350 (1) In subpara. (a), numerator in equation
for L. revised and new fifth
paragraph added

(2) Nomenclature for D, and D, revised
(3) Nomenclature for D; deleted

(4) Nomenclature for t;, added

(5) Subparagraph (c) revised

27 Fig. 3-2 Added

3A-360 Nomenclature for L, revised

XV
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Page Location Change
34 4-330 Subparagraphs (c) and (d) revised
39 Fig. 4-3 Third sentence of General Note deleted
57 6-930 First paragraph of subpara. (d) revised
58-63 6-950 Last paragraph of subpara. (c) revised
Ta‘ulc (J 1 Cll laot IJCIBC, P\TUtCD LU}qulll fUl fiual
entry revised
64, 65 7-600 Subparagraphs (b)(2) and (d) revised
70-72 Part 8 (1) Revised in its entirety
(2) Figure 1-1 relocated from Parxt 1 and
redesignated as Figure 8-1
112, 113 Mandatory Appendix M-4 Editorially revised; “must!“ fevised to
“shall” throughout
122 Table M6-1 Item 2 revised
129 M?7-300 Last paragraph revised
134 Table M8-1 Title revised
140-142 Mandatory Appendix M-10  Updated
145 M12A-100 Subparagraphs (a), (c), and (e) revised
M12B-100 Revised
M12B-200 In first paragraph, sixth sentence revised
146-148 Table M12B-1 Revised in its entirety
M12B-400 Subparagraphs (a) and (b) revised
M12B+500 Revised in its entirety
M12B-600 Revised in its entirety
Table M12B-2 Revised in its entirety
M12B-611 Revised
M12B-612 Subparagraphs (a) and (c) revised
M12B-613 (1) Former M12B-613.1 deleted and
former M12B-613.2 through
M12B-613.5 redesignated as
MIZb-615.1 through M172b-615.4,
respectively
(2) M12B-613.3 revised in its entirety
(3) M12B-613.4 revised
M12B-614.1 Revised
M12B-614.2 Revised in its entirety
150 M12B-614.3 Revised in its entirety
M12B-614.4 First sentence of subpara. (a) revised

XVi
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Page Location Change

151-154 M12B-632 Subparagraph (a) revised
M12B-634.1 Last sentence of subpara. (a) deleted
Table M12B-6 (1) Reference to “Shelf life” deleted

(2) Column 5 for Shelf Life Expiration
Date deleted, and remaining columns

renumbered
M12B-634.2 Revised
156 M12B-652 Subparagraphs (a) and (b) revised
M12B-654.1 Revised
M12B-654.2 Subparagraphs (a) and, (b) revised
M12B-654.3 Revised in its entirety.
M12B-654.4 Revised
172 M12G-510 Subparagraphk’/(d) revised
M12G-520 Last sentence deleted
179, 180 M12H-300 Revised in its entirety
M12H-311 Revised in its entirety
M12H-312 Revised
M12H-313 Editorially revised; “will” replaced with
“shall” throughout
M12H-400 Revised in its entirety
Table M12H-1 (1) Deleted

(2) Former Table M12H-2 redesignated as
new Table M12H-1 and revised

M12H-500 Revised

M12H-600 Added
250 Nonmandatory Editorially revised

Appendix NM-6
273274 NM9-300 Subparagraphs (b), (g), (h), (i)(1), and
(1)(5) revised

275 Fig. NM9-3 General Note (a) revised
307 Nonmandatory Deleted

Appendix NM-14

SPECIAL NOTE:

The interpretations to ASME RTP-1 are no longer included in the edition. Interpretations can be
accessed on the ASME Web site under the Committee Pages at http://cstools.asme.org/.
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ASME RTP-1-2017

REINFORCED THERMOSET PLASTIC
CORROSION-RESISTANT EQUIPMENT

Part 1

1-1d0 INTRODUCTION

Part 1 of this Standard defines the requirements that
are dpplicable to all reinforced thermoset plastic corro-
sion |resistant vessels fabricated to this Standard and
shalll be used in conjunction with the specific require-
ments in other Parts and Mandatory Appendices of this
Stanflard.

1-11j0 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 psig
extefnal and/or 15 psig internal above any hydro-
stati¢ 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 conneéted to the
vessel
(-a) the first threaded joint .for screwed
conrfections

(-b) the face of the first-flange for bolted
conrjections

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

2) the vessel attachiment joint when an attachment
is mpade to either the external or internal surface of the
vessel
3) covgrs for vessel openings, such as manhole and
handhole ‘covers

4)the vessel side sealing surface for proprietary

General Requirements

(d) vessel internals such as entrainment s¢parators,
chevron blades, packing support plates, and liquid dis-
tribution plates

(e) pumps

(f) pipe or piping (see ASME B31.3)

(g) fully buried, uhderground closed vessel$

1-130 Application Limitations

VesselSspecified, designed, fabricated, and| certified
by the Fabricator as conforming to this Standard shall
be limited to the following pressure and tenpperature
Lixxfits:

(a) Maximum Internal Pressure'

(1) With Proof Test of As-Constructed Lamipate. The
MAWP, measured at the top of the vessel, shall not be
greater than 15 psig.

(2) Without Proof Test of As-Constructed [aminate.
The MAWP shall not be greater than 2 psig.

(b) Maximum External Pressure®

(1) With Proof Test of As-Constructed Lamipate. The
MAEWP shall not be greater than 15 psig.

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

(c) Temperature Limits. The design temperafure shall
be limited to a value for which mechanical groperties
have been determined by the procedures in
paras. 2A-300(b) and 2B-200(a), and the chemital resist-
ance has been established by the material sele¢tion pro-
cess identified in Table 1-1, item 3.

Operating temperatures to 180°F maximum|are com-
monly encountered and a large body of m¢chanical
facilitate

fitti 1 I N Joial 1
1Tngs;suchnas-gagesana mstraents; Tor-wicir rires

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 psig

(b) hoods, ducts, and stacks

(c) fans and blowers

drz oo hamioa]l racictono ot ot
property-and-chemiealresistance data-exists+
design. The design temperature shall not be less than
the maximum operating temperature. See para. 3-300.
Applications above 180°F require that the designer rec-
ognizes 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

! Refer to para. 6-930(d) for Proof Test requirements.

an
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temperature applications require special design atten-
tion, 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 his/her behalf, who intends that a vessel be designed,

of such a nature that a very small amount of the gas or
of the vapor of the liquid mixed or unmixed with air is
dangerous to life when inhaled, or of such a nature that
a very small amount of the substance in contact with
the body may be 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 irreversible damage to an individ-

Construcltd, 11 lDFCLth, tCDth, dl ld CCI tificd tU LC ill CUIIT
pliance 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
basis for|design and shall identify the external environ-
ment to hich the vessel will be exposed, the intended
function jof the vessel, mechanical loads imposed on the
vessel, specific installation requirements, and specific
codes arjd laws applicable at the location where the
vessel willl be installed. The User also shall specify within
the UBRY the type of resin required or define the contents
to which| the vessel shall be exposed.

See Thble 1-1 for User’s Basic Requirements
Specificafion.

1-210 Sgrvice Restrictions

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

(b) This Standard provides generalized guidelines to
help the[User or User’s Agent in determining whera
vessel shiould be declared to be in critical service. How-
ever, the| User or User’s Agent has sole authetity and
responsibility for such declaration. Any such deelaration
made is jnot a function of the scope, requiréments, or
content ¢f this Standard, or of any fifm“or individual
(other thian the User or User’s Agefit) involved in any
part of the process of using or détermining proper use
of the Standard.

(c) Crjtical service should/be declared when the
operating environment eomplies with all of the follow-
ing condjtions specified in (1) through (4) or the condi-
tion spedified in (5):

(1) MAWP 6r'MAEWP for the vessel is equal to or
exceeds #5 psigand
(2) yesselis located in close proximity to areas fre-

ual’'s health.

(d) Quantities in the system, concentrations, pregsure,
temperature, the nature of the environment; subsfance
properties such as flammability and toxicity, andl the
potential for environmental pollution should aldo be
considered by the User or User’s Agéntin 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 ih the
UBRS that a vessel is to{be used in critical servicqd, the
following shall apply:

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

(2)>The vessel shall be specified, fabricated) and
inspécted to be in full compliance with Level 1, Crit{cally
Corrosion Resistant, visual inspection criterfa 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 gpeci-
fied elsewhere in this Standard. Greater design factors
may be warranted based on analysis of the exp¢cted
design conditions and such factors as are outlingd in
para. 1-210(d). If so, they shall be specified by the|User
or User’s Agent.

(4) Acoustic emission testing of RTP vesselg has
been found useful in identifying major defects. Itp use
as an additional verification of integrity for vess¢ls to
be used in critical service is optional.

(56) Postcure of critical service vessels is optjonal
but should be given consideration. Postcure of RTP Jami-
nates is known to improve certain mechanical propé¢rties
of the laminate and reduce residual styrene content, and
may improve the corrosion resistance of the laminate.
Other mechanical properties, such as elongation,| may

quented by—persennelonaregularba teh-thatabrupt
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

1LJC lCduLCd }J_y PUD{.LULC.

Consultations with the resin manufacturer and
Fabricator 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 follow-
ing characteristics:

(1) the long-term effects of chemical and thermal

degradation on mechanical properties are less well
defined

17)
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Table 1-1 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

User’s

Title

User’s

Instal

UBRS

Namg

Addrg

Agent firm name

f equipment

designation no.

ation location (name and address)

prepared by (User or User's Agent):

Phonéwno.

SS

Date

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

Additional Fabricator ‘tesponsibilities:

[1

Special requiremients
[1 Acoustic emission testing
[1 Jnspection or testing requirements not listed in the Standard

1]

[1
[l

[]

User waives visual inspection prior to application of final exterior coat: [] Yes [T No

Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1): [] Level1 [] Level 2
Quantity limitations for gaseous air bubbles or blisters
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Table 1-1 User’s Basic Requirements Specification (UBRS) (Cont’d)
(As Required by the Provisions of ASME RTP-1)

Page 2 of 4
RTP Edition No.
UBRS Revision No.

[1 Additional inspection aids/methods [refer to para. 6-940(c) of ASME RTP-1]

Matgrial selection

3|1 Material selection by:

[1 Resin manufacturer (include data per section 4 of this document)
[1 Fabricator (include data per section 4 of this document)

[1 End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirenfents, etc. (list and specify;

QU

attach copies of local code/ordinance requirements)

[1 Other
3|2 Material of construction:
Resin Catalyst/cure system
Veil Barcol hardness per para. 6-910(b)(4) |
[1 Lift lugs: []RTP [ ] Carbon steel [ ] Other
[1 Hold-down lugs: [] RTP [] Carbon steel [ ] Other

Chemical service data (shall be provided when Fabricator or resipymanufacturer is making material selection)

4|1 Description of process function and process sequefce:

4{2  Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time
413 pH range: max. min.
Des|gn
5{1 {;B&sign conditions:
Operating (for reference onty) Design

Internal pressure
External pressure

Temperature

Specific gravity

Normal (used for seismic design only) Maximum

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

Page 3 of 4
RTP Edition No.
UBRS Revision No.

Wind/seismic/snow code (include edition or year)

Basic wind speed _ MPH  Classification category Exposure
Elevation above grade ft  Topographic factors
Seismic zone Site-specific seismic information (soil type, ground motion‘goefficients,
etc.)
Snow load psf
Capacities: Operating gal Flooded
5.2 Mechanical agitator: [ ] Required [] Not required
Dead load b
Static bending moment ft-lb
Dynamic bending moment ft-lb
Torque ft-lb
Horsepower hp
Impeller speed RPM  Impeller diameter in.
Number of impellers Foot bearing:) [] Yes []1No

5.3 Heating and cooling:

[1 Electric panels

[1 Steam coil

[1 Steam sparger

[1 Heat exchanger

[1 Other @
5.4 Mechanical and other forces:

[1 Violent chemical reaction
[1 Subsurface introduction of gas or vapor
[1 Subsurface introduction of steam
[1 Transmitted mechanical load/force
[1 Impact due to introductién.of solids
[1 Vacuum from pump,down (or vessel draining)
[1 Vacuum from cool down
[1 Other
5.5 Corrosion barriérexcluded from structural calculations:
[T Yes
[1 No
5.6 Declaration of critical service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):
1, ‘Yes
L} No

Designation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASMF RTP-1. It shall be noted that ASMF 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:

[1 Fabricator’s Quality Control principal

[1 Users representative

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

Page 4 of 4
RTP Edition No.
UBRS Revision No.

Insfector's name Telephone

Conjpany

Addfess

7. Approyal of UBRS
7.1 | Authorized User’s representative:

Name Title

Signature Date

7.2 | Authorized Fabricator’s representative:

Name Title

Signature Date

Additional jrequirements:

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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(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

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

2) guarding against physical damage and abuse
3) fire protection

4) prevention of excess loading imposed by attach-
menfs or auxiliary equipment

5) periodic structural and material inspections
and fests

1-30J0 FABRICATOR’S DESIGN REPORT

THe Fabricator or his/her designated agent shall pre-
pare|a Fabricator’s Design Report, which includes the
calcylations, component and joint thicknesses, and lami-
nate[sequences necessary to establish that the design
complies with the rules of this Standard and the UBRS.

THe RTP-1 Qualified Designer qualified in accordance
with{para. 1-310 shall be in responsible charge of prepar-
ing alll aspects of the Fabricator’s Design Report and shall
certify with his signature that the Fabricator’s Design
Repgrt is in compliance with these rules and the UBRS;

1-310 Qualifications of the RTP-1 Qualified Designer

THe RTP-1 Qualified Designer is the person(s).in direct
charge of performing the engineering design'of an RTP-1
certified tank and shall be experienced in the use of this
Stanflard. The qualifications and experience required
of the RTP-1 Qualified Designernwill depend on the
complexity and criticality of thé system and the nature
of thee individual’s experiencé. As a minimum the indi-
vidupl shall have all of the following qualifications:

(a) Completion of an engineering degree, accredited
by af independent agency [such as ABET (US and inter-
natignal), NBA (India), CTI (France), and CNAP (Chile)],
requjring the equivalent of at least 4 yr of study that
provlides expaostre to fundamental subject matter rele-
vant|to thetdesign of tanks and pressure vessels, plus a
minimum-of 5 yr of experience in the design of related

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.

Atleast 5 yr direct experience with design and fabrica-
tion including materials selection of FRP tanks and ves-
sels using the RTP-1 Standard, ASME Boiler and
Pressure Vessel Code, Section X, or EN 13121 or other

CUl I.‘I:J.U}. PLUEI dAIll. T}"uuubhu L/lt th;b St(/ll I.d(/ll.d/ I‘lspection
Personnel are referred to as either inspectox(
case “i”), Inspector(s) (uppercase “I'Q); or

Individual(s) (uppercase “Cl”).

ASME mark by carrying ot the duties descri
Standard. He or she may also be the Inspect
An Inspector is an individual who shall be
acceptable to the User and Fabricator, and shall carry
out his/her duties in accord with this Stanfard. An
Inspector’s reporting relationship to managenjent shall
be independent of the Fabricator’s production and mar-
keting.groups (see para. 1-430). He or she mqy also be
the Certified Individual or the inspector, but hot both.
An'inspector is an individual engaged in ipspection
activities during the course of fabrication, usfally as a
function of quality control. He or she mqy be the
Inspector but cannot be the Certified Individdal.
Arrangements for Inspection Personnel|shall be
resolved prior to the start of fabrication.

1-410 Duties of the Certified Individual

The Certified Individual shall
(a) perform an annual audit to verify |that the
Fabricator’s Quality Assurance System is currgnt and in
effective operation
(b) verity that the qualifications of the Inspector and
inspector are in accordance with the Fabricator s Quality
Assurance System
(c) verify that corrective actions resulting frqm ASME
audits are properly resolved
(d) verify that corrective actions taken to regolve ves-
sel nonconformities are in accordance with the
Fabricator’s Quality Assurance Program
(e) verify that the responsibilities and activifies of the
e-n i irements 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 the application of the ASME Fabricator’s
Certificate of Compliance on the Fabricator’s Data
Report subsequent to completion of all inspections by
the Inspector
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1-420 Qualifications of the Certified Individual

The Certified Individual shall meet the following
qualifications:

(a) education and experience (minimum of high
school diploma and 5 yr of experience in the RTP corro-
sion resistance industry)

(b) demonstrated inspection ability to the Fabricator
employing him /her

(c) satisfactory expertise and experience according to

Fabricator will use to produce equipment to this
Standard, shall be available for review. The Quality
Control Program shall be in accordance with the require-
ments 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

the complexity of the assignment

(d) knpwledge of ASME RTP-1

(e) knpwledge of Fabricator’s Quality Assurance
Program|and shop procedure

(f) kngwledge and ability to evaluate and monitor
procedutes and performance

(g) knpwledge of keeping and maintaining records

1-430 Inspector’s Duty

The Ingpector shall make all the inspections necessary
to verify|that the requirements of this Standard and the
Fabricatqr’s Design Report have been met. The Inspector
of the vepsel does not have the duty of determining the
completgness or correctness of the design calculations;
however| he/she does have the duty of establishing that
the Fabdicator of the vessel has the UBRS and the
Fabricatqr’s Design Report on file, and that the require-
ments of] para. 1-300 have been met.

1-440 Afcess for the Inspector

The Irfspector shall be permitted free access, at all
times while work on the vessel is being performed,.to
all parts ¢f the Fabricator’s shop that concern the fabtica-
tion of the vessel and to the site of field fabricatien or
erection fluring the period of field fabricationj.etection,
and testing. The Fabricator shall keep the Inspector
informed of the progress of the work-and shall notify
him/her|in advance when the vessel or materials will
be ready|for any required tests or-inspection.

1-500 FABRICATOR’S QUALITY CONTROL
PROGRAM

A writfen description\of the Quality Control Program,
that expllains which.documents and procedures the

oee I"art /.

1-520 Certification

(a) In order for any vessel to be marked with the
ASME Certification Mark with RTP Designato1, the
Fabricator shall meet the requiréments of ASME {CA-1
(refer to Part 8). The Fabricatof, has the responsibility of
complying with all the requirements of this Starjdard
and the UBRS. The Fabricator also has the responsibility
to certify that any workidone by others also complies
with all the requirements of this Standard. This responsi-
bility includes providing the Inspector with all reqfiired
information andessuring that the detailed examinaftions
and tests are performed at the stages of fabricatior} that
permit them to be meaningful.

(b) The Certified Individual, subsequent to corhple-
tion*of all inspections by the Inspector (see Part 6),|shall
complete and sign the Fabricator’s Data Repofrt or
Fabricator’s Partial Data Report as applicable| See
Tables 1-2 and 1-3. An original document of such [Data
Reports shall be sent or delivered to the User (or User’s
Agent). Copies of such Data Reports shall be retgined
in the Fabricator’s record system in accordance |with
Mandatory Appendix M-4, para. M4-300(c).

(c) The Inspector shall sign the Inspecfor’s
Certification on the Fabricator’s Data Report (or Partial
Data Report) only when he/she is satisfied that all
requirements of this Standard have been met.

(d) Vessels may also be registered by filing the
Fabricator’s Data Report with the National Boatd of
Boiler and Pressure Vessel Inspectors, 1055 Crupper
Avenue, Columbus, OH 43229.
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Table 1-2 Fabricator’s Data Report a7
(As Required by the Provisions of ASME RTP-1)

1. Fabricated and certified by:

(name and address of Fabricator)

2. Fabricated for:

(name and address of Purchaser)

3. Location of installation:

(name and address)

4' T Mo ‘V’Ubbl.‘;: 1"uU.. ‘llt:dl ;JU“L-
(horiz. or vert. vessel) (mfr’s. serial) (dwg. no.) (Nat'l Bd. no.)
5. Vlessel fabricated in accordance with UBRS rev.: ASME RTP-1 edition:
(rev. and date)
6. Vlessel designed according to Part 3A or 3B: Data pkg. and Design Report complete:
(indicate A or B or combination)
7. Lpminate proof tests performed per para. 1-130: . If yes, results reviewed and ateepted:
(yes/no) (yes/nq)
8. Fpbricated for the following: Contents specific gravity:
Maximum allowable working pressure (specify units): at maximum temp. (specify units);]
Maximum allowable external working pressure (specify units):___________ @fjmaximum temp. (specify units)|
NDE:_____ Linervisual acceptancelevel: ______<Struct. visual acceptancelevel:
(AE or other) (Table 6-1, Level 1 or,2) (Table 6-1, fevel 1 or 2)

Quantity limitations for gaseous air bubbles or blisters:

9. Shell: Type: Nom. thk.: Liner:
(type |, type ll, type X) (strygtqgal only) (specify veil, sequence, or type of thermoplasfic and thk.)
)
Dia.: Length: Barcol hardness:
(specify units) (specify units) (min. and max. measurefl)
10. Heads: Type: Liner:
(type |, type Il, type X) (specify veil, sequence, or type of thermoplastic and thk.)
Location NominakThickness Barcol Hardness Shape
(top, bottom, ends) (structural only) (min. and max. measured) (ASME F&D, 2:1 elliptical, flat)
(1) (specify units)
(2) (specify units)

11. afety relief or atmosphiencvent size and location:

(identify location, item designation, type, and size)

12. Ipspection openings:

(describe size, quantity, and general location)

13. essel fabyicated for storage of:

(briefly describe chemicals to be contained or stored)

Declaration of critical service: —___ Remarks:
(yesorno)

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 & cure system):
Resin manufacturer Fabricator End User

Other (explain)

16. Fluid concentrations and temperatures as listed in the UBRS:
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Table 1-2 Fabricator’'s Data Report (Cont’d)
(As Required by the Provisions of ASME RTP-1)

17. Nozzles/fittings:

Purpose/Use Quantity Size

We ¢

accorfance with all requirements of ASME RTP-1 and the User’s Basic Requirements Spegification.

FABRICATOR'’S CERTIFICATE OF COMPLIANCE

brtify the information in this Data Report to be correct and that the vessel has been désigned and fabricated ih

in ac

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 lundersigned, employed by of
(print company name) (city and state)
have fnspected the vessel described in this Fabricator’'s Data Report and believe that the Fabricator has constructed |t

ordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor his/he

employer (if other than the €abricator) makes any warranty, expressed or implied, concerning performance of the vesse].
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 v

ser’'s Basic Requirements Specification (UBRS)

(2) Design Report signed and stamped by the Professional Engineer
(3) drawings
(4) copies of all quality control forms used in the Fabricator’s Quality Control Program during the course of
fabrication
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.
(b) This form may be reproduced and used without written permission from ASME if used for purposes other
than republication.

10
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Table 1-3 Fabricator’s Partial Data Report

FABRICATOR'S' 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

Dgte
(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 ,

hgve inspected the part(s) described in this Fabricator’s Partial Data Report and believe that the Fabricator has congtructed
sych in accordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor his/her
employer (if other than the Fabricator) makes any warranty, expressed or implied, concerning performance of the gart(s).

o
“ LS9

Dfte

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

(print or type name)

GENERAL NOTES:

(a) The following documents, all updated te as-built status, are required attachments to this Data Report:
([l) applicable design data signed(and stamped by the Professional Engineer

(R) drawings

(B) copies of all quality control forms used in the Fabricator’s Quality Control Program during the course of fabrication
(b) Tlhis form may be reproduted-and used without written permission from ASME if used for purposes other than
republication.

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

11
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Part 2
Materials

2-100 SCOPE

is lower. When a maximum flame retardancy is specified

Part 2 flefines the materials comprising the glass fiber
reinforcef thermoset polyester and vinyl ester resin lam-
inates, aind the types of laminates used to fabricate the
RTP corfosion-resistant equipment. See Mandatory
Appendix M-12 for thermoplastic lining materials used
in dual laminate vessels.

LAMINATE COMPOSITIONS

The cqmposition of the allowable RTP laminates is
limited t the specific materials in Part 2 and Mandatory
Appendikes M-1 and M-2. Subpart 2A covers predefined
laminates as representative flat laminates.
Subpart|2B covers laminates developed using the
Laminatjon Analysis Method, by which the modulus
propertig¢s of laminates are obtained. Subpart 2C covers
permissible tolerances for laminate thickness variation.

Constrjuction and testing for properties of design basis
laminatep are required in Subpart 2A. Calculation of
laminate|properties by the Lamination Analysis Methog
(Mandatpry Appendix M-3) is addressed in Subpart 2B.

Minimjum inspections and tests to be performéd on
reinforc¢ments, prior to their use, are described in
Mandatgry Appendix M-1.

2-200

by the UBRS, the flame spread rating shall bé| deter-
mined by the resin manufacturer according to-ASTNI E84
using all mat laminates greater than 0.1 in(thick. Verifi-
cation of the flame spread rating is not\required| as a
part of laminate qualification. Since(flame spread can
be determined only on flat laminate ‘panels, verifichtion
is not required on fabricated equipment. Prior to yse in
laminate fabrications, the resifyShall be inspected, tgsted,
and found acceptable by the inspections and tests speci-
fied in Mandatory Appendix M-2.

(a) The catalyst/promoter/accelerator system [shall
be as recommendéd by the resin manufacturer and speci-
fied in the Fabficator’s written procedures.

(b) The resin shall not contain any pigment,
colorants,, or filler, except as follows:

(1), A thixotropic agent that does not interfere[with
vispalinspection of laminate quality, or with the
required corrosion resistance of the laminate, mgy be
added for viscosity control.

Hyes,

NOTE: The addition of a thixotropic agent may reduce the fesist-
ance of a laminate to some corrosive chemical environmentp. It is
the responsibility of the Fabricator to obtain approval from the
selector of the resin prior to using 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 adde¢d 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 synefgists
were used to obtain the specified ASTM E84 flame
spread rating, the same type and amount must be jused
in the laminate.

2-300
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 loading
and a %-in. specimen, as published by the resin manufac-
turer, shall be used. Properties established through test-
ing at ambient temperature are valid up to 180°F (82°C)
or up to 35°F (19°C) below the resin’s HDT, whichever

12

NOTE: The addition of fire retardant synergists may interfere
with visual inspection of laminate quality.

(56) Common additives, as described in Mandatory
Appendix M-2, Article G, may be added without requali-
fying the standard laminate.

(6) Fillers or additives for abrasion resistance, ther-
mal 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
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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.

2-320 Fiber Reinforcement

Fiber reinforcements shall be in compliance with the
following references for each material type:
(a) fiberglass surfacing veil, organic fiber surfacing

be followed with an interior layer. This layer is composed
of resin reinforced with noncontinuous glass fiber
strands (1.0 in. to 2.0 in. long), applied in a minimum
of two plies totaling a minimum of 3 oz/ft>. These plies
shall be layers of chopped strand mat and/or chopped
roving. Each ply of mat or pass of chopped roving 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

veil, [carbon Tiber surfacing veil, and fiberglass chopped
strarjd mat — Mandatory Appendix M-1, Article A

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

(c) fiberglass woven roving fabric, fiberglass unidirec-
tiondl fabric, and fiberglass nonwoven multifabric —
Manfdatory Appendix M-1, Article C

(d) fiberglass milled fiber
Apppndix M-1, Article D

(e)| with the exception of surfacing veils, all fiberglass
reinforcement shall be type E

Mandatory

2-330 Balsa Wood Core

Ballsa wood core materials shall be in compliance with
Manfdatory Appendix M-13.

SUBPART 2A
REQUIREMENTS FOR
REPRESENTATIVE FLAT LAMINATES

2A-100 INTRODUCTION

A [representative flat laminate is one made with the
lamipate sequence used in the design. Designbasis lami-
nate per para. 2A-300 are required.

2A-200 LAMINATE REQUIREMENTS
2A-210 Laminate Construction

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

(a) Type Ilaminate structure is detailed in Table 2A-1.

(b) Type Il lamifate structure is detailed in Table 2A-2.

(c] Type Xstaminate structure is detailed in
Subpart 2B:

2A-220 “taminate Composition

Mmner suriace and mterior layer shall not be |less than
0.10 in. The corrosion-resistant barrier is\to. xotherm
and cool before the structural layer is applied|

2A-223 Structural Layer

(a) Application of the structutral layer shall
the corrosion-resistant barrier:

(b) The first ply of the sttuctural layer of the|laminate
shall be one or more plies'of noncontinuous glass fibers
totaling 1% oz/ft?, comprised of chopped stfand mat
and/or chopped roving.

(c) Lay-up in the'sequence of plies stated for
fied laminaté\type.

(d) Alledges of reinforcement material
lappedsa minimum of 1 in. Lapped edges of
layets,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 typel shall be
followed. The final ply of reinforcement before|interrup-
tion for gel and exotherm shall be % oz/ft* npinimum.
The first ply of the ensuing lamination sh;ﬁ also be
% oz/ft* minimum. Both the final and first glies shall
be comprised of layers of chopped strand mdt and/or
layers of chopped roving.

2A-224 Outer Surface

(a) The outer surface of the finished laminatg 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 either be applied
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 sufface will
be subjected to spillage or a corrosive envirqnment, a
resin-rich layer, in accordance with para. 2A-P21, shall
be applied over the final mat ply of the structtiral layer

pﬂnv to the npp]lﬂqhnn of the p:\vqfﬁnnhﬁr] gesin coat

not alter

the speci-

shall be
adjacent

L
(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.

\ L1 . . . . 1 .
MIates Shal Corsist o a corrosion-resistant barrrer

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.

2A-222 Interior Layer Corrosion-Resistant Barrier.
The inner surface layer, exposed to the contents, shall

13

in (a).

(c) The UBRS may include provisions to minimize
ultraviolet 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 dif-
ficult, 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.
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Table 2A-1 Standard Laminate Composition Type |

Nominal
Thickness,
in.
[Notes Sequence of Plies Drafting
1), )1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Symbols
0.18 v M M M M Vv, 4M
0.23 v M M M M ML v, M
0.27 v M M M M M M R Vv, 6M
0.31 v M M M M M M M - v, ITM
0.35 v M M Mm M M M M M v, 8M
0.40 v M M Mm M M M M M M .. v, ¢mM
0.44 v M M M M M M M M M M v, 1oM
0.48 v M M M M M M M M M M m - v, 11M
0.53 v M M M M M M M M M M M M v, 12M
0.57 v M M Mm M M M Mm M M M M M M v, 13M
0.61 v M M M M M M M M M M M M M M - Vv, 14M
0.66 v M M M M M M M M M M M M M M M v, 15M
0.70 v M M M M M M M M M M M M M M M M ... V1em
0.74 v M M M M M M M N\M M M M M M M M M M v, 17M
GENERAL NOTES:
(@) Thickngsses above 0.74 in. nominal can be used by adding additional plies of mat.
(b) Actual fthickness and glass content of each sequence of plies shall be established by each Fabricator based on his or her design pasis
laminate.
(c) Corrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.
(d) Structdral lay-up may be interrupted(atyintervals long enough to exotherm in accordance with Fabricator’s procedure.
(e) A weight equivalent layer or layefs of chopped strand glass or mat may be used in place of layers of 1.5 0z mat.
NOTES:
(1) Nominagl thickness is calellated as follows:
V |= 10 mil surface™mat (veil) — 0.010 in./ply
M |= 1Y, oz/ft2mat™~ 0.043 in./ply
(2) This information<s’based on historical data and may not reflect all laminates made today. Laminates made today are often thinn¢r and
have alhigherglass content than noted in the Table. The Table should be used for establishing minimum glass plies per nominal {lami-
nate tHickness. Ply thicknesses should be based on design basis laminates.

14
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Table 2A-3 Minimum Values of Flat Laminates

Ultimate Tensile

Ultimate Flexural Flexural Modulus,

Nominal Strength, psi Tensile Modulus, psi Strength, psi psi
Thickness, in. Type [Note (1)] [Note (1)] [Note (2)] [Note (2)]
All I 9.0 x 10° 1.00 x 10° 16.0 x 103 0.70 x 10°
0.22 I 12.0 x 10° 1.30 x 10° 19.0 x 10° 0.80 x 10°
0.29 I 13.5 x 10° 1.40 x 10° 20.0 x 10° 0.90 x 10°
0.37 and above I 15.0 x 103 1.50 x 10° 22.0 x 103 1.00 x 10°

GENERAL NOTE:
NOTES:
(1) ASTM

(2) ASTM D790 at 73°F.

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

2A-300 | REQUIREMENTS FOR PHYSICAL AND

MECHANICAL PROPERTIES

(a) The Fabricator shall prepare design basis lami-
nates for] each combination of resin and glass to deter-
mine thidkness and glass content. Straight line interpola-
tion shall be used to determine values not tested directly.
In additipn, the Fabricator shall choose one of the followi-
ing two|options to establish his/her design tensile
strength jand design tensile modulus:

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

(2) The Fabricator shall obtain thetensile strength,
tensile mjodulus, flexural strength;and flexural modulus
of the design basis laminat€s,ih accordance with
para. 2A1400. Results shall bé certified by the individual
who conflucted or supervised the testing.

(-4) When the certosion barrier is included in the
design a$ a contributorto the structural strength of the
laminatg, the following design basis laminates shall
include the innersurface, interior layer, and structural
layer, buf not’the outer surface:

(-19 Type I, 0.18-in. nominal thickness

The tabulated values remain unchanged up to 180°F. Above that temperature, measured properties may decrease.

638 at 73°F, ASTM D3039 at 77°F, or ASTM D5083 at 73°F.

of the laminate per para. 6-930(d)(5)(-d), the following
design basis laminates shall/include only the sfruc-
tural layer:
(-1) Type I, 0.354m nominal thickness
(-2) Type II,0.37-in. nominal thickness
(-3) Type X;.0.38-in. nominal thickness
(-c) Properties of Types I, II, and noncylindrical
X laminates 9n subparas. (-a) and (-b) above shdll be
established on flat laminates prepared under shop|con-
ditions. For Type II laminates, the woven roving is|laid-
up in~Square array with warp rovings parallel layler to
layet; and test specimens are cut parallel to the warp
rovings.
(b) For design purposes, properties established gt the
applicable ASTM test method temperature are valid up
to 180°F (82°C) or up to 35°F (19°C) below the r¢sin’s
HDT, whichever is lower. Where laminates are fabri-
cated for use at design temperatures above 180°F ($2°C)
or up to 35°F (19°C) below the HDT, certificati¢gn of
strength and modulus per paras. 2A-400(a) and (b)[shall
be supplied at or above the specified temperature,
(c) The thickness and glass content of laminates|shall
be based on the data obtained from the Fabricgtor’s
design basis laminates. For laminate Types I, II, and X,
thickness and glass content shall be determined [from
laminates described in (a)(2). Six thickness and fglass
content (weight percent) readings shall be taken on|each
design basis laminate. They shall be taken at 1 in. to
2 in. from each corner, except for two readings faken
from the middle of the laminate. The highest thickness

(-2) Type I, 0.48-in. nominal thickness
(-3) Type 1, 0.74-in. nominal thickness
(-4) Type 1I, 0.22-in. nominal thickness
(-5) Type 11, 0.49-in. nominal thickness
(-6) Type II, 0.76-in. nominal thickness
(-7) Type X, 0.25-in. nominal thickness
(-8) Type X, 0.50-in. nominal thickness
(-9) Type X, 0.75-in. nominal thickness
(-b) When the corrosion barrier is excluded from
the design as a contributor to the structural strength

16

and glass 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 thickness 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.
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(e) The laminate compositions and minimum proper-
ties for Type II production laminates are given in
Tables 2A-2 and 2A-3.

NOTE: Thelaminate properties found in Table 2A-3 are conserva-
tive and historically proven. They represent a compilation of data
on the most available laminating materials.

2A-400 TEST METHODS

information and data are required to properly categorize
the laminate. In general, this information and data
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, glass content, and thickness.
The information shall be supplied in the form of

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

(b) Flexural strength and flexural modulus of elastic-
ity shall be determined by ASTM D790. The molded
surfpce (corrosion barrier) shall be tested in
compression.

(c) Glass content, weight percent, shall be determined
in adcordance with ASTM D2584.

(d} When required, the residual undisturbed glass
fiberjplies from ASTM D2584 shall be separated carefully
and pounted and/or weighed to confirm standard lay*
up spquence.

(e)] Thickness shall be measured with a midrometer
or cgliper. When the configuration of the part’will not
alloy the use of these instruments, a digital magnetic
intersity instrument or an ultrasonig, thickness gauge
found to be accurate when measuring vessel cutouts
shall be used.

(f)| When required, thermalconductivity shall be mea-
suredl in accordance with ASTM C177.

(g] When required, thermal expansion shall be mea-
suredl in accordance With ASTM D696.

(h} For isotropielaminates, mechanical property test-
ing in only oné\direction is required. For anisotropic
lamihates, testing in both the principal x and y directions

Table ZA-T and/or Table ZA-2, plus data for fninimum
properties of standard laminates, Table 2A-3. |The data
shall be generated from laminates made under typical
shop conditions and tested per paras 2A%400. The infor-
mation shall include the heat deflection tempe¢rature of
the resin used, which is required to be 180°F dr greater.
NOTE: The requester should corsider supplying dafa on lami-
nates made using two or mere widely different specjfic gravity

resins by three or more fabfieators, together with the dppropriate
Type I and/or Type II cortrol laminate data.

Where the laminate is intended for special applica-
tions, requires, special handling, or has known limita-
tions or sdsgéptibility to failure in certain [services,
precautionary requirements and information ghould 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 1I, as| outlined
in para. 2A-300(a)(2). Examples of representative field
experiences should be submitted.
NOTE: When the new laminate is a minor modification of an
existing standard laminate, the data required may be refluced with
the concurrence of the Committee. When the data gupplied is

insufficient for an adequate evaluation, the Committee yill 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 desig-
nated as Type X laminates. Laminates developled under
Subpart 2B are nonstandard laminates not defined in
Tables 2A-1, 2A-2, and 2A-3.

is reuired: ; . . . .
1 Laminates shall consist of a corrosion-resistant barrier
(comprised of an inner surface and interior layer) and
2A-500 RECORDS a structural layer.

The results of all required tests shall be recorded and
shall be available for review by the Inspector.

2A-600 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,

17

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.
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(b) The first layer of the structural portion of the lami-
nate shall be one or more plies of chopped strand mat
totaling % oz/ft* minimum or equivalent chopped rov-
ing 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

each laminate. Also, for each laminate, results of testing
done in paras. 2B-300(a) and (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. The

See pafa. ZA-224.

2B-200 [ REQUIREMENTS FOR PHYSICAL AND

MECHANICAL PROPERTIES

(a) Thie resin matrix tensile modulus and specific
gravity dre measured on a fully cured 0.125-in. thick
neat resip casting. Tensile modulus and cured specific
gravity groperties provided by the resin manufacturer
may be ysed for design temperatures up to 180°F.

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

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

(d) The Fabricator shall prepare design basis lami-
nates angl test per para. 2A-300.

(e) Fot cylindrical laminates, the following mechani-
cal propgrty tests are required: flexural strength and
modulus| in the hoop and axial directions (corrosion
barrier iy compression) and tensile strength and modu-
lus in th¢ axial direction.

2B-300 | TEST METHODS

(a) Glgss content, weight percent, shalllbe determined
in accordance with ASTM D2584.

(b) Matrix tensile modulus,shall be determined in
accordanice with ASTM D638:

(c) M3trix specific gravity’shall be determined in
accordanjce with ASTM(ID792.

(d) Thjckness of indiyidual plies shall be determined
with a mficroscope o1 other instrument having an accu-
racy of 01001 in!

2B-400 | RECORDS

first, average spot thickness, is used to measure,a $mall
area or a small component [see para. 6-920(f)(2)]] The
second, average thickness of a major part, is used to megsure
a large area, such as a shell or head,h\where seeral
average spot thicknesses can¢bé taken |[see
para. 6-920(f)(2)].

2C-100 TOLERANCE FOR-AVERAGE SPOT
THICKNESS

The thinnest value/(of six) shall be equal to or greater
than 90% of the design thickness of the laminate| The
thickest value (ef six) shall be no more than 120% ¢f the
thinnest value{ The average of six thickness values must
be no less than 95% nor more than 125% of the dgsign
thickness of the laminate. See para. 2C-300 for
exceptions.

2C-200 TOLERANCE FOR AVERAGE THICKNESS
A MAJOR PART

OF

The average thickness of a major part is the average of
four average spot thickness values. The average thick-
ness of a major part shall be not less than 95% nor more
than 120% of the design thickness of the laminatg. See
para. 2C-300 for exceptions.

2C-300 EXCEPTIONS AND ADJUSTMENTS

Fabricators may add additional material to achieve
the design thickness. All such additions shall be in ajccor-
dance with the full repeating sequence of strucfural
plies. The repeating construction of reinforced lamfnate
may result in an over-thickness, which is permisible.
Corrosion-resistant barrier total thickness in excess of
the design thickness may not be used as part of the

For each laminate in para. 2B-130, wind angles, num-
ber of wind cycles, and supplemental reinforcement
shall be recorded. The objective is to uniquely define

18

design structural tayer thickness. The design corrosion-
resistant barrier thickness, design structural layer thick-
ness, and design total thickness for each major part shall
each meet the tolerances of Subpart 2C.
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Part 3
Design

3-100 _SCOPE

3-300 DEFINITIONS

Paprt 3 sets forth design formulas and rules for the use
of cgntact molded and filament wound RTP materials
for the fabrication of corrosion-resistant vessels. It is
limifed to vessels with MAWP up to and including
15 ppig internal pressure as measured at the top of the
vessgl. The limit on MAEWP is 15 psig. The hydrostatic
head resulting from the weight of internal contents and
appljed pressure 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 3B methods may be used at the
discletion of the registered Professional Engineer 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.

3-200 GENERAL

THe following parameters are common tolall RTP
equipment:

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

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

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

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

(e)| Ultitnate tensile strength and modulus values of

all types of laminates may require reduction when tem-
pera Hies. Ql"\{'\‘ ray 1 Qnop afre encol IT\"DI‘DA QDD Dara ’) A an

atmospheric vessel: a vessel provided with both an over-
flow and a free vent. An atmospheric vessel hds a maxi-
mum allowable working pressure of 0 psfig and a
maximum allowable external pressure of 0 psig.

design pressure: the maximum positive internal gage pres-
sure anticipated at the top ‘¢f the vessel. The design
pressure is specified by the/User on the UBRS ps a basis
for design.

design temperature: thie-highest temperature arfticipated
in major components of the vessel. The design tempera-
ture is specified by the User as a basis for degign.

external design pressure: the maximum pressure|differen-
tial bytwhich the external pressure is anticfpated to
exceed the internal pressure in a vessel at the d¢signated
maximum design temperature. The externgl design
pressure is specified by the User as a basis fof 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 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

(¢) loads imposed by pressure relief

(h) thermal loads due to brief temperature e
due to process upset

(i) external flooding

cursions

Each of the above intermittent loads shall be considered
independently in combination with the sustairjed loads.
In addition, wind load shall be evaluated with the vessel
empty of liquid contents. Also, temporary loads

r
or 2B-200 for design temperatures above 180°F.

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

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

19

occurring during manufacture, shipping, and installa-
tion 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 maximum allowable external
working pressure shall not exceed the external design


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

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 maximum
allowable external working pressure shall not exceed
15 psig.

maximum allowable working pressure (MAWP): the maxi-
mum positive gage pressure permissible at the top of a
vessel in its operating position at the designated design

(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

temperafure. It is the basis for the setting of the pressure-
relieving| devices protecting the vessel. The maximum
allowabl¢ working pressure shall not exceed the internal
design gressure unless additional calculations and
applicable tests show that all other requirements of this
Standard are met at a higher internal pressure. For ves-
sels thatl comply with this Standard, the maximum
allowabl¢ working internal pressure shall not exceed
15 psig.
NOTE: The hydrostatic pressure measured at the bottom of a

vessel will normally exceed the maximum allowable working
pressure.

maximun} liquid level: the maximum level of liquid con-
tents in g vessel. The maximum liquid level shall not be
lower thgn the overflow or equivalent protection or, in its
absence, [the highest point on the vessel. The maximum
liquid leyel is used as a basis for design for all calcula-
tions other than for external pressure calculations,
except that a lower normal liquid level may be used for
seismic design calculations.

NOTE: The contents of a vessel may exceed the maximum liquict

level for hydrostatic testing. In this case, stresses resulting from
hydrostatif testing must be considered in the design.

normal liquid level: aliquid level that has a low probability
of exceedance and is used as the basis forseismic design.
The normal liquid level, if different from the maximum
liquid leyel, shall be specified by the.User in the UBRS.

overflow: |an opening or system of-piping connected at
the maximum liquid level ofthevessel, and/or with its
highest ifvert at the maximum liquid level of the vessel,
capable df freely accommodating all simultaneous liquid
in flows [to the vessehand conducting them by gravity
to a disposal or eontainment facility.

Minimum (compressive) sustained load on any copmpo-
nent. In addition to other combinations, a vessel sybject
to external pressure shall be evaluated empty)of ljquid
contents.

SUBPART 3A
DESIGN BY RULES

3A-100 LOADINGS

As a minimum, the foadings to be consider¢d in
designing RTP vessels shall include the following

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

(b) weéight of the vessel and contents under d
conditions

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

(d) attachments

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

(e) dynamic, such as fluid agitation, subliquid|
face jets

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

(¢) thermal expansion and stresses caused by thdgrmal
gradients or restrained expansion

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

Psign

bther

etc.)
sur-

smic

3A-110 Design Acceptability

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

n by

pre-

sustained|loadsseontinuing loads including, but not lim- (a) Where a minimum laminate thickness is
ited to scribed by formula in paras. 3A-200 through 3A-800,
(a) intérnal Hpqign pressure this shall be the minimum

(b) external design pressure

(c) hydrostatic pressure due to weight of liquid
contents

(d) loads at supports

(e) other gravity loads due to self weight and sup-
ported internal and external equipment

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

(g) loads imposed by process activity including
agitation

20

(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 for-
mula 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 for-
mulas are applicable, the rules of paras. 3A-120 through
3A-140 shall apply.
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3A-120 Other Formulas

Details of design and construction for which no rule is
provided in Subpart 3A, but for which other recognized
engineering formulas exist, may be accepted by compar-
ing calculated laminate stress with ultimate laminate
strength to establish a minimum design factor.

3A-121 Laminate Types. Other recognized engi-
neering formulas are applicable to Type I or II laminates,

oy = calculated maximum sustained membrane
stress

oy = calculated maximum intermittent membrane
stress

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

lamifratesTraccordarcewith Su‘uycui. 2B -orcombira
tiong of Types I and II. Other combinations, e.g., Type II
with| laminates in accordance with Subpart 2B, require
additional consideration. Laminate design strengths are
appljcable to reinforcement patterns continuing in the
planp of the membrane.

3A-122 Design Factors. The minimum design fac-
tors ppplied to ultimate strength-based design shall be
Lo for sustained loads and combinations of sustained
load}, and % for intermittent (short-term) loads taken
indiyidually and in combination with sustained loads.

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

3I\-124 Laminate Strengths. Laminate tensile
stremgth and flexural strength are as established in
Subpart 2A. Ultimate secondary bond shear stress is
consjdered to be 2,000 psi. Ultimate peel strength is
consjdered to be 500 1b/in.

3A-125 Filament Wound Laminates. For design-in
accofdance with this section, the ultimate hoop ‘tensile
strerjgth of filament wound laminates wound atan angle
of 54 deg or higher to the mandrel may be determined
by tgsting or taken to be 0.01 times the caletilated hoop
tensfle modulus. Axial tensile and flexural strength of
filathent wound laminates shall'be established by
testing.

3A-126 Combined Stress.—/Combined flexural and
menjbrane stresses shallcomply with the following rule:

e, I o 1

elsewhere.

3A-130 Maximum Corrosion-Resistant,Barrier Strain

In addition to the stress criteria listed abovd, the ten-
sile strain in the corrosion-resistant barrier shall be lim-
ited to the following;:

(a) for sustained loads: 0,0013 for resins for which the
tensile elongation of the\cast resin is at least| 4%, and
0.0010 for all other résims. Elongation of the resin shall
be determined in,accordance with ASTM D638 at 77°F.

(b) for intermittent loads: 0.0020.

3A-140 Maximum Compressive Stress Stability

In addition to the stress criteria listed abovye, for all
loading conditions and combinations (including exter-
nabpressure) that result in compressive loads jn 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) ir{dicates a
less-conservative design than paras. 3A-110(3), (b), or
(c), additional justification shall be providgd before
using the less-conservative design.

3A-200 DESIGN FOR TOTAL INTERNAL PRESSURE

3A-210 Calculation of Minimum Thickness of
Cylindrical Shells

(a) Contact molded construction is calcylated as
follows:

St S Fuo
Hoop Loading Axial Loading
and ; PD{ ¢ Nux
h = 5¢ T "= T
2S, /F S./F
% Eﬁ<l h / u/
S + S, — F where
t f 15 N YT L
L/l - IIISIUT UIdITICICTL, 11T,
where F = design factor = 10

Fs = design factor
= 5 for intermittent loads
Fip = design factor
= 10 for sustained loads
Sf = ultimate flexural strength
S; = ultimate tensile strength
o = calculated maximum sustained flexural stress
o; = calculated maximum intermittent flexural
stress
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N,x = axial force per circumferential inch of shell,
Ib/in.
P = total internal pressure, psig (internal pressure
plus hydrostatic head)

S, = ultimate axial tensile strength, psi

S;, = ultimate hoop tensile strength, psi

t, = total wall thickness, in., for axial stress

t, = total wall thickness, in., for circumferential

stress
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The shell thickness shall be the greater of ¢, or t;, at
the point considered by the calculation.

(b) Filament wound construction is calculated as
follows:

Hoop Loading Axial Loading

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
requirements of para. 3A-310.

(b) For shells under combined axial compressive

t, = __Pbi t, = Now design loads, t shall be the greater of #; or t, calculated
2(0.001Ey) S./F
as follows:
or
—_TDF T Naf T VAT PR L7 R 24
"7, TS, L w(D/2)X(S./Fy)  TDG./F1) T 4(S./F)
NOTE: Cgrrosion-resistant barrier strain shall not exceed limits
in para. 34-130. 0.5
o || Ml Bl PD|ExD/2)
where 2= m(D/2)* wD 4 L Q3Ey
E;, = hoop tensile modulus
The sHell thickness shall be the greater of t, or #; at Whe{)e — inside di .
the poin{ considered by the calculation. - ms,l e diametel Iy .
E; = axial flexuralmmodulus, psi
— 0.5
3A-220 Pesign of Cylindrical Shells Under Combined Eg = (EqE)
xial Loads E = hoop tensile modulus, psi
F, = axialccompressive force resulting from design
3A-22L Tensile Loads. The thickness of shells under lodds, b
combine(l axial tensile loads shall be equal to the largest F; = design factor = 10
value forl ¢ as calculated below: F, =\design factor = 5
(a) Shells under internal pressure shall meet the MgZ bending moment resulting from design lpads,
requirements of para. 3A-210. in.-b
(b) Fot shells under combined axial tensile design P, = external pressure, psi
loads, t ghall be calculated as follows: S, = ultimate axial tensile strength, psi

f o My . Fa . PD
w(D/2)%(S,/F) TD(Sa/F) "~ 4(S./F)

(c) For shells under combined axial compressive Joads
resulting from design loads and occasional loads, influd-
ing wind, snow, or seismic loads, ¢ shall be the greater

where of t; or t, calculated as follows:
D nside diameter, in.
F = Hesign factor = 10 _ [Ma| + [Mg|  [Fal + |Fg . P.D
F4 = hxial tensile force resulting from design m(D/2)%(S,/Fy)  TD(Sa/F1) - 4(S./Fy)
oads, Ib
My = arfrackl)ing moment résulting from design loads, t [ M| + Mg ) Al + |Fs|  P.D FQ(D/Z)]O'
. , =
P = |nternal pressure, psi n(D/2 ™D 4] 03y
S, = pltimate axjal-tensile strength, psi
where
(c) Fof shellsiunder combined axial tensile loads Fp = axial compressive force resulting from wind,
resulting] from)design loads, including wind, snow, or snow, or seismic loads, 1b
seismic lbads, t shall be calculated as follows: F, = design factor = 5
F, = design factor = 5
. |Ma| + [Ms] Fa+ Fp PD Mg = bending moment resulting from wind, snow,

=(D/2S,/F) . wD(S./B) " 4(S,/F)

where
F = design factor = 5
Fp = axial tensile force resulting from wind, snow,
or seismic loads, 1b
Mg = bending moment resulting from wind, snow,

or seismic loads, in.-lb
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or seismic loads, in.-lb

3A-230 Minimum Thickness of Torispherical Heads

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

MPR,

P=— <

2(S4/F)
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where
M = Y3+ (R./n)*’]
R. = head crown radius, in. < D;
r = head knuckle radius, in. > 0.06R,
S, = ultimate tensile strength, psi

For a torispherical head where R, = D;and r = 0.06R,,
the minimum thickness, t, reduces to

0.885PR,

Fig. 3-1 Toriconical Head Dimensions

T OSMF

For torispherical heads subject to internal loading, the
knudkle radius shall be externally reinforced in accor-
dande with Fig. 4-1, sketch (a). The reinforcement thick-
ness shall be equal to the thickness of the head as
calcylated above. The thickness of a joint overlay near
the Knuckle radius tangent line of a dished head contri-
butep to the knuckle reinforcement. For torispherical

heads not subject to internal loading, see Fig. 4-1,
sketgh (b).

3A-240 Minimum Thickness of Ellipsoidal Heads

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

PD;

b= 35 /F

3A-250 Minimum Thickness of Toriconical Heads

(a) The minimum thickness of toriconical heads that
have a half apex angle, «, not greater than 60 deg'shall
be calculated as follows:

THe thickness of the conical portion, t., of atoriconical
head, where the knuckle radius is at least 6% of the
inside diameter of the shell and not less.than three times
the Knuckle thickness, shall be

and r > 8f."A larger knuckle radius may be| used, or
Subpart3B calculations may be applied to derhonstrate
adequacy of knuckle design.

The minimum total knuckle reinforced thickness, t;,
shall be

t = 2t or 2t,, whichever is greater

For toriconical heads, compute the knuckle feinforce-

ment length as follows:

(b) Toriconical heads having a half apex pngle, «,
greater than 60 deg shall comply with Subpaft 3B.

(c) For toriconical heads subject to internal loading,
the knuckle radius shall be externally reinforced in
accordance with Fig. 3-1. The total reinforced knuckle
thickness, t;,, shall be calculated in accordanceg with the
rule in (a). The thickness of a joint overlay [near the
knuckle radius tangent line of a toriconical heqd contri-
butes to the knuckle reinforcement.

(d) When Subpart 3A design rules are used, the sec-

ondary bond overlays shall be in accordapce with

L PD,
¢ 2 cosaAS,/F)
whete
D{ = inside diameter of the conical portion of a
toriconicalyhead at the point of tangency to the
knuckle) measured perpendicular to the axis
of the/cone (see Fig. 3-1), in.
=Dp> 2r(1 — cos a)
D) =-inside diameter of head skirt (see Fig. 3-1), in.
r—imstdekrrackie Tadits; 1
a = one-half of the included (apex) angle of the

cone at the centerline of the head

The minimum thickness of the knuckle, t;, shall be

, _ O5MPR,
£ SJF
where
M = 0.253 + JR./7)
R, = D./(2 cos a)

4
pata—4-326-
(e) Openings for bottom nozzles in toriconical heads
are limited to 10% of the toriconical head diameter.
Openings greater than 10% require special consideration
and stress levels shall satisfy the limits of Subpart 3B.

3A-260 Minimum Thickness of Flat Bottom Heads

(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. for inside diameters <72 in.

17)
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(2) 0.31 in. for inside diameters >72 in. to <96 in.

(3) 0.40 in. for inside diameters >96 in. to
<144 in.

(4) See (c) for diameters over 144 in.

(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. for inside diameters <72 in.
(2) 0.29 in. for inside diameters >72 in. to <96 in.

(3) p.37 in. for inside diameters >96 in. to
<144 in.
(4) $ee (c) for diameters over 144 in.

The thiicknesses given in (1), (2), and (3) above have
proven aflequate to prevent damage during normal con-
ditions apsociated with fabrication, handling, shipping,
and instgllation.

(c) Foy inside diameters that exceed 144 in., design
analysis ghall be undertaken to establish a bottom thick-
ness that will withstand the conditions in (b) above
without pesultant damage.

(d) The radius of the bottom knuckle of a flat bottom
vessel shiall not be less than 1 in. if the diameter is 4 ft
or less, and 11/2 in. for diameters exceeding 4 ft. The
minimurh thickness of the radius section shall be equal
to the combined thickness of the shell wall and the bot-
tom. Thejreinforcement of the knuckle radius area shall
taper so fhat it is tangent with the flat bottom and shall
not exter]d beyond the tangent line onto the tank bottom.
The knugkle reinforced area shall extend for a minimum
distance |of 8 in. from the inside tank bottom up the
vertical Wall for tanks up to and including 4 ft in diame-
ter, and 12 in. for tanks over 4 ft in diameter. The-rein-
forcemeht shall then taper into the side wall for an
additiongl length of 4 in. (see Fig. 4-2). The ‘perimeter
of the tamk bottom shall be a flat plane;-and the bottom
shall notfhave any projections that exceed % in. and that
will previent uniform contact witha, flat support surface
when thle tank is filled with(liquid. While Fig. 4-2,
sketches|(a) and (d), show d\joint line, it is permissible
to fabricpte the head intégral with the shell (no joint

required). This methed¥of manufacture requires rein- t = PR;/25,

forcement of the knuekle radius area as described above

[see Fig.[4-2, sketeh'(c)]. where o _
(e) Th¢ design of flat heads that are unsupported by P = .des.lgn 1nt§rnal pressure, psi

a foundaltien over their entire flat surface or are loaded R; = inside radius of heéd, n.

by external‘pressure is not included in Subpart 3A. Such S, = allowable stress, psi

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
i i i abri-
of a
ft in

cated tanks. These details may be used in lieu
calculation-based design for tanks up to, 16
diameter.

(b) When the Fabricator elects to use a knuckle detail
that differs from Fig. 4-2, the knuckle'tnust be designed
by calculation.

(c) For tanks 16 ft in diametér and above, the bdttom
knuckle must be designed by calculation.

(d) Knuckle design calcdlations must account fofr lig-
uid pressure, design pressure uplift, foundation comtact,
knuckle thickness and radius, and discontindities
resulting from thedknuckle-to-shell connection. A dalcu-
lation method)that may be used is axisymmetric finite
element design with contact elements. The design frite-
ria is strength-based for contact molded laminateg and
strain-based for filament wound laminates. For continu-
ouscloading, the design factors shall be 10|and
0:001 in./in. hoop direction, filament hoop lamirfates.
Por intermittent loading, the factors in para. 3A-440|shall
be used.

(e) The Professional Engineer is responsible for r¢cog-
nizing the limitations of Fig. 4-2 details and should give
special consideration to tall tanks, high specific grpvity
contents, high design pressure, and combinafions
thereof.

3A-270 Minimum Thickness of Hemispherical Heads

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

designs may be carried out using Subpart 3B rules. See
Nonmandatory Appendix NM-13.

(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,
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3A-300 DESIGN FOR EXTERNAL PRESSURE

3A-310 Cylindrical Shells
The maximum allowable external pressure between

stiffening elements is computed by the following:

KD(0.853)yEpf*Ea/ *#°/2
(1 = vana)*L(Do/2)**FS

W =
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where (c) Type X Laminates. For Type X laminates, the Poisson’s
D, = outside diameter of shell, in. ra.tios need tq be calculated per laminate analysis or deter-
E, = axial flexural modulus, psi mined by testing.
E; = axial tensile modulus, psi . (2) Nonmandatory Appendix NM-16 provides an example of the
Ehf = hOOp flexural modulus, pst NASA SP-8007 solution for lateral and longitudinal pressure.
FS = design factor of safety = 5
KD = 0.84, a knockdown factor 3A-320 Torispherical and Elliptical Heads
=10 for Type I and Type II larpmafes For torispherical heads, compute the allowable exter-
L = design length of a vessel section, in., taken as nal pressure, P.. as follows:
the Targest of the following:
(a) the distance between head-tangent lines P, = 036(E;/F)(t/R,)?
plus one-third the depth of each formed head,
if there are no stiffening rings (excluding coni- For torispherical heads, compute the minimyim thick-
cal heads and sections) ness, t, as follows:
(b) the distance between cone-to-cylinder
junctions for vessels with cone or conical t = R,(FP;/036E)*°
heads, if there are no stiffening rings
(c) the greatest center-to-center distance For elliptical heads, compute the allowablq external
between any two adjacent stiffening rings pressure, F,, as follws:
(d) the distance from the center of the first 5
stiffening ring to the formed head tangent line B = 0.36(E¢/F)(t/K.Dan)
plus On?-thlrd the depth of the fomfled head For elliptical heads, compute the minimum thickness,
(excluding conical heads and sections), all t as follofes.
measured parallel to the axis of the vessel ! ’
(o) the distance from the first stiffening ring t = K,Dy(FP4/0.36E)"
in the cylinder to the cone-to-cylinder junction
P} = allowable external pressure, psi Where
= wall thickness, in. (nominal) D, = routside diameter of head, in.
E%/ZE;/ 2 o L2 E; = flexural modulus of elasticity for hdad, psi
Zp = E—z(l = YahPha) (D,/2)t K, = factor depending on ellipsoidal headl propor-
o ’ tions as follows:
1 = reduction factor developed to bettet correlate ) _
theoretical predictions and test(results M‘lo’f t(I){M.mor p
= 1-0.001Z, if Z, < 100 _AxsRatio d
= 09if Z, > 100 2.0 0.90
4 = flexural Poisson’s ratie-in/the axial direction 18 0.81
=~ —S554/S44, Wwhere Sz and Sy are terms in the }'Z 822
inverted form of-the’laminate ABD stiffness 12 0.57
matrix, S;; (see/para. M3-520) 1.0 0.50
vy = flexural Poisson’s ratio in the hoop direction )
~ —S45/S5¢ P, = allowable external pressure, psi
P; = design external pressure, psi
NOTES: R, = outside crown radius of head, in.
(1) Fpr designwithout calculating the Poisson’s ratios, the follow-
ing apply: 3A-330 Stiffening Rings
(a) ‘Type I Laminates. For an all Type I laminate, the flexural . . X X .
apd ‘in-plane Poisson’s ratios for axial and hoop are identical. The required moment of inertia, I;, of a circumferential

Setting these to zero produces about a 9% reduction in allow-
able pressure.

(b) Type Il Laminates. For all Type II laminates with no liner,
the flexural and in-plane Poisson’s ratios are slightly different
due to the 5/4 weave. 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 laminates. Any number of chopped strand mat plies
may be added to the Type II laminate, so in the limit of an
infinite number of Type I plies, the setting of the Poisson’s ratios
to zero produces the same result as the Type I laminates above.

25

stiffening ring, ncluding the effective length of the shell
and the added stiffener ring, for cylindrical shells under
external pressure or internal vacuum shall not be less
than that determined by the following formula:

I, = PL,D3F/24E,

where
D, = shell outside diameter, in.
E, = effective hoop modulus of shell and stiffener,

psi
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F = design factor = 5 Liquid contents of the vessel shall not be considered
I, = the calculated effective moment of inertia, in.*, ~ to reduce stresses or deflection.
considering the different moduli of the shell NOTE: Where rigid internal equipment is fitted on or close to
and stiffener and the resulting shift in neutral the bottom, a lower deflection limit may be required.
axis. I, shall be greater than or equal to . L
I, = momentofinertia, in.?, of stiffener and effective 3A-350 Toriconical Heads
length of shell. The effective length of shell (a) For toriconical heads whose half apex angle, a,
shall not be greater than the length of the shell  is <60 deg, the maximum allowable external pressure
under the ring plus no more than the length  between stiffening elements is computed by the
of the bending boundary layer (BBL) in the  following:
shell where the stresses are 50% of the peak
values on each side of the centroid of the ring. p - KE/DDo/D)I(t: cos a)/ D,
See Nonmandatory Appendix NM-17 for the e 1 - 0.45[(t. cos «)/D,]°®
BBL formulation. Portions of shell shall not be
considered as contributing to more than one Also check for stress in the cone\S;; as follows:
stiffening ring. o
Ls = |one-half of the distance from the centerline of S, = =t
. . . . 2, COS «
the stiffening ring to the next line of support
on one side, plus one-half of the centerline dis-  The stress, S, must not'exceed S,/F.
tance to the next line of support on the other For toriconical heads, compute the knuckle reinforce-
side of the stiffening ring, both measured paral-  ment length as follows:
lel to the axis of the cylinder, in. A line of
support is L = | Ditir.
(a) a stiffening ring that meets the require- ‘ cos a
ments of this paragraph
(b) a circumF;erer%tiali) line on a head at one- The thickness of the knuckle, #, shall be
third the depth of the head from the head tan- 0.5MP,R,
gent line KT TS
(c) a cone-to-cylinder junction
P = [actual external pressure, psi The minimum total knuckle reinforced thicknegs, f,
shall be
See Fig. 4-7 for stiffener details and Nonmandatory . .
Appendix NM-17 for example calculations. Other stif- tir = 24 or 2t whichever is greater
fener prgfiles meeting the required moment. of inertia |, ore
may be ysed. D. = inside diameter of the conical portion| of a
toriconical head at the point of tangency to the
3A-340 [fop Head Loads knuckle, measured perpendicular to the axis
The top head, regardless of shape, shall be designed of the cone (see Fig. 3-1), in.
to suppoft a 250 b load on a6 in.? compact area without = D; - 2r(1 - cos a)
damage find with a maximum deflection of 0.5% of the D, = maximum outside diameter at the largd end
shell diafneter, or 0.5 irt;whichever is less. For torispher- of the conical segment between stiffening ele-
ical headp, this requitement can be satisfied by using the ments (see Fig. 3-2), in.
method presented/in Nonmandatory Appendix NM-11. E, = axial tensile modulus for the cone, psi
Ejc = hoop tensile modulus for the cone, psi
3A-345 Fully Supported Flat-Bottom Heads Subject E, = resultant modulus for the cone, psi
to Exterpal Pressure. Flat-bottom heads shall be = (E F, 05
designed so that, when subject to the external pressure(s) F = ;ieugié; factor = 5
(a) calculated stresses in the head do not exceed K = 4 - 0.75(E,./1,000,000)
(1) one-tenth of the ultimate strength(s) of the lami- L = conical segment slant height (see Fig. 3-2), in.
nates employed for sustained loads M = 0253 + JR.r)
(2) one-fifth of the ultimate strength(s) of the lami- P, = allowable external pressure, p51
nates employed for intermittent loads combined with P; = design external pressure, psi
sustained loads and R, = D./(2 cos a)
(b) upward deflection of the flat bottom resulting r = inside knuckle radius (see Fig. 3-1), in.

from the external load will not exceed 1%% of the diame-
ter of the head for all external loading conditions

26

(6% minimum and at least three times the
knuckle thickness)

@an
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Fig. 3-2 Toriconical Head Dimensions for External Pressure

S} = ultimate tensile strength, psi

f} = cone thickness (see Fig. 3-1), in,

ft = knuckle thickness (see Fig. 3-1),"in.

ti4 = total reinforced knuckle\\thickness (see

Fig. 3-1), in.
one-half the apex angle/in toriconical heads
and sections (see Fig)3-1), deg

(b) When the half apex’angle a exceeds 60 deg, the
toricpnical 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
accordance with Fig. 3-1. The total reinforced knuckle
thicness 1, shall be calculated in accordance with the

shall not be less than that determined by the
formula:

ollowing

_ PjLy(D,/cos @)’F

s 24E),
where
Ens = hoop tensile modulus for the stifferjing ring,
psi
L; = one-half of the conical segment slan{ distance

from the centerline of the stiffening ring to the
next line of support on one side, plug 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 (see Fig. 3-2), in.
A line of support is

rule in (a). The thickness of a joint overlay near the
knuckle radius tangent line of a toriconical head contri-
butes to the knuckle reinforcement.

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

3A-360 Stiffening Rings

The required moment of inertia, I;, of a circumferential
stiffening ring for conical shells under external pressure

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

(b) a toriconical head-to-cylinder junction

(c) apex of a toriconical head

3A-400 SEISMIC, WIND, AND SNOW LOADINGS
3A-410 Design Loadings

The loadings to be considered in designing vessels
shall include seismic loads, wind loads, and snow loads,

@an
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determined by vessel installation, location, and cus-
tomer specification as defined in the UBRS. The effects
of liquid sloshing in large vessels shall be considered.
The design shall be certified by a qualified registered
Professional Engineer experienced in the design of rein-
forced plastics.

3A-420 Specifying Design Loadings

The magnitude and orientation of the forces enumer-

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 Fig. 4-9.
Nonmandatory Appendix NM-4 suggests a minimum
dimension of % in. between the datum plane and the
bottom of the hold-down lug.

3A-462 Containment Area Flood Loading on Hold-
Down lugs

ated in para. 3A-410 shall be as specified by the UBRS
(see paral 1-200). Examples of codes and design calcula-
tions are|shown in Nonmandatory Appendix NM-3.

3A-430

The vepsel design shall be analyzed under the follow-
ing loadijng combinations:

(a) sugtained loads plus seismic load

(b) sugtained loads plus snow load

(c) sugtained loads plus wind load

(d) wipd loads on an empty vessel

Seismif, wind, and snow loads are considered to act
separately. The forces are not cumulative.

Assumed Design Loadings

3A-440

Stressgs produced by seismic, wind, or snow loading,
in conjunction with any appropriate working stresses,
shall be Jess than S, /5, a design factor of 5 for contact
molded qonstruction. For filament wound construction,
the hoop strain shall be less than 0.002 in./in. and the
axial strdss shall be less than S, /5.

tresses From Loadings

3A-450

Examgplles of wind and snow load design are given in
Nonmangdatory Appendix NM-3. The windload calcula-
tions are|for static loading only and dowot consider the
effect of dtress buildup due to resonantvibrations, which
may be § factor in tall structyres-"These examples are
given to|illustrate the exterdt of analysis necessary to
verify the resistance of equipment to these loads. Other
methods|of analysis maybe used, provided that all of
the stresges induced\by/these loads are considered and
satisfy the requiréments of Part 3.

| oading Design Examples

3A-460 Hold-Down Lugs

3A-46 Rerat: oncentrated—oading e
from hold-down lugs shall be calculated. A design
method for hold-down lugs is given in Nonmandatory
Appendix NM-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 attachment of the lugs. Final inspection per
para. 6-900 shall be completed after the hold-down lug
attachment and testing have been completed. The
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(a) When flooding is designated in the UBRS, hold-
down lugs shall be designed to withstand uplift fprces
from flooding of the containment area.

(b) When the UBRS specifies that the\bottom fhead
and shell are not to be designed to withstand floodihg of
the containment area, the vessel nameplate or a sepprate
label shall contain the following‘statement: “Bofttom
head and shell not designed forflooding of the corftain-
ment area. Containmentlarea flooding may resylt in
damage and vessel leaks. Vessel must be inspgcted
before being returnedyto service if containment afea is
flooded.”

3A-500 LARGE DIAMETER RTP EQUIPMENT BQDY
FLANGES

A'method for designing flanges with full-face gakkets
isgiven in Nonmandatory Appendix NM-2. Dimengions
and allowable pressures for representative flanges|with
full-face gaskets are given in Table NM2-1. The rpaxi-
mum allowable design stress value shall be 3,000 pgi for
flanges constructed of Type II laminates and 1,800 psi
for flanges constructed of Type I laminates.

3A-600 VESSELS SUPPORTED BY SHELL
ATTACHMENTS

Where the vessel is supported by attachments tp the
shell, the attachments and associated reinforcementjshall
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 vgssels
requires consideration of the forces caused by eccgntric
loading of the lugs. In small vessels, these radial fprces
may-be-accommeda Frei 1. In
vessels larger than 3 ft inside diameter, some type of
a metallic ring-lug support should be used. A design
method for metallic 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
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Figs. 4-4 and 4-5. Required patterns of reinforcement
placement are shown in Fig. 4-12.

(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 consideration and stress levels shall sat-
isfy the limits of Subpart 3B.

(c) For circular nozzles, only openings with the largest

The reinforcing diameters, d,, 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) T, over and above T, shall not be considered to
have reinforcing value

dimdnsion along one axis being no longer than two
timep the largest dimension along the axis 90 deg to the
first laxis are covered by these rules. These dimensions
shall be measured from one cut edge to the opposite
cut gdge (the chord is measured in the hoop direction).

(d) These rules only cover reinforcement of cylinders
and Hished, elliptical, or conical heads using the thick-

ness|equations shown in Subpart 3A.
3A-7110 Wall Thickness Definitions
T,| = actual structural wall thickness, in.
= wall thickness obtained after fabrication, not
including any sacrificial corrosion barrier
T.| = calculated structural wall thickness, in.
= wall thickness planned on being used to fabri-
cate the vessel; calculated by summing the theo-
retical thickness of each layer, not including any
sacrificial corrosion barrier
T,| = theoretical structural wall thickness, in.

minimum wall thickness that will satisfy the
design conditions; does not include saerificial
corrosion barrier if it is specified

EXAMPLE: The design calculations establish that the wall thick-
ness ghall be at least 0.242 in. (T}). A 0.29-in. (T;) wall thickness is

(c) When t, < 0.129, no reinforcing is requifed.
(d) t, = VMKT, - M(T, - T)).
(e) Opening reinforcement thickness thatl must be
added to the wall may be applied to'the outeg or inner
surfaces, or be divided between them as ghown in
Fig. 4-12. Beyond the limits/of ,, the added| opening
reinforcement thickness shall be tapered onto| the shell
at not less than 1:6.

3A-800 SECONDARY BOND SHEAR STRES

"2}

The ultinmate secondary bond shear stress is 2,000 psi.

SUBPART 3B
DESIGN BY STRESS ANALYSIS

3B-100 INTRODUCTION

Either vessel or vessel part may be desigried 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 design Professional
Engineer, 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 Nonmgndatory
Appendix NM-13 that are adapted from Secfion VIII,
Division 2 of the ASME Boiler and Pressure Vegsel Code

(b) the finite element method

(c) closed form solutions that yield the compllete biax-
ial state of stress

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

strain gcage data
ejare)

specified for fabrication. After fabrication,.it\is determined to be
0.322[in. (T,).
D| = vessel inside diameter, ‘irt.
d| = nozzle’s largest hple dimension, in.
K| = 1 for nozzles >6:
= d/6 for nozzles<6 in.
M| = 1 for Typeor II laminates
= 0¢/15,000-for Type X laminates
T| = vessél wall thickness
t| = nezzlé wall thickness
t,| = “e€inforcement thickness, in.
V[ =1 for internal pressure
= % for external pressure
o = hoop tensile ultimate strength for cylinders, psi
= tensile ultimate strength for heads, psi
3A-720 Reinforcement Diameter

The outer diameter of the opening reinforcing lami-
nate, d,, shall not be less than two times the opening’s
largest dimension. For openings with largest dimension
less than 6 in., the minimum opening reinforcement
diameter, d,, shall be the largest dimension plus 6 in.
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(e) other mathematical and/or experimental tech-
niques, provided they are as accurate or as conservative,
in the opinion of the design Professional Engineer, 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.
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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

bending moment per unit length in the laminate. (See
Mandatory Appendix M-3, Fig. M3-1.) The location of
the reference surface is chosen by the engineer. The refer-
ence surface used to define the stress resultants shall be
the same as that used to compute stiffness coefficients.

(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

3B-210

The eqpivalent stress ratio at any pointin a vessel is the
value of §tress ratio deduced from the stress condition at
the poinf by means of a theory of failure. The theory of
failure uged in the rules of this subpart for combining
stresses ip 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
propertigs of the laminate and individual lamina and
shall talfe into account the primary and secondary
stresses ¢aused by gross structural discontinuities.

Basis for Determining Stresses

3B-220

Terms [used in this subpart relating to stress analysis
are defined as follows:

(a) Grgss Structural Discontinuity. A gross structural
discontirjuity is a source of stress or strain intensification
that affeqts a relatively large portion of a structure and
has a significant effect on the overall stress or strain
pattern dr on the structure as a whole.

Exampjles of gross structural discontinuities are hiead-
to-shell and body-flange-to-shell junctions, and-junc-
tions b¢tween shells of different diameters or
thicknesges.

(b) Lodd Stress. A load stress is a sfress that results
from thelapplication of a load, such @sjinternal pressure
or the effects of gravity, as distiniguished from thermal
stress.

(c) Logal Primary Membgane Stress. Cases arise in
which a ;nembrane stress)ptoduced by pressure or other
mechanijcal loadingand associated with a primary
and/or a discontinuity effect would, if not limited, pro-
duce excessive distortion in the transfer of load to other
portions |of théstructure. Such stresses are termed local
primary membrane stress.

Terms Relating to Stress Analysis

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 refer-
ence 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
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of stress normal to the plane of reference. Usually the
distribution of normal stress is not uniform threugh the
thickness of a lamina. The stress is considered fo be
made up of two components, one of whigh is unifgrmly
distributed and equal to the averagevalue of the gtress
across the lamina of the section dnder considergtion,
and the other of which varies with-the location afross
the lamina.

(h) Off-Axis Coordinates~The off-axis coordinatds are
coordinates chosen by the engineer. They coincide(with
the vessel coordinate$:(see Fig. M3-4).

(i) On-Axis Coordinates. The on-axis coordinates are
a collection of¢Sets of axes, one for each laminal The
x-axis of a setiis dligned with the reinforcement, and the
y-axis is perpendicular to the x-axis and lies in the jplane
of the lamina. The x—y axes or on-axis systems arg also
called.the principal material axis systems (see Fig. M3-4).

(j)Primary Stress. A primary stress is a normal gtress
or a shear stress developed by the imposed loading. It
is necessary 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 considefably
exceed the stress at onset of cracking will result in fdilure
or at least in gross distortion. A thermal stress i not
classified as a primary stress.

Examples of primary stress are

(1) the general membrane stress in a circular qylin-
drical or a spherical shell due to internal pressufe or
distributed live loads
(2) the bending stress in the central portion

flat head due to pressure

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

of a

or the neutral bending surface (see para. M3-200). In the
case of symmetric laminates, these choices coincide.

(I) 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
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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 distor-
tions can satisfy the conditions which cause the stress
to occur.
Examples of secondary stress are
(1) general thermal stress
(2) bending stress at a gross structural discontinuity
(0) Strength Ratio. The strength ratio is defined as the

(f) loads from internal parts, such as baffles and pack-
ing 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,

lowgst value by which each component in the stress
statgat a point could be multiplied so that the multiplied
stregs state would violate the failure criterion in
para} 3B-500.

(p) Thermal Stress. A thermal stress is a self-balancing
stresp produced by a nonuniform distribution of temper-
atur¢ 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
undg¢r a change in temperature.

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

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

3B-300 LOADING

Alll vessels shall be designed to resist'the hydrostatic
loaf%[ Top heads, or other surfaceS:where personnel
might walk, shall be designed te-support a 250-1b load
on a|16-in.? compact area without exceeding the stress
critefia of para. 3B-500, and-with a deflection < 0.5% of
the Yessel diameter or width.

Vdssels shall also be.designed to withstand the follow-
ing Ipad combinatiéns-without violating the criterion of
para} 3B-500. The_magnitude of each of the loads is
defined by thie ' UBRS (see para. 1-200) as follows:

(a) internal pressure above the liquid contents, super-
posed ofrthe hydrostatic pressure.

(b) 16ads on support ring or lugs from the vessel

but not simultaneous with seismic or windyIdads.

(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 smow“loads

(k) wind load on an empty vessel.

() loadings due to the tempOraty oblation gf 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 specifiedl loading
combination, or other combinations of loads, [that pro-
ducés the most severe stress condition.

The stress components from different typeq
that may be applied simultaneously are
algebraically.

The design factor is calculated at each critjcal point
on the vessel using the procedures of Mgndatory
Appendix M-3.

of loads
summed

3B-500 STRESS CRITERIA

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

(a) For all vessels that are designed using fombina-
tions of Subparts 3A and 3B, the minimum strefgth ratio
shall be 10.

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

(c) For all vessels that are designed entirely by
Subpart 3B and for which an acoustic emission pxamina-
med, the

weight, 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.
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ton—byMandatory—AppendbcM-8—is—perfor
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
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strength ratios in (a), (b), (c), and in the preceding para-
graph may be divided by 1.2.

Individual layers often have different elastic moduli
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.

axially oriented fiber layers that may be less than 1.0.
Microcracking shall be permitted only in axially oriented
fiber layers.

3B-600 EXTERNAL PRESSURE

The stress distribution resulting from external pres-
sure shall satisfy the criteria of para. 3B-500. In addition,
to ensure elastic stability, the calculated buckling pres-

If the pirengthh Tatio of any layer of the faminate 15
less tharn 1.6, then the designer must recognize and
account for the possibility of reduced mechanical prop-
erties in fthe laminate.

(e) Foploadings 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 B.0.

(2) The strength ratio of C-veil inner layers shall
be greatdr 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 gnd greater than or equal to 3.0 when the veil
is in conjpression.

(4) The strength ratio of the structural layers shall
be great¢r than or equal to 1.5, with the exception of

sure of the vessel shall be at least five times the\design
external pressure. For dished heads and cylindrical
shells fabricated of Type I or II laminates;the rules of
para. 3A-300 may be used to calculate\the allowable
external pressure, satisfying the requireiment for elastic
stability.

Many vessels are constructed with Type X lamipates
which may be anisotropic. Anisotropy can have a sfrong
influence on elastic stabjlity*and must be taken| into
account in design calculations.

3B-700 ATTAEHMENTS

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

4-100 SCOPE

coated. Overall machine facing of the back of flanges in

Part 4 sets forth fabrication details that are used in
conjiinction with the design rules and procedures of
Part[3. Figures 4-1 through 4-6 are required only when
Subpart 3A design rules are used. Figure 4-7 is an
optignal stiffener detail, and Fig. 4-8 is an optional skirt
attaghment detail. All other figures and tables in Part 4
are 1equired to be used in conjunction with the design
rule§ of Subparts 3A and 3B. Where complete details
are Mot given, it is intended that the Fabricator shall
provjide details of design and construction that shall be
as sdfe as those provided by the rules of this Standard.

4-11||IO Fabrication Requirements

All fabrication shall satisfy all requirements of the
Usef’s Basic Requirements Specification and the
Fabrfcator’s Design Report using the fabrication proce-
duref of Part 4 and drawings certified by the registered
Proflessional Engineer prior to application of the
ASME Certification Mark with RTP Designator.

4-120 Large Diameter Fabrication Details

For vessels over 16 ft inside diameter, the fabrication
detafls given in Part 4 may be modified as long as the
design loadings and stresses meet the requirements of
Part BB. The tolerances given in Part4 shall be modified
llows: Maximum out-of-roundness shown in

Fig. #-9 shall not exceed +1% of.the inner diameter for

if uded»Oblated shell sections shall not contain any
dl'y DOITU cXCcp U i O CPd i dlItd U C

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

lieu of spot facing is permitted, provided thé 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 Fig. 4-3. No longitudinal
shell joints are permitted.

4-320 Type | and\Type Il Secondary Bond Oyerlays

Secondary/bond overlays shall comply|with (a)
through (f)\bélow.
(a) All cured laminate surfaces to be overlayed shall
be roughened with 36 grit size abrasive m¢dium or
coarser for external surfaces and 60 to 80 grit gize abra-
sive medium for the final internal surface pregparation.
(b) The thickness of the overlay shall be the thickness
required for an equivalent hand lay-up laminafe regard-
less of the type laminate being joined. A Type Il laminate
structure, as shown in Table 2A-2, shall be |used for
overlays of Type II laminates. Type I laminate|overlays,
as shown in Table 2A-1, shall be used whenp making
Type I laminate joints.
(c) The joint overlay to Type I contact moldled lami-
nates shall consist of chopped strand mat pliesfonly. The
number of plies shall be not less than the nfimber of
structural plies for the structural portion of the thickest
laminate being joined or 0.22 in. minimum. The first ply
shall have a minimum width of 3 in. Each spiccessive
ply shall overlap the preceding ply by % in. fninimum
on each side.
(d) The joint overlay for Type II contact molgled lami-
nates and for filament wound laminates shall fonsist of
alternate plies of mat and woven roving equjvalent to
the structural portion of the thickest Type II{laminate
eingio 022 in—minimum-—Minimumply width
shall be 3 in. The woven roving shall not be greater in
width than the layer of chopped strand mat it follows.
Each successive mat ply shall extend % in. 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% oz 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., with each successive
layer of mat extending % in. minimum beyond each
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side of the preceding ply, followed by the surfacing veil
extending ' in. minimum beyond each side of the last
ply of 1% oz 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

4-400 FLANGED NOZZLES

4-410 Fabricating Flanged Nozzles

All flanged nozzle necks may be fabricated by the
hand lay-up or filament wound methods using Type I,
II, or X laminates and in accordance with Figs. 4-10 and
4-11 and installed per Figs. 4-4 through 4-6 and 4-12.
The thickness of nozzle necks given in Fig. 4-10 shall
be the minimum thickness for all types of laminate con-

shell, thd joints shown in Fig. 4-2, cylindrical shell to
cylindricpl 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 jpints, the width and thickness shall be as deter-
mined by the design Professional Engineer, and the joint
design shall be as safe as those provided by the rules
of this Sfandard.

4-330 Alternative Secondary Bond Overlays

(a) Joints shall be constructed by any qualified fabri-
cation method.

(b) The overlay strength for the joint shall be based
on a desjgn basis laminate.

(c) The structural layers may be included in the exte-
rior overlay or the interior overlay. When structural lay-
ers are ifcluded 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.

(e) Th¢ minimum oveflay width shall be 6-in. full
thicknesg plus 4:1 mininium tapers specified in Fig. 4-3.

(f) The¢ width of the-overlay shall be sufficient to pro-
vide avedrage se¢ondary bond shear strength at least
equal to [the axial'tensile strength of the weaker part.

(g) Avlerage’secondary bond shear stress shall not
exceed 200 psi

struction used. In addition, 1f a lilament wound lamjinate
is used to fabricate the nozzle neck, the laminate proper-
ties shall be at least equivalent to those of a Type II hand
lay-up laminate of equal thickness in both thé hoop and
axial directions. Nozzle flanges shall enly be fabri¢ated
by the hand lay-up method using Type I or II lamipates
and in accordance with Figs. 4-10/and 4-11. The npzzle
shall extend 6 in. from the outside diameter of the|shell
to the nozzle—flange face tinless otherwise specified.
Nozzles up to and including 4 in. shall be gusseteql per
Fig. 4-13.

Other gasket materials or flange dimensions |than
those given in Fig, 4-10 are permissible provided the
following are/met:

(a) The necK thickness requirements of Fig. 4-1] are
met.

(b).The flange satisfies the requirements of
Nonmandatory Appendix NM-2, Nonmand4dtory
Appendix NM-12, or Subpart 3B.

(c) If the nozzle will be subjected to pressures greater
than 50 psig, in addition to (b) above, the nozzle jneck
thickness shall be the greater of the thickness in Fig| 4-10
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 washgrs in
accordance with Fig. 4-10. Bolt holes and spot facing
shall be resin coated. Overall machine facing of the[back
of flanges in lieu of spot facing is permitted, proyided
the hub is not undercut.

4-430 Installation of Nozzles

The laminates used to install a nozzle or mapway
shall be made by the hand lay-up method using Type I

or II laminates in accordance with Figs. 4-4 through 4-6

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

(i) The layer adjacent to the bond surface shall be a
minimum of %-oz/ft* mat or randomly chopped glass.

(j) Joint laminate sequencing, if interrupted, shall be
stopped with an exothermic layer of mat or randomly
chopped glass and must be resumed with mat or ran-
domly chopped glass.

(k) The corrosion-resistant overlay shall satisfy all the
requirements of paras. 4-320(e) and (f).
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(a) If the vessel section is of filament wound construc-
tion, the reinforcement laminate shall be of a Type II
construction.

(b) If the vessel section is of filament wound construc-
tion, the attachment laminate shall be of a Type II con-
struction for nozzles 6 in. and above in size. For nozzles
below 6 in. in size that are gusseted in accordance with
Fig. 4-13, the attachment laminate may be of Type I or
II construction for any type of vessel section laminate
where the nozzle is located.
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(c) Where plate gussets are installed in accordance
with Fig. 4-13, all nozzle reinforcement and attachment
laminates shall be installed before the installation of the
gussets.

(d) Circular openings in shells and heads for the pur-
pose of installing nozzles shall be cut within the follow-
ing tolerances:

(1) maximum gap of % in. for nozzles 12 in. and
smaller

reinforcing layers shall be staggered to avoid overlap-
ping 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 Figs. 4-3,
4-9, and 4-14, sketches (a) through (c). Flange face draw-

Z) maximum gap of 7 in. for nozzles greater than
. and smaller than 24 in.

3) maximum gap of % in. for nozzles 24 in. and
greafer

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

(f)| Corners in rectangular openings and exterior cor-
nersjof rectangular nozzles shall have a minimum radius
of thiree times the nozzle neck thickness.

(¢] All openings shall be cut with a smooth profile to
avoidl stress concentrations (cuts, square corners, etc.) in
the xerimeter of the opening.

12 in

4-500 MANWAYS
4-51/0 Diameter

Mgnways shall have a minimum diameter of 20 in.
Manway dimensional requirements are as shown in
Tabl¢ 4-2.

4-520 Installation

THe installation of a manway shall comply\ith the
requfrements given for nozzles.
4-5 Bolt Holes

Al manway flange bolt holes shallbe'back spot-faced
for ASME B18.21.1 Type A nargow-washers. Bolt holes
and $pot facing shall be resin coated. Overall machining
of the back of manway flanges' in lieu of spot facing is
pernpitted, provided the‘htib is not undercut.

4-600 REINFORCEMENT OF CUTOUTS

When reinforcitig materials are cut to facilitate place-
menf around¢an installed nozzle, joints in successive

back-arrdror-waviressshattrmotexceedthe—vatues listed
in Table 4-1 as measured at or inside thé 'bplt circle.
Reverse drawback shall be limited to %;in’, measured
at the inside of the flange using the qutside of Ee flange
as a reference point.

4-800 BALSA WOOD CORED PLATES

Balsa wood cored plates shall be limited to flat panel
designs fabricated using Type I, II, or X laminate with
balsa wood thatmeets the requirements of Mandatory
Appendix M=13. The following applies to fdbrication
with balsaywood cored plates:

(a) Minimum laminate thickness per sidq of balsa
wood\¢ore laminate shall be 0.22 in.

(b) At least one layer of 1%-0z/ft* choppdd strand
mat shall be placed on each side, between the balsa
wood core and the structural laminate, to ensufre proper
bond.

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

(d) Core thicknesses greater than 2 in. shall he layered
in up to 2-in. increments with at least one| layer of
1%-0z/ft* chopped strand mat between balsa Wood lay-
ers to ensure proper bond between layers, with the fol-
lowing exception: For a tapered sloped bottom that is
greater than 2 in. thick, a single machined laygr of full-
thickness balsa may be used.

(e) Atypicalflat cored bottom knuckle detail
in Fig. 4-15.

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

is shown
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Fig. 4-1 Torispherical Heads

Taper to head

Taper to head

Full reinforcement
thickness

Full reinforcement
thickness

/

Joint line

Jointed Head Noenjointed
Detail Head Detail

(a) Torispherical Head Subject to Internal Loading

Knuckle radius
/ equals 6% of
shell diameter

Taper to
head

/

\ Full reinforcement

thickness

Joint line

\Taper to

shell

Jointed Head Nonjointed
Detail Head Detail

. . - " 11 -
reermar—oaoamyg
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Fig. 4-3 Joint Arrangement a7

Exterior overlay
\_/\7—/—/ [see para. 4-320(c) or (d)]

4:1 min. taper
Taper to 1/, in.

4:1 min. taper

3/gin. max. gap —s— <A

11/ in. min.

: / 3 mimax. First ply of mat

Resin putty *

3/gin. max. gap —T d

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

Bell thickness to be
1/4in. min. or
“t" in. max.

\—4:1 min. taper

—>é<— t = thickness of thinner part
Pl being jained

(a) Tolerances for Bell and Spigot Joints

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

Interior overlay

[see para. 4-320(e)] \

¥
o

Resin putty

————————————— N ——

8/gin. max. gap

Maximum offset 4,

1/4in. or 2t/3,
whichever is less

S

EFeeeeeeeeee— ===

4

|

—>{|I|||——t = thickness of thinner part
being joined
~ N
(b) Tolerances for Butt Joints

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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Fig. 4-4 Flush Nozzle Installation

d
|
|
|
|
| |
|
|
\ '
$hell reinforcement '
|
Style A 0.26 | | hy—>
min. | Shell reinforcement
‘ I 0.26 Style B
: min. [y
—n, S N
Taper nptless h r
than ]:6 0 : h
\ h; |
|
|
Y ) 4 N
|
N/ 7 |
to | s
—t; Note (1)< t
~——h; ——>| h;
dr
d = nozzle diameter
d, = cutout reinforcement diameter, in., measured on the vessel surface (greater of 2d or d + 6;
see para. 3A-720)
h; = inside shear bond length (see Table 4-3)
h, = outside shear bond length (sée Table 4-3)
h = total shear bond length (see Table 4-3)
=h; +h,
r=fillet radius (3/g in. miqy)
t; = inside installation lamihate thickness
=t,—t, [minimum;=0.14 in. (3M, V)]
t,= minimum nozzleystub thickness (see Fig. 4-10 and Table 4-2)
t, = outside installation laminate thickness
=t,,— t; [mifimum t,=0.26 in. (6 M)]
t, = cutout reinforcement laminate thickness (see para. 3A-730)
t; = shelhthickness
t,, = totakinstallation laminate thickness (minimum ¢, =0.40 in.)
=greater of t_or 2t,for Style A
=lesser of t, or 2t,for Style B
5.~ reinforcement base thickness
= t,/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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Fig. 4-5 Penetrating Nozzle Installation

Shell reinforcement
Style A

Shell reinferxcemen

Style 87

min. x| A

(

|

|

|

|

|

\ I

|

|

|

‘ |

|

|

|

h, |

— —> t

Taer not less " t | N ¢ |

h r |

han 1:6 0 |
\ AN T e

+ |

/ I

|

|

|

|

|

|

|

!

|

|

|

d = nozzle diameter
d, = cutout reinforcement diaméter, in., measured on the vessel surface (greater of 2d or d + 6;
see para. 3A-720)
h; = inside shear bond-ength (see Table 4-3)
h, = outside shear bend.length (see Table 4-3)
hs = total shear bond.length (see Table 4-3)
=h; +h,
l,= penetratign length (2 in. min.)
r=fillet radius(3/g in. min.)
t; = inside\installation laminate thickness
=ty >t [minimum t;=0.14 in. (3M, V)]
t,=Minimum nozzle stub thickness (see Fig. 4-10 and Table 4-2)
t,='outside installation laminate thickness
=t,—t; [minimum t,=0.26 in. (6/M)]
t, = cutout reinforcement laminate thickness (see para. 3A-730)
t; = shell thickness
t,, = total installation laminate thickness (minimum ¢, =0.40 in.)
= greater of t, or 2t, for Style A

GENERAL NOTE:

= lesser of t, or 2t,for Style B
t, = reinforcement base thickness
= t,/2 (Style B reinforcement)

The installation laminate and the reinforcement may be applied as a single unit.
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Fig. 4-6 Bottom Drain Detail

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

Apply all joint reinforcement
Interior overlay [see para. 4-320(e)] before installing nozzle

6:1 taper (typ.)

? fo hy Plate gusset
i
h:

I —

. 2h, |

(a) Flush Drain

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

Interior overlay [see para. 4-320(é)] Apply all joint reinforcement
before installing nozzle

/ 6:1 taper (typ.)

h,
&

Plate gusset
i ’\

2h;

ﬁmq/

e
b J Vﬁ;z%
dor 3in. min. ll

2h,

l_to “—t,-
1

|t Q —|

(b) Full Drain

GENERAL NOTE: For flush drain and full drain, notch foundation to accommodate offset. Notch is to be minimized, as determined by a
Professional Engineer. Drawings are to show dimensions of notch. It is optional to fill notch with grout. Grouting requirements are to be
determined by a Professional Engineer. (See Fig. 4-4 for definitions of nomenclature, such as h,, hj, t,, etc.)
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Stiffener Details for Half-Round, Trapezoidal, and Filament Wound Band Configurations

Taper no steeper
than 1:6 (not
included in
calculations)

tsand Eg
A | tand E
T
<~ R —>
Wes=2BBL + 4R
(a) Half-Round Configuration
A
Taper no steeper
than 1:6 (not
included in
calculations)
Cc
tsand Eg
tand E
4] '
! A
B <~ D —>
WES

(b) Trapezojdal Configuration

Taper no steeper

tand E

GENERAL NQTES:
@@ S
configurations.

than 1:6 (not

included in
calculations)

Y w

tsand.Ey — =y
[N I
]
Wes

Wes = 2BBL + w

(c) Filament Wound Band Configuration

be Nonmandatory Appendix NM-17 for the calculation of the BBL and the stiffener effective moment of inertia for the abov

s bl Lo b TR } 1 . 1 ‘ } . el PN }
(b) tS — SUITETET IMURITESS (I attu 15 TTUT UITIIEU tU diteTidiTg idyers U Tdt altua WUVETT TUVIITg WILIT d TiTTdt Tidt idy€T.
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Fig. 4-8 Support Skirt Attachment Detail

Apply all joint and knuckle ————

4%

L— Interior overlay

reinforcement before
attaching skirt

tot
tsk

GENERAL NOTES:

@ to len

(b) Skirt i

NOTE:
(1) If overl

Fill with milled fiber resin putty

¢

[see para. 4-320(e)]

— Tangent line

/x

ty) —=|

Optionall/s in.
ovetlay
[Nete'(1)]

thickness of skirt-to-shell overlay bond
thickness of skirt

By is used, it may be applied/after an acoustic emission test.

bth of bond, and type of laminate to be ‘determined by a Professional Engineer [see para. 4-320(g)].
side diameter shall be the same as/Vessel inside diameter.
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Fig. 4-9 Fabrication Tolerances
th
Tangent
See Note (1) / line
* / — — — |l_‘
2 } —
© ___\’\/_/\
o \/\‘[
Q
Q
3
‘{’
o | I
=]
= £
o5 +1/,in.
© =
=
S n U
29 Bearing surface of each
Egw lug level + 1/ in.
T~ [l
e 'l N
1
4 :: LJ_]'I ':; (
c i I.D. £ 1%
E“ I [
Le-—d—-— Tolerance including See Note (1)
9 out-of-roundness
~
o
8 _____________________
Bl )
c :‘.;’I“
X e A
-
H | 1, in.
(e S e | The maximum offset
\ between shell sectigns
l/" 1 being joined shall be
U Ty in. or 2t./3,
Wall taper not to exceed 1 whichever is less,
1/, deg per side where t, is the
- Manway thickness of the thinner
) part being joined.
+1/5in. -/\f\_,\_/\’ Maximum gap shal
\\/J\/\l not exceed 3/g in.
\_’\/\_/\
See Note (1) Tangent
] \ [ line
y
Z I T T T T T
SH=pi=r == MITE T, \
Datum plane for ! \
flat-bottom vessels \ N — ety + 1, in.
Tank bottom must be flat — i \—t Datum plane for skirt
within 1% of tank diameter ‘ b or leg-supported vessels
\ AENZNENE =,
NOTES: —> \4— Squareness of shell to datum plane:

(1) See para. 6-920 for thickness tolerances.
(2) Tolerances for tanks above 40 ft in height

should be stated in the UBRS.

. + 1/g4 in. per foot of shell height,

not to exceed 1/2 in. for tanks up to

40 ft in height [Note (2)]
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Fig. 4-10 Nozzle Flange Dimensions for Class 150 Bolting

A

+1/5in.
-0in.

Flange face flatness

I
I
| | per Table 4-1.
%‘TVI ! 7TF & |, At F, spot face for
Min. radius iz | | ' | washers. see below.
1/4in- | r
L
_>| <_hr
ASME B18.21.1
C, Min. T, Min. T, Min. Hub Type A Narrow
Size in. Type | Type Il Reinforcement, Min.  Min No. Bolt Hole Bolt Washer Size Bolt
B, A, [Notes Laminates, Laminates, h,, t, L, of  Diameter, Diameter, (0.D.), Tqrque,
in. in 1)-3)1 in. in. in. in. in. Bolts in. in. in. ft-lb
2 6 4, 0.625 0.563 0.25 0.25 2% 4 % A 1% 25
3 7Y 6 0.625 0.563 0.283 0.25 274 4 5, A 1% 25
4 9 7V 0.813 0.688 0.313 0.25 3% 8 % A 146 25
6 11 9Y, 0.938 0.688 0.313 0.25 3%, .8 /A % 1Y 25
8 13% 113, 1.125 0.813 0.375 0.25 4% 8 A % 1Y 25

10 16| 147 1.25 0.938 0.5 0.25 A% 12 1 7 1%, 25

12 19 17 1.438 1.063 0.625 0.25 4% 12 1 A 1%, 25

14 21 18%, 1.438 1.063 0.688 0.313 5 12 1% 1 2 30

16 23%  21Y, 1.563 1.188 0.813 0.313 5Y%¢ 16 1Y 1 2 30

18 25 22%, 1.625 1.25 0.75 0.375 5% 16 1Y, 1% 2Y, 35

20 27% 25 1.813 1.313 0.75 0.375 5% 20 1Y, 1Y% 2Y, 35

24 32 29Y, 2.125 1.5 0813 0.438 5% 20 1% 1Y, 2% 40

GENERAL NOTES:

(@) Gasketb shall be Y-in. thick full-face elastothéric material having a hardness of Shore A60 #5.

(b) Flangelthicknesses are based on 1,800 (psi design stress for Type | laminates and a 3,000 psi design stress for Type Il laminates.|A
design|factor of 5:1 was used against ultimate tensile stress in both types of laminate construction.

() The nopzle neck thicknesses givenare’based on a Type Il or equivalent strength filament wound Type X laminate with a design factor
of 10:1 against ultimate tensile“strength and are the minimum thicknesses that may be used in all types of laminate construction. If
Type | pand lay-up laminates‘are’utilized, the nozzle neck thicknesses shall be increased for nozzle sizes 10 in. and up.

(d) The raffing of all nozzle négks and flanges for all sizes given in this Table is 50 psi.

(e) Dimengions generally Comparable to Class 150 welding-neck flanges.

NOTES:

(1) 20.06 {n. (see ASME B16.5).

(2) +0.03 {n. centerto center of adjacent bolt holes (see ASME B16.5).

(3) Eccentficity between bolt holes and center of nozzle: for size 2 in., +0.03 in.; for size 3 in. and larger, £0.06 in.
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Fig. 4-11 Flanged Nozzle Lay-Up Method

Three full-face plies of mat
T2 plus one ply surface mat TI2

[Note (1)] — (<— [Note (1)]
l _____ |
FEEEE |
T T = |
! 1/yin. radius (min.) !
| L L |
€ %
Flange FI4 ngr
| |
— et t l«—
O~
(a) Flange on Pipe Type (b) Integral Type
NOTE:

1) T/2 equals hub reinforcement.
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Fig. 4-12 Nozzle Installation and Cutout Reinforcement Location Alternate

I |j\————1 Cone attachment
L ‘ overlay

t — !
N I~ Type I laminate —/ X !

~ .
TOoOTroSTon

CUIIUb;UII IIJ(JII;!;‘I C . b .
orrosion barrier barfQc
All Exterior Balanced All Interior
Flush-Type Nozzle
____I - —— E— -
[ Cone attachment |
! overlay - _ _
; 1
1
f |
1 Corrosion barrief, ’ |
! 2in. shotulctj ex:endI . 2in.
| . . ! past structura % \
\ End seal Corrosion barrier \ overlay End seal
needs to protect End seal
Corrosion barrier penetrating nozzle
needs to protect structure
penetrating nozzle
structure
All Exterior Balanced All Interior [Notes (1), (2)]
Penetrating-Type Nozzle
] ]
Outside joint
<[ Reinforcement \ N
d
P+ ; ;
Inside joint
Reinforcements
NOTES:
(1) The reipforcement(s) and joint(s) may be done in one operation.
(2) In highly corrasive environments, interior structural overlays are not recommended.
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Fig. 4-13 Nozzle Gussets

Attachment of gusset
to back of flange is
optional

Four reinforced
plastic gussets —>

1/4 in 1/4 in. .
Four reinforced 1in. max
plastic gussets —>-, i
1, 11, | deg
VA/{ T I\/ A
11/2 in.—> 11/2in.—> }‘Z
‘— Three plies of ] ) ) Three/plieg of
Fill voids with 1/, oz Fill voids with ", 0z
filled resin mat overlay filled resin mat ovefrlay
(a) Plate-Type Gussets [Note (1)]
Cone to be integrally formed with
flange or bonded to the outside Split conical gusset to allow
of the flange exterior nozzle attachmént
overlay
Four plies of 120z H HH
316 in. / mat min. by minx3 in.?:;vid_e - t
16 In. ;
A
Yain. dia.'drain hole 4 ,}i
H |
a’t I'(.):v'v'\pomt of cone \ e, :E I
i /
60 deg 60 deg
(b) Jypical Cone-Type Gussets [Note (2)]
NOTE$:
(1) Glssets are to be evenly spaced around nozzle. Gussets are to be added after complete assembly of nozzle on shell. Gusse}s are not

nprmally required on nozzles over 4 ip.

(2) Cpnical gusset attachment to the shell_or head shall be made after the installation of the external structural nozzle attachmg

nt overlay.
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Fig. 4-14 Flange Tolerances Fig. 4-15 Flat Cored Bottom Knuckle Detail
\/\/\/\ /\/
| | | | <
[ [N [N T
i o e m—
| | |

Flange waviness

(a)

= R
See Table 4-1 §
| —

A f Grain ]
m . areetion |50 [T [T

- T _+
Revédrse Drawback Flange Drawback 45 deg
(b) (c)

GENERAL NOTE: Refer to Fig. 4-2 for flat-bottom tank corner Hetail.
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Table 4-1 Flange Flatness Tolerance

Flange Size, in. Tolerance, in.
2-84 +Y5
90-108 +Y16
114-144 +¥52

Table 4-2 Typical Dimensions of Manways

Minimum Minimum
Diameter of Thickness of Min. Manway Diameter of Number Bolt Hole

Mininjum Flange and Cover, Flange and Wall Bolt Circle, in. of Diameter,
Size,|in. in. Cover, in. Thickness, in. [Notes (1)-(3)] Bolts in.
Pressfirized manway — up to 15 psig

2¢ 27Y, 1 A 25 20 ¥

27 30 1 A 27 20 A

24 32 1Y, A 29Y, 20 %
Manway — atmospheric pressure, up to 0.5 psig

2¢ 27Y A Y 25 20 A

27 30 A A 27 20 A

24 32 % Y 29, 20 Y

GENERAL NOTES:
(@) Bplt size equals bolt hole diameter minus % in. (3 mm).
(b) Gpskets shall be Y in. thick full-face elastomeric material having ashardness of Shore A60 5.

NOTE$:

@
@
©)

+ +

.06 in. (ASME B16.5).
.03 in. center to center of adjacent bolt holes (ASME B16:5).
.06 in. eccentricity between bolt circle and center of‘nezzle.

Table 4-3 Shear Bond Length

Minimum. Nominal Overlay Minimum Shear Length,
Thickness, in. hg, in. [Note (1)]
1/4 3
6 3
) 3
"he 3%
1/2 4
%6 4%
s 5
e 5%
Y 6
7 Z
1 8

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 (h, + h;). See Figs. 4-4 and 4-5.
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Part 5
Overpressure Protection

rmanently attached vent.

ts for atmospheric tanks shall have a cross-
sectionallarea equal to or exceeding the combined areas
of inlets jor outlets, whichever is greater.

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

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

5-120 Excessive Pressure

In viey of the relatively low mechanical properties
of RTP qompared with metals, careful consideration
must be given to excessive internal or external pressure.

5-130 Operating Characteristics

Operafing conditions shall reflect both normal”and
abnormal operations relating to internal or external pres-
sure, vefting, vessel overflow locationfand process
upsets.

PROTECTION AGAINST\OVERPRESSURE

All vegsels within the scdpe’of this Standard shall be
provided with protectiofpagainst internal and/or exter-
nal presqure exceedirig jmaximum allowable pressures.
This shall be the responsibility of the User.

The size and location of all nozzles used for overpres-
sure profection:set forth in para. 5-300 shall be shown
in the equipmient sketch and nozzle schedule attached

5-200

DEVICES

Devices listed in paras. 5-300(a) through-(d) shall be
located in the top of the vessel abovepthe’maxijnum
liquid level.

Overflows for vertical vessels shall be on or below
the top head tangent line. Overflows for horizonta] ves-
sels shall be located in the head, or shell below thg 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 vhlves
shall notb¢)installed between the vessel and any r¢liev-
ing deyice.

5-600 OVERPRESSURE DEVICE SET PRESSURE

Relief devices shall be set no higher than the maxi-
mum allowable working pressure.

5-700 RELIEF DEVICE SIZING

5-710 Sizing of Spring or Deadweight Loaded V3lves
and Rupture Disks

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

5-720 Sizing of Vents and Overflows

Vents and overflows that discharge freely int¢ the
atmosphere shall be sized sufficiently to handle the|flow

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

displacement of all combined inlet and outlet nozzles
without creating any pressure above the vessel’'s MAWP
or any external pressure higher than the vessel’s
MAEWP.

5-800 DISCHARGE LINES FROM PRESSURE RELIEF
DEVICES

Discharge lines from pressure relief devices shall be
designed to facilitate drainage or shall be fitted with an


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

open drain to prevent lodging in the discharge side of
the safety device. Discharge lines shall lead to a safe
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

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

COPE

(d) A copy of the Fabricator’s Quality Control Ma

nual

This Part covers inspection and testing of RTP corro-
sion resiptant vessels. It is intended to ensure that a

vessel h3
with the
the appr

s been designed and fabricated in accordance

requirements of the latest revision of the design,

ved drawings, and this Standard.

This Pprt does not cover specifications, instructions,
and inspections referred to in the User’s Basic
Requirements Specification (UBRS), which may be more
restrictive than the requirements of this Standard and

may requ
tor. Non

inspectign.

ire additional verification by the User’s inspec-
mandatory Appendix NM-7 covers User’s

6-200 [NSPECTOR

of RTP-1

port), sha

a. 1-400.

tor. Procedures and general requlrements 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’s
Quality Control Program shall be supervised by the

Fabricator and shall be in effective operation throughout
the process of fabrication. See Mandatory

Appendix M-4.

shall be made available to the Inspector on requést
Fabricator’s Quality Control Manual may centain|
prietary information and procedures. No Copies g
Fabricator’s Quality Control Manual shall be rem|
from the Fabricator’s premises without the Fabrica
permission. This security protectien,however, is 11
apply to quality control forms and‘checklists which
be a portion of the Quality Contrel Manual but are n
sary to be used during fabrication to check and cqg
the fabrication process.

(e) The Certified Individual’s responsibility is td
ify that the FabriCator’s Quality Control Program
effective operation via an annual audit as requir
para. 1-410(a)and to additionally make such sp
inspections and tests as are required by this Stan
The Inspector shall provide a complete report incly
all data“as required in paras. 6-910 through 6-960,

(f)"Prior to the start of fabrication, the Fabricator
make available to the Inspector such records perta
to the vessel as required to permit the Inspector tq
form the inspections. These shall include draw
material test results, the UBRS, the Fabricator’s D
Report, and any other reports or records as reqy
The Fabricator shall provide for Inspector’s hold p
and verifications of satisfactory completion. Fabric
shall not proceed beyond a hold point until speq
inspections have been made.

(¢) The Fabricator shall make his/her quality cq
personnel available to the Inspector.

(h) The Fabricator shall make available td
Inspector any and all necessary tools and test equip
so the Inspector may conduct all inspections req
by this Standard.

(i) Final acceptance of the vessel by the Cert
Individual shall be obtained by the Fabricator pri
the apphcatlon of the official ASME Certlflcatlon ]

The
pro-
f the
oved
tor’s
ot to
may
eces-
ntrol

ver-
is in
bd in
beific
Hard.
ding

shall
ning
per-
Ings,
psign
ired.
oints
htion
ified
ntrol
the
ment
lired
ified

or to
Mark

sign

the Fabricator’s Certlflcate of Comphance 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 (e)].

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.
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(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

(2) UBRS

(3) completed and signed copies of all forms from
the Fabricator’s Quality Control Manual that were used
during fabrication to check and verify compliance with
this Standard and the design

(4) any copies of Fabricator’s Partial Data Reports,
with signed Certificates of Compliance, applicable to
the finished fabrication (see Table 1-3)

(5) copies of all inspection reports made by any

with[the use of all RTP materials and fabrication meth-
ods. [The User’s inspector should observe safety require-
menfs set up by the Fabricator and should be alert to
fabricating shop hazards that might be associated with
hydidostatic testing of equipment.

6-500 EQUIPMENT DESIGN

THe Inspector shall examine the Fabricator’s design
recoyds 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 registered Professional Engineer.

6-600 MATERIALS

THe Inspector shall verify that materials used in fabri-
catign of a vessel comply with the requirements of this
Stanflard and the UBRS.

6-700 FABRICATION

THe Inspector shall establish hold points and make
perigdic inspections and measurements of the vessel as
are fequired by this Standard to verify that fabrication
is inJaccordance with the requirements of this Standard
and fthe UBRS.

A{ the completion of each holdpoint inspection, the
Inspgctor shall report results-on forms provided in the
Fabrjcator’s Quality ControlProgram, and highlight any
discilepancies requiring <orrective action.

6-800 FABRICATOR’S QUALITY ASSURANCE
PROGRAM

THe Inspéctof shall make such checks as are necessary
to verifythat the Fabricator’s Quality Assurance
Programis in effective operation. In addition, the

inspector/Inspector during the course of fabrjcation
(6) completed original document of the Fapricator’s
Data Report, applicable to the vessel/to-be ihspected,
with the Certificate of Compliancersighed apd dated
by the authorized representative of the Fabri¢ator (see
Table 1-2)
(7) copy of the final revision of the Fapricator’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 pard. 1-540

(b) Designgdrawings shall show design thicknesses
and the lamiihate reinforcing sequence for evely section
or membet. If, during the course of fabricatiqn, it was
necessaty to add repeatable units to the laminate [see
paran6-920(f)(4)], this change shall be noted gnd high-
lighted on the drawings provided to the Insppctor.

(c) The Fabricator shall also make available to the
Inspectorall nozzle and manway cutouts, each jdentified
clearly as to its point of origin on the vessel.

(d) Upon completion of final inspection, the [nspector
shall prepare a brief report summarizing his/h¢r inspec-
tion activities and findings, and submit the freport to
the Fabricator as an attachment to the Certjficate of
Compliance.

(e) When the Inspector has completed the infpections
and found the results to be within required t¢lerances,
the Inspector shall present his/her inspecti¢gn report
along with any findings to the Certified Individual. The
Certified Individual shall sign and date the (ertificate
of Compliance prior to returning it to the Habricator
with the inspection report.

(f) Paragraphs 6-910 through 6-960 describe
mum basic tests that shall be made, witnessed
fied by the Inspector prior to or at the tim
inspection.

the mini-
, Or veri-
b of final

Certified Individual 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

55

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 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 through-
out fabrication, to control the ongoing process of resin
handling and curing so as to ensure that cure is within
required tolerance prior to the final inspection.
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(b) The Inspector shall verify that the resin has prop-
erly cured by testing the internal (process exposed) sur-
faces of major equipment components and joints, such
as heads, shell sections, head /shell and shell/shell junc-
ture overlays, nozzle and manway necks 18 in. 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

6-920 Dimensions and Laminate Thickness Checks

(a) During the course of fabrication, the Fabricator
shall make checks to ensure that dimensions and lami-
nate 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 thick-
nesses (to ensure that they are within required toler-

overlays/| Testing shall be as follows:

(1) $urface hardness shall be determined in accor-
dance with ASTM D2583, except D2583 paras. 6.1, 8.1,
8.2, and 10.1. Allowable surface temperature range shall
be 50°F fo 90°F. Readings shall not be taken on pits,
heavy m¢ld release, or other irregularities that may affect
the readings. Only dense resin-rich surfaces shall be
tested. The Barcol reading will be the average of five
impressipns taken at various points broadly distributed
about thg component or joint so as to provide a represen-
tative hajrdness.

(2) If low Barcol readings are encountered on wax
top-coatgd surfaces, retest after removing the wax by
light sanfing or scraping.

(3) Barcol test data shall verify that the surface
hardnesdof laminates with glass surfacing veil or carbon
surfacing veil has reached at least 90% of the hardness
specified| by the resin manufacturer for a clear resin
casting.

(4) laminates with organic surfacing veil may have
a Barcol|reading lower than 90% of the hardness “as
specified| by the resin manufacturer for a clear zesin
casting. The minimum acceptable Barcol reading shall
be establfshed between the User and Fabricatot prior to
fabricatign.

(5) Barcol instruments shall be calibrated prior to
and during use using the test discs and procedure recom-
mended py the manufacturer of thé Barcol instrument.

(6) The Inspector shall~cenfirm that minimum
Barcol hgrdness values have.been established, the test
values arp within acceptable limits, and the Barcol instru-
ment haq been calibrated.

(7) The Inspéctor shall verify that all potential air-

acetone are applied to a 1-in.? to 2-in.? area, which is
rubbed slightly until the acetone has evaporated. Tacki-
ness or softness indicates unacceptable cure of the sur-
face resin.

(c) Failure to meet 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.

ances) prior to the final inspection.
(b) Refer to Fig. 4-9 for mandatory dimensional {oler-
ances. The Inspector shall verify that all these dimen-
sions are within tolerances.
(c) Refer to Figs. 4-1 through 4.5, Fig. 4-7 fand
Figs. 4-10 through 4-13 for details“and tolerancgs on
overlay, flange, nozzle, and manway designs| The
Inspector shall select and chéck.several of these dgtails.
(d) Overlays at head-tozshell 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 [ami-
nate thicknessés dritical to the safe performance qf the
equipment..Approved methods of measurement arg out-
lined in pata: 2A-400(e).
(f) Laminate Thickness and Tolerances
(1) The nature of existing practical RTP fabrichtion
meéthods leads to nonparallel and somewhat irregular
surfaces of a laminate. Consequently, a single thickness
measurement at one point is not sufficient to characterize
alaminate thickness at that area of a laminate. Addjtion-
ally, the thickness measurement of one small arga of
laminate on a part of the equipment (such as a [shell
or head) is not sufficient to characterize the lamjnate
thickness of that part. For purposes of characterjzing
the thickness of laminates, this shall be referred o as
laminate thickness variation.
(2) The following procedures shall be used to deter-
mine thickness:
(-a) Determining Average Spot Thickness off One
Small Area or of a Small Component (Such as a 10-in. Flgnge).
Lightly mark a continuous circle between 4 in. and |2 in.
diameter on the component/area to be thickness
checked (on a small component/area that wil| not
accommodate a 4 in. diameter circle, mark the cir¢le as
large as the small component/area will allow). elect
i i i oints
are well distributed (not in a line) over the area of the
circle. (A hole may occupy a portion of the area of the
circle marked, such as on a flange face or at a point where
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
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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).

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 independent testing laboratory and require certifi-
cation only by the individual who conducted or super-
vised the testing.

(c) The Inspector shall visually inspect all nozzle and
manway cutouts. At least one such cutout from each
major component (or fabricated section if a component

THe other two areas shall be located so as to achieve
a regresentative distribution over the area of the part.

Average the four average spot thicknesses; this is the

averdge 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
wall$ require treatment as a multiplicity of parts, where
each|part to be measured shall represent a wall thickness
zong as designated in the design.

THe measurement of nozzle or manway cutouts, each
to represent one average spot thickness, is a convenient
meafs to arrive at the average thickness of a vessel head
or shell.

3) Refer to Subpart 2C for permissible tolerances
on lgminate thickness variation.

4) Variations in thickness may be caused by factors
such| as resin viscosity, mat or chop density, wetout,
fabrfcation technique, etc. Refer to Mandatory
Apppendix M-7, para. M7-640, for requirements and pro-
cedufres to compensate for these variations.

(¢] The Inspector shall include results of dimensional
and |aminate thickness tests in the inspectiefireport.

(h)} Balsa Wood Core Laminates. Balsa wood core lami-
nate$ shall be subject to the same average.spot thickness
ruleq as outlined in (f). Average thickness records shall
be tdken on the interior and exterier laminate in accor-
dande with (f).

6-930 Physical Property~and Laminate Reinforcing
Content Tests

(a) The Fabricatei.is responsible for producing lami-
nate$ that will.meet or exceed permissible mechanical
proplerty valtiés'as used in the design and as are estab-
lished as minimum within Subparts 2A and/or 2B. Lam-
inatgs shall also be in accordance with the reinforcing
sequ

nee and - minimum reinforcing content as estab-
(]

1s tabricated in more than one section) that hag a cutout
shall be used to verify the reinforcing sequeencd in accor-
dance with the design drawings. The,Inspe¢tor shall
note the results in the inspection report. With certain
laminate reinforcing designs andjysome resinf, it may
not be possible to verify reinforcing sequencg through
visual inspection. In such ‘eases, the Inspedtor shall
require the Fabricator to\¢onduct sufficient [aminate
burnout tests, in accordance with ASTM D2584, using
samples taken from,the cutouts, to verify rginforcing
sequence throughrcount after the burnout test] For each
such test magde, ‘the reinforcing content weight percent
shall also be determined and recorded in the ifspection
report.
(d) Laminate Proof Tests are mandatory for gll vessels
built'to'this Standard having a MAWP or MAEWP equal
te@r exceeding 2 psig. Additionally, Laminpte Proof
Tests are required on all vessels that are field fabricated
and all vessels with an inside diameter equal to or
greater than 16 ft.
(1) Fabricators shall verify through Proof [lests that

the laminate mechanical property data, the rdinforcing
sequence, and reinforcing content weight perpent data
of the as-constructed head or cylindrical shell are in
accordance with
(-a) the requirements of Subparts 2A apd/or 2B

(-b) all tensile strength and tensile modulus val-

ues employed in the design calculations (Proof Test val-
ues shall meet or exceed design values)
(-c) the laminate sequence as specified in the
design drawings
(2) Proof Tests may be performed by an [indepen-
dent testing laboratory (contracted by the Fabiicator) or
by the Fabricator, provided proper test equipment is
available. The test results shall be accepted providing
the laboratory maintains either ISO Certificdtion that

maliadec intarnal calf s dite o d thivd oty
Hertaes—Hiteriat H—adcs—aRa S—PaFt

thir y—audits or

lished in Subparts 2A and/or 2B.

(b) During the course of fabrication, the Fabricator
shall ensure that laminate reinforcing and mechanical
properties are controlled and are within the require-
ments 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 laminate reinforcing and
mechanical properties, and to ensure that they are within
required tolerances prior to the final inspection.
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the laboratory is accredited to conduct the test by the
American Association for Laboratory Accreditation. If
the laboratory conducting the testing services is not
accredited or certified to conduct the tests, then the test-
ing procedures shall be reviewed and witnessed. The
owner shall specify acceptable parties to review the writ-
ten procedures and witness the testing. In either case, the
test results shall be reviewed by a registered Professional
Engineer to determine if they meet the design
requirements.
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(3) For vessel shells constructed of laminates essen-
tially isotropic in the hoop and axial directions (e.g.,
Type I or Type Il laminates), at least one set of mechanical
property tests (ASTM D638, ASTM D3039, or
ASTM D5083) and one reinforcing content weight per-
cent test (ASTM D2584) shall be carried out using lami-
nate 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

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) are within
the requirements of this Standard and the Visual
Inspection Acceptance Level as specified in the UBRS.
The Fabricator’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

reinforcijg content weight percent, and the reinforcing
sequencsd.

(4) Yor cylindrical shells constructed of anisotropic
laminatep (e.g., filament wound laminates), the follow-
ing mechanical property tests are required: flexural
strength and modulus in the hoop and axial directions
(corrosiop barrier in compression; ASTM D790), and
tensile strength and modulus in the axial direction
(ASTM 1D638). The reinforcing content weight percent
(ASTM 1p2584) and the reinforcing sequence shall also
be determined.

(5) $pecimen requirements shall be as follows:

(-q) Test specimens shall not be machined on the
inner or puter surface.

(-I}) Specimens prepared from cylinder cutouts
for isotrgpic laminates as defined above shall be cut in
the axial|direction of the cylinder to minimize surface
curvature.

(-d) Specimens prepared from flat laminates con-
taining woven roving shall have their long axis parallel
to the warp of the woven roving.

(-4) When the design requires that all or a pozrtion
of the corosion barrier is to be excluded as a contributor
to the structural strength of a laminate,, then tests of
laminatep as fabricated would not yield correct data. In
such casgs, that portion to be excluded as a contributor to
structurall strength shall be removed frem test specimens
prior to testing. By so doing, tepsile/strength and tensile
modulus|test data produced/may’be compared with the
actual stjuctural design valites used and the thicknesses
of structfiral portions_of/laminates that were specified
in the dgsign.

This nfay be cofiveniently accomplished by placing a
piece of felease film on (or within) the corrosion barrier
during lgmination of the shell, at manway cutout loca-
tion, or pn'an extended length of shell near the man-

imperfections are within required tolerances prior to the
final inspection.
(b) Prior to making a visual examination} the
Inspector shall review the UBRS to determine which
Visual Inspection Acceptance Levelhas been specjfied.
(c) The Inspector shall visually ¢heck interioy and
exterior surfaces. (Inspection may be made with thie aid
of a light placed behind the section to detect air voids,
delamination, lack of fibef-wetting, and other impgrfec-
tions as described in Table 6-1.)
(d) Visual inspectionshall be made before an exterior
pigmented coatirig’ or insulation is applied to the|shell
or heads of a~vessel. Where exterior pigmentatign or
insulation has‘been specified, the Fabricator, User} and
Inspector.must discuss and agree on visual inspeftion
methods and arrange for closely timed and scheduled
inspéctions.
fe) The Inspector shall record the results of the vjisual
inspection in the inspection report.
(f) Balsa Wood Core Laminates
(1) Visual inspection of the component shqll be
required from the interior side of the laminate to ¢gheck
for delamination of the balsa wood core.
(2) Laminates that are to have a balsa wood| core
applied over them after resin saturation and pripr to
curing shall be visually inspected prior to applying the
balsa wood core.
(3) The Fabricator shall take the appropriate mea-
sures to ensure adhesion of the interior laminate tp the
balsa wood core.

6-950 Pressure Tests and Acoustic Emission Tests

(a) A water fill hydrostatic test shall be performg¢d on
all vessels with MAWP above 0.5 psig. The test pregsure
at the top of the vessel shall be 110% to 120% of the

desien pressure
S0

drel end.

CAUTION: Mark the release film location prominently! A fail-
ure to completely remove material covering release film could
cause delamination during service.

Test samples shall then be prepared from material
taken from the release film location.

(e) The Inspector shall include copies of all mechani-
cal property and reinforcing content Proof Test reports
in the inspection report.
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(b) A vessel with MAWP at or below 0.5 psig 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) Vessels with an inside diameter less than or equal
to 16 ft and with MAEWP less than or equal to 6 in. of
water, and vessels larger than 16-ft inside diameter with
MAEWRP less than or equal to 1 in. of water, are exempt
from vacuum testing. All other vessels designed for vac-
uum service shall be evacuated to the MAEWP.

17)
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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 or lower for vessels with a design vacuum that

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 (hydro-
static 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 posi-

excepds 12 psig external pressure. Such agreement shall
be rdached prior to the start of fabrication and shall be
docymented in the UBRS and pressure test inspection
report.

(d] The Fabricator shall have written procedures for
presgure testing. The test pressure shall be held for a
minimum of 2 hr. No visible leakage is permissible dur-
ing the 2-hr hold on an internal pressure test. Some
leakgge is permissible during a vacuum test, provided
the acuum test pressure is held for the 2-hr minimum.
(Thig may require continuous connection to the vacuum
sourfe.) Subsequent to all pressure testing, the vessel
shalll pass a visual inspection per para. 6-940. During
presgure testing, vessels shall be supported similar to
the yay they will be supported in service (so that the
loadp 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 s¢cured. Vertical vessels may be hydrotested in the
horifontal position if agreed upon by the Owner and

tion, the test may be conducted at the installdtion site.

(f) The Inspector shall witness all pressure {ests, ver-
ify the test results, and record results ef.the tpst in the
inspection report.

(g) If acoustic emission tests arerequired by the UBRS
or are mandatory under design provisions of this
Standard [see para. 3B-500(¢)],the Inspector s$hall wit-
ness the tests and verify that the procedures ysed were
in accordance with Manddtory Appendix M-§.

6-960 Procedures for Rectifying Nonconformities or
Imperfections

Mandataerfy,Appendix M-7 describes approved proce-
dures for rectifying nonconformities or imperfections.

Mandatory documentation requirements fqr rectify-
ing honconformities or imperfections are oytlined in
Mandatory Appendix M-4, para. M4-400(e).

The Inspector shall include the documentatign of non-
conformity or imperfection rectification in the inspection
report.
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Part 7
Shop Qualification

7-100 SCOPE (b) Quality Control. See Mandatory Appendix M-4.
This Phrt covers the requirements a Fabricator shall (c) Material Control and Issue. This will include'mjxing
meet in brder to qualify capability in accordance with ~ and testing of resins, and inspection and cutting ofjrein-
qualily cap y i
this Starldard. Included are the Fabricator’s facilities, ~[orcement. See Mandatory Appendices M) and MI-2.
personngl, Quality Control Program, and required dem- (d) Fabrlzcatzon .
onstration of capability. (e) Laminators and Secondary Bf)r'lder's. Laminator apd
Secondary Bonders shall be qualified in accordance{with
Mandatory Appendix M-5.
7-200 |GENERAL
A Fabticator shz?ll seek to fabricatg vessels accordipg 7-500 QUALITY CONTROL PROGRAM, DOCUMENT
to the ryles of this Standard only in the general size HANDLING, AND RECORD SYSTEM
range fof which the shop has experience.
(a) The Fabricator shall establish and maintain an
7-210 Shop Survey effective Quality Control Program throughout all phases
Fabricgtors who desire a shop location to be certified ~ ©of the fabricating process to ensure that all appliable
accordin to the rules of this Standard shall be surveyed ~ requirements of this Standard are met. Refer to Part 6,
by an AME survey team. The survey team shall verify =~ Mandatory Appendix M-4, and Nonmandgtory
that all rpquirements of Parts 7 and 8 are met. Appéndix NM-6.
(b) The Fabricator shall have a procedure that engures
, only the most current revision of the latest and/of cor-
7-300  FABRICATOR’S FACILITIES AND EQUIPMENT rect drawings, specifications, purchase orders, and fjual-
(a) The shop area and field site shall have designated’ ity control procedures are used for procurenent,
areas for| fabrication, and inspection purposes.
(1) gtorage of resin, catalyst, promoter, solvent; and (c) A record keeping system satisfying the require-
other ch¢micals ments of this Standard shall be in use and available for
(2) gesin mixing and dispensing audit by the Certified Individual, the Inspector, anfl the
(3) Bulk reinforcement and core rhaterial storage User’s representative.
(4) tools and maintenance materials
(b) Hepd molds (other than corle shapes or flat covers) 7-600 DEMONSTRATION OF CAPABILITY
shall be ps follows: . (DEMONSTRATION LAMINATES)
(1) ASME torisphericalflanged and dished heads,
a 2:1 senjielliptical head;)0t"a hemispherical head (a) Each Fabricator’s shop shall demonstrate the{abil-
(2) flanged flat héag molds that will produce heads ity to fabricate laminates as required by the rules of
that satidfy para. 3A-260 and Fig. 4-2 this Standard. This initial demonstration qualifiep the
(c) Lalporatory-€équipment shall be available for the Fabricator to produce laminates by those specific| pro-
quality dontrol"of bulk resin, reinforcing materials as ~ cesses qualified for a maximum period of 5 yr.
received,| and-resin mixes as dispensed to fabrication (b) Bach Fabricator’s shop must redemonstrate the
personnet—RefertoMamdatory Appendicesv-= d ability—to—fabricatelaminates; equired-by—the-rules
M-2. of this Standard, at no greater intervals than 5 yr. The

7-400 PERSONNEL

The Fabricator’s organization shall include specific
personnel designated for each function listed below:

(a) Design and Drafting. As an alternative, this func-
tion may be performed by outside qualified engineering
personnel. Design and drafting will be in accordance
with requirements in Parts 1, 3, 4, and 6 of this Standard.

64

Fabricator may redemonstrate the ability to fabricate a
laminate using either of the following methods:

(1) produce acceptable demonstration laminates as
required by the rules of this Standard for initial
qualification

(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]

@an
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Table 7-1 Required Resins and Acceptable Fabrication Processes for Demonstration Laminates
Initial Redemonstration
Demonstration Laminate Min. Required Fabrication
Type Laminate Thickness, in. Resins Process
[Note (1)] Thickness, in. [Note (2)] [Note (3)] [Note (4)] Qualification
Type | 0.48 0.25 1 polyester or 1,2 All resins, all
1 vinyl ester thicknesses
Type Il 0.49 0.37 1 polyester or 1,2 All resins, all
1 vinyl ester thicknesses
Filament wound 0.37 min. 0.37 1 polyester or 3 AllJresins, all
1 vinyl ester thicknesses
GENERAL NOTES:
(@) Al|Fabricator must qualify all those fabrication processes planned to be used to construct vessels to this-Standard.
(b) Fgr initial certification, see para. M6-200(b).
NOTES$:
(1) Dpsignates laminate reinforcement type.
(2) Fgr redemonstration laminates, the fabrication process for Types | and Il laminates may be L-or-2.
(3) Gpneric classes of resins required for qualification.
(4) Pfocess employed to produce the laminate:
1|— Hand lay-up.
2|— Spray-up using a chopper gun device.
3|— See para. 7-620(b).
(c)| Subparts 2A and/or 2B provide specific rules gov- (h) Upon the successful completioh of a

erning all laminates and refer to design basis laminates
that h Fabricator is required to make in order to establish
valugs for strength, thickness, and glass content:-The
dempnstration laminates required by this Part-are for
the gurpose of qualifying the Fabricator and‘shop proce-
durep. They may also be used to qualify Laminators (see
Manfdatory Appendix M-5). Demonstration laminates
and flesign basis laminates are not'the same in purpose;
hende requirements in terms of(corfiguration, quantity
to b¢ produced, and tests may differ.

(d] Initial demonstration laminates and the redemon-
stratjon of the Fabricater/s)ability to fabricate laminates

tors shall
aminate
bd within
i shall be

Demonstration Laminate Test Program, Fabricd
complete a document of “Demonstration I
Certification.” This document is to be maintain
the Fabricator’s quality control files and a cop
made available to a User, User’s Agent, or Inspector on
request. In this document, the Fabricator shdll certify,
via the dated signature of his/her authorized ggent, the
following:

(1) The demonstration laminate samples yere con-
structed according to all requirements of this $tandard.

(2) Tests were conducted on the demofstration
laminates according to all requirements of this $tandard.
nined by

shall be

are gequired for eachtype of laminate and each lami- (3) The test data have been carefully exa
nat1¥g process theFabricator shall use on vessels fabri- the Fabricator, and the results are in accordance with all
catedl to this Standard; refer to Table 7-1 [see (b)(2)]. requirements of this Standard.

(e)] Each demonstration laminate shall be identified (4) The next required date for demonstration of
and|labeled by the Fabricator in accordance with capability via demonstration laminates
paraj 3560. ) ) ) indicated.

(f) Pemenstrationtaminatesshall- be-tested-inaceor

dance with this Standard by an independent testing
laboratory. 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 initially qualified to produce
a specific type of laminate by a specific process provided
the certified test report indicates that the demonstration
laminate meets or exceeds the requirements of this
Standard (see para. 7-700).

65

(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.

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
requirements in Tables 7-1 through 7-3.
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Table 7-2 Dimensional Requirements for Hand Lay-Up and Spray-Up
Demonstration Laminates

Req. No. Requirements

D A demonstration laminate must be square within 0.3 deg, measuring 24 in. = ¥ in.
on each side.

2 The peak deviation from flatness of the inner surface shall not exceed % in.

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.

()] Edges of a demonstration laminate shall be smooth and not jagged. Edge indentation

or chips shall not exceed Y%, in. in depth.

(5) For demonstration laminates made by the spray-up process, a 24\n. x 24 in. test sam-
ple is to be cut from the center of an approximately 304n: x 30 in. fabrication.

Table 7-3 Reinforcement Requirements for Hand Lay-Up and Spray-Up Demonstration Laminates

Nominal Liner Plies Structural Plies
Laminate Thickness, in.
Type [Notes (1), (2)] 1 2 3 4 5 6 7 8 9 10 11 12 13
Type | 0.48 %4 M 1% M M M M M M M M M -
Type Il 0.49 4 M M M R M R M R M M R M

GENERAL NOTES:
(@) Actual fthickness and glass content.of gach sequence of plies shall be established by each Fabricator based on his or her design pasis
laminate.

(b) Corrosion barrier (plies 1, 2, @and/3) shall gel and exotherm before structural plies are added.
(¢) Structdral lay-up may be jinterrupted long enough to exotherm between adjacent “MM” plies. If required by fabrication procedure,|loca-
tion offexotherm plies,may be changed by shifting ply 10 within the laminate body or by splitting an “M” ply into weight-equivalgnt

layer(s).
(d) A weight equivalentayer or layers of chopped strand glass or mat may be used in place of layers of 1.5-0z mat.
NOTES:
(1) Nomingl thickness is calculated as follows:
V |= 00 mil surface mat (veil) — 0.010 in./ply
M =T/ 0z[ft" mat — 0.043 1n./ply
R = 24 oz/yd? woven roving — 0.033 in./ply
(2) This information is based on historical data and may not reflect all laminates made today. Laminates made today are often thinner and
have a higher glass content than noted in the Table. The Table should be used for establishing minimum glass plies per nominal lami-
nate thickness. Ply thicknesses should be based on design basis laminates.
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(b) Those Fabricators who plan to produce laminates
by the spray-up (chopper gun) process shall also pro-
duce 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

24 in. X 24 in. cut section from which test samples shall
be taken.

(f) The thickness of the demonstration laminate shall
be 0.37 in. minimum, but may be increased up to 0.625 in.
to allow for variations in winding or laminating
sequences that require thicknesses over 0.37 in. to
complete.

(¢) Filament wound demonstration laminates shall be
tested in accordance with para. 7-1000. Tensile strength

dempnstration Taminate.

(e)) The mechanical properties of each demonstration
laminate shall be determined in accordance with
para} 7-1000.

7-6200 Filament Wound Demonstration Laminates

(a) Those Fabricators who plan to produce laminates
by the filament winding process shall produce and qual-
ify fllament wound laminates in accordance with the
requirements in Table 7-1. Qualification for filament
winding shall be in addition to qualification for Type I
or Il laminates. Both qualifications are required for
Fabilicators planning to construct filament wound
vessels to this Standard, as Type I or II laminates are
requfred for the fabrication of heads or when joining
the qubassemblies 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
Stanflard requires that a Fabricator qualify all those pro*
cess [variations to be used in the construction of fildment
wouhd 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 (b)(1) or (b)(2)
4) spray-up in conjunction with (b)(1) or (b)(2)

It jis possible to qualify (more than one of the above
varigbles in a single démonstration laminate, so long
as that resulting laminating process shall routinely be

and tensile modulus per para. 7-1000(c) shall’belobtained
in the axial direction only. Also)\ diisregard
para. 7-1000(a)(2).

(h) Refer to para.7-900(a)(4). Fabricators shall provide
a comprehensive description of thefilament wqund lam-
inate sequence.

7-700 MINIMUM TEST VALUES FROM
DEMONSTRATION LAMINATES

(a) Type I o171l Demonstration Laminates
(1) Dimensions shall be within tolerances
in Table 7-2.
(2)rBarcol hardness readings shall show
of the readings meet or exceed 90% of the resin
turer’s published casting hardness data.

(3) Tensile strength and tensile modulyis values
shall meet or exceed the values given in Tabl¢ 2A-3.

(b) Filament Wound Demonstration Laminates
(1) Dimensions shall be within tolerances

in paras. 7-620(e) and (f).
(2) Refer to (a)(2) for Barcol hardness requiirements.

(3) Axial tensile strength and tensile modulus val-
ues shall meet or exceed those values given fof a Type I
laminate in Table 2A-3.

outlined

that 80%
manufac-

outlined

7-800 DEMONSTRATION VESSEL

tion ves-

employed to produce vessels to this Standard. Fabricators shall design, fabricate, and satisfactorily
(c)] Demonstration laminates shall have a TypeThand  test a demonstration vessel in accordance with instruc-

lay-yp or spfay-up liner over which the structural fila-  tions contained in Mandatory Appendix M-6,

ment wouhd layer is applied. This liner shall exotherm The design and fabrication of the demonstrg

and [cool before the structural filament wound layer is  sel requires a comprehensive understanding of this

applied Standard—tHinvelvesafull demeonstratid

n of the

(d) A minimum of one ply of %-o0z/ ft* chopped strand
mat or an equivalent weight by the chopped spray
method shall be applied over the liner immediately
before starting the filament wound structural layer.

(e) A filament wound demonstration laminate shall
be a 24 in. X 24 in. 11/16 in. section cut from a hoop,
wound on a mandrel with a minimum diameter of 8 ft
to minimize the effects of curvature on sample testing.
The width of the hoop shall be greater than 24 in. by
a margin sufficient to avoid turnaround areas in the
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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 over-
view of the Fabricator’s Quality Control Program, all in
full accordance with the requirements 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.
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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

7-900

with the requirements of this Standard. Reference is
made to Table 7-2, paras. 7-620(e) and (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

(5) gescriptionof-fabricationmateriats—tsed

(-4) resin manufacturer’s name and designation
for resin
(-It) generic class of resin
(-1) polyester
(-2) vinyl ester

(-d) reinforcement manufacturer’s name(s) and
designatjon for reinforcement(s)

(b) Laleling. The Fabricator shall clearly label each

demonstfation laminate with the following;:

(1) fhame of the Fabricator’s shop and identification
of perso}; who fabricated the laminate
(2) dlate laminate was completed

(3)
wound)

(4)

ype of laminate (Type I, Type II, filament
nner surface and outer surface shall be

identifie

(5) }—ve two warp strand edges on Type Il laminates,
and hoop and axial directions on filament wound lami-
nates, shhll be identified

(6) tesin and reinforcement manufacturers and

their Manufacturer’s Specific Product Identifications
(MSPI)

LABORATORY TEST AND TEST .REPORT
REQUIREMENTS FOR DEMONSTRATION
LAMINATES

7-1000

The dgmonstration laminate §pecimen must be tested,
and infofmation recorded and) reported, in accordance
with the|following requirements:

(a) Dimensional Measurements of the Demonstration
Laminate

(1) Thelengthyand width of the demonstration lam-
inate shdll be.measured and recorded.
(2) Theflatness of the demonstration laminate shall

hined byvmeasurine the maximum-bpossible aap
be deterr 3 o P gap

meet or exceed 90% of the resin manutfacturers [pub-
lished hardness data.

(3) An acetone sensitivity test shall be‘condiicted
in accordance with para. 6-910(b)(7).

(4) The testing report shall summarize the Barcol
hardness measurements and the résults of the ac¢tone
sensitivity test, and state compliafice or nonconform-
ance with the requirements of\this Standard.

(c) Tensile Strength and Jensile Modulus of Elastic

(1) Tensile strengthtand tensile modulus of el
ity shall be determined using the method giv
ASTM D638, ASTM B3039, or ASTM D5083.

(2) Test spegimens shall be taken from eqtally
spaced areas ‘on the demonstration laminate. Specifnens
must be cut\parallel to the edge of the laminate anf the
procedure must not chip, tear, or degrade the specithens.
Typedldest specimens shall be cut parallel to the lapeled
warp-strand edge. The thickness of the specimensshall
be the full thickness of the laminate and must npt be
machined on the inner or outer surfaces. Both hoop and
axial test coupons are required for anisotropic lamirjates.

(3) Test specimens shall be machined to the dimen-
sions shown in Fig. 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
(-b) width and thickness of each specimen,
(-c) peak load for each specimen, Ib
(-d) tensile strength of each specimen, psi
(-e) tensile modulus of elasticity of each speci-
men, psi
(-f) average tensile strength, psi
(-g) average tensile modulus, psi
(d) Glass Content and Reinforcing Sequence

(1) The glass content weight percent shall be deter-
mined ]ﬁy the method gi‘ enin ASTM D2584

ty
hstic-
b in

[y

n.

under a straightedge placed on the veil side and moved
about to achieve a maximum gap; this gap shall be
recorded. (Disregard for filament wound laminates.)

(3) The average thickness of the demonstration
laminate shall be determined using the procedures out-
lined in para. 6-920(f)(2)(-a). All measurement data shall
be recorded. Measurements should be taken at the
approximate center of the demonstration laminate.

(4) The testing report shall summarize measure-
ments taken and state compliance or nonconformance
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(2) A 1-in.-wide strip shall be cut from the demon-
stration laminate. This strip shall be cut into three 1-in.-
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.
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(-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 aver-
age, wt %.

(-g) glass content of each specimen and aver-
age, wt %.

Fig. 7-1 Dimensions for Tensile Test Specimen

3in. radius Thickness

(as fabricated)
— 0.75in. +0.20 in,

o
(04

1.13in.

~<~————2.25in. — >

4.5in.
Grip distance

9.7 in.
Minimum length
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Part 8
Certification

8-100 SCOPE

8-350 Verification of Shop Qualification

Part 8|provides rules for certification of Fabricators
of RTP vissels.

GENERAL

A cerfified Fabricator is one who holds a valid
ASME RTP-1 Certificate of Authorization. The
Certificafe of Authorization permits the Fabricator to
stamp th vessel with the ASME Certification Mark with
RTP Des{gnator, certifying that the vessel complies with
all requifements of this Standard and ASME CA-1.

The regponsibilities set forth herein relate only to com-
pliance with this Standard and are not to be construed
as involving contractual or legal liabilities.

8-200

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 byl ASME, ASME will arrange for an, evaluation
of the applicant’s Quality Control Program ‘and shop
qualifications.

8-320 Quality Control Program

The Qtality Control Program shall meet the require-
ments ofparas. 1-500, 8-325;.and ASME CA-1, paras. 2.2
and 2.3.

8-325 Changes to-Quality Control Program. If the
Certificafe Holder wishes to make changes to the Quality
Control Brogram,the Certificate Holder shall submit the
proposed chafiges to ASME for approval, which shall
accept oy reject them in writing.

An organization applying for a Certificate of
Authorization shall have its shop(s) surveyed By an
ASME-approved survey team to ensure that all require-
ments of the Standard are met.

8-400 ASME RTP-1 CERTIFICATE OF
AUTHORIZATION HOLDER

A Fabricator shall obtain a valid Certificate of
Authorization in accordance with para. 1-520{ and
ASME CA-1, in orderyto stamp the vessel.

8-410 Additional Responsibilities of the ASME RTP-1
Certificate Holder

Responsibilities include the following:
(a) eyaluation and approval of material manufactur-
ers;:and suppliers of parts and subcontracted seryices,
inlaccordance with Mandatory Appendix M-4
(b) establishing and maintaining a Quality Cdntrol
Program in accordance with Mandatory Appendiy 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
appropriate Fabricator’s Data Report(s)
(e) capability of testing per para. 6-950
(f) ability to meet the requirements of ASME (
paras. 2.1, 5.2, and 5.3

[A-1,

8-420 Subcontracting

The Fabricator completing any vessel to be mgrked
with the ASME Certification Mark with RTP Desighator
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

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 to mean endorsement of technical
capability to perform design work.

8-340 Evaluation of Shop Qualification

The evaluation shall be in accordance with Part 7.
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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.

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.
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Fig. 8-1 Official ASME Certification Mark With
RTP Designator

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

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

8-81|0 Marking Items With the ASME Certification
Mark and the RTP Certification Designator

(a) The official ASME CertificationnMark with RTP
Designator (as shown in Fig. 8-1)(shall be applied to a
vess¢l 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
Certlficate of Authorization, and having the acceptance
of thle Certified Individual [see para. 6-300(i)], may then
apply the ASME Certification Mark with RTP
Designator, which together with the Fabricator’s Data
Repgrt shall certify all requirements of this Standard
have been-met. The ASME Certification Mark with RTP

Standard shall be a nameplate not less than4 in. x 6 in.
in size. The nameplate shall be permanently|attached
to the vessel or to a corrosion-resistant)brack¢t perma-
nently attached to the vessel as follows:

(1) Paper nameplates shall be/laminated tp the ves-
sel surface or to an RTP bracket using resin-wetted layers
of fiberglass surfacing veil.

(2) Cast, etched, entbossed, engraved, or|stamped
nameplates shall be pérmanently attached to 4 metal or
RTP bracket. Easily Temovable fasteners such ds screws,
bolts, and drive-pins are not acceptable atfachment
methods.

(3) In‘the case of an insulated vessel, thp bracket
shall have(a standoff height of at least 1 in. more than
the insulation thickness.

(b)“The nameplate shall be marked with all
tiont as required by para. 8-850.

(c) After attachment to the vessel or bracke
shall be visible and legible.

(d) Nameplates shall be located in such a pgsition as
to be easily visible after a vessel is installed. Users should
designate required nameplate location prior tq the time
that drawings are approved for fabrication. Locations
near manways, which after vessel installation vould be
near ground level or just above an operating platform,
are recommended.

(e) Inaddition to the nameplate, Fabricatorsmay affix
or attach any such proprietary or User logod, or data
plates, as desired, with no limitation on desigt}, method
of attachment, data content, or location, proyided the
structural integrity of the vessel or its usefulnpss is not
compromised.

informa-

, all data

8-850 Requirements for RTP Nameplate Infofmation
and Marking

(a) Each nameplate shall be marked yith the

Desi;ﬂn{-r\r shallbe npp"nﬂ] after the successful comple.

r
tion 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 Fig. 8-1 above the word
“COMPONENT”
(2) name of the Fabricator of the part of the vessel,
and certificate number, preceded by the words
“Certified By”
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Fn”n“ring'

(1) the official ASME Certification Mark with RTP
Designator shown in Fig. 8-1

(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
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(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”

8-860 Requirements for RTP Nameplate Design

(a) Paper Nameplates
(1) Paper shall be at least 0.004 in. 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 Certification
Mark with RTP Designator, shall be made in indelible

mped

(-py " Maximum Allowable External Working ink of such nature as not to be water or resin seldble.
Pressure|at Maximum Temperature” (b) Cast, Etched, Embossed, Engraved, or'Sta
(10) |design basis specific gravity of contents Nameplates
(11) |the designation “Critical Service” if applicable

Specified pressures shall be gage pressures given in
units as ppecified in the UBRS. Temperatures shall be
in units gpecified 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 Nurhber” is optional.

(c) Lefters and figures indicating specific vessel
design data shall be at least %4 in. high. Preprinted
legend ldtters and figures shall be at least % in. high.

(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 nojcase
shall be less than 0.020 in.

(3) Markings including)the RTP Designator may be
produced by casting, etching, embossing, stampirlg, or
engraving. The ASME Certification Mark shalll 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- - ooLS
REQUIRED
Alll inspections and tests specified in this Appendix

are tp be performed by Fabricator personnel or an inde-
pendent 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
surfgcing 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

Agceptance inspection shall include inspéction of all
rolls|for proper packaging and identification, and con-
tamijnation. This acceptance inspection is to be con-
ductpd on the unopened roll. Acceptance requirements
and |imits are as defined in paraM1A-410. Acceptance
inspection shall include inspection of selected rolls for
meapurement of unit weight per ASQ Z1.4 criteria.
Inspgction for manufactéring imperfections shall be con-
ductpd during use oftelled goods. Acceptance require-
ments and limits atre as defined in paras. M1A-420 and
M1A-430.

THe form €hown in Table M1A-1, or a similar form
rontains the provisions to record the results of these
ired inspections and certifications, if applicable,
shalllbe abri etai i
the inspection records. A separate form shall be used
for each mat manufacturer, mat nomenclature, mat treat-
ment, 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
Certificate shall ensure that materials were manufac-
tured, inspected, and tested per the material supplier’s
specifications.
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M1A-310 Inspection Table and Lights

An inspection table and adequate.overhead
that are suitable for the inspectiorfand testing ¢f the mat
are required. The equipment.(ised must not |ntroduce
contamination to the mat during inspection angd testing.

lighting

M1A-320 Linear Measuring Tools

A standard linedr-measuring tool (longer |than the
width of the rolls), that measures the roll widlths with
minimum acetiracy of +%in. is required. A12ih. + Yo in.
X 12 in. +¥%,)in. template is required.

M1A-330 Laboratory Balance

A Taboratory balance that measures to 0.1 g isfrequired.

LIMITS

pection

M1A-400 PROCEDURES AND ACCEPTANCE

M1A-410 Roll Identification and Package Ins

The mat shall be packaged as shipped frorﬂ: the mat
manufacturer’s factory. If repackaging is required, the
Fabricator shall ensure that a material Certjficate of
Compliance traceable to the original materigl is pro-
vided. The original labels can be modified in regards to
number and width of rolls only. All other docurhentation
shall remain unchanged. Verify and enter in the inspec-
tion record that the mat rolls as identified by the mat
manufacturer have the same nomenclature ag the mat
specified to produce the laminate by Subparts 2}A and 2B,
and examine the packaging of the mat for darpage that
renders the mat unusable. Indicate acceptabl¢ rolls by
recording the date and name of the person pdrforming
the examination in Table M1A-1, column 4.
For packaged mats that are found to be afceptable
for further inspection and tests, enter the reinfporcement
i AU i M1A-1,

columns 2 and 3.

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 Table 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
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Table M1A-1 Veil and Mat Reinforcement Log Sheet

Fabricator's name Mat manufacturer

Address Mat nomenclature

Mat treatment (if given) [Note (1)} |

QCfileno. Mat weight [Note (2)]
1 2 3 4 5 6 7 8

Roll Reinforcement Lot No. Packaging Width Weight of Property Visual
No. Production Date [Note (1)] Inspection sq ft Inspection Inspection

(if Given) Sample (Cols. 5 and 6) I

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 republidation.
NOTES:

(1) Lot, batch, product code, or other label identification.

(2) Manufacturers label weight.
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two parallel cuts across the width of the mat and dis-
carding 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. Exam-
ples of contaminants are dirt, oil, grease, and foreign objects.

(c) Rolls having any of the following defects shall not

Inspection for manufacturing imperfections shall be con-
ducted during use of roving balls. Acceptance require-
ments and limits are as defined in paras. M1B-420 and
M1B-430.

The form shown in Table M1B-1, 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 inspection records. A separate form shall
be used for each roving manufacturer, roving nomencla-

be ufed in laminates made to this Standard:

1) wet spots

2) water contamination

3) bar marks

4) lengthwise wrinkles exceeding 5 ft in length

M1A-430 Weight per Square Foot of Mat

Frpm the leading edge of each roll of mat that will be
tested as per para. M1A-200, cut a 1-ft* (10-ft* for surfac-
ing veil) sample using the template specified in
paraf M1A-320. If the roll is less than 12 in. wide, use
the full width of the roll, but adjust the length of the
sample (use the linear measuring tool specified in
paral M1A-320). Any property measurement shall be
conducted by unrolling only the quantity of material
requjred to conduct the test. Using the laboratory bal-
ance| required by para. M1A-330, weigh the sample of
mat [fo the nearest 0.1 g. Convert the grams to ounces,
if nepded, by multiplying grams by 0.0352. If the samplée
froma roll falls outside the mat manufacturer’s specified
weight range, the roll of mat shall be rejected. Enter’ the
valugs of weighed samples for acceptable andafiaccept-
able|[rolls in the inspection form in Table-MTA-1, col-
umnf 6. Note the rejected rolls with the word “rejected”
next|to the recorded weight in colummn.6.

ARTICLE,B
FIBERGLASS SPRAY-UP ROVING
AND FILAMENT WINDING ROVING

M1B-100 INTRODUCTION

THis Article specifies the minimum inspections and
tests| that .ate Mo be performed on fiberglass spray-up
rovifg ahd filament winding roving that are to be used
to fapricate equipment to this Standard.

ture, and roving yield.

In lieu of performing the above inspections,
ments, and documentation, the Fabricater)shall provide
the User or User’s Agent with a !Certificate of
Compliance from the materialymahufactufer. This
Certificate shall ensure that materials were manufac-
tured, inspected, and tested per the material qupplier’s
specifications.

Imeasure-

M1B-300 EQUIPMENT AND MEASURING TIOOLS
M1B-310 Wrap‘Reel

A device{may be used that provides a minitnum of a
6 yd sanmiple measured and cut under sufficient tension
to keep.the strand taut. Equipment such as [standard
36-in»0r 54-in. (1-yd or 1.5-yd) yarn reel with adjustable
transverse, four skein capacity is suggested.

M1B-320 Laboratory Balance

A laboratory balance that measures to 0.1 g isfrequired.

M1B-400 PROCEDURES AND ACCEPTANCE

M1B-410 Roving Identification and Package
Inspection

LIMITS

The roving shall be packaged as shipped [from the
manufacturer’s factory. The roving shall not be repack-
aged in the distribution of the material after the manu-
facturer has shipped the roving. Verify that the roving
balls as identified by the manufacturer have the same
nomenclature as the roving required by Part 2 ahd exam-
ine the packaging of the roving for damage thdt renders
the roving unusable. Indicate acceptable rpving by
recording in Table M1B-1, column 4, the date gnd name
of the person performing the examination.

For packaged rovings that are found to be afceptable
i i inforcement

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 con-
ducted on the unopened roll. Acceptance requirements
and limits are as defined in para. M1B-410. Acceptance
inspection shall include inspection of selected rolls for
measurement of roving yield per ASQ Z1.4 criteria.
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production date and lot number for each ball in
Table M1B-1, columns 2 and 3.

M1B-420 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
Table M1B-1, column 7. If any roving ball is rejected,
record the reason in the comments section in
Table M1B-1.
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Table M1B-1 Roving Reinforcement Log Sheet

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
No. Production Date [Note (1)] Inspection fnspection Inspection
(if Given) (Column 5) T
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 republidation.

NOTE:

(1) Lot, batch, product code, or other label identification.
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(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 glass fiber, or beads of glass
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

contamination. This acceptance inspection is to be con-
ducted on the unopened roll. Acceptance requirements
and limits are as defined in para. M1C-410. Acceptance
inspection shall include inspection of selected rolls for
measurement of unit weight and verification of construc-
tion of fabric 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. M1C-420 through M1C-450.

Frpmtone roving ball per shipmeit, obtain a miimuin The form shown 1 lable MIC-I, or a simjilar form
of a|6 yd sample (length A) of roving as required by  that contains the provisions to record the results of these
paraj M1B-310. Roving shall be pulled from the same  required inspections, shall be used by thé Eabrirator and
side fof the package as used in the Fabricator’s process.  shall be retained in the inspection records. A separate
If the roving is pulled from the outside of the package, = form shall be used for each fabrje, manufactufer, fabric

suffifient material shall be removed and discarded so
that the sample will be taken from undisturbed material.
Rempve the sample from the wrap reel. Double the sam-
ple geveral times and tie with a single knot. Using the
bale?:léce required by para. M1B-320, weigh the sample

to the nearest 0.1 g. Convert grams to ounces by multi-
plyinng grams by 0.0352. Two specimens from each pack-
age phall be measured and the average computed.
Recqrd as weight A.

Calculate the yield, yd/lb, using the following
formula:

16 0z/lb X length A 96
weight A (0z) ~ weight A (0z)

yield, yd/Ib =

Erfter the yield of acceptable and unacceptable balls
of rqving in Table M1B-1, column 5. If the yield of, the
ball ¢f roving is outside the manufacturer’s specification,
the emaining balls in the shipment are to be(inspected
per ASQ Z1.4 criteria, following the procedure specified
in thjs paragraph. Balls whose yield is putside the manu-
factyrer’s specification shall not bewsed for laminates
madp 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 jn.ecolumn 6.

nomenclature, fabric unit weight'(oz/yd?), ahd fabric
construction.

In lieu of performing thé/above inspections, measure-
ments, and documentatien, the Fabricator shall provide
the User or User/sCAgent with a Certificate of
Compliance from the material manufactufer. This
Certificate shall‘ensure that materials were manufac-
tured, inspeeted, and tested per the material qupplier’s
specifications.

M1C-300 EQUIPMENT AND MEASURING TPOLS
REQUIRED

M1C-310 Inspection Table and Lights

An inspection table and adequate overhead
that are suitable for the inspection and testing of the
fabric are required. The equipment used shall hot intro-
duce contamination to the fabric during inspeftion and
testing.

lighting

M1C-320 Linear Measuring, Marking, and Cu
Tools

tting

(a) A standard linear measuring tool (lorjger than
width of roll) that measures the roll widths with mini-
mum accuracy of +% in. is required.

(b) A 3in. + %, in. square template is requfred.

ARTICLE C (c) A fine-point felt-tip pen and scissors are required.
FIBERGLASS WOVEN ROVING FABRIC,
FIBERGLASS UNIDIRECTIONAL FABRIC, M1C-330 Laboratory Balance
AND FIBERGLASS NONWOVEN BIAXIAL A laboratory balance that measures to 0.1 g isfrequired.
FABRIC
M1G-100INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on the rolls of fiberglass
woven roving fabric, fiberglass unidirectional fabric, and
fiberglass 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

77

M1C-400—PROCEDURES AND ACCEPTANCE LIMITS
M1C-410 Roll Identification and Package Inspection

The fabric shall be packaged as shipped from the
manufacturer’s factory. The fabric shall not be repack-
aged in the distribution of the material after the manu-
facturer has shipped the fabric. Verify that the fabric
rolls as identified by the manufacturer have the same
nomenclature as the fabric required by Part 2, and exam-
ine the packaging of the fabric for damage that renders
the fabric unusable. Indicate acceptable rolls by
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Table M1C-1 Fabric Reinforcement Log Sheet

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 Rpinforcement Lot No. Packaging Width ~ Weight  Construction Property Visual

No. Production [Note (1)] Inspection Inspection Inspectio
Date - (Cols. 5, 6, - ]

(if Given) and 7)

By Date By Date By Date

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.

78
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recording the date and name of the person performing
the examination in Table 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 Table 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.

(5) bias exceeding =10 deg from 0 deg/180 deg in
a warp (machine direction) product or from
90 deg/270 deg in a weft (fill direction) product.

(e) Fiberglass unidirectional fabric rolls having any of
the following defects shall not be used for laminates
made to this Standard:

(1) dirtspots in excess of % in. in diameter (dirt spots
are defined as all foreign matter, dirt, grease spots, etc.)
(2) missing ends in any direction more than one

Recqrd date and name of inspector in Table M1C-1,
column 9. If a roll is rejected, record the reason under
the djomments section in Table M1C-1.

(b} Fabric shall be uniform in color, texture, and
appdarance. The following imperfections and/or con-
tamihations shall be removed from fiberglass woven
rovilg and fiberglass nonwoven biaxial fabric by making
two [parallel cuts across the width of the fabric and
discqrding the rectangular sections of fabric containing
the following defects:

1) dirt spots (%6 in. to % in. in diameter) in excess
of ohe per 10 lineal feet (dirt spots are defined as all
foreign matter, dirt, grease spots, etc.)

2) missing ends for more than 2 consecutive feet
in lepgth

3) fuzz clumps or loops greater than 1 in. in height
from| the surface

(c)| Fiberglass woven and fiberglass nonwoven biaxial
fabric having any of the following defects shall not be
used| for laminates made to this Standard:

1) dirt spots in excess of % in. in diameter (dir£spots
efined as all foreign matter, dirt, grease spots, etc.)
2) more than 11 missing ends, eitlier individual
or any combination of individual and multiple
4, or 5) ends in any consecutive\100 lineal feet
3) fuzz clumps or loops that_prevent the proper
own of the fabric and that canhot be easily removed
4) rolls that have been\eentaminated by water

(d) Fiberglass unidirectional fabric shall be uniform
in cqlor, texture, and @ppéarance. The following imper-
fectipns and/or cofitaminations shall be removed from
the fpbric by making two parallel cuts across the width

are g

pick:
23

lay-g

per lineal foot of fabric

(3) areas of the fabric greater than 6 in
where rovings are disoriented or looped-less
in height from the surface

(4) areas of the fabric wheresovings are disoriented
or looped greater than 1 in. in’height from the surface

(5) rolls that have been ‘¢ontaminated by|water or
other substances

X 6 in.
han 1 in.

M1C-430 Width Measure of Fabric

With the linear ‘measuring tool given |in para.
M1C-320, measure the width of the fabric at least 1 yd
from the beginning (leading) edge of the rdll and at
two additional positions at least 6 in. apart. Fpllow the
manufacturer’s definition for the width of the particular
fabric(see note below). Measure to the neafest % in.
Avetrage the three measurements and enter the jneasured
width of acceptable and unacceptable rolls in the inspec-
tion form shown in Table M1C-1. Note the rejected rolls
with the word “rejected” next to the width ifi column
5. Rolls with variations greater than =% in. shill not be
used in laminates made to this Standard.

Record the date and name of the person pdrforming
the width, weight, and construction measurgments in
column 8.

NOTE: Due to the methods of manufacturing fabric§, there are

different ways of describing widths of fabrics.

M1C-440 Weight per Square Yard 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 pylled pick
or line using a 36-in. rule meeting the accuracy require-

of the fabricdnd discarding the rectangular sections of ~ ments of para. M1C-320. Pull another fill picH or mark
fabric containihg the following defects: off the 36-in. sample for cutting. Cut the 3¢-in.-long
1) 'diit spots (%6 in. to % in. in diameter) in excess sample across the width of the fabric using| scissors.
peper 10 lineal feet (dirt spots are defined as all Measure the width of the fabric according to

of o

foreign matter, dirt, grease spots, etc.).

(2) missing ends in any direction less than one per
lineal foot.

(3) areas of the fabric less than 6 in. X 6 in. where
rovings are disoriented or looped less than 1 in. in height
from the surface. The number of these areas shall not
exceed two per 5 lineal yards of fabric. If so, the roll
shall not be used for laminates made to this Standard.

(4) weft tails exceeding 1 in. or less than % in. in
length.
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para. M1C-430. Weigh the sample to the nearest 0.1 g.
Convert grams to ounces by multiplying grams by
0.0352. Calculate the weight per square yard in ounces
per square yard using the following formula:

weight, oz 36 in.

_ sample weight, oz
square yard = square yard

sample width, in.

Rolls whose weight per square yard are outside the
manufacturer’s specification shall not be used for lami-
nates made to this Standard. Enter the weight per square
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yard of acceptable and unacceptable rolls in the inspec-
tion report shown in Table M1C-1. Note the rejected
rolls with the word “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 from the beginning of the roll and one-tenth

The form shown in Table M1D-1, or a similar form
that contains the provisions 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 fiber manufacturer,
milled fiber nomenclature, and milled fiber length.

M1D-300 EQUIPMENT REQUIRED

of the width from the edge of the fabric. For example,
on 60 in.|material start at least 6 in. from one edge and
1 yd fron} the beginning of the fabric. Using the template
required |by para. M1C-320, measure a 3-in. square and
count th¢ 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. squares and divide by nine.
This willl give picks per inch in the warp of the fabric.
Repeat for the fill (weft) strands if applicable. Rolls
whose pjcks per inch in either warp or fill are outside
the manfifacturer’s specification shall not be used for
laminatep made to this Standard. Enter the picks per
inch in the warp and fill of acceptable and unacceptable
rolls to the nearest 0.1 picks in Table M1C-1, column 7.

ARTICLE D
FIBERGLASS MILLED FIBERS
M1D-10p INTRODUCTION
This Article specifies the minimum inspections and

tests tha{ are to be performed on the packages of(fiber-
glass milled fiber that are to be used to fabricate equip-
ment to this Standard.

M1D-20p ACCEPTANCE INSPECTIONS

Acceplance inspections shallinclude inspection of the
milled fiber for proper packaging’and identification, and
visual ifspection for comtamination. Acceptance
requiremlents and limit$.are defined in paras. M1D-410

and M1Ip-420(a).

AT inspection tabie and adequate overnead Lghting
that are suitable for the inspection of the milled |fiber
are required. The equipment used must not_intrqduce
contamination to the milled fiber during inspectign.

M1D-400 PROCEDURES AND ACCEPTANCE LIM
M1D-410 Package Identification and Inspection

TS

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 aftqr the
manufacturer hassshipped the milled fiber. Verify] that
the milled fiber-as identified by the manufacturet has
the same nomeénclature as the milled fiber requirgd by
Part 2, and\examine each package of milled fibgr for
damage “that renders it unusable. Indicate acceptable
milledfibers by recording date and name of the pg¢rson
perferming the examination in Table M1D-1, colurn 4.

For packaged milled fiber that is found to be accept-
dble for further inspection, enter the reinforcement pro-
duction date and lot number for each package of njilled
fibers used in Table M1D-1, columns 2 and 3.

M1D-420 Visual Inspection of Milled Fiber

(a) As milled fiber is used, it shall be vistjally
inspected for contamination by the Fabricator. R¢cord
the date and the inspector’s name in Table M1D-1,
column 5.

(b) Packages having contamination of the milled|fiber
evident in the form of water, oil, grease, or clunjping
together shall be rejected.

(c) Record the results of the visual inspection of
package of milled fiber in the inspection report.

each

80
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Table M1D-1 Milled Fiber Reinforcement Log Sheet

Fabricator’s name

Address

Fiber manufacturer

Fiber nomenclature

Fiber length

QC file no.

Packd
No

2

ge Reinforcement Production Date
(if Given)

3

Lot No.
[Note (1)]

By

4

Packaging
Inspection

Date

By

Vis|

Inspq

Lial
ction

Date

Comn|

ents on visual and packaging inspection:\(indicate which package):

GENE

NOTE
@ L

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

t, batch, product code, or other label identification.

ublication.
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MANDATORY APPENDIX M-2
MATRIX MATERIALS RECEIVING PROCEDURES

M2-100 __INTROD ON

This Appendix’s Articles A (Visual Inspection
Requirements), B (Specific Gravity), C (Viscosity,
Brookfield Method), and D (Room Temperature Gel
Time) spgcify the minimum requirements for the inspec-
tions and tests that shall be performed by the Fabricator
or an independent testing laboratory on resins and cur-
ing agenfs (curing agents include accelerators, promot-
ers, and| peroxides as required for specific resins
systems)

The Fabricator may use a Certificate of Analysis pre-
pared by] the manufacturer as a means of satisfying the
requiremlents of Mandatory Appendix M-2, M2-100 and
Articles A through D in lieu of inspections and tests
being pefformed by the Fabricator or an independent
testing Igboratory on resins and curing agents, under
the folloying 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) Th¢ Fabricator determines the products.ake’ the
ones thqt were ordered and they meet the labeling
requiremlents of Mandatory Appendix M:2,.Article A
with the|following exceptions:

(1) M2A-200(a)(3): the appearance (color, clarity,
absence ¢f solids, gels, and dirt) may be determined by
the mantifacturer.

(2) M2A-200(a)(4): specific gravity, viscosity, and
room temperature gel time may be determined by
test mefhods established and performed by the
manufacfurer.

(3) M2A-200(a)(5): results of specific tests need not
be recorded on:the Resin Log Sheet (Table M2E-1), pro-
vided the Cettificate of Analysis is noted in the Log
Sheet byla i i i
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
(Table 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
Fabricator, then these inspections shall be performed on
at least one random sample from each lot or batch of
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) ainers or
packages are damaged, then the contents of each flam-
aged container shall be inspected according te.the pjroce-
dures of this section. The requirements of thisApp¢ndix
shall be completed prior to use of resins and cjiring
agents for fabrication of equipment, to’ this Standajrd.

M2-200 SAFETY

See Material Safety DdtaySheets for materials fo be

used.

ARTICLE A
VISUAL INSPECTION REQUIREMENTS

M2A-100 INTRODUCTION

This Article specifies the steps that shall be foll
when inspecting resins and curing agents that are
tsed to fabricate vessels to this Standard.

wed
to be

M2A-200 REQUIREMENTS

(a) Resins, before use, shall comply withl the
following;:

(1) They shall be checked to ensure they arg the
products ordered.

(2) They shall have proper labeling for the spe¢ified
product, including the manufacturer’s product pame
and identifying number.

(3) A sample shall be of normal color and clarity
for the specific resin, free from solid or gelled parficles
and dirt as determined by visual examination.

(4) They shall be within the manufacturer’s specifi-
cation limits for specific gravity, viscosity, and foom
temperature gel time as determined by the test methods
s icles g abri devel-
oped and implemented written test method procedures
documented in their Quality Control program that
develops the data required to be documented on the
Resin Log Sheet.

(5) Results of visual examinations and specific tests
shall be recorded on the Resin Log Sheet, Table M2E-1.

(b) Curing agents, before use, shall comply with the

following;:

(1) They shall be checked to ensure they are the
products ordered.

of A es B through D unless the Fabricator has
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(2) They shall have proper labeling for the specified
product, including the manufacturer’s product name
and identifying number.

(3) They shall have no layering or separation into
two or more phases.

CAUTION: Layering or separation presents potential hazard;
contact supplier immediately at emergency telephone numbers
shown on the Curing Agents Log Sheet for instructions if lay-
ering is observed.

(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

4) In the case of liquids, they shall be free of sedi-
or suspended solids.

5) They shall have proper curing activity as
defirjed by the Fabricator’s process and /or manufactur-
er’s $pecification, as determined by the room tempera-
ture |gel time test (see Article D).

6) Results of visual examination and gel time test-
ing dhall be recorded on the Curing Agents Log Sheet,
Tabl¢ M2E-2.

men

M2A-300 ACCEPTANCE CRITERIA

Materials failing visual inspection criteria or failing to
mee{ the manufacturer’s specifications in any prescribed
test $hall not be used unless

(a)] in consultation with the manufacturer’s QC con-
tact ([shown on log sheet), corrective sampling proce-
durep are undertaken that result in the material passing
visugl examination

(b) test result differences are shown, by retest, to-be
causpd by procedural differences in testing rathef\.than
by djfferences in quality of materials

ARTICLE B
SPECIFIC GRAVITY.

M2B-100 INTRODUCTION

THis Article specifies the progédure that shall be used
to d¢termine the specific.gravity. This is accomplished
by weighing a standard\volume of liquid at a specific
temperature and eonverting this weight to specific
gravijty.

M2B-200.. ‘APPARATUS

THe following apparatus is required:

weight of full cup, g — tare, wgight, g
10

weight, Ib/gal =

weight, 1b/gal

specific gravity = 353

M2B-500 REPORT

Record specific gravity, on the Resin Ld
Table M2E-1.

g Sheet,

ARTICLE C
VISCOSITY, BROOKFIELD METHOD
M2C-100-\INTRODUCTION

The Brookfield method determines the viscpsity and
thixotropic index of a resin using a Brookfield [viscome-
tetIt is applicable for both thixotropic and nomthixotro-
pic resins. However, close control of resin teIIperature
and careful maintenance of the Brookfield viscometer
are required to obtain accurate viscosity valug¢s.

M2C-200 APPARATUS

The following apparatus is required:
(a) viscometer suitable for measuring Broo}field vis-
cosity (calibrated via manufacturer’s directior}s)
(b) 250 ml polypropylene beakers
(c) constant temperature water bath at 25°C¢ + 0.5°C
(d) thermometer (ASTM No. 17C)
(e) stirring rod or spatula that will not abgorb resin
or additives
(f) timer, reading in 0.1 min

M2C-300 PROCEDURE FOR TEMPERATURE
ADJUSTMENT

(a) Fill beaker with material to be tested.

(a
(b) weight per gallon cup (water capacity 83.3 ml)

with lid (Gardner catalog No. CG 9652 or equivalent)
(¢) thermometer (ASTM No. 17C)

1.1 L 1 1 (01 b o o\
laUUICllUL}’ UdldIiitT (U. 1 6 DCI[DlLlVlL)/}

M2B-300 PROCEDURE

(a) Precondition the resin sample and weight per gal-
lon cup for 20 min at 25°C + 0.1°C. Insert the cup and
the resin sample separately in a large beaker. Place in a
25°C water bath.
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by Immerse covered beaker in agitated 25°C water
bath and allow to come to temperature, 25°C + 0.5°C.
The temperature adjustment may be hastened by spatula
agitation of the sample (avoid air entrapment).

(c) Check temperature using ASTM No. 176
thermometer.

M2C-400 PROCEDURE FOR THIXOTROPIC RESINS

(a) Vigorously agitate the resin with a spatula until
it is thoroughly mixed minimizing entrapment of air,
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replace cover on beaker, and return to water bath for a
minimum of 5 min or until all visible entrapped air
is gone.

(b) Level Brookfield viscometer, and attach 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 viscome-

resins that have been properly mixed with correctly pro-
portioned amounts of accelerator, promoter, and perox-
ide curing agents.

M2D-200 APPARATUS

The following apparatus is required:
(a) constant temperature water bath at 25°C + 0.5°C
(b) polypropylene graduated beaker, 250 ml,

ter and fimer. After T min, increase speed to 60 RPM.
At 2 mir| 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 read-
ing at eafh spindle speed.

M2C-500 PROCEDURE FOR NONTHIXOTROPIC
RESINS

(a) Leyel Brookfield viscometer, and attach spindle
and guaid as designated by resin manufacturer.

(b) Remove beaker from bath, place open beaker in
position junder Brookfield viscometer, and center and
immerse|spindle to middle of the notch.

(c) Ruh viscosity at 60 RPM for 1 min with a spindle
chosen s¢ that the Brookfield pointer falls approximately
in the midrange of the recording dial. Alternatively, run
at RPM pand spindle recommended by resin manufac-
turer. Reford the value.

(d) Rejpeat steps (a) through (c) above for secongd
result.

M2C-600 CALCULATIONS

(a) Dgtermine viscosity by multiplying the values
obtained in paras. M2C-400 and M2G-500 with the
Brookfield constant for the particular) spindle number
and RPM used to obtain the valge.

(b) 1f the two results for a particular spindle and speed

do not agree within +50 centipoise, repeat the test.
(c) Determine thixotrepicindex as viscosity at 6 RPM require remixing.
divided by viscosity at\60 RPM.
M2C-700 REPORT
f mixing.
Repor1t the/following on the Resin Log Sheet, o mixing
Table M2E-1: WARNING:

minimum
(c) stirring rods or spatulas that will not absorb
or additives
(d) laboratory timer, calibrated in units. of 0.1 nin
(e) laboratory balance (0.1 g sensitivity)
(f) graduated syringes, delivery.0.1 ml to 3.0 m|l
(¢) thermometer (ASTM Ng',17C)

resin

M2D-300 PROCEDURE

(a) Place 100 g of resin to be tested into a clean 250 ml
polypropylene peaker. Place charged beaker in the| con-
stant temperaturé bath previously set at 25°C + .5°C
for a minimum of 20 min until the resin in the bgaker
is stabilized throughout at 25°C + 1.0°C.
(b) . AXdd controlled promoters and/or accelergators
individually, stirring with the metal spatula betjveen
each addition until they are thoroughly dispersed (] min
for each addition). The quantities and precisi¢n of
amounts are to be as specified by the resin supplier.

NOTE: It is recommended that wooden tongue depressofs not
be used, since they will absorb curing components and maly also
leach undesirable contaminants into the resin solution.

(c) After addition of the promoters and accelergtors,
allow the resin to rest in the control temperature path.
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 cobalf will

(d) Add the required concentration of the per¢xide
catalyst and mix vigorously with a clean metal spptula

for 1 min. Start the timer simultaneously with the|start

Peroxides will react violently if placed in direct

(a) Brookfield viscometer spindle and speed
(b) viscosity in centipoise at 25°C average of 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 (25°C) gel time of

84

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.”
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M2D-400 REPORT

Record the room temperature (25°C) gel time on the
Resin Log Sheet, Table M2E-1.

ARTICLE E
RESIN AND CURING AGENTS LOG SHEETS

See Tables M2E-1 and M2E-2 for the Resin and Curing

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.

M2E-300 ACCEPTANCE INSPECTION

Agentsog—Sheets-

ARTICLE F
COMMON ADDITIVES

INTRODUCTION

THis Article specifies the minimum inspections by the
Fabrfcator that must be performed prior to the accept-
anceland use of any of the common additives in the resin.

M2F-100

M2F200 DEFINITION AND LIMITS
M2F

THixotropic agents are flame-processed silicon diox-
ides fhat are used to adjust the resin flow characteristics.
The laminating resin shall contain 7ot more than 1.5 parts
per 100 parts resin by weight.

M2F
Fl

210 Thixotropic Agents

220 Flame Retardant Synergists

ime retardant synergists are antimony oxides-that
are gdded to halogenated resins to enhance their-mea-
suredl flame retardant characteristics when @easured
per ASTM E84. The laminating resin shall not contain
morg¢ than 5 parts antimony oxide per-100 parts resin
by weight. When predispersed coneentrates are used,
the Ihminating resin shall contain not more than 5 parts
activie antimony oxide by weight.No more than 10 parts
of tHe predispersed concentrate per 100 parts resin by
weight is permissible.

M2F3i230 Ultraviolet, Light Absorbers

Ulltraviolet light Jabsorbers are organic compounds
that,| by converting photochemical energy to thermal
enerpy, efféctively stabilize resin binders against the
detetiorating effects of ultraviolet light. Only the outer

pdditives
ceptance

(a) The package for each of the common
shall be inspected at the time of delivery. A
requirements are defined in para. M2F-400.

(b) The form shown in Table M2F<1, or a sinjilar form
that contains the provisions to record the resuls of these
required inspections, shall béwsed by the Fabrifator and
shall be retained in the iispection records.

M2F-400 ACCEPTANCE CRITERIA

(a) The primary package shall be clearly lgbeled by
the additive\manufacturer to identify the cpntained
product by manufacturer, name, and lot numbper.

Theprimary container shall be free from| damage
(breakage, tear, or puncture). There shall be 1o visible
sigty that any part of the primary container wpll has at
any time been saturated with a liquid such a water.

(b) For additives found to be acceptgble, the
Fabricator must list the manufacturer’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 contamingnts may
be removed and discarded. Any portion of g 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.

When contamination is found, the Fabricqtor must
enter the date, describe the condition, and ipitial the
entry on the original Common Additives Log $heet (see
Table M2F-1).
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Table M2E-1 Resin Log Sheet

Manufacturer QC Contact
Resin Address
Spindle no. Telephone no.

P } }
LIMTETsCTILY TCTCPTTUTIC TTU.

Viscosity @ 25°C

Gel Time Specific
@ 25°C (cps) Gravity Viguat
Date Lot No. (Minutes) @ 60 rpm @ 6 rpm @ 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.
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Table M2E-2 Curing Agents Log Sheet

Manufacturer QC contact

Address

Curing agent

Telephone no

Standard_resin

Emergency telephone no.

Date Lot No. Gel Time @ 25°C (Minutes) Visual Examination

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 M2F-1 Common Additives Log Sheet

Raw Materials Inspection Inspector Date

Manufacturer As Received
In Use Quality Problems

Product Name

Lot Number

Additive [Purpose

Manufacfurer As Received
In Use Quality Problems

Product Name

Lot Number

Additive [Purpose

Manufacfurer As Received
In Use Quality Problems

Product Name

Lot Number

Additive Purpose

Manufacjurer As Received
Ih 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 republidation.
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MANDATORY APPENDIX M-3

CALCULATIONS USING THE CLASSICAL LAMINATION THEORY

(CLT) ANALYSIS METHOD

M3-100 SCOPE

THis Appendix sets forth the micromechanics and classical lamination theory (CLT) analysis, method t
to callculate the laminate properties needed for design and analysis in Subpart 3A and the stfess, strain, angd
analysis for Subpart 3B. The geometric and lamina notations used are defined in Figs. 3-1 through M3

THe CLT method consists of integrating through the thickness of a laminate the physical and mechanical f
of edch lamina of a laminate to determine the physical and mechanical properties of the total lamii

be used

strength
-4.
roperties
hate. The

constitutive equations thus formed (the ABD matrix) allow calculations of stresses and strains on a ply-per-ply

basig for applied loads or applied deformations.

Difrect calculation of laminate properties according to para. M3-400 is required for Subpart 3B design.
the ¢xtensive calculations required for Subpart 3B are not necessary-for Subpart 3A, and they would
useffilness. For Subpart 3A design, the minimum properties in Table 2A-3 or the properties from demon
quallfication testing may be used. Paragraphs M3-200 (physical properties), M3-300 (micromechanics theory
(unidlirectional composites), and M3-320 (random-oriented fibers)present a shorter method for determinir
elastfic properties that may be used with Subpart 3A design @ules instead of the equations in paras. M3
M3-600.

THe equations defining the theory of failure for use with Subpart 3B design are given in para. M3-500. ]
ruleq for calculating the strength ratio, R, at a poinifrom the stiffness coefficients and the resultant f
monjents at that point.

THe elastic properties of oriented and random glass-fiber-reinforced laminas have been calculated from t
of cqmposite micromechanics. Per para. 2-320,,only glass fibers are allowed for structural fiber reinforcer

However,
limit its
stration/
,M3-310
lg lamina
-400 and

[hey give
rces and

he theory
hent, and

thus| the simplified micromechanics equations are based on isotropic fibers and isotropic resins. The micromechanics

equdtions presented for oriented fiber' composites are based on the work of Z. Hashin as modified
Chriptiansen and are used in MIL-HPBK-17-3F. The equations attributed originally to Halpin-Tsai as pre
the IPelaware Composites Design.Enc¢yclopedia are also acceptable, as the results are nearly identical. The m|

by R. M.
sented in
pchanical

properties of randomly reinforced in-plane composites are computed by integrating the calculated orienpted fiber

proplerties of a fictitious laminate with the same resin and fiber properties but at volume fraction of th{
lamiha over all directions\between 0 deg and 180 deg.

THe properties of eachvlamina calculated as described above are used to assemble the CLT matrices
for the subsequentdaniinate calculations.

A |imitation of\basic CLT is that all calculations are performed about the mid-thickness of the laminate,
it is pnly valid for balanced (equal numbers of lamina of each orientation above and below the mid-thick
symfnetric_(thé€ laminate sequences are mirror images about the mid-thickness) laminates. In other w
neutfal axis of the laminate for bending in both in-plane directions must be at the mid-thickness of the

random
hnd used

hnd thus,
hess) and
ords, the
laminate.

This|basic CLT does, however, predict the flexural properties correctly, as the results are independent of

the plane

about which the calculations are performed. To calculate the tensile properties, it is needed to determine the neutral
axes in bending for the two structural directions. A simplified approach is shown in the design example in para.
M3-610. Paragraph M3-620 demonstrates advanced 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), defined as the fiber direction and transverse to the fiber direction, respectively, for an individual ply of the

laminate, and 3 is in the through-the-thickness direction. The in-plane shear properties that are in the 1-2
are commonly compacted to be called the 6 direction.
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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.

The angle between the material principal axes and the structural axes of a unidirectional layer is commonly
called theta, 6 (see Fig. M3-4), and the conventional notation is 0 deg for axial, and 90 deg for hoop.
A ply 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 6 for the angle between the axial direction of the shell and

the fiber
shell lan

Figure
plane sh
and dowj
moment

M3-200

Typically, the weight per area of the fiber reinforcement, density of the fiber, and density of the resin

composit
physicall
does not
and the
laminate
All lay
after fab
Theeq|
of each 1
portion

Thickneg

Weight p
are as fo
W =

Specific
Density
Density

Fiber pet

inate.

5 M3-1 through M3-4 show the notation conventions. Note that N,, = N,,, and M,, = M,,. Ny,is th
par resultant, and M,, produces a saddle-type deformation with the diagonal corners movingequal
n but in opposite directions. The in-plane force resultants have units of pounds per unit.width, an
resultants have units of inch-pound per unit width, as is conventional in plate and shell theory.

PRELIMINARY CALCULATIONS FOR THE CLT METHOD

e lamina are known. The thickness is then the unknown variable that défines each lamina. If the lam|

physically exist for testing purposes, then either the glass content,ox thickness is assumed for each la
orresponding value calculated. The volume fraction of glass fiber or the thickness for each lamina g
are calculated using the micromechanics in the equations injpara. M3-300.
hinates designed on the basis of this initial assumption (thickness or volume fraction) must be chg
ication to confirm the assumed value is reasonable and based on testing or published data.
lations in the following example can be used to calculatethe preliminary physical and mechanical props
bmina or ply. The numerical material properties arelfor the resin and fibers used for the filament w
f the designs for the examples in paras. M3-610dnd M3-620.

50+ = 0.021167 in.

br area of fiber reinforcement: W = 1.5081b/ ft? for the entire laminate, where the weights for the compof
lows:

0.09375 Ib/ft* for chopped strand.mat (CSM)

D.0069 Ib/ft* for c-veil

D.1600 Ib/ft* for 250-yield glass roving at 10 strands per inch
0.09259 Ib/ft* for 24-0z/§d? woven roving with 5/4 construction in the warp direction, and = 0.07407 1
in the fill direction

bravity of resin; §G,* = 1.2964
f resin: p,,-= 5G, x 0.036127 = 0.0468 1b/in.?

f fibert = 0.0943 Ib/in?

direction. lhe I, Z, and 6 conventions detfined above are typlcauy used ror the laminas that comprise the

e in-
y up
1 the

for a
inate

y exists, the layer thicknesses can be measured microscopically fromythe‘edge of a sample. If the lamjfnate

mina
f the

cked

brties
bund

nents

b/ ft*

sguate foot: 1y = %\, = 1.5082 in.?
f

Resin per square foot: v, = 144t — y = 1.5399 in?

Volume fraction fiber: Ve = Y- 0.4948
v+

T

Weight fraction fiber: Wy = ——— % ___ — 06635

Vior + (1 = Vy)pu

Density of composite: p. = p,(1 - V) + pVy = 0.0703 b/ in?
The material properties at the design temperature of the fiber and resin are generally known, and some typical
properties are shown below.

Volume fraction fiber: Ve = 0.4948
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Fig. M3-1 Moment Resultants

GENERAL NOTE:

GENE

RAL NOTE:

X

/X%'S/l -
/ \Mxy /2(
| [

Units are in.-lb/in.

X

Fig. M3-2 Force Resultants

Units are lb/in.

Fig. M3-3/ Geometry and Notation of an n-Layered Laminate

tn -2
¢ s
I3 :
_ l é o Reference plane o I
Neutral axis —
- =
4G 7
) g ?
t
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Fig. M3-4 Coordinate Systems

y

x-y =|vessel coordinates

material coordinates

fraction matrix: V,,, = 1 - Vy = 0.5052

Moduluq of matrix: E,, = 400,000 psi

Poisson’d ratio of matrix: v, = 0.35

Y

E

Shear m¢dulus of matrix (assumed isotropic): G,, = ZOTMU) = 1.481 x 10° psi
Modulug of fiber: E; = 10.5 x 10° psi
Poisson’q ratio of fiber: y = 0.22

. . . Ef _ 6 .
Shear m¢dulus of fiber (assumed isotropie): G = m = 4.3033 x 10° psi

The glhss fiber volume fraction, orientation, and resin modulus at the operating temperature are then used to

determin

(unidired
and moi

but are donsidered out©f-the scope of this Standard.

M3-300

Notati
1 refers
fraction,

MICROMECHANICS EQUATIONS FOR A UNIDIRECTIONAL LAMINA

e the mechanical properties of each lamina or layer from the appropriate equations in paras. M$-310
tional lamina) and M3-320 (random-oriented lamina). The effective properties, such as thermal expapsion
ture absorbance expansion, and transport properties, such as thermal conductivity, can also be deternjined

bn iS-that used by MIL-HDBK-17-3F. The subscript f refers to fiber, and m refers to matrix. The subdcript
o \the fiber direction, and subscript 2 refers to the transverse to the fiber direction. V refers to vojume

and v refers to Poisson’s ratio.

Plane strain bulk modulus for isotropic fibers:

Plane str.

Er
Kf= ——F——
2(1 - y -2y
ain bulk modulus for isotropic matrix:
Km — EW!

2(1 = Un — vaz)
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Plane strain bulk modulus, psi:

L Ki(Kr + Gp) X Vi + K{Kyy + Gp) X Vy
T (Kt Gu) X Vi + (K + Gy) XV

Modulus in the fiber direction, psi:

4y - u)* X V,, X Vf

Vm+ Vf+i

E1 = Em X V,,,+Ef>< Vf+

Majqr Poisson’s ratio:

vy = Uy X Vip+ e X Vit

A thee-phase concentric cylinder model produces a quadratic equation for G,, which is Gy; in laminate [theory:

AG22 28 2) o= o
G TG, T T

whete
Al=3Vix V,2 X (y=1)(y+ ) + [(17) X N+ N — (¥ X = VAL X [Vy Xy X (v = 1) = (y X[y + 1)]

Bl= =3Vyx Vi X (y= Dy + 1) + 5y X 1 + (¥ = DVy @A] X (0 = Dy + 1) = 20y X 73 = 1) X |VF]..
1%

+7f>< (M + D(y = 1) X [y + 5+ (¥ X 1 — YY)

Cl=3Vix V)2 X (y=D(y+m) + [y X mu+ (y2ADVp+ 1] X [y + mp+ (¥ X 7 — V]

Gr

’I7 G,
n|= 3 - 4u,
n|= 3 -4y

or
G
=1+22

Ky

Sdllving for the positive rootyof G, produces the following:

Tranpverse shear modulus) psi:

1
—G,,| (4B* - 4AC)2 + 2B

G2 = 2A
Trangvefse) Young’s modulus, psi:
E, = Hstar X G
2 _ksfar+me2
where
4=kstar X 1)122
m=1+——=—
Eq
In-plane shear modulus, psi:
4
G1 = Gm + 1 %
m
G- Gu ' 2G,


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

Note that G; is also referred to as Gj, in laminate theory.
Transverse Poisson’s ratio:

kstar -m X GZ

W A m X G,

Modulus of elasticity in normal direction, psi:

Ezz = Ex

Minor Pgisson’s ratio:

U2
= E, X =—
u1 2 E

M3-310 |Micromechanics of Unidirectional Fiber Composites

The following example shows the application of the basic equations for the micromechanics of a unidirectjonal
lamina with the properties of the fibers and resin shown in para. M3-200: The notation for ky,, is used in the
Halpin—Tsai equations, and Kr is used in the MIL-HDBK-17-3F equations; they have-identical values. The vhlues
for E;, Ej, Gy, v, and », are from the equations in para. M3-200.

Plane strpin bulk modulus for isotropic fibers:

E
K= ——2—— = 7,684,426,230
2(1 - y - 299
Plane strpin bulk modulus for isotropic matrix:
E
- = 4.938 x 10°

m

" 21 - v, <2u)
Plane strpin bulk modulus for the lamina, Kt = kg,

Ki(Ks + Ga) X"V, + KAKyy, + Gp)) X Vs .
kstar = = 1,028,167 psi
e (Kf + Gm) XV, + (Km + Gm) X Vf P

Kr = 1.0282 x 10° psi

Young’s modulus in the fiber direction:

4y - u)* XV, X V;

Ey = Ey X Vi + Ep X Vi + = 5.3997 x 10° psi

Note thal E, is alse’referred to as Eq; in laminate theory.

Poisson’d ratie/for load in the fiber direction:

v = Yy X Vi +y X Vit

Transverse shear modulus:

1
—Gm[(4B2 - 4AC)? + 23}

G, = A

= 3.943 x 10° psi
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A = 3Vf X sz X (y-D(y+ 77f) +[(y) X 7y + N — (y X 7y - 77f) X Vf3] X [anm('y_ 1) = (yx n, + 1]

1
B = 3Vpx V2 X (y=D(y+ ) +35ly X mu+ (y = DV + 1 X [(m = Dy + 1) = 2y X 70 = 1) X V£

V
+ 5 X (0 + Dy = 1) X [y+ me+ (y X 7 = )V

C=3VixV,2 X (y=D(y+m)+ [y X mu+ (y=DVi+ 1] X [y + 55+ (¥ X 0 — V{7’

Gy
Y = G
7 = 3 - 41&: = 2.1200
or Gf
= 1+2—= = 21200
Ky
M |[= 3 — 4y

Tranpgverse to the fiber direction Young’s modulus:

_4I<T><G2
Z_KT+mG2

whete

4K7 X )’
m = +E—1
E; |= 5.3997 x 10°
wy |= 02778

In-plane shear modulus:

1.1216 x 10° psi

Vf 5 o
Gr= Gt g ) = 4025 % 10° psi
G =G, 2G,
Poisgon’s ratios:
E,
w; = vy X — = 0.0577
Eq
B 05
V3 = 2—G2 -1 =U
or
kstar - mcz
= — = 04225
kstar + mGZ

THe properties(ofjthe lamina that involve through-the-thickness properties are not required for the CLT| analyses

but gre included~for information only. Note that calculation of G,; is needed for calculating E,.

M3

For tandom-reinforced lamina, the fictitious properties for a continuous, unidirectional lamina with the

320_Micromechanics of Randomly Distributed Fiber-Reinforced Composites

thickness

and welght of remforcement are calculated as para. M3-510, and the average propertles are deterr

nined by

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 0.40 in. with 400-ksi strength in the fiber) and exceed 200-psi shear strength

at the fiber-resin interface.

The average material properties of a random 1.5 oz/ft* chopped strand mat (CSM) material can be defined as

follows:

Reduced stiffness matrix rotated:
1 T
Qcsm = P J;)
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Inverse transformation matrix:

m n 2mn
T = n? m? -2mn
—mn mn m*—n*
Transpose of the inverse of the transformation matrix:
[ m n* —mn
TT = n? m? mn
2mn —2mn m? — n?

These

where th

These

matrix equations can be expanded to yield the following:

Quacsm =

A=

e stiffnesses of the CSM are as follows:
_ By
m 1=\ X vy
o wm X Ep
$2.= 1C U X v
E;
P2 =1z U X
ds6 = G2

pquations are integrated and reduce to the following:

Q —§x +1x +1x +§><
1ncsm = g qn 1 q12 5 qe6 8 q22

1y 1. 1y 3«
Q12CSM—8 q11+8 1722—2 5166+4 q12

Quicsm = - J [fhl X cos (6’)4 + 2(q12 + 2q¢6) X sin (0)2 X Cos (0)2 + gy X sin (0)4}10
0

J;]ﬂ|:(qll + 4 — 4q66) X sin (0)2 X cos (0)2 + g2 X (sin (6)4 +€0s (0)4):|d6

7| 2
Qescsm = % j [(1111 + g2 — 2g12) X sin (6')2 X cos (6?)2 + ged X (cos (0)2 — sin (.9)2> }dé‘
0

By definition, the properties of an isotropic material (E, G, and v) are as follows:

1 1 1
Quecang = = X qQua + = X goo — = X gio+— X g
3 1 3 4 4 > !

E
Q =—
nesw =
vE
Q =
oM = T
Qescsm = G
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Substituting into the integrated equations produces the following:

L—éx El +l leXEZ +1xG +§xL
1- 8 T-wpxXuwy 4 T-wpxwy 27 2787 T-wyxuny
UE —1)( El +1x Ez _1xG +§xM
1 8 T-wpxuy 8 T-wpxuy 27 2747 T-wyXuy

Dg

Equg
Eq

M3

TH
W =

Inpu
Thic
Sped
Denj
Den:
Fibe

Resis

1 Eq 1 E, 1 uy Ep 1
C = X T e ¥ T o A T T2 XG0
fining A = 1 — vy X vy results in the following three equations:
E 3 E 1 _wXE 1 3 E,
¢ 8XatiXT g taXOutgXy
B 1 _E 1 E 1 3 v XE
g 8XatsXaaXterpX Ty
G—1XE+1XE—1X u2 X Bz +1xG
T8 AT8T A4 A 2 %P

E1+Ez—4G12XA+6X‘U12XE2
v =
3E2+3E1+2v12>< E2+4G]2 X A

_E22+2E2XE1+4E2><GlzxA+E12+4E1xG12XA—4U122XE22+81}12XE2XG12XA

E (3E2+3E1+2‘L}12><E2+4G12XA)XA

330 Micromechanics of Unidirectional Fiber‘Composites

e following example shows random.réirfforcement micromechanics calculations with weight reinf
0.09375 Ib/ft*.

and Preliminary Calculations fot"5 oz/ft* CSM
kness: £ = 0.043 in.
ific gravity of resin: SG,) = 1.2964

ity of resin: p,,-=-5G, x 0.036127 = 0.0468 Ib/in.?
ity of fibersjg.)= 0.0943 Ib/in.

per square foot: vy = %f = 0.9942 in?

n per-square foot: v = 144t — y = 5.1978 in?

tion (2) is for 1.5 0z/ft* chopped strand mat using the fiber and{esin properties from para. M3-20(.
uation (3), for G, is uncoupled from the first two equations. Solving for v and E completes the calcfilations.

@

@

®)

orcement

Volume fraction fiber: Vi = 7 _ 0.1606

Weight fraction fiber: Wy =

l{f + ‘Ur
Vi

= 0.2780
Vipr+ (1 + 1) X py

Density of composite: p. = pu(1 = V) + pVy = 0.0645 Ib/ in?

Fiber and Matrix Properties

Volume fraction fiber: Ve = 0.1606

Volume fraction matrix: V,, = 1 - Vy = 0.8394
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Modulus of matrix: E,, = 400,000 psi

Modulus of fiber: E; = 10.5 x 10° psi

Poisson’s ratio of fiber: y = 0.22

Poisson’s ratio of matrix: uy, = 0.35

Shear m

Shear m

Microthechanics for a unidirectional composite based on the random reinforcement properties given abov]
as follows:

Plane strpin bulk modulus for isotropic fibers:

E
Ky = ———— = 7,684,426.230
2(1 - y - 299
Plane strpin bulk modulus for isotropic matrix:
E
K, 2 ='4938 x 10°

Plane strpin bulk modulus for the lamina:

Young’s

Poisson’y

E

dulus of matrix (assumed isotropic): G, = m = 1.481 X 10° psi
E

dulus of fiber (assumed isotropic): Gr = W+ » 4.303 x 10° psi

201 -y - 20D

KW(Kf + Gp) X Vi + Kf(Km + Gp) X Vf .
Kr = kyar = &+ Co) Vi + Koy + GV = 604,811 psi

modulus in the fiber direction:

4y - u)* X V,, X V;
Vm Vf 1

— 4+ L 4=
Kf K Gm

E1 = me Vm+Ef>< Vf+

= 2.0229 x 10° psi

ratiosfor load in the fiber direction:

e are

1 1
(lic— vm)(K—m— ff‘) XV, X Vf

Vm Vf 1
K " K, G,

vy = Uy X Vi + y X Vit = 0.3245

Transverse shear modulus:

1
—Gm[(432 - 4AC)? + 23}

G, = A

= 1.922 x 10° psi
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where
A = 3vam2 X (y-D(y+ nf) +[(9) X 7y + T — (y X 7y - nf)vf3] X [Vfﬂm X (y=1)-(y X n,+1)]
1
B = 3Vpx V2 X (y=D(y+m) + 35y X mu+ (y=1) X V+ 1] X [(m = D0y + 1) = 2y X 1 = 1)
v
x VPl ..+ jf X (M + Dy =1) X [y+ mp+ (¥ X 7 — V]
C=3Vyx V2 X (y=Dy+m)+[yX mu+ (y=1) X Vit 1 X [y+ mp+ (y X 7 = m) X V7
Gr
Y = G
7 |= 3 - 4y = 21200
or G
= 1+22 = 21200
Ky
M |[= 3 — 4y
Tranpverse Young’s modulus:
=X G 6071 psi
2= Kreme, ~ O
whete 4Ky X >
ml=1+——
E;
E; |= 2.0229 x 10°
v, |= 0.3245
Notg that E, is also referred to as E,; in laminate theory.
Plang strain bulk modulus for the lamina:
b = Ky i Y Goas11 psi
star — m + 1 Vm = # pSl
K- Ky Ky + Gy
In-plane shear modulus:
G =G +#=2004><105 si
1 m 1 Vm . P
[ +
Gf_ Gm 2Gm
Poisgon’s ratios:

E,
»; = v X — = 0.0908

E;
N
T
kstar - mGZ

Micromechanics of random composites that are isotropic in-plane for the CSM material are as follows:

Young’s modulus:

E112 + 4E; X G12 X A+ 2E11 X Eyp + 8vyp X Eyp

X Gpp X A - 41;122 X E222 +4Ep X G X A + E222 -
E= AGEq + 2uy X Ep + 3Exp + 4Gy X A) = 1,025,263 psi
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where
En = E
Eyn = E
Gn = G
A =1-uyp X = 09705

In-plane shear modulus:

G_E11—2M7XE77+E77+4G17XA

ASME RTP-1-2017

n-plane |Poisson’s ratio:
In-pl P ’s rat

The prpdicted properties of the lamina that involve through-the-thickness properties are'not required for the

8A

Eq1 + 6vp X Exyp + Epp — 4G12 X A

vE 3E11 + 2up X Exyp + 3E5 + 4612 X A

analyses|but are included for information only.

M3-400

The ude of the CLT analysis equations do not require any sophisti¢ated or complex mathematical calculat
but the gnormity of the arithmetic for most laminates generally reqtiires using a computer program for speed
There are a number of commercial programs available.

Other Yalid statements of lamination analysis may be used in place of the equations herein, but it is the responsil
of the registered engineer to show that they are mathematically and physically consistent with the equations hg

The bgsic constitutive equations for laminate theory are.shown in the matrix below.

accuracy;

N, N

THE CLT ANALYSIS PROCEDURE

Apn A Ay B B
A\ JAp» Ay By By
Ag Ae Aw  Ba  Be
Bin Bix By Dun Dp
By Bx By D Dn
Bt Bez Bes De1 D

€y are the midplane strains, and «, x, and «,, are the curvatures.
Explicit expansion 'of the above matrix:

= 33863 X 10" pst

= 0.327 psi

and N, are thedorce resultants (Ib/in.). M,, M, and M,, are the moment resultants (Ib/in.). €., €,

CLT

ions,
and

pility
rein.

and

Ny An X & + ApXe€, + AwX%p + BuXwk + BpXk o+ B X Ky
Ny Ay X €& + Anp X €, + AxXyy + BunXk o+ BpXk o+ By X Ky
qu Aél X €y + A62 X €y + A66 X Yrwo + B61 X Ky + B62 X Ky + B66 X Ky
M, | T[BuXe€& + BaXey + BigX vy + DuXwxe + DpXk + DigXky
M, ByyXe&, + BnXe€, + ByXyy + DuXwe + DnXwk, + Dy Xky
M,y Ba X € + BeoaXe€, + BeX g + DaXwre + DoXrk +  Des Xy
where
n
Ay = [Qbarijk[(hk) = (- 1)]]

k=1
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Bj = %2 [Qbar,-jk[(hk)2 - (hk—l)z]:|

k=1

D; = % 2 [Qbar,-jk[(hk)3 = (e - 1)3]]

n
k=1

hy = the vectorial distance from the geometric reference midplane of the laminate (defined as z = 0) to the
upper surface of the n'" lamina. The neutral axes in the x and y directions may be different from the
TMidplane, depending omn the [Tt Sequerce. ANy dimensIion below the midpiane 15 negative} and any
dimension above the midplane is positive. h is then the distance from the midplane to the bott¢m of the
laminate and is negative (see Fig. M3-3).
il =126

total number of plies

The Pbar equations are as follows:
Qbary; = Qup X m* + Qu X 1* + 2(Qua + 2Qee) X 1 X1

Qbary, = Qi X n* + Qu X m* + (Qup + 2Qee) X 2ut” X n°

Qbary, = (Qn + Qxn — 4Qee) X m* X 31* % Qua(m* + n*)
Qbarig = —m X 1° X Qp + m® X n x%Qfy — mn(m* — n*)(2Qgs + Q1)
Qbary, = —m X n° X Qi1 + mAX n X Qy — mn(m* — n°)(2Qgs + Q12)
Qbarg, = (Qi-+Qxn — 2Q1p) X m* X n* + Qge(m* — 1)
whete
i = cosine
1 = sine of the angle between material and structural axes per Fig. M3-4
E4
Q]l = K
vy X By ) X E;
Qp = Qu = N
A A
QZZ - A
Qds = G

A =1y X vy

Eq} Ey;-Grp, and Gy are from test data or the micromechanics calculations performed above in para. MB-300.

Tylpically, the force and moment resultants are known, and it is necessary to invert the 6 X 6 ABD matyix in the
first matrix to solve for the midplane strains and curvatures.

The compliance equations are shown in the matrix below.

€xo Su Sz Sz S Si5 S N,
€yo S Sm S;z Su S»s Sy Ny
Yxyo Ss1 S; Sz Sa S Sse ny
ke | T |Sn Su S Su Sis o Sw| X | M
Ky Ss1 Sso Ss3 Ssa Sss Sse M,
Kxy Se1 Sea  Ses  Ses Ses  Ses Mxy
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The midplane strains and curvatures are then used to calculate stresses and strains in the structural directions
for each lamina.
The strain vector with the midplane strains and curvatures and the ABD matrix have been calculated; thus, the
left-hand side of the first matrix is determined, and the stress strain equations for a laminate are as follows:

€x €xo Ky Ox Qbarll Qbarlz Qbarl6 €x
€& | =| €0 |+2 K oy | = |Qbarp, Qbary Qbary| x| g
‘_’Vw il I_’Vvy | Ay | Ty | I_Obal”m Obaryg ObarA;.J . ‘_’Vw il

Transforfnation of the material strains to the structural strains:

€ m? n? —2mn &
€ €
1 v = | n? m? 2mn 1 2
5V mn  —mn  m® - n? 3%
Transforgnation of the structural strains to the material strains:
a m? o 2mn NS
€ €
1 2l = | n? m? —2mii i Y
5% —mn o mn | 5%
Transforfnation of the structural stresses to the material stresses:
2 2
o m n 2mn oy
o=\ n? m? -2mn || oy
(3 —mn  2mn  m® — n*|| Gy
Transforgnation of the material stresses-to the structural stresses:
2 2
oy m n 2mn oy
oy | = n? m? =2mn || oy
Oxy -mn  2mn  m® - n*|| %

NOTE: T]
shear strail

he engineefing shear strain 7, is not a tensorial quantity as it doesn’t rotate per the transformation equations. The ter]
h is defined as €, = ]/zyx}, The shear stresses do transform as tensorial quantities.

Effecti

e ‘material prnppr’rin in the structural axes are calculated from the fnﬂnwing'

E = 1 An X Ap- Ay?
YT XSy t X Ay

E = 1 An X Ap- Arf’
YTt x S» - t X A
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1 Ags
Gow = 135" 1

_ S Ap

Uy = 5— = —
Y Sy Ay

where the Sl-j terms are from the compliance matrix, the A,-]- terms are from the stiffness matrix, and t is the total
thickness of the laminate.

NOTE-

bend

M3
M3

In

500 THE QUADRATIC INTERACTION CRITERION

510 Notation and Equations

general, a plate lamina has five independent uniaxial ultimate strengths: tensile and/ecompressive sty

the principal direction of greater strength, tensile and compressive strengths in the difection of lesser stres

shea
here
orth

I strength with respect to a pure shear stress in the principal directions. Type I lamiinates are treated as
n, so any direction can be considered as a principal direction. In Type IE laminates are modele
gonal plies.

For Type X laminates, the principal direction of greater strength is aligned with continuous roving

prin
The
com

fipal direction of lesser strength is perpendicular to the roving. Furthe, the five strength values may be
fjuadratic interaction criterion defines the interactions between the'five strengths in cases when more
bonent of stress is applied to the lamina, and it defines allowable stress states in terms of the streng

THe criteria in para. 3B-500 are applied to each lamina separdtely, and if one or more lamina fail the cr
corr¢gsponding load on the vessel is not allowed. The prediction of resin failure does not constitute failur

may
as p

be transverse fibers in that load direction to protect inany further deformation. Advanced techniq
fogressive failure analyses, are allowed if performed by the Professional Engineer with the caveat

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

stres|
conc
belo

5 ratios are given in para. 3B-500. This strength theory defines a failure envelope for combined stresd
urrently. The Tsai-Wu version of stress ratios are calculated using the quadratic interaction equatid
v.

R¥(Fyx X 03 + 2R 0y X 0y + Fyy X 0, + Fg X 0 + R(F, X 0v + F, X 0,) =1 = 0

THe strength ratio for each-lamina is then given by the following:

whe
G
H

Rz—Hi [H? + 4G

2G

e
= F %{d® + 2F,y X 0y X 0y + F, X 0,2 + Fgs X o3
= EX oy + Fy X g

2

eTsional and

engths in
hgth, and
isotropic
H as two

and the
unequal.
than one
ths.
teria, the
b as there
Lies, such
that any

hllowable
es acting
n shown

THe cl—vnngﬂ'\ coefficients—are calculated based -on-the tested Ql-rongﬂ'\o of-each lamina-or-the strain lind

below:

X

B
X
2
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FW EFXXXFW
1 1
Fy=1—/—76
1
FW:YXYE

NOTE: The F,, term is a biaxial term and is assumed to be equal to the equation given above.

where

X & n
Il

= [the ultimate in-plane shear strength

the ultimate tensile strength in the fiber direction

the ultimate compressive strength in the fiber direction

the ultimate tensile strength transverse to the fiber direction

the ultimate compressive strength transverse to the fiber direction

The layer strengths may be determined from test data for each lamina or may be calculdted from the strain ljmits

below.

where E
determiry
moduli 4

The al
unchang

Cautig
than the
If the
strengths

ed by testing or the micromechanics equations.in para. M3-300. It is assumed that the tensile and compre
re equal.

bd from ASME RTP-1-2007):

S = &y X Gy,
X = €4 X E;
X. = €. X E,
Y = e X Ey
Y. = €uX'E,

in the fiber direction, E, transverse to the fiber direction, and Gy in-plane are the elastic moduli ths

owable strain limits can be measured from testing, or the following strain limits may be used (thes

Layer Type Random Fiber Oriented Fiber

€t 0.0150 0.0200
€ 0.0200 0.0120
& 0.0150 0.0015
& 0.0200 0.0080
€ 0.0268 0.0268

n should be (ised where the resin strain-to-failure properties at the worst-case design temperature ar
strains listed above.

F,, termds set to 0, which usually has a minimal effect on the results, the fiber- and matrix-domir

begonie uncoupled and produce the following equations:

Fiber failure:

t are
ssive

£ are

b less

rated

REXFuX0?+RXF,Xo,-1=0

Matrix failure:

R¥Fyy X 0y* +Fs X 0) +RX Fy X 0, =1 =0

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.
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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 generated by an
applied loading condition, is calculated using the stresses from para. M3-400 and the appropriate quadratic interac-
tion equation in para. M3-510.

M3-600 DESIGN EXAMPLE CALCULATIONS

veil,

in. t
relat]
wid
laye
dired

The glass fiber used is E glass with a density, Dy, of 0.0943 1b/in.? The tensile modiiliis is 10,500,000 psi

Pois{
temg

M3-610 Cylinder Simplified Design Example Calculations

TH
(a
This
(b
(c

affeqt the calculations. This implies that the extensional’and flexural moduli are equivalent.

(d

Y
V,is 0.11 oz / ft* glass flber veil 0.013 in. thick, and the mat layers, M, are 1.5 oz/ f’c2 Chopped strand
ick. The filament wound layers (+54); consist of three wind pattern closures with a wind-angle
ve to the mandrel axis, using 225-yard/lb roving and with a roving spacing of 8 strands per inch

R, consists of 24-0z/yd? fabric with a 5 X 4 weave style, with the warp fibers (5 rovifigs per inch) in

on’s ratio is 0.22. The resin density, D,, is 0.0468 1b/in.> The tensile modulus of the matrix at th

e following assumptions are inherent to the simplified calculatiens in egs. (1), (2), and (3) below.

is typically given as R/t > 10. The loads are global.
The lay-up is balanced and symmetric. All the B;; =.0,"and the A and D matrices become uncoupl
Properties are calculated about the mid-thickness_of the laminate. This means the lay-up sequence

All materials behave linearly elastically.

In general, this lay-up and properties cannot be used for evaluating any local loads on the cylinde
supports or platform clips.
e following loads can be applied to the cylinder and converted to membrane loads for a cylinder of
ers to the axial direction, and 6 refers to the hoop direction:

brane Cylinder Loads

axial load, 1b, where.tension is positive
static head, psi

cylindrical bending moment, in.-1b

= pressure,si, where internal pressure is positive
sheardoad (Ib)
torque’ (in.-Ib)

balent Membrane Loads Applied to the Laminate

surfacing
mat 0.043

f 54 deg
of band

with a total thickness of 0.127 in. (0.021167 in. per ply or 0.042333 in. per layer or cover). The woveén roving

the axial

tion, and the fill fibers (4 rovings per inch) in the hoop direction, with a total thickness of 0.039 in. per layer.

and the
e design

erature is 400,000 psi, and the resin Poisson’s ratio is 0.35. The total thickness of the laminate is 0.3p1 in.

The ratio of the cylinder radius to the cylinder thickness is sufficiently large that membrane theory is applicable.

ed.
does not

r, such as

radius R;

Equi

Axial load, Ib/in.:

PR A M
NZ=%5+mR*
Hoop load, 1b/in.:
NT = PR + HR

105

@

@


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

Table M3-1 Properties for Materials in the Design Example

Ply Thickness, Number Thickness, in.

Material Eyy E; Gyo vy in. of Plies [Note (1)] a, deg
c-veil 5.4920E+05 5.4920E+05 2.0487E+05  0.3404 0.0130 1 0.0130 0
1.5-0z Mat 1.0253E+06  1.0253E+06  3.8633E+05  0.3269 0.0430 4 0.1720 0
24-0z Weave, 3.6429E+06  7.6410E+05 2.7484E+05  0.3011 0.0170 1 0.0170 90

unidirectional
Roving 5/4 Weave, 3.5323E+06  7.4761E+05 2.6877E+05  0.3027 0.0220 1 0.0220 0
unidirectional
Filament wpund 5.3977E+06  1.1216E+06  4.0245E+05  0.2778 0.0212 6 0.1270 54
roving
NOTE:
(1) Total thickness for all layers in the design example laminate = 0.351 in.
In-plane [shear load, 1b/in.:
Tt
NZT = > 4 1o ©)
TR ;R2
M3-611 Lamina Mechanical Properties Using Micromechanics. Using the fiber and matrix properties angl the
fiber origntations, the corresponding tensile modulus in the x and y directionsdn-plane shear modulus, and Poisson’s
ratios ar¢ obtained from the appropriate equations in paras. M3-310 and M3:320 for all the layers in the laminate.
This resylts in the properties for each of the materials given in the desigfi example, as shown in Table M3-1
The A[matrix and A inverse matrices are then calculated using thefellowing:
(a) A Matrix
5.0764E+05  2.4249E+05 ~0.0000E+00
2.4249E+05  6.6568E+05* 0.0000E+00
0.0000E+00  0.000QE+00  2.5672E+05
where the determinent of matrix A is 7.166E+16.
(b) A Inverse Matrix
2.385E=06  —8.688E-07 0
-8:688E-07  1.819E-06 0
0 0 3.895E-06
The effective mechanical and physical properties for use in Subpart 3A design are as follows:
Effective Mechanical
Properties Values
E-Z (psi) 1.1946E+06
E-0 (psi) 1.5665E+06
G-Z, 6 (psi) 7.3141E+05
07 0.4777
20 0.3643
Effective Physical
Properties Valnes
Density, Ib/in.? 0.0608
Glass vol. fraction 0.2941
Glass weight fraction 0.4564
M3-620 Advanced Design Example Calculations

This CLT calculation includes the effects of the unbalanced laminate sequence. The hoop and axial extensional
moduli are influenced by the coupling effects in the B;; matrix. The hoop and axial moduli in flexure are based on

bending

about the neutral axes in the x (axial) and y (hoop) directions.

The reductions of several or more plies to three plies that represents the actual in-plane and bending responses
can also be referred to as smeared properties or “macros.”
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The woven roving layer is modeled as three unidirectional layers oriented at 0 deg and 90 deg. The thickness of
these layers is proportioned with respect to the weave 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 direction 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 Tamina mput (developed from the micromechanics I paras. M3-310 and M3-320) for the lammage theory
calcylations are shown in Table M3-2.

Table M3-2 Lamina Input for CLT Calculations

Thickness,
t, in.
Material E;, psi E,, psi 15 Gy, psi [Note (1)] a, deg
c-veil 549,204 549,204 0.3404 204,873 0.01300
1.5-02. Mat 1,025,263 1,025,263 0.3269 386,332 0.04300
1.5-01. Mat 1,025,263 1,025,263 0.3269 386,332 0.04300 A
Filament wound 5,399,768 1,121,666 0.2778 402,462 0.03175 54.00
Filamgnt wound 5,399,768 1,121,666 0.2778 402,462 0.06350 -54.00
Filament wound 5,399,768 1,121,666 0.2778 402,462 0.03175 54.00
1.5-01. Mat 1,025,263 1,025,263 0.3269 386,332 0.04300
24-0z] Woven roving, axial 3,532,357 747,611 03027 268,767 0.01100 R
24-0z] Woven roving, hoop 3,642,856 764,104 0.3011 274,843 0.01700 90.00
24-0z| Woven roving, axial 3,532,357 747,611 \ 0.3027 268,767 0.01100
1.5-0f. Mat 1,025,263 1,025,263 )" 1 10.3269 386,332 0.04300
NOTE
(1) Tqtal thickness for all layers = 0.351 in.
Mid-
Surface
Mechgnical ABD Strain Thermal| Moisture
Ny = 5.0764E+05 2(4249E+05 -1.0908E-11 -5.7198E+03 1.8098E+03 -6.8275E-13 X €o - Ng¢ |- N
Ny, = 2.4249E+05¢ 6,6568E+05 —-1.1501E-11 1.8098E+03 -2.0792E+03 -1.4816E-12 X €0 - Ny |- Nym
M, = -1.0908E-11\-1.1501E-11 2.5672E+05 —6.8275E-13 -1.4816E-12 1.7713E+03 X %y — Nyt |- Nym
M, = -5.7198E203 1.8098E+03 —6.8275E-13 4.6580E+03 1.3989E+03 9.1103E+01 X Ky - My |- My
My = 1.8098E+03 -2.0792E+03 -1.4816E+12 1.3989E+03 4.7438E+03 1.7359E+02 X Ky - My |- My
My = —-68275E-13 -1.4816E-12 1.7713E+03 9.1103E+01 1.7359E+02 1.4606E+03 X Ky - My |- Mynm
Inverse
Midplane
Strain and
Curvature ABD Mechanical Thermal Moisture
€o = 2.4638E-06 -9.1681E-07 -3.2153E-10 4.1519E-06 -2.5678E-06 4.6601E-08 X Ny + N¢ + N
€0 = -9.1681E-07 1.8486E-06 5.0419E-10 -2.4047E-06 1.8718E-06 -7.3075E-08 X N, + Ny + Ny
Yayo = -3.2153E-10 5.0419E-10 3.9262E-08 4.4233E-08 1.6243E-07 —-4.7859E-06 X Nyy + Nye + Ny
Ky = 4.1519E-06 -2.4047E-06 4.4233E-08 2,4309E-04 -7.4090E-05 -6.4109E-06 X My + My + My
Ky = -2.5678E-06 1.8718E-06 1.6243E-07 -7.4090E-05 2.3531E-04 -2.3542E-05 X My + My o+ My,
Ky = 4.6601E-08 -7.3075E-06 —4.7859E-06 —6.4109E-06 —2.3542E-05 6.9365E-04 X My,  + My + Myn
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The following are the classical laminate theory calculations for the ABD matrices from para. M3-400:
The following are the calculations for the ABD matrices developed from the neutral axes in the x (axial) and y
(hoop) directions from para. M3-400:

ABD Matrix From Bending x Worksheet

507,641 242,493 0 0.000 4,542.056 0.000
242,493 665,683 0 4,542.056  5,421.355 0.000
0 0 256,725 0.000 0.000 4,664.904
0.000 4,542.056 0.000 4,593.56  1,470.48 91.10
4542 056 5421 355 0.000 147048 478143 173.59
0.000 0.000 4,663.904 91.10 173.59 1,533.11
ABD Matr{x From Bending y Worksheet
501,426 208,198 0 —-2,936.892  2,371.882 0
208,198 569,659 0 2,371.882 0.000 0
0 0 207,210 0 0 2,222.725
-2,936.892  2,371.882 0 4,616.66 1,419.54 0
2,371.882 0.000 0 1,419.54 4,596.93 0
0 0 2,222.725 0 0 1,409.5%

The following are the effective material properties for the laminate:

where th
(a) Ex
load N; {
(b) Ex

Material Properties

Values

vy flexural

E,, exténsional
E,y extensional

e following assumptions-have been made:

E, 1,186,552 psi
Ey 1,549,065 psi
Vry 0.3624

Ve 0.4904

Gy 704,682.psi
E, flexural 1,1417529 psi
E, flexural 1,179,272 psi

0.8048

vy flexural 0.3149
D, flexural 4550 Ib-in.
D, flexural 4701 Ib-in.

506,507 lb-in.
661,254 1b-in.

Mid-thickness 0.1755 in.
Neutral axis x 0.1642 in.
Neutral axis y 0.1724 in.

ension E, and »,, and flexdral E, and »,, are calculated based on the neutral x axis, such that an extens|

ensional E, and i and flexural E, and vy are calculated based on the neutral y axis, such that an extens

broduces no curvature inh the x direction, and an M, bending load produces no x direction extension.

ional

ional

load N, produces no cirvature in the y direction, and an M, bending load produces no y-direction extensior}.
(¢) In-plane G,, issassumed to be the average of the G,, calculated using the x and y neutral axes.
y & y & y
NOTES:
(1) These pre onésdimensional values, and the full ABD matrix needs to be used for laminates that have B;; terms present to detefmine
the actual response of the laminate because of the additional coupling terms.
(2) These predicted material properties using the advanced CIT are within a few percent of those calculated using the simplified design
example in para. M3-610 for the E, (E;) and E, (E,) values.
M3-630 Stresses, Strains, and Strength Ratios Example

Using the simplified design calculation example in para. M3-610 and assuming a biaxial pressure of 10 psi and
an inside diameter of 120 in., 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,
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Table M3-3 Stresses, Strains, and Strength Ratios

24-0z Woven, Roving 5/4 Filament Wound
Strains c-veil 1.5-0z Mat Hoop Weave, Axial Roving
Material axes
€ 0.00019 0.00019 0.00019 0.00019 0.00019
€ 0.00083 0.00083 0.00083 0.00083 0.00083
€1 0.00000 0.00000 0.00000 0.00000 0.00000
Structural axes
€ 0.00019 0.00019 0.00019 0.00019 0.00061
e, 0.00083 0.00083 0.00083 0.00083 0{00041
= 0.00000 0.00000 0.00000 0.00000 0{00061
Roving 5/4
24-0z Woven, Weave, Filament Wound
Stresses c-veil 1.5-0z Mat Unidirectional Unidirectional Roving
Material axes
o 296.23 534.65 346.08 891.23 1,407.05
o) 556.98 1,026.36 3,129.91 678.04 24740.91
%P 0.00 0.00 0.00 0.00 1p264.37
Stfuctural axes
o 296.23 534.65 3,129.91 891.23 3,482.56
oy 556.98 1,026.36 346.08 678.04 H65.40
05y 0.00 0.00 0.00 0.00 P43.58
Roving 5/4
24-0z Woven, Weave, Filament Wound
Strength Calculations c-veil 1.5-0z Mat Unidirectional Unidirectional Roving
XT| psi 8,238 15,379 72,857 70,647 1p7,994
Xc| psi 10,984 20,505 43,714 42,388 4,796
YT psi 8,238 15379l 1,146 1,121 1,682
Yd psi 10,984 20,505 6,113 5,981 8,973
S,|psi 5,491 10,354 7,366 7,203 10,786
F 1.1051E-08 3.1471TE-09 3.1398E-10 3.3394E-10 1.4291E-10
Fy -5.5256E-09 —1.5855E-09 —3.3472E-09 -3.5281E-09 -1.4383E-09
Fy, 1.1051E-08 3.1711E-09 1.4273E-07 1.4910E-07 6.4238E-08
Fsd 3.3171E-08 9.3285E-09 1.8431E-08 1.9274E-08 8.94960E-09
Fx 3.0347E-05 1.6256E-05 -9.1503E-06 -9.4366E-06 -6.1732E-06
F, 3.0347E-05 1.6256E-05 7.0889E-04 7.2453E-04 4.4292E-04
G 2.5748E-03 2.5068E-03 1.2920E-02 6.4547E-02 2.4441E-02
H 2.5892E-02 2.5376E-02 2.1670E-01 4.8285E-01 2.9984E-01
24-0z Woven, Roving 5/4
Stfength Ratios c-veil 1.5-0z Mat Hoop Weave, Axial Roving
R, Cgmpceyl 15.31 15.54 3.77 1.69 2.73
R, Adivanced CLT 14.59 14.85 3.69 1.74 2.72
R, Hahn, Eriksans
Hghn Compeyt
R fibler 27.81 28.76 23.28 79.27 B1.01
R matrix 14.79 14.98 3.31 1.65 2.52
R, Trilam 16.71 15.95 4.04 1.73 2.85

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 effective elastic properties and strengths per strain limits of this three-ply model can be determined as

shown in this Table.
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The strengths for this macro 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 E,,
which is 46,903 psi. The tensile strength in the 2 direction is the product of the strain allowable (0.020) and E,,
which results in a strength of 40,520 psi. The other strengths are determined in a similar way, and the result is the
following;:

Equivalent V12, Gio,
Macro Layer Eq, psi Ep, psi psi psi t,in. 1 Tens, psi 1 Comp, psi 2 Tens, psi 2 Comp, psi Shear, psi
24-0z Woven 2,345,171 2,025990 0.1134 271,415 0.03900 46,903 24,312 40,520 16,208 7,274
r’\ving
smeared

THe effect of this formulation is similar to a progressive failure analysis where the transversé, propegrties are
assumed to be diminished in the original model. This is a conservative approach, as there may be no resip crazing
for the design loads.

THis approach also applies to unidirectional axial plies with hoop winds.

111


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

MANDATORY APPENDIX M-4
QUALITY CONTROL PROGRAM

an

M4-100 _GENERAL

M4-300 DOCUMENTATION

(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, ag agreed between the Fabricator and the User,
will be met.

(b) The Fabricator shall maintain a program suitable
for the sdope and detail of the work performed, and the
size and ¢gomplexity of the Fabricator’s organization, and
shall desfgnate a Certified Individual (see para. 1-400).
A written description of the program shall be available
for reviep.

(c) A dopy of the Fabricator’s Quality Control Manual
shall be fnade available to the Inspector on request. The
Fabricatqr’s Quality Control Manual may contain pro-
prietary [nformation and procedures. No copies of the
Fabricatqr’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 pottion of the Quality Control Manual andlare
necessary to be used during fabrication to chéck the
fabricatign process. These quality control forms-become
attachmlents to the Fabricator’s DatatReport (see
Table 1-2).

M4-200| ORGANIZATION

The QQuality Contrel Program shall include the
Fabricafor’s organization chart, which indicates
reporting respensibility and authority. The purpose of
this chart is tg’identify and associate the various organi-
zational i icula i i
they are responsible. The organization chart showing
the relationship 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 organiza-
tion 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.

Ne pa 0 ONn 10 W 1D A
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(a) The Quality Control Program shall include|as a
minimum the documentation required by this Stanglard.
These documents shall be organized injone’placq and
readily available while fabrication is in.progress.

(b) The Quality Control Program, shall providg for
incorporation of procedures thdt¢will ensure thaft the
latest applicable drawings, désign calculations| and
specifications are used for.fabrication, inspection) and
testing.

(c) Documentationshall be retained by the Fabricator
for a minimum of 5 'yt.

M4-400 QUALITY CONTROL

The Quality Control Program shall include spgcific
progedures for the following;:

(a)”inspection of received goods, including raw mate-
ridls 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 sequyence
(refer to Parts 4 and 6 of this Standard).

(c) scheduling and notification for Inspector’s (hold
points and final acceptance inspection. Refg¢r to
paras. 6-300, 1-400, 1-430, and 1-440. Typical inspeftion
events are given in Tables NM7-1 and NM7-2.

(d) inspection of the finished vessel (refer to Pqrts 4
and 6).

(e) rectifying nonconformities or imperfections that
shall be done in accordance with Mandqtory
Appendix M-7 and shall be recorded on forms inclpided
in the Fabricator’s Quality Control Program. Minifnum
data to be recorded shall be date of correction, spgcific

Laminator or Secondary Bonder who made the correc-
tion, and signature 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.

(¢) internal audits of the Quality Control Program.
The Certified Individual shall perform the internal
audits at the frequency specified in the QC Manual. The
maximum interval between audits shall be 14 months
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(although 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. 1-540.

M4-500 EXAMPLE OF A FABRICATOR’S QUALITY
CONTROL PROGRAM

At example of a Fabricator’s Quality Control Program
is influded in Nonmandatory Appendix NM-6.

113


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

MANDATORY APPENDIX M-5
QUALIFICATION OF LAMINATORS AND SECONDARY BONDERS

M5-100 _GENERAL REQUIREMENTS

guestion the [aminator’s ability to produce laminates

(a) This Appendix specifies the rules for qualifying
personngl to produce laminates and / or perform second-
ary bondiing operations. Laminates and overlays thereof
(secondafy bonds) shall only be made by personnel who
have beeh qualified in accordance with the rules of this
Appendil.

(b) A Laminator is an individual who makes laminates.
This is npt to preclude assistance being provided to the
Laminat¢r by one to four assistants.

(c) A Secondary Bonder is an individual who joins and
overlays |cured subassemblies of the vessel being fabri-
cated. THjis is not to preclude assistance being provided
to the Serondary Bonder by one or two assistants.

(d) The Fabricator shall maintain up-to-date records
relating| to qualification of each Laminator and
Secondaty Bonder. These records will document the date
of last qualification and will include all calculations and
test or irjspection reports from both internal and inde-
pendent |laboratory testing programs used in the process
of qualification. These records are subject to review on
request Ry all parties engaged in the process of procure-
ment or |nspection.

M5-200( RESPONSIBILITY

It is the responsibility of the Fabricator to train and
qualify [aminators and Secondary Bonders.

M5-300| QUALIFICATION'\OF LAMINATORS

(a) Lainators may~dualify their capabilities at the
time a Habricator prodiices a demonstration laminate
for the purpose 6f'shop qualification.

(b) To|qualifya Laminator must produce one Type II
demonstfation/laminate (see Part 7), fabricated of any

in accordance with the requirements of this Stafidard.

M5-400 QUALIFICATION OF SECONDARY
BONDERS

(a) Secondary Bonders must qualifytheir capabfilities
in accordance with the procedures-that follow:
(b) It is the responsibility of<the Fabricator’s Qyality
Control Manager to
(1) ensure compliance-with procedures as out|ined

for the preparation afind machining of test sampleg.
(2) make or supervise the making of circumfefence
measurements.
(3) make; sign, and date a Secondary Bopder
Qualification. Report; see Table M5-2. Attached tp the
SecondaryBonder Qualification Report shall be cppies
of a. Component Data Sheet, including all items listed in
TableNM6-2. Two Component Data Sheets are required,
one for the pipe test piece, the second for the overlay.
The Component Data Sheets shall be approprigately
identified.

M5-410 Making Pipe Test Pieces

(a) Three pipe test pieces shall be made by a qualified
Laminator utilizing brightly pigmented polyestpr or
vinyl ester resin.

(b) The resin must be one that the Fabricator has quali-
fied through the production of a demonstrgtion
laminate.

(c) Refer to Fig. M5-1 for dimensions of pipd test
pieces.

(d) The Laminator shall apply a nonpigmented, faraf-
finated top coat to the pipe exterior.

(e) After lamination, application of paraffinated top
coat, and cure, the pipe test pieces must be aged at|70°F
to 80°F for at least 72 hr before the Secondary Bgnder
may begin to make overlays.

polyeste» or ‘Iih-‘/] 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, Table M5-1, shall be completed and signed for
each laminator qualification.

(c) Alllaminates made for qualification shall be iden-
tified in accordance with para. 7-900.

(d) Laminators shall be requalified if inactive for
6 months.

(e) The Certified Individual may require requalifica-
tion of a Laminator at any time if there is cause to

M5-420 Making Secondary Bond Test Assemblies

(a) The Secondary Bonder must overlay three pipe
test pieces to make three secondary bond test assemblies
as illustrated in Fig. M5-2.

(b) The Secondary Bonder shall prepare the pipe test
pieces for overlay per para. 4-320(a). Care should be
taken to maintain an even surface and constant circum-
ference, avoiding removal of excess material that would
result in grooves, tapers, or flat spots.
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Table M5-1 Laminator Qualification Report

Data by Fabricator:

Fabricator lLaminatar
Addrgss Last qualification date
Lamination date
Quality Control Manager
Fabridation process Resin type
Lamirfate type Catalyst type
Data py Test Laboratory:
Test lpboratory Test report no.
Lab t¢chnician Testing date
Specimen Specimen Specimen
Number Thickness Width Test Speed Peak.Load Sx Sy Ey E,

1 Y

2

3

4

5

Average
Type |l laminates require properties in the warp direction only.
Test lpboratory representative Date
(signature)
Certifjcation:
The Lpminator whose*name appears above is qualified under the provisions of RTP-1, Part 7 and Mandatory Appendix M-5.
Quality Control\sManager Date
(signature)

Laminator Date

(signature)

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

(b) Attach copies of Table NM6-2 (Component Data Sheet) and laboratory test report to this Laminator Qualification Report.
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Table M5-2 Secondary Bonder Qualification Report

Fabricator Secondary Bonder

Address Last qualification date

Secondary bonding date

Quality Comtrol Manager Test laboratory
Qualified Jaminator Lab technician
Pipe fabricption date Testing date

Data by Fapricator:

Pipe Circumferences

Spe¢imen Number C () G

Hy = Lo - D,

P
Sy = (minimum allowable = 2,000 psi)

Co Ha
Data by Teft Laboratory:
Test laboraftory representative Date
(signature)
Shear Collar Height Relief Bore Depth Shear Shepr
Specinmjen Height | Peak Load | Stren
Numbgpr Ll LZ L3 L,, Dl Dz D3 Da Ha P Sb

The followihg certify that the{ 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:

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

(b) Attach copies of Table NM6-2 (Component Data Sheet) to this Secondary Bonder Qualification Report. One Component Sheet is to
apply to the pipe test piece per Fig. M5-1; the other is to apply to the overlay per Fig. M5-2. Identify each Component Data Sheet
accordingly.
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Fig. M5-1 Pipe Test Piece

Type Il laminate, 0.37 in. nominal

thickness (per Table 2A-2)

1in.to 1/, in. —>

(typical)

Approx. 3/, in. ——>|

Measurement locations

Approx. 3/, in. —— <~

I1D. 3in. + 144 in.

A

o

(c) After preparation for overlay, the circumference
of the area to be overlayed shall be measured using a
metdl tape measure at the points indicated in Fig. M5-1.
This[must be done for each of the three pipe test pieces
to bg overlayed. Measurements must be made in accor-
dande with para. M5-400(b)(2). Measurement accuracy
shall be +!%, in. and rounded to the nearest 4yHn.

(d) For each of three pipe test pieces, the'two circum-
ferephce measurements shall be recorded in the
Secqndary Bonder Qualification\\Réport. When
recofding measurements, express thie values as the deci-
mal equivalents of the measuréments taken. Calculate
the average of the two circumference measurements and
rounld it off to the nearest hundredth of an inch; this
valug is C,. The value'‘ef)C, shall be recorded in the
repoft and also marked‘in %-in. to ¥-in. size numerals,
with|a black indelible marker, at each end of a pipe test
piec¢. See Fig. M5“1 for approximate locations where
the gverage circumference value, C,, is to be marked on
each| pipe‘test piece.

(e)) The-Secondary Bonder shall then overlay the three

plpe test p1onoc Fn”nunnn nstructionsin pnrqc 4- Q')n”'\\

Mark average circumference length
in these areas [see para. M5-420(d)]

18in. £ Vg in. >

(b) “Each secondary bond test assembly mpkes two
secondary bond test specimens when cut on the center-
line of the overlay.

(c) A minimum of five secondary bond test specimens
are required to be made for testing.

(d) Machining operations may be donp by the
Fabricator, at another firm or location, or at anjindepen-
dent testing laboratory.

M5-440 Testing Secondary Bond Test Specimens and
Calculating Secondary Bond Shear $trength

(a) When machining is complete, five secondary bond
test specimens must be tested by an independept testing
laboratory.

(b) Prior to testing, the average engagementfheight of
the shear collar must be determined for each spcondary
bond test specimen.

(c) Measurements and calculations to detejmine the
average engagement height of the shear collaf must be
done at the independent testing laboratory where the
test specimens are to be tested.

/J\ To-determine-the-averase-ensasementh

through (d), so as to make secondary bond test assem-
blies as shown in Fig. 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 Fig. M5-3.

117

termine-the-average-engasement-height, H,,
for each test specimen, proceed as follows:

(1) Refer to Fig. 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, L,, shall be calculated; the value
shall be rounded off to the nearest hundredth of an inch,
recorded in the report, and also marked on each test
specimen in approximately the area shown in Fig. M5-3.


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

Fig. M5-2 Secondary Bond Test Assembly

Secondary Bonder to mark name and/ot
employee no. at both ends of secondary bond
test assembly, 90 deg to C, data.

Quality Control Manager to mark acnumber at

each end, 180 deg to C, data~(There must be

a different number at eagh end of each

assembly.)

¢ Overlay

———= 9n. £ /g in. ——— >

Laminate sequence
2M, 3(MR), M, V [see paras.
4-320(b) through (d)]
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Fig. M5-3 Secondary Bond Test Specimen

Top and bottom surfaces of specimen A
must be parallel [see Note (1)]

8~

I I

T T

I Cc,= ——7Al

e |

Approximate location and : L= S)L2 - :

general arrangement for all | a |

measurement markings to be | | | 0l ____|

placed on each test specimen | 9 |

{ |

[V Hy= ———~1|

| |

8in.to 9in. N I |

A
1/8 in. to 3/16 in, | | | |
plunge cut | | | |
[see-N@te (2)] | I
& i
| | | |
Y ﬁ —é ! t f !
L I If 1
A— Lo—fpoo—d)

&\ 63 5N i
1 in% mi-n. — Relief bore D [sée'Note (3)] A
1hg in. max [see Note (4)]
Split Shear Collar and Pipe
Shear collar
/g in. max. ——>
Section A<A Uz In. min.
[see Note (5)]
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 a full 360 deg and over total
surface of root of slot.

(3) Machine back pipe 1/, in. minimum to 5/; in. maximum.

(4) Machine away internal surface of shear collar to be outboard of pipe external surface 3/, in. minimum, a full 360 deg.

(5) Slit must extend completely through the wall of the shear collar (and pipe) and be of length sufficient to protrude fully
into the plunge cut slot.
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Refer to para. M5-420(d) for marking requirements. Mea-
surement accuracy shall be +0.010 in.

(3) Using a vernier caliper with a depth slide, make
three measurements of the relief bore depth, D, at
approximately 120-deg intervals. Follow the same gen-
eral procedures as in the preceding paragraph for
recording measurements; averaging and rounding data
to arrive at the average relief bore depth, D,; and mark-
ing the specimen. Measurement accuracy shall be

where
C, = average circumference of test specimen, in.
H, = average engagement height, in.
P = peak load at failure, lb

(h) The independent testing laboratory shall calculate
and report the values of secondary bond shear strength
for each test specimen tested.

+0.010 iry;
(4) Calculate the engagement height, H,, for each

test specjmen as follows:

H,=L,-D,

Record
Qualificq
mens in

he values of H, in the Secondary Bonder
tion Report and mark them on the test speci-
hccordance with previous instructions. Testing
of specimiens may now commence.

(e) Spg¢cimens must be tested in compression in a lab-
oratory testing machine such that the secondary bond
area undpr the shear collar fails in shear. The crosshead
speed shpll be 0.05 in./min.

(f) Pegk load, P, is to be recorded for each specimen,
rounded|off to the nearest 200 Ib.

(g) Seqondary bond shear strength, S, is to be calcu-
lated for|each test specimen as follows:

p

_ .2
= —Ca X 1b/in.

Sp

M5-450 Requirements for Qualification of Secondary
Bonders

(a) The secondary bond shear stréngth of all speci-
mens tested must be greater than-orequal to 2,000 psi.
Should any sample tested fail totachieve a secorjdary
bond shear strength of 2,000.psi, a complete lot ¢f six
new samples must be made'and five of these testgd, so
that all five retest samples-achieve 2,000 psi minimum
shear value.

(b) Secondary Bonders shall be requalified if ind
for 6 months.

ctive
(c) The Certified Individual may require requalffica-
tion of a.Sécondary Bonder at any time if there is ¢ause
to question the Secondary Bonder’s ability to prqduce
secondary bonds in accordance with the requirements
of this Standard.
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MANDATORY APPENDIX M-6
DEMONSTRATION VESSEL

M6-100 GENERAL
Fapricators shall design, fabricate, and satisfactorily
test p demonstration vessel in accordance with the

Prjor to designing or constructing the demonstration
vessel, the Fabricator shall complete all ofthe'following
requjrements:

(a) The Fabricator shall have developed a written
Quality Control Program in full(accordance with the
requjrements of Mandatory Appendix M-4. Demonstra-
tion jof the effectiveness of the program is suggested on
sevetal jobs in the shop-prior to construction of the
dempnstration vessel.

(b) The Fabricater.shall have constructed and shall
have successfully completed testing of demonstration
lamipates and ‘design basis laminates of those laminate
typep and thatresin specified by the UBRS for the dem-
onstfation.vessel (see Part 7 for requirements of demon-
stratjoilaminates).

All instructions for fabrication and testing of|the dem-
onstration vessel are contained in the WBRS jdentified
as Table M6-1 (see Fig. M6-1).

Mé6-400 REQUIREMENTS SUBSEQUENT TQ
TESTING

the Fabricatot shall section (cut) the demonstration ves-
sel to reveal details and the integrity of laminates and
secondary bonds. Instructions for sectiohing are
included in the UBRS (see Fig. M6-2). The Habricator
may polish or grind the cut edges, but no repin, resin
puitty, or any other material is to be applied td such cut
edges.

(b) The ‘quadrant sectioned from the demgnstration
vessel may be retained or disposed of by the Fpbricator,
at the Fabricator’s option.

(a) Subsequent.to completion of successf? testing,

(c) The three-quarter section from the demgnstration
vessel shall be placed on display at the Fabricator’s shop
for viewing by prospective customers. No paints, color-
ation, or pigmentation shall be applied to the ddmonstra-
tion vessel.

(d) Subsequent to the completion of succegsful test-
ing, the Fabricator shall execute a Fabricatgr’s Data
Report (see Table 1-2). Attached to the Data Report shall
be all information required by the Data Reporf, plus the
following additional items:

(1) a copy of the Witness of Hydrotest form (see
Fig. M6-3)

(2) certified test reports of all required dgmonstra-
tion and design basis laminates [see para. Mf-200(b)]

(3) certified test reports covering the qudglification

(c)"The Fabricator shall have trained and qualilied
those Laminators and Secondary Bonders who will con-
struct 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 accordance with this
Standard.

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.

(e) At least one copy of the document described in
(d) above shall be available at the place of display of
the demonstration vessel.
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(17) Table M6-1 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 For display at Fabricator's shop

User's Agept firm name Not applicable

Title of eqyipment ASME RTP-1 demonstration vessel

User’s designation no. ASME RTP-1 A1

Installation| location (name and address) Fabricator’s shop

UBRS preppred by (User or User's Agent):

Name  Mpndatory Appendix M-6, ASME RTP-1 Phone no. _ Not applicable Date  3/§/02
Address
1. Equlpment description (equipment sketch and nozzle schedule must be attached):

Storage vessel

2. Addjtional Fabricator responsibilities:
[ 1| Special requirentents

[ 1 Acoustic.emission testing

[x] Inspéctien or testing requirements not listed in the Standard __ A special hydrotest shall be performed,
fullyflooded (all air vented off). Water shall be ambient temperature. An acceptable Hydrostatic Proof
test shall be in the range of 44 psig—46 psig. Test shall be witnessed by a registered Professional
Engineer. The Witness of Hydrotest form (Fig. M6-3) shall be completed.

[1]

[1]

[ 1 Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1):
[1 Levell
[X] Level 2
Quantity limitations for gaseous air bubbles or blisters
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Table M6-1 User’s Basic Requirements Specification (UBRS) (Cont’d)
(As Required by the Provisions of ASME RTP-1)

Page 2 of 4
RTP Edition No.
UBRS Revision No.

[ 1 Additional inspection aids/methods [refer to para. 6-940(c) of ASME RTP-1]

Material selection
3.1 Material selection by:
[ 1 Resin manufacturer (include data per section 4 of this document)
[ 1 Fabricator (include data per section 4 of this document)

[ 1 End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirements, etc. (list and spdcify; attach

copies of local code/ordinance requirements)

[x] Other As required by Mandatory Appendix M-6

3.2 Material of construction:
Resin _ Clear chlorendic polyester

Catalyst/cure system __ CoNap)/MEKP

Veil _ Fiberglass surfacing veil

[ 1 Lift lugs: [ ]RTP [ ] Carbon steel [ ] Othet

Barcol hardness per para. 6-910(b)(4) _ NA

[Xx] Hold-down lugs: [x] RTP [ ] Carbon steel f ] Other

o
(04

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

4.1 Description of process function and procéss.sequence: _ Not applicable

4.2 Contents:

Concentration

Potable water 100 100 Continuous
4.3 pH range: max. min.
Desigh
5.1 _Design conditions:
Operating Design

Internal pressure 14 psig 15 psig

External pressure 0.0 psig 0.0 psig

Temperature 80°F 150°F

Specific gravity 1.0 1.0

Liquid level Full Full
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Table M6-1 User’s Basic Requirements Specification (UBRS) (Cont’d)

(As Required by the Provisions of ASME RTP-1) 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  Classification category Exposure
Elevation above grade TC__Topographic factors
Seismic zone 1 Site-specific seismic information (soil type, ground motion goeffigients,
etc.)
Snow load 0 psf
Capacities: Operating Flooded gal Flooded By Fabricator gal
5|2 Mechanical agitator: [ ] Required [ ] Not required
Dead load b
Static bending moment ft-lb
Dynamic bending moment ft-lb
Torque ft-lb
Horsepower hp
Impeller speed RPM  Impeller diameter in.
Number of impellers Foot bearing: _{] Yes [1No

5|3 Heating and cooling:

[ 1 Electric panels

[ 1 Steam coil

[ ] Steam sparger

[ 1 Heat exchanger

[x] Other Not applicable
54 Mechanical and other forces:
[ 1 Violent chemical reaction

[ 1 Subsurface introduction of gas or vapor

[ 1 Subsurface introduction of steam

[ 1 Transmitted mechanical load/force

[ 1 Impact due to introduction ofisalids

[ 1 Vacuum from pump down_ (or vessel draining)
[ 1 Vacuum from cool down

[x] Other Not applicable

55 Corrosion barrier exetuded from structural calculations:

[ 1 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):
[1 Yes

[X]«.Na

Deslgnation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASMF RTP-1. It shall be recognized that ASMF 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

[ 1 Users representative

[ 1 Other
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Table M6-1 User’s Basic Requirements Specification (UBRS) (Cont’d)
(As Required by the Provisions of ASME RTP-1)

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:

Name Title

Signature Date
6.1.2 Authorized Fabricator’s representative:

Name Title

Signature Date

Additfonal requirements: _ Dimensional tolerances per Fig. NM7-1 arespecified as mandatory.
o°

Al

| gaskets to be full faced, 4 in. Neoprene at 60 + 5 Shore A durometer.

Al

bolts to be B8 or B7 studs, or A 307 Grade B bolfs,

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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Fig. M6-1 ASME RTP-1 Demonstration Vessel

pp 029 Affix nameplate to
/ bracket located in
GCEFRP sunnart |nﬂc’

PP o This general area
equally spaced ‘
|
| /
3e9

&

T Gusset

Type | laminate C, 2w nozzle

ASME flanged and dished head B, 3-in. tangential nozzle

Tangent line

Type Il or filament

wound laminate \

c
FRP pipe leg supports, —C—- ;
four required, <
equally spaced <
\ =
E=
=
! 3ft6in. | o
| 4ftein. |
o T
aﬂgznt\_ A, 18-in. nozzle with cover
! ASME flanged and dished head
D, 2-in. nozzle

2ft6in.

Type Il laminate —

GENERAL NOTE: 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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Fig. M6-2 Post-Test Sectioning of Vessel for Final Inspection and Display

This section for use or disposal,

Cut line
at Fabricator's option :
\ N

\ |

| _\ /7Vertical centerline ———|_|

‘j \—Cutline—\ jﬁiﬁ\

7/
7/
7/
7/
Nozzle centerline d
7/
7/
7/
7/
7/
/7 . X
Ve Cut li Vertical centerline
/ ut line
/ N
. 7/
Section above 7 Nameplats
gusset ling.>\ \\ and bragket
74 \ !
| N !

9 e SR
Y

)

Nozzle centerline K

This Sectionfor Display

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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Fig. M6-3 Witness 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 withessed a nydrostatlc testorthe RTP demonstration vessel as constructed
by

Fabricator's name

Address

and that this vessel did successfully contain the hydrostatic test pressure of 45 psig for
2 hours without leakage or cracking of any of its parts.

(@) Fabricator’s Inspector’s signature

(signature)

(print name)

(b) Professional Engineer’s signature (and seal)

(signature)

(print name)

(c) Fahricator’s authorized agent

GENERAL NOTES:

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

th)—Attachthiswitmess formdirectty tothe Fabricator's Data Report(Tabte 1=2):
(©) An acceptable test pressure range is 44 psig to 46 psig.
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MANDATORY APPENDIX M-7
REPAIR PROCEDURES

M7-100 SCOPE

M7-300 REPAIRS TO CORRECT

THis Appendix sets forth general criteria and repair
procpdures that are to be used to correct nonconformities
in v¢ssels before they are accepted as complying with
this $tandard and/or before they are placed into service.

M7-200 GENERAL CONDITIONS

When a defective or damaged laminate is to be
repajred, the total sequence of laminate construction
remg¢ved by the grinding process shall be replaced by
alanpinate sequence that shall provide structural proper-
ties meeting the requirements of this Standard. It is
requjred that the repaired area have the same physical
strerjgth and chemical resistance characteristics as the
spec]fied original laminate.

M7-210 Nonconformities

Vdssels fabricated to this Standard may be repaired
to cofrect nonconformities detected prior to being placed
into [service, provided all of the following: cenditions
are mpet:

(a) The nonconformities shall be classified as repair-
ableas indicated in para. M7-300;

(b)] The repair procedures used shall be in accordance
withf{ one or more of those outlined in paras. M7-600
throsigh M7-663.

(c)| All repair procedures shall be accepted in advance
by tle Inspector. If strurctural repairs are necessary, the
regidtered Professional Engineer shall also concur.

(d] The amount of repaired area does not exceed the
limitations sef forth in Table 6-1.

(e)| Repairs are done by a qualified Secondary Bonder
emp|oyed’by either the original vessel Fabricator or his/

o

NONCONFORMITIES

The following nonconformities shall-be* cgnsidered
repairable by procedures outlined in this”Apgendix:

(a) all imperfections within the inner surfade or inte-
rior layer as defined by Table 6-1

(b) low Barcol hardness leyels, provided thefy are cor-
rectable by postcuring

(c) acetone sensitivity of ilonmolded surfacqs and the
outside of secondary®end overlays

(d) all imperfections within the structura
defined by Table-6-1

(e) underthickness and/or understrength of the ves-
sel structural lJaminate or secondary bond overjays, pro-
vided the<{correct laminate sequence was follqwed

(f) incorrect size or placement of vessel npzzles or
attachments

(g) nonconformities that result in leakage during the
hydrostatic test

A hydrostatic test is required after the corfection of
nonconformities described in (d) through (g). Additional
hydrostatic testing of vessels previously t¢sted per
para. 6-950(b) is not required for repairs above the design
liquid level.

layer as

M7-310 Unrepairable Nonconformities

The following nonconformities shall not bp consid-
ered repairable by procedures outlined in this Appendix.
A vessel that has any one of the following non¢onformi-
ties shall not be certified as being fabricated [in accor-
dance 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 thigkness of
the inner surface and interior layer

(d) incorrect wind angle for filament wounfl vessels

(e) out-of-roundness in excess of that perrpitted by

her destgnatedagent: Fig 49
(f) All repairs are to be reinspected by the Inspector (f) low Barcol hardness levels uncorrectable by
to ensure compliance with this Standard. postcuring

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.

(g) vessel dimensions such as diameter, height, head
radius, etc., that are not in compliance with the basic
vessel design calculations and the UBRS

M7-400 CLASSIFICATION OF REPAIRS
Vessel repairs shall be classified into the following

types:
(a) Type 1 — inner surface repairs

an
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(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

repair procedure shall be utilized as given in
paras. M7-620 through M7-625.

(2) The grinding dust from the ground surface shall
be removed with a clean brush. If secondary bonding
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

through M7-663.

M7-500| ORDER OF REPAIRS

In casq
to both
the repa
first, foll
otherwis
the regis

s where repairs due to damage are necessary
he structural layer and the corrosion barrier,
rs to the structural layer shall be performed
wed by repairs to the corrosion barrier, unless
b accepted by the Inspector and approved by
ered Professional Engineer.

M7-600( REPAIR PROCEDURES

M7-610
M7-6

the inney
to remov]
ters, or a
ing back
in the Fa

M7-61

same typ
fabricate

shall be

M7-613 Repair Personnel. Repaifs shall be made
by qualified Secondary Bonders.

M7-61

(a) Th
percenta

Type 1 — Inner Surface Repairs

11 General. Repairs shall involve removing
surface (surfacing veil) by grinding in order
e nonconformities such as pits, inclusions, blis-
r voids. Repairs may be accomplished by add-
the correct inner surface material as specified
bricator’s design drawings.

2 Materials. Repairs shall be made with the
e of resin and reinforcement materials tised to
the original vessel inner surface, All laminate
n accordance with Part 2.

4 Repair Proceduré
b area to be repaired shall be determined. The
be of repair areashall not exceed the limitations
given in [Table 6-1.

(b) Argas adjacent to the repair shall be protected to
prevent flamage\during the repair operation.

(c) Sufface Preparation

(1) Théareato berepairedshall be around onthe

the new veil or veils, the ground area shall beqwtted
with catalyzed resin.

(e) After the inner surface has been appliedtand prop-
erly rolled out, a final topcoat of paraffinated resin|shall
be applied.

M7-615 Acceptance Inspectiofi.—. The repaired
shall meet the requirements of Table 6-1.

After allowing the paraffinated topcoat to curg, the
Barcol hardness and aceton@sensitivity shall be chegked.
Postcuring of the repairéd area is acceptable to achieve
the required Barcol hardness.

nreas

M7-620 Type2.~ Interior Layer Repairs

M7-621.\General. Repairs shall require rem
both inner surface and interior layer laminate by g
ingsin~order to remove nonconformities sug
entrapped air, blisters, inclusions, cracks, dry spots
Repairs may be accomplished by adding back the cg
inner surface and interior layer laminate as specifi
the Fabricator’s design drawings.

ving
rind-
h as
, etc.
rrect
bd in

h the
bd to
erior
rt 2.

M7-622 Materials. Repairs shall be made wit
same type of resin and reinforcement materials us
fabricate the original vessel inner surface and int
layer. All laminate shall be in accordance with Pa

M7-623 Repair Personnel. Repairs shall be fnade
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 limitaftions
given in Table 6-1.

(b) Areas adjacent to the repair shall be protect
prevent damage during the repair operation.

(c) Surface Preparation

(1) The areatobe rnpgirpr’] shall be grnnnd JAZL

bd to

h an

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 laminate
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

130

80 grit or coarser 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 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 with a clean brush. If secondary bonding
is not started soon after brushing the surface clean, the
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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% oz /ft?
chopped strand mat and one 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,

(c) Surface Preparation
(1) The area to be repaired shall be ground with 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
done with a new disk to ensure a good surface profile

for secondary bonding.
(2) The grinding dust from the ground surface shall

curefl, nspected, and accepted, the area shall be lightly
sanded to remove sharp projections and feather edges.
The fepaired area shall be topcoated with paraffinated

7-625 Acceptance Inspection. The repaired area

30 Type 3 — Structural Layer Repairs

7-631 General. Repairs shall involve removing
struqtural material by grinding. However, the approach
to repair will vary depending on type of nonconformity,
locatfion, and relationship to nozzles, supports, etc. The
regigtered Professional Engineer shall specify any spe-
cial precautions or considerations needed for a particu-
lar r¢pair.

7-632 Materials. Repairs shall be made with,the
samg¢ type of resin and reinforcement materials used to
fabricate the original vessel structural layers. Hand lay-
up lhminate shall be used to repair filament wound
Is (see para. M7-634). All laminate shall be in accor-
dande with Part 2.

7-633 Repair Personnel. (Repairs shall be made

by gpalified Secondary Bonders:

M

(a
the s
repa
(b

7-634 Repair Specification

The registered Rroféssional Engineer shall specify
urface area and’shape of area to be disturbed for
r.

Any extra material required to effect a proper
repalr abgve.that removed by grinding will be deter-
mined dnd specified by the registered Professional
Engineet: The required laminate sequence shall be used.

be removed using a clean brush. If secondary] bonding
is not started soon after brushing the surface ¢lean, the
cleaning procedure shall be repeated just|prior to
applying the laminate.

(d) Hand lay-up laminate shallbeapplied in
sequence of construction as rémoved in the|grinding
process and as specified by ‘the registered Prgfessional
Engineer. The laminate sequence shall be started by wet-
ting the ground surfacewith catalyzed resin.[The first
layer of the laminate’shall be 11/2 oz /ft? thopped
strand mat.

(e) After all required laminate has been
cured, inspected, and accepted, the area shall
sanded to/réemove sharp projections and feath
The repaired area shall be topcoated with pat
resin

the same

applied,
be lightly
er edges.
affinated

M7-636 Acceptance Inspection. Structur
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to
Barcol hardness and acetone sensitivity shall be
Postcuring of the repaired area is acceptable f
the required Barcol hardness.

l repairs

cure, the
checked.
b achieve

M7-640 Type 4 — Dimensional Nonconformance
Repairs

M7-641 General. Repairs due to dimensipnal non-
conformance shall include underthickness of|shells or
heads, nozzles, flanges, secondary bonds, etd. Repairs
shall be done by adding additional laminate of the cor-
rect sequence specified in the Fabricatorfs 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 lamipate shall
be used to repair both filament wound andl contact
Engineer

molded vessels The rpgicfprnﬁl Professional

(c) For repair of nonconformities in filament wound
structural layers, the complete hand lay-up laminate
sequence shall be specified by the registered Professional
Engineer.

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.

131

shall specify any additional thickness of hand lay-up
laminate to be added to a filament wound shell. All
laminate shall be in accordance with Part 2.

M7-643 Repair Personnel. Repairs shall be made
by qualified Secondary Bonders.

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.
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(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 lami-
nate. Only cured laminate shall be ground. Final grind-
ing shall be done with a new disk surface to ensure a

steam (no pressure) shall also be permitted. The temper-
ature of the laminate shall be monitored during the post-
cure 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 lami-
nate shall be nnam—*nan]ﬂn If the area of the laminate

good sutfface profile for secondary bonding.

(2) The grinding dust from the ground surface shall
be remoyed using a clean brush. If secondary bonding
is not stqrted soon after brushing the surface clean, the
cleaning procedure shall be repeated just prior to
applying| the repair laminate.

(d) Hand lay-up laminate shall be applied in the cor-
rect lamjnate sequence specified in the Fabricator’s
design drawings and as specified by the registered
Professignal Engineer. The laminate sequence shall be
started Hy wetting the ground surface with catalyzed
resin. The first layer of the laminate shall be 1% oz/ft?
chopped|strand mat.

(e) After all required laminate has been applied,
cured, ingpected, and accepted, the area shall be lightly
sanded tp remove sharp projections and feather edges.
The repajired area shall be topcoated with paraffinated
resin.

M7-645 Acceptance Inspection. The repaired area
shall megt the requirements of Table 6-1.

After gllowing the paraffinated topcoat to cure;:the
Barcol hardness and acetone sensitivity shall be-checked.
Postcuring of the repaired area is acceptable te-achieve
the required Barcol hardness.

M7-650 |Type 5 — Undercured Laminate Repairs

M7-6!
Barcol rg
Repairs
or re-toy
laminate

1 General. Undercufed-laminate causes low
adings or acetone{sensitivity at the surface.
hall require posteuring the affected laminate
coating the sufface of the acetone-sensitive

M7-6
topcoatin]
finated r

52 Matefials. Laminates involving re-
g shall'be repaired with the same type of paraf-
esiriused on the original laminate.

which has low Barcol readings is within the limits of
repairability given in Table 6-1, it may be repaired fising
Type 1 or Type 2 repair procedures set forth in
paras. M7-610 through M7-625.

M7-656 Repair Procedure to. Correct Acetone
Sensitivity

(a) The exterior of the lamirdate showing sensi
to acetone shall be lightly,sanded to remove sharp
jections and feather edges.and previously applied g
finated resin.

(b) Next, the sanded area shall be re-topcoated
paraffinated catalyzed resin. If the sanding remove
part of the suxfacing veil, an additional ply of surf
veil shall also be applied along with the topcoat of p
finated catalyzed resin. Care shall be taken during 4
cation®6f the topcoat to minimize the covera
adjacent unsanded areas.

ivity
pro-
araf-

with
5 any
hcing
araf-
ppli-
re of

M7-657 Acceptance Inspection. After allowin
paraffinated topcoat to cure, the acetone sensitivity
be checked. If the repaired area remains acetone s
tive, it is unacceptable.

g the
shall

ensi-

M7-660 Type 6 — User’s Dimensional
Nonconformance Repairs

M7-661 General. Repairs due to nonconforn
with the dimensional requirements include the
placement of nozzles or attachments and the incg
size of nozzles or attachments.

M7-662 Materials. All materials used to co
User’s nonconformance with User’s dimensi
requirements shall be the same type of resin and frein-
forcement materials used to fabricate the original vessel.
Further, the construction of new nozzles or attachments
shall follow the specifications given in the original

ance
mis-
rrect

rrect
onal

M7-653 Repair Personnel. All repairs shall be made
by qualified Secondary Bonders.

M7-654 Repair Procedure to Correct Low Barcol
Readings. The laminate giving low Barcol readings
shall be heat postcured in accordance with the resin
manufacturer’s recommendations for maximum tem-
perature 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
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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 attachment shall
be in accordance with the Fabricator’s design drawings.
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(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 anew nozzle does not interfere with the original
nozzle, the original nozzle shall not be removed unless

requpsted by the User. The repair procedure shall be
approved by the registered Professional Engineer.

133
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MANDATORY APPENDIX M-8
ACOUSTIC EMISSION EXAMINATION

SCOPE

are

This A
satisfy 4
Equipm
Section

NOTE: A
emission t
Emission T4
of the Plag

M8-200

(a) Di
examina
visual,
repaired

(b) A
tion is rd
If the ve
requireny

(c) Th
junction
witnesse
the acou

ppendix states the criteria that a vessel shall
0 pass an acoustic emission examination.
bnt requirements are given in Article 11 of
of the ASME Boiler and Pressure Vessel Code.

dditional background information concerning acoustic
psting is contained in Recommended Practice for Acoustic
sting of Fiberglass Tanks/Vessels, published by The Society
tics Industry, Inc.

GENERAL

bcontinuities located with acoustic emission
ion shall be evaluated by other techniques, e.g.,
ltrasonic, dye penetrant, etc., and shall be
and retested as appropriate.

ressel for which an acoustic emission examina-
quired shall satisfy the criteria of Table M8-1.
bsel does not, it is not in compliance with the
ents of this Standard.

b acoustic emission examination is done in con-
with the hydrostatic test. Therefore, it shall be
by the Inspector, and he or she shall werify
btic emission examination report.

and an amplitude parameter, A, The quantitie
defined in this Appendix. The amplitude pararme
defined in terms of the reference amplitude-thres
and the threshold of acoustic emission detéctabili

ter is
hold
Ly.

M8-310 Threshold of Acoustic Emission Detectability

The threshold of acoustic emission*detectability
be determined using a 4 ft X ¢/ft X % in. 99% pure
sheet. The sheet shall be suspended clear of the
The threshold of detectability)is defined as the avg
measured amplitude of ten events generated
0.3-mm pencil (2H) lead break at a distance of 4 ft|
from the sensor. 4 break shall be done at an ang
approximately;80’ deg to the test surface with a 0
lead extensiort. The sensor shall be mounted 6 in.

shall
lead
floor.
Prage
by a
3in.
le of
1-in.
from

the 4-ft side*and mid-distance between the 6-ft sigles.

M8-320" Reference Amplitude Threshold

(a) For large amplitude events, the reference ampli-

tude threshold shall be determined usiy
10 ft X 2 in. X % in. clean, mild steel bar. The bar
be supported at each end by elastomeric, or six
isolating pads.

(b) The reference amplitude threshold is defined al
average measured amplitude of ten events generats

g a
shall
nilar,

5 the
d by

0.3- il (2H) lead break at a dist 7 ft
M8-300| DEFINITIONS AND INSTRUMENT a 0.3-mm pencil (2H) lead break at a distance o
from the sensor. A break shall be done at an angle of
CALIBRATION . . .
approximately 30 deg to the test surface with a 0}1-in.
The criteria in Table M8-1 are defined in part by the  lead extension. The sensor shall be mounted 12 in. [from
referencg amplitude thresholdj.a’counts parameter, N,; the end of the bar on the 2-in.-wide surface.
Table M8-1 Acceptance Criteria Per Channel
Criterion First Filling Subsequent Fillings Significance of Criterign
Emissions Huring<hold None beyond 2 min None beyond 2 min Measure of continuing perma-
nent damage
Felicity ratip Not applicable Greater than 0.95 Measure of severity of preViously
induced damage
Total counts [Note (1)] Less than N, Less than N, /2 Measure of overall damage dur-

Number of

events greater than Less than 10

reference amplitude
threshold

ing a load cycle
Less than 10
structural failures. This ¢

Measure of high energy micro-

rite-

rion is often associated with

fiber breakage.

GENERAL NOTE:

acceptance criteria.

NOTE:

(1) Varies with instrument manufacturer. See para. M8-330 for the definition of N,.

An acceptable vessel shall meet all the criteria listed above. Background noise shall be properly discounted when applying
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M8-330 Count Criterion, N., and A,, Value

(a) The count criterion, N,, shall be determined either
before or after the test using a 0.3-mm pencil (2H) lead
broken on the surface of the vessel. A break shall be
done at an angle of approximately 30 deg to the test
surface with a 0.1-in. lead extension. Calibration points
shall be chosen so as to be representative of different
constructions and thicknesses, and should be performed
above and below the liquid line (if applicable), and away

with a 0.3-mm diameter (2H) pencil lead. The breaks
shall be made with the lead at an angle of approximately
30 deg to the test surface with a 0.1-in. lead extension.
When applying the count criterion, the value that is
representative of the region where activity is observed
should be used.

M8-400 WRITTEN PROCEDURE REQUIREMENTS

from manways, nozzles, etc.

(b) Two calibrations shall be carried out for each cali-
bratijon point. One calibration shall be in the principal
direqtion of the surface fibers (if applicable), and the
second calibration shall be carried out along a line at
45 dpg to the direction of the first calibration. Breaks
shall be at a distance from the calibration point so as to
proyide an amplitude decibel value, A,, midway
between the threshold of detectability and the reference
amplitude threshold.

THe count criterion, N, shall be ten times the number
of cgunts recorded from seven lead breaks at each of
the tpvo calibration points. The lead breaks shall be done

Acoustic emission examinations shall be, pprformed
following a written procedure. The procedure|shall sat-
isfy the requirements of para. T-1128~in)Art{cle 11 of

Section V of the ASME Boiler and Pressure Vessel Code.

M8-500 WRITTEN REPORT OF RESULTS

The results of an acousti¢.emission examina
be reported in a written document satisfying th
ments of para. T-1190:in Article 11 of Section
ASME Boiler and Rressure Vessel Code. The re
be made available for review and acceptang
Inspector.

tion shall
P require-
V of the
bort shall
e by the
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MANDATORY

APPENDIX M-9

GLOSSARY

acceleratop—a Materia

. dadded
rate of pplymerization

(curing).

audit: a systematic review to assess the implementation
of prescrjbed procedures, specifications, or standards.

axial: in fhe direction of the axis (lengthwise centerline)
of the equipment.

Barcol haijdness test: test to determine the surface indenta-
tion hardness of the resin, which is directly related to
the degr¢e of cure. The Barcol Impressor is the instru-
ment used for measuring polyester and vinyl ester resin
hardnesq (ASTM D2583).

binder: dhemical treatment applied to the random
arrangement of glass fibers to give integrity to mats.
Specific Binders are utilized to promote chemical compa-
tibility with the various laminating resins used.

blister: raised spot on the surface of a laminate caused

by a subpurface air void.
bonding: joining of two or more parts by adhesive forces:

bond stre
ture a bd

1gth: force per unit area (psi) necessary to\tup-
nd in interlaminar shear.

burned afeas: areas of laminate showing evidence of
decompaqsition (e.g., discoloration and /or.cracking) due
to excesdive resin exotherm.

burn out
materiald
in order
glass rei
pose tog

(burn off): thermal decgmposition of organic
(resins and binders) ffom a laminate specimen
to determine the yeight percent of resin and
hforcement (synfhetic reinforcements decom-
bther with the-resin and binder).

catalyst: g
polymer
(polymet

certify: t

n organie peroxide material used to activate the
zation teaCtion of a resin, causing it to harden
izatiorr initiator).

attest, hy Qigannro and (‘]nfo, to conformance

1p process, a catalyzed resin spra depos-
ited simultaneously on the mold. When interspets¢ lay-
ers are provided in filament winding, the resin‘spgay is

often not used.

contact molding: process for molding RTP in which|rein-
forcement and resin are placed in or oh a mold. Ciire is
either at room temperature usingla ‘catalyst-prorhoter
system or by heat in an oven¢Includes both hand lay-
up and spray-up. For thepurposes of this Stanglard,
laminates manufactured with a process other tharn fila-
ment winding are contact molded.

22.
cov-

glass
hyers

corrosion layer (barrier)! see paras. 2A-221 and 2A-2

coverage: in ho@p)filament winding, the complete
ering of the mandrel surface by a single layer of
reinforcement and resin. In helical winding, two 1
must be applied to achieve one coverage.

crazing: the formation of tiny hairline cracks in vafying
degrees throughout the resin matrix, particularly in
fesin-rich areas.

critical service: see para. 1-210(c).

riza-
mot-
Pnts.

that

curing agents: materials used to initiate the polyme
tion of a resin. The catalyst is the primary agent. Prq
ers and accelerators are secondary or assisting ag

cut edge: end of a laminate resulting from cutting
is not protected by a corrosion barrier.

delamination: physical separation or loss of bond bet
laminate plies.

ween

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 corrgsion
resistant barrier. The final layer of resin shall be

to procedures, specifications, or standards. Where certi-
fication is required by a Professional Engineer, certifica-
tion shall include application of the PE stamp.

chopped strand mat: reinforcement made from randomly
oriented glass strands that are held together in mat form
using a binder. Each strand has a sizing.

chopper gun: a machine that is used to cut continuous
fiberglass roving to predetermined lengths (usually % in.
to 2 in.) and propel the cut strands to the mold surface.

paraffirated:
entrapped air void: cavity in a laminate caused by a
trapped gas bubble.

environment: state of the surroundings in contact with
the internal or external surface. Included are the temper-
ature, pressure, chemical exposure, exposure to sunlight,
relative humidity, liquids, and/or gases.

equipment: vessels used for the storage, accumulation,
or processing of corrosive or otherwise hazardous sub-
stances at pressures ranging from full vacuum to 15 psig.
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equipment assembler: person who puts together the com-
ponent parts, e.g., joining sections, installation of noz-
zles, 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

gel time: time from the initial mixing of the resin with
catalyst to when gelation begins.

glass content: weight percent of glass fiber reinforcement
in the laminate.

gun roving: fiberglass roving designed for use in a chop-
per 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

exotherm of the existing laminate. or from a reel. The resin matrix is applied by various
exteflior layer: outer surface layer of a laminate; see ~ methods including brush, roller, or spray gun{ Consoli-
paraf 2A-224. dation of the composite laminate is by folling.
Fabricator: producer of RTP equipment. The Fabricator h.eat deflection temperature: tempexgire at which a speci-
combines resin and reinforcing fibers to produce the fied bar specimen deflects 0,410.in. when logded as a
final| product. simple beam to a constant 264psi (see ASTM D648, Test

. . . Method for Deflection Ternperature of Plastifs Under
fiber(glass): a fine solid thread of glass.

fibers
fiber
fibers
fibeq]

fiber poetting: coating (wetting) of the fiberglass with resin
by njeans of roll-out or immersion.

filam
filam

wing
strar

fille
incre
resiy
decr

fill plcks: the rovings in a woven roving that run in the
trangverse direction of the fabrig, i.e., across the roll
width of the fabric.

fit-u

com

flamg
with
a red
NFP
Cha
AST

lass roving: a number of strands or filaments of glass
5 gathered together with little or no twist.

lass woven roving: heavy fabric woven from glass
rovings.

pnt: see fiber.

ent winding: a process for forming RIP parts by
ling either dry or resin-saturated continuous roving
ds onto a rotating mandrel.

s: inert materials that are added to the resin to
ase density, increase viscosity, improve.abrasion
tance, enhance resin applicatioh_properties,
base resin shrinkage, reduce cost; ete.

b: the match between-joining parts, elements, or
ponents.

retardant resin:;halogenated resins that can be used
or without'additives to provide a laminate having
uced flaine'spread as measured in accordance with
A 256,\Standard Method of Surface Burning
Factéristics of Building Materials (UL723,

M ER4). The resins are not fire retardant in their

Flexural Load). Usually-refers to a resin casting, not a
laminate.

einforce-
r 90 deg)

helical winding: filament winding where the
ment is placed/at some angle (other than 0 deg
to the axis ef/rotation.

baturated
utted or
bonding.

hot patch: several small fiberglass mat tabs,
withchighly catalyzed resin, used to hold |
joified parts or components in preparation for

hiydrostatic test: pressure test of equipment using water
as the test medium.

independent testing laboratory: the laboratory cg
the tests required by RTP-1 must be an entity
organizationally, legally, and financially from the
Fabricator and User or User’s Agent. Additignally, no
commercial, financial, or individual relationships shall
exist between the parties that might compromise efforts
to produce and report accurate test results. It is ¢xpected,
however, that a commercial purchase order, cantract, or
agreement will be employed by the parties t¢ arrange
for testing services. The independent testing laboratory
must be equipped and staffed with the necessary skilled
personnel to conduct the tests in accordance(with the
requirements of the Standard.

nducting
separate

initiator: see catalyst.
inner surface: see para. 2A-221.

interior layer: see para. 2A-222.

liquid state.

flame spread rating: index number resulting from testing
in accordance with NFPA 255, Standard Method of
Surface Burning Characteristics of Building Materials
(UL723, ASTM E84).

gap filling: the filling of voids between joined parts, ele-
ments, or components with resin putty or resin.

gel: the initial jellylike solid phase that develops during
the polymerization of resin.
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trHet sperse: <t lUl”PUd ﬁbc16laab usedHrmrafitament wound
laminate, usually in thin layers between winding
coverages.

isophthalic polyester: a polyester made from isophthalic
acid.

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
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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 rein-

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: laminates used over base RTP structures to
secure a joint, seal a seam, attach a nozzle, etc.

paraffinated resin: resin containing a small amount of

forcement (iF ncar]), and-the voq111.vofq seguence

laminate §tructure (Type 1, hand lay-up): see Table 2A-1.

laminate §tructure (Type II, hand lay-up): see Table 2A-2.

laminate §tructure (Type X): see Subpart 2A.

laminati
amount
and orie
calculate
and the

layout: th
and/or g

n analysis: procedure by which, given the
hind properties of the resin and the properties
htation of the reinforcement, it is possible to
the elastic properties of the individual layers
otal laminate.

e arrangement and location of parts, elements,
omponents that reflect the design of a product.

leno stra
fiberglas

s: a pair of warp ends at each edge of a woven
b fabric.

paras. 2A-221 and 2A-222.

hal: see axial.

liner: see
longitudir
lot, resin:
lated to

and assig
cate of a

a resin lot is a quantity of resin that is formu-
ts final composition in a single vessel, tested
ned a unique number, and covered by a certifi-
halysis.

mold around which a laminate is formed-to
a cylindrical section.

mandrel:
fabricate

Manufact
e.g., resir|
tives, etd

pirers: producers of materials of construction,
, reinforcement fibers, catalystspgeommon addi-

manway:
pose of ¢

large nozzle or opening in a Vessel for the pur-
ntry by personnel.

materials] ingredients (reinfdrcéments, resins, catalysts,
and comjmon additives)~that are used to fabricate the
equipmeht.

matrix: r¢sin phasevof a fiberglass resin composite.

minor rep
allowed
ance levg

hirs: repairs that do not exceed the area of repair
n Part'6 and meet the minimum visual accept-
| indicated in the UBRS.

dissolved parattin (usually 0.1% to 0.5%). Polymériza-
tion of polyesters is inhibited by contact with the‘dtmo-
sphere. During cure, the paraffin migrates te the sutface,
sealing it against atmospheric exposure;

parting agents: also called mold releasedgents. Compojnds

that assist in releasing an RTP part from its mold
peroxide catalyst: see catalyst.

pit: small crater in the surface of the laminate
Table 6-1).

polyester resin: resin produced by the polycondenshtion
of dihydroxy defivatives and dibasic organic acifls or
anhydrides, wherein at least one component contribputes
ethylenic unsdturation yielding resins that can be fom-
pounded.with styryl monomers and reacted to|give
highly ¢ross-linked thermoset resins.

(see

postenring: process of applying heat (180°F to 2001
aft RTP part, following the exotherm cycle. Proper
curing will shorten the time to total cure.

F) to
post-

profile: the roughness (smoothness) of the surface.

promoter: a material that activates the catalyst that
the resin (also see accelerator).

fures

PVA: abbreviation for polyvinyl alcohol, a parting ajgent.

quality assurance: the system by which the Fabrifator
provides evidence that the quality control systen has
been followed in the construction of the product.

quality control: the system a Fabricator uses to fabticate

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: glass fibers having the form of cho
roving, continuous roving, fabric, or chopped st

mat. These fibers are added to the resin matr

bped
rand
ix to

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
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strengthen and improve the properties of the resin.

release film: film used to facilitate removal of the part
from the mold or mandrel. Oriented polyester film,
3-5mil (Mylar®, Types A, S, or D; or Melinex 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
glass fibers, or other inert materials to provide puttylike
consistency.
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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 crack-
ing. Resin richness is the result of improper wet-out
procedures as well as inadequate or improper roll-out
techniques or drainage.

roll-out: densification of the laminate by working rein-

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
1000 m.

Type I, Type 11, and Type X laminates: see laminate structure.

forc
a rol
used

FRDPRG IS ) M 1l M e t] M M
LITCIILU ITTIU LIIT ITOIIT dITU UICT dII UUL UL UICT ITOIIT USIT ls
er (a serrated metal or thermoplastic roller is often
for this purpose).

roug
wise
ened

@ profile: the result of sanding, machining, or other-
abrading a laminate surface to produce a rough-
surface for bonding.

rovit
toge
a 1oy
RTP;

seconjdary bond strength: adhesive force that holds a sepa-
ratelly cured laminate to the basic substrate laminate.

g: a plurality of strands or filaments gathered
her with little or no twist in a package known as
ing ball.

reinforced thermoset plastic.

sizing: surface treatment or coating applied to filaments
to improve the filament-to-resin bond.

slugd: unfiberized beads of glass.

spray
chop
ing
per
strai

-up: method of contact molding wherein resin and
ped strands of continuous filament glass fiber rove
hre deposited on the mold directly from a chop*
Fun.

i: elongation per unit length.

stra
bong

[d: a plurality of filaments gathered(together and
ed with sizing.

stres: load per unit area.

strugtural layer: the portion of the Jaminate construction
providing the primary mechanical strength.

surface preparation: the dctyof roughening, priming, or
othefwise treating lamindte surfaces to achieve surface
conditions that are/conducive to adhesion of subse-
querjtly applied\laminate bonds.

umidirectional rovings: continuous parallel royinyg strands
of glass fibers held together with periodic erosp strands.

User: organization for which the equipment
fabricated.

is being

UV absorber: compounds thatsare added to fresins to

enhance their ultraviolet resiStance.
veil: see surfacing veil.

vinyl ester resin: resin ¢characterized by reactive yinsatura-
tion located predominately in terminal positigns which
can be compounded with styryl monomers and reacted
to give highly cross-linked thermoset copolyrers.

visual acceptance criteria: see para. 6-940.

the resin
lay-up of

voids: unfilled space caused by air or gas in
mix*0r’by entrapment of such gases during
individual plies of glass. Excessive voids rdduce the
strength and chemical resistance of the laminate, partic-
ularly if the voids are at the resin—glass interflace.

warp ends: the roving in a woven roving that ryns 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 filamen{ winding
process.

wind cycle: in filament winding, one traversihg of the
carriage to the end of the mandrel and retufn to the
original position. Depending on bandwidth, part diame-
ter, and wind angle, one or more wind cyclgs will be
needed to achieve one coverage.

yield: linear density of roving, expressed in yards per
pound.
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MANDATORY APPENDIX M-10
REFERENCE DOCUMENTS
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The follewineisatistefpublicationsreferenced-inthis
Standard. The latest revisions of all references should be
utilized.

AISC, Mhnual of Steel Construction

Publishdr: American Institute of Steel Construction
(AISCY), 1 East Wacker Drive, Suite 700, Chicago, IL
60601 (www.aisc.org)

API Standard 650, Welded Steel Tanks for Oil Storage

Publishé¢r: American Petroleum Institute (API),
1220 |L Street, NW, Washington, DC 20005
(wwwiapi.org)

ASCE 7,|Minimum Design Loads for Buildings and
Other ptructures

Publishef: American Society of Civil Engineers (ASCE),
1801 Alexander Bell Drive, Reston, VA 20191
(wwwiasce.org)

ASME B6.5, Pipe Flanges and Flanged Fittings

ASME BJ18.21.1, Washers: Helical Spring-Lock, Tooth
Lock, gnd Plain Washers (Inch Series)

ASME BB1.3, Process Piping

ASME BPVC Section II — Materials

ASME BIPVC, Section V — Nondestructive Examination,
Subseftion A, Article 11, Acoustic. Emission
Examination of Fiber-Reinforced Plastic

ASME BPVC Section VIII — Rules for Construction of
Pressuke Vessels

ASME CA-1, Conformity Assessfnent Requirements

Publish¢r: The American-Society of Mechanical
Enginders (ASME), Two RPatk Avenue, New York, NY
10016-p990 (www.asme.org)

ASQ Z1.4, Sampling/ Procedures and Tables for
Inspection by Aftributes

Publisher: American Society for Quality (ASQ),
P.O. Bgx_3005, Milwaukee, WI 53201 (www.asq.org)

Properties of Plastics
ASTM D648, Standard Test Method for Defle¢tion
Temperature of Plastics Under Flexural Load in the
Edgewise Position
ASTM D696, Standard Test Method ‘for Coefficient of
Linear Thermal Expansion of Rlastics Between 430°C
and 30°C With a Vitreous Silica Dilatometer
ASTM D790, Standard Test*Methods for Fleyural
Properties of Unreinforced and Reinforced Plastics
and Electrical Insulating Materials
ASTM D792, Standard Test Methods for Density] and
Specific Gravity (Relative Density) of Plasti¢s by
Displacement
ASTM D883,:Standard Terminology Relating to Plastics
ASTM D1248, Standard Specification for Polyethylene
Plasti¢s Extrusion Materials for Wire and Cable
ASTM D1593, Standard Specification for Nonrigid Vinyl
Chloride Plastic Film and Sheeting
ASTM D1599, Standard Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe, Tuping,
and Fittings
ASTM D1781, Standard Test Method for Climbing [Prum
Peel for Adhesives
ASTM D1784, Standard Specification for Rigid [Poly
(Vinyl Chloride) (PVC) Compounds and Chlorinated
Poly(Vinyl Chloride) (CPVC) Compounds
ASTM D1785, Standard Specification for Poly(Yinyl
Chloride) (PVC) Plastic Pipe, Schedules 40, 80, anfl 120
ASTM D2241, Standard Specification for Poly(Yinyl
Chloride) (PVC) Pressure-Rated Pipe (SDR Serigs)
ASTM D2583, Standard Test Method for Indenthtion
Hardness of Rigid Plastics by Means of a Barcol
Impressor
ASTM D2584, Standard Test Method for Ignition|Loss
of Cured Reinforced Resins

4

ASTM C177, Staudald TCD‘I-. }V{Ctllud fUl Stcad} Statc
Heat Flux Measurements and Thermal Transmission
Properties by Means of the Guarded-Hot-Plate
Apparatus

ASTM (581, Standard Practice for Determining
Chemical Resistance of Thermosetting Resins Used in
Glass-Fiber-Reinforced Structures Intended for Liquid
Service

ASTM (582, Standard Specification for Contact-Molded
Reinforced Thermosetting Plastic (RTP) Laminates for
Corrosion-Resistant Equipment

ASTM D3039, Standard Test Method for Tensile
Properties of Polymer Matrix Composite Materials
ASTM D3159, Standard Specification for Modified
ETFE-Fluoropolymer Molding and Extrusion
Materials

ASTM D3167, Standard Test Method for Floating Roller
Peel Resistance of Adhesives

ASTM D3222, Standard Specification for Unmodified
Poly(Vinylidene Fluoride) (PVDF) Molding Extrusion
and Coating Materials
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ASTM D3275, Standard Classification System for
E-CTFE-Fluoroplastic Molding, Extrusion, and
Coating Materials

ASTM D3294, Standard Specification for PTFE Resin
Molded Sheet and Molded Basic Shapes

ASTM D3307, Standard Specification for
Perfluoroalkoxy (PFA)-Fluorocarbon Resin Molding
and Extrusion Materials

ASTM D3350, Standard Specification for Polyethylene

Christensen, R. M., Mechanics of Composite Materials,
Dover Publications, Mineola, NY (2005)

Christensen, R. M., and Lo, K. H., Solutions for Effective
Shear Properties in Three Phase Sphere and Cylinder
Models, Journal of the Mechanics and Physics of Solids,
Vol. 27, 315-330 (1979)

EN 1991, Eurocode 1, Actions on structures
EN 1998, Eurocode 8, Design of structures for earthquake

Plfstics Pipe and Fittings Materials

D3368, Standard Specification for FEP-
Fltiorocarbon Sheet and Film

ASTM D3846, Standard Test Method for In-Plane Shear
Stfength of Reinforced Plastics

ASTM D4101, Standard Specification for Polypropylene
Injection and Extrusion Materials

ASTM D4285, Standard Test Method for Indicating Oil
or|Water in Compressed Air

ASTM D4444, Standard Test Methods for Laboratory
Sthndardization and Calibration of Hand-Held
Mpisture Meters

D4895,

Standard Specification for

Cgpolymers of Vinylidene Fluoride (VDF) With Other
Fliorinated Materials

ASTM E84, Standard Test Method for Surface Burning
Characteristics of Building Materials

Publisher: American Society for-Testing and Materials
(AISTM International), 100 Barr-Harbor Drive, P.O. Box
C700, West Conshohocken, PA 19428-2959
(Www.astm.org)

AW$ B2.4, Specification for Welding Procedure and
Pefformance Qualification for Thermoplastics

AWS§ D1.1, Structural Welding Code — Steel

AW§ G1.10M,Guide for the Evaluation of Thermoplastic
Welds

Barbero, E. J., Introduction to Composite Materials
Design, Taylor and Francis, Boca Raton, FL (1998)

BS 4994, Specification for Design and Construction of
Vessels and Tanks in Reinforced Plastics

BS 6399-2, Loading for Buildings, Code of Practice for
Wind Loads

Publisher: British Standards Institution, Inc. (BSI), 12950
Worldgate Drive, Suite 800, Herndon, VA 20170
(www.bsigroup.com)

EN 13121, GRP tanks and vessels for use abovie ground

Publisher: European Committee for Standatdization
(CEN), Avenue Marnix 17, B-1000, Biussels]| Belgium
(www.cen.eu)

Hashin, Z., Analysis of Properties. of Fiber Cdmposites
With Anisotropic Constitaents, Journal of Applied
Mechanics, Vol. 46, 543550 (1979)

International Building:Code
Standard Building Code
Uniform Building Code

Publisher: International Code Council (ICC), |500 New
Jersey,~Avenue, NW, Washington, D{ 20001
(www.iccsafe.org)

ISO"14130, Fibre-reinforced plastic comppsites —
Determination of apparent interlaminpr shear
strength by short-beam method

Publisher: ' International = Organizatipn for
Standardization (ISO), Central Secretariat, Chemin de
Blandonnet 8, Case Postale 401, 1214 Vernien, Geneva,
Switzerland (www.iso.org)

Jones, R. M., Mechanics of Composite Materials, Second
Edition, Taylor and Francis, Philadelphia (1999)

Manual de Disefio de Obras Civiles
Publisher: Comision Federal de Electricidad,|Reforma
164, Col. Juarez, Cuauhtémoc, | Mexico
(www.cfe.gob.mx)

MIL-HDBK-17-3F, Composite Materials Hgndbook,
Vol. 3: Polymer Matrix Composites Materials Usage,
Design, and Analysis

Publisher: U.S. Army Research Laboratory, Weapons and
Materials Research Directorate, Aberdeer| Proving
Ground, MD 21005-5069 (www.arl.army.mil)

NASA, SP-8007, Buckling of Thin-Walled Circular
Cylinders

Publisher: NASA Langley Research Center, Hampton,
VA 23681 (www.sti.nasa.gov)

National Building Code

Publisher: American Insurance Association (AIA), 2101
L Street, NW, Suite 400, Washington, DC 20037
(www.aiadc.org)

National Building Code of Canada
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Publisher: National Research Council Canada, 1200
Montreal Road, Ottawa, Ontario, K1A-OR6, Canada
(www.nrc-cnrc.ge.ca/eng)

NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials

Publisher: National Fire Protection Association (NFPA),
1 Batterymarch Park, Quincy, MA 02169
(www.nfpa.org)

UL 723, Standard Test for Surface Burning
Characteristics of Building Materials

Publisher: Underwriters Laboratories, Inc. (UL), 333
Pfingsten Road, Northbrook, IL 60062-2096; Order
Address: Comm 2000, 151 Eastern Avenue,
Bensenville, IL 60106 (www.ul.com)

University of Delaware Center for Composites
Materials, Delaware Composites Design

Recomm
of Fibg

bnded Practice for Acoustic Emission Testing
rglass Tanks/Vessels

Publisher: Plastics Industry Association, 1425
K Street, NW, Washington, DC 20005
(wwwiplasticsindustry.org)

h ) 1 1. RO h») b 2L
L;,lll.y\.lUPCbllCl, CINC 1T ITSS5, DUCA INAdUUIT 1T'LL

Vinson, J. R., and Sierakowski, R. L., The Behavipr of
Structures Composed of Composite Materials, Kliwer
Academic Publishers, Dordrecht, The Netherlands
(1987)
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MANDATORY APPENDIX M-11
SUBMITTAL OF TECHNICAL INQUIRIES TO THE REINFORCED
THERMOSET PLASTIC CORROSION-RESISTANT EQUIPMENT
COMMITTEE

M11-100 INTRODUCTION

(a) The ASME Reinforced Thermoset Plastic
Corrpsion-Resistant Equipment Committee and its sub-
committees and task groups meet regularly to consider
revigions of the rules, new rules as dictated by techno-
logidal development, Cases, and interpretations. This
Apppndix provides guidance to users for submitting
techpical inquiries to the Committee. Technical inquiries
inclyde requests for revisions or additions to the rules,
requpsts for Cases, and requests for interpretations.

(b) Cases may be issued by the Committee when the
need is urgent. Cases clarify the intent of existing
requjrements or provide alternative requirements. Cases
are written as a Question and a Reply, and are usually
interjded to be incorporated into the Standard at a later
date| Interpretations provide the meaning of or the intent
of exfisting rules in the Standard and are also presented
as a[Question and a Reply. Both Cases and intexpreta-
tiong are published by the Committee.

(c) The rules, Cases, and interpretations\established
by the Committee are not to be considered'as approving,
recojmmending, certifying, or endorsing ahy proprietary
or sgecific design, or as limiting infany way the freedom
of Fdbricators or constructors t@ choose any method of
design or any form of construction that conforms to
the gules.

(d) As an alternatiye to the requirements of this
Apppndix, members-of-the Committee and its subcom-
mitt¢es and task gretips may introduce requests for revi-
siong or additions; Cases, and interpretations at their
respective comimittee meetings.

(e)| Ingdiiries that do not comply with the provisions
of thiissAppendix or that do not provide sufficient infor-

matientforthe Committee’s full understanding may

o

(3) Case or
(4) interpretation

(b) Background. Provide the/information ngeded for
the Committee’s understandinig of the inquiry, being
sure to include reference {o(the applicable edit{on, para-
graphs, figures, and tables. Preferably, provide a copy
of the specific referenced portions of the Standard.

(c) Presentations. The inquirer may desire or|be asked
to attend a meetirg of the Committee to make a formal
presentatiofner to answer questions from the Committee
members with regard to the inquiry. Attendgnce at a
committee meeting shall be at the expense of the
inquirer. The inquirer’s attendance or lack of aftendance
at'a/meeting shall not be a basis for acceptanc¢ or rejec-
tion of the inquiry by the Committee.

M11-300 REVISIONS OR ADDITIONS

Requests for revisions or additions shall prpvide the
following;:

(a) Proposed Revision(s) or Addition(s). For tevisions,
identify the rules of the Standard that requirg revision
and submit a copy of the appropriate rulep as they
appear in the Standard, marked up with the proposed
revision. For additions, provide the reconjmended
wording referenced to the existing rules.

(b) Statement of Need. Provide a brief explanhation of
the need for the revision(s) or addition(s).

(c) Background Information. Provide background
information to support the revision(s) or addition(s),
including any data or changes in technology that form
the basis for the request that will allow the Cpmmittee
to adequately evaluate the proposed revision(s) or addi-
tion(s). Sketches, tables, figures, and graphs dhould be

ding-may
result in the request being returned to the inquirer with

no action.

M11-200 INQUIRY FORMAT

Submittals to the Committee shall include the
following;:
(a) Purpose. Specify
(1) revision of present rule(s)
(2) new or additional rule(s)

submitted as appropriate. When applicable, identify any
pertinent paragraph in the Standard that would be
affected by the revision(s) or addition(s), and identify
paragraphs in the Standard that reference the para-
graphs that are to be revised or added.

M11-400 CASES

Requests for Cases shall provide a Statement of Need
and Background Information similar to that defined in
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paras. M11-300(b) and (c), respectively, for revisions or
additions. The proposed Case should be written as a
Question and a Reply in the same format as any existing
Cases. Requests for Cases should also indicate the appli-
cable edition(s) and addenda to which the proposed
Case applies.

M11-500 INTERPRETATIONS

Requests for interpretations shall provide the

M11-600 SUBMITTALS

Submittals to and responses from the Committee shall
meet the following:

(a) Submittal. Inquiries from users shall preferably be
submitted in typewritten form; however, legible hand-
written inquiries will also be considered. They shall
include the name, address, telephone number, and fax

following:

(a) Prqvide a condensed and precise Question, omit-
ting supprfluous background information and, when
possible,|composed in such a way that a “yes” or a “no”
Reply, pgssibly with brief provisos, is acceptable. The
Question |should be technically and editorially correct.

(b) Prgvide a proposed Reply that will clearly and
concisely answer the Question. Preferably, the Reply
should be “yes” or “no,” possibly with brief provisos.

(c) Badkground Information. Provide any background
informatjon that will assist the Committee in under-
standing| the proposed Question and Reply.

HehRoe o voticr >

rumber—if-available—efthe-inguirerand-be-mailed to
the following address:

Secretary, RTP Standards Committee
The American Society of Mechanical\Enginee
Two Park Avenue

New York, NY 10016-5990

[2)

(b) Response. The Secretary ‘of the Committee [shall
acknowledge receipt of each properly prepared inquiry
and shall provide a written response to the inquirer fipon

completion of the requested action by the Commlfittee.
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MANDATORY APPENDIX M-12
DUAL LAMINATE VESSELS

M12-100 INTRODUCTION

M12A-200 APPLICATION LIMITATIONS

THis Appendix includes the following:

Artigle A General Requirements
Artigle B Materials
Artigle C  Design
Arti¢gle D Fabrication
Arti¢gle E  Inspection and Test
Artigle F Shipping and Handling
Artigle G Shop Qualification
Artigle H Qualification of Welders
ArtigleI  Glossary

ARTICLE A

GENERAL REQUIREMENTS
M12A-100 SCOPE

(a) This Appendix describes fabrications that utilize:a
strudtural member that shall be fabricated in accordance
withf ASME RTP-1 and is lined with thermoplastic as
specffied in the UBRS. The thermoplastic. sheet liner
servles as the primary corrosion barriét,and either
repldces or augments the corrosion-resistant barrier. For
calcylation purposes, the thermoplastic liner shall not
be cpnsidered 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 laminate Swhere use of a thermoplastic lining
matdrial is selected for special applications, e.g., contain-
menf of aggréssive corrosives, of ultra-pure fluids such
as dpionized Water, or of pharmaceutical chemicals,
and for fen abrasive service.

(d)_Special bonding materials and preparation proce-

8

Thermoplastic lined vessels certified by the Habricator
as conforming to this Standard shall be lined ¢nly with
those thermoplastics described in Table’M12B-1. Note
that the ASTM specifications in Table M12B-] provide
the minimum material specificdtions.

ARTICLE B
MATERIALS

M12B-100 SCOPE

This Article défines the thermoplastic lining materials
that are used<to fabricate dual laminate eqpipment,
including’thejoining or welding materials and the bond-
ing materials to bond the thermoplastic lining tp the RTP
struefure. Bond strength requirements are also jncluded.
The, RTP structural layer shall be in accordgqnce with
Part 2 of this Standard.

M12B-200 THERMOPLASTIC LINING MATHRIALS

Thermoplastics are used as corrosion-resistant linings
in dual laminate constructions. These matgrials 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 comparfsons. For
purposes of design and selection, the thermoplastic
manufacturer’s property data shall be used. Although
most thermoplastic sheet materials are supplied as indi-
vidual flat sheets, some sheet materials may befsupplied
as rolls. In this standard, sheet material is infended to
mean both flat sheets and sheets supplied as rqlls. Ther-
moplastics used to construct the liner shall ndt contain
regrind. Thickness shall be as follows:

(a) Nominal lining thickness shall be from|0.080 in.
to 0.200 in. (2.0 mm to 5.0 mm). The appropripte thick-
ness—for ion—i thicker

A anlioating 10 o Bhoalanon hatuzan
e—betwee

dures are required to ensure satisfactory bonding of the
RTP structural laminate to the thermoplastic lining.

(e) This Appendix specifies requirements for qualify-
ing personnel to weld the thermoplastic materials in
order to provide continuous leak/void-free corrosion-
and abrasion-resistant liners that conform to the require-
ments 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.

O p Pt OIS ——oootc

linings, which allow less permeation, and thinner lin-

ings, which result in less internal stress during forming.

(1) Lining thicknesses from 0.060 in. to 0.080 in.

(1.5 mm to 2 mm) may be used if the Fabricator has

qualified in that thickness prior to fabricating a vessel.

(2) Linings over 0.200 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

@an
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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

side to the beginning of the impressed fibers, i.e., the
fiber-freq thickness.

(c) Th¢rmoplastic shapes used as components welded
to dual lgminate vessels include pipes, ducts, rectangular
tubes, angles, flange faces, reinforcement pads, abrasion
pads, etd The thickness of shapes shall not be less than
the liner thickness. As in sheet, fiber backed shape thick-
ness is defined as the fiber-free thickness.

M12B-300 FIBER BACKING MATERIALS

(a) Fibers embedded in the back of the thermoplastic
provide g suitable bonding mechanism. Typically these
fibers arg partially embedded in the back of the thermo-
plastic, with the balance of the fibers protruding from
the surfage. Examples of fiber backing matérials are glass
fibers, p¢lymer fibers, and carbon fibers,

(b) Formed parts such as knuckl€ radii, flanged and
dished hpads, and nozzle flares shall not be restrained
by the bgcking fabric.

M12B-400 WELDINGAND JOINING MATERIALS

(a) Wdld rods, capstrips, extrusion welding materials,
and shegt lining‘shall have mechanical and chemical
resistanfe ptreperties acceptable for intended

applicatipn.
(b) Solndweldinematerials-mayv-be

cuccantibla o
SeepHbie—+o

(b) Thermoplastic sheet incorporating stabiljzers
shall be provided if required by the UBRS or other User’s
specification.

(c) Plasticize¥, including those used as a procepsing
aid, shall be disclosed by the thermoplastic mat¢rials
supplier. This information shall be used to assess cjemi-
cal compatibility and potential for contamination [from
the,sheet lining.

{d) Conductive materials for high voltage spark]test-
ing targets shall be suitable to provide a conductive
path for leak detection. Typically this will consist of
powdered carbon or flake graphite mixed into thg 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) All inspections and tests specified in
paras. M12B-610, M12B-620, M12B-630, M12B-640} and
M12B-650 shall be performed by the Fabricatot, the
Manufacturer, or an independent testing laboratofy.

(b) Inspections involving visual observations, a|suit-
able inspection environment and adequate lightinjg for
inspection shall be provided. The equipment used [shall
not introduce contamination to the material dyring
inspection and testing

v-ere st e bRy oe-—5tr pPHore

moisture and shall be stored as recommended by the
manufacturer.

M12B-500 FILLER MATERIALS, PIGMENTS,
PROCESSING AIDS, AND CONDUCTIVE
MATERIALS

(a) The thermoplastic manufacturer shall be agreed
on by the Owner/User. The Fabricator shall provide
manufacturer’s data and certification documentation.

(c) Inspections requiring linear measuring tools, a
standard linear tool (longer than the length to be mea-
sured) should be used. The tool shall have a minimum
accuracy of %6 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

@an
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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.

(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 accept-
able high voltage spark tester shall be used (see
para. M12D-500). The Fabricator shall have a docu-
mented spark test procedure. A written report of the
spark testing shall be retained by the Fabricator and

M12Br612 Acceptance Inspection

(a) Acgeptance inspection shall include inspection of
sheets o1 rolls for proper packaging and identification,
inspectign 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 sheet manufacturer shall spec-
ify acceptable weld materials.

(c) Th¢ form shown in Table M12B-3, or a similar form
that conthins the provisions to record the results of these
required |inspections, should be used by the Fabricator
and shal] be retained in the inspection records. A sepa-
rate forn] shall be used for each sheet/roll manufacturer,
sheet npmenclature, 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. (25.4-mm)
in from the edge of the sheet.

(b) Alfernative tools are an ultrasonic thickness tester
or a micrpscope equipped with a calibrated filar eyepiece
that meabures across a properly prepdred: cross section
of the shpet. These measuring tools shall have an accu-
racy of #0.001 in. (+0.025 mm) dnd ‘shall be calibrated
to demonstrate this accuracy with the specific thermo-
plastic mjaterial being measuzed.

(c) In prder to measure)the thickness of a fiber-backed
sheet using a microndeter, the embedded fibers on the
fiber-backed side of-the sheet shall be removed.

NOTE: A tool suclt as an appropriate hand scraper or a wood
plane is syggested.

avattableforthe-Owner/User—Tthereport-shat-nglude
details of the spark test including the operator/tegter’s
name, date and time of testing, test voltage, mqthod
and frequency of verification of voltage calibration /[veri-
fication, and location/number of pinholes detefted.
Location of pinholes should be documénted on the weld
map. Repair and retesting shall be.documented i 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 ame
nomenclatute as the sheet specified, and is the pame
materialN\'and ASTM specification as listefl in
Table~-W12B-1. Examine the packaging of the sheg¢t for
damage that renders the sheet unusable. Indicate accept-
able sheet by recording the date and name of the pgrson
performing the examination in Table M12B-3, colufnn 4.
(b) For packaged sheets that are acceptable for fufrther
inspection and tests, enter the sheet production dat¢ and
lot number in Table M12B-3, columns 2 and 3.

M12B-614.2 Visual Inspection of Thermoplpstic
Sheet or Roll
(a) The thermoplastic material shall be vistially
inspected for imperfections and contamination prior to
use by the Fabricator. The defects and criteria listpd in
Table M12B-4 will be used.
(b) Fiber backing shall be visually inspected for|ade-
quate 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 polyjester
or acrylic fiber; all other fibers that show evidenge of
having moisture shall be cause for rejection of the [ther-

M12B-613.2 tinmear MeasuringToots.  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.

148

moplastic 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 Table M12B-3, column 7. All defects
found that are cause for rejection shall be recorded. The
reason for the rejection shall be recorded under the com-
ments section in Table M12B-3.

(d) Areas of sheets that have defects greater than
allowed in Table M12B-4 shall not be repaired and shall
not be used.

@an
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Table M12B-3 Thermoplastic Sheet or Roll Receiving Log

Fabridator's name Manufacturer
Addrgss 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

(04
Commnents on visual andpackaging inspection (indicate which sheet or roll):
GENE ublication.
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Table M12B-4 Thermoplastic Sheet Visual Inspection Acceptance Criteria

Imperfection Name

Definition of Imperfection

Maximum Size or Amount of Imperfection Allowed

Foreign inclusions

Surface pits

Particles in the sheet that are not of the
plastic or backing composition

Small crater or hole in the surface of the
sheet

None

None deeper than one-tenth of the sheet thickness nor
larger than %, in.; no more than 4/ft?

Scratches Willow marks, grooves, furrows, or chan- None deeper than 0.005 in. (0.13 mm) nor more than 4 in.
nels caused by mechanical damage (100 mm) long
Dents, chigs Impressions from impact or small pieces None deeper than one-tenth of the sheet thickness
broken out of surface
Blisters (infernal) Pores within sheet None
Wrinkles Uneven surface from distortion of the None
sheet
Cracks Linear fissures None
Orange pe¢l Surface texture resembling the surface of None
oranges
Burned patticles, None
lumps, delamina-
tions
Color . Uniform to the eye
Damage to|fiber Snags, tears, knots None
backing
M12B-614.3 Sheet Thickness (c) Bond strength tests must be performed with the
(a) Shget thickness shall be measured at a minimum  condiictive target in place over the entire test samjple.
every 6 i. across the width of the sheet edge. Measure- (d) The minimum bond strength results (exclyding
ments sHould be made using a caliper micrometer or _\Nfozzle necks) are as follows:
ultrasonifc thickness tester, or using a microscope and (1) for the climbing drum test, ASTM D1781, the
measurirlg across a cross section using a filar eyepiece.  pond strength must be at least 50 in.-Ib/in.
Any me surement not within the requirementsQf{c) is (2) for the lap shear test, ASTM D3846 or BS|4994
cause foq rejection. ,e minimum,/maximum(measure- B-10, the bond shear strength must be at least 1,015 psi
ment shdll be entered in Table M12B-3, column 5. After 7 N/ mmz)
other dirpensions are entered, the inspector shall enter .
. . . (e) Separate records will be kept for each hond
the date fand his/her name in column\6/if all measure- . . e
1 ) . strength test accomplished. Results will be maintgined
ments arp within the requirements of-this Standard. . . .
- in the Quality Control Log and the test operaton will
(b) Sufficient measurements should be made to ensure . o .
. . C) . . . enter his/her initials and the date the test was mafle in
that all of the material used is\within thickness require-
. Table M12B-3, column 8. Test results lower thafp the
ments. Mleasurements across"two widths at each end . . . .
values in (d) will be entered in Table M12B-3 i the
and at lgast every 50 ft/ef length shall be made and . . o
comments section and will be cause for rejection of that
recorded material
, . . ial.
(c) The¢ sheet’s;measured fiber-free thickness shall be
. . . . .
+10% of fthe specified nominal fiber-free thickness. M12B-614.5 Disposition of Nonconforfning
M12) Requirements Material. Sheets with defective areas may be cut,

B-614.4 Bond Strength

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 thick-
ness compatible with 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.
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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
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used for filler materials in welding thermoplastic mate-
rial to fabricate equipment to this Standard. Consum-
ables include weld rod, continuous coils of weld “wire,”
cap strips, and extrusion weld materials.

M12B-622 Acceptance Inspection

(a) Acceptance inspection will include inspection of
welding materials for proper packaging and identifica-
tion, inspection for imperfections and contamination,

and measurement of dimensions Acceptance reguire-
I £y

(2) Color of all welding materials in a given lot will
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) Surface will be smooth with uniform
appearance.

(c) After visual inspection, record the date and the

inspector’s name in Table M12B-5, column 5. If any

meriEs and limits are defined in paras. M12B-624.1
thropigh M12B-624.3.

(b) The manufacturer of the sheet to be used will
certify that the weld materials are acceptable.
(c) The form shown in Table M12B-5, or a similar form
that fontains the provisions to record the results of these
requfred inspections, will be used by the Fabricator and
will jpe retained in the inspection records. A separate
form| will be used for each kind of weld material and
for gach manufacturer.

a

2B-623 Equipment and Measuring Tools Required

12B-623.1 Inspection Table and Lights.
paraf M12B-600(b).

See

12B-623.2 Dimensional Measuring Tools. A
stanglard micrometer or caliper capable of measuring
with{ an accuracy of at least +0.001 in. (+0.025 mm) is
requjred.

12B-624 Procedures and Acceptance Limits

12B-624.1 Welding Material Identification and
Packiage Inspection
(a) The welding materials will not be repackaged dur-
ing the distribution of the materials aftér the manufac-
turey has shipped the materials. Verifynand enter on the
inspection record that the welding materials as identi-
fied py the manufacturer haye the same nomenclature
as the materials specified to-produce the equipment. For
cap strips, indicate in Table-M12B-5, column 1 whether
the gtrip has a fiber backing and the kind of backing.
Examine the packdging of the welding materials for
dampge that renders the materials unusable. Indicate
acceptable welding materials by recording the date and
namfe of the'person performing the inspection in
Tabl¢ MI2B-5, column 4.
(b) Bor welding material lots found acceptable, enter

defect is found that is cause for rejection,r¢cord the
reason in Table M12B-5, column 7.

M12B-624.3 Dimensions Inspection
(a) The diameter of each rod or coiled welding “wire”
and the widths and thicknesses of other shapgs will be
measured. The results of these ‘measurements will be
entered in Table M12B-5.
(b) The inspector performing dimension measure-
ments will enter his/herinitials and the inspedtion date
in Table M12B-5.

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 chemjcal bond
tobpth the thermoplastic and the RTP overlay.

M12B-632 Acceptance Inspection

(a) Acceptance inspection will include insgection of
the containers of bonding resin for proper packaging
and identification, for evidence of damage to|the resin
or its container, for ensuring that the label ony the con-
tainer is proper, and testing for bonding s$trength.
Acceptance requirements and limits are defined in paras.
M12B-634.1 and M12B-634.2.

(b) The form shown in Table M12B-6, or [a similar
form that contains the provisions to record the fresults of
these required inspections, will be used by the Habricator
and will be retained in the inspection records. A separate
form will be used for each lot of bonding resinfreceived.

(c) The bonding resin will be tested for bond strength
in accordance with para. M12B-634.2.

M12B-633 Equipment and Measuring Tools
Required. See para. M12B-600(b) for inspection table
and lights.

M12B-634 Procedures and Acceptance Limiits

the material’s production date and lot number in
Table M12B-5, columns 2 and 3.

M12B-624.2 Visual
Consumables
(a) The welding materials will 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 flu-
ids, or particles, are allowed.

Inspection of Welding

151

M12B-634.1 Resin Identification and Packaging
Inspection
(a) The resin will be packaged as shipped from the
resin manufacturer’s factory. The resin will not be
repackaged 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 speci-
fied in the UBRS and the thermoplastic manufacturer’s

an
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Table M12B-5 Welding Material Receiving Log

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 Commen
Material Date Production Run Inspection Inspection
No.

wn

By Date By Date

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.
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Table M12B-6 Bonding Resin Receiving Log

Fabricator's name

Address

Manufacturer

Nomenclature

2

3 4

5 6

Number

Production
Date

Lot, Batch, or
Production Run

Packaging

By Date

Inspection

Bond Strength Comm
Test-Results
[Note (1)]

By, Date

pnts

10

11

12

13

GENERAL NOTE:
NOTE:

(1) Indicate test used: C = climbing drum, P = peel test, L = lap shear test.
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instructions. 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 person performing the examination in
Table M12B-6, column 4.

(b) For lots of resin that are found to be acceptable
for further inspection and tests, enter the resin produc-
tion date and lot number in Table M12B-6, columns 2
and 3.

M12B-643 Equipment and Measuring Tools Required

M12B-643.1 Inspection Table and Lights.
para. M12B-600(b).

M12B-643.2 Small Scale Resin Mixing Area. A
table or other adequate space will be allocated to the
preparation of a sample of the graphite-resin mixture.
Preparation equipment will consist of at least weighing
scales, mix pail or bucket, and casting mold or equivalent

See

M12B-634.2 Bond Strength Measurement. The
bonding[resin will be tested for bonding strength in
accordance with the provisions of paras. M12B-613.3
-614.4. At least one bond strength test will be
performgd for each lot of bonding resin received. The
results wjill be entered in Table M12B-6, column 5. Lots
of resin that fail to meet the acceptance requirements
will not pe used and a comment noting the failure to
meet thle acceptance limits will be entered in
Table M12B-6, column 6.

M12B-640 Conductive Spark Test Targets

M12B-641 Introduction. Conductive material is
used to provide an electrically conductive layer behind
the therrhoplastic lining and behind the weld joints in
order to gllow valid high voltage spark tests to evaluate
the integrity of the weld joints and the thermoplastic
sheet. Cdnductive materials for high voltage spark test-
ing targ¢ts will consist of powdered carbon or flake
graphite|mixed into the RTP resin, or of conductive
carbon, ¢onductive graphite, or modified conductive
polyestet veil in the resin, applied next to the thermo-
plastic lihing. If powder is used, it is mixed in‘the resin
in sufficignt quantity so that the cured resin is.conductive
enough for spark testing. This resin miXture is then
applied dlirectly to the thermoplastic dnd entrapped air
is removpd. The fiber forms of carbon or polyester are
laid into|resin already applied té_the back of the weld
or sheet.[The conductive fiber. mixture is then rolled, or
otherwisp treated, to remove\entrapped air bubbles.

CAUTION:
resin cure

Some carbonand graphite materials can inhibit

for shaping the sampie to a small siab approximpately
%6 in. (1.5 mm) thick.

M12B-643.3 Electric Conductivity Measyring
Device. A high voltage spark tester with adjustable
voltage is required. See para. M12DZ500 for detajls of
this test method.

M12B-644 Procedures and/Acceptance Limits

M12B-644.1 Conductive:Material Identification and
Package Inspection
(a) The conductivé\materials will be packaggd
shipped from thesmanufacturer’s factory. They wi
be repackaged dnythe distribution of the material [after
the manufacturer has shipped the material. Verifyj that
the materialbas identified by the manufacturer has the
same nomtenclature as the material required by the
UBRS.
(b)-The conductive material packaging will be exam-
ined for damage that renders the material unugable.
Indicate acceptable lots by recording the date and pame
of the person performing the inspection in Table M1PB-7,
column 4.
(c) For packaged lots that are found to be accepftable
for further inspection and test, enter the material| pro-
duction date and lot number in Table M12B-7, colurmns 2
and 3.

M12B-644.2 Conductivity of Resin-Condugtive
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 fabrigated
vessel. The sample will be cast or formed by appropriate

d as
I not

M12Br642 Accéptance Inspection means to about % in. (1.5 mm) thick and at least|8 in.
(a) Acfeptance inspection will include inspection of (200 mm) long. All air bubbles will be removed;|then
the packhging/and identification, and measurement of  the sample will be cured.
electricalleenduetivity-of samples-of resinmixed-witha {h—The—condtretivityof the-sample—wiltbe—tested by

specific amount of carbon or graphite, or samples of
resin and conductive polyester mixtures, used to gener-
ate the conductive target.

(b) The form shown in Table M12B-7, or a similar
form that contains the provisions to record the results of
these required inspections, will be used by the Fabricator
and will 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.

154

using a high voltage spark tester at the same voltage as
will be used on the welded thermoplastic in the finished
vessel. The conductive sample will be tested directly
by exposing the high voltage probe over the sample.
Alternatively, 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 pointed
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Table M12B-7 Conductive Material Receiving Log

Fabricator's name Carbon/graphite manufacturer

Address Powder nomenclature

Fabric type nomenclature

1 2 3 4 5 6
Corlductive Production Lot Number Packaging Conductivity Comments
Matgrial No. Date Inspection Test

By Date By Date

10

11

12

13

14
ComnTents on visuat and packaging MSpection and conductvity test (dfcate whtth tou:

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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probe and using the voltage required for the thickness
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 dis-
tance as to a good ground, the sample will be deemed
as not having adequate conductivity and that lot of con-
ductive material will be rejected.

the shapes specified to produce the vessel, examine the
packaging 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 examination in Table M12B-8, column 4.

(b) For shapes that are found to be acceptable for
further inspection and tests, the Fabricator shall record
the date of receipt and lot number in Table M12B-8,
columns 2 and 3.

M12B-650 Thermoplastic Shapes for Vessel

Components

M12B-651 Introduction. This section specifies the
minimurh inspections and tests that are to be performed
on thernjoplastic shapes that become part of the fabri-
cated vepsel that is to be fabricated to this Standard.
Thermoplastic shapes include pipe, duct, plate, angle,
rod, or rgctangular tubes and other thermoplastic mate-
rials that]are intended to become part of the vessel. These
shapes cguld become nozzle necks, baffles, baffle braces,
dip tubeg, supports for internal components, etc.

Adhedion to nozzles, piping, and fittings may be
achieved| by alternate surface treatments.

M12B;652 Acceptance Inspections

(a) Acgeptance inspections shall include inspection
of the shapes for proper packaging and identification,
inspectign for imperfections and contamination, and
dimensignal measurements. Acceptance requirements
and limits are defined in paras. M12B-654.1 through

para. M12B-600(b).

.
1 Me3 ke 0.0

M12B-6 23 :
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 Ildentification 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

156

M12B-654.2 Visual Inspection of Thermoplhstic
Shapes
(a) Shapes shall be visually inspected upon tecejpt or
when the shapes are used. This inspection shall He for
imperfections and contamination.<lhe date andl the
name of the person performing yisual inspection [shall
be recorded by the Fabricator in Table M12B-8, cojumn
6. If any shape is rejected, the.r€ason shall be recqrded
under the comments section in Table M12B-8.
(b) Thermoplastic shapes having any of the following
defects shall not be ugsed for components of vessels made
to this Standard:
(1) visible‘contaminants, either inside the shape or
embedded in‘the surface, % in. or larger in size
(2) suxface dents other than surface depres
with depth more than 10% of thickness
(3) scratches and sharp indentations
{c) Surface defects may be repaired to conform tp the
above requirements, as long as thickness limitatior}s 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% qf the
nominal dimensions.
(b) Shape dimensions other than thickness shdll be
measured, and all shall be less than =% in. (+1.5mm)
of the nominal dimensions.
(¢) The Fabricator shall record all measurements and
indicate in Table M12B-8, column 5 the date and the
name of the person performing the measurementg.

M12B-654.4 Weldability. The Fabricator shal| ver-
ify weldability of thermoplastic shapes prior to uge by
welding the shape to the sheet and evaluate visual
mechanical integrity. The Fabricator shall indica

ions

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.

an
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Table M12B-8 Thermoplastic Shape Receiving Log

Fabridator's name Manufacturer
Addrdgss Nomenclature
Description
| 2 3 4 5 6 7 8
Shipe Production Lot, Batch, or Packaging Dimensions Visuat Weldability Comments
Date Production Run Inspection Measured fnspection
By Date By Date By Date By Date

Comments on visual andpackaging inspection (indicate which shape):

GENERALNOTE:—This-form-may-bereproduced-and-used-without-written-permission-from-ASME-if used-forpurposes-otherthantepublication.
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This Article contains special requirements for sheet
layout, for forming the thermoplastic sheet, for internal
attachments, for nozzle attachments, and for manage-
ment of thermal stresses, and guidelines for material
selection.

M12C-200 MATERIAL SELECTION

The following factors will be considered for proper

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 follow-
ing types of conditions must be analyzed and designed
to meet the following limitations:

material

(a) chg
tion and

(b) the
consider

(1) the fluids contacted including cleaning and
other indidental fluids

(2) Iesign conditions including the residual and
operational stresses and the exposure temperature.

(c) thigkness. 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 thaf anticipated forming processes during fabrica-
tion will|cause damaging stresses and possible failure.

(d) tepperature—creep limitations for the bonding
resin. A puideline limit is that the HDT (66 psi) of the
bonding [resin will be at least 36°F (20°C) greater than
the maxiimum design temperature of the vessel.

(e) thejneed 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) resfdual stresses in the received sheet and the need
for stresq relief prior to fabrication.

selectionfor-atining-application:

mical resistance at the temperature of opera-
at maximum design temperatures.

potential for environmental stress cracking,

ng

M12C-300 SHEET MAP AND WELD PLACEMENT

(a) Pripr to fabrication, a sheet map will be generated
showing|the lining in detail. All sheefsizes will be identi-

to avoid jany_such intersections.

(d) Welds-inknw achi-thatare-para
terline of the knuckle radius will not be allowed except
for nozzle penetrations.

(e) If possible, nozzles will not be placed through a
weld seam.

(f) Nozzle design and weld detail will be shown on
separate drawings. These drawings will show nozzle
location, internal attachment details, flange details, and
weld details.

(g) For ledges, see the limit on circumferential welds
in para. M12C-400(e).
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(1) the operating stresses imposed on the liriin;
not exceed 10% of the ultimate strength of\the
material at design temperature

(2) the operating stresses on the lining-RTP
will not exceed 10% of the ultimate-Shear stress fd
lining-RTP bond

(3) long-term weld factors’will be used in all dalcu-
lations; strength and degradation of welds over tife at
operating temperatures will be considered.

(c) Baffles and dip pipe supports are typical atfach-
ments requiring welding to the thermoplastic liping.
These and other‘dappurtenances attached only t¢ the
lining will be~designed separately and the resultd will
be set forth en‘separate drawings showing stress calcula-
tions; attachment details, including supports and biyjaces;
and weld ‘details.

(d)\In designing attachments, the strength of the
material at operating temperature, the reduced str¢
of welds due to the long-term weld factor, and the
ence of high alternating stresses will be considere|

(e) Ledges will be designed with the support strg
from the RTP structure under the lining. Circumfergntial
welds will be located so that they are not part of the
bends required in forming ledges (see Fig. M12Cl).

(f) Reinforcement pads will be used [[see
para. M12D-700(c)].

r will
liner

bond
r the

liner
ngth
pres-
d.

ngth

M12C-500 DESIGN STRESS LIMITATIONS

(a) The thermoplastic liner will be included i the
analysis but will not be considered to add to the oyerall
strength of the structure of the vessel. For liner thick-
nesses over 0.200 in. or 5 mm, design calculationg will
be accomplished for each material and each temperfture
combination anticipated.

(b) Residual stresses from forming or welding can be

(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 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 stresses will in no case
exceed 100 psi. In addition, thermal gradients can pro-

mote diffusion beyond expected levels. One technique
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Fig. M12C-1 Support Ledges Showing Recommended Weld Locations Away From Thermoformed Bends

i’Zin.
N

(Zin.
ot

1/, in. min. radius

lein.

(a)

to rgduce thermal gradients across the lining is to use
extefnal thermal insulation. Analysis of the amount of
reduftion in gradients is necessary to evaluate the bene-
fits gf the use of insulation. Another technique to reducé
thes¢ 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
usuglly inferior and must be consideged)in design
calcylations.

(d) Forming of sheets into vessel shapes can introduce
high|internal stresses, which can ¢ause cracking, warp-
ing, pnd possibly environmental stress cracking in ser-
vice| Thermoforming above (the*softening temperature
will feduce these residual (stresses. Post-stress relieving
(annpaling) may be required. Cold forming may be used,
esperially for thin linings, but the resulting high internal
strespes will be considered.

M12C-600_\HEATING AND COOLING DESIGNS

(a) Theheating system for the contents of a dual lami-

1/ in. min. fadius

e

(b)

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
may cause damage due to cold temperature ¢mbrittle-
ment of the plastic.

(c) Freeze protection from low ambient temperatures
may be provided by wall heaters that are depigned to
avoid damage from high temperatures.

(d) Thermal stresses for all thermal extremes, as well
as transient conditions, will be analyzed [see
para. M12C-500(c)].

ARTICLE D
FABRICATION

M12D-100 SCOPE AND OPTIONS

This Article sets forth the required and recoimended
fabrication details that are used to fabricate d thermo-
plastic lined RTP vessel. Where necessary, fdbrication
details of the RTP part of the dual laminate yessel, as
modified by the requirements of the thermoplastic lin-

nate'sesselwibe dCD;Bl red-to-avotd-ar 134 daty rage to-the
vessel. The preferred heating design is to use an external
heat exchanger with inlet and outlet nozzles on the ves-
sel. 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 pen-
etrating the vessel should pass through special flanges
of a material that can withstand the highest temperature
expected. These flanges will be installed in an oversize
nozzle. In addition, the support of the internal coils must
be designed carefully to avoid high wall stresses due to

ing—are-presented—The-general-provisiens-ef Part 4 of
this Standard do apply.

This Article covers the forming and welding of the
vessel lining walls and ends; the installation and fabrica-
tion details for nozzles, manways, and other attach-
ments; 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.
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(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
structure may be laid up on the separate parts or after
the entire vessel lining is assembled.

M12D-410 Welder Qualification

All welds will be made by a Welder 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 sheets before weldlng will be no

M12D-2
LINING bly of large components (over 6 ftin dlameter) the gap

Sheets| plates, edges of heads, and other parts (internal ;\:sltle;gi[ e:fctiic}{,?; %)f/elﬁa (3&112 nr;l)ai;[ni?ryn lo;atéc;nNgsrrl
ends or grojections of nozzles, manway necks, etc.) may sheets V\Zﬂl be no more th;; 0.125 in. (3 mrgn)p
be cut to shape and size by mechanical means such as (b) Misali t of all b t't ) d. 1 b i
machinirg, drilling, shearing, sawing, grinding, or by O1sa rghment of atl Butt welgscwilh be no more
other prcesses that are not detrimental to the lining than 20% of the thlckness. of the thermop.lastlc matgrial.

; . . For sheets of different thicknesses; see Fig. M12D11.
material | After machining, all burrs, flashing, and other e 2 . .
loose majterial will be removed prior to further fabrica- (c) For Sheet_s with fiber backlng, the backing adjpcent
tion or fise. Excessive stresses may be induced by to the Weld will be removed a distance of at leagt the
machinir)g processes and stress relief may be required. sheet thlc.kness from the‘weld bead. For hot platg end

flow fusion butt welding, the amount of backing
removed will ndt exceed %, in. (1.5 mm) from the
M12D-3p0 FORMING weld bead.

Thermpplastic sheets may be formed into the required (d) The Welder Wﬂ,l initial a copy of the sheet/weld
shapes ysing established procedures that are in the map plagement showing the welds he/she has madle by
Fabricatqr’s Procedures Manual (see para. M12G-540). the engypf each day.

(e)\The gap between the sheet and nozzles will be
M12D-310 Limits on Thinning of Lining During limited to the thickness of the sheet.
Forming M12D-421 Hot Gas and Extrusion Welding

All forming processes will reduce the thickness of the (a) The basic principles of extrusion welding ang hot
lining. Dsign and the forming process conditionswill  gas welding are similar, except that the extrusion Weld-
be such that the thinnest area of the lining after forming  ing rod is hot extruded using an extrusion screw.
is at leasf 90% of the nominal sheet thickness. (b) Extrusion welding will not be used on mat¢rials

j . equal to or less than % in. (3.2 mm) in thickness.
M12D-320 Thermoforming (c) Extruder temperatures and operating conditions

In gengral, thermoforming is prefefredover cold form-  will be that recommended by the material manufacturer.
ing becayse thermoforming requires much less forceand =~ The Welder will verify that temperature settings oh the
the interpal stresses after forming are minimized. More  extruder machine are appropriate for the material jfo be
brittle miaterials and materials with greater thickness  welded.
are morq difficult to formtand thermoforming may be (d) Before extrusion welding, the Welder will vispally
necessary to avoid craeking or substantial spring-back. inspect extrudate for contamination.

(e) Weld filler materials will be compatible with the
M12D-400 WELDING sheet to be welded. In particular, the melt flow chargcter-
istics will be compatible and the manufacturer gf the

This section/sets forth rules and guidelines for the  sheet will specify the appropriate requirements for weld
fusion wﬁ]ﬂnﬁo of fhprmnﬂ]nahr‘ ]1n1no-q ta generate the filler materials to- be used

vessel lining Conflguratlon Included are welds to assem-
ble shells, end closures, nozzles, manways, and wall
attachments.

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.

160

(f) When required by the material manufacturer, rod
or parent material will be sanded or scraped to remove
oxidation.

(¢) For hot gas welding, the gas used will be clean
and dry. The gas will be tested daily 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 for-
eign particles, indicate that the gas is contaminated and
unacceptable.
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Fig. M12D-1 Maximum Offset Allowed for Joints Between Sheets With Different Thicknesses

[

ifT

Offset max. 0.2T

(h) Dry nitrogen, inert gas, or air will be used for
hot gas and extrusion welding as recommended by the
matdrial manufacturer.

(i)| For hot gas and extrusion welding, all joints must
be bgveled to a V or double V shape prior to welding.
For dheets up to 4 mm thick, a V bevel is recommended;
for 4 mm thickness and above, a double V bevel is
recojmmended. Typical bevel angles are 30 deg to 35 deg
(60 dleg to 70 deg total) for butt welds. Typical bevel
angles for T welds are 45 deg to 60 deg. Exceptions are
FEP pnd PFA welds, where V bevels for butt welds will
be 1% deg to 20 deg (30 deg to 40 deg total).

(j)] The hot gas welds will be visually inspected and
will 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 of material; elongation or stretching indig
cateq excessive pressure or unacceptably high speed (see
Fig. M12D-2).
(-b) Stretch Marks or Fractures. Nonedllowed.
Thege indicate that the rod was too cold\er’indicate
excegsive pressure or speed during welding.
(-c) Undercut. None allowed. These indicate rod
too gmall for area prepared or stretehing of rod during
welding (see Fig. M12D-2).
(-d) Bridging. None allowed. Bridging may be
caused by improper temperature or pressure during
startp and stops, relaxifig) of the rod pressure during
welding, or impropetly ‘cleaning the V bevel prior to
welding.
(-e) Lack
Fig. M12D-2.
2) ElewLines Evenness. Both sides of the weld bead
musf show continuous flow of molten material at the
side lof 4the weld bead (see Fig M12D-3)

of Fusion. None allowed (see

(4) Some surface gloss showing the“exiptence of

heat-affected zones will be visible.
(I) Safety

(1) The welding process inyalvés more thgn just the
handling of hot equipment and plastic. When(inert gas
or nitrogen is used to melt the thermoplastif, special
attention to ventilation is<équired. In additipn, some
plastics may evolve fumes that can affect worké¢rs. These
possible safety haZards must be considered prior to
welding. Many,welding procedures are pqrformed
inside tanks/or on-site. These require special safety
procedures;

(2)_ Normal safety practices will be folloyed with
special\consideration to the fact that weldng guns
exceed the flash point of most solvents.

(3) Prior to welding, the Fabricator will|establish
a safety procedure and include it in the Fapricator’s
Procedures Manual (see para. M12G-540).

M12D-422 Hot Plate Fusion Welds
(a) In hot plate fusion welding, no filler rodl is used.
A heated plate is used to apply heat, and a nfachine is
used to control pressure and alignment.
(b) Prior to welding, the welding maching will be
inspected and the following verified:
(1) proper plate temperature according t¢ 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 pigces 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-

(3) Heat-Affected Zone. Not all plastics exhibit a

visual heat-affected zone (see Fig. M12D-4).
(k) Extruded weld visual inspection will meet the

requirements 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.

ments of Table M12D-1 as well as the following
requirements:

(1) no porosity or air bubbles present

(2) bead “roll over” is not excessive (see
Fig. 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. Specialized custom equipment is used for this
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Table M12D-1

Visual Weld Defects

Imperfection

Allowable

Cracks
Blisters
within tH
between
debondi

All Welds

Flow lines
Undercut
Heat-affect

Hot Gas W

Contamina
flow ling]
Crown or o

Misalignmsg
Bridging o
Discolorati
charring
brown fr

Hot Plate H
Flow lines
Voids in fu

Thickness
Misalignmd

e thermoplastic liner
the liner and the RTP laminate
hg of the thermoplastic liner

bd zone heat pattern

plds

ion evidence by discoloration or contaminants in the
3
erbead

nt

er at starts and stops

n

or burning

bm use of air at high temperature

utt Fusion Welds
Kion zone

f sheet allowed
nt

Extrusion Welds

Crown or o)

verbead

Cap Strip Welds

None

None
None
None

Uniform on both sides of weld
None
Same width on both sides of weld

None

Relaxed and nowmore than half the sheet thickness above thg
sheet strface

Maximunr,one-fifth of sheet thickness

None

None
None

[¢°]

Height of flow line extrusions does not exceed thickness of t
plastic sheet

None

Minimum 0.090 in. (2 mm)

Maximum one-tenth of sheet thickness

Maximum Y in. above sheet thickness

Flow lines Uniform on both sides of weld; no larger than Y, in.
Distortion gfter weld In accordance with UBRS

Voids None

Discoloratipn No brown color

Spark test forroot-weld Special-test required-beforecap-strip-applied
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Fig. M12D-2 Visual Features of Hot Gas Welds

/ Flow lines
e N - T T~

(a) Acceptable Relaxed (b) Unacceptable Unrelaxed
Weld Overbead Weld Overbead
(c) Unacceptable (d) Unacceptable
Undercut Lack of Fusion

Fig. M12D-3 ‘Ulllustrations of Flow Lines

/ Flowwlines
| o N T T~ |

(a) Acceptable’Relaxed (b) Unacceptable Excessive
WeldBead Flow Lines

(c) Unacceptable Uneven
Flow Lines
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Fig. M12D-4 Heat-Affected Zone Patterns
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(b) Unacceptable

E Unacceptable

ON)

type of welding.\THe fabricator’s equipment, procedure,
and the pasttesting of welds will be reviewed to ensure
viability |ofthe process used. Welds will be visually

AN

(b) Inspections will show that the requiremenfts of
Table M12D-1 as well as the following are met:
(1) Preparation. For fabric-backed sheet, when p cap

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.

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) Excess overbead must be removed to offer a
near-flat surface for the cap strip. Care will be taken to
avoid cutting into the base sheet material and to avoid
excessive surface scratches.

(3) After producing a flat surface, the prepared area
must be fully inspected and spark tested prior to appli-
cation of the cap strip.
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(4) Warpage. The cap strip weld must be flat and  place could rapidly cause penetration and failure. A
relaxed, indicating consistent fusion and the lack of  speed of about 1 ft/sec is recommended. Periodically
bridging or air voids under the strip. See Table M12D-1.  (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 the
M12D-500 TESTS FOR DEFECTS IN WELDS RTP overlay will be confirmed by sparking to any effi-

M12D-510 High Voltage Spark Test cient 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 veltages.

All welds with adequate access will be tested with a
highpeettaeesparkteste ind-flaws-or-tmperfeetions
in the weld. Welds will be tested before application of
the RTP overlay and after application of the RTP overlay
but pefore shipment. Other plastic areas may also be
tested, as long as properly functioning targets are pres- M12D-520 Gas Penetrant Tests
ent Pehind the area. The Fabricator will have written
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

befofe the cap strip is applied [see para. M12D-424(b)]. overpressure. An advantage of this test is that gll defects

Spatk testing after welding ona cap strip may beaccom- penetrate thfough the sheet, including welds, can
plisted if desired for added security. be found ’ ,

(a) Voltage. To ensure proper voltage levels during
inspection of a thermoplastic weld using a spark test
appdratus, three components should be considered: the ~ M12D:600 FLANGES, NOZZLES, AND MANWAYS
level of AC voltage, frequency of the spark tester, and R .
travgl rate of the spark tester along the weld. Each of M12D:610 Fabrication Options
thes¢ three components, independently and together, Linings for nozzle necks and manway rounds may be
will fmpact the overall results of a spark test, as well as_+\, fabricated from pipe or from sheet stock wrapped and
the gmount of voltage received by the sheet lining. Thé”)" welded to form the required tube shape. Linings for
recojmmended rate of travel for spark testing is 1 ft/sec ~ flange faces may be cut from sheet stock and Welded to
mini um, and do not hold a probe in a stationary posi_ the neck, flued from sheet StOCk, or flared from tubing
tion.| The recommended starting Voltage should be set using thermoforming tools. The shell hmng cam be flued
to 5[kV for each millimeter of material thickness. The  to join the neck lining or the tubing may be|flared to
redulction of the Voltage by 10% with each subsequent jOil’l the shell at a short distance from the nozzle. This
pass is optional; it shall be agreed upon between the section will present some of these designs, with rules
ownler and Fabricator. Defects dnig repairs shall be ~ and recommendations.

recofded on the project weld(map. Final spark test ,
parameters shall be agreed (upon between the owner M12D-620 Shell-Neck and Neck-Flange Designs

For welds where accessibility'prevents a high voltage
spark test, a helium or halidedeak test is requjred. This
test must be done beforédthe RTP overlay i applied.
Care will be taken to-avoid damage to the ljner from

and Fabricator, recognizing that each polymer type and (a) Figures M12D-6 and M12D-7 show adceptable
sheef lining thickness might require a unique setof spark  constructions for nozzle and manway linings. The thick-
test parameters. ness of the lining for the necks and flange fqces must

(b) Grounding. (Grounding strips will be applied ona  be at least as thick as the lining of the shell. The thickness
pernfanent or«témiporary basis on all weld areas and  of the lining for nozzle necks will not be more than
any pther aréd to be spark tested. The ground material ~ two times the nominal thickness of the sheet| used for
will|hayéiconsistent conductivity and permanent  construction of the vessel shell. Welding on hoth sides

grounds will not inhibit bond strength. Acceptable per-  of all T joints is preferred because of the ipcreased
manbaferound materials-are thoroushly-mixed-ecarbon—strength and balanced residual weld stresse . In case

- s Tou Tttt s e nOToO gy THrXCo—CarooTT

or graphite/resin putty (33% to 40% by weight carbon  access to both sides of a T joint is not possible, welding
or graphite), carbon veil, carbon fiber tape, or conductive ~ from one side of the T joint is acceptable as long as full
polyester fiber. The conductivity and continuity of the  penetration is achieved. Nozzle and manway construc-
ground material will be tested before application of the ~ tions other than those shown in Figs. M12D-6 and
RTP laminate by using the test procedure outlined in =~ M12D-7 will be agreed to by the User before fabrication

para. M12B-644.2. starts.

(c) Procedure. The recommended spark testing proce- (b) Figure M12D-8 shows typical designs for bottom
dure will be as outlined in ASTM D5162 Test Method B.  nozzles.
The vessel will be thoroughly cleaned and dried. The (c) All welds will be high voltage spark tested. The

tester will be in continuous motion, as dwelling in one  only exception will be where access to the inside of the
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Fig. M12D-6 Nozzle Construction for Penetrating Nozzle
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Fig. M12D-7 Nozzle and Manway Constructions
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Fig. M12D-8 Bottom Nozzle Constructions

GENERAL NOTE:

168

Special consideration is to be made to address the cantilever, pump, and vortex forces.
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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
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

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 para. M7-210 as they
apply to repair of dual laminates are met.

(b) The thermoplastic manufacturer’s procedures and
limitations on rewelding are followed.

be sypported suitably, the RTP structural overlay may be (c) The nonconformities must be classified fis repair-
applied after weld attachment of these appurtenances. able as indicated in para. M12D-840.
(d) The Fabricator will provide detdiled wr{tten pro-
cedures for each kind of repair that"will be made.
M12D-700 INTERNAL ATTACHMENTS (e) The total amount of area répaired by paltching or
(a) Internal attachments include baffles, dip pipes, replacing lining after the RTP-has been applied will not

spar
port
care
that
enoy

(b

bers, and others. Since these are ordinarily sup-
ed by attachment to the thermoplastic lining, special
in design and fabrication is necessary to ensure
ining forces and lining-to-RTP bond forces are low
gh to avoid failure (see para. M12C-400).

In case an attachment must be installed over a
shelll weld or an end closure weld, the weld overbead
will[be mechanically removed before installing the
attaghment. A preferred alternative approach for baffles
and fome other attachments is to cut out the attachment
locally to accommodate the weld overbead.

(c) Reinforcement pads are required for all attach-
ments to the liner. A small drain hole may be provided
on the bottom of each pad. For applications involying
saniIary conditions, such as food or pure watér,“this
draim hole will not be installed.

M12D-800 REPAIR PROCEDURES

M12D-810 Scope

THis section sets forth general criteria and repair pro-
cedures that are to be used-to correct nonconformities
in liners in dual laminaté vessels before they may be
accepted as complying with this Standard. Where repair
invo]ves removal _and replacement of any of the RTP
struftural laminate, the procedures of Mandatory
Apppndix M<7'will also apply.

M12D-820 General Conditions

exceed 2% of the total inside liher area or 3 ft, whichever
is greater.

(f) The total lengtli-of weld joints that are| repaired
after the RTP overlay-is applied will not excged 2% of
the total length pf'welds in the thermoplastic|liner. All
welds can bereplaced prior to application of the RTP
overlay.

(g) Weld repairs are accomplished by a
Welder qualified on the same material as the
in accordance with the Fabricator’s qualificati
dures and with this Standard.

qualified
liner and
bn proce-

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 rdinforcing
pads do not overlap.

(e) liner surface nonconformities contpined in
Table M12B-4. Scratches may be polished or scrpped out,
except that the thickness of the sheet will not become
too thin (see Table M12B-4).

(f) stress relief not accomplished when reqired.

(g) weld defects detected in the final inspgction by
high voltage spark test when the vessel has [less than
1% of total weld length plus 12 in.

M12D-850 Irreparable Nonconformities

The followine nonconformities willnot be ¢

nsidered

In general, when the nonconformities in the defective
or damaged liner, bond, or related RTP laminate are
repaired, the repair will ensure that the final area will
have the same physical strength and chemical resistance
as the specified original laminate. All defects and com-
pleted 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 out-
lined in Mandatory Appendix M-7 appropriate to dual
laminate repairs also apply.
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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. prior to
hydrotest
(2) 1% of total weld length plus 12 in. after
hydrotest (rehydrotest not required)
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(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

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

Prior t
ductive 4
mum, al
exterior
RTP ove

b application of the RTP overlay, all of the con-
park test targets must be applied. As a mini-
welds will have a conductive target on the
surface of the liner prior to application of the
lay (see para. M12D-500).
M12D-920 Testing Bond Strength Between Liner and
RTP Overlay

fabrication starts, the Fabricator will ensure
bond strength by performing the tests required
M12B-614.4. In addition, for dual laminate ves-
PVC or CPVC liners, these tests will be per-
formed gn each bonding resin batch and on each lot of
sheet majterial used. The bond strength test results will
be documented and will meet the minimum require-
ments of| para. M12B-614.4.

Before
adequatd
in para. I
sels with

M12D-1p00 INSPECTION

ition to the requirements of Article E, the
will visually check the interior and exterior
pf the lining before the RTP overlay is applied
exterior surface of the RTP overlay (after it is
All the visual requirements of Tables M12D-1
E-1 will be met. In particular, <his inspection
Ire that cap strips and conddctive targets are
properly (see para. M12E-220).

In add
Inspectol
surfaces
and the
applied.
and M12
will enst
installed

ARTICLE E
INSPECTION AND TEST

0 SCOPE

M12E-1

This Afrticle cowers inspections and tests required on
a dual laminate vessel. It is intended to ensure that the
completddivessel has been designed and fabricated in

laminate inspection will be provided.:
r r

(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 describje the
minimum basic tests relating tothe thermoplastic lining
that must be made, witnessed, or reviewed by the
Inspector prior to or at the-time of the final inspegtion.

M12E-210 High Voltage Spark Test

The Inspectorwill witness the last high voltage {
test performed. This last test will normally be aftg
hydrotest. ‘Any spark test indication of a defect w
cause for rejection until the defect is repaired
retested with satisfactory results.

park
r the
i1l be
and

M12E-220 Lining Imperfections: Visual Inspectign

(a) During fabrication, the Fabricator will make all
checks necessary to ensure that the lining and the lifing—
RTP bond meet the requirements of this Standard, partic-
ularly the requirements of Tables M12B-4, M12D-1} and
M12E-1. The Fabricator’s Quality Control Progran} will
include procedures and forms to be used to contrql the
ongoing process of lining fabrication and liningt+RTP
bond fabrication so as to ensure that imperfectionfs are
within required tolerances prior to final inspectiof.

(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-4 and M12E-1 are met.

(c) The final visual inspection will be made aftd
last high voltage spark test, the hydrotest, and the a
tic emission (if used) tests are completed.

(d) As provided in para. 6-940(e), the Inspectoy will

r the
rous-

accordanee-with-the-requirements-of-the datestrevisions
of the design, of the approved drawings, of the UBRS,
and of this Standard.

This Article is in addition to the inspection and testing
of the RTP structural laminate of dual laminate vessels
which is provided in Part 6 of this Standard. However,
some inspections and tests of the lining, the bond, and
the RTP 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

170

record the results of the visual inspection in the inspec-
tion report.

ARTICLE F
SHIPPING AND HANDLING

M12F-100 SCOPE

This Article covers special requirements for shipping
and handling dual laminate vessels at low temperatures.
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Table M12E-1 Lining Visual Inspection Acceptance Criteria

Imperfection Definition of Imperfection

Allowed Comments

Omission of cap strip Omission when required

Cracks
Debonding

Linear ruptures of the lining
Lack of bond between lining and
RTP structure

Foreign inclusions Particles in the lining that are not

Not acceptable

Repairable only before application
of RTP structure

None See Note (1)
None See Note (1)
None See Note (1)

of the plastic composition

Dents, pits, grooves Surface irregularities in the lining

Blistefs (internal) Pores within plastic sheet

Maximum depth 10% of

None

See Note (1)
sheet thickness, maximum

size Y in. diameter or

1in. long

See Note (1)

NOTE

(1) These imperfections may be repaired if approved by the Inspector and the Fabricator’s Quality Assurahce Manager, and written proce-

dlires are received and approved.

M12F-200 PRECAUTIONS TO PREVENT
MECHANICAL DAMAGE

(a) Since many of the thermoplastics used for liners
are brittle and become more sensitive to mechanical
shock as temperatures decrease, precautions must be
taken in handling and storing to ensure that impact or
high{stresses are avoided. In particular, polypropylene,
Pv(d, CPVC, and PVDF homopolymer should be
shipped and stored above 32°F (0°C). Special precatis
tiong to avoid mechanical shock are required, especially
if anibient temperatures are below these limits,

(b) Thermal stresses due to sudden changes'in tem-
perafure will be avoided, as these can causejcracking of
the thermoplastic liner. An example is moving a vessel
from| a heated area to the outside ircold weather.

M1 INSPECTION AFTER SHIPMENT AND

INSTALLATION

When a vessel arrives at the User’s facility and before
unlopding from thedransport vehicle, a visual inspection
(intefnal and external) is recommended to detect any
dampge thatmay have occurred during shipping. After
instdllation ‘'of\a vessel at the User’s facility, a high volt-
age ppatkytest is recommended to detect any defects
in tHe \liner that may have occurred during shipping,

F-300

M12G-200 GENERAL

In addition o the requirements of para. 7-2]0 for the
shop surt¢ey,'the ASME survey team will verify that the
requiréments of this Article are met.

M12G-300 FABRICATOR’S FACILITIES AND
EQUIPMENT

In addition to the facilities specified in papa. 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 com-
ponents of dual laminate vessels

(c) separate shop fabrication areas for asgembling
thermoplastic liners with special provisions fof control-
ling dust, proper ventilation, cleanlingss, and
temperature

(d) equipment for thermoplastic welding including
appropriate gas supply [see paras. M12D-421(g)) and (h)]

(e) temperature-measuring instruments capable of
measuring welding and thermoforming temperatures
with accuracy of +2°C

(f) equipment for thermoforming plastic sgctions of

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
requirements are in addition to those set forth in Part 7.

vessels ihn|11ﬂing F]Qrihg and F]ning for nozzle attach-
ment [see para. 7-300(b)]

(g) laboratory equipment for evaluation of welds in
accordance with para. M12H-400, except that tensile test
services may be obtained from a qualified outside
laboratory

(h) inspection equipment for determining the quality
of welds, including high voltage spark tester

(i) equipment (internal or at an external facility) for
determining the bond strength between the thermoplas-
tic liner and the RTP overlay (see para. M12B-614.4)
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M12G-400 PERSONNEL

The Fabricator’s organization shall include specific
personnel designated and qualified for the following
functions:

(a) welding thermoplastic parts, and training and
evaluating Welders (see Article H).

(b) designing thermoplastic lined vessels, including

knowledge of the technology of welding thermoplastics.
As authaqrized in para 7-400 for RTP wessels this func-

Fabricator is restricted to fabricating vessels to this
Standard in only that class of lined vessels for which
he/she has built a demonstration vessel that has passed
the qualification procedure.

(b) The demonstration vessel shall be fabricated
according to Fig. M12G-1 and Table M12G-1.

(c) A Fabricator who is not certified to fabricate solid
RTP vessels may qualify for a restricted certificate for
dual laminate vessels only.

tion may|be performed by outside qualified engineering
design pprsonnel.

M12G-5p0 DEMONSTRATION OF CAPABILITY

M12G-510 Welding Capability

Each Habricator’s shop shall demonstrate the ability
to fabricqte thermoplastic liners, including welding, to
required|quality levels. A Welder qualification record
(see parp. M12H-100) shall be maintained showing
Welder dapability to weld thermoplastic parts. The rec-
ords shall clearly show qualification records for all the
following:

(a) tyge of welding; i.e., hot gas butt welding, nozzle-
to-shell welding, cap strip welding, etc.

(b) spgcific thermoplastic material

(c) spqcific Welder’s name

(d) cettification for each separate combination of (a),
(b), and (c)

M12G-520 Bonding Capability

Each Habricator’s shop shall demonstrate capability
to bond [the RTP overlay to thermoplastic lifiers with
sufficiemt strength to satisfy the requirements of
para. M12B-614.4. The shop survey team, 'shall verify
bond str¢ngth test records and shall determine that the
Fabricatqr has the equipment and traihed personnel to
determinje bond strength.

M12G-530 Demonstration.Vessel

(a) The Fabricator shall produce a demonstration ves-
sel, which shall be in§pected by the ASME shop survey
team. Fof the purpeses of this qualification demonstra-

M12G-531 Demonstration Vessel QuLlity
Requirements
(a) The demonstration vessel shall be inspected by the
ASME shop survey team and shall meet the following
requirements:

(1) The vessel shall meeté@ll-visual inspe¢tion
requirements of this Mandatoty  Appendix.

(2) The layout of thernioplastic sheets and the weld
map shall conform._to the requirements of
para. M12C-300.

(3) The vessel shall be tested to full vacuun}. No
debonding of the lining will be evident.

(4) The ¥essel shall be high voltage spark t¢sted
and will ndotsshow any defects.

(5) The demonstration vessel shall be cfoss-

sectionéd in accordance with Fig. M12G-2 to show the
weld-quality, the amount of liner thinning in thejrmo-
formed knuckles and flares for nozzles, flange congtruc-
tion and quality, bond between the liner and the| RTP
overlay, and the spark test targets. All of these preas
shall meet the requirements of this Appendix.

(b) Failure to meet any of the requiremen}s in
(a) above shall cause the Fabricator to fail for qualffica-
tion to fabricate to ASME standards that class of|dual
laminate vessel.

(c) The vessel shall be sectioned and placed on pegrma-
nent display in the same manner as the RTP vess¢l.

M12G-540 Procedures

The Fabricator shall have the following procedlures
clearly defined and established:
(a) spark testing

tion vessel, the lining system shall be divided into the (b) welding
following lining classes: (c) forming

Lining Demonstration Demonstration (d) safety
Classification Vessel Top Half Vessel Bottom Half (e) stress relieving

A [Note (1)]
B [Note (2)]
C [Note (3)]
NOTES:

(1) Fabric and chemically bonded thermoplastic linings.
(2) Fabric bonded thermoplastic linings only.

(8) Chemically bonded thermoplastic linings only.

Fabric bonded lining Chemically bonded lining

Fabric bonded lining Fabric bonded lining

Chemically bonded  Chemically bonded lining
lining

A Fabricator selects the appropriate lining classification
and builds a demonstration vessel accordingly. The
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M12G-550 Fabricator Certification

A Fabricator shall be certified to fabricate only dual
laminate vessels by constructing one demonstration
vessel in accordance with Fig. 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).
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Fig. M12G-1 Dual Laminate Demonstration Vessel

45 deg
/ 5 5 O] O [} o
) o .
Affix nameplate to

| D bracket located in

o ’
LIS ycerichdr darcd

¢ FRP support legs,
equally spaced

Type |
laminate .
2 invnozzle B
ASME flanged and dished head
or 2:1 elliptical head
/‘I_\ Tangent line
<——  |.D.42inmin, ——> ) o 1
54.inax. 2in. x 2 in. integral
Type Il or filament I I support ledge
wound laminate L

Integral body

flange
fﬂ 3in. tangential nozzle A
N

3ft.4in

FRP pipe leg supports;
four required,
equally spaced

-
<—2ft,3in._>
-« 2ft,9in. ———>»

Tangent line

\ASME flanged and dished head

L or 2:1 elliptical head

V7

—»|1ft, 115 in

2in. nozzle C

L 2 ft, 6in. —» /
£

Type Il laminate

||

e

GENERAL NOTES:

(@) 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 Agept firm name Not applicable
Title of eqyipment ASME RTP-1 dual laminate demonstration vessel

User’s desfgnation no. ASME RTP-1 al

Installation| location (name and address) Fabricator’s shop

UBRS preppred by (User or User’'s Agent):

Name _ Mpndatory Appendix M-12, ASME RTP-1 Phone no. _ Not applicable Date
Address

1. Equ|pment description (equipment sketch.and. nozzle schedule shall be attached):

2. Addjtional Fabricator~ésponsibilities:

[x] |Special requirements

[ 1 Acolstic'emission testing

[x] Anspection or testing requirements not listed in the Standard _ Special, fully flooded (all air vented), ambient
t€mp. water, proof hydrotest at 44 psig to 46 psig 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] Level1
[ 1 Level 2
Quantity limitations for gaseous air bubbles or blisters
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (Cont’d)
(As Required by the Provisions of ASME RTP-1)
Page 2 of 4
RTP Edition No.

UBRS Revision No.

[ 1 Additional inspection aids/methods [refer to para. 6-940(c) of ASME RTP-1]

Material selection
3.1 Material selection by:
[ 1 Resin manufacturer (include data per section 4 of this document)
[ 1 Fabricator (include data per section 4 of this document)
[ 1 End User. Applicable User’s specifications/standards, codes, ordinances, FDA requirements, etc. (list and spegcify; 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
Veil Barcol hardness per para. 6-910(b)(4) __|

[ 1 Liftlugs: [ ]RTP [ ] Carbon steel [ ] Othet

[ 1 Hold-down lugs: [ ] RTP [ 1 Carbon steel [ ] Other

o
(04

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.
Design
5.1 Design conditions:
Operating Design

Internal pressure 14 psig 15 psig

External pressure 0.0 psig Full vacuum

Temperature 80°F 140°F

Specific gravity 1.0 1.0

Liquid level Full Full
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (Cont’d)

(As Required by the Provisions of ASME RTP-1)
Page 3 of 4

RTP Edition No.

UBRS Revision No.

Wind/seismic/snow code (include edition or year) ASCE 7

Basicwimd speed—— 0 MPH—Ctassifitationm tategory Exposure
Elevation above grade ft  Topographic factors
Seismic zone 1 Site-specific seismic information (soil type, ground motioh_coeffigients,
etc.)
Snow load 0 psf
Capacities: Operating Flooded gal  Flooded By Fabricator gal
5|2 Mechanical agitator: [ ] Required [ ] Not required
Dead load b
Static bending moment ft-lb
Dynamic bending moment ft-lb
Torque ft-lb
Horsepower hp
Impeller speed RPM  Impeller diametér in.
Number of impellers Foot bearing:“([ ] Yes [1No

5|3 Heating and cooling:
[ 1 Electric panels

[ 1 Steam coil

[ 1 Steam sparger

[ 1 Heat exchanger
[ 1 Other
54 Mechanical and other forces:

[ 1 Violent chemical reaction

[ 1 Subsurface introduction of gas or vapor

[ 1 Subsurface introduction of steam

[ 1 Transmitted mechanical load/force

[ 1 Impact due to introduction(of)solids

[ 1 Vacuum from pump down_(or vessel draining)
[ 1 Vacuum from cool dewn

[x] Other Not applicable

55 Corrosion barrier_excluded from structural calculations:

[X] Yes

[1 No

5|6 Declaration of critical service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):
[ 1. Yes

[x}7 No

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

[ 1 Users representative

[ 1 Other
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (Cont’d)
(As Required by the Provisions of ASME RTP-1)

Page 4 of 4
RTP Edition No.
UBRS Revision No.

Addit

Apj

IMSPECLOT S TdTe It'lEp‘HUIIE

Company

Address

6.1 Approval of Inspector designation
6.1.1 Authorized User’s representative:

Name Title

Signature Date
6.1.2 Authorized Fabricator’s representative:

Name Title

Signature Date

onal requirements: ' Requires Witness of Hydrotest form (Figz M6-3).

roach maximum hydrotest pressure using a manually*actuated hydrotest pump, in a number of pressure steps, over a

30-m

h time period.

P

=

0

ide a substantial physical barrier between the vessel and all personnel during hydrotest for safety reasons.

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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Fig. M12G-2 Post-Test Sectioning of Dual Laminate Demonstration Vessel for Final Inspection and Display

Cut lines

Section above
gusset

T
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(b) The visual requirements of the liner
(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.

ARTICLE H
QUALIFICATION OF WELDERS

(3) verify that weld samples are tested in accor-
dance with AWS B2.4
(4) sign and date the certification process PQTR
(d) Welders shall qualify separately for each thermo-
plastic material (TPM) and for each weld process per
AWS B2.4.

M12H-310 Making Weld Test Samples

M12|H-100 GENERAL REQUIREMENTS

(a)] This Article specifies the rules for qualifying per-
sonrel to weld thermoplastic parts together. Thermo-
plasfic linings will be assembled only by personnel who
havebeen qualified in accordance with the requirements
of thiis Article.

(b) A Welder is an individual who joins thermoplastic
partg together using fusion bonding processes.

(c) The Fabricator will maintain up-to-date records
relatjng to qualification of each Welder. These records
will |[document the date of last qualification, and will
inclyde all calculations and test or inspection reports
from| internal and independent laboratory testing pro-
granps used in the process of qualification. These records
are qubject to review on request by all parties engaged
in thee process of procurement or inspection.

M12H-200 RESPONSIBILITY

It js the responsibility of the Fabricator to train.and
quallfy thermoplastic Welders. Safety is also the respon-
sibility of the Fabricator [see para. M12D-421(I)].

M12H-300 QUALIFICATION OF WELDERS

(a) Welders may qualify their capabilities at the time
a Fapricator qualifies for shop qualification under
Artigle G.

(b) Welder and welding operator performance quali-
ficatjons shall be in aceordance with AWS B2.4. The
qualjty of polymerie-weld joints depends on the qualifi-
catign of the Welders and welding operators, the suit-
abilify of the equipment used, environmental influences,
and jadherefice to the applicable Welding Procedure
Spedification’ (WPS). Welders and welding operators
shall betrained and possess a valid qualification

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
applicable, each weld sample shall ¢ontain a Weld start
and a weld stop.

(b) For hot gas welds, a single V-shaped b¢vel shall
be used for all sheet thicknesses under 0.160 if. (4 mm)
thick and a double V beyel,shall be used for [all thick-
nesses 0.160 in. (4 mm)iand greater. The Welder shall
be responsible for the generation of the approptiate bev-
els. For welding FFE, the weld rod shall be PFA.

M12H-312 Cap Strip Welds. Cap strip we¢lds shall
be made overlexisting welds. Cap strips with of without
fiber backing may be used. The crown of th¢ existing
weld shall be appropriately skived or ground pff before
the,cap strip weld is applied.

M12H-313 Nozzle Welds. The Welder shall prepare
the nozzle and the flat or curved part representing the
shell of the vessel. Two nozzles shall be welded, one
2 in. in diameter and another 4 in. to 8 in. in Hiameter.
Thicknesses shall represent those thicknesses [expected
for that material. If pipe is used, the pipe wall thickness
will be in the range expected to be used. Eyaluation
shall be by visual inspection only. The nozzlep shall be
cut in half to aid in visual inspection.

M12H-400 EVALUATING WELD SAMPLES

(a) Visual inspection of all welds shall bg accom-
plished by an experienced Welder qualified in the mate-
rial and weld process being evaluated in adcordance
with AWS G1.10M. Each weld evaluator shall |be desig-
nated in writing by the Fabricator’s Quality Control
Manager. This document shall contain the peri¢gd during
which the assignment as weld evaluator will(be valid,
as well as any limits on the type or kind of eyaluation

for-aach-avaliiator

certitieate:
(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
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(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
addition to AWS B2.4 Table 4.3, see Table M12H-1 for
additional short term weld factors.

(d) Welds shall be qualified in accordance with
AWS B2.4. A WPS and PQTR shall be provided for each

@an

an

an

@17)
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Table M12H-1 Weld Strength Requirements

Short Term Minimum Weld Factor

butt fusion weld: a weld accomplished by heating the two
surfaces to be joined, then forcing the surfaces together
to accomplish a fusion weld.

cap strip: a thin strip of plastic of the same material as
the base plastic sheet liner that is heat welded over fusion
welds. When the cap strip is applied on the backside of
a weld, it contains fiber embedding to ensure continuity
of bonding where fiber had been intentionally removed
to facilitate welding.

Thermoplastic Flow Hot Plate Butt Flow Fusion
PP 0.9 0.9
PVC 0.9 NA
CPVC 0.8 NA
PVDF 0.9 0.9
ECTFE 09 09
FEP 0.9 0.9
TFE (PFA filler) NA NA
PFA 0.9 0.9

polymer |and process being used. Environmental condi-
tion recommendations shall be included in the WPS.

M12H-5p0 REQUALIFICATION

Requalification shall be for each TPM and each weld
process. [[n any case, Welders shall requalify at least
every yeqr. If a Welder has not made a weld using that
specific naterial and process in the past 6 months, he/
she is refjuired to requalify prior to making welds on
linings under this Standard.

M12H-6p0 WELDING PROCEDURE QUALIFICATION

Weldingg procedures shall be qualified in accordance
with AWS B2.4. A WPS shall be provided for each(poly-
mer and|process being used. Environmental ondition
recommgndations shall be included in the WPS.

ARTICLE |
GLOSSARY

acoustic gmission test: a technique for finding flaws in
materials by using transduicers to detect the sound
energy emitted when flaws grow under an intentionally
applied gtress.

annealing: heat tréatment after processing to remove
internal gtressésincurred during fabrication processes.

backing: 3 fib¥ous component, either woven or nonwo-

climbing drum test: a test to determine the bond $trgngth
of a lining on a structural material by using, a rqlling
drum debonding action (ASTM D1781).

CPVC: chlorinated polyvinylchloride.

crown: that part of a hot gas fusion, weld that sfands
above the surfaces of the base plastic sheets.

CTFE: chlorotrifluoroethylene:

dual laminate: a two-ply laminate consisting of a chemi-
cally resistant thermgplastic liner bonded to an|RTP
structural laminate.

ECTFE: ethylene chlorotrifluoroethylene.

environmental'stress crack: stress cracking requiring d spe-
cific envirohment or atmosphere in order to causp the
crack to occur. See stress crack.

etching: a surface effect that results in a roughened sur-
face from chemical reaction.

extrusion weld: a weld formed between two thermoplas-
tic materials by a hot thermoplastic strip extruded into
the weld joint at a temperature high enough to fgqrm a
fusion bond.

face tensile test: a tensile test to determine the bond
strength of a lining on a structural material by pylling
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 fofm 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.

ven, embedded into a thermoplastic Hning to allow a
mechanical bond between the lining and the structural
laminate; usually a knit woven product.

backing strip: a thin strip of plastic of the same material
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: a weld defect in which the weld bead does not
fill the prepared groove between two pieces of thermo-
plastic to be welded.

TronTmi—a matertat o the backof @ weldorarmy 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.
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hot air weld: a fusion weld normally made by hand in
which the base thermoplastic and filler rod are heated
by hot air.

hot gas weld: a fusion weld made by hand in which the
base 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

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
thermoforming

surface contamination: any undesired foreign material
ar‘]hprmo to the surfaces of material 11sed in the fabrica-

lamifpate.
MFA:

notchH:

methylfluoroalkoxy fluoropolymer.
see undercut.

¢e peel: an irregularity in surface topology that visu-

oran
ally fesembles an orange peel.

overlHlead: see crown.

PE: polyethylene.

peel 4
lami
FRP
Thrd
(AST
rolle

PEA:
PP: polypropylene.
PTFE: see TFE.

purge material: a different thermoplastic, such as PP, used
to clpan out remaining weld filler material from a(Weld
tool,|such as an extruder, to prevent difficulty in continu-
ing yelding after cooling the tool.

ja%e
PVDIF: polyvinylidene fluoride.

trength test: a test that peels the lining off of a dual
hate composed of a thermoplastic lining and an
structural laminate to determine the bond strength.
e such tests are the climbing drum test
M D1781), the peel test (BS 4994), and the floating
I peel test (ASTM D3167).

Teflon® PFA or perfluoroalkoxy fluoropolymer.

polyvinylchloride.

spark test: a high voltage test for detecting flaws in plastic
by emitting a loud crack sound “when a spark passes
thrOJ;gh a flaw in the plastig'to the conductive ground
or target.

speed welding: a handfusion weld process where the
fillef rod is fed tothie weld using hand force through a
tube|to the weld'bead; this process is more efficient and
rapidl than Jighd welding, where the filler rod is held

sepafately®in‘one hand.

stresy étack: an external or internal rupture in a plastic

tion of dual laminate products. Examples afe Jubricants
and other processing aids; dirt, oil, and~foreign matter
from the environment; residual adhesive from grotective
films; solvent and any other cleaning, residueg; etc.

bhind the
hge spark

target: conductive material behifidia weld or b
liner itself that becomes a ground for high volt
testing.

TFE: tetrafluoroethylene;* also used to indicqte PTFE,

polytetrafluoroethylene.

thermal cycle test: @test using ten thermal cycles
the bond stréngth; no debonding indicates sa
bond strength. The temperature extremes ar
boiling.water and a dry-ice-acetone bath (74

o qualify
tisfactory
e usually
°Q).

terial by
shaping

thermbforming: a process for shaping sheet m
deéforming at elevated temperature to allow
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.

virgin material: material (sheet, rod, or strip)| that has
been manufactured from new, not recycled, plastic and
that has not been used earlier in any other sefvice.

weld bead: the material in the weld comprised
from the applied welding rod and melted plg
the base sheet material.

of plastic
stic from

weld factor: the average tensile strength of welfed sam-
ples divided by the average tensile strength of the
unwelded sheet material. The resulting numbgr is often
expressed in percent. Short term weld factor is a weld
factor from tensile strength tests done in a shjort 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.

caused by tensile stresses less than its SHoTt-time
mechanical strength.

181

Welding: a process for joining by Using neat o 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

are to beperformed by Fabricator personnel or an inde-
pendent [laboratory. This Appendix specifies the mini-
mum ingpections and tests that shall be performed on
balsa wopd that shall be used to fabricate equipment to
this Standard.

ACCEPTANCE INSPECTION

Feptance inspection shall include inspection of
for proper packaging and identification, and
ation. This acceptance inspection is to be con-
n unopened boxes. Acceptance requirements
s are as defined in para. M13-410.
b form in Table M13-1, or a similar form that
the provisions to record the results of these
inspections, shall be used by the Fabricator.
hddition to performing the above inspections
hmentation, the Fabricator shall provide the
ser’s agent with a Certificate of Compliance
material manufacturer. The Certificate shall
at materials were manufactured, inspected, and
r the material supplier’s specifications.

M13-20

(a) Ac
all boxesd
contamir
ducted d
and limi

(b) Th
contains
required

(c) In
and doc
User or
from thd
ensure th
tested pd

M13-300 EQUIPMENT AND MEASURING. TOOLS
REQUIRED

sture meter as described in\ASTM D4444 is
The meter shall be capable-of reading a range
18% moisture content.

A moi
required
of 6% to

M13-400 PROCEDURES‘AND ACCEPTANCE LIMITS
M13-41Q Balsa Wood Identification and Package
Inspection

Isa wood, shall be stored in the packaging as
from the balsa wood manufacturer’s factory. If

The bz
shipped

epPaCKd 4 U d d J

a material Certificate of Compliance traceable|t
original material is provided. All other document
shall remain unchanged. Verify and enter oni the ingpec-
tion record that the balsa wood as identified by the palsa
wood manufacturer has the same némenclature as the
balsa wood specified to produce the‘laminate. Indicate
acceptable balsa wood by recording the date and Iame
of the person performingvthe examination on
Table M13-1, column 4.

htion

M13-420 Visualdnspection Criteria

(a) As balsa®iwood is used during fabrication, it|shall
be visuallyninispected for imperfections and contarhina-
tion. Date'and name of the person performing the vjisual
inspéction shall be recorded on Table M13-1, column 6.

() The balsa wood should be uniform in thickness
and show no visible sign of curling due to excessive
moisture.

(c) Prior to bedding the balsa wood into the jnner
laminate layer, the moisture content shall be meagured
and recorded on Table M13-1, column 5. The moisture
content shall also be measured prior to applying the
outer laminate layers and recorded on Table M[13-1,
column 5.
nded
444,

(e) Balsa wood having any of the following défects
shall not be used in laminates built to this Standdrd:

(d) Measurement methods shall be as recomme
by the balsa wood core manufacturer or ASTM D

(1) wet spots
(2) contamination
(3) moisture content above 14%
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Table M13-1 Balsa Wood Core Inspection Sheet

Fabricator’s name Balsa wood manufacturer

Address Balsa wood core type

Balsa wood core nomenclature

QC file no.

[0 Regceiving inspection

O Pojint of use inspection

1 2 3 4 5 6 7 8

Padkage Balsa Wood Lot. No. Packaging Moisture Content Visual Laminate, Adhesion Comments
No. Production Date [Note (1)] Inspection Inspection Inspection Gheck

(if Given) By Date By Date By Date By Date

10

11

12

13

14

15

16

17

18

19

20

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

head. To minimize stress intensification at the head—

The R[P-1 Standard provides for design by rules
(Subparft 3A) and for design by stress analysis
(Subparf 3B). This Appendix presents two example
designs, pne by Subpart 3B rules, and one by combined
Subparts|3A and 3B rules. They are intended to illustrate
Part 3 arjd are correct applications of the Standard but
are not tHe only designs satisfying the requirements. The
examples are

(a) avprtical vessel, with a torispherical top head and
a toriconjical lower head, made of Type I laminate and
designed by combined Subparts 3A and 3B rules

(b) a Norizontal, saddle-supported vessel, with tori-
spherical heads, made of Type I laminate and designed
by Subpgrt 3B rules

NM1-20p EXAMPLE 1: VERTICAL VESSEL WITH A
TORICONICAL LOWER HEAD

The UBRS calls for a vessel 8 ft in diameter, 15 ft from
lower to jupper knuckle, and with a conical lower head
having a semiapex angle of 45 deg. The vessel mtist
contain qn internal pressure of 10 psi and be made of
Type I lqminate. The support ring will be 10-ft\above
the lowef knuckle. The upper part of the sidewall and
the top head may be designed according.to.Subpart 3A
rules, buft the lower head has a largef semiapex angle
than allowed by Subpart 3A. The lower part of the side-
wall and|the lower head must thérefore be designed by
stress anplysis, using Subpart'3B rules. The Fabricator
has qualffied Type I laminates for an ultimate tensile
strength |of 12,000 psi. According to para. 3B-500, the
minimurh allowable stress ratio is 10; thus, the allowable
stress is [1,200 psi,

For anglysis, the/vessel may be cut 8 ft above the cone-
cylinder |joint, “because the section is out of both the
discontirfuity-Zone of the lower head-to-shell joint and

shell juncture, a toroidal transition is used. FigureNM1-1
is a sketch of the resulting model. The numbers'in $mall
rectangles are meridional distances from the bottqm of
the head to the points indicated.

As a trial design, Subpart 3A rulesiwere used tg find
the thickness of the sidewall

,__PD
= 2(X/R)
~ (10)(96)
= (2)(12,000/10)
= 0.40 in.
and of the lower head
PD

= 2(X/R) cos 0

(10)(%6)
(2)(12,000/10) cos (45 deg)

= 0.57 in.

At 0.043 in. per mat ply and 0.01 in. for a veil, the
thicknesses are rounded up slightly so that they qorre-
spond to an even number of plies. The head lamfinate
is then V, 13M for a thickness of 0.57 in., and the sid¢wall
laminate is V, 10M, or 0.44 in. thick. As an initiql try,
the joint overlay was set equal to the thickness gf 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 computep the
stresses required by paras. 3B-300 and 3B-400 and fom-
bines them into the longitudinal and circumfergntial

the stres$—intensifieationnear—the outlyuj.t 11115, atreis
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 displacement, but no other constraint,
which is consistent with a membrane stress state in a
cylinder. The UBRS calls for a 4 in. diameter nozzle at
the apex of the cone. The rules of Part 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

stresses on the inside and outside of the vessel wall,
all along a meridian. Let ¢y represent the longitudinal
normal stress on the inside surface and o, represent
the circumferential 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

X
(0% - 010y + 0’% + 30%)1/2

R =
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Fig. NM1-1 Toriconical Head

96DIA

[ Cylindrical'shell design
per(Subpart 3A

= S B Y
®

Conical head design
per Subpart 3B
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In the present case, R = 10, X = 12,000 psi, and
¢ = 0. Therefore

X

X_ 12,000
==

P — gy + ) = ~o— = 1200 psi

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 pln’r’rpd as a function of the meridional

weight of the vessel and its contents, 1b

ultimate strength, psi

specific weight of the contents, lb/in.?

= circumferential angle, measured from the top
meridian of the vessel, deg

o, = normal stress in the meridional direction, psi

0y = normal stress in the circumferential direction,

psi
¢ = angle between a normal to a point on the head

o X<
Il

distance and compared to the allowable stress. The ini-
tial design was overstressed in the knuckle. A second
design with a joint overlay twice the thickness of the
first was fried. Figure NM1-2 is a graph of stress intensity
versus njeridional distance for the second design. The
dashed hjorizontal line is at 1,200 psi, the allowable stress.
The figufe shows that all stresses satisfy the criterion
and thalt the design conforms to the Standard.
Table NMI1-1 lists the thicknesses and laminations of the
successfyl design as a function of meridional distance
from the|bottom of the vessel.

As thel example shows, a vessel that lies outside the
rules of|Subpart 3A because one vessel part is not
included|may use Subpart 3A rules for most of the vessel
and Subypart 3B for the excluded part.

NM1-30p EXAMPLE 2: HORIZONTAL VESSEL BY
SUBPART 3B RULES

The UBRS calls for a horizontal vessel with 10 ft inside
diameter} 20 ft between head—shell junctures, and sup-
port saddlles 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 p% of the vessel diameter. The yéssel will con-
tain liquid with a specific gravity of 1.F'with a superim-
posed d¢sign pressure of 15 psig. (The vessel will be
construcfed of Type I laminate(with ultimate tensile
strength pf 16,000 psi. The vessél will be examined using
acousticlemission according)to the requirements of
Mandatgry Appendix M-8;and thus, the allowable stress
ratio, by|para. 3B-500;-45.eight. Figure NM1-3 contains
a sketch jof the vessel.

Nomenclatureused in this example is as follows:

p = |total*pressure acting at a point on the inside
surface of the vessel, positive outward, psi

p = lpressure exerted by the support saddle posi-
S r 7 Tr I

and the vessel axis, deg
7 = shear stress in the plane of the laminate,|psi

NM1-310 Loading on the Vessel

The combined hydrostatic and design pressurd at a
point on the surface of the vessel-is'given by

p = po+ UR&SR cos 6) @

See Fig. NM1-4. The radius to a point on the cylinder
is simply R, and the pressure on the cylindrical viessel
parts not under the support saddle is given by
P = po+ ¥Rl - cos 6) @

The raditis’to a point on the crown is
R = Ry sin ¢ €)

and to a point on the knuckle is
R =R, - Ry + Resin ¢ = R, — Ry(1 - sin ¢) @)

Thus, the pressures on the crown and the knuckle are
computed from egs. (5) and (6) below, respectivelly

p = po+ ¥Y(R. — Ry, sin ¢ cos 6) (5)
p = po+ VIR = [R; = Ri(1 - sin ¢)] cos 6} (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 reaction pres-
sure from the saddle varies as cos ¢ on the lowey half
of the shell and is zero on the upper half. It is shown
in Fig. NM1-5 that for equilibrium the variation i

tive outward, psi

po = pressure superimposed above the hydrostatic
pressure, psi

R = radius to a point on the surface, in.

R, = radius of the cylindrical portion of the ves-
sel, in.

Ry, = crown radius, in.

Ri = knuckle radius, in.

R, = stress ratio

S = stress intensity, psi

Y
ps = —x 7 Cos 4 (7a)
C

for 90 deg < 0 < 270 deg, and
ps =0 (7b)
for 0 < <90 deg and 270 deg < 6 < 360 deg.
Note that egs. (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
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Table NM1-1 Example 1, Vessel With a
Toriconical Lower Head

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

Meridional Thickness, Lamination .
Coordinate in. Sequence vanish at the plane.
0.00 0.57 v, 13M NM1-330 Design Criterion
Z;‘?; (1)2; g ;;% Given the loads, boundary conditions, and the thick-
ness distribution in Fig. NM1-3, BOSOR4 calculated the
62.67 1.69 V, 39M meridional, circumferential, and shear stresses on the
67.19 1.69 v, 39M inner and outer surfaces along a series of meridiang. The
68.69 1.69 v, 39M design criteria in Mandatory Appendix M-3 deternine
7519 0.44 v, 10M whether the set of stress components at a point.confprms
to the Standard. For Type I laminates, the criferia
reduces to
the head{shell juncture is the superposition of the hydro-
static, dgsign, and saddle reaction pressures R, = X 13)
(05— 7yoa¥o? + 37)"%
p = po+ YR.(1 - cos 6) + v cos 6 8)
mRL Equation (13) defines ansallowable stress intensity
for 90 dgg < 6 < 270 deg. .
In this gxample, po = %5 psig, ¥ = 0.03971b/in? R, = S = X{B, = (o) = 7o + 02 + 37)" (14)
60 in., R} = 120in., Ry = 72in, L = 18 in.,, and w = . .
118,906 Ip. Then the pressure on the crown becomes In this case, X" = 16,000 psi and R, = 8. Thus,
S = 2,000 psi. The stresses computed by BOSOR4 fwere

p = 17.382 — 4.764 cos 6 sin ¢ )

for 0 < ¢f < 27.91 deg.
On thg knuckle
p|= 17.382 - 0.0397[60 — 7.2(1 - sin ¢)] cos & (10)
for 27.91|deg < ¢ < 90 deg.
On thq sidewall away from the saddles
p = 17.382 — 2.382 cos 0 11)
On thg shell sections above the saddles
p = 17.382 — 2.382 cos 0 (12a)

for 0 < 4< 90 deg and 270.deg < 6 < 360 deg, and

p = 17.3827 32.663 cos 0 (12b)

for 90 dgg < 6 < 270 deg.

NM1-32Q Computer Stress Analysis
The thjrust-of the example is to illustrate computing

substituted'into eq. (14) and compared to the allowable
intensity for a large number of points on the vessgl
The first try was with thickness computed from the
formulas of Subpart 3A for a vertical vessel with a pres-
sure equal to the pressure at the bottom of the horizpntal
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, espegially
at the saddles, but by starting too thin and incregsing
selected thicknesses with each iteration, one arrivies at
areasonable design. The joint and knuckle reinforcement
used for this trial were the standard designs.
Figures NM1-6 through NM1-10 give the stress i
sity distributions along a number of vessel meri
for the initial trial. The abscissa of the graphs i
arc length along the meridian, measured from th
(center) of the left head, as shown in Fig. NM1-3| The
angles follow the same convention as in the pregsure
distributions. The stress intensities were compjuted
using eq. (14). The distribution along the 90-deg mierid-
ian (Fig. NM1-8) exceeds the allowable intensity in/both
the knuckle and saddle regions.

hten-
lians
5 the
b Jeft

the input required by any finite element or finite differ-
ence computer program and using the stress output to
determine 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 structures. 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

188

After a number of iterations, the thicknesses given in
Table NM1-2 were obtained. They result in the stress
distributions graphed in Figs. NM1-11 through NM1-15,
which show that the allowable stresses are satisfied
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.
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Fig. NM1-4 Pressure Distribution

p=p,+rh

=p,+y(R,=RCos 6)

R, sin ¢

+ R, sin ¢

GENERALWNOTES:
(a) [On.the sidewall, R= R, and p=p,+yR_(1 - cos 6)
(b) lOn'the crown, R=R,sindand p=p +y(R — B, sin ¢ cos 0)

(c) On the knuckle, R=R_.— R+ Ry sing and p=p, + V{Rc_ [RC—Rk(’I —sin ¢)] cos 6}
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Fig. NM1-5 Saddle Reaction

Saddle pressure
=k cos Gforgses%ﬂ
=0 elsewhere

/ df = kR cos 6 d6

\

A\ P(6)

dF cos 6 dF

Upward reaction.from the saddle is given by

2

Fl Schos 0=kLR \ cos20 do
z
2

MI:;\/\M|<§

37
2
but F= Y and cos29do="=L
2 2
]
2

Then W - kzLR

2 2
W .p_
and k_nRL’PS_ AL cos @
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Table NM1-2 Wall Thickness in a Horizontal Tank

Meridional Thickness, Lamination

Coordinate in. Sequence
0.00 1.16 V\27M
43.45 1.16 \, 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 f = hub stress correction factor (from
THis Appendix provides a procedure for the design 11311gu ::?izlg)’ for caleulated valugs fless than
of flat-face flanges that utilize full-face gaskets. G = diameter at location of gasket-oad|reaction,
(a) For each of 14 flanges ranging in size from 24 in. in.
to 144 in. inside diameter, a specific bolt size, number go = thickness of hub at spall end, in.
of b¢lts, bolt circle, and outside diameter are set forth. g1 = thickness of hub atjback of flange, fin.
Eacl} of these geometries will cover pressure up to = g +1/2
30 psig + 3 psig with no change other than flange thick- H = total hydrostati€.énd force, Ib
nessfand hub height. All bolt circles are sufficiently large — 0.7854G2P
to ptreclude encroachment into the hub reinforcement Hp = hydrostatic end force on area ipnside of
by bpck spot facing for flange bolting washers. flange, 3b
(b)] For the convenience of the users of this Standard, a Hg = gasketload, operating
tablq is provided wherein the variables of shell thickness Hj, =, ¢ompression load required to seat gasket out-
(thickness of hub at small end g), flange thickness, and side G diameter
hub [reinforcement height are set forth for each of the Hp~= total joint-contact-surface compression load,
14 flange sizes for pressure ranges of 0 psig to 5 psig, b
5 psig to 12 psig, 12 psig to 19 psig = 3 psig, 19 psig to = 2bwGmp = H - Hp
24 pgig + 3 psig, and 24 psig to 30 psig + 3 psig. A table Hp = total adjusted joint-contact-surface fompres-
covefing recommended body flange bolt torque is also sion for full-face gasketed flange, 1b
provided. = (ho/he)Hp
(c) A nomenclature section, design procedure guid- Hr = difference between total hydrostaticlend force
ance|sheet, body flange dimension table (TablefNM2-1; and the hydrostatic end force area|inside of
see glso Tables NM2-2 and NM2-3), figures.and tables flange, 1b (N)
covefing various design factors, and a design example = H - Hp
of a ftypical flange are provided. h = hub length, in.
hp = radial distance from bolt circle to fhe circle
on which Hp acts, in.
NM2-200 NOMENCLATURE hg = bolt circle on which Hg acts, in.
THe following symbols fare used in the formulas for hG = radial distance from bolt circle to fhe circle
the design of flat-face body flanges (see Fig. NM2-1): . on which Hg acts, in.
A = outside diameter of flange, in. G = leve.r arm ) )
Ap = cross-séctional area of bolts using the root hr = radial .chstance from bolt circle to the circle
diameter of the thread or diameter of on which Hy .acts, 1n.
unthreaded portion, whichever is less, in.2 ho = shaps factor, in.
A, = total required cross-sectional area of bolts, in.2 = (B gf)) ’ . . o
2%="nominal bolt diameter. in. K = ratio of outside diameter of flange|to inside
! diameter of flange
b = 1nside diameter of tlange, in. = A/B (see Fig. NMUZ- 4)
b = effective gasket or joint-contact surface seat- L = shape factor
ng width, In. = [(te + 1)/t + 7
C = bolt-circle diameter, in. M = unit load, operating, Ib
d = shape factor — My/B
= (uwv )(hO)(go)z Mp = component of moment due to Hp, in.-lb
d; = bolt hole diameter, in. = Hphp
¢ = shape factor Mg = component of moment due to Hg operating,
= F/hy in.-1b
F = shape factor (from Fig. NM2-2) = Hght¢
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Fig. NM2-1 Design of Flat-Face Integral Body Flanges With Full-Face Gaskets

Design of Flat-Face Integral Body Flanges With Full-Face Gaskets
Design Conditions Bolting Calculations
Desi P = i L - -
esign pressure psi ever he = Q _ in pe = A_C _ in
Design temperature, T = °F arms 4 4
Athri fnmpnvahuvn’ I — SElG —C 'H.u H2Y Ih =020(C DB\ _ in.
Flange material: Hey = (hs/h®) (bmGy) = b
Boltifg material: Wm, = bwGy + Hy, = b
Gaskpt material: Hp = 2bwGmP = b
Flange Design .
8 ltemp. |Se = psi | Hp = Hy (ho/h) = b
Alfowable Design
Sfresses ) temp. Sy = psi|H = 0.7854G%P = b
Bolting
Atmos.
temp. Se = psi|Wmy = H+ Hy, + Hp = b
Gasket Factors An = greater of WMz o Wiy _ in.2
S, Sy
y = psi m = Ag = in.2
W = 0.5, + Ap)S, = b
Flange Loads Lever Arms Flange Moments (Design Cond.
Hp = 0.7854B°P = Ib|hp = R+0.5g; = in. [Mp = Hphp = in.-lb
Hr =|H - Hp = Ib|hr = 0.5(R + g1 + hg) = in. | My = Hrhy = in.-lb
Mo = Mp + My = in.-lb
Reverse mwres E v hehgm ] 1 and c .
He = W-H = b hG =0 F in. [Mg = th(; = in.-lb
moment hg +¥ig
Allowable
s Stress Calculation’s Shape Constants
tress
So Long hub S, = fM/Lg? = pSi|k = A/B =
S Radial flg. Sp = N;M/Lt? = psi|T = |z = |y = |(_ =
S S Tang. flg. S; = (YM/t)) — ZSp-= psi|g1/g0 =
hy = (Bgo)"? =
St 5 Greater of 0.5(Sy +.SgMor 0.5(Sy + S7) = psi hihy =
Radial stress dt bolt circle =
= 6M Ay =
So Srap = 2\ N g = psi —
t*(wC - nd,) = 1 min.)
e = Flhy =
s {4—%: U
lope 1:3 max.
N | —9,= d= \—/hogg =
1 l R- ped (g,=Y2+g,)
h= 5 M=My/B =
h -
| I b f ~ Approximation of required thickngss
: H ;
I I t = 0.29| M
h f G= Sfo
> G HI (n) bolts
h'g G _ .
hr dia. bolts — .
Ny =%te+1 =
Hg ~—C= (d)) holes L= hter
A= te+1 3
| L = g =

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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T UY and Z

Fig. NM2-4 Values of T, U, Y, and Z (Terms Involving K)
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Mp = total r.noment tagting.upon flange, for the Wy = (A—C)/4 = (785 - 77)/4 = 0375 in.
operating conditions, in.-lb
M7 = component of moment due to Hy, in.-lb G = C-2hc = 77 — (2)(1.250) = 745 in.
= Hrhr
m = gasket factor b = 0.25(C - B) = 0.25(77 - 72) = 1.25 in.
N; = shape factor
=Y%te+1 Hgy = (he/hg)(bnGy)
n = number of bolts = (1.25/0.375)(1.25 X 7 X 745 X 50)
P = design pressure, psi = 48,760 1b
R~ = radial distance from bolt circle to point of
i intersection of hub and back of fl.ange, in. Winy = bnGy + Hj,
b, = allowable bolt stress at atmospheric tempera- = (1.25)(m)(74.5)(50) + 48,760 (= 63,384 Ib
ture, psi ’ ’ ! !
by, = allpwable bolt stress at design temperature, H, = 2bwGmP = (2)(1.25)(m)(745)(0.5)(30) = §777 1b
psi
9r = allowable design stress for flange material at Hy = Hy(ho /) = 8,777(125/0375) = 29,247 Ib
design temperature, psi A A e T e
d _ o . .
Ju = calculated longitudinal stress in hub, psi H = 0.7854G°P = 7854 x (745)2 x 30 = 130|775 Ib
Jr = calculated radial stress in flange, psi
SrAp = calculated radial stress at bolt circle due to )
reverse moment, psi Wm, = H#H, + Hj,
31 = calculated tangential stress in flange, psi 430,775 + 8,777 + 29,257 = 168,809)1b
T = shape factor involving K (see Fig. NM2-4) .
t = flange thickness, in. A, equalsgreater of Wm,/S, or Wm; /S, as fdllows:
LI = shape factor involving K (see Fig. NM2-4) 63,388/25,000 = 2.536 < 168,809/25,000 = 6.7§2 in.>
V' = shape factor (see Fig. NM2-5)
IV = average flange bolt load, 1b Ap = (64) % in. diameter bolts
Wny = required bolt load, operating conditions, 1b . B o
Wri, = required bolt load, gasket seating, 1b = (64)(0.126) = 8.064 in.
Y = shape facto.r .involving K (see Fig. NM2—4? W = 0.5(A,, + Ay)S,
y = gasket or joint-contact surface unit, seating — (0.5)(6.752 + 8.064)(25,000) = 185,200|Ib
load, psi A ’ ! g
/ = shape factor inVOlVing K (See Flg NM2-4) g1 = (t/z) +g0 = (14375/2) +0.75 = 1.469|in.
NM2-300 EXAMPLE CALCULATION Hp = 0.7854BP = 0.7854 x (72)> x 30 = 122/145 Ib
Check stresses for a 72-in. full-face flange, given the
following (see Fig. NM2-6): Hr = H - Hp = 130,775 - 122,145 = 8,630|1b
Al = 78% in.
B = 72in. hp = R +0.5g; = 1.031 + (0.5)(1.469) = 1.76f in.
d = 77in.
Pl = 30.0 psi hr = 0.5(R + g1 + he) _
a = 050 = 0.5(1.031 + 1.469 + 1.25) = 1.875 in
Y = 50pst Mp = Hphp = (122,145)(1.766) = 215,647 ir}.-Ib
Assuyme
Af =806 in? Mr = Hrhy = (8,630)(1.875) = 16,181 in-p
S4—=—25,000-psi
S, = 25,000 psi Mo = Mp + My = 215,647 + 16,181 = 231,828 in.-1b
Sp = 3,000 psi
d, = 5/8 in. Hs = W - H = 185,200 — 130,775 = 54,425 1b
g0 = %in.
h = 4% in. hg = (hht)/ (he + )
no= 64 = (1.25 x 0.375)/(1.25 + 0.375) = 0.2885 in.
t = 1% in.

Calculate bolt, flange, and hub stresses Mg = Hght = (54,425)(0.2885) = 15,702 in.-lb

he = (C - B)/4 = (77 - 72)/4 = 1.250 in. K = A/B = 78.5/72 = 1.090
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Fig. NM2-5 Values of V (Integral Flange Factors)
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Fig. NM2-6 Design of Flat-Face Integral Body Flanges With Full-Face Gaskets
(Example Calculation — 72-in. Flange at 30 psi)

Design of Flat-Face Integral Body Flanges With Full-Face Gaskets

Design Conditions Bolting Calculations
Design pressure, P = 30 si Lever - - . - .5- .
snp P hr=g=u=l.25|n. h}=A—C=785—77=C.375|n.
Design temperature, T = 180 °F ars i i i i
Atmok. temperature, T = 70 °F|G = C-2hg =77 -(2) (1.25) = 74.5 in.|b = 0.25(C-B) = 1.25 in.
Flange material: RTP Hgy = (hg/he) (bwGy) = (1.25/0.375) (1.25) 7 (74.5) (50) = 48,760 lb
Boltipg material: C.S. (193-B7) Wm, = bwGy + Hg, = (1.25) w (74.5) (50) + 48,760 = 63,388 b
Gaskpt material: Neoprene Hp = 2bmGmP = (2) (1.25) w (74.5) (0.5) (30) = 8,777 lb
Flange Design N
8 temp. | Sp=3,000 psi|Hp = H, (he/he) = 8,777 (1.25/0.375) = 29,257 b
Alfowable Design
Sfresses temp. |Sb = 25,000 psi|H = 0.7854G’P = 0.7854 (74.5)% (30) = 130,275 b
Bolting
Atmos.
temp. | Sa = 25,000 psi|Wm;, = H + H, + Hj = 130,775 + 8,777\ 29,257 = 168,809 Ib
Wm Wm 168,809
Gasket Factors = -2 1l in.2
Ap, = greater of S, S, 35.000 6.752 in.
y=p0  psi m=0.5 Ag = (64) Y, in. dia. bolt§ =(64) (0.126) = 8.064 in.2
W = 0.5(A, + Ap)Sq =\0.5 (6.752 + 8.064) (25,000) = 185,200 lb
Flange Loads Lever Arms Flange Moments (Design Cond.)
Hp = 0.7854B%P = 122,145 b|hp = R+0.5g; = 1.7655 in.|Mp = Hphp = 215,647 in.-lb
Hr =|H — Hp = 8,630 Ib|hr = 0.5(R + g1 + hg) = 1,875 in.|My = Hhy = 16,181 in.-lb
oN Mo = Mp + My = 231,828 in.-lb
” hsh ”
¢ =W-H =54 G = 7 =0. In.|Mg = Hghg = 15, n.-
Reverse Hg = W—H = 54,425 Ib|h el6_ _ 0.2885 in.| Mg = Hghs = 15,702 in.-lb
moment g + hg
Allowable
st Stress Calculations Shape Constants
ress
S = 3,000 Long hub S, = fM/Lg? = 2,399 psi|K = A/B = 78.5/72 = 1.0902
S o 3,000 Radial flg. Sg = NiM/LE? = 3,031 psi| T = 1.88 Z =11.63 |Y = 22.44 || = 24.66
Sp o 3,000 Tang. flg. S; = (YM/t?) {75} = —-283 psi|g1/go = 1.469/0.75 = 1.959
ho = (Bg)”? = [(72) (0.75)]"2 = 7.348
S = 3,000 Greater of 0.5(Sy & Sp)*or 0.5(Sy + Sp) = 2,715 psi hihy = 4.5/7.348 = 0.6124
Radial stress=at-bolt circle F = 0.808
_ M . —
St o 3,000 Srap = S 6Ms = 225 psi V = 0.208
£(wC — ndy) f=1.0 (1 min.)
e = F/hy = 0.808/7.348 = 0.110
<~—g,=0.75in. a=Y hogd = (24.66/0.208)(7.348)(0.75)f = 490
Slope 1:3 max.— ) v
g,=1469in.
. P A (6= Y+ gy) M = My /B = 231,828/72 = 3,220
h=45in. A B=72in. Approximation of required thicknefss
T My\"?
H, t = 0.29|—
[T : %)
G=745in. 1/2
7 he ? __ 64 (n)bolts =020 x | 32200249 |5 4 in.
hg o He 3,000
T 1/pin.  dia. bolts
—_— Ni =% te+1 = (1.33) (1.43) (0.110) + 1 = 1.21
H'g [=——C=77in. S/gin. (d,) holes
A-785in. e+l +t_3 _ 1430110 +1 (1.43° 0.622
! R 1.88 490 ~
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T = 1.88 (from Fig. NM2-4 or Table NM2-4) Stress Calculations

, (a) longitudinal stress in hub
Z = 11.63 (from Fig. NM2-4 or Table NM2-4)

Y = 22.44 (from Fig. NM2-4 or Table NM2-4) Sy = fM/Lgi

— /) 2
U = 24.66 (from Fig. NM2-4 or Table NM2-4) = (1 x 3,220)/[0.622 x (1.469)]
2,399 psi < 3,000 psi

81/80 = 1.469/0.75 = 1.9587

(b) radial stress in flange
ho—=—Beo}2 = (72 % 0.75)% — 7348

N,M/L#

(1.21 % 3,220)/[0.622 X (1.4375)4
3,031 psi > 3,000 psi

h/hy = 45/7.348 = 0.612 Sr

F = 0.808 (from Fig. NM2-2)

V = 0.208 (from Fig. NM2-5
( 8 ) (c) tangential stress in flange

f = 1.0 (min.; from Fig. NM2-3)
Sr = YM/# - ZSg

(22.44)(3,220) /(1 4375)? — (11.63)(3,031)
—283 psi < 3,000 psi

e = F/hy = 0.808/7.348 = 0.110

d|= (U/V)hegs

= (24.66/0.208) X 7.348 x (0.750)% = 490.0

(d) greater of-0:6(Sy + Sg) or 0.5(Sy + Syt)
M = Mp/B = 231,828/72 = 3,220

0.5(2,399 + 3,031) = 2,715 psi
> 0.5(2,399 + 283) = 1,341 psi
029(MY/an)1/2 2,715 pSl < 3,000 pSl

Approximation of Required Thickness ¢

t

(0.29)(3,220 x 22.44/3,000)"
1.423 in. (use 1.4375 in.)

(e) radial stress at bolt circle

N; + %te +1 = (1.33)(1.4375)(0.110) + 1 = 1.210 Spap = _ M
(wC - ndy)
L+ [(te + 1)/T] + £3/d
+ [(1.4375 x 0.110 + 1)/1.88] + (1.4375)3 /490 _ (6)(15,702) — 225 psi
+ 0.622 (1.4375)%(m X 77 — 64 X 0.625)
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Table NM2-4 Values of T, Z, Y, and U (Factors Involving K)

K T z Y u K T z Y ) K T z Y u
1.001 1.91 1000.50 1899.43 2078.85 | 1.051 1.89 20.12 38.68 42.51 | 1.101 1.88 10.43 20.15 22.12
1.002 191 500.50 951.81 1052.80 | 1.052 1.89 19.74 3796 4173 | 1.102 1.88 10.33 19.94 21.92
1.003 1.91 333.83 637.56 700.70 | 1.053 1.89 1938 37.27 40.96 | 1.103 1.88 10.23 19.76 21.72
1.004 191 250.50 478.04 525.45 | 1.054 1.89 19.03 36.60 40.23 | 1.104 1.88 10.14 19.58 21.52
1.005 1.91 200.50 383.67 421.72 | 1.055 1.89 18.69 35.96 39.64 | 1.105 1.88 10.05 19.38 21.30
1.006 1.91 167.17 319.71 351.42 | 1.056 1.89 18.38 35.34 38.84 | 1.106 1.88 9.96 19.33 21.14
1.007 +54 +H4336 24 30301 HO5F—F+8—H8-66—347F4—3839—1367 +-87 9-87—3+9-97 20.95
1.00§ 1.91 125.50 239.95 263.75 | 1.058 1.89 17.76 34.17 37.56 | 1.108 1.87 9.78 18.90 20.77
1.009 1.91 111.61 213.42 234.42 | 1.059 1.89 17.47 33.62 36.95 | 1.109 1.87 9.70~, 18.14  20.59
1.01q 1.91 100.50 192.19 211.19 | 1.060 1.89 17.18 33.04 36.34 | 1.110 1.87 9.62/18.45 20.38
1.01 1.91 91.41 174.83 192.13 | 1.061 1.89 16.91 32,55 3578 | 1.111 1.87 954 18.42  20.25
1.013 191 83.84 160.38 176.25 | 1.062 1.89 16.64 32.04 35.21 | 1.112 1.87 9.46 18.27  20.08
1.013 1.91 77.43 148.06 162.81 | 1.063 1.89 16.40 31.55 34.68 | 1.113 1=87 9.38 18.13 19.91
1.014 191 71.93 137.69 151.30 | 1.064 1.89 16.15 31.08 34.17 | 1.114, 187 9.30 17.97 19.75
1.0184 1.91 67.17 128.61 141.33 | 1.065 1.89 15.90 30.61 33.65 | 1.115 1.87 9.22 17.81  19.55
1.014 1.90 63.00 120.56 132.49 | 1.066 1.89 15.67 30.17 33.17 | LA&l6 1.87 9.15 17.48 19.43
1.0171 1.90 59.33 111.98 124.81 | 1.067 1.89 15.45 29.74 32.69 | k117 1.87 9.07 1734 19.27
1.01§ 1.90 56.06 107.36 118.00 | 1.068 1.89 15.22 2932 32.22\] 1.118 1.87 9.00 17.40 19.12
1.019 1.90 53.14 101.72 111.78 | 1.069 1.89 15.02 2891 31.79 | 1.119 1.87 8.94 17.27 18.98
1.029 1.90 50.51 96.73 106.30 | 1.070 1.89 14.80 28.51,~31.34 | 1.120 1.87 8.86 17.13 18.80
1.0214 1.90 48.12 92.21 101.33 | 1.071 1.89 14.61 28.13 30.92 | 1.121 1.87 8.79 17.00 18.68
1.021 1.90 45.96 88.04 96.75 | 1.072 1.89 14.41 2776 30.51 | 1.122 1.87 8.72 16.47 18.54
1.023 1.90 43.98 84.30 92.64 | 1.073 1.89 14.22 \27.39 30.11 | 1.123 1.87 8.66 16.14 18.40
1.024 1.90 42.17 80.81 88.81 | 1.074 1.88 14.047) 27.04 29.72 | 1.124 1.87 8.59 16.42 18.26
1.024 1.90 40.51 77.61 85.29 | 1.075 1.88 138,85 26.69 2934 | 1.125 1.87 8.53 16.49 18.11
1.024 1.90 38.97 74.70 82.09 | 11.076  1.88+5313.68  126.36  28.98 | 1.126  1.87 8.47 16.37 17.99
1.0271 1.90 37.54 71.97 79.08 | 1.077 1.88~ 13.56 26.03 28.69 | 1.127 1.87 8.40 16.25 17.86
1.024 1.90 36.22 69.43 7630 | 1.078 ~1.88 1335 2572 28.27 | 1.128 1.87 834 16.14 17.73
1.029 1.90 34.99 67.11 73.75 | 1.079'\.71.88  13.18 25.40 27.92 | 1.129 1.87 8.28 16.02 17.60
1.0390 1.90 33.84 64.91 7133 | 1.080~ 1.88 13.02 25.10 27.59 | 1.130 1.87 8.22 1591 17.48
1.0313 1.90 32.76 62.85 69.06(| 1.081 1.88 12.87 24.81 27.27 | 1.131 1.87 8.16 1519 17.35
1.0321 1.90 31.76 60.92 66.94 | 1.082 1.88 12.72 2452 2695 | 1.132 1.87 8.11 15.48 17.24
1.033 1.90 30.81 59.11 6395 | 1.083 1.88 12.57 24.24 26.65 | 1.133 1.86 8.05 15.47 17.11
1.034 1.90 29.92 57.41 63.08 | 1.084 1.88 12.43 24.00 2634 | 1.134 1.86 7.99 15.46 16.99
1.0384 1.90 29.08 55.80 61.32 | 1.085 1.88 12.29 23.69 26.05 | 1.135 1.86 7.94 1536 16.90
1.034 1.90 28.29 54.29 59.66 | 1.086 1.88 12.15 23.44 25.57 | 1.136 1.86 7.88 15.26 16.77
1.0371 1.90 27.54 52.85 58.08 | 1.087 1.88 12.02 23.18 25.48 | 1.137 1.86 7.83 1515 16.66
1.03§ 1.90 26.83 51.50 56.59 | 1.088 1.88 11.89 22.93 25.20 | 1.138 1.86 7.78 15.95 16.54
1.039 1.90 26.15 50.21 55.17 | 1.089 1.88 11.76 22.68 2493 | 1.139 1.86 7.73  14.95 16.43
1.040 1.90 2551 48.97 53.82 | 1.090 1.88 11.63 22.44 24.66 | 1.140 1.86 7.68 14.86 16.35
1.041 1.90 24.90 47.81 53.10 | 1.091 1.88 11.52 22.22 24.41 | 1.141 1.86 7.62 1476 16.22
1.042 1.90 24.32 46.71 51.33 | 1.092 1.88 11.40 21.99 24.16 | 1.142 1.86 7.57 14.46 16.11
1.043 1,90 23.77 45.64 50.15 | 1.093 1.88 11.28 21.76 23.91 | 1.143 1.86 7.53 14.37 16.01
1.044 _ 1790 23.23 44.64 49.05 | 1.094 1.88 11.16 21.54 23.67 | 1.144 1.86 7.48 1448 15091
1.0458 1.90 22.74 43.69 48.02 | 1.095 1.88 11.05 21.32 23.44 | 1.145 1.86 743  14.39 15.83
1.046 1.90 22.05 42.75 46.99 | 1.096 1.88 10.94 21.11 23.20 | 1.146 1.86 7.38 14.29 15.71
1.047 1.90 21.79 41.87 46.03 | 1.097 1.88 10.83 20.91 2297 | 1.147 1.86 734 14.20 15.61
1.048 1.90 21.35 41.02 45.09 | 1.098 1.88 10.73 20.71 22.75 | 1.148 1.86 7.29 1412  15.51
1.049 1.90 20.92 40.21 44.21 | 1.099 1.88 10.62 20.51 2239 | 1.149 1.86 7.25 14.03 15.42
1.050 1.89 20.51 39.43 43.34 | 1.100 1.88 10.52 20.31 22.18 | 1.150 1.86 7.20 13.95 1534
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Table NM2-4 Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T z Y u K T z Y ) K T z Y )
1.151 1.86 7.16 13.86 15.23 1.201 1.84 5.52 10.70 11.76 1.251 1.82 4.54 8.80 9.67
1.152 1.86 7.11 13.77 15.14 1.202 1.84 5.50 10.65 11.71 1.252 1.82 4.52 8.77 9.64
1.153 1.86 7.07 13.69 15.05 1.203 1.84 5.47 10.61 11.66 1.253 1.82 4.51 8.74 9.60
1.154 1.86 7.03 13.61 14.96 1.204 1.84 5.45 10.56 11.61 1.254 1.82 4.49 8.71 9.57
1.155 1.86 6.99 13.54 14.87 1.205 1.84 5.42 10.52 11.56 1.255 1.82 4.48 8.68 9.54
1.156 1.86 6.95 13.45 14.78 1.206 1.84 5.40 10.47 11.51 1.256 1.82 4.46 8.65 9.51
1.157 86 654 +33F Har0 26+ +-84 538 1043 HH46 1257 +82 445 862 9.47
1.158 .86 6.87 13.30 14.61 1.208 1.84 5.35 10.38 11.41 1.258 1.81 4.43 8.59 9.44
1.159 .86 6.83 13.22 14.53 1.209 1.84 5.33 10.34 11.36 1.259 1.81 4.42 8.56 9.41
1.160 .86 6.79 13.15 14.45 1.210 1.84 5.31 10.30 11.32 1.260 1.81 4.40 3:53 9.38
1.161 .85 6.75 13.07 14.36 1.211 1.83 5.29 10.25 11.27 1.261 1.81 4,39 8.51 9.35
1.162 .85 6.71 13.00 14.28 1.212 1.83 5.27 10.21 11.22 1.262 1.81 437 8.49 9.32
1.163 .85 6.67 12.92 14.20 1.213 1.83 5.24 10.16 11.17 1.263 1.81 4.36 8.45 9.28
1.164 .85 6.64 12.85 14.12 1.214 1.83 5.22 10.12 11.12 1.264 1,81 4.35 8.42 9.25
1.165 .85 6.60 12.78 14.04 1.215 1.83 5.20 10.09 11.09 1.265 18 4.33 8.39 9.23
1.166 .85 6.56 12.71 13.97 1.216 1.83 5.18 10.04 11.03 1.266 1.81 4.32 8.37 9.19
1.167 .85 6.53 12.64 13.89 1.217 1.83 5.16 10.00 10.99 1.267 1.81 4.30 8.34 9.16
1.168 .85 6.49 12.58 13.82 1.218 1.83 5.14 9.96 10.94 12268 1.81 4.29 8.31 9.14
1.169 .85 6.46 12.51 13.74 1.219 1.83 5.12 9.92 10.90 1269 1.81 4.28 8.29 9.11
1.170 .85 6.42 12.43 13.66 1.220 1.83 5.10 9.89 10.87 1.270 1.81 4.26 8.26 9.08
1.171 .85 6.39 12.38 13.60 1.221 1.83 5.07 9.84 10.81 1.271 1.81 4.25 8.23 9.05
1.172 .85 6.35 12.31 13.53 1.222 1.83 5.05 9.80 120.77 1.272 1.81 4.24 8.21 9.02
1.173 .85 6.32 12.25 13.46 1.223 1.83 5.03 9.76 10.73 1.273 1.81 4.22 8.18 8.99
1.174 .85 6.29 12.18 13.39 1.224 1.83 5.01 972 10.68 1.274 1.81 4.21 8.15 8.96
1.175 .85 6.25 12.10 13.30 1.225 1.83 5.00 9.69 10.65 1.275 1.81 4.20 8.13 8.93
1.176 .85 6.22 12.06 13.25 1.226 1.83 4.98 9.65 10.60 1.276 1.81 4.18 8.11 8.91
1.177 .85 6.19 12.00 13.18 1.227 1.83 4196 9.61 10.56 1.277 1.81 4.17 8.08 8.88
1.178 .85 6.16 11.93 13.11 1.228 1.83 4.94 9.57 10.52 1.278 1.81 4.16 8.05 8.85
1.179 .85 6.13 11.87 13.05 1.229 1.83 4.92 9.53 10.48 1.279 1.81 4.15 8.03 8.82
1.180 .85 6.10 11.79 12.96 1.230 183 4.90 9.50 10.44 1.280 1.81 4.13 8.01 8.79
1.181 .85 6.07 11.76 12.92 1.231 1.83 4.88 9.46 10.40 1.281 1.81 4.12 7.98 8.77
1.182 .85 6.04 11.70 12.86 1.232 1.83 4.86 9.43 10.36 1.282 1.81 4.11 7.96 8.74
1.183 .85 6.01 11.64 12.79 1.233 1.83 4.84 9.39 10.32 1.283 1.80 4.10 7.93 8.71
1.184 .85 5.98 11.58 12.73 1.234 1.83 4.83 9.36 10.28 1.284 1.80 4.08 7.91 8.69
1.185 .85 5.95 11.50 12.64 1.235 1.83 4.81 9.32 10.24 1.285 1.80 4.07 7.89 8.66
1.186 .85 5.92 11.47 12.61 1.236 1.82 4.79 9.29 10.20 1.286 1.80 4.06 7.86 8.64
1.187 .85 5.89 11.42 12.54 1.237 1.82 4.77 9.25 10.17 1.287 1.80 4.05 7.84 8.61
1.188 .85 5.86 11.36 12.49 1.238 1.82 4.76 9.22 10.13 1.288 1.80 4.04 7.81 8.59
1.189 .85 5.83 11.3% 12.43 1.239 1.82 4.74 9.18 10.09 1.289 1.80 4.02 7.79 8.56
1.190 .84 5.81 11.26 12.37 1.240 1.82 4.72 9.15 10.05 1.290 1.80 4.01 7.77 8.53
1.191 .84 5.78 11.20 12.31 1.241 1.82 4.70 9.12 10.02 1.291 1.80 4.00 7.75 8.51
1.192 .84 5.5 11.15 12.25 1.242 1.82 4.69 9.08 9.98 1.292 1.80 3.99 7.72 8.48
1.193 .84 5.73 11.10 12.20 1.243 1.82 4.67 9.05 9.95 1.293 1.80 3.98 7.70 8.46
1.194 .84 5.70 11.05 12.14 1.244 1.82 4.65 9.02 9.91 1.294 1.80 3.97 7.68 8.43
1.195 .84 5.67 11.00 12.08 1.245 1.82 4.64 8.99 9.87 1.295 1.80 3.95 7.66 8.41
1.196 1.84 5.65 10.95 12.03 1.246 1.82 4.62 8.95 9.84 1.296 1.80 3.94 7.63 8.39
1.197 1.84 5.62 10.90 11.97 1.247 1.82 4.60 8.92 9.81 1.297 1.80 3.93 7.61 8.36
1.198 1.84 5.60 10.85 11.92 1.248 1.82 4.59 8.89 9.77 1.298 1.80 3.92 7.59 8.33
1.199 1.84 5.57 10.80 11.87 1.249 1.82 4.57 8.86 9.74 1.299 1.80 3.91 7.57 8.31
1.200 1.84 5.55 10.75 11.81 1.250 1.82 4.56 8.83 9.70 1.300 1.80 3.90 7.55 8.29
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Table NM2-4 Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T z Y u K T z Y u K T V4 Y u
1.301 1.80 3.89 7.53 8.27 1.351 1.78 3.42 6.61 7.27 1.401 1.75 3.08 5.93 6.50
1.302 1.80 3.88 7.50 8.24 1.352 1.78 3.42 6.60 7.25 1.402 1.75 3.07 5.92 6.49
1.303 1.80 3.87 7.48 8.22 1.353 1.77 3.41 6.58 7.23 1.403 1.75 3.07 5.90 6.47
1.304 1.80 3.86 7.46 8.20 1.354 1.77 3.40 6.57 7.21 1.404 1.75 3.06 5.89 6.46
1.305 1.80 3.84 7.44 8.18 1.355 1.77 3.39 6.55 7.19 1.405 1.75 3.05 5.88 6.45
1.306 1.80 3.83 7.42 8.16 1.356 1.77 3.38 6.53 7.17 1.406 1.75 3.05 5.87 6.44
1.307 +-56 3-82 746 843 +357 7 338 652 716 467 5 304 586 6.43
1.30§ 1.79 3.81 7.38 8.11 1.358 1.77 3.37 6.50 7.14 1.408 1.75 3.04 5.94 6.41
1.309 1.79 3.80 7.36 8.09 1.359 1.77 3.36 6.49 7.12 1.409 1.75 3.03 5.43 6.40
1.310 1.79 3.79 7.34 8.07 1.360 1.77 3.35 6.47 7.11 1.410 1.75 3.02 5.42 6.39
1.317 1.79 3.78 7.32 8.05 1.361 1.77 3.35 6.45 7.09 1.411 1.75 302 5.41 6.38
1.312 1.79 3.77 7.30 8.02 1.362 1.77 3.34 6.44 7.08 1.412 1.75 3.01 5.40 6.37
1.313 1.79 3.76 7.28 8.00 1.363 1.77 3.33 6.42 7.06 1.413 /5 3.01 5.18 6.35
1.314 1.79 3.75 7.26 7.98 1.364 1.77 3.32 6.41 7.04 1.414 K75 3.00 5.7 6.34
1.315 1.79 3.74 7.24 7.96 1.365 1.77 3.32 6.39 7.03 1.415 1.75 3.00 5.16 6.33
1.314 1.79 3.73 7.22 7.94 1.366 1.77 3.31 6.38 7.01 1416 1.75 2.99 5.15 6.32
1.317 1.79 3.72 7.20 7.92 1.367 1.77 3.30 6.37 7.00 Tal7 1.75 2.98 5.44 6.31
1.31§ 1.79 3.71 7.18 7.89 1.368 1.77 3.30 6.35 6.98 1.418 1.75 2.98 5.712 6.29
1.319 1.79 3.70 7.16 7.87 1.369 1.77 3.29 6.34 6,97 1.419 1.75 2.97 511 6.28
1.320 1.79 3.69 7.14 7.85 1.370 1.77 3.28 6.32 6.95 1.420 1.75 2.97 5.710 6.27
1.321 1.79 3.68 7.12 7.83 1.371 1.77 3.27 6.31 6.93 1.421 1.75 2.96 5.49 6.26
1.322 1.79 3.67 7.10 7.81 1.372 1.77 3.27 6.30 6.91 1.422 1.75 2.96 5.48 6.25
1.323 1.79 3.67 7.09 7.79 1.373 1.77 3.26 6.28 6.90 1.423 1.75 2.95 5.47 6.23
1.324 1.79 3.66 7.07 7.77 1.374 1.77 3.25 6.27 6.89 1.424 1.74 2.95 5.46 6.22
1.325 1.79 3.65 7.05 7.75 1.375 1.77 3.25 6.25 6.87 1.425 1.74 2.94 5.45 6.21
1.324 1.79 3.64 7.03 7.73 1.376 1.77 3224 6.24 6.86 1.426 1.74 2.94 5.44 6.20
1.327 1.79 3.63 7.01 7.71 1.377 1.77 3.23 6.22 6.84 1.427 1.74 2.93 5.43 6.19
1.32§ 1.78 3.62 7.00 7.69 1.378 1.76 3.22 6.21 6.82 1.428 1.74 2.92 5.42 6.17
1.329 1.78 3.61 6.98 7.67 1.379 76 3.22 6.19 6.81 1.429 1.74 2.92 5.41 6.16
1.330 1.78 3.60 6.96 7.65 1.380 1.76 3.21 6.18 6.80 1.430 1.74 2.91 5.40 6.15
1.331 1.78 3.59 6.94 7.63 1.881 1.76 3.20 6.17 6.79 1.431 1.74 2.91 5.99 6.14
1.332 1.78 3.58 6.92 7.61 1.382 1.76 3.20 6.16 6.77 1.432 1.74 2.90 5.98 6.13
1.333 1.78 3.57 6.91 7.59 1.383 1.76 3.19 6.14 6.75 1.433 1.74 2.90 5.7 6.11
1.334 1.78 3.57 6.89 7.57 1.384 1.76 3.18 6.13 6.74 1.434 1.74 2.89 5.96 6.10
1.335 1.78 3.56 6.87 7.55 1.385 1.76 3.18 6.12 6.73 1.435 1.74 2.89 5.95 6.09
1.334 1.78 3.55 6.85 7.53 1.386 1.76 3.17 6.11 6.72 1.436 1.74 2.88 5.94 6.08
1.337 1.78 3.54 6.84 7.51 1.387 1.76 3.16 6.10 6.70 1.437 1.74 2.88 5.93 6.07
1.33§ 1.78 3.53 6,82 7.50 1.388 1.76 3.16 6.08 6.68 1.438 1.74 2.87 5.52 6.05
1.339 1.78 3.52 6.81 7.48 1.389 1.76 3.15 6.07 6.67 1.439 1.74 2.87 5.91 6.04
1.340 1.78 351 6.79 7.46 1.390 1.76 3.15 6.06 6.66 1.440 1.74 2.86 5.50 6.03
1.341 1.78 351 6.77 7.44 1.391 1.76 3.14 6.05 6.64 1.441 1.74 2.86 5.49 6.02
1.342 1.78 3.50 6.76 7.42 1.392 1.76 3.13 6.04 6.63 1.442 1.74 2.85 5.48 6.01
1.343 1578 3.49 6.74 7.41 1.393 1.76 3.13 6.02 6.61 1.443 1.74 2.85 5.47 6.00
1.344 1.78 3.48 6.72 7.39 1.394 1.76 3.12 6.01 6.60 1.444 1.74 2.84 5.46 5.99
1.345 1.78 3.47 6.71 7.37 1.395 1.76 3.11 6.00 6.59 1.445 1.74 2.84 5.45 5.98
1.346 1.78 3.46 6.69 7.35 1.396 1.76 3.11 5.99 6.58 1.446 1.74 2.83 5.44 5.97
1.347 1.78 3.46 6.68 7.33 1.397 1.76 3.10 5.98 6.56 1.447 1.73 2.83 5.43 5.96
1.348 1.78 3.45 6.66 7.32 1.398 1.75 3.10 5.96 6.55 1.448 1.73 2.82 5.42 5.95
1.349 1.78 3.44 6.65 7.30 1.399 1.75 3.09 5.95 6.53 1.449 1.73 2.82 5.41 5.94
1.350 1.78 3.43 6.63 7.28 1.400 1.75 3.08 5.94 6.52 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 K T z Y U K T z Y U

1.451 1.73 2.81 5.39 5.92 1.496 1.71 2.62 4.99 5.48 1.541 1.69 2.45 4.66 5.12
1.452 1.73 2.80 5.38 5.91 1.497 1.71 2.61 4.98 5.47 1.542 1.69 2.45 4.65 5.11
1.453 1.73 2.80 5.37 5.90 1.498 1.71 2.61 4.98 5.47 1.543 1.69 2.45 4.64 5.11
1.454 1.73 2.80 5.36 5.89 1.499 1.71 2.60 4.97 5.46 1.544 1.69 2.45 4.64 5.10
1.455 1.73 2.79 5.35 5.88 1.500 1.71 2.60 4.96 5.45 1.545 1.69 2.44 4.63 5.09

1.456 1.73 2.79 5.34 5.87 1.501 1.71 2.60 4.95 5.44 1.546 1.69 2.44 4.63 5.08
1.457 =73 275 533 586 +562 4 255 4O 543 F5hF 165 Pl 462 5.07
1.458 1.73 2.78 5.32 5.85 1.503 1.71 2.59 4.94 5.43 1.548 1.69 2.43 4.62 5.07
1.459 1.73 2.77 5.31 5.84 1.504 1.71 2.58 4.93 5.42 1.549 1.69 2.43 461 5.06
1.460 1.73 2.77 5.30 5.83 1.505 1.71 2.58 4.92 5.41 1.550 1.69 2.43 4:60 5.05

1.461 1.73 2.76 5.29 5.82 1.506 1.71 2.58 4.91 5.40 1.551 1.69 2.42 4.60 5.05
1.462 1.73 2.76 5.28 5.80 1.507 1.71 2.57 4.90 5.39 1.552 1.69 242 4.59 5.04
1.463 1.73 2.75 5.27 5.79 1.508 1.71 2.57 4.90 5.39 1.553 1.69 2.42 4.58 5.03
1.464 1.73 2.75 5.26 5.78 1.509 1.71 2.57 4.89 5.38 1.554 1.69 2.41 4.58 5.03
1.465 1.73 2.74 5.25 5.77 1.510 1.71 2.56 4.88 5.37 1.555 1.69 2.41 4.57 5.02

1.466 1.73 2.74 5.24 5.76 1.511 1.71 2.56 4.87 5.36 1.556 1.69 2.41 4.57 5.02
1.467 1.73 2.74 5.23 5.74 1.512 1.71 2.56 4.86 5.35 1.557 1.69 2.40 4.56 5.01
1.468 1.72 2.73 5.22 5.73 1.513 1.71 2.55 4.86 5.35 1,558 1.69 2.40 4.56 5.00
1.469 1.72 2.73 5.21 5.72 1.514 1.71 2.55 4.85 5.34 1559 1.69 2.40 4.55 4.99
1.470 1.72 2.72 5.20 5.71 1.515 1.71 2.54 4.84 5.33 1.560 1.69 2.40 4.54 4.99

1.471 1.72 2.72 5.19 5.70 1.516 1.71 2.54 4.83 5.32 1.561 1.69 2.39 4.54 4.98
1.472 [1.72 2.71 5.18 5.69 1.517 1.71 2.54 4.82 531 1.562 1.69 2.39 4.53 4.97
1.473 1.72 2.71 5.18 5.68 1.518 1.71 2.53 4.82 5.31 1.563 1.68 2.39 4.52 4.97
1.474 1.72 2.71 5.17 5.67 1.519 1.70 2.53 4,87 5.30 1.564 1.68 2.38 4.51 4.96
1.475 1.72 2.70 5.16 5.66 1.520 1.70 2.53 4,80 5.29 1.565 1.68 2.38 4.51 4.95

1.476 1.72 2.70 5.15 5.65 1.521 1.70 2.52 4.79 5.28 1.566 1.68 2.38 4.50 4.95
1.477 1.72 2.69 5.14 5.64 1.522 1.70 2152 4.79 5.27 1.567 1.68 2.37 4.50 4.94
1.478 1.72 2.69 5.14 5.63 1.523 1.70 2.52 4.78 5.27 1.568 1.68 2.37 4.49 4.93
1.479 1.72 2.68 5.13 5.62 1.524 1.70 2.51 4.78 5.26 1.569 1.68 2.37 4.48 4.92
1.480 1.72 2.68 5.12 5.61 1.525 170 2.51 4.77 5.25 1.570 1.68 2.37 4.48 4.92

1.481 1.72 2.68 5.11 5.60 1.526 1.70 2.51 4.77 5.24 1.571 1.68 2.36 4.47 4.91
1.482 1.72 2.67 5.10 5.59 1.527 1.70 2.50 4.76 5.23 1.572 1.68 2.36 4.47 4.91
1.483 1.72 2.67 5.10 5.59 1.528 1.70 2.50 4.76 5.23 1.573 1.68 2.36 4.46 4.90
1.484 1.72 2.66 5.09 5.58 1,529 1.70 2.49 4.75 5.22 1.574 1.68 2.35 4.46 4.89
1.485 1.72 2.66 5.08 5.57 1.530 1.70 2.49 4.74 5.21 1.575 1.68 2.35 4.45 4.89

1.486 1.72 2.66 5.07 556 1.531 1.70 2.49 4.73 5.20 1.576 1.68 2.35 4.44 4.88
1.487 1.72 2.65 5.06 5/55 1.532 1.70 2.48 4.72 5.19 1.577 1.68 2.35 4.44 4.88
1.488 1.72 2.65 5.06 5.55 1.533 1.70 2.48 4.72 5.19 1.578 1.68 2.34 4.43 4.87
1.489 1.72 2.64 5.05 5.54 1.534 1.70 2.48 4.71 5.18 1.579 1.68 2.34 4.42 4.86
1.490 1.72 2.64 5.04 5.53 1.535 1.70 2.47 4.70 5.17 1.580 1.68 2.34 4.42 4.86

1.491 1.72 2,64 5.03 5.52 1.536 1.70 2.47 4.69 5.16
1.492 1.72 263 5.02 5.51 1.537 1.70 2.47 4.68 5.15
1.493 1.71 2:63 5.02 5.51 1.538 1.69 2.46 4.68 5.15
1.494 1.71 2.62 5.01 5.50 1.539 1.69 2.46 4.67 5.14
1.495 1.7 2.62 5.00 5.49 1.540 1.69 2.46 4.66 5.13
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NONMANDATORY APPENDIX NM-3
SEISMIC, WIND, AND SNOW LOADINGS

NM3-100 TYPICAL CODES

F.. = allowable flexural stress (buckling)

THe User/Purchaser shall be responsible for the speci-
ficatjon of the appropriate code to be used. The code
specfies to the designer the magnitude and direction
of the seismic, wind, and snow loads acting on the vessel.
The Hesigner shall use recognized stress analysis meth-
ods fo compute the stresses resulting from these loads.

THe following is a list of examples of international
codes, standards, and manuals that may serve to deter-
ming 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
Insutance Association

(c) Minimum Design Loads for Buildings and Other
Strugtures, ASCE 7, published by American Society of
Civil Engineers

(d) International Building Code, published by
Intennational Code Council

(e] Standard Building Code,
Intennational Code Council

(f] British Standard BS 6399 Part 2, Loading for
Buildlings, Code of Practice for Wind Loads

(¢] Dutch Standard NEN 6702 — TGB 1990, Loadings
and PDeformations

(h} Eurocode 1, Part 2-4, Basis of Besign and Actions
on Sfructures

(i) Eurocode 8, Part 1-5,- Design Provisions for
Earthquake Resistance of Structures

()| Mexican Code, Martuial de Disefio de Obras Civiles
de 13 Comision Federal'de Electricidad

(k) National Building Code of Canada

NOTE: The Professiohal Engineer who certifies the Fabricator’s
Design Report per requirements of Part 1, para. 1-300 of this
Standard should”verify that the Code given in UBRS is used. If
Code|(e.g(,ABC) is not specified in UBRS, Professional Engineer,
or Fapricator, should make a request that User /Purchaser specifies

published by

F.,, = allowable shear stress (buckling)
F, = allowable hoop tensile stress (ultimate)
f. = axial stress
fo = flexural stress

fera = critical axial buckling Stress

fery = critical flexural buekling stress

fero = critical shear buckling stress
fn = hoop tensile stress
fo = shear stress
H = vessel height, ft
I = moment of inertia of vessel shell cross
section, in.*

M, = bending moment due to wind load) ft-lb
N, .= ‘axial stress resultant, Ib/in.

P. = hydrostatic pressure (total), psig

g = wind pressure, psf

R. = head crown radius, in.
ultimate tensile strength, psi
SF = shape factor
U = uniform wind pressure load, Ib/ft
Ur = wind load on top flange, 1b/ft
W = total wind load, 1b

wn
=
Il

NM3-300 EXAMPLES

(a) Wind Loads
(1) cantilevered vessel empty (flat bottbmed on
slab)
(2) suspended vessel empty (ring [or skirt
supported)
(3) cantilevered vessel at design conditiops

(4) suspended vessel at design conditiong

(b) Snow Load on Empty Vessel. The snow lopd exam-
ple below assumes that the detailed design df the top
head has been done such that the snow load| is trans-
ferred uniformly to the shell. The snow load gn the top

Code i WTiTiTTg.

NM3-200 NOMENCLATURE

C = distance of neutral axis, in.
D = nominal vessel diameter, ft

D; = inside diameter, in.

D, = outside diameter, in.

E = tensile modulus of elasticity, psi
F = design factor

F., = allowable axial stress (buckling)

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

NM3-310 Loading Criteria

In the examples below, the load causes shear stress
and normal stress in both axial and hoop directions,
all simultaneously. In some cases, the normal stress is
compressive, which, if excessive, could cause buckling.
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Therefore, biaxial strength and buckling criteria are
needed to complete the examples.

(a) Paragraphs 3B-500 and M3-530 contain provisions,
based on lamination analysis, for calculating the resist-
ance of any type of laminate to biaxial stress; however,
the calculations are complicated. For Type I laminates,
a conservative approximation to these provisions is

outdoors in St. Louis, Missouri and contains a liquid
with specific gravity = 1.2. The vessel is constructed of
Type I laminate, which has S, = 9,000 psi according to
Table 2A-3. Paragraph 3A-230 requires that the bottom
head have the following thickness:

t

0.885 FPR. /S,
(10)(0.885)(18)(12)(0.03613)(1.2)(108) /9,000

f2— fufu + f + 2.25f2 < (S,/F)* = 0.995 in.
For Type II laminates, a conservative approximation to ~ (Use 1.00 in. nominal thickness, per Table 2A-2.) The
paras. 38-300 and M3-530 is top head thickness would be governed by the(“footgrint”
load specified by para. 3A-340. Nonmanddtory
fo = |Su/F| and fi = [S./F]| Appendix NM-11 gives a method for designing fof this
. . ) . load, which in this case gives a thicknéss of 0.35 in} The
1f the shear stress is less than'ZO'O psi. These approxima- (1411 thickness just above tif@_ring is givep by
tions are usgd in this Appendix instead of the more exact para. 3A-210 as follows:
proceduge in paras. 3B-300 and M3-530. According to
para. 3Bt500, the design factor F = 10 for sustained t = FPD,/28,
loads, and F = 10/12 = 8.33 for wind, seismic, Oor snow — (10)(6)(12)(0.03613)(1.2)(108)/(2)(9,000)
loads, orffor a combination of sustained loads and wind, — 0187 in.
seismic, pr snow loads.
(b) The interaction criterion for buckling is However, para’3-200(f) and Table 2A-1, taken togg¢ther,
require that the thickness of the shell be at least 0.23 in.
\foF /foral + [RF/fon| + (FF/foro) < 1 Similarly,xthe shell thickness 12 ft from the tpp is
found from
This equgtion applies only to compressive normal stress.
In all cages, the design factor F = 5 for buckling. The t = FPD,/2S,
buckling|criterion is the same as in Equation 9.93, page = (10)(12)(12)(0.03613)(1.2)(108)/(2)(9,000)
1006, offthe American Society of Civil Engineers’ — 0.375 in.
Structurdl Plastics Design Manual, ASCE Manuals and
Reports pn Engineering Practice No. 63, 1984. or, rounding up to a standard laminate, f = 0.40 in| The
. . shell thickness 18 ft from the top is found the samd way
NM3-32Q Design for Sustained Loads
Case (p) is a vented tank with a flat:bottom head t = FPD;/2S,
and a totfispherical top head. The tank i§iconstructed of = (10)(18)(12)(0.03613)(1.2)(108) /(2)(9,000)
Typell ljminate, bolted to a concretepad, 12 ft in diame- = 0.562 in.
ter and 24 ft high, and contains a-liquid with a specific ) ) ] )
gravity of 1.2. The tank is located eutdoors in St. Louis, which rounds up to 0.57 in. The total weight of the ljquid
Missouril is found from
Paragrpaph 3A-210 requires.a shell thickness given by:
weight = (3.1416)(4.5)%(18)(62.4)(1.2) = 85,746 Ib
t | FPD,/28, ' ‘
L (10)(24)(F2)(0.03613)(1.2)(144) /(2)(15,000) The vessel weighs approximately 2,000 Ib; thereforg, the
L ).599%% axial stress resultant just below the ring is
The lamjnate-strength is from Table 2A-3, for Type II N, = (85,746 +2,000)/(3.1416)(108) = 259 lb/in.
laminateThe-rext-thickeststandard Ty Pe Haminateis

0.64 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 Ib, the top
head weighs 319 Ib, and the bottom weighs 340 Ib, for
a total vessel weight of 4,159 Ib.

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 located

220

The thickness required to resist the axial load is given
by para. 3A-210

t = FN,/S,
= (10)(259)/(9,000) = 0.287 in.

which is less than the thickness required to resist the

hoop stress. Thus, hoop stress governs and + = 0.57 in.

NM3-321 Example (a2): Empty Cantilevered Vessel
Under Wind Load. This is a continuation of case (a) in
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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 Table 23-G is SF = 0.8.
Then the wind load is

U = (SF)gD = (0.8)(25)(12) = 240 Ib/ft of height

The tank must also be checked for elastic stability.
The critical buckling stress for uniformly distributed
axial compression is

foa = 0.3Et/R

(0.3)(1.5 x 10°)(0.64)/72
4,000 psi

The critical stress for buckling from bending under the

The Clldills lllulllclli. Clll, LllC ‘LJCIDC Ulr LI[C VCDDCI ib vV ;1 ld 1“‘-’11“—11{: ;0
M, = YU fop = 1.3f, = 5,200 psi
= (0.5)(240)(24)* For shear, the critical buckling stress for thin-walled tube
= 69,120 ft-lb = 829,440 in-Ib of circular cross section is givendy
and fhe total lateral force is fro = 0.695E(t/R)S(R A"
W = UH = (240)(24) = 5760 Ib = 0.695(1.5 x \10%(0.64/72)"(72/288)
= 1,423 psi
THe total vessel weight is 4,159 lIb and the weight of o . . .
the bottom is 340 1b; thus, the weight transmitted The buckling interaction equation from para. NM3-3101s
throgigh the shell at the base is 4,159 — 340 = 3,819 Ib. £/ + |fE/ +(RE/f P <1
The pxial stress at the base is then U/ fonl + E ol + (F /o)
Inserting values for this example gives
f, = —3,819/(3.1416)(144)(0.64) = —13.2 psi
[(13.2)(5)/4,000| + |(79.2)(5)/5,200|
whete the negative sign denotes compression. The axial +[(19.9)(5)/1,423% = 0.098 k 1
stresp on the downwind side of the base resulting from
the wind moment is given by which shows that the empty tank will not failfby buck-
ling under the design wind load. If the strepgth and
fo = -M,C/I buckling conditions had not been satisfied, ther the shell
thickness would have to have been increased
The moment of inertia is calculated from NM3-322 Empty Ring Supported Vessel Urider Wind
I = (3.1416)(D" — DY) /64 Load. This is a continuation of cas¢ (b) in
= (3.1416)(D, - Di) para. NM3-320. As before, the wind pressure|is 25 psf
= (3.1416/64)(145.28" 5 144%) and the shape factor is 0.8. The wind load U s
= 760,525 in.*
U = (SF)gD
and [C = 72.64 in. Thus = (08)(25)(9) = 180 Ib/ft
. The total force above the ring is (180)(6) = 1,080 Ib, and
= —(829,440)(72.64)/(760,525) = -79.2
f (829,44Q)7.64)/(760,525) 92 psi the corresponding bending moment is % (1,480)(6) =
The fotal axial stress is then f, + f, = —92.4 psi. The tank 3,240 ft-Ib. The total force below the rng 1s (180)(12) -
. . . . - . 2,160 1b, and the corresponding mojment is
is byilt of Type’Il laminate, for which S, = 15,000 psi. ] L .
N . %(2,160)(12) = 12,960 ft-1b. This is the larges{ bending
However; E°= 8.33 and the allowable stress is 15,000/ ;
8.33 | =800 psi. The shear stress is moment in the vessel. Thus, M, = 12,960 ft-1b =
’ O Pt 155,520 in.-Ib. Check the stress in the vessel jiist below

f, = 5,760/(3.1416)(144)(0.64) = 19.9 psi

Since f, < 200 psi, the criterion for Type II laminates
stated in para. NM3-310 applies. It is

f + fol = 92.4 < 1,800 psi
which satisfies para. NM3-310. Thus, the design is

acceptable for wind load on the empty tank, as far as
strength is concerned.

221

the support ring.

(a) Axial. The weight 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

fa

(1,300)/(3.1416)(108)(0.40)
9.58 psi

(b) Bending Below the Support

fy = M,C/I
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I = (3.1416/64)(D% - D}
(3.1416/64)(108.8* — 108%)
200,084 in.*

stress caused by wind and weight, using a design factor
of F = 10/1.2 = 8.33.

fi = PR/t

axial

D psi,

C = 544 in. where P is the sum of hydrostatic and design pressures.
fp = (155,520)(54.4) /200,084 fr = (24)(12)(0.03613)(1.2)(72)/0.64 = 1,405 psi
= 423 psi
pst From para. NM3-321, the bending stress is 79.2 psi, the
(c) Shdar axial weight stress 1s 15.2 psi, and thus the overall
stressis 79.2 + 13.2 = 92.4 psi. The shear stress i5.19.
£, = 2,160/(3.1416)(108)(0.40) which is less than 200 psi, so the simplified-criterign for
= 159 psi Type II laminates applies
The strength criterion for Type I laminates is [l = 924 <15,000/8.33 =600 psi

f2 — fifu + f7 + 2.25f2 < (S, /F)?

The axia
and ben
stress, fy
values in

stress is the sum of the stresses from weight
ling: f, = 9.58 + 42.3 = 51.9 psi. The hoop
vanishes and f, = 15.9 psi. We insert these
the criterion

51.9)? + 2.25(15.9)% = 3,262 < (9,000/8.33)?

1.17 x 10°

which is|satisfied. The axial stress from the weight is
tensile afd, therefore, does not enter into the check for
buckling| The critical bending stress for buckling is

fr = (1.3)(0.3)Et/R
= (1.3)(0.3)(1.0 x 10%)(0.4)/54
= 2,889 psi

The critigal shear buckling stress is

o = 0.695E(t/R)S(R/H)"

(0.695)(1.0 x 106)(0)40/54)%(54/144)"
925 psi

f

The buckling interaction formula is

|faF/fcm| + |be/fcrb| + (va/fcrv)z <1

With the|current values in place

Il = 1,405 < 15,000/8833 = 1,800 psi

which are both acceptable:

NM3-324 Ring Supported Vessel Under Operpting
Conditions and Wind'Load. In this case, the hoop gtress
and axial stresses caused by the hydrostatic load must
be superposed’ on the weight and wind stresses fom-
puted in pata. NM3-322. The governing location i$ just
under the'ring, and the hoop stress there is given|by

fu = (6)(12)(0.03613)(1.2)(54)/0.40
= 421 psi

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)%(18)(62.4)(1.2) = 85,746 1b] The
weight of the vessel below the support is 1,300 Ib. [Then
the axial stress from weight is

f, = (85,746 + 1,300)/(3.1416)(108)(0.40)

641 psi

1l the
From
onis

The stress from the wind moment is 42.3 psi, an
total axial stress becomes 641 + 42.3 = 683.3 psi.
above, the shear stress is 15.9 psi. The strength criter

2~ fufy + f7 + 2.25f% < (S, /F)?

With the values from the example, this becomes

(683.3)% — (683.3)(421) + (421)% + 2.25(15.9)> = 357,4(ro

|(5)(42.3)/2,889| + [(5)(15.9)/925]> = 0.081 < 1

which is satisfied.

Both strength and buckling criteria are fulfilled, and
the design is acceptable for withstanding wind loads
while the vessel is empty.

NM3-323 Flat-Bottomed Vessel Under Design
Conditions With Wind Load. The hoop stress due to
hydrostatic pressure must be combined with the axial

222

but 357,400 < (9,000/8.33)* = 1.17 x 10°, and the strength
is adequate.

NM3-325 Snow Load on Top Head of Flat-Bottomed
Example Vessel. The vessel top head must 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 25 psf. Thus, the weight of the
snow on the 12-ft diameter head = (3.1416)(6)*(25)
= 2,827 1b. Taking the head weight as 275 1b, the
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combined weight equals 3,102 lb. The weight causes an
axial stress in the shell

f, = 3,102/(3.1416)(144)(0.64) = 11 psi

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 ensure elastic stability is 4,000/5 = 800 psi. Both

allo ~
appljed stress.
NOTE: If the vessel must withstand external pressure, the exter-

nal p|
exter:
vesse|
the e
desig]
of lo
para.

N
expe
both
The
dyn
thein
tents
an e(
seisr]
a mg
spec

essure exerted by the snow must be added to the design
al pressure for calculating the head thickness. Thus, if the
has a torispherical head, the head thickness is calculated by
juation in para. 3A-320, and the term P, is the sum of the
h external pressure and the snow pressure. This combination
hds may govern, the “footprint” load requirements in
3A-340 may govern, or internal pressure may govern.

M3-326 Seismic Loading on Vessels. A vessel
riencing a seismic event has its base accelerated
laterally and vertically by strong ground motion.
vessel shell, internals, and any contents respond
imically to this base excitation depending upon
mass and natural frequency. The vessel and con-
may be analyzed dynamically or statically using
juivalent loading magnitude that depends upon the
hic area and importance factor. This section presents
thod for the calculation of seismic loads based oxf
ral acceleration and probabilistic ground metion.
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
Earthquake Hazards Program.

In[large fluid-filled tanks, the total mass is considered
eithgr “fixed” or “sloshing.” Fixedsmass includes the
masg of the tank structure and that part of the contents
whidh moves in phase with the‘tank shell at its natural
frequiency. Sloshing mass is-thaf part of the contents that
resppnds in a “sloshing-mede,” whose frequency is a
funcfion of the tank diamneter and height. Tall, slender
tankp have more fixéd-contents than those that are lower
and ider. Variations in process design, available space,
and fcustom jintérnals lead to wide variations in aspect
ratioas wellas’the amount of fixed mass other than that
of the fldid contents. It will be seen that the base shear
and [moment contribution for sloshing mass depend

is completely defined by T and the mapped spectral
accelerations (SA) at periods of 0.2 sec, S, and 1.0 sec,
S1. The values of S; and Sq, obtained from the USGS
website, are based upon 5% of critical damping and a
given probability of exceedance (PE) in 50 yr. Unless
otherwise given in the UBRS, the S; and S; values for
5% PE should be used.

In order to obtain a Response Spectrum for a given
location and soil type, S; and S are first converted to

€Ir maximum considered mapped values, 5,4 and Sy,
by multiplying them by Site Factors F, and\H,. F, and
F, depend upon the type of soil (Site'Class)] and the
values of S; and S;. If detailed information oh the site
is not available, Site Class D should be assumed. The
spectral design parameters, S, Sm1, Sas, Sa1, gnd T; for
vessel loading, and Site D values for F, and F, pre given
below.
5 £ 5 i}
<0.25 1.6 <0.10 21
0.6 14 0.20 2P
0.75 1.2 0.30 18
1.0 1.1 0.40 1p
X125 1.0 >0.50 1b
Ss
Spms = F, X 100
S
Sm = Fy X ﬁ
2
Sds = g X Sms
2
Sm = § X S
_ Sa
T,, sec = 5.
NM3-328 Fixed and Sloshing Mass for the C¢ntents.
In order to calculate shear and moment at the base, it
is necessary to determine the amount of fixed mass,

sloshing mass, and their centroids, plus the| sloshing
period. All are functions of the aspect ratio, o = D/H,,
where D and H, are the vessel diameter and| contents
height in feet, respectively. In the following, [W, is the
total mass of contents in pounds, Wr/W. is fthe fixed

upon the sloshing period, but the fixed mass contribu-
tions 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

223

mass ﬁa\.tiuu, arrct Vv’sdnvAvTC tsthe-stost lius mmass fraction.
The centroidal positions of each type of mass are refer-
enced to H,.

(a) Sloshing Period

0.578
tan h (3.67/ )

(b) Fixed Mass Fraction

T, sec =

We — 1- 02184 for a <1333
We
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Wi _ tan h (0.866c)

W, = 0866 for a>1.333
(c) Sloshing Mass Fraction
Wee _ 1 _ We
W, W,

(d) Fixed Mass Centroid

Vy = (0.7)(Vir + Vi)

H
115 + W,H + chHfC

M, = (0.7)(12)[(0.24sd51)<ws
+ VisHse :|
If the vessel has N hold-down lugs, the maximum

hold-down force, Fj, is given below, where R is the vessel
radius in inches, and F, is any uplift. Note that if F, <0,

%I@ = 0.5 - 0.094« for @ < 1.333
C

=£ = 0.375 for @ > 1.333

(o

T|=

(e) Slophing Mass Centroid

-1
H =1- [cos h (ﬁ) - 1][3—67 sin h (3—67>]
H a o o

)

NM3-B29 Base Shear and Moment. For an atmo-
spheric sforage vessel with full contents, the fixed mass
consists pf the shell, Wy, and head, W), plus the fixed
portion ¢f the contents, Wr. For T, < T;, Wy is taken
equal to [the total contents weight, W..

The b3se shear, V;, and base moment, M,;, depend
upon an| importance factor, I; the ratio, T;; the short
period dgesign value, S;; and the sloshing period, T,. In
this case) the vessel height, H, and contents height, H,,
are equa). Following ASCE 7-02, in an allowable stress
design, hoth V;, and M, are multiplied by the factor 0.7
M, is theh multiplied by 12 to convert the base moment
to in.-Ib.

For T.K T,

V= (0.7)(0.24S ;1) (Wg, + Wi, +JA%)

M, = (0.7)(12)(0.245d51)(w5h%{ +WH + W%)
For T,k T, < 4.0,

be = (0-24Sdsl)(wsh + Wy + ch)

Vg = 0.8Sd51(%>TSWSC
T.

Vy = (0.7)(Vig + Vis)

the lugs are unloaded and also that the contents,cgnnot
be used to reduce F;, since they are supported by the
base pad.

1.695M, — 1.46(Wy, + W,)R, NF,,

Fy NR

The above shear and momentiexpressions mdy be
extended to include the effect\0fAnternals or other fixed
masses supported above the Vessel base. It is also fossi-
ble to include a base skirt,"in which case the confents’
weight, fully supported above the base, will act to
unload the lugs.

NM3-330 Held-Downs for Seismic Loading

It is necessary to evaluate the capacity of the hold-
downs_tovhandle both pullout and lateral shear] The
design®of various types of hold-downs for pullqut is
addressed in Nonmandatory Appendix NM-4.
Although the vessel designer does calculate the fprces
and stresses in the hold-downs, it is typically the regpon-
sibility of a licensed civil or structural engineer to dalcu-
late the capacity of the hold-down embedments ip the
support slab.

Most civil/structural specifications will not alloy 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 designpd to
resist lateral shear or that some other means mupt be
provided. Where high lateral shear exists, considerption
may be given to grouting against a shear lip that ig cast
into the pad. Another method is to grout betweef 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 § ft X
12 Lo o 1 il ot lold

M, = (o.7)(12)[(0.245d51)(w5 H W+ wchfc>

)
+ VisHse ]
For T, > 4.0,
Vi = (02455 )(Wg, + Wy, + W)

Vs = 0.715d51(@)nwﬂ
Tc

IO 1IU LAt VViItLD CiBllL TTUIUC dUVVll 1\.460 Cllld fu}.l UL lents
whose specific gravity is 1.2. The weight of the shell is
750 Ib and that of the head is 175 Ib. The tank is at a
location whose zip code is 98226. No detailed geotechnic
information on the site is available. The owner’s insur-
ance 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 S; = 64.59% and S; = 21.46%. Since no geotechnic
information is available, Site Class D is assumed.
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(a) Spectral Parameters W, Ib = (0.134)(48,906) = 6,553
F, =134 (d) Centroidal Locations for Fixed and Sloshing Mass
F, = 197 H
—£ = 0.5 - 0.094(0.615) = 0.442
64.59 He
S = 1.34(W) = 0.866
Hy, ft = (0.442)(13.0) = 5.75
Sy = 1.97(211:%\6\ = 0.423 _ o
Vo B 1 Teos i IR0 1122 ain 1 [ 22 -1
H, ~— 0.615 0.615 0.61%

Sis = %(0.866) = 0577 0.833

H,, ft = (0.833)(13.0)~= 10.83
S = %(0.423) = 0.282 % (0.833)(13.0p

(e) Base Shear and Moment
0282

T, = ~== = 0.489
0.577 T, = 0.489.5T. = 1.635 < 4.0
(b) Sloshing Period Vi = (024)(0.577)(T.25)(750 + 175 + 42,353) =|7,491
8
== =0615
‘71 Vi Ib = (0.8)(0.577))(1.25)(%)(0.489)(6,553) = 848
0.578
T, sec = 8 = 1.635
° ‘tan 1 (3.67/0.615) /8 Vi, Ib = (0.7)(7,491 + 848) = 5,837
(c) Weight and Mass Fractions

M,, in-lb = (0.7)(12){(0.24)(0.577)(1.25)[750<1§-

—

W,, Ib = 0.785(8)X(13)(62.4)(1.2) = 48,906 X
+175(13) + 42,353(5.75)] + 848(1 .83)}

VVVVE = 1-0.218(0.615) = 0.866 = 441,643
Wy, Ib = (0.866)(48,906) = 42,353 (f) Hold-Down Force
We _ . B _ (1.695)(441,643) — (1.46)(750 + 175)(48) |
e = 1- 0866 = 0134 F,1b = S L 1,781
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NONMANDATORY APPENDIX NM-4
HOLD-DOWN LUG DESIGN

NM4-100__SCOPE

This Appendix provides methods for the design of
lugs attaphed by hoop winding or secondary bonding.
It is recgmmended that continuous loads be handled
by lugs $upported by metal bands or double rings as
describedl in Nonmandatory Appendix NM-5.

When [wound-on lugs are used for intermittent or
occasiongl loads, such as lift due to wind or minor flood-
ing, a design factor of 5 on the combined stress in the
laminate|is recommended. If wound-on lugs are used
in continpious loading, such as for the support of vessels
not excedding 4-ft diameter or flat bottom vessels subject
to uplift Joads due to internal pressure, the usual design
factor of [10 should be applied to the combined stress in
the lamipate. Hold-down lugs used for anchoring ves-
sels are qubject to uplift loads due to internal pressure.
Designetf are cautioned that flat tank bottoms as speci-
fied per para. 3A-260 are not sufficiently stiff to permit
the use df 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,

NM4-20p NOMENCLATURE

B.C.D.| = bolt circle diameter, in.
D| = nominal vessel diameter/ft
D,| = vessel inside diameter,\in.

D,| = vessel outside diaméeter, in.

d| = bar diameter, in.

E.«| = axial tensile modulus of elasticity, psi

Ejp| = hoop tensile modulus of elasticity, psi

e| = load ec¢entricity, in. (see Figs. NM4-1,
NM4-2A, and NM4-2B)

F| = totaldead or reaction at lug, Ib

Fy| = Afotce in horizontal direction (radial), 1b

G| =,wind pressure, psf

N = number of lugs
P = total radial load due to moment, 15
P* = unit load, 1b/in.
Pc = wind uplift coefficient, dimensionlesg (see
Fig. NM4-4)
p = pressure, psi
R,, = mean radius of overwind, in.

S, = allowable tensile stréss, divided by d¢sign
factor 10, psi

S; = wind shape factor, dimensionless
= 0.7 for cylindfical vessels

T = total overwind tension, 1b

t, = thickness of vessel bottom, in.

ty = thickness of knuckle region, in.
= tg + t, (Type A only)

tug = lug thickness, in.
t, "= thickness of vessel wall, in.

t{ = thickness of wound overwrap or overlay,
in.
Unet = net uplift, Ib

W = total load, 1b
Whax = unit radial load on overwrap, Ib/in.

W, = vessel weight, Ib

w = lug width, in.

B = coefficient of bending, in.!

v = Poisson’s ratio, dimensionless

o = tensile stress, psi

T, = shear stress across vessel wall, psi

NM4-300 WOUND LUG DESIGN

This design analysis is based on the assumptior] that
the lug is remote from either the top or bottom hepd of
the vessel or any stiff support ring. This assumption
results in a conservative analysis, since the full anmount
of local bending is presumed to occur. Typically, a thajor
portion of the total stress in both the longitudinal and

H - hciéht Uf VCDDC} Dth;éht Didc, ft

Hp = depth of top head, ft
h = height of lug, in.

hmin = minimum height of lug, in.
h; = height of wound overwrap or overlay, in.
L = bar length, in.

M,, = moment in axial direction, in.-Ib

My, = moment in hoop direction, in.-Ib

M; = moment coefficient, dimensionless (see

Fig. NM4-3)
Mg = bending moment due to wind load, ft-Ib

eirenmferential-directionsis-dueto-thisbending—tnactu-
ality, hold-down lugs are normally located in the rein-
forced regions adjacent to the shell-to-bottom-head
junction.

A typical wound lug geometry is shown in
Fig. NM4-1. The vertical reaction, F, is taken into a
wound-in shear ledge or transferred into the vessel as
shear in the overwind as shown. The lug itself must be
checked for bending stress.

It is necessary to determine the lug force, F, from
known loading conditions and statics. Based upon an
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Fig. NM4-1 Wound-On Hold-Down Lug
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Fig. NM4-2A Secondary Bonded Hold-Down Lug, Type A
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Fig. NM4-2B  Secondary Bonded Hold-Down Lug, Type B

/ Overlay

of tank

Bent to radius

ty — Tensile perimeter
y =2h;+w+4L

Resin putty
filler

S— Weld (typical)

h=
h| w+2L

Veld
(typical)

B.C.D.

Overlay

V '] Secondary bond, tank wall

Resin putty filler

m Overlay on vertical leg

229



https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

Fig. NM4-3 Moment Coefficient, M,
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assumed overwind force distribution, the overwind ten-
sion, T, and compressive heel reaction, P, may be deter-
mined. The average tensile stress in the overwind and
shear in the vessel wall are then calculated. The neces-
sary parameters are given in Figs. 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 the
average radial loading on the shell due to the lug width,

The lug must then be checked for shear. The minimum
required overlay area of secondary bond shall be

A, = W/200N

where A, 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 reac-

w, ar{d then evaluating the longitudinal bending moment
that [would be present in a similar shell under a ring
load|of the same intensity. The bending stresses due to
this noment are then added to the membrane stress due
to thp vessel operating pressure to obtain the peak values
of axial stress at the inner and outer surfaces of the
vess¢l wall. The corresponding hoop stress in the wall is
obtalned by assuming that circular bending is occurring
locally. The bending moment in the hoop direction is
equ%lilto the appropriate Poisson’s ratio times the bend-
ing moment in the longitudinal direction. The stresses
due fo this bending are then added to the hoop stress
due fo the operating pressure to obtain the peak values
of hpop 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
Reseprch Council Bulletin WRC-107 or its earlier version
given in the Department of Commerce Report PB151987
onlgcal loading in thin shells. However, the approximate
analysis given above accounts conservatively for)the
effedts present.

NM4-400 SECONDARY BONDED LUG DESIGN

Ldgs may be attached by mearis of secondary bonding.
It is frecommended that suchi attachments be designed
for ghear loading on the basis of a 200 psi allowable
sheaf strength in the seeondary bond. Secondary bonded
attaghments should not'be designed for straight tensile
loadp. Such loading‘tends to peel off the overlaid rein-
forcgment. It isrecommended that radial loads, such as
thos¢ resultihg from eccentric moments, not exceed 50 lb
per linealineh tension. If tensile perimeter load is higher

than| 50,1b7in., in this case we have the option to use
Rl

tion or provide adequate area for the attachmgnt of sec-
ondary bonding overlays, then additional jugs or a
different type lug and attachment should.be copsidered.

(a) Lug Reactions

My =0

Wmaxh % _
LK

(b) Overwind Tension
T = PR, /w, Ib

Di + ka
Rm - T

g = T/hltl, pSl
(c) Shear Across Vessel Wall
Tw = P/taw, psi

(d) Local Bending in Vessel Wall

[0 - 1/2)]1/4
b ‘[ o

Assuming v = 0.3,

TypeBlugs—Theseloads-arenormal-to-the-overdayatong
that portion of the perimeter of the lug or clip that is
actually subjected to tensile loading (see Figs. 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 calculated based on the following:

6D, WeM, 1"
min — | T .. 5

6]
NS, t?

B = 1.28/[Rty)", in.™!
P* = P/w, Ib/in.
(e) Bending Moments Due to Lug
M,, = P*/4B, in.-Ib/in.

My, = vMyy, in.-Ib/in.
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Fig. NM4-5 Recommended Hold-Down Clip

Width of clip shall be greater than or equal
to width of tank lug and positioned
on the same radial ¢

p

e —> Alternate
Design

Thickness of clip
shall be a minimum of
1.5 times the thickness
of the tank lug
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(f) Loads Due to Pressure, p
N = pR,,/2, Ib/in.
Nip = PRy, Ib/in.
(g) Combined Stresses

Opx = Noy /[ty £ 6M,, /tl%

Net uplift is

Upee = U - W + 4Mo/D

= 2,488 — 4,115 + (4)(64,180)/12 = 19,766 Ib

Assume eight lugs. Then load per lug is

F = 19,766/8 = 2,471 Ib/lug

Ohp = th/tk * 6Mhp/tl%

with a 4-in. projection and 6-in. width. Assame the load

A 1 Lo - A 10 . 1
ZISSume Tt g Contrg trrattorAsstm e a 2= 1£gh angle

eccentricity e = 2% in. from the vessel wall to the center-
1) Allowable stresses for intermittent loading line of the anchor bolt or to the point of lead apjplication
o} = 0.002 X axial tensile modulus by a hold-down clip.
oyh = 0.002 X hoop tensile modulus The lug must be checked fox simple bending, which
2) For continuous loading will establish its minimum thickhess.
gl = 0.001 x axial tensile modulus M = bending moment .
oyh = 0.001 X hoop tensile modulus = Fe = (2471)@5) = 6,177.5 in-Ib
M/Z = bending stress
S = allowable'bending = 20,000 psi
NM4-500 EXAMPLES Z = segtion’modulus = bd?/6 = wtzlug 6
NM4-510 Wound Lug Example w =gl
) ) Zmin ={minimum required section modulus
12 ft o ft _itfalg?tzhelght = M/S = 6,177.5/20,000 = 0.309 in.’
SPecpiic Sravity = - fug = (6Zmin/w)"2 = [(6)(0.309)/6]"2 = 0.55 in.
hydio head = (24)(0.433)(1.2) = 12.5 psig g = (6Zmin/w)™> = [(6)(0:309)/6] m
Lowepr course Use % in. thick lug.
t, = PD;/25, = (125)(144)/(2)(1,500) = 0.60 in. Unit radial load on overwrap
_ 2
Use .64 in. nominal. Winax = 3Fe/l
t, =|0.37 in. = 3(2471)(2.5)/(12)> = 129 Ib/in.
ty =[0.64 + 0.37 = 1.01; use 1.00 in. )
Radial load due to moment
Approximate vessel weight as follows: _
top {ead =2751b Pr= Waat/2
shell| = 3,500 b = (129)(12)/2 = 774 Ib
bottgm = 340 Ib .
H d load
total| vessel = 4,115 Ib 00p overwind foa
C4lculate wind uplift'on roof of vessel. T = PR,,/w
0 = APC) = (774)(72)/6 = 9,288 Ib
Assume overwrap thickness t; = 0.38 in. Hpop over-
whete . . -
) wind tensile stress is
A] =Cplan area of vessel top, ft
{J ="wind pressure = 25 psf g = T/hut, = 9288/(11)(0.38) = 2222 pdi
P = uplift coefficient <40,000/5 = 8,000 psi allowable (OK)
U = (w/4)(D%(0.88)(25) = 2,488 Ib uplift

Calculate the wind overturning moment.

Mg = 0.5S,GDH?* + 0.25GDHp(H + Hp/3)

= (0.5)(0.7)(25)(12)(24)>

+ (0.25)(25)(12)(2)(24 + 2/3)
= 60,480 + 3,700
= 64,180 ft-Ib

Shear across vessel wall

T = P/taw = 774/(1.00)(6) = 129 psi

<3,000/2 = 1,500 psi allowable (OK)

Coefficient of bending in the vessel wall

B = 1.28/(R,t)"” = 1.28/[(72)(1.00)]> = 0.151 in.™!
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Unit radial loading is
P* = P/w = 774/6 = 129 Ib/in.
Axial and hoop bending loads
M, = P*/48 = 129/(4)(0.151) = 213.6 in.-Ib/in.

My, = vM,, = (0.3)(213.6) = 64 in.-Ib/in.

Total radial load due to lug moment
P = Wyn/2 = (129)(12)/2 = 774 b
Next calculate the tensile perimeter
2 +w = (2)(11) + 6 = 28 in.

The tensile perimeter load = P/tensile perimeter =

Axial Joad due to pressure

Nux = PRm/2

Howey
(atmospH
Hoop

rer, p = 0 for no pressure above the liquid
jeric vessel). Therefore, N, = 0.
oad due to pressure

th = pRm

where
p = 1R.5 psig hydrostatic (hoop direction)
Nip = (125)(72) = 900 Ib/in.

Axial gnd hoop stresses

ax/tk + 6Max/t%
= 0 + (6)(213.6)/(100)* = 1,281.6 psi

Oapx =

Ny /b + 6My, /£
900/1.00 + (6)(64)/(1.00)* = 1,284 psi

NM4-52Q Secondary Bonded Lug Example
Using

assume g

for use.
Again|

he same example problem as in para. NM4-510,
lug attached by secondary bonding is elected

assume eight lugs with\an uplift load of
2,471 Ib/lug x 8 = 19,768 Ib total.

Assunje the same lug geometry as before, and check
the required minimum lugtheight. Lug width to vessel

774728 =276 b/ < 50 1b/1m

The minimum required area of secondary RTR
overlay on the vessel wall, or the area of ovérlay o
upstanding leg of the lug below the retainer bar req
for shear, shall be not less than

bond
h the
hired
Ag = W/200N = 19,768/(200¥(8)-= 12.4 in.?/lug
Proceeding as before, thévoverlay hoop load is

Tt = PR, /16 = (774)(72)/6 = 9,288 Ib

The overlay hgop tensile stress, assuming ov
thickness t; £)038 in., is

prlay

b = T/It = 9,288/(11)(0.38)

2,222 psi < 3,000 psi

Shear across vessel wall
T = P/tao = 774/(1.0)(6) = 129 psi
Coefficient of bending in vessel wall

128/[(72)(1.0)]"2
0.151 in.™?

B = 1.28/(Rt)"

Unit radial loading

p* =P/w = 774/6 = 129 Ib/in.

diametdr ratio w/D,=+6/145.6 = 0.041. From Bendine loads
Fig. NM4-3, assuming eight lugs, M; = 0.024. &
: M, = P*/48 = 129/(4)(0.151) = 213.6 in.-Ib/in.
| [6D0WeML} E
NS, t? My, = ¥M,,e = (0.3)(213.6) = 64 in-lb/in.
r PP = R
= [‘0"“3'0’“7”00” SR J Since the overlay is not a full circumferential winding,
(8)(1,500)(1.0)

= 9.28 in. (min.)

For simplicity and to permit comparison, again use
12 in. high lug, 6 in. wide.

As before, check the lug for simple bending to estab-
lish its minimum thickness.

Unit radial load on overwrap

Wmax = 3Fe/h? = (3)(2,471)(2.5)/(12)* = 129 Ib/in.

234

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

T = 6M,, /8 = (6)(213.6)/(0.38)> = 8,875 psi

o = 6My, /1 = (6)(64)/(0.38)" = 2,659 psi
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Since these stresses are much too high, the thickness of
the overwrap must be increased. Try 1.0 in.

O = 6M, /8 = (6)(213.6)/(1.0)*> = 1,281.6 psi
o = 6My,/t = (6)(64)/(1.0)* = 384 psi

If we set a stress limit of S, for loads due to uplift,
we can solve directly for the overlay thickness t;. Use
the greater of

or

Hmin = \/6Mhp/sa

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,

Hmin = \/6Mﬂx/su

however, since more anchor bolts are requited.
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NONMANDATORY APPENDIX NM-5
RING SUPPORT OF VESSELS

NM5-100__SCOPE

ratio greater than 1.25 will require a band thickness

This Ajppendix provides methods for the design and
checking] of metallic support rings for vertical vessels.
It is recopmmended that continuous loads be handled by
metallic bands or double rings. These procedures cover
lugs attafhed to thin bands and double rings.

The bdnd is proportioned to fully resist the bending
momentg applied by the support lugs. No credit is taken
for the buickling strength of the RTP shell, a conservative
assumption.

NM5-20p BAND WITH LUGS

The thin band design utilizes a band height that is
two timgs the height of the lug for dissipation of the
stresses|induced by the reaction of the lug (see
Fig. NM$-1).

NM5-210 Nomenclature

b = |spacing between lug gussets, in.
D = |outside diameter of vessel, in.
d = |lug projection, in.

greater than the following;:

Diameter, in. Band Thickness, in:

Less than 48 A
49 to 60 %
61 to 84 A
85 to 96 %
97 to 120 %

Determine the required height of the lug based o the
following;:
O [6DWEML} % "
L osNg

If the lugheight becomes unreasonable, e.g., greater
than about/12 in. high, or the required band thickness
becomes excessive, a double ring or rolled strudtural
channel should be considered (see para. NM5-300).

NM5-230 Split-Ring Flanges

Bands may be split and flanged for ease of assembly
around the vessel, or where corrosion of support ele-
ments may require their replacement. End flanges at the

E = [load eccentricity, in. split must be bolted face to face without inducing gtress
h; = |height of lug, in. in the FRP shell. Flanges must be designed to deyelop
M = [moment coefficient at lug, dimensionless (see the full structural capacity of the ring (see para. NMp-500
Fig. NM5-2) and Fig. NM5-3).
N = number of lugs ; NM5-240 Thickness of Gussets and Baseplate
S = |allowable stress of band,-psi ) o i
Swe = [allowable stress of dug; psi' The required minimum thicknesses of the gusset$ and
S, = |allowable stress-«of¥ings or section, psi' basep.late shall be not less than the largest of the
S, = |yield stress ofring, psi' following:
t, = |thickness of‘band, in. (% in. minimum) (a) Shear
t. = [thickness Of shear collar, in. t, = 0.625W/hS,N )
t, = [thickness of lug gusset or bearing plate, in.
W = |maximum supported vessel weight, Ib (larger (b) Bending
oftoperating or hydrotest weight)
Z, = required section modulus of radial rings, in.> fy = 2WE/NSehi ®)

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

L All stress values per ASME Boiler and Pressure Vessel Code,
Section II, Part D.

(c) Compression
t, = 0.5W/dS, N @)
(d) Lateral Stability
ty = d/16 ®)

t, shall be a minimum of ¥ in., excluding corrosion
allowance.
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Fig. NM5-1 Lugs on Band

\

Tank shell

-

/— Overlay

/

(&)

to=ty+3fin.

Shear collar

t. 2 in. min. ,
<L
t <~ @Q
’ L Band @
&)
AS
, O
\S
\\QQ
J/ ~
| M N N
(optional) N Q)
4\
O
RN
\\\ |
Y 1)
1/@§p ’: i
C)Q | E l hy/2
oK I
3 a
>7
Resin putty

Band support

237


https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

Fig. NM5-2 Moment Coefficient, M, ,8 ’
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Fig. NM5-3 Split-Ring Flange
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(1) If fexceeds 8 in., add an additional bolt at midspan to stabilize the flange. Do not include in Ny, number of bolts.
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The minimum leg size of the continuous fillet welds
attaching the gussets and base to the band shall equal
1.4¢,.

8

NM5-250 Shear Collar

Shear collar height shown in Fig. NM5-1 is minimum.
Actual shear and compressive stresses shall be calcu-
lated. Shear collar heights and thicknesses shall be com-
pared to minimums shown and increased as necessary.

S
$ 485 & qra NN

bending section modulus, in.?

required section modulus of each ring, in.
torsional section modulus, in.?

angle defined in Fig. NM5-5, rad
normalized stress, dimensionless

bending stress, psi

Von-Mises stress defined below, psi

torsional stress, psi
anala dafinad 10 Fig NINAS B o
M55 rad

3

NM5-300 DOUBLE-RING SUPPORT

Doublg-ring supports are a method of providing sup-
ports of geasonable proportions where the loads and/or
lug eccerjtricities are large. The support is comprised of
a channe] fabricated of two continuous rings or a rolled
structurall channel (see Fig. NM5-4). This support ring
is propogtioned to resist all bending and torsional loads

NM5-320 Design Procedure for Double Rings on|a

ahgre-acrhRea—h—r%

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‘efi"the top of the|steel

support band [see Fig. NM5-4/sketch (a)].

| - R ‘ Step 1: Assume a desired ring height and gfisset
xlfzvl;tl?o;llt ntroducing any significant local loads into the spacing. Since.tHe vessel diameter, support
shelll. - . .
eccentricitys weight, and desired number of
This ppragraph provides a method for checking the support }?c;ints ;gre known, an approximate
stress in 4 support ring of a vertical vessel. The procedure sectich modulus for the rin é can be calculated
is limited to thin ring beams with three or more evenly
spaced Iygs. Thin rings are those whose thickness in the DWeM;
radial difection is less than one-tenth their radius. r= NS, (6)
Doubl¢ rings support the vessel by means of a shear
collar. This is the estimated minimum se¢tion
NM5-310 Nomenclature modulus for each of two rings mountdd on
) . a steel band. The resulting double ring must
£ = spz:qgg (li).etwefn lufg gusslet§, n. be checked for bending and torsional strpsses
=| outside diameter of vessel, in.
N RS ) ’ as follows.
d = Eidéilsrq]rf ction of ring or channel from’Web Step 2: Determine the location of the center of dhear,
, in. . T L
e*. This must be added to the projectipn of
E =| load eccentricity from centerline web’to cen- . Pro)
terline anchor bolt. in the lug, E, from the centerline of the bolf hole
r to th terline of th b to obtain the|total
e =| eccentricity of support reaction ‘force, in. (see 0 the center 1n;e © h eéve blO ovtam thejtota
Fig. NM5-4) eccentricity, e, for the double-ring suppprt.
. . F le ri Fig. NM5-4,
e* =| location of center of torsiphal shear from cen- sketoc Iildg)l]b erings onaband [see Fig. NM5
terline of web or band) in.
h = height of ring section, in. 20 )
I, =| height of band . oo TO— @)
=lh+1 41
I =| momentsefiinertia of ring section about a i E
centroid axis in the plane of the ring, in.* e=er
] =| torsienal stiffness constant of ring section, in? ) . .
M, =| bending moment at a section of ring, in.-1b Step 3: Determine the ratio ¢/R. .
ML — ITTUIIICT lt \_Ucffi\.icj. l‘l-. Clt 1u5a dill [l g lDiUl l}CDD Step 4: Calculate Zh. For double rlngs On a banc [See
M; = twisting moment at a section of ring, in.-Ib Fig. NM5-4, sketch (a)]
N = number of lugs , s ,
R = inside radius of double-ring support, in. 7, = ty(hy) + d[h” = (h = 2t,)°] @®)
S, = allowable stress of ring or section, psi 6y
t, = thickness of band, in. (¥ in. minimum)
= Step 5:  For double rings on a band per Fig. NM5-4,

t, thickness of shear collar, in.
t, = thickness of gusset, in.
thickness of ring, in.

thickness of web, in.

total load supported by ring, 1b

,...
g Ir
I

sketch (a)

22d) B
_ (3 )+ b(3b) 9
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Fig. NM5-4 Ring Support of Vessels

h >3d
n " “\/
tC =tb+3/8in. tC =tw+3/8in.
d
3in. min.
Shear
collar
t ) ) . (typical)
¢ 2 in. min. Center of
torsiondl
Center of shear
torsional

shear l
A I
-

l

__¢____ Y R - h
Projection
: t, of band =
I t, + 15 in.
g ih. gap
) Y 1/g in. gap

NApeRE
Lug

extension

Mat-resin filler ——

. B
: (optional) : xtension
e* E |

! Ring/band |
e ! support :
I I
|
L
|

(a) Double Rings (b) Rolled Structural

on a Band Ring Without Band
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Fig. NM5-5 Geometric Quantities

Shear center
of ring
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reaction

242



https://asmenormdoc.com/api2/?name=ASME RTP-1 2017.pdf

ASME RTP-1-2017

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 Figs. NM5-6 through NM5-8).

Step 6: Calculate Z;.

Zi =]/t

Step 7: Calculate the ratio Z,/Z,.

Step 8:  Use Figs. NM5-6 through NM5-8 for the
applicable number of support points and
determine o.

Step 9: From this, calculate the maximum combined
StTess due to bending and torsiorn, tihe
Von-Mises stress

oo = WRG/Z, (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
fabricated or rolled structural channel.

With a rolled structural channel, the shear collar of
the vlessel rests directly on the top flange [see Fig. NM5-4,
sket¢h (b)].

NM5-410 Stress in Ring

THe bending and twisting moments at a point A (see
Fig. NM5-5) in the ring are given by

whete
¢|= w/N

THe bending stress is.then given by
o, = My/Z, (13)
and fhe torsienal stress by

T = Mt/Zt (14)

Procedure. Use the procedure of para. NMb5-330, substi-
tuting £ for hy,.

NM5-430 Section Proportions

Rings are often built from platejand welded together
so that the cross sections are’not standard gtructural
shapes. It is important that nefistandard shapes be elas-
tically stable under loadings that paras. NM5-410 or
NM5-420 allow. For thiS¥eason, the section proportions
should satisfy section 1/5.1.4 of the AISC Specification.

NM5-500 SPLIT-RING CONSTRUCTION

In mang)cases, rings are fabricated in two serpicircular
parts that are bolted around the vessel; thus, there will
be splices in the ring. These splices must e strong
enough to develop the full strength of the ring in both
bending and twisting.

NM5-510 Nomenclature

A, = area of one bolt, in.2

a = radial distance from band to bolt hole, in. (see
Fig. NM5-3)
b = effective width of flange, in.
= 3¢

bolt hole diameter, in.
eccentricity or lug reaction force, ir}.
vertical distance between bolts, in.
M, = moment in ring due to bending, in}-lb
M; = moment on flange due to bolt load} in.-Ib
M; = moment in ring due to torsion, in.{b
N, = number of bolts = 2 (see Fig. NM}-3)
r = distance from ring center of shear to/bolt hole
(see Fig. NM5-3)
S, = allowable stress, psi
tr = thickness of flange, in.
Zmin = minimum section modulus of effect{ve width

 a
(Il

\\'\
Il

They can be combined in the Von-Mises stress
Ton = (a1 +37)" (15)

The Von-Mises stress intensity must be no greater than
the allowable stress intensity at every point on the ring.

To use egs. (11) through (15) to check the ring design,
it is necessary to calculate o, at a number of locations
(values of «a) to be sure that the maximum stress has
been considered. Depending on the relative values of E,

3
oI flange, 1n.

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 simpli-
fied design, it is recommended that splice flanges be
located midway between support points.

2 Manual of Steel Construction, American Institute of Steel
Construction, 1 East Wacker Drive, Chicago, IL 60601.
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Normalized Stress,

Fig. NM5-6 Ring Design Chart for Three Lugs
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Fig. NM5-7 Ring Design Chart for Four Lugs
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Fig. NM5-8 Ring Design Chart for Eight Lugs
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When pplice flanges are located midway between the cantilevered beam of width 3¢ and loadpd at
support|points, the above-referenced equations are the end by the tensile bolt load due to ber{ding
reduced fo the following simplified formulas: of the ring).

For foyir support points NM5-522 Bolt Sizing

M, = W(=0.0176R +,0.088ke) (16) (a) Bending
M, = 0.0884 e 17) bolt load (tensile) = M,/f, Ib (20)
. . Bolt stress = (2)(bolt load)/N,A;, psi < ASME Hoiler
For eight support points /
¢ pportp and Pressure Vessel Code allowable (Section [VIII,
M, = W(=0.00417R + 0.023%) (18)  Division 1).
(b) Torsion
M, = 0.0557We (19)
bolt load (shear) = M;/r, Ib (21)
NM5-521, Procedure
Step 1: DPetermine—the-masdmum bcudius atfre—tot Boltstress—bolt luqd/z\\{b/‘xb 1.1.3; <0-5-ASME Betler and

Step 2:

Step 3:
Step 4:

Step 5:

sional moments in the ring at the location of
the flanged split.

Develop an assumed flange configuration (see
Fig. NM5-3).

Assume a bolt location.

Size the bolts based on bending (tension) or
torsion (shear), whichever controls (minimum
bolt size shall be %-in. nominal diameter).
Calculate the flange thickness based on the
bending (tensile) bolt load (calculated as a

246

Pressure Vessel Code allowable (Section VIII,

Division 1).
(c) Flange thickness on cantilevered flange

My = bolt load (tensile) X a
Znin = Mf/szt
Z =0bt}/6

b =3¢

(22)

(23)
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Therefore
t(Min) = (2Zmin/0)”2 2 % in. (24)

NM5-530 Welding

All welding shall be continuous. All butt welds shall
be full penetration. Welding shall conform to the

Code.

NM5-630 Split-Ring Flange

Develop a flange for splitting the ring in the previous
example. This is a % in. thick x 16 in. high ring on
a 10-ft nominal diameter vessel. The filled weight is
67,0001b. Assume eight lugs. From the previous example

E = 3in.

American Welding Society D1.1 Structural Welding e = 375in.
R = 61 in.
JAL ~Z.0o00 11

NM5-600 EXAMPLES
NM5-610 Double-Ring Support

Cqnsider a 10-ft diameter vessel containing 126,000 1b
of liquid with eight lugs having an eccentricity of 4.5 in.,
e = p.2 in., and a lug projection of 6 in. The candidate
crosg section is shown in Fig. NM5-9. The ring is to be
fabricated of steel with an allowable ASME Code stress
of 23,000 psi.

Stepfl: N =38
StepPR: e/R = 62/61 = 0.1
Step: 7, = 585in3%; Z, = 3.94 in? Z,/Z, = 14.8
Stepd:  From the chart for eight lugs, o = 0.18
Stepp:  Assuming that the vessel itself would weigh
5% as much as the contents, the entire sup-
ported weight is 132,400 Ib.
o = WRG/Z,
= (132,400)(61)(0:18)/58.5 = 24,850 psi
Thus, the stress intensity is less than, the
allowable stress and the section chosen 1s-ade-
quate.
Stepl6:  Using para. NM5-240, calculate the required

minimum gusset thickness. Equation (5) gives
the maximum value of f, =\6/16 = % in.

NM5-620 Band With Lugs

Agsume a 10-ft diameter X 10-ft straight-side vessel.
Use h specific gravity of 1:2 and a lug load eccentricity,
E, of 3 in. Assume eightlugs (see Fig. NM5-10). The
lowdr head is ASMAE flanged and dished. The flooded
weight of the vegsel‘is approximately 67,000 lb.

Try a band, with lugs, similar to Fig. NM5-1. For the
10-ft| diametér, the band will be % in. thick.

Cdlculate the required lug height. Assume b = 6 in.
Then b/D-= 6/122 = 0.05. M; = 0.022.

=—0750001D

Referencing Fig. NM5-3, assume

a = 1.875in.
¢ = 0.625 in.
f = 14in.
r = 7Y% in.

(a) Determine Moments
(1) Moment dueto bending

Mj = W(-0.00417R + 0.0239)
= 67,000(-0.2544 + 0.090)

-11,015 in.-lb

(2)r Moment due to torsion

M, = 0.0577We
(0.0577)(67,000)(3.75)

14,497 in.-Ib

(b) Bolt Sizing
(1) Bending

bolt load = M,/f = 11,015/14 = 786.8 Ib (tersion)
Assume % in. bolt; A, = 0.202 in.2 Then

bolt stress (tension) = (2)(786.8)/(2)(0.202) = 3,895 psi
< 25,000 psi for B7 bolts

(2) Torsion
bolt load = M;/r = 14,497/7.25 = 2,000 1b (dhear)
bolt stress = 2,000/(2)(0.202) = 4,950 psi < 25,000/2 psi

(3) Flange thickness on cantilevered flange

6DWEM,; \ "2
e
SN

_ [(6)(122)(67,000)(3)(0.022)} i
(12,700)(8)(0.75)*
= 752 in.

Use 8 in. high lugs on a 16 in. high x % in. thick band.

My = bolt load (tensile) X a
= (786.8)(1.875) = 1475 in.-b

Zmin = 1,475/12,700 = 0.116 in.?

tr = [(2)(0.116)/0.625]"
= 0.609 in. (use %4 in. minimum)
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Fig. NM5-9 Example Cross Section

0.75 (typical)

3.75

by

»

3
I= 0’75111?3—5L +2(75 - 0.375)%(3.75)(0.75) = 439.3 in.*

J= %(3.75)(0.75)3 + %(13.5)(0.75)3 + 15(3.75)(0.75)3 ~2.95in.?

2y = %353 =5851n.°

Z,= 332 =3.94in?
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hy

Fig. NM5-10 Lug

’-—1 in. min.
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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
languaggq to illustrate the proper terminology for such
a program.

NOTE: Refer to Mandatory Appendices M-1 and M-2 and
Nonmandtory Appendix NM-7 for tables from those appendices
that are referenced here.

Table of Contents

bction Title

|

Quality Control Policy

Quality Control Organization
Documentation

Inspection of Received Goods
In-Process Inspection

Finished Equipment Inspection
Record Retention and Controls

NOUl kW=

SECTION 1 QUALITY CONTROL POLICY
1.1 Scope

This pglicy establishes the requirements, systems, and
procedutes for the Quality Assurance Program.

1.2 Purpose

The pyrposes of the Quality Assurange‘Program are
as follows.

1.2.1| Ensure adherence to the‘rules and require-
ments 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 [fo prediicé a consistent, uniform product.

1.2.3| (Establish and monitor the quality require-

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 arld by
the conditions specified ‘D) the Fabricator’s operpting
procedures.

1.5.2  Thesesproduction procedures shall be gvail-
able to QualityControl personnel during their audjts so
as to confirmiadherence 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 require-
ments, whichever is longer.

1.6.2 Inspection documentation shall be by fefer-
ence to shop order number, part number, or in any man-
ner 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 refated
items as the purchasing of raw materials, procegsing
orders, and subcontracting work on orders.

1.6.4 Any change in documentation shalll be
approved by QC Management.

1.6.5 To ensure that the latest revision of |each
document is recorded and used during the fabrichtion
process, Engineering shall maintain, update, and digtrib-
ute the Document Control Sheet (Table NM6-3), at inter-
vals not to exceed 7 days.

1.7 Nonconformity Correction Reports

ments related—tomaterials—and-servicesof Verndorsor
Subcontractors 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

13.1 A laboratory standards program shall be
maintained for the calibration of the measuring and test
equipment.

1.7.1  When nonconformities or imperfections
requiring correction are discovered, a Nonconformity
Correction Report, Table 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
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(b) purchase orders
(c) results of tests

1.7.4  The report shall be reviewed and approved
by the QC Manager, who shall also secure all other
reviews and approvals as required by Mandatory
Appendix M-7 of ASME RTP-1.

1.8 Distribution of QC Manual

18- € manual sha
by the QC Manager.

1)8.2 Distribution of these manuals is limited, and
each| copy shall be numbered.

e distributed, as necessary,

1.9 QC Manual Revision

119.1  The manual shall be revised, as necessary,
by the QC Manager, subject to review and approval of
the (eneral Manager.

119.2  The manual index shall also be periodically
upddted by the QC Manager.

109.3 Manual updating shall be done by all holders
upon receipt of a revised section, and the superseded
partg shall be destroyed.

149.4 The QC Manager shall maintain a master
record of all manual revisions (see Table NM6-7).

1.10/ Notification of In-Process Changes

1110.1  Initiator shall notify all responsible parties
in writing or verbally with written confitmation,
depgnding on the impact of the change.

1110.2  Changes require Enginteering approval
befofe implementation.

1J10.3  Necessary documentation shall be changed
and flearly marked.

SECTION 2 QUALITY.CONTROL ORGANIZATION
2.1 [Scope and-Purpose

THis sectign’ sets forth the following;:

2.2.2 Additional personnel outside of the QC
Department may be assigned to act in various quality
control functions.

2.2.3  Where inspection is done by non-QC person-
nel, audits of the effectiveness of their work shall be
periodically performed by QC.

2.3 Organizational Functions

>3- ses many
activities and personnel, but it is the functign of QA
personnel to ensure conformance to spécifications.
These functions include
(a) design review of applicable.drawings
(b) inspection of incoming‘raw materfals and
components
(c) providing control atvarious stages of processing
and fabricating
(d) determining product release or rejectior

2.3.2 QC Mahagement shall analyze rejecfion deci-
sions. It may finalize the decision or make changes under
permitted-fepair procedures.
2.4 Organization Chart

See Fig. NM6-1.

SECTION 3, DOCUMENTATION
3.1 Scope and Purpose

3.1.1 This section establishes the minimyim docu-
mentation required for quality control during fgbrication
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, Table NM4

[
b

3.3 Document Preparation Responsibility

See Documentation Preparation and Disfribution
Responsibility, Table NM6-5 (copy attached).

211.1"The organization of the Quality Control SECTION 4 INSPECTION OF RECEIVED GOODS
Depagrtment. (P
2.1.2  The definition of the responsibilities and 4.1 Resin

authorities 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 General Management is responsible for the
establishment and maintenance of an adequate Quality
Control Program.

The results of the following shall be recorded on the
Resin Log Sheet, Table M2F-1, prior to use in fabrication.

4.1.1 The resin shall be checked to ensure it is the
product ordered.

4.1.2  The resin shall have the proper label for the
specified product, including the manufacturer’s product
name and Manufacturer’s Specific Product Identification
(MSPI).
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4.1.3 The resin shall be visually checked to be of
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, of

4.3.5 The storage environment of curing agents
shall be in compliance with the manufacturer’s
recommendations.

4.4 Purchased and/or Subvended Items

4.4.1 The item(s) shall be checked to ensure that
it is the product ordered.

ASME RTP-1. 4.4.2 The item(s) shall be inspected for damage.

411.5 Material certification and/or Certificates of 4.4.3  The item(s) shall be in compliance with the
Compliance where applicable shall be checked against  applicable drawings, specifications, and 'test|methods
the MSPIL. that are part of the Fabricator/Subwendor/User

4]11.6  The storage environment of the resin shall agreement.
be [in compliance with the manufacturer’s 4.4.4 Theitem(s) shall be properly stored to ensure
recojmmendations. integrity.
4.2 Reinforcements 4.5 Common Additives

THe results of the following shall be recorded on Log The results of the fellowing shall be record¢d on the
Shees, Tables M1A-1, M1B-1, M1C-1, and M1D-1, prior ~ Common Additives(Log Sheet, Table M2G-1} prior to
to uge in fabrication. use in fabrication:

42.1 The reinforcement shall be checked to ensure 4.5.1 CAditives shall be checked to engure they
it is the product ordered. are the product ordered.

4p.2 Thereinforcement shall have the proper label, 4',5_'2 AdditiYes sha.ll have the proper label for the
incljding the manufacturer’s product name and the specified product, including the manufacturer’s product
MS name and the MSPI.

412.3  The reinforcement package shall be checked darﬁzas.: porditiveprringiogahall be chacked for
for damage ge:

liance where applicable shall be checked against
SPL

The storage environment-of reinforcements
shall be in compliance with.the manufacturer’s
recommendations.

4.5.4 Additives shall be stored in an enviironment

that complies with the manufgcturer’s
recommendations.
SECTION 5 IN-PROCESS INSPECTION

5.1 Resin Mixing

bparation
ntrolled

logbook

. The following data shall be recorded on the Mixing
4.3 [Curing Agents Data Sheet, Table NM6-1 (copy attached).
THe results of the fellowing shall be recorded on the 5.1.1  All resin mixing and primary pr
Curihg Agents Log:Sheet, Table M2F-2, prior to use in shall be done in one location under ca
fabrikation. conditions.
43.1 Cufing agents shall be checked to ensure 5.1.2  Formulas that have been predetertpined for
they|are/the products ordered. each particular type of resin shall be kept in &
4132 Curing agents shall have the proper label containing completed Mixing Data Sheets.

for the specified product, including the manufacturer’s
name and the MSPL

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, of ASME RTP-1.
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5.1.3 Mixing Data Sheets are also filled out for
each batch and kept in a separate log with reference to
the particular job number(s).

5.2 Material Dispersion

5.2.1 Resin shall be dispersed in containers that
are clearly marked, identifying their contents. These
identifying numbers must be transferred to the
Component Data Sheet, Table NM6-2 (copy attached),
for the component utilizing that resin.
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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 ade-
quate overhead lighting. Dimensions, weights, and iden-
tifying numbers shall be recorded on Log Sheets
(Tables M1A-1, M1B-1, M1C-1, and M1D-1).

5.3 Component Fabrication

ASME RTP-1. Thicknesses can be verified by measuring
actual cutouts, where possible, or employing an ultra-
sonic 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.

The fpttowing data shall be recorded omn the 6.3 Visual Imperfection
Componpnt Data Sheet, Table NM6-2 (copy attached), ) suatimp s
prior to g§ssembly. 6.3.1 The entire fabrication shall be.¢heckefl for
. . . visual imperfections as described in Table 61 of
5.3.1 | Ascomponents are fabricated, the identifica- . :
. . ASME RTP-1. The equipment shall.comply with the
tion numbers of the materials used are recorded. . . s
Visual Inspection Level that has beén‘specified.
5:3.2 | The lamination sequence ofa particular com- 6.3.2  All repairs to correct*an imperfection [shall
ponent shall be recorded and verified to be correct. . . .
be made in accordance with Maridatory AppendiX M-7
5.3.3] On machine-made components, pertinent  of ASME RTP-1.
machine|settings shall be recorded. ]
6.4 Physical Property Tests
5.3.4| Curing agent system and amount utilized ) . o
for each ffomponent shall be recorded. 6.4.1  Reinfércément-to-resin ratio is established
) ) through loss by ignition testing in accordance with
5.3.5| Barcol readings of fabricated components  ASTM D2584%Fach component shall be tested if a cfitout
shall be faken and recorded. or trim areavis available.
5.4 Ass¢mbly 6.4:2 = Laminate proof tests on a cutout oy end
The following data shall be recorded on the Inspection ~ Sample from the shell shall be done in accordance|with

Checklis{, Table NM7-2: Throughout the assembly pro-
cedure, proper sequences, materials, and dimensions
shall be Verified.

SECTION 6 FINISHED EQUIPMENT INSPECTION

The following data shall be recorded on the Inspection
Checklist, Table NM7-2.

6.1 Res

6.1.1
dance wj
taken on

Cure

Surface hardness shall bé checked in accor-
ith ASTM D2583. Random readings shall be
all parts and overlays. Certain corrosion barri-
ers and ¢ure systems may-result in lower than typical
hardnesd If this is anticipated, an adjusted Barcol hard-
ness valjie shall be-established with the User prior to
fabricatign.

6.1.2 | Alsurfaces including overlays shall pass an
acetone gensitivity test. This is done by rubbing several

ASTM D638, ASTM D3039, or ASTM D5083. V3lues
obtained shall be equal to or greater than those spegified
and used in design calculations.

6.5 Equipment Pressure Tests

6.5.1 See para. 6-950 of ASME RTP-1 for req
ments on pressure tests.

6.5.2 It is company safety policy that

(a) a relief valve set at 2 psig to 3 psig abov
maximum test pressure be installed at the top
vessels to be hydrotested under positive pressure

(b) prior to applying pressure, all air shall b
placed by water on vessels to receive a hydrotest
positive pressure

(c) all vacuum tests shall be conducted outsid
shop, behind substantial safety barriers

(d) the Quality Control Manager shall review
approve all test setups for safety prior to applying
sure or vacuum

uire-

b the
f all

dis-
at a

b the

and
pres-

drops of acetone on a small area and allowing the ace-
tone 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 in accordance with para. 6-920 of
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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 the nature and number of observa-
tions made, and the number and type of nonconformities
found.
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7.1.3 Records shall be available for review as one of
the principal forms of objective evidence of the Quality
Assurance 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

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 speci-
fication at time of shipment.

7.4.5 Records shall form a basis of analysis and
management action regarding the Quality Control
Program.

1 i L Tl 1 11 . i 1 P A |
pI‘O CICT COTTTOTIITATICE: TITCy SITall TaIcate tre acceptavt-
ity of work or products and the action taken in connec-
tion with nonconformities.

7.3 Record Retention

THe Quality Control Department shall maintain
inspgction and test records of complete assembled units
or stibassemblies. These records shall be stored and
mairjtained for 5 yr.

7.4

7
Shoy

7
subd
acco

7
shall
taind
or gi

Procedure for Record Handling

4.1  Records shall be filed primarily according to
Order number.

L4.2  For incoming inspection, records shall be
ivided according to part number or alphabetically
Fding to the name of the supplier.

4.3  Serialized items for shipment to a customer
be filed sequentially. A separate file shall be main-
d to show dates of shipments of individual items
oups of serialized items.

Appendix #1 — Tables

Effective
Table Description Date
M2F-1 Resin Log Sheet XX /XX /XX
M2E-2 Curing Agents Log Sheét XX /XX /XX
M1A-1 Veil and Mat Reinforcemeént Log Sheet XX/ XX/ XX
M1B-1 Roving Reinforcenient Log Sheet XX /XX /XX
Mi1C-1 Fabric Reinforcément Log Sheet XX/ XX /XX
M1D-1 Milled Fiber R€inforcement Log Sheet XX/ XX/ XX
M2G-1 Common Additives Log Sheet XX/ XX /XX
NMe6-1 Mixing Data Sheet XX/ XX /XX
NM6-2 Condponent Data Sheet XX/ XX /XX
NMe6-3 Document Control Sheet XX/ XX /XX
NM6-4 Pocument Distribution List XX/ XX /XX
NMeé6-5 Document Preparation and Distribu- XX/ XX/ XX
tion Responsibility
NMe6-6 Nonconformity Correction Report XX /XX /XX
(2 pages)
NMeé6-7 QC Manual Master Revision List XX /XX /XX
NM7-2 Inspection Checklist for RTP XX/ XX /XX

Equipment (3 pages)
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