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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 equipment, and to interpret these

rules

matefial manufacturers, fabricators, and inspectors of this equipment. The objective of the rules is to afford prg
life apd property, and to provide a margin for deterioration in service so as to give a reasonably long\safe
usefylness. 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 endg
propfietary or specific design or as limiting in any way the Fabricator’s freedom to choose anymethod of des

form
Th

design, fabrication, examination, inspection, testing, certification, and pressure-reliefactivities. This Standard
address all aspects of these activities, and those aspects that are not specifically addressed should not be c
prohjbited. This Standard is not a design handbook and cannot replace education, experience, and the use of en
judgtnent. The phrase engineering judgmentrefers to technical judgments made byknowledgeable designers ex

in thg

such [judgments must never be used to overrule mandatory requirements or specific prohibitions of this §

The Committee meets regularly to consider requests for interpretations and revisions of the rules, and to dey
rulesfas dictated by technological development. Inquiries must be addréssed to the Secretary in writing and mu
partifulars in order to receive consideration and a written interpretation. Proposed revisions to this Standard

from
Pr

Instifute and published at http://cstools.asme.org/csconiect/PublicReviewPage.cfim to invite comments from

ested
this §

months after such date of issuance.
Th first edition of this Standard was issued eh December 31,1989. The 2019 edition of this Standard contains

to thd

M-13 The 2019 edition was approved\by the American National Standards Institute on July 26, 2019.
Refjuests for interpretations or suggestions for revision should be sent to the Secretary, RTP Standards Comn

Amel

o o 1o =i = rdinatlaine ot o0 £ lotio ba el thao Con it aaidax ba o de f
when-qrestions-ariseregaraing-their-ntenttiformlating-the reles-the-Committee-considers-the-needs of users,

of construction that conforms to the rules of this Standard.
s Standard contains mandatory requirements, specific prohibitions, and nonmandatory guidance for

application of this Standard. Engineering judgments must be consistent with the philosophy of this Stan

inquiries will be presented to the Standards Committeé, for appropriate action.
posed revisions to this Standard approved by the Committee are submitted to the American National

persons. After the allotted time for public review and final approval by ASME, revisions are published in
tandard. They may be used beginning with the-date of issuance. Revisions become mandatory as requil

2017 edition, including metrication.of'the Introduction, Parts 1 through 8, and Mandatory Appendices M-

ican Society of Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990.

tection of
period of

rsing any
gn or any

materials,
does not
bnsidered
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ADVERTISING

ASME
the requil
authorize
the Code

Organij

have been constructed and inspected in compliance with ASME Codes and Standards are issuedCertificates of Ay

ization. I
users, the
quiremen

Based
ASME Sin
American
activity, a
Certificat
activities
plicable 4

The AS

or Standafd. However, facsimiles may be used for the purpose ef fostering the use of such construction. Such usage m

by an ass

advertising to show that clearly specified items will catby the ASME Single Certification Mark.

STA]

The AS
materials
applicabl
Standard

Markin|
Mark shal
or Standg

as established procedures to authorize qualified organizations to perform various activities in accordanceg

d. An organization holding authorization to perform various activities in accordance with the requireme
and Standards may state this capability in its advertising literature.

is the aim of the Society to maintain the standing of the ASME Single CertificatiomMark for the benefit
enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with 3
ts.

n these objectives, the following policy has been established on the usagetin advertising of facsimiles
gle Certification Mark, Certificates of Authorization, and references te’Codes or Standards construction
Society of Mechanical Engineers does not “approve,” “certify,” “rate; ‘ot “endorse” any item, constructi

nd there shall be no statements or implications that might so indicaté. An organization holding the ASME §

» o«

ME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in the|

bciation or a society, or by a holder of the ASME-Single Certification Mark who may also use the facsim

IDENTIEY MANUFACTURED ITEMS

design, fabricdtion, examination, inspection, and stamping. Items constructed in accordance with all

os suchias”’ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certifig
| notbeused on any item thatis not constructed in accordance with all of the applicable requirements of the|
rd,

Itemss

with

ements of the ASME Codes and Standards. It is the aim of the Society to provide recognition of organizatidns so
hts of

rations that are authorized to use the ASME Single Certification Mark for marking items/ox constructiong that
thor-

f the
1l re-

f the
. The
n, or
ingle

on Mark and/or a Certificate of Authorization may state in advertising literature that items, constructions, or
“are built (produced or performed) or activities conducted in"accordance with the requirements of the ap-
LISME Code or Standard.” An ASME corporate logo shall\net’be used by any organization other than ASME.

Code
ay be
ile in

[EMENT OF POLICY ON THE USE OF ASME MARKING TO

ME Codes and Standards provide rules for the construction of various items. These include requirements for

f the

p rules of ASME are identified with the ASME Single Certification Mark described in the governing Cofe or

ation
Code

allnotbe described on ASME Data Report Forms nor on similar formsreferring 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 require-

ments.

ASME’s certification related to products means that the capability by the supplier to fulfill requirements in the ap-
plicable standard has been reviewed and accepted by ASME. The supplier is responsible for ensuring that products meet,
and if applicable continue to meet, the requirements on which the certification is based. This shall be made clear on

stamping

Certified by

s, labels, or nameplate markings by inclusion of the words:

(Manufacturer)
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INTRODUCTION

GENERAL

The use of reinforced thermoset plastic (RTP) vessels

DESIGN

Design by formulas and by stress analysis are both

with maximum allowable working pressure (MAWP) and
maxinum allowable external working pressure (MAEWP)
not ejxceeding 15.0 psig (103 kPag) external and/or 15.0
psig (103 kPag) internal above any hydrostatic head, that
contdin corrosive and otherwise hazardous materials,
dictdtes the need for rules and/or stress analysis
conc¢rning materials of construction, design, fabrication,
quality control, and inspection of such equipment. In
developing rules for RTP, the Committee has adapted
the principles of rules included in Section VIII, Division
1 of the ASME Boiler and Pressure Vessel Code, wherever
they fare applicable.

Adpption of standard rules to RTP requires recognition
of differences that exist between metallic materials and
RTP.|These differences are addressed in the remainder
of this Introduction.

MATERIALS AND ASSEMBLY

In the absence of ASTM standards, RTP laminate speci*
ficatipns (Part 2) have been developed for use with.this
ASME Standard. These specifications include laminate
composition and properties. Laminates (composites)
manfifactured by contact molding and by filament
windfng are covered.

These materials of construction are'not available in
comrtperce as mill shapes such as sheet and plate for
form|ng and joining by the Fabricator. They are produced
in sitf on a mandrel or mold bythe Fabricator during fabri-
catioh of RTP equipment cemponents. Each Fabricator, as
part ¢f his or her shop glidlification to this Standard, must
demgnstrate capabilifiz to produce laminates meeting the
requijrements of the)laminate specifications.

Aspembly of<scomponents such as shells, heads, and
nozz|es requivés joining by secondary bonding. This
operjtiorrinvolves fit-up, surface preparation, and over-
wrappifigwith alaminate of composition equivalent to the

included in this Standard. Consideration is glven both
to ultimate strength and to limiting strain. Time and
temperature dependence of RTP laniinate pfoperties
are recognized.

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

INSPECTION

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

NONMANDATORY APPENDICES

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

UNITS

Either U.S. Customary Units or SI Units may he used to
demonstrate compliance with the requiremerts of this
Standard. It is not permissible to use a combjnation of
both systems of units. Values are listed in the|Standard
with U.S. Customary Units as the primary ynits and
with SI Units shown parenthetically. The[SI Units
values have been converted from the U.S. Chistomary

laminates being joined. Secondary Bonders must be qual-
ified individually by the procedures detailed in
Mandatory Appendix M-5.

XV

Hrits vatues—€onversiom of umits statt-beperformed to
ensure that dimensional consistency is maintained. For
either system of units, the Qualified Designer is respon-
sible for ensuring that all units are consistent and correct.

A supplement to the Standard is included as a conve-
nience to the user to provide typical SI Units and
commonly used conversion factors. Additional conversion
factors are available in IEEE/ASTM SI 10.
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ASME RTP-1-2019
SUMMARY OF CHANGES

Followingappraval hy the ASME Committee and ASME and after public review ASME RTP-1-2019 was appraved hy the

American

In ASME
through 1

Page
xii

Xii
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12

15

20
20

Location

Statement of Policy on the Use of the
ASME Single Certification Mark
and Code Authorization in
Advertising

Statement of Policy on the Use of
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Manufactured Items

National Standards Institute on July 26, 2019.

RTP-1-2019, SI units have been added in the Introduction, Parts 1 through 8, and Mandatory Appendicg
113. In addition, the edition includes the following changes identified by a margin note, (19).

Change
Revised

Revised

22
26
28
28
30
31
31
35

Introduction “Units” paragraph, added

1-200 Revised

Form 1-1 (1) Formerly<Fable 1-1, redesignated
(2) Itemss3i2 and 5.1 revised
(3) Item™5.7 added

1-230 Added

1-300 Revised

1-400 Revised

1-520 Subparagraph (c) revised

Form 1-2 (1) Formerly Table 1-2, redesignated
(2) General Note (a)(2) revised

Form 1-3 (1) Formerly Table 1-3, redesignated
(2) General Note (a)(1) revised

2A-300 (1) Subparagraph (a) revised
(2) Subparagraph (a)(3) added

3-100 Subparagraph (b) revised

32300 (1) Title revised
(2) Definitions of design temperature, intermittent loads, and

sustained loads revised

3A-130 Subparagraph (c) added

3A-261 Subparagraph (e) revised

3A-350 Subparagraph (a) revised

3A-410 Revised

3A-500 Revised

3A-730 Subparagraph (e) revised

3B-100 Revised

4-110 Revised
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44 Figure 4-6 “6:1 taper typ.” callout revised to “Taper (typ.),” and General Note
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46 Figure 4-8 General Note (a) revised
48 Figure 4-10(a) Formerly Figure 4-10, revised and redesignated
49 Figure 4-10(b) Added
54 Table 4-2 Revised
58 6-500 Revised
60 6-930 (1) Subparagraph (d)(1)(-a) added and subsequent
subparagraph redesignated
(2) Subparagraph (d)(2) revised
61 6-950 Subparagraph (d) revised
63 Table 6-1 (1) In first column, “Wet blisters” revised to “Blisters,” and|
entries in second and last colimns revised
(2) Notes for “Wet-out” and “Maximum % repairs” revi
66 7-600 Subparagraphs (g) and/(h)Trevised
67 Table 7-1 General Note (a) revised
67 7-610 Subparagraph (b), revised
68 Table 7-2 Req. Nos. (1)*and (5) revised
69 Table 7-3 General Noté’(a) and Note (1) revised
68 7-620 Subpartagraphs (a) and (b) revised
69 7-1000 Firstésentence and subparas. (a)(2) and (c)(2) revised
76 Form M1A-1 Formerly Table M1A-1, redesignated
77 M1A-430 Title revised
78 Form M1B-1 Formerly Table M1B-1, redesignated
80 Form M1C-1 Formerly Table M1C-1, redesignated
82 M1D-200 Last paragraph added
84 Form M1D-1 Formerly Table M1D-1, redesignated
85 M2-200 Revised
89 Form M2E-1 Formerly Table M2E-1, redesignated
90 Form M2E~2 Formerly Table M2E-2, redesignated
91 Formv2F-1 Formerly Table M2F-1, redesignated
93 M3=200 Revised
10 M3-330 Revised
104 M3-400 Revised
10y M3-510 Revised
109 M3-600 Revised in its entirety
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116 Table M3-2 Revised
117 Table M3-3 Revised
118 Table M3-4 Revised
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ASME RTP-1-2019

Part 1
General Requirements

1-1013 INTRODUCTION

Part 1 of this Standard defines the requirements thatare
applicable to all reinforced thermoset plastic corrosion
resisfant vessels fabricated to this Standard and shall
be uged in conjunction with the specific requirements
in other Parts and Mandatory Appendices of this Standard.

1-11¢ Scope

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

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

1) where external piping is to be connected to the
vessgl
(-a) the first threaded joint for screwed connéck
tions
(-b) the face of the first flange for bolted connec-
tions
(-c) the vessel side sealing surface for proprietary
connpctions or fittings

2) the vessel attachment joint when an attachment
is mdde to either the external or ifitérnal surface of the
vessgl
3) covers for vessel openings, such as manhole and
handhole covers

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

1-1290 Exclusions

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

1-130 Application Limitations

Vessels specified, designed, fabricated) and cgrtified by
the Fabricator as conforming to this,Standard shall be
limited to the following pressure dnd temperatiire limits:

(a) Maximum Internal Pressure’*

(1) With Proof Test of As*Constructed Lam|nate. The
MAWP, measured at thettép’ of the vessel, shall not be
greater than 15.0 psig>(103 kPag).

(2) Without Propf Test of As-Constructed Laminate.
The MAWP shall niot'be greater than 2.0 psig ([14 kPag).

(b) Maximtum"External Pressure *

(1) WithyProof Test of As-Constructed Lam|nate. The
MAEWP 'shall not be greater than 15.0 psig (1j03 kPag).

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

{e) Temperature Limits. The design temperafture shall
be limited to a value for which mechanical propejties have
been determined by the procedures in paras. 4A-300(b)
and 2B-200(a), and the chemical resistance |has been
established by the material selection process jdentified
in Form 1-1, item 3.

Operating temperatures to 180°F (82°C) maximum are
commonly encountered and a large body of mechanical
property and chemical resistance data exists tq facilitate
design. The design temperature shall not be lesp than the
maximum operating temperature. See para. 3-300. Appli-
cations above 180°F (82°C) require that the|designer
recognizes and accounts for possible reduced mechanical
properties at the elevated temperature and| possibly
decreasing mechanical properties with time ag a conse-
quence of thermal and chemical exposure. Such elevated
temperature applications require special design pttention,
and consultation with the resin manufacturer is|essential.

1-200 USER’S BASIC REQUIREMENTS

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

(b) hoods, ducts, and stacks

(c) fans and blowers

(d) vessel internals such as entrainment separators,
chevron blades, packing support plates, and liquid distri-
bution plates

(e) pumps

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

(g) fully buried underground closed vessels

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

L Refer to para. 6-930(d) for Proof Test requirements.
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basis for design and shall identify the external environ-
ment to which the vessel will be exposed, the intended
function of the vessel, mechanical loads imposed on
the vessel, specific installation requirements, and specific
codes and laws applicable at the location where the vessel
will be installed. The User also shall specify within the
UBRS the type of resin required or define the contents
to which the vessel shall be exposed.

See Form 1-1 for User’s Basic Requirements Specifica-

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

1-220 Critical Service Requirements

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

(1) Regardless of design pressure, all vessels
declared to be in critical service shall be subjected to a

tion.

1-210 Service Restrictions

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

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

(c) Critical service should be declared when the oper-
ating enyironment complies with all of the following

exceeds

(2) Yessel is located in close proximity to.atreas
frequent¢d by personnel on a regular basis 'such that
abrupt fafilure of the vessel would be likely te threaten
the life of health of personnel and

(3) $ubstance contained in the"vessel is of such
nature that if abruptly released it could threaten the
life or heplth of personnel and

(4) gubstance contained is known by the User or
User’s Agent to degrade the.physical strength properties
of the RT|P laminate at-ad-abnormally high rate or

(5) qubstance contained is known by the User to be
an insididus and extremely poisonous gas or liquid of such
anature thata very Small amount of the gas or of the vapor
of the liqyid rhi%ed or unmixed with air is dangerous to life
when inhgled, or of such a nature that a very small amount

Proof Test of the as-constructed laminate. Refer to
para. 6-930(d).
(2) The vessel shall be specified, fabyieated| and
inspected to be in full compliance with Level 1, Critically
Corrosion Resistant, visual inspeCtion criterfa as
described in Table 6-1.
(3) Design factors for the physical strength prpper-
ties of the laminate shall be atJéast 125% of those 4peci-
fied elsewhere in this Standard. Greater design factors
may be warranted based-on analysis of the expg¢cted
design conditions and.such factors as are outlinpd in
para. 1-210(d). If,so; they shall be specified by the
User or User’s Agent.
(4) Acousticemission testing of RTP vessels has|been
found usefulyin identifying major defects. Its use ps an
additional“verification of integrity for vessels fo be
useddn-critical service is optional.
(5) Postcure of critical service vessels is optiongl but
should be given consideration. Postcure of RTP lamipates
is known to improve certain mechanical properties ¢f the
laminate and reduce residual styrene content, and may
improve the corrosion resistance of the lamipate.
Other mechanical properties, such as elongation| may
be reduced by postcure.
Consultations with the resin manufacturer and Habri-
cator should be conducted, and where postcure is [to be
employed, a specification defining procedures, methods,
and a time-temperature program shall be specified By the
User.
(b) Compared to steel, RTP materials have¢ the
following characteristics:
(1) the long-term effects of chemical and th¢rmal
degradation on mechanical properties are less|well
defined
(2) flammability
(3) limited impact resistance
(4) low ductility that could lead to abrupt rupture

ofthe 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 irre-
versible damage to an individual’s health.

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

due to excess loading
(5) the long-term effects of creep are less well
defined
(c) On the basis of (b) above, the following additional
safeguards should be carefully considered:
(1) location of vessels
(2) guarding against physical damage and abuse
(3) fire protection
(4) prevention of excess loading imposed by attach-
ments or auxiliary equipment
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(5) periodic structural and material inspections and
tests

1-230 Operation and Environmental Factor

(a) An operation and environmental factor may be
specified to account for reduction in laminate properties
during the design life.

BACKGROUND: There exist conditions that are not identified as
severe service, but may require increased design factors to
achiepe—= 3 3 3 ; e e
ser is advised to research each unique application,
, and construction to determine if increased design
factorfs are needed to satisfy their safety and service life require-
ment|Some chemical services have been identified that result in
more|rapid deterioration of laminate properties (permeation
causifg attack of reinforcement and resin) increasing risk of fail-
ures. Elevated temperatures and cyclic loading have also been
shownh to decrease service life.

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

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

It shall be the responsibility of the User or the User's
ated Agentto declare an environmental factor i the

c O TTasulIlapltc ScIvICce

for determining if an operatien'and environmental
is required. Any operation-and environmental
factof specified is not a function of the scope, require-
ments, or content of this Standard, or of any firm or indi-
vidugl (other than the UsSen or User’s Agent) involved in
any gart of the processwofiusing or determining proper use
of thg Standard.

1-30p FABRICATOR’S DESIGN REPORT

The Fabricator or the Fabricator’s designated agent
shallprepare a Fabricator’s Design Report, which includes

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
Standard. The qualifications and experience required of
the RTP-1 Qualified Designer will depend on the
complexity and criticality of the system and the nature

ence AS a MIiNimiim

(a) Completion of an engineering degree, accredited by
an independent agency [such as ABET (US andl interna-
tional), NBA (India), CTI (France), 'and CNAH (Chile)],
requiring the equivalent of at leéast 4 yr of sfudy that
provides exposure to fundamentabsubject mattefr relevant
to the design of tanks and pressure vessels, plus a
minimum of 5 yr of expériehce in the design pf related
tanks and pressure véssels including design cajculations
for pressure, sustained-and occasional loads, an(l cyclic or
thermal loading eonditions.

(b) ProfesSional Engineering registration |n one or
more of the states of the United States or prqvinces of
Canada of alternatively recognized by a jutgisdiction
outside,the United States or Canada.

At least 5 yr direct experience with design anjd fabrica-
tion including materials selection of FRP tanks apd vessels
using the RTP-1 Standard, ASME Boiler and|Pressure
Vessel Code, Section X, or EN 13121 or other recognized
international fiberglass vessel or tank code or|standard.

1-400 INSPECTION

This Standard requires that specific inspeftions be
carried out by Inspection Personnel experiendged in the
fabrication of RTP vessels. In addition, other inspections
may be carried out as a part of the Fabricatorfs Quality
Control Program. Throughout this Standard, Ihspection
Personnel are referred to as either inspector(g) (lower-
case “i”), Inspector(s) (uppercase “I”), or Certified Indivi-
dual(s) (uppercase “CI").

A Certified Individual is an employee of the Habricator
authorized by ASME to use its marks. The Certjfied Indi-
vidual’s principal responsibility is to protect the ASME
mark by carrying out the duties described in this[Standard.
The Certified Individual may also be the Inspdctor.

An Inspector is an individual who shall be mytually ac-

the calculations, component and joint thicknesses, and
laminate sequences necessary to establish that the
design complies with the rules of this Standard and
the UBRS.

The RTP-1 Qualified Designer qualified in accordance
with para. 1-310 shall be in responsible charge of
preparing all aspects of the Fabricator’s Design Report
and shall certify with his signature that the Fabricator’s
Design Report is in compliance with these rules and the
UBRS.

ceptable to the User and Fabricator, and shall carry out
duties in accordance with this Standard. An Inspector’s
reporting relationship to management shall be indepen-
dent of the Fabricator’s production and marketing groups
(see para. 1-430). An Inspector may also be the Certified
Individual or the inspector, but not both.

An inspector is an individual engaged in inspection
activities during the course of fabrication, usually as a
function of quality control. An Inspector may also be
the Inspector but cannot be the Certified Individual.
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Form 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 fir|

User’s

Title of

User’s

Installa

UBRS p

Name

M name

Fepared

gent firm name

equipment

esignation no.

ion location (name and address)

by (User or User’s Agent):

Phone no.

Addres

Date

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

[l
[l

ld
M

dditional Fabricator respensibilities:
] Special requirements

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

[

| User walves visual inspection prior to application of Tinal exterior coat: [] Yes

Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1): [] Level 1
Quantity limitations for gaseous air bubbles or blisters

[l

L]

NO
Level 2
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Form 1-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

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

&

v

[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 specify;
attach copies of local code/ordinance requirements)

[1 Other

3.2 Material of construction:

Resin

Catalyst/cure system

Veil

Barcol hardness per 6-910(b)(3) and 6-910(b) (4)

[1 Lift lugs: []RTP

[1 Hold-down lugs: []RTP

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

[] Carbon steel [ 1 Other

[ ] Carbon steel [] Othex

4.1 Description of process function and process sequénte:

4.2 Contents:

Concentration

ChemigahName Max. % Min. % Exposure Time
4.3 pH range: max. min.
Design
5.4°\{Design conditions:
Operating (for reference only) Design
Internal pressure
Extarnal nraccura
Lad
Temperature
Specific gravity
Normal (used for seismic design only) Maximum

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

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

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

Elevation above grade
Latitude

Basic wind speed MPH (m/s) Classification category

Exposure

ft (m) Topographic factors

Longitude

Snow load

Capacities: Operating

psf (kPa)

gal (L) Flooded

5.2 Mechanical agitator: [ ] Required

Dead load

Seismic Risk Category

gal (U

[ 1 Not required
Ib (N)

Static bending moment

ft-1b (N-m)

Dynamic bending moment

ft-lb (N-m)

Torque

ft-lb (N-m)

Horsepower

hp (W)

Impeller speed

RPM  Impeller diameter

Number of impellers

in. (mm)

Foot bearing: [] Yes

5.3 Heating and cooling:
[1 Electric panels
[1 Steam coil

[1 Steam sparger
[1 Heat exchanger

[1 Other

[1No

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 introduction of solids

[1 Vacuum from pump down (or vessel draining)
[1 Vacuum from cool down

[1 Other

Corrosion barrier excludéd from structural calculations:

[1 Yes

[1 No

Declaration of eritical service (only by User or User’s Agent; refer to para. 1-210 of ASME RTP-1):
[1 Yes

[T No

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

5.5

5.6

5.7

portion of the fabrication interval.). Inspector shall be:
[1 Fabricators Quality Control principal

[1 Users representative

[1 Other

esignation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASME RTP-1. It shall be noted that ASME RTP-1 establishes



https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

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

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

Inspector’s name Telephone

Company

Address

7| Approval of UBRS
7.1 Authorized User’s representative:
Name Title

Signature Date

7.2 Authorized Fabricator’s representative:
Name Title

Signature Date

Aflditional requirements:

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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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 Fabrica-
tor’s Quality Assurance Program is current and in effective
operation

(b) verify that the qualifications of the Inspector and

Fabricator’s Design Report on file, and that the require-
ments of para. 1-300 have been met.

1-440 Access for the Inspector

The Inspector shall be permitted free access, at all times
while work on the vessel is being performed, to all parts of
the Fabricator’s shop that concern the fabrication of the
vessel and to the site of field fabrication or erection during
the period of field fabrication, erection, and testing. The

inspectol are in accordance with the Fabricator’s
Quality Aksurance Program

(c) verjify that corrective actions resulting from ASME
audits ar¢ properly resolved

(d) vetlify that corrective actions taken to resolve vessel
nonconfofmities are in accordance with the Fabricator’s
Quality Aksurance Program

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

(f) ver]fy that vessels are manufactured by qualified
Laminatofs and Secondary Bonders

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

(h) approve by signing of the ASME Fabricator’s Certi-
ficate of [Compliance on the Fabricator’s Data Report
subseque¢nt to completion of all inspections by the
Inspecton

1-420 Qualifications of the Certified Individual

The Ceftified Individual shall meet the following quali-
fications:

(a) ediication and experience (minimum of high school
diploma gnd 5 yr of experience in the RTP corrosion resis-
tance indpustry)

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

(c) sat|sfactory expertise and _experience according to
the compllexity of the assignment

(d) knpwledge of ASMERTP-1

(e) knpwledge of Fabricator’s Quality Assurance
Program nd shop precedure

(f) kngwledge“dand ability to evaluate and monitor
procedurgs andiperformance

(g) knopwledge of keeping and maintaining records

Fabricator shall keep the Inspector informed-df the
progress of the work and shall notify the Inspector in
advance when the vessel or materials willrbe-ready for
any required tests or inspection.

1-500 FABRICATOR’S QUALITY €ONTROL
PROGRAM

A written description of_the Quality Control Program,
that explains which documeénts and procedures the §abri-
cator will use to produce équipment to this Standard)shall
be available for review.)The Quality Control Program|shall
be in accordange Wwith the requirements of Mandptory
Appendix M-4) Sée Nonmandatory Appendix NM-6 for
an exampleof a Fabricator’s Quality Control Program.

1-510 (Fabricator’s Demonstration of Capabiljty
See Part 7.

1-520 Certification

(a) Inorder for any vessel to be marked with the ASME
Certification Mark with RTP Designator, the Fabricator
shall meet the requirements of ASME CA-1 (refer to
Part 8). The Fabricator has the responsibility of complying
with all the requirements of this Standard and the BRS.
The Fabricator also has the responsibility to certify that
any work done by others also complies with all the re-
quirements of this Standard. This responsibility includes
providing the Inspector with all required informatioh and
assuring that the detailed examinations and tests are
performed at the stages of fabrication that pgrmit
them to be meaningful.

(b) The Certified Individual, subsequent to completion
of all inspections by the Inspector (see Part 6),|shall
complete and sign the Fabricator’s Data Report or Habri-
cator’s Partial Data Report as applicable. See Formis 1-2

1-430 Inspector’s Duty

The Inspector shall make all the inspections necessary
to verify that the requirements of this Standard and the
Fabricator’s Design Report have been met. The Inspector
of the vessel does not have the duty of determining the
completeness or correctness of the design calculations;
however, the Inspector does have the duty of establishing
that the Fabricator of the vessel has the UBRS and the

armd- =3 Amrorigimat document of such Data Reports shall
be sentordelivered to the User (or User’s Agent). Copies of
such Data Reports shall be retained in the Fabricator’s
record system in accordance with Mandatory Appendix
M-4, para. M4-300(c).

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

(19)
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(d) Vessels may also be registered by filing the Fabri-
cator’s Data Report with the National Board of Boiler and
Pressure Vessel Inspectors, 1055 Crupper Avenue,
Columbus, OH 43229.
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Form 1-2 Fabricator’s Data Report
(As Required by the Provisions of ASME RTP-1)

—_

. Fabricated and certified by:

(name and address of Fabricator)

2. Fabricated for:

(name and address of Purchaser)

3. Location of installation:

L ol el )
4. Tyge: Vessel no.: Year built:
(horiz. or vert. vessel) (mfr’s. serial) (dwg. no.) (Nat'l Bd. no.)
5. Vegsel fabricated in accordance with UBRS rev.: ASME RTP-1 edition:
(rev. and date)
6. Vegsel designed according to Part 3A or 3B: Data pkg. and Design Report complete:
(indicate A or B or combination)
7. Larpinate proof tests performed perpara. 1-130:__ |f yes, results reviewed and accegted:
(yes/no) (yes/no)
8. Faljricated for the following: Contents specific gravity:
Maximum allowable working pressure (specify units): at maximum temp. (specify units):
Maximum allowable external working pressure (specify units):_______ atdnaximum temp. (specify units):
NDE:_____ Linervisual acceptancelevel: _____ StrG¢t.Wisual acceptance level: — |
(AE or other) (Table 6-1, Level 1 or 2) (Table 6-1, Level 1 or
Quantity limitations for gaseous air bubbles or blisters:
9. Shgll: Type: Nom. thk.: Liner:
(type |, type Il, type X) (structural-enty) (specify veil, sequence, or type of thermoplastic and thk
Dia.: Length: Barcol hardness:
(specify units) (specifyrunits) (min. and max. measured)
10. Hegds: Type: Liner:
(type |, type II, type X) ($pecify veil, sequence, or type of thermoplastic and thk.)
Location Nominal Thiekness 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. Safety relief or atmospherig-vent size and location:
(identify location, item designation, type, and size)
12. Inspection openings:
(describe size, quantity, and general location)
13. Vegsel fabricated for'storage of:
(briefly describe chemicals to be contained or stored)
Declaration of critical service:t— Remarks:
(yesorno)
14. Supparts:

(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 _— EndUser

Other (explain)

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

10
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Form 1-2 Fabricator’s Data Report (Cont’d)
(As Required by the Provisions of ASME RTP-1)

17. Nozzles/fittings:

Purpose/Use Quantity Size

FABRICATOR'S CERTIFICATE OF COMPLIANCE

We certify the information in this Data Report to be correct and that the vessel has béen. designed and fabricateq in
accordance with all requirements of ASME RTP-1 and the User’s Basic Requirements Specification.
ASME RTP-1-— No.
(Certificate of Authorizatiohsand expiration date)
Date
(month / day / year) (Fabricator's name) (signature of Certified Individual)
(print or type name)
(address of fabrication site)
INSPECTOR'S CERTIFICATION
I, the undersigned, employed by. of
(print company name) (city and state)
have inspected the vessel described in this Fabricator's Data Report and believe that the Fabricator has constructefl it
in accordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor his/hler
employer (if other than'the Fabricator) makes any warranty, expressed or implied, concerning performance of the vessel.

Date

(manth fday / year) (Inspector’s signature)

(print or type name)

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

(1) User’s Basic Requirements Specification (UBRS)

(2) Design Report signed and stamped by the Qualified Designer

(3) drawings

(4) copies of all quality control forms used in the Fabricator’s Quality Control Program during the course of
fabrication

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.

11
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Form 1-3 Fabricator’s Partial Data Report

AS

Degcription of part fabricated and inspected

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.

ME RTP-1-

em

Date

Date
(month / day / year) (Fabricator's name) (signature of Certified Individual)
(print or type name)
(address of fabrication site)
INSPECTOR’S CERTIFICATION
I, tHe undersigned, employed by of .

ha\e inspected the part(s) described in this Fabricator’s Partial Data Repart ‘and believe that the Fabricator has constructed
sudh in accordance with the requirements of ASME RTP-1. By signingthis certificate, neither the Inspector nor his/her

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

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

(print or type name)

GENE
(a) Th
(1
(2
(3
(b) Th

NOTE;¢
(1) TH

AL NOTES:
b following documents, all updated to as-built status, are required attachments to this Data Report:

applicable design data signed and stamped by the Qualified Designer

drawings

copies of all quality control formsjused in the Fabricator’s Quality Control Program during the course of fabrication
s form may be reproduced and used without written permission from ASME if used for purposes other than
ublication.

e Fabricator referred to.n this Partial Data Report is that Fabricator who constructed the part or portion of the vessel
vered by this Partial Data Report.

12
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Part 2
Materials

2-105 SCOPE

Paft 2 defines the materials comprising the glass fiber
reinfprced thermoset polyester and vinyl ester resin lami-
nateq, and the types of laminates used to fabricate the RTP
corrdsion-resistant equipment. See Mandatory Appendix
M-12 for thermoplastic lining materials used in dual lami-
nate [vessels.

2-200 LAMINATE COMPOSITIONS

Thle composition of the allowable RTP laminates is
limifed to the specific materials in Part 2 and
Manflatory Appendices M-1 and M-2. Subpart 2A
covers predefined standard laminates as representative
flat lpminates. Subpart 2B covers laminates developed
using the Lamination Analysis Method, by which the
modilus properties of laminates are obtained. Subpart
2C cqvers permissible tolerances for laminate thickness
variagion.

Copstruction and testing for properties of designbasis
laminates are required in Subpart 2A. Calculation offami-
nate|properties by the Lamination Analysis,Method
(Man|{datory Appendix M-3) is addressed in Subpart 2B.

Mihimum inspections and tests to be performed on re-
infojcements, prior to their usesare described in
Mandatory Appendix M-1.

Mipimum inspections and tests to be performed on
resins, curing agents, and ,eommon additives, prior to
their|use, are described in\Mandatory Appendix M-2.

2-21D Resin and Reinforcement Substitution

The Fabricatorshall use the same resins and reinforce-
ments duringdabrication as used in the design basis lami-
nateqand llamiihation Analysis Method, with the exception
of thq surfacing veil, which may be changed as required for
corrdsion resistance.

published by the resin manufacturer, shall be-iged. Prop-
erties established through testing at ambiént temperature
are valid up to 180°F (82°C) or up to 35°F (19°C) pelow the
resin’s HDT, whichever is lower. Whenra maxinfum flame
retardancy is specified by the JBRS, the flanje spread
rating shall be determined By.the resin manufacturer
according to ASTM E84 usging ‘all mat laminatgs greater
than 0.1 in. (2.5 mm).thick. Verification of the flame
spread rating is not required as a part of laminate quali-
fication. Since flame spread can be determined ophly on flat
laminate panels, getification is not required on fabricated
equipment. Prior to use in laminate fabrications} the resin
shall be ingpected, tested, and found acceptahle by the
inspections and tests specified in Mandatory Appendix
M-2;
(a) The catalyst/promoter/accelerator system shall be
as recommended by the resin manufacturer and specified
in the Fabricator’s written procedures.
(b) Theresinshall not contain any pigment, dyes, color-
ants, or filler, except as follows:
(1) A thixotropic agent that does not inteffere with
visual inspection of laminate quality, or with the required
corrosion resistance of the laminate, may be added for
viscosity control.

NOTE: The addition of a thixotropic agent may reducf the resis-
tance of a laminate to some corrosive chemical envir¢nments. It
is the responsibility of the Fabricator to obtain approvial 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 befofe overlay
shall not be subject to these limitations.
(3) Pigments, dyes, or colorants may be adfled to the
exterior surface when specified by the UBRS.

NOTE: The addition of pigment, dyes, or colorants mdy interfere
with visual inspection of laminate quality.

[4) Flame retardant sunergists shall he
L o =]

sed only

2-300 MATERIALS
2-310 Resin Matrix

The resin shall be that polyester or vinyl ester specified
by the User’s Basic Requirements Specification. Only
resins with a heat deflection temperature (HDT) of at
least 180°F (82°C) per ASTM D648 with a 264 psi
(1.82 MPa) loading and a “4-in. (3 mm) specimen, as

when required in the UBRS. If fire retardant synergists
were used to obtain the specified ASTM E84 flame
spread rating, the same type and amount must be used
in the laminate.

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

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

Note that fillers may interfere with visual inspection of
the laminate and could affect properties of the laminate.

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

2A-222 Interior Layer Corrosion-Resistant Barrier.
The inner surface layer, exposed to the contents, shall
be followed with an interior layer. This layer is composed
of resin reinforced with noncontinuous glass fiber strands
[1.0 in. to 2.0 in. (25 mm to 50 mm) long], applied in a

2-320 Fiber Reinforcement

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

(a) fibgrglass surfacingveil, organic fiber surfacing veil,
carbon filjer surfacing veil, and fiberglass chopped strand
mat — Mandatory Appendix M-1, Article A

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

(c) fibgrglass woven roving fabric, fiberglass unidirec-
tional falpric, and fiberglass nonwoven multifabric —
Mandatoify Appendix M-1, Article C

(d) fibgrglass milled fiber — Mandatory Appendix M-1,
Article D

(e) wi

reinforce

the exception of surfacing veils, all fiberglass
ment shall be type E

2-330 Bplsa Wood Core

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

SUBPART 2A
REQUIREMENTS FOR REPRESENTATIVE-FLAT
LAMINATES

2A-100

A repr
laminate
nates perj

NTRODUCTION

psentative flat laminate\is’one made with the
sequence used in thé design. Design basis lami-
para. 2A-300 are.xequired.

2A-200

2A-210

Lamingte.construction shall be in accordance with the
tabulatedllay-up sequence for the specified type

LAMINATE'REQUIREMENTS
| aminate’Construction

minimum of two plies totaling a minimum of 3ydz/ft
(900 g/m?). 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 thoropighly
wet out reinforcement and remove eptrapped air prjor to
the application of additional reinforéement. The combined
thickness of the inner surface and‘interior layer shall not
be less than 0.10 in. (2.5 mmJ{The corrosion-resistant
barrier is to exotherm and cool before the strudtural
layer is applied.

2A-223 Structural-Layer

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

(b) The first ply of the structural layer of the lamfinate
shall be,ohe or more plies of noncontinuous glass fibers
totaling 1.5 oz/ft* (450 g/m?), comprised of chopped
strand mat and/or chopped roving.

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

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

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

2A-224 Outer Surface

(a) The outer surface of the finished laminate shall be a
separately applied paraffinated resin coat that, ywhen

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

2A-220 Laminate Composition

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

14

TUTed, PASSES UIE acetone test per ASTM €582, 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 surface will be
subjected to spillage or a corrosive environment, a resin-
rich layer, in accordance with para. 2A-221, shall be
applied over the final mat ply of the structural layer
prior to the application of the paraffinated resin coat
in (a).
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Table 2A-1 Standard Laminate Composition Type |

Nominal Thickness,

Sequence of Plies

in. (mm) Drafting
[Notes (1), (2)] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Symbols

0.18 (4.6) v M M M M . v, 4M
0.23 (5.8) v M M M M M . V, 5M
0.27 (6.9) %4 M M M M M M Vv, 6M
0.31 (7.9) %4 M M M M M M M vV, 7TM
0.35 (8.9) v M M M M M M M M v, 8M
40 (10.2) %4 M M M M M M M M M V, 9OM
44 (11.2) %4 M M M M M M M M M M Vv, 10M
48 (12.2) %4 M M M M M M M M M M M Vv, 11M
.53 (13.5) %4 M M M M M M M M M M M M V, 12M
.57 (14.5) v M M M M M M M M M M M M M v, 13M
.61 (15.5) %4 M M M M M M M M M M M M b178 M vV, 14M
.66 (16.8) %4 M M M M M M M M M M M M M M M V, 15M
.70 (17.8) v M M M M M M M M M M M xM* M M M M | vV, 16M
.74 (18.8) v M M M M M M M M M M M“~YM M M M M M| V1M

GENERAL NOTES:

(a) Thicknesses above 0.74 in. (18.8 mm) nominal can be used by adding additional plies of mat.

(b) Aftual thickness and glass content of each sequence of plies shall be established'by each Fabricator based on his or her design bagis laminate.

(c) Cerrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.

(d) Sqructural lay-up may be interrupted at intervals long enough to exotlierm in accordance with Fabricator’s procedure.

(e) Alweight equivalent layer or layers of chopped strand glass or matmay be used in place of layers of 1.5 oz/ft* (450 g/m?) mat.
NOTE}:
(1) Npminal thickness is calculated as follows:
V =[10 mil surface mat (veil) - 0.010 in./ply (0.25 mm/ply)
M = 1.5 oz/ft* mat - 0.043 in./ply (450 g/m? mat - 1.1°mm/ply)
(2) Thisinformation is based on historical data and may netreflect all laminates made today. Laminates made today are often thinnef and have a
higher glass content than noted in the Table. The Tdble should be used for establishing minimum glass plies per nominal laminatle thickness.
Ply thicknesses should be based on design basis/laminates.
(c)| The UBRS may include proyisions to minimize ultra- 2A-300 REQUIREMENTS FOR PHYSICAL AND
violef degradation of the laminate. Methods include use of MECHANICAL PROPERTIES
ultrayiolet absorbers, screenihgagents, or resins resistant . ) ] .
to ultraviolet degradation, or incorporation of pigment of (a) The Fabricator shall prepare design basis aminates

suffi¢gient opacity in.the“paraffinated resin coat. Since
pigmlentation makes lTaminate inspection difficult, the
resintrich layer shall be applied only after the laminate
has leen inspected by the Inspector. This provision
may pe waivéd by the User.

(d)] Where the final lay-up is exposed to air, full surface
cure ghall be obtained by applying to the final lay-up a coat

for each combination of resin and glass to determnjine thick-
ness and glass content. Straight line interpolatign shall be
used to determine values not tested directly. Inf addition,
the Fabricator shall choose one or more of the[following
options to establish design values:

(1) The Fabricator shall specify the minimyim values
in Table 2A-3. This method shall not be used where lami-

of paraffinated resin that, when cured, passes the acetone
test. Other techniques such as sprayed, wrapped, or over-
laid films are also acceptable methods to attain surface
cure, provided the surface resin under the film passes
the acetone test.
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nates are fabricated for use above 180°F (82°C).

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

(-a) When the corrosion barrier is included in the
design as a contributor to the structural strength of the
laminate, the following design basis laminates shall
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Table 2A-2 Standard Laminate Composition Type Il

Nominal Sequence of Plies
Thickness,
in. (mm)

[Notes (1), (2)] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Drafting Symbols
0.22 (5.6) VM M M R M V,2M,MRM
0.29 (7.4) vV M M M R M R M . . . o e V2M2(MR)M
0.37 (9.4) VM M MR M R M R M .. .o i i weew V2M3(MR)M
0.41 (14.4) VM M MRMUPRMZPRM M V,2M,3(MR)M,M
0.49 (12.5) VM MM®RMI BRMMI®BRMM R M . . . . w . . V2ZM3MRMMRM
0.56 (14.2) VMMMP RMPRMPRMM R M R M . . . . . V2M3(MRMZMRM
0.64 (14.3) VMMMPRMZPRMMEPRMMR M R M R M V,2M3(MR)M,3(MR)M
0.68 (11.3) VMM MM~ RMI BRMMI®BRMM R M R M R M M . . V2M3(MRM3MRMM
0.76 (19.3) VMM MM®RMI BRMMI®BRMM R M R M R M M R M ,V2M3(MRM3MR)MMRM

GENERAL NOTES:

(a) Thicknpsses above 0.76 in. (19.3 mm) nominal can be used following pattern established for 0.76'%11.)(19.3 mm) thick laminate.

(b) Actual fhickness and glass content of each sequence of plies shall be established by each Fabricator based on his or her design basis lanjinate.

(c) Corrosjon barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added:

(d) Structyral lay-up may be interrupted long enough to exotherm between adjacent “MM” pliesdfrequired by fabrication procedure, location of
exothefm plies may be changed by shifting plies 10 and 17 within the laminate body or by splitting an “M” ply into weight-equivalent layer(s).

(e) A weight equivalent layer or layers of chopped strand glass or mat may be used inplace of layers of 1.5 oz/ft* (450 g/m?) mat]

NOTES:
(1) Nominl thickness is calculated as follows:
V = 1P mil surface mat (veil) - 0.010 in./ply (0.25 mm/ply)
M = 1[5 oz/ft* mat - 0.043 in./ply (450 g/m? - 1.1 mm/ply)
R = 2jt oz/yd* woven roving - 0.033 in./ply (810 g/m? woven roving\- 0.84 mm/ply)
(2) Thisinformation is based on historical data and may not reflect all lamiifnates 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 laminate thidkness.
Ply thifknesses should be based on design basis laminates.

Tablé 2A-3 Minimum Values of Flat Laminates

Ultimate Tensile Tensile Modulus, Ultimate Flexural Flexural Modullus,
Nominal Thickness, Strength, psi (MPa) psi (GPa) Strength, psi (MPa) psi (GPa)
in. (mm) Type [Note (1)] [Note (1)] [Note (2)] [Note (2)]
All I 9.0 x 10° (62.1) 1.00 x 10° (6.90) 16.0 x 10% (110) 0.70 x 10° (4.8B)
0.22 (5.6) | 12.0 x 10%(82.7) 1.30 x 10° (8.96) 19.0 x 10% (131) 0.80 x 10° (5.5p)
0.29 (7.4) I 13.5 x 10° (93.1) 1.40 x 10° (9.65) 20.0 x 10° (138) 0.90 x 10° (6.2]1)
0.37 (9.4) ynd abeve 11 15.0 x 10% (103) 1.50 x 10° (10.3) 22.0 x 10% (152) 1.00 x 10° (6.9p)

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

NOTES:
(1) ASTM D638 at 73°F (23°C), ASTM D3039 at 77°F (25°C), or ASTM D5083 at 73°F (23°C).
(2) ASTM D790 at 73°F (23°C).

16
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include the inner surface, interior layer, and structural
layer, but not the outer surface:
(-1) Typel, 0.18 in. (4.6 mm) nominal thickness
(-2) Type I, 0.48 in. (12.2 mm) nominal thick-

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

(e) The laminate compositions and minimum proper-

ness ties for Type II production laminates are given in
(-3) Type I, 0.74 in. (18.8 mm) nominal thick- Tables 2A-2 and 2A-3.

ness NOTE: The laminate properties found in Table 2A-3 are conser-
(-4) Typell, 0.22in. (5.6 mm) nominal thickness vative and historically proven. They represent a compilation of
(-5) Type 1l, 0.49 in. (12.5 mm) nominal thick-  data on the most available laminating materials.

ness

e (-6) Type 1, 0.76 in. (19.3 mm) nominal thick 2A-400 TEST METHODS
(-7) TypeX, 0.25in. (6.4 mm) nominal thickness (a) Tensile strength and tensile modulus of| elasticity
(-8) Type X, 0.50 in. (12.7 mm) nominal thick-  shall be determined by ASTM D638, ASTM P3039 at

ness 77°F (25°C), or ASTM D5083, The tensile [modulus
(-9) Type X, 0.75 in. (19.1 mm) nominal thick-  shall be determined using the-data between| 400 and

ness 1,300 microstrain unless.dnother strain range better

(-b) When the corrosion barrier is excluded from represents the flat portion of the curve. Apy strain
the dpsign as a contributor to the structural strength of the range other than 400_and 1,300 microstrain shall be
lamirjate per para. 6-930(d)(5)(-d), the following design reported with the modulus value. Specimeng shall be

basis| laminates shall include only the structural layer:
(-1) Typel, 0.35in. (8.9 mm) nominal thickness
(-2) Typell, 0.37 in. (9.4 mm) nominal thickness
(-3) TypeX, 0.38in. (9.7 mm) nominal thickness
(-c) Properties of Types I, 1], and noncylindrical X
laminatesin (-a) and (-b) above shall be established on flat
laminates prepared under shop conditions. For Type II
lamipates, the woven roving is laid-up in square array
with [warp rovings parallel layer to layer, and test speci¥
menq are cut parallel to the warp rovings.

(b) For design purposes, properties establishedat the
applifable ASTM test method temperature are yalid up to
180°F (82°C) or up to 35°F (19°C) below the tesin’s HDT,
whichever is lower. Where laminates are fabricated for
use 4t design temperatures above 180°F (82°C) or up
to 33°F (19°C) below the HDT, ceftification of strength
and modulus per paras. 2A-400(a) and 2A-400(b) shall
be sypplied at or above the gpecified temperature.

(c)| The thickness and glass content of laminates shall
be balsed on the data obtaihed from the Fabricator’s design
basis|laminates. Fordaminate Types I, II, and X, thickness
and glass content shall be determined from laminates
desctibed in (a)(2). Six thickness and glass content
(weight pexcent) readings shall be taken on each
design basislaminate. They shall be taken at 1 in. to 2
in. (25\mm to 50 mm) from each corner, except for
two readings takem from tite middie of the tammimnate.
The highest thickness 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 thick-
ness and glass content for each laminate tested. The
average thickness value shall be from 85% to 115% of
the nominal thickness listed in Tables 2A-1 and 2A-2.
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in accordance with Type IIl, Figure 1 of ASTM D638,
or in accordance with para. 6.1.1 of ASTM D5083,
except that aCtual laminate thickness shall be jused.

(b) Elexural strength and flexural modulus of elasticity
shalkbe determined by ASTM D790. The molddd surface
(cérrosion barrier) shall be tested in compresgion.

(c) Glass content, weight percent, shall be d¢termined
in accordance with ASTM D2584.

(d) Whenrequired, the residual undisturbed
plies from ASTM D2584 shall be separated car
counted and/or weighed to confirm standa
sequence.

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

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

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

(h) For isotropic laminates, mechanical [property
testing in only one direction is required. For anisotropic
laminates, testing in both the principal xand y difections is
required.

blass fiber
pfully and
rd lay-up

bmeter or

shall be

2A-500 RECORDS

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,
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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
Table 2A =2~ TTT]
propertigs of standard laminates, Table 2A-3. The data
shall be generated from laminates made under typical
shop conglitions and tested per para. 2A-400. The infor-
mation shall include the heat deflection temperature of the
resin used, whichisrequired to be 180°F (82°C) or greater.

NOTE: Th¢ requester should consider supplying data on lami-
nates madp using two or more widely different specific gravity
resins by three or more fabricators, together with the appro-
priate Typee [ and/or Type II control laminate data.

Where the laminate is intended for special applications,

requires ppecial handling, or has known limitations or
susceptibijility to failure in certain services, precautionary
requirempnts and information should be included in the
submitta]. The data should be submitted on laminates
intended|[for use in place of the design basis laminates
of Type I and/or Type II, as outlined in
para. 2A1300(a)(2). Examples of representative field
experiendes should be submitted.
NOTE: WHen the new laminate is a minor modification of an
existing $tandard laminate, the data required may be
reduced with the concurrence of the Committee. When(.the
data supplied is insufficient for an adequate evaluation) the
Committe¢ will request additional data.

SUBPART 2B

REQUIREMENTS FOR LAMINATES DEVELOPED
USING THE LAMINATION ANALYSIS METHOD
(TYRE X)

2B-100 | AMINATE €OMPOSITION

Lamindtes developed under Subpart 2B are designated
as Type X|laminates’ Laminates developed under Subpart
2B are nopstdndard laminates not defined in Tables 2A-1,
2A-2, and 24A-3.

2B-130 Structural Layer

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

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

(c) The balance of the structural layer shall then be

o . - . ence
as designed per Mandatory Appendix M-3.

2B-140 Outer Surface
See para. 2A-224.

2B-200 REQUIREMENTS FORPHYSICAL ANL
MECHANICAL PROPERTIES

(a) The resin matrix tensile modulus and spegcific
gravity are measured onya fully cured 0.125-in. (3|mm)
thick neat resin casting: Tensile modulus and cured spe-
cific gravity properties provided by the resin manufac-
turer may beyused for design temperatures yp to
180°F (82°€).

(b) Standardized tensile modulus and specific gtavity
for E glass shall be used for the Lamination Anglysis
Methiod (Mandatory Appendix M-3).

{c) Laminate properties shall be calculated using the
flamination Analysis Method contained in Mandftory
Appendix M-3.

(d) The Fabricator shall prepare design basis lamipates
and test per para. 2A-300.

(e) For cylindrical laminates, the following mechgnical
property tests are required: flexural strength and moflulus
in the hoop and axial directions (corrosion barrjer in
compression) and tensile strength and modulus ip the
axial direction.

2B-300 TEST METHODS

(a) Glass content, weight percent, shall be determined
in accordance with ASTM D2584.
(b) Matrix tensile modulus shall be determingd in
accordance with ASTM D638.
(c) Matrix specific gravity shall be determined in gccor-
dance with ASTM D792.
(d) Thickness of individual plies shall be determined

Laminates shall consist of a corrosion-resistant barrier
(comprised of an inner surface and interior layer) and a
structural layer.

2B-110 Inner Surface Corrosion-Resistant Barrier
See para. 2A-221.

2B-120 Interior Layer Corrosion-Resistant Barrier
See para. 2A-222.

with a microscope or other instrument having an accuracy
of 0.001 in. (0.02 mm).

2B-400 RECORDS

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

SUBPART 2C

PERMISSIBLE TOLERANCES FOR LAMINATE

Th
first,
area
seco
meas
seve
para.

2C-1

Th|
than
thick]
the t
must]
desig
excef

THICKNESS VARIATION

ere are two types of laminate thickness tests. The

ge spot thickness, is used easure a sma
or a small component [see para. 6-920(f)(2)]. The
hd, average thickness of a major part, is used to
ure a large area, such as a shell or head, where
Fal average spot thicknesses can be taken [see
6-920(f)(2)].

00 TOLERANCE FOR AVERAGE SPOT
THICKNESS

e thinnest value (of six) shall be equal to or greater
90% of the design thickness of the laminate. The
est value (of six) shall be no more than 120% of
hinnest value. The average of six thickness values
be no less than 95% nor more than 125% of the
n thickness of the laminate. See para. 2C-300 for
tions.

2C-200 TOLERANCE FOR AVERAGE THICKNESS

OF A MAJOR PART

The average thickness of a major part is the average of

four average spot thickness values. The average

thickness

of a major part shall be not less than 95% nor more than
120% of the design thickness of the laminate. See
para. 2C-300 for exceptions.

Fabricators may add additional material tQ a
design thickness. All such additions shallbelin a
with the full repeating sequence of structural
repeating construction of reinforeed/laminate n
in an over-thickness, which is"permissible. C
resistant barrier total thickness in excess of t
thickness may not be used aspart of the design

hieve the
cordance
plies. The
hay result
prrosion-
he design
structural

layer thickness. The design corrosion-resistafpt barrier

thickness, design structural layer thickness, a
total thickness for each major part shall each
tolerances of Subpart 2C.

nd design
meet the
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Part 3
Design

(19) 3-100 SCOPE

Part 3 dets forth design formulas and rules for the use of
contact molded and filament wound RTP materials for the
fabrication of corrosion-resistant vessels. It is limited to
vessels that operate up to and including 15.0 psig (103
kPag) intlernal pressure as measured at the top of the
vessel. The limit on external pressure is 15.0 psig (103
kPag). THe hydrostatic head resulting from the weight
ofinternall contents and applied pressure shall be additive.

(a) Pajft 3 contains two separate subparts.

(1) Subpart 3A, Design by Rules
(2) $ubpart 3B, Design by Stress Analysis

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

(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 fol
ment:

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

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

(c) Comtact molded or filamentwound laminate thick-
nesses arfe calculated for internal'loadings and external
loadings |n accordance with\the rules and procedure in
Subpart 3A or 3B.

(d) Laininates shallbe)selected so thatimposed load(s)
does not [produce stresses or strains in excess of those
specified [in Subpart'3A or 3B, as applicable.

(e) Ultlmate-tensile strength and modulus values of all
types of lamjnates may require reduction when tempera-

owing parameters are common to all RTP équip-

shall
on.

(g) The minimum ultimate axial tensile strength
be 9,000 psi (62.1 MPa) for all laminate conStruct

3-300 DEFINITIONS AND RELATED
REQUIREMENTS

atmospheric vessel: a vessel provided with both an pver-
flow and a free vent. An atmdspheric vessel lhas a
maximum allowable working pressure of 0 psfig (0
kPag) and a maximum allewable external pressurg of 0
psig (0 kPag).

design pressure: the/maximum positive internal gage
sure anticipatedhat the top of the vessel. The design
sure is spegified by the User on the UBRS as a bas
design.

pres-
pres-
s for

design temperature: the highest anticipated temperpture
whichmajor components will be exposed to during the life
ofithe vessel. The design temperature is specified by the
User as a basis for design.

external design pressure: the maximum pressure differen-
tial by which the external pressure is anticipated to exceed
the internal pressure in a vessel at the desigrated
maximum design temperature. The external design [pres-
sure is specified by the User as a basis for design.

free vent: an opening above the maximum liquid levgl and
discharging freely to atmosphere.

intermittent loads: loads of short duration including, but
not limited to
(a) design wind load
(b) loads due to design seismic activity
(c) design snow load
(d) additional hydrostatic pressure under test
(e) intermittent gravity loads on platforms and foofs
(f) any other intermittent load specified in the UBRS

(g) loads imposed by pressure relief

tures above 180°F (8Z2°C) are encountered. See
para. 2A-300 or 2B-200 for design temperatures above
180°F (82°C).

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

20

(h) thermalloads due to brief temperature excursions
due to process upset

(i) external flooding

Each of the above intermittentloads shall be considered
independently in combination with the sustained loads. In
addition, wind load shall be evaluated with the vessel
empty of liquid contents. Also, temporary loads occurring
during manufacture, shipping, and installation shall be
considered using intermittent load stress criteria.

(19)
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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
pressure unless additional calculations and applicable
tests show that all other requirements of this Standard

allowable external working pressure shall not exceed
15.0 psig (103 kPag).

maximum allowable working pressure (MAWP): the
maximum positive gage pressure permissible at the
top of a vessel in its operating position at the designated
design temperature. It is the basis for the setting of the
presgure-relieving devices protecting the vessel. The
maximum allowable working pressure shall not exceed
the irfternal design pressure unless additional calculations
and gpplicable tests show that all other requirements of
this §tandard are met at a higher internal pressure. For
vessgls that comply with this Standard, the maximum
allowable working internal pressure shall not exceed
15.0 jpsig (103 kPag).

NOTH: The hydrostatic pressure measured at the bottom of a
vesse| will normally exceed the maximum allowable working
pressjire.

maxijmum liquid level: the maximum level of ljquid
contgnts in a vessel. The maximum liquid levelsshall
not He lower than the overflow or equivalent protection
or, i1} its absence, the highest point on the,vessel. The
maximum liquid level is used as a basis for design for
all cdlculations other than for external\pressure calcula-
tions| except that a lower normal liquid level may be used
for s¢ismic design calculations,

NOTH: The contents of a vesselmay‘exceed the maximum liquid
level for hydrostatic testing¢Inythis case, stresses resulting from
hydrdstatic testing must.be\considered in the design.

normial liquid levelaJiquid level that has a low probability
of exfeedance and.is used as the basis for seismic design.
The pormaldiquid level, if different from the maximum
liquidl leyelishall be specified by the User in the UBRS.

overffow:an opening or system of piping connected at the

(c) hydrostatic pressure due to weight of liquid
contents

(d) loads at supports

(e) othergravityloads due to self weightand supported
internal and external equipment

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

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

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

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

(j) any other sustained load,specified in thg

All nonexclusive combinations of the above lpads shall
be considered to establish/the maximum (tensile) and
minimum (compressive).sustained load on anly compo-
nent. In addition to”other combinations,|a vessel
subject to external pressure shall be evaluatpd empty
of liquid contents.

re acting

UBRS

SUBPART 3A
DESIGN BY RULES

3A-100 LOADINGS

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

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

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

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

(d) attachments

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

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

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

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

(h) any other combination of loads specified in the

bry, other

maximum liquid level of the vessel, and/or with its highest
invertat the maximum liquid level of the vessel, capable of
freely accommodating all simultaneous liquid in flows to
the vessel and conducting them by gravity to a disposal or
containment facility.

sustained loads: continuous loads including, but not
limited to

(a) internal design pressure

(b) external design pressure

21

UBRS
3A-110 Design Acceptability

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

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

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

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

through 3

A-t40—~shattapply-
3A-120

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 comparing
calculated laminate stress with ultimate laminate strength
to establish a minimum design factor.

3A-121

Dther Formulas

Laminate Types. Other recognized engineering
formulas pre applicable to Type I or Il laminates, laminates
in accordgnce with Subpart 2B, or combinations of Types I
and II. Other combinations, e.g., Type Il with laminates in
accordanfe with Subpart 2B, require additional consid-
eration. [Jaminate design strengths are applicable to re-
inforcemlent patterns continuing in the plane of the

3A-12
applied t¢
sustained
5 for int
and in cof

Design Factors. The minimum design factors
ultimate strength-based design shall be 10 for
loads and combinations of sustained loads, and
rmittent (short-term) loads taken individually
bination with sustained loads.

3A-123 Loadings. Loadings to be considered jnclude
those listpd in para. 3A-100.

3A-124] Laminate Strengths. Laminatetensile strength
and flexural strength are as established-in Subpart 2A.
Ultimate [secondary bond shear stress’is considered to
be 2,000 psi (13.79 MPa). Ultimate\peel strength is consid-
ered to be 500 Ib/in. (88 N/mmn1).

3A-125 Filament Wound'Laminates. For design in
accordanfe with this géction, the ultimate hoop tensile
strength|of filamentswound laminates wound at an
angle of $4 deg erthigher to the mandrel may be deter-
mined by[testing or taken to be 0.01 times the calculated

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

O.
% 1

St Sf - FlO

and

22

mi %L
St Sf FS
where
Fs = design factor
= 5 for intermittent loads
F1o = design factor
= 10 for sustained loads
S¢ = ultimate flexural strength, psi (MPa)
St - u}tiluatc tCllD;}C Dtl Cllsth’ PD; {}\"{PQ)

0f = calculated maximum sustained flexural/stress,
psi (MPa)
op = calculated maximum intermjttent flexural
stress, psi (MPa)

Ome = calculated maximum sustained membrane
stress, psi (MPa)
omi = calculated maximum intermittent membrane

stress, psi (MPa)

3A-127 Recognized Formulas. Other recognized
formulas include stvess calculations present¢d in
various sections df the ASME pressure vessel cpdes,
formulas included in the nonmandatory appendides of
this Standard, and well-documented formulas pres¢nted
elsewhere.

3A-130 Maximum Corrosion-Resistant Barrie
Strain

=]

nsile
ed to

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

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

(b) for intermittent loads: 0.0020 in./in. (mm/n

(c) It is not necessary to apply the corrosion bg
strain limits in (a) or (b) above to Type I or Type II lami-
nates. The stress criteria in Subpart 3A are adequdte to
limit the corrosion barrier strains to acceptable valyes in
Type I and Type II laminates.

m).
rrier

3A-140 Maximum Compressive Stress Stabil|ty

In addition to the stress criteria listed above, fpr all

sading-conditionsand-combinationsfineladingexternal
pressure) that result in compressive loads in a shell, the
stress shall be limited to one-fifth of the critical buckling
stress.

3A-150 Conservative Design

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

(19)
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3A-200 DESIGN FOR TOTAL INTERNAL PRESSURE
3A-210 Calculation of Minimum Thickness of

My Fy PD
+ +
x(D/2)*(S,/F)  7D(S/F)  4(S,/F)

Cylindrical Shells where
(a) Contact molded construction is calculated as D= 1n51'de diameter, in. (mm)
follows: F = design factor = 10
' F, = axial tensile force resulting from design loads, Ib
Hoop Loading  Axial Loading (N)
P = Nax M, = bending moment resulting from design loads, in.-
28,/ F 4 S /F b (N mm)
h P = internal pressure, psi (MPa)
whene ) . S, = ultimate axial tensile strength, psi (MPa)
D = inside diameter, in. (mm)
F= de§1gn factor = 1(_) . (c) For shells under combined ,axial tengile loads
N, = axial force per circumferential inch of shell, . . . . .
. resulting from design loads, incldding wind,|snow, or
Ib/in. (N/mm) o ;
. . . seismic loads, t shall be calculated as follows:
P = total internal pressure, psig (MPa) (internal
pressure plus hydrostatic head) — Myl + Ml Fq + Fp PD
Sl = ultimate axial tensile strength, psi (MPa) n(D/2)2(SgE)" 7D(Sy/F) — 4(S,/F)
S} = ultimate hoop tensile strength, psi (MPa)
t}, = total wall thickness, in. (mm), for axial stress where
th = total wall thickness, in. (mm), for circumferential F = desigh factor = 5
stress Fp = axdaltensile force resulting from wind} snow, or
seismic loads, Ib (N)
The shell thickness shall be the greater of ¢, or t, at the Mp = bending moment resulting from wind{ snow, or
poin{| considered by the calculation. seismic loads, in.-lb (N-mm)
(b] Filament wound construction is calculated as
folloyvs: 3A-222 Compressive Loads. The thicknesd of shells
Hoop Loading  Axial Loading under combined axial compressive loads shall be equal
PD; N to the largest value for t as calculated below.
th= 2(0.001E,) ty = S,/ F (a) Shells under external pressure shall mept the re-
quirements of para. 3A-310.
or (b) For shells under combined axial conjpressive
PDF Ny F design loads, t shall be the greater of t; or t, ¢alculated
th=— t, = as follows:
28y, S
y = Myl |Eal R
- 2
NOTH; Corrosion-resistant barrier.strain shall not exceed limits n(D/2)*(S;/F)  wD(Sa/F) - 4(S/fFD)
in pafa. 3A-130. 0.p
o] el RD]R(D/2)
wherfe 2 11(1)/2)2 nD 4 0-3Eeff
En|= hoop tensile modulus, psi (MPa)
Thp shell thickness shall be the greater of ¢, or t; at the where o . .
int idefed by th leulati D = inside diameter, in. (mm)
poing consicereet by the caicuiation. E4r = axial flexural modulus, psi (MPa)
_ 0.5
3A-220 Design of Cylindrical Shells Under Eetr = (EorEne) ™ ,
Combined Axial Loads Ep: = hoop tensile modulus, psi (MPa)
Fa1 = axtat compressive force resutting from design
3A-221 Tensile Loads. The thickness of shells under loads, 1b (N)
combined axial tensile loads shall be equal to the F; = design factor = 10
largest value for t as calculated below: F, = design factor = 5
(a) Shells under internal pressure shall meet the re- M, = bending moment resulting from design loads,
quirements of para. 3A-210. in.-lb (N-mm)
(b) For shells under combined axial tensile design P, = external pressure, psi (MPa)
loads, t shall be calculated as follows: S, = ultimate axial tensile strength, psi (MPa)
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(c) For shells under combined axial compressive loads
resulting from design loads and occasional loads,
including wind, snow, or seismic loads, t shall be the
greater of t; or t, calculated as follows:

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:

y = M| + Mgl |Fal + |Fpl ED The thickness of the conical portion, ¢, of a toriconical
(D / 2)2(5a /F) wD(S, / Fy) 4(S,/ Fy) head, where the knuckle radius is at least 6% of the inside
M+ M x4 1| 2D | £y(D/2) 0.5 diameter of the shell and not less than three times the
t) = { A f AT B Te” 2} knuckle thickness, shall be
n(D/2) nD 4 | 0.3E .
+=C
where fe 2 cos a(S,/F)
Fp = gxial compressive force resulting from wind,

now, or seismic loads, Ib (N)

F; = dlesign factor = 5

F, lesign factor = 5

Mg = bending moment resulting from wind, snow, or
eismic loads, in.-lb (N-mm)

3A-230 Minimum Thickness of Torispherical
Heads

The mipimum thickness, t, of torispherical heads shall
be calculgted as follows:
,_ MPR,
2(S,/F)

M = A[3+Re/r)*"]
R. = hlead crown radius, in. (mm) < D;

r = head knuckle radius, in. (mm) = 0.06R,
= uftimate tensile strength, psi (MPa)

%)
=
|

Foratdrispherical head where R.= D;and r = 0:06R,, the
minimun] thickness, t, reduces to

, _ O88SPR,
S,/F

For torjspherical heads subjeet-to internal loading, the
knuckle fadius shall be externally reinforced in accor-
dance with Figure 4-1,/8Ketch (a). The reinforcement
thickness| shall be equal)to the thickness of the head as
calculategl above. Thesthickness of a joint overlay near
the knuclfle radius.tangent line of a dished head contri-
butes to fthe/knuckle reinforcement. For torispherical
heads not Subject to internal loading, see Figure 4-1,

where

D, = inside diameter of the conical.portion of g tori-
conical head at the point<ofitangency tp the
knuckle, measured perpendicular to the akis of
the cone (see Figure 3-1), in. (mm)
D; - 2r(1 - cos a)

D; = inside diameter ofhead skirt (see Figure 3-1), in.
(mm)
r = inside knuckle radius, in. (mm)
a = one-halfofthe included (apex) angle of the cgne at

the centerline of the head

The mfihimum thickness of the knuckle, t;, shall |be

0.SMPR,

ty= ———F<
S,/F

Figure 3-1 Toriconical Head Dimensions

\__\
ts—> I<—
|

sketch (b]J:

3A-240 Minimum Thickness of Ellipsoidal Heads

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

PD;

1

t=
28,/F
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where
M = 0253 + |R/r)
R. = D./(2 cos a)

and r = 3t A larger knuckle radius may be used, or
Subpart 3B calculations may be applied to demonstrate
adequacy of knuckle design.

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

The thicknesses given in (1), (2), and (3) above have
proven adequate to prevent damage during normal condi-
tions associated with fabrication, handling, shipping, and
installation.

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

(d) The radius of the bottom knuckle of a flat bottom

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

Fo
ment

" toriconical heads, compute the knuckle reinforce-

length as follows:
Dty
cosa

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

(c)| Fortoriconical heads subject to internal loading, the
knuckle radius shall be externally reinforced in accor-
dancg with Figure 3-1. The total reinforced knuckle thick-
ness,|t,, shall be calculated in accordance with the rule in
(a). The thickness of ajoint overlay near the knuckle radius
tangent line of a toriconical head contributes to the
knuckle reinforcement.

(d] When Subpart 3A design rules are used, the
secondary bond overlays shall be in accordance with
para4-320.

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

Le

3A-260 Minimum Thickness of Flat.Bottom Heads

(a] The minimum thickness for-fully supported flat
bottdm heads using Type I laminates, subject to hydro-
statid pressure only, shall bevas follows:

1) 0.27 in. (6.9 mm)\for inside diameters
(183P mm)

2) 0.31 in. (Z9'mm) for inside diameters
(1830 mm) to <96.in. (2440 mm)

3) 0.404n:\(10.2 mm) for inside diameters
(244p mm) te’<144 in. (3660 mm)

[4) See’ (c) for diameters over 144 in. (3660 mm)
(b]_Thé minimum thickness for fully supported flat

<72 in.

>72 in.

>96 in.

diameter
mm) for
minimum

Vt.'bbt.'l b‘lldll IOU ‘JE ltbb L‘lldll 1.0 ill. (25 llllll) lf Lll
is 48 in. (1220 mm) or less, and 1.5 in.,(38
diameters exceeding 48 in. (1 220 mm), The
thickness of the radius section shall be eqyal to the
combined thickness of the shell.wall and th¢ bottom.
The reinforcement of the knickle radius ajrea shall
taper so that it is tangentdwith the flat boftom and
shall not extend beyond the tangent line ontd the tank
bottom. The knuckle reinforced area shall extlend for a
minimum distance of*8)0 in. (200 mm) from the inside
tank bottom up the{vertical wall for tanks yp to and
including 48 in.((1 220 mm) in diameter, angl 12.0 in.
(300 mm) forfanks over 48 in. (1 220 mm) in [diameter.
The reinfencement shall then taper into the side yall for an
additiohal length of 4.0 in. (100 mm) (see Figurd 4-2). The
perifeter of the tank bottom shall be a flat planje, and the
bottom shall not have any projections that exce¢d 0.25 in.
(6.0 mm) and that will prevent uniform contact ith a flat
support surface when the tank is filled with liqgiid. While
Figure 4-2, sketches (a) and (d), show a joint|line, it is
permissible to fabricate the head integral |with the
shell (no joint required). This method of mapufacture
requires reinforcement of the knuckle radiujs area as
described above [see Figure 4-2, sketch (c)].

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

(f) The design of flat heads that are suppofrted by a
foundation over the entire flat surface and are loaded
by internal pressure requires the use of h¢ld-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 additipn to the
other loads. The design factor for RTP components
shall be 10 for pressure loading or 5 for pressure

rted by a
oaded by
3A. Such
rules. See

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

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

(2) 0.29 in. (7.4 mm) for inside diameters
(1830 mm) to <96 in. (2440 mm)

(3) 0.37 in. (9.4 mm) for inside diameters
(2440 mm) to <144 in. (3660 mm)

(4) See (c) for diameters over 144 in. (3 660 mm)

<72 in.

>72 in.

>96 in.

25

combimed with witd, SelSTic, 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.


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

(19)

ASME RTP-1-2019

3A-261 Flat-Bottom Knuckle Design

(a) The flat-bottom knuckle details displayed in
Figure 4-2 are empirically based and suitable for shop
fabricated tanks. These details may be used in lieu of a
calculation-based design for tanks up to 16 ft (4.9 m)
in diameter.

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

KD = 0.84, a knockdown factor
= 1.0 for Type I and Type II laminates

design length of a vessel section, in. (mm), taken
as the largest of the following

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

(b) the distance between cone-to-cylinder

(c) Foiy tanks 16 ft (4.9 m) in diameter and above, the
bottom khuckle must be designed by calculation.

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

(e) The Qualified Designer is responsible for recog-
nizing thp limitations of Figure 4-2 details and should
give spe¢ial consideration to tall tanks, high specific
gravity cdntents, high design pressure, and combinations
thereof.

3A-270 Minimum Thickness of Hemispherical

Heads

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

t = PRy/2S,

P = dpsign internal pressureypsi (MPa)

jullLLiUllb rUl VCDDCID VViL‘ll CoIIc UOr Cu llCal
heads, if there are no stiffening rings
(c) the greatest center-to-centérydistance
between any two adjacent stiffening’ ringg
(d) the distance from the center of theg first
stiffening ring to the formed+head tangent line
plus one-third the depth-of the formed |head
(excluding conical Heads and sectiong|), all
measured parallel to\the axis of the vesse|l
(e) thedistancefrom the firststiffening ringin
the cylinder to the cone-to-cylinder junction
allowable, external pressure, psi (MPa)
wall thickness, in. (mm) (nominal)
E}?f/zE;t/z
A N
p Eazf

_ 2~
(1 Vah”ha) (DD/Z)t

reduction factor developed to better cortfelate
theoretical predictions and test results
=1-0.001Z, if Z, < 100
= 09if Z, > 100
van = flexural Poisson’s ratio in the axial directjon =
-Ss54/S44, where Ss4 and S44 are terms ip the
inverted form of the laminate ABD stiffness
matrix, S;; (see para. M3-520)
Vhe = flexural Poisson’s ratio in the hoop directjon =
~Sas5/Ss5

(1) For design without calculating the Poisson’s ratiofs, the
following apply:
(a) TypelLaminates.For an all Type I laminate, the fl¢xural
and in-plane Poisson’s ratios for axial and hoop are ideptical.
Setting these to zero produces about a 9% reduction in allopvable

(b) Typell Laminates.For all Type Il laminates with ndliner,
the flexural and in-plane Poisson’s ratios are slightly different

R; = inpside radius of headsin+~(mm) NOTES:
S, = allowable stress, psiv(MPa)
3A-300 DESIGN FOR EXTERNAL PRESSURE
3A-310 Cylindrical Shells pressure.
The maximum allowable external pressure between
stiffening| eléments is computed by the following:
KD(0.853)7E;/ 4pl/ 452
P, =
(= ) LD, /2)% S
where
D, = outside diameter of shell, in. (mm)
E.s = axial flexural modulus, psi (MPa)
E,; = axial tensile modulus, psi (MPa)
Epr = hoop flexural modulus, psi (MPa)
FS = design factor of safety = 5

26

due-to-the 5/4-weave-Settingthese-tozero-producesabert a 5%
reduction in allowable pressure. Setting the flexural and in-plane
Poisson’s ratio equal to the in-plane Poisson’s ratios produces a
<1% reduction in allowable pressure for standard Type II lami-
nates. Any number of chopped strand mat plies may be added to
the Type Il 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.
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(c) Type X Laminates. For Type X laminates, the Poisson’s
ratios need to be calculated per laminate analysis or determined
by testing.

(2) Nonmandatory Appendix NM-16 provides an example of the
NASA SP-8007 solution for lateral and longitudinal pressure.

3A-320 Torispherical and Elliptical Heads

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

E;, = effective hoop modulus of shell and stiffener, psi
(MPa)

design factor = 5

the calculated effective moment of inertia, in.*
(mm®), considering the different moduli of the
shell and stiffener and the resulting shift in
neutral axis. I, shall be greater than or equal
to I.

I, = moment of inertia, in.* (mm4), of stiffener and

e
nou

P, = 0.36(1:"f/F)(t/Ro)2

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

t= RU(FPd/oséEf)O'S

For elliptical heads, compute the allowable external
presqure, P,, as follows:

B = 0.36(Ef/F)(t/K,Dyp)*

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

05
t = K,Dyy(FRy/0.36E )

wherje
D,}, = outside diameter of head, in. (mm)
Hr = flexural modulus of elasticity for head, psi (MPa)
K}, = factor depending on ellipsoidal head propor-
tions as follows:

Major to Minor Axis Ratio K,

2.0 0.90

1.8 0.81

1.6 0.73

1.4 0.65

1.2 0.57

1.0 0.50

P}, = allowable_external pressure, psi (MPa)
P}, = design\external pressure, psi (MPa)
R outside crown radius of head, in. (mm)

3A-330 Stiffening Rings

effective lcugth of strett—The—effective length of
shell shall not be greater than the)|ength of
the shell under the ring plus nd mord than the
length of the bending boundarylayer| (BBL) in
the shell where the stresses are 50% of the
peak values on each side<of the centrpid of the
ring. See Nonmandatory Appendix NM-17 for
the BBL formulation, Portions of shell| shall not
be consideredsas contributing to mjore than
one stiffening-Ting.
Lg = one-half af the distance from the center]ine of the

stiffening ring to the next line of suppdrt on one
side;plus one-half of the centerline distgnce to the
npextdine of support on the other side ¢f the stif-
fening ring, both measured parallel to fhe axis of
the cylinder, in. (mm). A line of suppdrt is

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

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

(c) a cone-to-cylinder junction

P = actual external pressure, psi (MPa)

See Figure 4-7 for stiffener details and Nonmandatory
Appendix NM-17 for example calculations. Othe} stiffener
profiles meeting the required moment of inertja may be
used.

3A-340 Top Head Loads

The top head, regardless of shape, shall be d¢signed to
supporta 250 1b (1.11 kN) load on a 16 in.? (10 $00 mm?)
compact area without damage and with a rhaximum
deflection of 0.5% of the shell diameter, or 0.50 in. (13
mm), whichever is less. For torispherical h¢ads, this
requirement can be satisfied by using thg method
presented in Nonmandatory Appendix NM-11.

The required moment of inertia, I, of a circumferential
stiffening ring, including 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, = PLDJF/24E,

where
D, = shell outside diameter, in. (mm)

3A-345 Fully Supported Flat-Bottom Heads Subject
to External Pressure. Flat-bottom heads shall be designed
so that, when subject to the external pressure(s)
(a) calculated stresses in the head do not exceed
(1) one-tenth of the ultimate strength(s) of the lami-
nates employed for sustained loads
(2) one-fifth of the ultimate strength(s) of the lami-
nates employed for intermittent loads combined with
sustained loads and
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(b) upward deflection of the flat bottom resulting from
the external load will not exceed 1%% of the diameter of
the head for all external loading conditions

Liquid contents of the vessel shall not be considered to
reduce stresses or deflection.

NOTE: Where rigid internal equipment is fitted on or close to the

bottom,

a lower deflection limit may be required.

(19) 3A-350 Toriconical Heads

r = inside knuckle radius (see Figure 3-1), in. (mm)
(6% minimum and at least three times the
knuckle thickness)

S, = ultimate tensile strength, psi (MPa)

t. = cone thickness (see Figure 3-1), in. (mm)

t, = knuckle thickness (see Figure 3-1), in. (mm)

a = one-half the apex angle in toriconical heads and

sections (see Figure 3-1), deg

(b Whemthe tatf apexangiewexceeds 60 deg; the tori-

(a) Fof toriconical heads whose half apex angle, a, is conical head shall be designed in accordapee|with
<60 deg,)the maximum allowable external pressure Subpart 3B.

between §tiffening elements is computed by the following: (c) For toriconical heads subject to external pregsure,

b _ K(Ee/F)(Dy/L)[(t cos ) /D13
¢ 1 — 0.45[(t, cos a)/D,>>

Also cHeck for stress in the cone, S, as follows:

1710}
S, = _td¥
2t . cosa

The stresf, S, must not exceed S, /F.
For torficonical heads, compute the knuckle reinforce-
ment length, L, as follows:

The

where

L =

Dity,
\ cos a

thickness of the knuckle, t;, shall be
0.SMP4R,
tp = ——=—=
S,/F

i = Inside diameter of the conical portion of a tori-

fonical head at the point of tangency to the
knuckle, measured perpendicular to the axis
f the cone (see Figure 3-1),_ih. (mm)

= D; - 2r(1 - cos «), in. (mMm)

= maximum outside diameter at the large end of
he conical segmentbetween stiffening elements
see Figure 3-1))in. (mm)

= axial tensile modulus for the cone, psi (MPa)

= hoop tensite-modulus for the cone, psi (MPa)
= resultantdmodulus for the cone, psi (MPa)

= Eathc)o.5

= desigm factor = 5

4.ann

the knuckle radius shall be externally reinforced in gccor-
dance with Figure 3-1. The total reinforced knuckle thick-
ness t,- shall be calculated in accerdance with the rpile in
(a). The thickness of ajoint overlaynear the knuckle radius
tangent line of a toriconicallhead contributes tp the

knuckle reinforcement.

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

secondary bond ovérlays shall be in accordance
para. 4-320.

3A-360 Stiffening Rings

with

The required moment of inertia, I, of a circumfer¢ntial
stiffenipg ring for conical shells under external prepsure

shallot be less than that determined by the folld
formula:

| _ BiLD, /cosa) F
: 24E),,

where

wing

Ens = hoop tensile modulus for the stiffening rinjg, psi

(MPa)
Ls =

one-half of the conical segment slant distance

from the centerline of the stiffening ripg to

the next line of support on one side, plus
half of the conical segment slant dist

one-
ance

from the centerline of the stiffening ripg to

the next line of support on the other sidd
Figure 3-2), in. (mm). A line of support is
(a) a stiffening ring that meets the reg
ments of this paragraph
(b) a toriconical head-to-cylinder junct
(c) apex of a toriconical head

= F=075(F/1000;000) for 5-SCustommary umits

= 4 - 0.75(E,./6900) for SI units

= conical segment slant height (see Figure 3-1), in.
(mm)

= 025(3 + JR./r)
= allowable external pressure, psi (MPa)
= design external pressure, psi (MPa)

= D./(2 cos a)

(see

uire-

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, deter-

mined by vessel installation, location, and customer

spec-

ification as defined in the UBRS. The effects of liquid

(19)
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Figure 3-2 Toriconical Head Dimensions for External Pressure

D

o

sloshling in large vessels shall be considered. The design
shall|be certified by a Qualified Designer experieneed in
the design of reinforced plastics.

3A-420 Specifying Design Loadings

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

3A-4

ThE vessel desigmrshall be analyzed under the following
loadihg combinations:

(a] sustairied-loads plus seismic load

(b) sustained loads plus snow load
(c)| sustained loads plus wind load
(d)}=#n 3 s vesse
Seismic, wind, and snow loads are considered to act
separately. The forces are not cumulative.

30 Assumed Design Loadings

3A-440 Stresses From Loadings

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

strain shall be less than 0.0020 in./in. (mm/mnp) and the
axial stress shall be less than S,/5.

3A-450 Loading Design Examples

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

3A-460 Hold-Down Lugs

1\ ango Ja a ad d

61-General-—Concentratedloading Iting from
hold-down lugs shall be calculated. A design method for
hold-down lugsis 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 attach-
ment of the lugs. Final inspection per para. 6-900 shall be
completed after the hold-down lug attachment and testing

29
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have been completed. The Fabricator retains overall
responsibility for all field work, testing, and inspection.
The hold-down lug shall be parallel to and above the
datum plane for flat-bottom vessels as shown in
Figure 4-9. Nonmandatory Appendix NM-4 suggests a
minimum dimension of 0.50 in. (13 mm) between the
datum plane and the bottom of the hold-down lug.

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

3A-700 REINFORCEMENT OF CIRCULAR
OPENINGS

(a) Openings cut in cylindrical shells and heads for
installation of nozzles and manways shall be reinforced
by a circular area concentric with the cutout shown in
Figures 4-4 and 4-5. Required patterns of reinforcement
placement are shown in Figure 4-12.

(b) Only circular openings whose diameter does not

exceed one-half of the vessel diameter are covered by

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

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

3A-500 LARGE DIAMETER RTP EQUIPMENT BODY

FLANGES

Methods for designing flanges with full-face gaskets are
given in Nonmandatory Appendices NM-2 and NM-12.
Dimensions and allowable pressures for representative
flanges With full-face gaskets are given in Table NM2-1.
The max{mum allowable design stress value shall be
3,000 psi] (20.7 MPa) for flanges constructed of Type“lI
laminat¢s and 1,800 psi (12.4 MPa) for flanges
constructed of Type I laminates.

3A-600 [VESSELS SUPPORTED BY SHELL
ATTACHMENTS

Where|the vessel is supported (by; attachments to the
shell, thq attachments and associated reinforcement
shall be designed to avoid ekceeding allowable stresses
both in fhe attachmengts“and the shell. Attachments
may be fpbricated from‘RTP or metal as agreed upon
by the Uder and the-Eabricator.

The us¢ of suppert lugs for vertical cylindrical vessels
requires fonsiderdtion of the forces caused by eccentric
loading ofthelugs. In small vessels, these radial forces may

these rules. Openings of other geometries and dpehings
whose diameter exceeds one-half of the vessel diamneter
require special consideration and stress levels shall shtisfy
the limits of Subpart 3B.

(c) For circular nozzles, only openihgs with the lqrgest
dimension along one axis being ne-longer than two fimes
the largest dimension along the.axis*90 deg to the first axis
are covered by these rules, These dimensions shjll be
measured from one cut édge to the opposite cut|edge
(the chord is measured in“the hoop direction).

(d) These rules onty'cover reinforcement of cylinders
and dished, ellipti€al, or conical heads using the thickness
equations shown_ in Subpart 3A.

3A-710 Wall Thickness Definitions

T, = aetual structural wall thickness, in. (mm)
=Cwall thickness obtained after fabricatior], not
including any sacrificial corrosion barrier

T. = calculated structural wall thickness, in. (mm)
= wall thickness planned on being used to fabyicate
the vessel; calculated by summing the theorgtical
thickness of each layer, not including any $acri-
ficial corrosion barrier

T, = theoretical structural wall thickness, in. (npm)
= minimum wall thickness that will satisfy the
design conditions; does not include sacrificial
corrosion barrier if it is specified

EXAMPLE: The design calculations establish thpt the
wall thickness shall be at least 0.24 in. (6.1 mm)
(T).A0.29in. (7.4 mm) (T.) wall thickness is spqcified
for fabrication. After fabrication, it is determined to be
0.32 in. (8.1 mm) (T,).

= vessel inside diameter, in. (mm)

nozzle’s largest hole dimension, in. (mm)
= 1 for nozzles 2NPS 6 (DN 150)

= d/6 for nozzles <NPS 6 (DN 150)

1 for Type I or II laminates

=
1

be accom modated l‘\y reinforcementofthe cl‘\n"_ Invessels

largerthan 36 in. (910 mm) inside diameter, some type ofa
metallic ring-lug support should be used. A design method
for metallic ring-lug supports is presented in
Nonmandatory Appendix NM-5.

= ¢/15,000 for Type Xlaminates, for U.S. Customary
units

= ¢/103 for Type X laminates, for SI units

= vessel wall thickness, in. (mm)

= nozzle wall thickness, in. (mm)

reinforcement thickness, in. (mm)

= 1 for internal pressure
= ', for external pressure

o = hoop tensile ultimate strength for cylinders, psi

(MPa)

<t e+
1
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= tensile ultimate strength for heads, psi (MPa)

3A-720 Reinforcement Diameter

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

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

The stress criteria are different because of the brittle
behavior of RTP compared with steel and other ductile
metals, and because of the anisotropic behavior of fila-
ment wound and other laminates containing continuous
roving.

ThE reinforcing diameters, d,, of two openings shall not
overlap.

3A-

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

(b} T,overandabove T.shall notbe considered to have
reinfprcing value.

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

(d} t. = VMKT, - M(T. - T,).

(e)] Opening reinforcement thickness that must be
addefl to the wall may be applied to the outer or inner
surfdces, or be divided between them as shown in
Figuile 4-12. Beyond the limits of d,, the added opening
reinfprcement thickness shall be tapered onto the shell.

0 Reinforcement Thickness

3A-§00 SECONDARY BOND SHEAR STRESS

Thp ultimate secondary bond shear stress is 2,000psi
(13.9 MPa).

SUBPART 3B
DESIGN BY STRESS ANALYSIS

3B-100 INTRODUCTION

Either vessel or vessel partimay be designed using the
streqs analysis methods\listed in this subpart. The
Subplart 3B design process consists of two steps: (1)
the Hiaxial stress analysis shall be performed at points
of cdncern as determined by the Qualified Designer,
and [2) the stréss analysis results of the vessel or
vess¢l part'shdll fall within the limits established by
para) 3B¢5Q0.

Vafious methods may be used to determine the biaxial

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 cfiteria in
para. 3B-500

(b) for configurations that involve external p1
other loads defined in para/3B-300, the load
exceed one-fifth of th€¢ritical buckling load

essure or
shall not

3B-210 Basis for Determining Stresses

The equivalent stress ratio at any pointin a vessel is the
value of stress ratio deduced from the stress copdition at
the point by means of a theory of failure. The[theory of
failure\used in the rules of this subpart for cpmbining
stresses is the quadratic interaction criterion. It is appli-
¢able to the most general combination of isotfopic and
anisotropic lamina allowed by this Standjard. The
stress analysis and evaluation shall include the djirectional
properties of the laminate and individual laming and shall
take into account the primary and secondary stresses
caused by gross structural discontinuities.

3B-220 Terms Relating to Stress Analysis

Terms used in this subpartrelating to stress anjalysis are
defined as follows:

(a) Gross Structural Discontinuity. A gross
discontinuity is a source of stress or strain inter
that affects a relatively large portion of a structu
a significant effect on the overall stress or strain
on the structure as a whole.

Examples of gross structural discontinuities pre head-
to-shell and body-flange-to-shell junctions, and|junctions
between shells of different diameters or thicknesses.

(b) Load Stress. A load stress is a stress thpt results
from the application of a load, such as internal pressure

structural
sification
e and has
battern or

stress state in the laminate. These methods are

(a) the stress analysis methods of Nonmandatory
Appendix NM-13 that are adapted from Section VIII,
Division 2 of the ASME Boiler and Pressure Vessel Code

(b) the finite element method

(c) closed form solutions that yield the complete biaxial
state of stress

(d) back calculation of the biaxial state of stress using
strain gage data

31

or the effects of gravity, as distinguished from thermal
stress.

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

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

(e) Moment Resultant. The intersection of the reference
surface and the section under consideration defines an
intersecti fTTe: i
of the ndrmal stress about the intersection line. It is
the bending moment per unit length in the laminate.
(See Manglatory Appendix M-3, Figure M3-1.) The location
of the reference surface is chosen by the engineer. The
referencg surface used to define the stress resultants
shall be the same as that used to compute stiffness coeffi-
cients.

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

(g) Ndrmal Stress. The normal stress is the component
of stress [normal to the plane of reference. Usually the
distributjon of normal stress is not uniform through
the thickhess of a lamina. The stress is considered to
be made yip of two components, one of which is uniformly
distributdd and equal to the average value of the stress
across th¢ lamina of the section under consideration, and
the othei] of which varies with the location across the
lamina.

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

(i) OnjAxis Coordinates. The on-axis coordinates are a
collection| of sets of axes, one for each lamina. Thex-axis of
a set is aligned with the reinforcement, and'the y-axis is
perpendifular to the x-axis and lies in the plane of the

a shear styess developed by the.imposed loading. It is nec-
essary to|satisfy the lawS.of equilibrium of external or
internal fprces and moments.

The bagic characteristic of a primary stress is that it is
not self-limiting.Primary stresses that considerably
exceed the stress at onset of cracking will result in
failure oy dtsleast in gross distortion. A thermal stress

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

(1) 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
nce.
rmal
nt of

The
it is

(n) Secondary Stress. A secondary stress is,a-n
stress or a shear stress developed by the cénstra
adjacent parts or by self-constraint of a_structure
basic characteristic of a secondary stress is thaf
self-limiting. Local inelastic deformfation and npinor

distortions can satisfy the conditions that causg the
stress to occur.
Examples of secondary stress are
(1) general thermal sttess
(2) bending stress ata gross structural discontinuity
(o) Strength Ratio{ The strength ratio is defined gs the
lowest value by which each component in the stress|state
ata point couldbe’multiplied so that the multiplied gtress
state would\yiolate the failure criterion in para. 3B-500.
(p) Thermal Stress. A thermal stress is a self-balapcing
stress produced by a nonuniform distribution of tempera-
turecor by adjoining parts with different thermal doeffi-
cients of expansion. Thermal stress is developed in asolid
body whenever a volume of material is prevented |from
assuming the size and shape that it normally would
under a change in temperature.
(q) Twisting Moment Resultant. At each point alorjg the
intersection of the reference surface and a section ynder
consideration, the twisting moment resultant ip the
moment of the shear stress about the point|(see
Figure M3-1).
(r) Closed Form Solution. A closed form solutioh is a
mathematically exact solution or series of equafions
that accurately describes the state of stress without
being based on empirical data.

3B-300 LOADING

All vessels shall be designed to resist the hydrogtatic
load. Top heads, or other surfaces where persqgnnel
might walk, shall be designed to support a 250 Ib
(1 11 I(N) load on a 16 in? (1()?(](] mmz) campact

is not classified a5 a primmary Stress.
Examples of primary stress are
(1) the general membrane stress in a circular cylin-
drical or a spherical shell due to internal pressure or
distributed live loads
(2) the bending stress in the central portion of a flat
head due to pressure
(k) Reference Surface. The reference surfaceisasurface
that is parallel to the lowermost surface of the laminate.
The distance from the lowermost surface is chosen by the
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area without exceeding the stress criteria of
para. 3B-500, and with a deflection < 0.5% of the
vessel diameter or width.

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

(a) internal pressure above the liquid contents, super-
posed on the hydrostatic pressure.
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(b) loadsonsupportring orlugs from the vessel weight,
the contents weight, and imposed loads.

(c) external pressure.

(d) seismicload, 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.)

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

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

The minimum strength ratio in each layer in the rest of
the laminate for each combination of loads shall be 1.6 for

(e lUdL‘lb fl UIIT dLLdLlllllt‘llLb, buLll [ZN) ldb‘ll.‘lt'l Llipb, dsitd'
tors, fand lifting lugs.

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

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

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

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

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

(k) wind load on an empty vessel.

(I){loadings due to the temporary oblation of circular
shell|sections.

(mf) any other combination of loads specified in the
UBRY.

~

3B-400 DESIGN

ThE stress distribution, at all the critical points on the
vessgl, shall be calculated for the specified leading combi-
natiojn, or other combinations of loads,‘that produces the
most|severe stress condition.

The stress components from different types of loads
that fnay be applied simultan€ously are summed algeb-
raically.

The design factor is calculated at each critical point on
the viessel using the procedures of Mandatory Appendix
M-3.

3B-500 STRESS CRITERIA

Fot allleading conditions specified in para. 3B-300, and
load fombinations, the following strength ratios shall be

vessets ot T eriticat service arrd—2forvessetsiin critical
service.

For wind and seismic loads, and for_€ombinations of
wind and seismic loads with sustained loads, th¢ strength
ratios in (a), (b), (c), and in the preceding paragraph may
be divided by 1.2.

Individual layers often have(different elastic
to the type and/or orientation of the reinforcement. At the
same level of strain, the\stress in these layers will be
different. The stremngth ratio used for design in
Subpart 3B is calculated for each layer, whereas the
design factor used)in Subpart 3A is based on th¢ ultimate
strength of the€ entire laminate.

If the stpength ratio of any layer of the laminpte is less
than 1.6, then the designer mustrecognize and agcount for
the possibility of reduced mechanical propertjes in the
lamrinate.

(e) Forloadings 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 greatg
equal to 3.0.

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

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

(4) The strength ratio of the structural layefs shall be
greater than or equal to 1.5, with the exception|of axially
oriented fiber layers that may be less than 1]0. Micro-
cracking shall be permitted only in axially|oriented
fiber layers.

oduli due

r than or

3B-600 EXTERNAL PRESSURE

The stressdistribution rpcn]‘l'ing from externa

pressure

used unless otherwise indicated in this Standard for spe-
cific loading conditions. The strength ratio in the inner
surface and interior layer shall be as follows:

(a) Forallvesselsthatare designed using combinations
of Subparts 3A and 3B, the minimum strength ratio shall
be 10.

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

33

shall satisfy the criteria of para. 3B-500. In addition, to
ensure elastic stability, the calculated buckling pressure
of the vessel shall be at least five times the design external
pressure. For dished heads and cylindrical shells fabri-
cated of Type I or Il laminates, the rules of para.
3A-300 may be used to calculate the allowable external
pressure, satisfying the requirement for elastic stability.
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Many vessels are constructed with Type X laminates =~ 3B-700 ATTACHMENTS
that may be anisotropic. Anisotropy can have a strong

influence on elastic stability and must be taken into Attachments may be designe_d by stress analysis or by

account in design calculations. Subpart 3A ru.les. If they are designed by Subpart 3A rules,
they shall satisfy the lower allowable stresses of Subpart
3A.

34
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Part 4
Fabrication

4-10b SCOPE

Paft 4 sets forth fabrication details that are used in
conjynction 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 optional stiffener detail, and Figure 4-8 is an optional
skirtpttachment detail. All other figures and tables in Part
4 are required to be used in conjunction with the design
rules|of Subparts 3A and 3B. Where complete details are
not gjiven, it is intended that the Fabricator shall provide
details of design and construction that shall be as safe as
thosq provided by the rules of this Standard.

4-11D Fabrication Requirements

All
User
tor’s
Part
prioj
with

fabrication shall satisfy all requirements of the
s Basic Requirements Specification and the Fabrica-
Design Report using the fabrication procedures of
 and drawings certified by the Qualified Designef:
to application of the ASME Certification Mark
RTP Designator.

4-11p Overlay Taper Length

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

4-12p Large Diameter Fabrication Details

For vessels over 16 ft (4.9 m) inside diameter, the fabri-
catioh details given in Part4)may be modified aslong as the
design loadings and,stresses meet the requirements of
Part BB. The toleranges given in Part 4 shall be modified
as follows: Maximum out-of-roundness shown in Figure
4-9 ghall notexceed +1% of the inner diameter for
diampters upito and including 16 ft (4.9 m). For diameters
greatfer.than 16 ft (4.9 m), the maximum tolerance shall be
+1% lofthe radius In no case shall the tolerance exceed 2

4-200 LARGE DIAMETER BODY FLANGES

Body flanges shall be flat and true ta™a‘required toler-
ance given in Table 4-1. If machiningof the flarjge face is
required, the machined surface €§hall have the¢ original
corrosion barrier restored afidhsealed with [resin. All
bolt holes shall be back spot<faced for ASME|B18.21.1
Type A Narrow washers:{Bolt holes and spjot facing
shall be resin coated:-Overall machine facipg of the
back of flanges in lietefSpot facing is permitted] provided
the hub is not undercut.

4-300 SHELL JOINTS
4-310-Shell-to-Shell Joints

Shell-to-shell joints shall be of either butt or
spigot construction as shown in Figure 4-3. No
nal shell joints are permitted.

bell-and-
ongitudi-

4-320 Typeland Type Il Secondary Bond Dverlays

Secondary bond overlays shall comply with () through
(f) below.

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

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

(c) The joint overlay to Type I contact molded lami-
nates shall consist of chopped strand mat plies only.
The number of plies shall be not less than th¢ number

in. (50 mm) on the radius, unless agreed to by the
purchaser in the UBRS. Offset joints shall be ground or
filled with reinforced resin putty and/or mat to a
minimum taper of 4:1. Maximum putty thickness shall
not exceed % in.(13 mm). Joint width shall be increased
by the width of the putty, if used. Oblated shell sections
shall not contain any secondary bonds except for minor
repair areas for the inner surface and interior layer.
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of structural plies for the structural portion of the thickest
laminate being joined or 0.22 in. (5.6 mm) minimum. The
first ply shall have a minimum width of 3 in. (75 mm). Each
successive ply shall overlap the preceding ply by % in. (8
mm) minimum on each side.

(d) The joint overlay for Type II contact molded lami-
nates and for filament wound laminates shall consist of
alternate plies of mat and woven roving equivalent to
the structural portion of the thickest Type II laminate
being joined or 0.22 in. (5.6 mm) minimum. Minimum

(19)
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ply width shall be 3 in. (75 mm). The woven roving shall
not be greater in width than the layer of chopped strand
mat it follows. Each successive mat ply shall extend % in.
(13 mm) minimum beyond each side of the preceding mat
ply.

(e) The corrosion-resistant overlay shall consist of a
minimum of three plies, each of 1.5 oz/ft* (450 g/m?)
chopped strand glass mat, with a minimum of one ply
of surfacing veil on the surface exposed to the process

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

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

(i) The layer adjacent to the bond surface shall be a
minimum of 0.75-o0z/ft? (225-g/m?)mat or randomly
chopped glass.

(j) Joint laminate sequencing, if interrupted, shall be
stopped with an exothermic layer of mat or randomly

environnremt— e pty-width sttt be—3—tm———hoppedgtassamdmmost beresumed withmmat or rarmdomly

(75 mm)| with each successive layer of mat extending
%, in. (13 mm) minimum beyond each side of the
preceding ply, followed by the surfacing veil extending
% in. (13 mm) minimum beyond each side of the last
ply of 1.4 oz/ft* oz (450 g/m?) mat.

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

(g) The overlay width and thickness that result from
using (c] and (d) above apply only to the following
joints: torispherical head to shell, ellipsoidal head to
shell, thg joints shown in Figure 4-2, cylindrical shell
to cylindfical shell, and joints in the flat portion of a
fully supported flat bottom. Nozzle installation overlays
shall satidfy all the requirements of para. 4-430. For other
overlay j@ints, the width and thickness shall be as deter-
mined by|the Qualified Designer, and the joint design shall
be as safdas those provided by the rules of this Standard.

4-330 Alternative Secondary Bond Overlays

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

(b) The overlay strength for the joint shall be hased on a
design bgsis laminate.

(c) Th¢ structural layers may be included in the exte-
rior overlpy or the interior overlay. Whenstructural layers
are included in the interior overlayythey are to be covered
with a coffrosion-resistant overlayper para. 4-320(e). The
minimumn] exterior structural joint overlay thickness shall
be 0.22 ip. (5.6 mm).

CAUTION [The potentialfor.chemical attack must be consid-
ered by tHe designer when a portion of the structural over-
lays are ihcluded i1 the interior overlay.

(d) The structural thickness of the joint shall satisfy the
design copditions and shall be suff1c1ent to w1thstand the

stresses from occasional loads such as wind, earthquake,
or lifting and handling. Consideration shall be given to the
effect of the joint design on the stability of the shell.

(e) The minimum overlay width shall be 6-in. (152-
mm) full thickness plus 4:1 minimum tapers specified
in Figure 4-3.

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

chopped glass.
(k) The corrosion-resistant overlay shall satisfy qll the
requirements of paras. 4-320(e) and 4-320(8).

4-400 FLANGED NOZZLES

4-410 Fabricating Flanged/Nozzles

All flanged nozzle necksgmay be fabricated by thehand
lay-up or filament wound~methods using Type I, II} or X
laminates and in accordance with Figure 4-10(a) [Higure
4-10(b)] and Figute 4-11 and installed per Figures 4-4
through 4-6 and)4-12. The thickness of nozzle pecks
given in Figure 4-10(a) [Figure 4-10(b)] shall b the
minimum thickness for all types of laminate constryction
used. In addition, if a filament wound laminate is uded to
fabricate the nozzle neck, the laminate properties shpll be
at least equivalent to those of a Type II hand lay-up [lami-
nate of equal thickness in both the hoop and axial dlirec-
tions. Nozzle flanges shall only be fabricated by the [hand
lay-up method using Type I or II laminates and in gccor-
dance with Figure 4-10(a) [Figure 4-10(b)] and Fjgure
4-11. The nozzle shall extend 6 in. (150 mm) from the
outside diameter of the shell to the nozzle-flangq face
unless otherwise specified. Nozzles up to and inclyiding
NPS 4 (DN 100) shall be gusseted per Figure 4-13

Other gasket materials or flange dimensions than fhose
given in Figure 4-10(a) [Figure 4-10(b)] are permigsible
provided the following are met:

(a) The neck thickness requirements of Figure 4-[L0(a)
[Figure 4-10(b)] are met.

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

(c) If the nozzle will be subjected to pressures greater
than 50 psig (345 kPag), in addition to (b) abovg, the
nozzle neck thickness shall be the greater of the thickness
in Figure 4-10(a) [Figure 4-10(b)] or that resulting from
design by Subpart 3B or Nonmandatory Appendix NM-12.

4-420 Bolt Holes

All bolt holes shall be back spot-faced for washers in
accordance with Figure 4-10(a) [Figure 4-10(b)]. Bolt
holes and spot facing shall be resin coated. Overall
machine facing of the back of flanges in lieu of spot
facing is permitted, provided the hub is not undercut.
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4-430 Installation of Nozzles

The laminates used to install a nozzle or manway shall
be made by the hand lay-up method using Type I or II
laminates in accordance with Figures 4-4 through 4-6
and 4-12 (see also Tables 4-2 and 4-3).

(a) 1f 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-

4-530 Bolt Holes

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

4-600 REINFORCEMENT OF CUTOUTS

tion,| the attachment laminate shall be of a Type II
construction for nozzles NPS 6 (DN 150) and above in
size.|For nozzles below NPS 6 (DN 150) in size that
are gusseted in accordance with Figure 4-13, the attach-
ment]laminate may be of Type I or II construction for any
type pfvessel section laminate where the nozzle is located.

(c)] Where plate gussets are installed in accordance
with Figure 4-13, all nozzle reinforcement and attachment
laminates shall be installed before the installation of the
gussgts.

(d] Circular openings in shells and heads for the
purplse of installing nozzles shall be cut within the
folloyving tolerances:

1) maximum gap of 7, in. (5 mm) for nozzles NPS
N 300) and smaller
2) maximum gap of %, in. (6 mm) for nozzles greater
NPS 12 (DN 300) and smaller than NPS 24 (DN 600).
3) maximum gap of ¥% in. (10 mm) for nozzles NPS
24 (DN 600) and greater

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

(f)| Corners in rectangular openings and-exterior
corngrs of rectangular nozzles shall have.a minimum
radiys of three times the nozzle neck thickness.

(g) All openings shall be cut withra-Smooth profile to
avoid stress concentrations (cuts; square corners, etc.) in
the perimeter of the opening;

12 (I

than

0 MANWAYS

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

4-700 TOLERANCES

Required fabrication tolérances are given in Figures 4-3,
4-9, and 4-14, sketches-(a) through (c). Flange fhce draw-
back and/or waviness shall not exceed the valugds listed in
Table 4-1 as measured at or inside the bolt circl¢. Reverse
drawback shdlfbe limited to %, in. (0.4 mm), mdasured at
the inside-@fithe flange using the outside of the flange as a
reference point.

4-800 BALSA WOOD CORED PLATES

Balsa wood cored plates shall be limited to [flat panel
designs fabricated using Type I, 1], or X laminate yith balsa
wood that meets the requirements of Mandatory
Appendix M-13. The following applies to faprication
with balsa wood cored plates:

(a) Minimum laminate thickness per side ofb
core laminate shall be 0.22 in. (5.6 mm).

(b) Atleast one layer of 1.5 oz/ft* (450 g/m?) chopped
strand mat shall be placed on each side, betweer] the balsa
wood core and the structural laminate, to ensufre proper
bond.

(c) Balsa wood core laminates shall use only
core.

(d) Corethicknesses greater than 2 in. (50 mm) shall be
layered in up to 2-in. (50 mm) increments with afleast one
layer of 1.5 oz/ft? (450 g/m?%) chopped strand mat
between balsa wood layers to ensure proper bond
between layers, with the following exceptipn: For a
tapered sloped bottom that is greater than|2 in. (50
mm) thick, a single machined layer of full-thickness

hlsa wood

end-grain

4-5

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

37

balsa may be used.

(e) A typical flat cored bottom knuckle detail is shown
in Figure 4-15.

(f) A design method for flat cored plates subject to
internal or external pressure is given in Nonmandatory
Appendix NM-15.
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Figure 4-1 Torispherical Heads

Taper to head
Full reinforcement Full reinforcement
thickness thickness

Taper to head

/

Joint line

Jointed Head Nonjginted
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

(b) Torispherical Head Not Subject to Internal Loading
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Figure 4-3 Joint Arrangement

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

4:1 min. taper
Taper to 1/4in. (6 mm)

4:1 min. taper

1)y in. min. (40 mm)

3/gin. (10 mm) max. gap —

Resin putty = :
* = 3in. mrlax. (75 mm) First ply of mat
3/gin. (10 mm) max. gap —T d Bell thickness to be
/4 in. (6 mm) min. or
“t"max.

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

\—4:1 min. taper

——>{/}«— t=thickness df thinner part
T being jéined

(a) Tolerances for Bell and Spigot\Joints

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

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

4
BN

Resin putty

1
1
1
1
1
¥
T
1
Interior overlay i
1
1
1
1
1
1
1
1

3/gin. (10 mMm) max. gap

Maximum offset 4,

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

«—— t = thickness of thinner part
being joined

Feeeeeeeeeee e ===
Feeeeeeeeee— ===

—~—— 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.

41


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

Figure 4-4 Flush Nozzle Installation

d
|

| ! |
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| | |
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| | |
Shell reinforcement |

Style A 0.26in. (6.6 mm) | ho—>
min. ‘ : 0.26in. Shgll Ireilralforcement
(6.6 mm) yie
: min. \ k 7
l«—h,, | t C 3 <1,
t — tO —>| }i | o N r
. r I t / I tO
4:1 min. taper hq r I n =t
\ /o TR
|
Y SN v N SN
7 74 | X
t |
° Ly Note (1) —/ t;
~—— h; ———> h;
dl'
Legend:

d = npzzle diameter

d, = cfitout reinforcement diameter, measured on the vessel surface (greater of 2d or d + 6; see para. 3A-720)
h; = ifside shear bond length (see Table 4-3)
h, = oltside shear bond length (see Table 4-3)
hs = t¢tal shear bond length (see Table 4-3)
= hf+ h,
r = fijlet radius [% in. (10 mm) min.]

t; = iside installation laminate thickness

= t} - t, [minimum ¢; = 0.14 in. (3.6 mm)(3M, V)]
t, = njinimum nozzle stub thickness {see-Figure 4-10(a) [Figure 4-10(b)] and Table 4-2}
t, = optside installation laminate thickness

- t; [minimum ¢, = 0.26 in. (6.6yrhm) (6M)]
tout reinforcement laminate thickness (see para. 3A-730)
hell thickness
tal installation laminate ‘thickness [minimum ¢, = 0.40 in. (10.2 mm)]
Feater of t,. or 2t, forStyle A
sser of t, or 2t} for Style B
inforcementsbase thickness
2 (Style B¢reinforcement)

GENERAL NOTE:-The installation laminate and the reinforcement may be applied as a single unit.
NOTE: (1) o butt up against the shell or head exterior surface

o
i
=0 o v .o O I o

1l
o =
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Figure 4-5 Penetrating Nozzle Installation

d
|
|
|
| | !
|
|
N |
Shell reinforcement |
Style A 0.26 in. (6.6 mm? | h,—>
min. :0.26 in. Shell reinforcement
| (6.6mm) Style 37
3 | min <
hy | I, T
_ t— =] ty 1t
41 min. r t,
taper ho r \ : h,
\ AN ] |
T |
, | y
[ / [
N~ | ~ >
| —t
h; L I L °
i | / t;
I e
|
|
|
|
h; I
dl’

Legehd:
= nozzle diameter
= cutout reinforcement diameter, measured on the vessel surface (greater of 2d or d + 6; see para. 3A-720)
inside shear bond length (see Table 4:3)
= outside shear bond length (see Table,4-3)
= total shear bond length (see Table-4-3)
= h; + h,
I} = penetration length [2 in-(50/mm) min.]
= fillet radius [% in. (10.\n01) min.]
t| = inside installation laminate thickness
= t, - t, [minimun®g= 0.14 in. (3.6 mm) (3M, V)]
t] = minimum nozzlé stub thickness {see Figure 4-10(a) [Figure 4-10(b)] and Table 4-2}
t] = outside installation laminate thickness
= t, - t; Jminimum ¢, = 0.26 in. (6.6 mm) (6M)]
t} = cutout'feinforcement laminate thickness (see para. 3A-730)
t} = shell~thickness
t4 =.total installation laminate thickness [minimum ¢, = 0.40 in. (10.2 mm)]
=\(greater of ¢, or 2t, for Style A
= lesser of t, or 2t, for Style B
t, = reinforcement base thickness
= t,/2 (Style B reinforcement)

S S S Qo
1

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

\ Taper (typ.)
T L, h, Plate gusset
tf'
h; ‘
1

F— i
2h;
—lo n G o

— Q —=

.

s t,J JW y%-

dor 3in.
(75 mm)
min.
I 2h,,

(a) Flush Drain

Y%

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

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

/ Taper (typ)

ho
&

Plate gusset

o o[ EE
SRR
A j;é%jé_

t,

f— Q —

dor3in. (75 mm) min.
2h,

(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 Qualified

Designer. Drawings are to show dimensions of notch. It is optional to fill notch with grout. Grouting requirements are to be determined by a
Qualified Designer. (See Figure 4-4 for definitions of nomenclature, such as h,, h;, t,, etc.)
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Figure 4-7 Stiffener Details for Half-Round, Trapezoidal, and Filament Wound Band Configurations

Taper no steeper
than 1:6 (not
included in

calculations)

A ] | tand E

<~ R ——>

W, = 2BBL + 4R
(a) Half-Round Configuration

GENE
(@ S
(b) ¢

tand E

RAL NOTES:

A
Taper no steeper
than 1:6 (not
included in
calculations)
c
tsand Eg
ta$d E
, : | )
B D
Wes

(b) Trapezoidal\Configuration

Taper no steeper

than 1:6 (not
included in
calculations)
w
I
Wes
Wes = 2BBL + w

(c) Filament Wound Band Configuration

e Nonfmandatory Appendix NM-17 for the calculation of the BBL and the stiffener effective moment of inertia for the above corffigurations.

= stiffener thickness, in. (mm), and is not limited to alternating layers of mat and woven roving with a final mat layer.
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Figure 4-8 Support Skirt Attachment Detail

/\/

Apply all joint and knuckle ——— L— Interior overlay
reinforcement before [see para. 4-320(e)]
attaching skirt

— Tangent line

Fill with milled fiber resin putty

Optional 1/4.n.
(6 mm).everlay
[Note\(1)]

t, = thickness of skirt-to-shell overlay bond
tg. = thickness of skirt

GENERAL

INOTE:

(a) t,, length of bond, and type of laminate tg"be‘determined by a Qualified Designer [see para. 4-320(g)].

(b) Skirt i
NOTE: (1)

}side diameter shall be the same(as,vessel inside diameter.

If overlay is used, it may be'applied after an acoustic emission test.
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Figure 4-9 Fabrication Tolerances

See Note (1)

th

/

Tangent
/ line

—

+ 15,% not to exceed = 1/, in. (13 mm)

(13 mm)

Be-aring surface of each
lug level = /35 in. (1.5 mm

vessels £ 1/, in. (6 mm)

Datum plane for lug-supported

4 1

il

I.D. + 1%

(
e

Wall ta-per not to exceed
1/, deg per side

+ 1/2 in.

_/\-/\_,-\_/\,
< |

=

T
Tolerance including
out-of-roundness

See Note (1) —\

tS
See’Note (1)

RN

=1/, in. (6 mMm)

+ 1/, in. (6 mm)

The maximum offset
between shell sections
being joined shall be
/4 in. (6 mm) or 2t,/3

N__ Whichever is less,

where tg is the

thickness of the thinn
part being joined.

Maximum gap shall

not exceed 3/g in. (10 fnm)

r

1
=

Tangent
line

/

Datum‘plane for
flat-bottom vessels

Tank bottom must be flat

\

"

< tsk

v Datum

+ 15 in. (13 mm)

plane for skirt

NOTES:

within 1% of tank diameter

(1) See para. 6-920 for thickness tolerances.
(2) Tolerances for tanks above 40 ft (12 m) in height should be stated in the UBRS.

s

‘b

\ or leg-supported vessels

quareness of shell to datum plane:

+1/g4 in. per foot (+1.3 mm per meter) of shell height,
not to exceed 1/2 in. (13 mm) for tanks up to

40 ft (12 m) in height [Note (2)]
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Figure 4-10(a) Nozzle Flange Dimensions for Class 150 Bolting (U.S. Customary Units)

A

+1/,in. (13 mm)

-0in.

c

o

IT

Flange face flatness

1
1
| | per Table 4-1.
F | . F _T' L At F, spot face for
| | washers. See below.
Min. radius . I 2
1/4in. (6 mm) |
J\/I t
|_>| hr
ASME
B18.21.1
Nomi- Bolt Type A Bolt
nal Min. T, Min. T, Min. Hub Hole Narrow Tprque,
Pipe A,|in. C, in. Type 1 Type 11 Reinforce- Diand- Bolt Washer ft-1b
Size [Npte |[Notes Laminates, Laminates, ment, Min. ¢, Min. No. of eter,.” Diameter, Size [Note
(NPS) m1 2)-4) in. in. h,, in. in. L, in. Bolts in. in. (0.D)), in. (5)1
2 60 4.75 0.63 0.56 0.25 025 263 4 % A 1% 25
750  6.00 0.63 0.56 0.28 025 288 4 % % 1516 25
4 9po 750 0.81 0.69 0.31 025  3.25 8 A % 1536 25
6 1100  9.50 0.94 0.69 0.31 025 387 8 A A 1% 25
8 1350 11.75 1.13 0.81 0.38 025+ 4.38 8 A A 1% 25
10 1400 14.25 1.25 0.94 0.50 025 4.38 12 1 A 1%, 25
12 1900 17.00 1.44 1.06 0.63 0.25 4.94 12 1 7/8 13/4 25
14 21100 18.75 1.44 1.06 0.69 0.31 5.00 12 11/8 1 2 30
16 2350 21.25 1.56 1.19 0.72 0.31 5.06 16 1% 1 2 30
18 2500 2275 1.63 1.25 0.75 038 550 16 1Y, 1% 2Y, 35
20 27150 25.00 1.81 1.31, 0.75 0.38 5.75 20 11/4 1% 2Y, 35
24 3200 2950 213 1(50 0.81 044  5.75 20 1% 1Y, 2% 40

GENERAL NOTES:

(a) Gasket
Ifahar
seating

(b) Flange
of 5:1

() Theno
against

laminafes are utilized, the nozzle neck thicknesses shall be increased for nominal pipe sizes 10 in. and up.

(d) The ra

(e) Dimen

NOTES:

Hons—generalhcomparable—te-Class—150-welding-neck—+H

ingsof-all nozzle necks and flanges for all sizes given in this Table is 50 psi.

shall be %-in. thick full-fade elastomeric material having a hardness of Shore A60 +5 and having a maximum seating stress, , of
Her gasket material or ente requiring a higher seating stress is to be used, the flange(s) shall be custom designed for the required
stress using Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-12 and shall meet all the requirements of para.
fhicknesses are basédon 1,800 psi design stress for Type I laminates and a 3,000 psi design stress for Type Il laminates. A design
vas used against.ultimate tensile stress in both types of laminate construction.
vzle neck thicknesses given are based on a Type Il or equivalent strength filament wound Type X laminate with a design factor
ultimatétensile strength and are the minimum thicknesses that may be used in all types of laminate construction. If Type [ hand

50 psi.
basket
1-410.
factor

£10:1
ay-up

12)

(1) O.D. tolerance of +% in., -0 in. is provided to ensure a minimum edge distance with the bolt holes allowing for mold and fabrication
discrepancies and also to prevent interference with adjacent valve or piping equipment.
(2) +0.06 in. (see ASME B16.5).

(3) +0.03 in. center to center of adjacent bolt holes (see ASME B16.5).

(4) Eccentricity between bolt holes and center of nozzle: for size 2 in., +0.03 in.; for size 3 in. and larger, £0.06 in.
(5) The specified bolt torque is based on well-lubricated threads and nuts or bolt head to washer bearing surfaces resulting in a maximum nut or
friction factor of 0.15 and a maximum bolt stress of 18,800 psi. Torque tolerance shall be +5 ft-1b for flanges sizes 2 in. to 12 in. and #10 ft-1b for
flanges sizes 14 in. and up.
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Figure 4-10(b) Nozzle Flange Dimensions for Class 150 Bolting (Sl Units)

A

+1/,in. (13 mm)

-0in.

c

IT

Uz

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

i
F | F T
|/ i | L washers. See below.
Min. radius . I 2
1/4in. (6 mm) |
J\/I
|_>| hr
ASME
Bolt B18.21|1
Holé Type A
Nomi Min. Min. Diam: Narrow Bolt
nal T, T, eter, Bolt Washeir Torque,
Pipe] A, mm C, mm Type I Type 11 Min. Hub in. Diameter, Size N-m
Size| [Note [Notes Laminates, Laminates, Reinforce- Min. Min. No.wof' [Note in. (0.D.),in. [Note
(NPS 1)] (2)-4)] mm mm ment, h,, mm ¢ mm L, mm , Belts (5)] [Note (5)] [Note(3)] (6)]
2 150 120.7 16 14 6 6 67 4 % A 15/15 34
3 190 1524 16 14 7 6 73 4 % A 1536 34
4| 230 1905 21 17 8 G0 83 8 A % 196 34
6 280 241.3 24 17 8 6 97 8 A A 1Y%, 34
8 345 2985 29 21 10 6 111 8 A % 1Y%, 34
10 | 405  362.0 32 24 13 6 111 12 1 A 1% 34
12| 485 4318 37 27 16 6 125 12 1 A 1% 34
14 535 476.3 37 27 17 8 127 12 11/8 1 2 41
16 595 539.8 40 30 18 8 129 16 1% 1 2 41
18| 635  577.9 41 32 19 10 140 16 1% 1% 2% 47
20 700 6350 46 33 19 10 146 20 1% 1% 2% 47
24| 815 7493 54 38 21 11 146 20 1% 1% 2% 54

GENERAL NOTES:

(a) Gskets shall be 3 mm thickfull-face elastomeric material having a hardness of Shore A60 +5 and having a maximum seating strgss, y, of 345
kPa. If a harder gasketmaterial or one requiring a higher seating stress is to be used, the flange(s) shall be custom designed for the required
gdsket seating stpess using Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-12 and shall meet all the requiremg¢nts of para.
41410.

(b) Flange thickhesses are based on 12.4 MPa design stress for Type [ laminates and a 20.7 MPa design stress for Type Il laminates. A design factor
of 5:1 was\used against ultimate tensile stress in both types of laminate construction.

(c) The nézzléneck thicknesses given are based on a Type Il or equivalent strength filament wound Type X laminate with a design fqctor of 10:1
againstultimate tensile strength and are the minimum thicknesses that may be used in all types of laminate construction. If Type  hand lay-up

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

discrepancies and also to prevent interference with adjacent valve or piping equipment.
(2) #1.5 mm (see ASME B16.5).

(3) 0.8 mm center to center of adjacent bolt holes (see ASME B16.5).
(4) Eccentricity between bolt holes and center of nozzle: for size 50 mm, 0.8 mm; for size 75 mm and larger, 1.5 mm.

laminates are utitized, The Nozzle Neck thickNesses shall be Increased for nominal pipe sizes 10 1. and up.
(d) The rating of all nozzle necks and flanges for all sizes given in this Table is 345 kPa.
(e) Dimensions generally comparable to Class 150 welding-neck flanges.

(5) Bolt hole diameter, bolt diameter, and washer size shall remain in U.S. Customary units for consistency with ASME B16.5.
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Figure 4-10(b) Nozzle Flange Dimensions for Class 150 Bolting (SI Units) (Cont’d)

NOTES (Cont'd)

(6) The specified bolt torque is based on well-lubricated threads and nuts or bolt head to washer bearing surfaces resulting in a maximum nut or
friction factor of 0.15 and a maximum bolt stress of 129.6 MPa. Torque tolerance shall be 6.8 N-m for flanges sizes 2 in.to 12 in.and 13.6 N-m
for flanges sizes 14 in. and up.

Figure 4-11 Flanged Nozzle Lay-Up Method

Three full-face plies of mat
Tf2 plus one ply surface mat T/2

[Notg (1)] — |<— [Note (1)
| |

¥
‘ | T T
! 1/4 in. (6 mm) radius (mln) 1/4 in. (6 mm) radius (m|n)
‘ L L
€
Flanjge e
| | |
| |

—> N1t t
SN
(a) Flange on Pipe Type (b) Integral Type

NOTE: (1)|T/2 equals hub reinforcement.
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Figure 4-12 Nozzle Installation and Cutout Reinforcement Location Alternate

1
\— Caorrasiaon

barrier

Cone attachment
overlay

ly —

- \\ —
Type I laminate —/ \_ :

Corrasion

NOTE}:

1T
(2) Iy

All Exterior

=

AN

i 2 in. (50 mm)J L—

Corrosion barrier—/

Corrosion barrier
Balanced

Flush-Type Nozzle

—F

\ .

End seal needs to protect End seal ey
Corrosion barrier penetrating nozzle
needs to protect structure
penetrating nozzle
structure
All Exterior Balanced

Reinforcement

Pengetrating-Type Nozzle

]

Outside joint\

3

Y

Reinforcements

he reinforcement(s) and joint(s) may be done in one operation.

highly=corrosive environments, interior structural overlays are not recommended.

Cone attachment
overlay

Corrosion barrier
should-extend _,
past'structural

barrier

All Interior

i 4|

(50 mm\__ End s

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

i Inside j
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Four reinforced
plastic gussets —»
14 inA6 m

u!

ASME RTP-1-2019

Figure 4-13 Nozzle Gussets

Attachment of gusset
to back of flange is

optional 1/4in. (6 mm)

Four reinforced
plastic gussets —-,

14in. (40 mm) 4 1/, in.
T A DL | AR :
’|'I/Z|n_ (40 mm)-»l |<_ 77 M \F0 1111 ‘rl |‘Z
‘— Three plies of . . . Three plies of
Fill voids with 1.5 0z/ft2 (450 g/m2) Fill voids with 1.5 0z/ft2 (450, g/m
filled resin mat overlay filled resin mat overlay

of the flange

3/16

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

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

Split conical gusset to allow
exterior nozzle attachment
overlay

l

|
Four plies of 1.5 oz/ft? (450 g/m?) [ ——LH

mat min. by min. 3 in.
(75 mm) wide

Yain. (6 mm) dia. drain
hole at low point of \
cone

NF-—-=———————|-

NOTES:

(1) Gusset:
requirg

(2) Conica

d on nozzles over NPS 4 (DN 100).

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

are to be evenly spaced around nozzle. Gussets'aréto be added after complete assembly of nozzle on shell. Gussets are not no

gusset attachment to the shell or head¢shall be made after the installation of the external structural nozzle attachment o

rmally

perlay.
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Figure 4-14 Flange Tolerances

~————~—— —~——+

Figure 4-15 Flat Cored Bottom Knuckle Detail

\

Flange waviness
(a)

See Table 4-1

——F

(b)

Reverse Drawback

3
Flange Drawback
(c)

Grain ]

direction || I| | |

45 deg

Table 4-1 Flange Flatness Tolerance

\

GENERAL NOTE: Refer to Figure 4-2 for flat-bottom tlank corner
detail.

Inside Diameter, in. (mm)

n. (mm)

2 to 84 (50 to 2100)
over 84 to 108 (2100 to 2700)
over 108 to 144 (2700 to 3600)

+%5, (0.8)
+1/16 (1.5)
+%32 (24)
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Table 4-2 Typical Dimensions of Manways

Minimum
Minimum Diameter of Thickness of Min. Manway Wall

Nominal Flange and Cover, Flange and Cover, Thickness, Diameter of Bolt Circle, Number of Bolt Hole

Size, in. in. (mm) in. (mm) in. (mm) in. [Notes(1)-(3)] Bolts Diameter, in.
Pressurized manway — up to 15 psig (103 kPag)
20 27.50 (700) 1 (25) 0.38 (10) 25.00 (635.0) 20 A
22 29.50 (750) 1 (25) 0.38 (10) 27.25 (692.2) 20 A
24 32.00 (815) 1.25 (32) 0.38 (10) 29.50 (749.3) 20 %
Manway -} atmospheric pressure, up to 0.5 psig (3.4 kPag)
20 27.50 (700) 0.38 (10) 0.25 (6) 25.00 635.0) 20 A
22 29.50 (750) 0.38 (10) 0.25 (6) 27.25 (692.2) 20 VA
24 32.00 (815) 0.38 (10) 0.25 (6) 29.50 (749.3) 20 %

GENERAL NOTES:
(a) Bolt site equals bolt hole diameter minus % in.
(b) Gasket} shall be % in. (3 mm) thick full-face elastomeric material having a hardness of Shore A60 +5.

NOTES:
(1) +0.06 in. (1.5 mm) (ASME B16.5).

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

Table 4-3 Shear Bond Length

Minimum Shear

Minimum [Nominal Overlay Thickness, Length, h;,
in. (mm) in. (mm) [Note (1)]
Va (6) 3 (75)
%6 (8) 3 (75)
% (10) 3 (75)
e (11) 3% (90)
Y (13) 4.(100)
%he (14) 4%, (115)
% (16) 5 (125)
Y6 (17) 5% (140)
¥, (19) 6 (150)
% (22) 7 (175)
1 (25) 8 (200)

GENERAL NOTE: Whensinternal overlay serves only as a corrosion
barrier, the|total shedrdength shall be placed on the exterior overlay.

NOTE: (1) |h, is’total shear length (h, + h;). See Figures 4-4 and 4-5.
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Part 5
Overpressure Protection

5-10l) BASIS FOR DESIGN
5-110 Atmospheric Tanks

(a) Atmospherictanks shall be directly vented to atmo-
sphere through an open top or through a minimum height,
permanently attached vent.

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

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

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

5-12Dp Excessive Pressure

In view of the relatively low mechanical properties-of
RTP ¢ompared with metals, careful consideration mustbe
giver] to excessive internal or external pressure.

5-13D Operating Characteristics

Oplerating conditions shall reflect both normal and
abnofmal operations relating to interfial or external pres-
sure) venting, vessel overflow location, and process
upsets.

5-200 PROTECTION AGAINST OVERPRESSURE

Al]} vessels withinthe*scope of this Standard shall be
provided with protéction against internal and/or external
presqure exceeding maximum allowable pressures. This
shall|be the(feSponsibility of the User.

Thp size and location of all nozzles used for overpres-

sure pretection set forth in para. 5-300 shall be shown in
+l

5-400 LOCATION OF OVERPRESSURE
PROTECTION DEVICES

Devices listed in paras. 5-300(a) threugh 5-300(d) shall
be located in the top of the vessel above the maximum
liquid level.

Overflows for vertical vessels shall be on or pelow the
top head tangent line. Ov€¥rflows for horizonthl vessels
shall be located in the-head or shell below the top of
the shell.

The User shall-iot use free vents as liquid gverflows.

5-500 INSTALLATION PRACTICES

Unsécured (not locked or sealed open) blojck valves
shalltiet be installed between the vessel and any relieving
device.

5-600 OVERPRESSURE DEVICE SET PRE$SURE

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

5-700 RELIEF DEVICE SIZING

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

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

5-720 Sizing of Vents and Overflows

Vents and overflows that discharge freely intofthe atmo-
sphere shall be sized sufficiently to handle the flow dis-
placement of all combined inlet and outlet nozzlgs without

th o H roleatak | 1 had. 1 s baodst
e CurparcIro Sttt anua o zZzriestncuarcattat e tto—Tre

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

e 1 Al 1. MNLAIANT
creatmgany pressureapove tire vVesSSer sz v P 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 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
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be such that any pressure that may exist or develop will
not reduce the relieving capacity of the relieving device
below that required to protect the vessel properly.

5-900 RESPONSIBILITY FOR DESIGN AND
SELECTION

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

6-10l') SCOPE

Th
resis
been

s Part covers inspection and testing of RTP corrosion
ant vessels. It is intended to ensure that a vessel has
designed and fabricated in accordance with the re-
quir¢ments of the latest revision of the design, the
apprgved drawings, and this Standard.

Thjs Part does not cover specifications, instructions,
and iLlspections referred to in the User’s Basic Require-
ments Specification (UBRS), which may be more restric-
tive than the requirements of this Standard and may
requjre additional verification by the User’s inspector.
Nonrhandatory Appendix NM-7 covers User’s inspection.

6-200 INSPECTOR
Se¢ para. 1-400.

6-300 INSPECTION AND RESPONSIBILITY
(a

comf]

The Fabricator of a vessel has the responsibilityto
ly with all the requirements of this Standatd;’the
design, and the UBRS. The Fabricator is additionally
respgnsible for assuring that any RTP subassemblies
or cdmponents fabricated by a Subcontractor that will
become a portion of the vessel andhare part of the
scop¢ of RTP-1 (see paras. 1-110 and 1-120) shall be fabri-
cated by an ASME RTP-1 certified(shop and are to be in full
compliance with all the requirements of RTP-1. Partial
Data|Reports shall accompany any such subassembly
or component and shallbe signed by the Subcontractor’s
Certified Individual,

(b)] Any subcontracted or outsourced subassembly or
component to befiirnished with a vessel by a Fabricator
that yvill becomie a portion of the vessel, or a load-bearing
acce$sory that will be attached to the vessel (i.e., a
suppprt),~shall also be inspected by the Fabricator’s

(d) A copy of the Fabricator’s Quality Conhtpl Manual
shall be made available to the Inspector ©n request. The
Fabricator’s Quality Control Manual may contain proprie-
tary information and procedures. No, copies of the Fabri-
cator’s Quality Control Manual shall be removed from the
Fabricator’s premises withouf.tlie Fabricator’s permis-
sion. This security protection,” however, is not to apply
to quality control forms.and checklists which [may be a
portion of the Quality~€ontrol Manual but are hecessary
to be used during fabrication to check and cgntrol the
fabrication process:

(e) The Certified Individual’s responsibility i§ to verify
that the Fabricator’s Quality Control Program if in effec-
tive operation via an annual audit as redquired in
para~1r410(a) and to additionally make such specific
ingpections and tests as are required by this Standard.
The Inspector shall provide a complete report|including
all data as required in paras. 6-910 through 6{960.

(f) Prior to the start of fabrication, the Fabridator shall
make available to the Inspector such records pertaining to
the vessel as required to permit the Inspector tp perform
the inspections. These shall include drawings| material
test results, the UBRS, the Fabricator’s Desigh Report,
and any other reports or records as required. The Fabri-
cator shall provide for Inspector’s hold points|and veri-
fications of satisfactory completion. Fabricatior] shall not
proceed beyond a hold point until specified inspections
have been made.

(g) The Fabricator shall make his/her quali
personnel available to the Inspector.

(h) TheFabricator shall make available to the|[lnspector
any and all necessary tools and test equipmgnt so the
Inspector may conduct all inspections requirgd by this
Standard.

(i) Final acceptance of the vessel by the Cert
vidual shall be obtained by the Fabricator prjor to the

Ly control

fied Indi-

insp
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.

S D | 2| 1 H o £
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app}i\,dtiuu of-theoffictal ASMECertificationrMark with
RTP Designator. The Certified Individual shall sign the
Fabricator’s Certificate of Compliance on the Fabricator’s
Data Report only when the Certified Individual is satisfied
that all requirements of this Standard have been met [see
paras. 6-900(d) and 6-900(e)].
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6-400 CONDITIONS FOR INSPECTION

(a) The Fabricator shall ensure that the vessel is clean
and free of foreign materials to permit the Inspector to
inspect all accessible surfaces.

(b) The Fabricator shall position and ensure that the
vessel is in suitable condition to permit reasonable and
safe access for inspection.

(c) The Fabricator shall provide reasonable and safe

means,sl 1_d adde and /o DI1J Orm 0 DErim ne
Inspectoy to safely inspect accessible inner and outer
surfaces ¢f the vessel.

(d) Thg User’s inspector should be familiar with the
possible |hazards and safety requirements associated
with thel use of all RTP materials and fabrication
methods.|The User’s inspector should observe safety re-
quiremerts set up by the Fabricator and should be alert to
fabricatirlg shop hazards that might be associated with
hydrostatlic testing of equipment.

6-500 EQUIPMENT DESIGN
The Inppector shall examine the Fabricator’s design
records and reports and verify that the vessel conforms

to the lat¢st revision of approved drawings and the UBRS,
and that the Fabricator’s Design Report has been certified
by a Qualified Designer.

6-600 MATERIALS

The Ingpector shall verify that materials used in fabri-
cation of[a vessel comply with the requirements of this
Standard|and the UBRS.

6-700 FABRICATION

The Ingpector shall establish hold points.and make peri-
odic inspgctions and measurements ©f the vessel as are
required py this Standard to verify that fabrication is in
accordangfe with the requiremengs'ofthis Standard and the
UBRS.

At the completion of edch hold point inspection, the
Inspectoti] shall reportresults on forms provided in the
Fabricatofr’s Quality_Gontrol Program, and highlight any
discreparcies requiring corrective action.

6-800 :]:BRICATOR'S QUALITY ASSURANCE

M

6-900 FINAL INSPECTION

(a) At the time of final inspection, the Fabricator shall
provide to the Inspector the final revision of all of the
following documents:

(1) design drawings

(2) UBRS

(3) completed and signed copies of all forms from the
Fabricator’s Quality Control Manual that were used during
abricati heck and veri ompliance with thi
dard and the design

(4) any copies of Fabricator’s Partial Data Rej
with signed Certificates of Compliance, applicable t
finished fabrication (see Form 1-3)

(5) copies of all inspection reports made by any
inspector/Inspector during the course of fabricatign

(6) completed original dogument of the Fabricator’s
Data Report, applicable to the wesSel to be inspected] with
the Certificate of Complidnce signed and dated by the
authorized representative of the Fabricator|(see
Form 1-2)

(7) copy of the final revision of the Fabricgtor’s
Design Report

(8) the nameplate that is to be applied to the vessel,
so that the Inspector may verify that the nameplate peets
the requirements of the UBRS and para. 1-540

(b)"Design drawings shall show design thicknessels and
the laminate reinforcing sequence for every sectipn or
member. If, during the course of fabrication, it waq nec-
essary to add repeatable units to the laminate| [see
para. 6-920(f)(4)], this change shall be noted and igh-
lighted on the drawings provided to the Inspector

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

(d) Upon completion of final inspection, the Ins
shall prepare a brief report summarizing his/her inspec-
tion activities and findings, and submit the report to the
Fabricator as an attachment to the Certificate of Compli-
ance.

(e) When the Inspector has completed the inspedtions
and found the results to be within required tolerances, the
Inspector shall present his/her inspection report along
with any findings to the Certified Individual. The Certtified
Individual shall sign and date the Certificate of Compljance
prior to returning it to the Fabricator with the inspgction
rppnrf

ctor

The Inspector shall make such checks as are necessary
to verify that the Fabricator’s Quality Assurance Program
is in effective operation. In addition, the Certified Indivi-
dual 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.
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(f) Paragraphs 6-910 through 6-960 describe the
minimum basic tests that shall be made, witnessed, or
verified by the Inspector prior to or at the time of final
inspection.

6-910 Resin Cure

(a) During the course of fabrication, the Fabricator
shall make all such checks necessary to ensure that
resin additives, promotion, catalyzation, dilution, and
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curing are controlled and are within the requirements of
this Standard. The Fabricator’s Quality Control Program
shallinclude procedures and forms, to be used throughout
fabrication, to control the ongoing process of resin hand-
ling and curing so as to ensure that cure is within required
tolerance prior to the final inspection.

(b) The Inspector shall verify that the resin has prop-
erly cured by testing the internal (process exposed)
surfaces of major equipment components and joints,

(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.

6-920 Dimensions and Laminate Thickness
Checks

such@s hcadb, strett SECHoTTS; hcad/’bhcﬂ adt bllcll/’bllcll
junctlure overlays, nozzle and manway necks NPS 18
(DN #50) diameter and larger, and manway covers and
blind| flanges.

Additionally, the following external surfaces shall be
testdd to verify proper resin cure: head/shell and
shellfshell juncture overlays, and nozzle and manway
juncture overlays. Testing shall be as follows:

1) Surface hardness shall be determined in accor-
b with ASTM D2583, except D2583 paras. 6.1, 8.1, 8.2,
10.1. Allowable surface temperature range shall be
to 90°F (10°C to 32°C). Readings shall not be
taken on pits, heavy mold release, or other irregularities
that [may affect the readings. Only dense resin-rich
surfaces shall be tested. The Barcol reading will be the
averpge of five impressions taken at various points
broadlly distributed about the component or joint so as
to prpvide a representative hardness.

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

3) Barcol test data shall verify that the surfaceshard-
ness pflaminates with glass surfacing veil or caybon surfa-
cingyeil hasreached atleast 90% of the hardness specified
by the resin manufacturer for a clear resin casting.

[4) Laminates with organic surfacing veil may have a
Barc¢l reading lower than 90% of the hardness as speci-
fied Hy the resin manufacturer for'a dlear resin casting. The
minifnum acceptable Barcol reading shall be established
betwgen the User and Fabricator prior to fabrication.
[5) Barcol instrumients shall be calibrated prior to
uring use usingthe test discs and procedure recom-
ed by the manufacturer of the Barcol instrument.
6) The Inspector shall confirm that minimum Barcol
hardness valués’have been established, the test values are
within agceptable limits, and the Barcol instrument has
been|calibrated.

danc
and
50°F]

and d
meng

(a) During the course of fabrication, theyHabricator
shall make checks to ensure that dimensions'aiid laminate
thicknesses are within the requirements)of’this|Standard
and the design. The Fabricator’s Quality Contro] Program
shallinclude procedures and form$,to be used throughout
fabrication, to control the ongoeing process of checking all
dimensions and laminate thicknesses (to ensurq that they
are within required toleraticés) prior to the finpl inspec-
tion.

(b) Refer to Figure4-9 for mandatory dimensional
tolerances. The Inspector shall verify that all these dimen-
sions are witljn tolerances.

(c) Refer to Figures 4-1 through 4-5, Figure
Figures 4€10 through 4-13 for details and t
on ogverlay, flange, nozzle, and manway desjgns. The
Inspector shall select and check several of thege details.

{d) Overlays at head-to-shell and shell-to-shell joints
and at manways shall be closely inspected pnd shall
conform to the requirements of Part 4.

(e) The Inspector shall select and check sevpral lami-
nate thicknesses critical to the safe performance of the
equipment. Approved methods of measurement are
outlined in para. 2A-400(e).

(f) Laminate Thickness and Tolerances

(1) The nature of existing practical RTP f4
methods leads to nonparallel and somewhat
surfaces of a laminate. Consequently, a single
measurement at one point is not sufficient to ch
a laminate thickness at that area of a laminate.
ally, the thickness measurement of one small ar¢a of lami-
nate on a part of the equipment (such as a shell qr head) is
notsufficient to characterize the laminate thicknpss of that
part. For purposes of characterizing the thickness of lami-
nates, this shall be referred to as laminate thickness varia-
tion.

(2) The following procedures shall be used
mine thickness:

4-7, and
lerances

brication
irregular
thickness
hracterize
IAddition-

to deter-

7 The inspectorsiatt vertfy thatatt potenttatair-
inhibited interior surfaces and overlays, and other
surfaces selected at the Inspector’s option, shall pass
an acetone sensitivity test. For this test, a few drops of
acetone are applied to a 1-in.% to 2-in.? (650 mm? to 1
300 mm?) area, which is rubbed slightly until the
acetone has evaporated. Tackiness or softness indicates
unacceptable cure of the surface resin.
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(-a) Determining Average Spot Thickness of One
Small Area or of a Small Component [Such as a NPS 10
(DN 250) Flange]. Lightly mark a continuous circle
between 4 in. (100 mm) and 12 in. (300 mm) diameter
on the component/area to be thickness checked (on a
small component/area that will not accommodate a 4
in. (100 mm) diameter circle, mark the circle as large
as the small component/area will allow). Select six
points to be measured for thickness so that all points
are well distributed (not in a line) over the area of the
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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 ofa Piece oquulpment [Such as a Head Shell Nozzle

shall be tpken, located at the discretion of the Inspector,
so as to bg broadly distributed over a representative area
of the part. The Inspector shall locate one area to be
measuredl at what appears to be the thinnest portion
of the pqrt and a second area at what appears to be
the thicjest portion of the part. Avoid selection of
spots falllng over joints (overlays).

THe other two areas shall be located so as to
achieve 4 representative distribution over the area of
the part.

Average the four average spot thicknesses; this is
the averfige thickness of the major part. Record all
measurerpent data in the inspection report.

ariations in thickness may belcaused by factors
such as rgsin viscosity, mat or chop density, wetout, fabri-
cation tedhnique, etc. Refer to Mahdatory Appendix M-7,
para. M7-640, for requirements and procedures to
compensgte for these variations.

(g) The Inspector shalhinclude results of dimensional
and lamipate thickness tests in the inspection report.

(h) Bdlsa Wood,Core Laminates. Balsa wood core lami-
nates shajl be subjéet to the same average spot thickness
rules as optlimediin (f). Average thickness records shall be
taken on thesinterior and exterior laminate in accordance

sequence and minimum reinforcing contentas established
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 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 laminate relnforcmg and mechanlcal
pnired

tolerances prior to the final 1nspect10n
All such ongoing checks and/or tests don€“to epsure
quality control, but not including Proof Tests as descfibed

in (d), may be done by either the Fabricator or an finde-
pendent testing laboratory and require. certificatior] only
by the individual who conducted ot supervised the tepting.
(c) The Inspector shall visually inspect all nozzl¢ and
manway cutouts. At least onesueh cutout from each major
component (or fabricated sé¢tion if a component is fabri-
cated in more than one séction) that has a cutout shall be
used to verify the reinforcing sequence in accordancq with
the design drawings. The Inspector shall note the resylts in
the inspection report. With certain laminate reinfdarcing
designs and _some resins, it may not be possible to
verify réinforcing sequence through visual inspeg¢tion.
In suclieases, the Inspector shall require the Fabricator
to cenduct sufficientlaminate burnout tests, in accordance
with ASTM D2584, using samples taken from the cutouts,
to verify reinforcing sequence through count after the
burnout test. For each such test made, the reinfofrcing
content weight percent shall also be determined and
recorded in the inspection report.
(d) Laminate Proof Tests are mandatory for all vgssels
built to this Standard having a MAWP or MAEWP eqpal to
or exceeding 2.0 psig (13.8 kPa). Additionally, Lamjinate
Proof Tests are required on all vessels that are field fabri-
cated and all vessels with an inside diameter equal(to or
greater than 16 ft (4.9 m).
(1) Fabricators shall verify through Proof Test$ that

the laminate mechanical property data, the reinforcing
sequence, and reinforcing content weight percent] data
ofthe as-constructed head or cylindrical shell are in gccor-
dance with
(-a) the proof test values required in (3) qr (4)

shall meet or exceed design values.

(-b) the laminate sequence as specified ip the

with (f).

6-930 Physical Property and Laminate
Reinforcing Content Tests

(a) The Fabricator is responsible for producing lami-
nates that will meet or exceed permissible mechanical
property values as used in the design and as are estab-
lished as minimum within Subparts 2A and/or 2B. Lami-
nates shall also be in accordance with the reinforcing

60

desigm drawings

(2) ProofTests may be performed by anindependent
testing laboratory (contracted by the Fabricator) or by the
Fabricator, provided proper test equipment is available.
The testresults shall be accepted providing the laboratory
maintains either ISO Certification that includes internal
selfaudits and third party audits or the laboratory is accre-
dited 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
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the tests, then the testing procedures shall be reviewed
and witnessed. The User or User’s agent shall specify ac-
ceptable parties to review the written procedures and
witness the testing. In either case, the test results shall
be reviewed by a Qualified Designer to determine if
they meet the design requirements.

(3) For vessel shells constructed of laminates essen-
tially isotropic in the hoop and axial directions (e.g., Type |
or Type Il laminates), at least one set of mechanical prop-

(e) The Inspector shall include copies of all mechanical
property and reinforcing content Proof Test reports in the
inspection report.

6-940 Laminate Imperfections — Visual
Inspection

(a) During the course of fabrication, the Fabricator
shall make all such checks necessary to ensure that lami-

erty CASTM D636 ASEMD3639 ASTMB5683Y=md nate imperfections (as defined in Table 6-1) are within the

one feinforcing content weight percent test (ASTM
D2584) shall be carried out using laminate samples
taken from nozzle, shell end trim, or manway cutouts.
Datajobtained from the tests shall be the tensile strength
and tensile modulus of elasticity, the reinforcing content
weight percent, and the reinforcing sequence.
[4) For cylindrical shells constructed of anisotropic
lamingates (e.g., filament wound laminates), the following
mecHanical property tests are required: flexural strength
and pnodulus in the hoop and axial directions (corrosion
barrier in compression; ASTM D790), and tensile strength
and hodulus in the axial direction (ASTM D638). The rein-
forcing content weight percent (ASTM D2584) and the
reinfprcing sequence shall also be determined.
5) Specimen requirements shall be as follows:

(-a) Test specimens shall not be machined on the
or outer surface.

(-b) Specimens prepared from cylinder cutouts for
pic laminates as defined above shall be cut in the
direction of the cylinder to minimize surface curva-

inne

isotr
axial
ture.
(-c) Specimens prepared from flat laminates
contdining woven roving shall have their long axis parallel
to thp warp of the woven roving.

(-d) When the design requiresithat all or a portion
corrosion barrier is to be excluded as a contributor
structural strength of a laminate, then tests of lami-
as fabricated would not.yjeld correct data. In such
cased, that portion to be exeluded as a contributor to struc-
turalfstrength shall be rémioved from test specimens prior
to testing. By so doing, tensile strength and tensile
modflus test dataproduced may be compared with
the gctual structural design values used and the thick-
nessgs of structural portions of laminates that were speci-
fied in the design.

This may be Convenlently accomphshed by placmg
apieCeofT

during lamlnatlon of the shell, at manway cutout location,
or on an extended length of shell near the mandrel end.

of thd
to the
nates

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

Test samples shall then be prepared from material
taken from the release film location.
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requirements of this Standard and the Visual\lpspection
Acceptance Level as specified in the UBRS."Th¢ Fabrica-
tor’s Quality Control Program shall inClude procedures
and forms to be used to control thelengoing grocess of
laminate fabrication so as to ensuré that impegrfections
are within required tolerances, prior to the finpl inspec-
tion.

(b) Prior to making a vistial examination, the[[nspector
shall review the UBRSto~determine which Visupl Inspec-
tion Acceptance Level-has been specified.

(c) The Inspector shall visually check interig
terior surfaces, (Ifispection may be made with the aid of a
light placed behind the section to detect air vqids, dela-
mination,Jack of fiber wetting, and other imperfections as
described in Table 6-1.)

(d)»Visual inspection shall be made before a
pigmented coating or insulation is applied to th
lreads of a vessel. Where exterior pigmentation
tion has been specified, the Fabricator, User, and[[nspector
must discuss and agree on visual inspection methods and
arrange for closely timed and scheduled inspetions.

(e) The Inspector shall record the results of the visual
inspection in the inspection report.

(f) Balsa Wood Core Laminates

(1) Visual inspection of the component shall be
required from the interior side of the laminate to
check for delamination of the balsa wood corg.

(2) Laminates that are to have a balsa wood core
applied over them after resin saturation and prior to
curing shall be visually inspected prior to applying the
balsa wood core.

(3) The Fabricator shall take the app
measures to ensure adhesion of the interior
to the balsa wood core.

r and ex-

h exterior
e shell or
or insula-

ropriate
laminate

6-950 Pressure Tests and Acoustic Emission Tests

all vessels w1th MAWP above 0.50 psig (3 4 kPa). The test
pressure at the top of the vessel shall be 110% to 120% of
the design pressure.

(b) A vessel with MAWP at or below 0.5 psig (3.4 kPa)
shall be filled with water to at least its full designated
liquid capacity, regardless of the specific gravity of the
material to be contained.

(19)
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(c) Vesselswith aninside diameter less than or equal to
16 ft (4.9 m) and with MAEWP less than or equal to 6.0 in.
(152 mm) of water, and vessels larger than 16-ft (4.9 m)
inside diameter with MAEWP less than or equal to 1.0 in.
(25 mm) of water, are exempt from vacuum testing. All
other vessels designed for vacuum service shall be evac-
uated to the MAEWP.

WARNING: Suitable precautionary measures shall be taken
to protect personnel and property from a catastrophic

upward force, all anchor bolts shall be secured. Vertical
vessels may be hydrotested in the horizontal position if
agreed upon by the User or User’s Agent and Fabricator,
and indicated in the UBRS. The pressure at the highest
point of the vessel in the test position shall be equal to
110% to 120% of the total pressure (hydrostatic plus
design) at the lowest point in the design position. The
User is cautioned that the horizontal test of a vertical
vessel will not simulate all of the loading conditions of

implosiof Tatlure during the test.

d be noted that attainment of full vacuum is not
practical.fJWhen the design vacuum cannot be achieved,
the User pr 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
exceeds [L2 psig external pressure. Such agreement
shall be feached prior to the start of fabrication and
shall be dpcumented in the UBRS and pressure testinspec-
tion repoft.

(d) The¢ Fabricator shall have written procedures for
pressure|testing. The test pressure shall be held for a
minimum of 2 hr. No visible leakage is permissible
during the 2-hr hold on an internal pressure test.
Some ledkage is permissible during a vacuum test,
provided|the vacuum test pressure is held for the 2-hr
minimun]. (This may require continuous connection to
the vacuym source.) Subsequent to all pressure testing,
the vespel shall pass a visual inspection per
para. 6-940. During pressure testing, vessels shall be
supportegl similar to the way they will be supported._in
service (po that the loads imposed on the vesseland
the suppgorts are similar to those of the 'expected
service |oads). If the pressure test generates an

It shou

il,b rilld‘l illde‘llEL‘l pUbiLiUll.

(e) When it is not practical to conduct a pressubg test
until the equipment has been installed in service pogition,
the test may be conducted at the installatiot site.

(f) The Inspector shall witness all pressure tests, yerify
the testresults, and record results ofth€ test in the inspec-
tion report.

(g) If acoustic emission tests are required by the JBRS
orare mandatory under design\provisions of this Starjdard
[see para. 3B-500(c)], the InSpector shall witness thetests
and verify that the procedures used were in accordance
with Mandatory Appendix M-8.
6-960 Procedures for Rectifying Nonconfornjities
or Imperfections

Mandatoty Appendix M-7 describes approved pjroce-
dures~for rectifying nonconformities or imperfecti¢ns.

Mandatory documentation requirements for rectifying
nonconformities or imperfections are outling¢d in
Mandatory Appendix M-4, para. M4-400(e).

The Inspector shall include the documentatipn of
nonconformity or imperfection rectification in the inspec-
tion report.
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Part 7
Shop Qualification

7-100 S
This P3

COPE

rt covers the requirements a Fabricator shall
meet in ¢rder to qualify capability in accordance with
this Standard. Included are the Fabricator’s facilities, per-
sonnel, Quality Control Program, and required demon-
stration df capability.

7-200 GENERAL

A Fabrilcator shall seek to fabricate vessels according to
the rules ¢f this Standard only in the general size range for
which th¢ shop has experience.

7-210 Shop Survey

Fabricdtors who desire a shop location to be certified
according to the rules of this Standard shall be surveyed by
an ASME gurvey team. The survey team shall verify that all
requirempnts of Parts 7 and 8 are met.

7-300 FABRICATOR’S FACILITIES AND
EQUIPMENT

(a) The shop area and field site shall have designated
areas for
(1) dqtorage of resin, catalyst, promofer; solvent, and
other chgmicals
(2) yesin mixing and dispensing
(3) bulk reinforcement and~Cere material storage
(4) fools and maintenanCe, materials
(b) Hepd molds (other thah.cone shapes or flat covers)
shall be gs follows:
(1) ASME torispherical flanged and dished heads, a
2:1 semiglliptical head, or a hemispherical head
(2) flanged flat head molds that will produce heads
that satisfy para: 3A-260 and Figure 4-2
(c) Lahoratory equipment shall be available for the

(a) Design and Drafting. As an alternative, this furction
may be performed by outside qualified engineering per-
sonnel. Design and drafting will be in accordance with re-
quirements in Parts 1, 3, 4, and 6 of this Standard

(b) Quality Control. See Mandatory{Appendix M-4.

(c) Material Control and Issue. This will include nlixing
and testing of resins, and inspection and cutting of|rein-
forcement. See Mandatory Appéndices M-1 and M{2.

(d) Fabrication

(e) Laminators andSecondary Bonders. Laminatoifs and
Secondary Bonders shall be qualified in accordancel with
Mandatory Appendix M-5.

7-500 QUALITY CONTROL PROGRAM, DOCUM
HANDLING, AND RECORD SYSTEM

(a@)"The Fabricator shall establish and mainta
effective Quality Control Program throughoyt all
phases of the fabricating process to ensure that all appli-
cable requirements of this Standard are met. Refler to
Part 6, Mandatory Appendix M-4, and Nonmandgtory
Appendix NM-6.

(b) The Fabricator shall have a procedure that enpures
only the most current revision of the latest and/or cqrrect
drawings, specifications, purchase orders, and quality
control procedures are used for procurement, fabrication,
and inspection purposes.

(c) A record keeping system satisfying the require-
ments of this Standard shall be in use and available for
audit by the Certified Individual, the Inspector, and the
User’s representative.

ENT

n an

7-600 DEMONSTRATION OF CAPABILITY
(DEMONSTRATION LAMINATES)

(a) Each Fabricator’s shop shall demonstratg the
ability to fabricate laminates as required by the Jrules

quality control of bulk resin, reinforcing materials as
received, and resin mixes as dispensed to fabrication per-
sonnel. Refer to Mandatory Appendices M-1 and M-2.

7-400 PERSONNEL

The Fabricator’s organization shall include specific per-
sonnel designated for each function listed below:

66

of this Standard. This initial demonstration qualifies
the Fabricator to produce laminates by those specific
processes qualified for a maximum period of 5 yr.

(b) Each Fabricator’s shop must redemonstrate the
ability to fabricate laminates, as required by the rules
of this Standard, at no greater intervals than 5 yr. The
Fabricator may redemonstrate the ability to fabricate a
laminate using either of the following methods:

(19)
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Table 7-1 Required Resins and Acceptable Fabrication Processes for Demonstration Laminates

Required Fabrication
Type Initial Demonstration Redemonstration Laminate Min. Resins Process

[Note (1)] Laminate Thickness, in. (mm) Thickness, in. (mm) [Note(2)] [Note (3)] [Note (4)] Qualification

Type 1 0.48 (12.2) 0.25 (6.4) 1 polyester or 1,2 All resins, all
1 vinyl ester thicknesses

Type 11 0.49 (12.4) 0.37 (9.4) 1 polyester or 1,2 All resins, all
1 vinyl ester thicknesses

Filament 0.37 (9.4) min. 0.37 (9.4) 1 polyester or 3 All resins, all

WO e Trhr-ester thjcknesses

GENERAL NOTES:

(a) A|Fabricator shall qualify all fabrication processes to be used to construct vessels to this Standard.

(b) F¢r initial certification, see para. M6-200(b).

NOTE}:

(1) Dpsignates laminate reinforcement type.

(2) F¢r redemonstration laminates, the fabrication process for Types I and II laminates may be 1 or 2.

(3) Generic 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 —t See para. 7-620(b).

1) produce acceptable demonstration laminates as
requijred by the rules of this Standard for initial qualifica-
tion
2) provide acceptable Proof Tests for a specific type
of laminate and specific process per para. 6-930(d) [all
requjrements of paras. 7-600 through 7-620 are met
with [the completion of a successful Proof Test]

(c) Subparts 2A and/or 2B provide specific rules
governingall laminates and refer to design basis laminates
that g Fabricator is required to make in order-t6 establish
valugs for strength, thickness, and glass{ content. The
demgnstration laminates required by this Part are for
the plurpose of qualifying the Fabricatet'and shop proce-
dures. They may also be used to qualify Laminators (see
Mandatory Appendix M-5). Demonstration laminates and
design basis laminates are netthe same in purpose; hence
requjrements in terms of<cenfiguration, quantity to be
prodjiced, and tests maydiffer.

(d] Initial demonstration laminates and the redemon-
stratjon of the Fabricator’s ability to fabricate laminates
arer¢quired foreach type oflaminate and each laminating
procgss the Fabricator shall use on vessels fabricated to
this $tandard; refer to Table 7-1 [see (b)(2)].

(e)] Each demonstration laminate shall be identified

(g9) AFabricator’s shopis qualified to produce
type of\laminate by a specific process provided|the certi-
fied test report indicates that the demonstratior} laminate
meéets or exceeds the requirements of this Standard (see
para. 7-700).

(h) Upon the successful completion of a Demagnstration
Laminate Test Program, Fabricators shall cqmplete a
document of “Demonstration Laminate Cert{fication.”
This document is to be maintained within the Fapricator’s
quality control files and a copy shall be made available to
the User, User’s Agent, or Inspector on requefpt. In this
document, the Fabricator shall certify, via the dafed signa-
ture of the Fabricator’s authorized agent, the following:

(1) The demonstration laminate samp|les were
constructed according to all requirements of this Stan-
dard.

(2) Tests were conducted on the demopstration
laminates according to all requirements of this [Standard.

(3) The test data have been carefully examined by
the Fabricator, and the results are in accordance with
all requirements of this Standard.

(4) The next required date for demons{ration of
capability via demonstration laminates shall be jndicated.

(5) Test reports from the independent tesfting labo-

aspecific

and [abeled by the Fabricator in accordance with
para. 7-900.

(f) Demonstration laminates shall be tested in accor-
dance with this Standard by an independent testing lab-
oratory. The independent testing laboratory shall return
the remains of the demonstration laminate and specimens
with a certified written report. The report shall state the
results of the tests.
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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 require-
ments in Tables 7-1 through 7-3.

(19)
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Table 7-2 Dimensional Requirements for Hand Lay-Up
and Spray-Up Demonstration Laminates

Req.

No. Requirements

(1) A demonstration laminate shall be square within +0.3 deg,
measuring 24 in. +% in. (600 mm + 1.50 mm) on each side.

2) The peak deviation from flatness of the inner surface shall not
exceed ¢ in. (4.5 mm)

3) The average spot thickness of a demonstration laminate shall be

4) Edges of a demonstration laminate shall be smooth and not
agged. Edge indentation or chips shall not exceed ¥, in. (0.80
Inm) in depth.

(5) Foy demonstration laminates made by the spray-up process, a 24

n. x 24 in. (600 mm x 600 mm) test sample shall be cut from
he center of an approximately 30 in. x 30 in. (750 mm x 750
Inm) laminate.

(b) Fabricators who plan to produce laminates by the
spray-up [(chopper gun) process shall also produce and
qualify spray-up Types I and II laminates in accordance
with reqyirements in Tables 7-1 through 7-3.

(c) Aftpr fabrication, the Fabricator shall identify each
demonstifation laminate in accordance with the instruc-
tions in gara. 7-900.

(d) The quality control records shall contain a descrip-
tion of the fabrication procedure used to produce each
demonstifation laminate.

(e) Th¢ mechanical properties of each demonstration
laminatq shall be determined in accordance with
para. 7-1P00.

7-620 Fjlament Wound Demonstration Laminates

(a) Fabricators who plan to produce laminates by the
filament winding process shall produce_and qualify fila-
ment wolind laminates in accordance-with the require-
ments in|Table 7-1. Qualificationfor filament winding
shall be ip addition to qualifieation for Type I or II lami-
nates.

NOTE: Both qualifications.dré required for Fabricators planning
to construgt filament wound vessels to this Standard, as Type I or
II laminatg¢s are required for the fabrication of heads or when
joining thd subassemblies of vessels together.

(b) Sinfce thére are many process variations employed
to produfefilament wound laminates, each requiring

Itis possible to qualify more than one of the above vari-
ables in a single demonstration laminate, as long as the
resulting laminating process shall routinely be employed
to produce vessels to this Standard.

(c) Demonstration laminates shall have a Type [ hand
lay-up or spray-up liner over which the structural filament
wound layer is applied. This liner shall exotherm and cool
before the structural filament wound layer is applied.

(d) A minimum of one ply of 0.75-o0z/ft* (225 g/m?)

determined by +procedures outlined in para. 6-920 and shall t ; : t v the
be within tolerances established in Subpart 2C. 4

chopped spray method shall be applied over,the|liner
immediately before starting the filament wound gtruc-
tural layer.

(e) A filament wound demonstration laminate shpll be
a 24 in. x 24 in. % in. (600 mm x,600 mm + 1.50{mm)
section cut from a hoop, which wodnd on a mandrel with a
minimum diameter of 8 ft (2.4 m)to minimize the effects of
curvature on sample testing.Fhe width of the hoop shiall be
greater than 24 in. (600Q_mh) by a margin sufficignt to
avoid turnaround areas in the 24 in. x 24 in. (600 mm
x 600 mm) cut section from which test samples|shall
be taken.

(f) The thieckness of the demonstration laminate|shall
be 0.37 in. (9.4 mm) minimum, but may be increased|up to
0.63 in. (X6.mm) to allow for variations in winding orflami-
nating@equences that require thicknesses over 0.37 in.
(9.4<mim) to complete.

{g) Filament wound demonstration laminates shpll be
tésted in accordance with para. 7-1000. Tensile strength
and tensile modulus per para. 7-1000(c) shall be obtained
in the axial direction only. Also, disregard para.
7-1000(a)(2).

(h) Refer to para. 7-900(a)(4). Fabricators [shall
provide a comprehensive description of the filament
wound laminate sequence.

7-700 MINIMUM TEST VALUES FROM
DEMONSTRATION LAMINATES

(a) Type I or 1l Demonstration Laminates
(1) Dimensions shall be within tolerances outliy
Table 7-2.
(2) Barcol hardness readings shall show that 80% of

the readings meet or exceed 90% of the resin marufac-
turer’s published casting hardness data.
(3) Tensile strength and tensile modulus valueg

maat axr aveand tha yaliia n Tahla 2A 2

edin

shall

distinctly different tooling, controls, and skills, this Stan-
dard requires that a Fabricator qualify all the process
variations to be used in the construction of filament
wound vessels to this Standard.
Some examples of process variations, each requiring a

demonstration laminate, are

(1) dry continuous filament winding

(2) wet (bath) continuous filament winding

(3) tape winding in conjunction with (1) or (2)

(4) spray-up in conjunction with (1) or (2)
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(b) Filament Wound Demonstration Laminates
(1) Dimensions shall be within tolerances outlined in
paras. 7-620(e) and 7-620(f).
(2) Referto (a)(2) for Barcol hardness requirements.
(3) Axial tensile strength and tensile modulus values
shall meet or exceed those values given for a Type I lami-
nate in Table 2A-3.
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Table 7-3 Reinforcement Requirements for Hand Lay-Up and Spray-Up Demonstration Laminates

Liner Plies Structural Plies

Nominal Thickness, in. (mm)

Laminate Type [Notes (1), (2)] 1 2 3 4 5 6 7 8 9 10 11 12 13
Type I 0.48 (12.2) vV M M M M M M M M M M
Type II 0.49 (12.4) v M M M R M R M R M M R M

GENERAL NOTES:
(a) Actual thickness and glass content of each sequence of plies shall be established by each Fabricator based on the Fabricator’s design basis

la

(b) Corrosion barrier (plies 1, 2, and 3) shall gel and exotherm before structural plies are added.
ructural lay-up may be interrupted long enough to exotherm between adjacent “MM” plies. If required by fabrication procedurq, location of
otherm plies may be changed by shifting ply 10 within the laminate body or by splitting an “M” ply into weight-equivalgnt layer(s).

(c) St
€3
(d A

minate.

weight equivalent layer or layers of chopped strand glass or mat may be used in place of layers of 1.5-o0z/ft* (450_g/m?

mat.

NOTE}:
(1) Npminal thickness shall be calculated as follows:

V =[10 mil surface mat (veil) - 0.010 in./ply (0.25 mm/ply)
M 4 1.5 oz/ft> mat - 0.043 in./ply (450 g/m2 mat - 1.1 mm/ply)
R =|24 0z/yd® woven roving - 0.033 in./ply (810 g/m? woven roving - 0.84 mm/ply)
(2) Thisinformation is based on historical data and may not reflect all laminates made today. Laminatesmadetoday are often thinnef and have a

Ply thicknesses should be based on design basis laminates.

7-800 DEMONSTRATION VESSEL

Fapricators shall design, fabricate, and satisfactorily
test 3§ demonstration vessel in accordance with instruc-
tions| contained in Mandatory Appendix M-6.

The design and fabrication of the demonstration vessel
requijres a comprehensive understanding of this Standard,
It involves a full demonstration of the Fabricator’s ability
to depign, execute drawings, qualify demonstration dami-
nated, establish design values from design basis laminates,
qualify Laminators and Secondary Bonders, and fabricate
unddr effective overview of the Fabricdtor’s Quality
Contyol Program, all in full accordance with the require-
ments of this Standard.

No| Fabricator shall claim qualification to fabricate to
this $tandard until having satisfaetorily completed and
testefl the demonstration vessel in accordance with the
instrfictions in Mandatory~Appendix M-6.

7-900 IDENTIFYING-DEMONSTRATION
LAMINATES

(a) Identification Report. A complete 1.dent1f1c.at10n (a) Dimensional Measurements of the Dem
repoft shall"accompany each demonstration laminate. Lami

: ; . aminate
This ghall-include the following:

higher glass content than noted in the Table. The Table should be used for establishing minimumglass plies per nominal laminatje thickness.

(-c)freinforcement manufacturer’s name(s) and
designatioh for reinforcement(s)
(b) ~Labeling. The Fabricator shall clearly lpbel each
demonstration laminate with the following:
(1) name of the Fabricator’s shop and identification

of person who fabricated the laminate
(2) date laminate was completed

(3) typeoflaminate (Typel, Typell, filament wound)

(4) inner surface and outer surface shall befidentified

(5) the two warp strand edges on Type Il laminates,

and hoop and axial directions on filament wopind lami-
nates, shall be identified
(6) resinand reinforcement manufacturers
Manufacturer’s Specific Product Identificationg

and their
(MSPI)

7-1000 LABORATORY TEST AND TEST REPORT
REQUIREMENTS FOR DEMONSTRATION
LAMINATES

The demonstration laminate specimen shall pe tested,
and information recorded and reported, in adcordance
with the following requirements:
nstration

(1) The length and width of the demonstraftion lami-

1 Fabricator's strop manTe, address; phore Tamber
(2) identification of person fabricating the laminate
(3) date the laminate was completed
(4) fabrication process
(5) description of fabrication materials used
(-a) resin manufacturer’s name and designation
for resin
(-b) generic class of resin
(-1) polyester
(-2) vinyl ester

69

nate shall be measured and recorded.

(2) The flatness of the demonstration laminate shall
be determined by measuring the maximum possible gap
under a straightedge placed on the veil side and moved to
achieve a maximum gap; this gap shall be recorded. (Does
not apply to filament wound laminates.)

(3) Theaverage thickness ofthe demonstration lami-
nate shall be determined using the procedures outlined in
para. 6-920(f)(2)(-a). All measurement data shall be

(19)
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recorded. Measurements should be taken at the approx-
imate center of the demonstration laminate.

(4) The testing report shall summarize measure-
ments taken and state compliance or nonconformance
with the requirements of this Standard. Reference is
made to Table 7-2, paras. 7-620(e) and 7-620(f), and
Subpart 2C.

(b) Barcol Hardness and Acetone Sensitivity Test
(1) Barcol hardness shall be determined on the

(3) Test specimens shall be machined to the dimen-
sions shown in Figure 7-1.

(4) The testing report shall include the following
data and shall state compliance or nonconformance
with the requirements of this Standard (see para. 7-700):

(-a) testing speed, in./min (mm/min)

(-b) width and thickness of each specimen, in.
(mm)

(-c) peak load for each specimen, Ib (N)

. 1 . . c - 1
dLUIOIT TdIITTITd T TIITIICT SUTlTdle TII dCCUTUdIITT

h. 6-910(b), and all Barcol readings shall be

demonst
with par
recorded

(2) $0% of the Barcol hardness readings taken shall
meet or exceed 90% of the resin manufacturer’s published
hardness|data.

(3) An acetone sensitivity test shall be conducted in
accordange with para. 6-910(b)(7).

(4) The testing report shall summarize the Barcol
hardness|measurements and the results of the acetone
sensitivity test, and state compliance or nonconformance
with the fequirements of this Standard.

(c) Tepsile Strength and Tensile Modulus of Elasticity

(1) Tensile strength and tensile modulus of elasticity
shall be ¢letermined using the method given in ASTM
D638, AS'M D3039, or ASTM D5083.

(2) Test specimens shall be taken from equally
spaced aifeas on the demonstration laminate. Specimens
shall be dqut parallel to the edge of the laminate and the
procedurg must not chip, tear, or degrade the specimens.
Type II tgst specimens shall be cut parallel to the labeled
warp strand edge. The thickness of the specimens shall be
the full thickness of the laminate and must.not be
machineg on the inner or outer surfaces. Both*hoop
and axial[test coupons are required for anisotropic lami-
nates.

(‘M’j l,t.'llbi‘lt.' SUI Ullgl_‘ll Uf EdL‘ll prLilllCll, lJbl f] \/Ipa)
(-e) tensile modulus of elasticity of each spe¢{men,
psi (GPa)
(-f) average tensile strength, psi (MPa)
(-g) average tensile modulus, psi,(GPa)
(d) Glass Content and Reinforcing_Sequence

(1) The glass content weight{percent shall be
mined by the method given in{/ASTM D2584.

(2) A 1-in. (25 mm) wide\strip shall be cut from the
demonstration laminate, This strip shall be cut into three
1-in. (25 mm) long speciimens.

(3) The testing(eport shall include the follgwing
data and shall stdte compliance or nonconformance
with the requirements of this Standard (see para. 7-f00):

(-a)~pyrolysis temperature.

(-b) specimen weight before ignition, g.

{~c) weight of specimen plus crucible, beford
tioncand after ignition, g.

(-d) reinforcing sequence identification in the
general form of Table 2A-2; report in drafting symbol
style (by visual inspection). This identification i not
required for Type I laminates.

(-e) ignition loss for each specimen, g.

(-f) resin content of each specimen and avsg

eter-

igni-

rage,
wt %.
(-g) glass content of each specimen and avgrage,

wt %.
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Figure 7-1 Dimensions for Tensile Test Specimen

Thickness

3in. (76 mm) radius
(as fabricated)

—— 0.75in. £ 0.20 in.
(19 mm £ 5 mm)

1.13in
29 mm

L .

~«——2.25in. (57 mm)——— >

4.5in. (115 mm)

Grip distance

9.7 in. (246 mm)

Minimum length
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Part 8
Certification

8-100 SLOPE

Part 8 provides rules for certification of Fabricators of
RTP vesspls.

8-200 GENERAL

A certified Fabricator is one who holds a valid ASME
RTP-1 Cdrtificate of Authorization. The Certificate of
Authorization permits the Fabricator to stamp the
vessel with the ASME Certification Mark with RTP Desig-
nator, cerftifying that the vessel complies with all require-
ments of |this Standard and ASME CA-1.

The repponsibilities set forth herein relate only to
complianfe with this Standard and are not to be construed
as involving contractual or legal liabilities.

8-300 CERTIFICATION PROCESS

8-310 Application

(a) Application for ASME RTP-1 Certification and the
Certificafion Mark stamp shall be in accordance-with
ASME CA}1, para. 2.1.

(b) WHen requested by the applicant on forms desig-
nated by ASME, ASME will arrange for an evaluation of the
applicant|s Quality Control Program and“shop qualifica-
tions.

8-320 Quality Control Progfram

The Quality Control Progtam shall meet the require-
ments of|paras. 1-500,48-325, and ASME CA-1, paras.
2.2 and 23.

8-325 [Changes to Quality Control Program. If the
Certificate Holder wishes to make changes to the
Quality Jontrol Program, the Certificate Holder shall
submit theproposed changes to ASME for approval

8-340 Evaluation of Shop Qualification

The evaluation shall be in accordance with-Part|7.

8-350 Verification of Shop Qualification

An organization applying for a Certificate of Auth¢riza-
tion shall have its shop(s) surveyed by an ASME-appioved
survey team to ensure that alkréquirements of the [Stan-
dard are met.

8-400 ASME RTP-DCERTIFICATE OF
AUTHORIZATION HOLDER

A Fabricator.shall obtain a valid Certificate of Author-
ization in aecordance with para. 1-520 and ASME CA-1, in
order to stamp the vessel.

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

Responsibilities include the following:
(a) evaluation and approval of material manufactyrers,
and suppliers of parts and subcontracted servicgs, in
accordance with Mandatory Appendix M-4
(b) establishing and maintaining a Quality Control
Program in accordance with Mandatory Appendix [M-4
(c) preparing and filing a Quality Control Program
manual per ASME CA-1, para. 2.3.4 and Table 1
(d) furnishing the User or User’s Agent with the appro-
priate Fabricator’s Data Report(s)
(e) capability of testing per para. 6-950
(f) ability to meet the requirements of ASME [A-1,
paras. 2.1, 5.2, and 5.3

8-420 Subcontracting

The Fabricator completing any vessel to be marked with
the ASME Certification Mark with RTP Designator hgs the

which shall accept or reject them in writing.

8-330 Evaluation of Quality Control Program

Evaluation of the Quality Control Program shall meet
the requirements of ASME CA-1, paras. 2.2 and 2.3.
The acceptance by ASME of a Quality Control Program
shall not be interpreted to mean endorsement of technical
capability to perform design work.

responsibility of ensuring that any work done by others
complies with all the requirements of this Standard and
ASME CA-1.

8-500 ISSUANCE OF CERTIFICATION
The requirements of ASME CA-1, para. 2.4 shall apply.

8-550 Maintaining Certification
The requirements of ASME CA-1, para. 2.5 shall apply.
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Figure 8-1 Official ASME Certification Mark With RTP
Designator

(1) the official ASME Certification Mark with RTP
Designator shown in Figure 8-1 above the word “COMPO-
NENT”

(2) name of the Fabricator of the part of the vessel,
and certificate number, preceded by the words “Certified
By”

8-820 Authorization and Time of Marking
The requirements of ASME CA-1, para. 5.2 shall apply.

R1P

8-560 Renewal of Certification
ThE requirements of ASME CA-1, para. 2.6 shall apply.
8-5
The requirements of ASME CA-1, para. 2.7 shall apply.

Suspension of Certification
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

8-81p Marking Items With the'ASME Certification
Mark and the RTP Certification Designator

(a)] The official ASME_Certification Mark with RTP
Designator (as shown in Figure 8-1) shall be applied to
a vespel built according:to all provisions of this Standard
and ASME CA-1, para. 5.1.

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 idéutifying a vessel bujlt to this
Standard shall be a nameplate not less than|4 in. x 6
in. in size. The nameplate shall be permanently attached
to the vessel or té.a'corrosion-resistant bracket perma-
nently attached te’ the vessel as follows:

(1) Papernameplates shall belaminated to
surface of to"an RTP bracket using resin-wetteq
fiberglass surfacing veil.

{2) Cast, etched, embossed, engraved, or
nameplates shall be permanently attached tp a metal
or RTP bracket. Easily removable fasteners such as
screws, bolts, and drive pins are not acceptable attach-
ment methods.

(3) Inthe case ofaninsulated vessel, the brgcket shall
have a standoff height of at least 1 in. (25 mm) nore than
the insulation thickness.

(b) Thenameplate shall be marked with all in
as required by para. 8-850.

(c) After attachment to the vessel or bracket, all data
shall be visible and legible.

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

the vessel
layers of

stamped

formation

(b} The Fabricator who completes a vessel, and has

! . N . . are recommended.
held fthroughoft its design and fabrication a valid Certi- (¢) In addition to the nameplate, Fabricators|may affix
ficatq of Authorization, and having the acceptance of the . ’ y
Certified Trldividual 6-300(i h | or attach any such proprietary or User logos$, or data
t;étl :,?W?, ividual [see para. 6-300(1)], may then apply plates, as desired, with no limitation o1 design,

i O 43 M A ik AnY 3 £ laacl
SME-Certiffeatton Mark-with- RFPDestgnator-which
together with the Fabricator’s Data Report shall certify all
requirements of this Standard have been met. The ASME
Certification Mark with RTP Designator shall be applied
after the successful completion of all tests required by
paras. 6-910 through 6-960.

(c) RTP subassemblies or components of a vessel for
which Partial Data Reports are required in Part 6 shall be
marked by the component Fabricator with the following:

73

method of attachment, data content, or location, provided
the structural integrity of the vessel or its usefulness is not
compromised.

8-850 Requirements for RTP Nameplate
Information and Marking

(a) Eachnameplate shall be marked with the following:
(1) the official ASME Certification Mark with RTP
Designator shown in Figure 8-1
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(2) name of the Fabricator of the vessel and certifi-
cate number

(3) Fabricator’s serial number for the vessel

(4) year stamped

(5) User’s identification number (if specified in the
UBRS)

(6) Manufacturer’s Specific Product Identification
for resin

(7) appropriate Visual Inspection Level (Level 1 or

(c) Letters and figures indicating specific vessel design
data shall be at least % in. (7.5 mm) high. Preprinted
legend letters and figures shall be at least % in. (3
mm) high.

8-860 Requirements for RTP Nameplate Design

(a) Paper Nameplates
(1) Paper shall be at least 0.004 in. (0.1 mm) thick
and of high quality, white bond or linen base.

Level 2)
(8) flor vessels defined as “Atmospheric” in the UBRS
(see also|para. 3-300), the words

(-4) “Design Pressure — Atmospheric”
(-4) “Maximum Temperature”
(9) for other vessels

(-4) “Maximum Allowable Working Pressure at
Maximun} Temperature”
(-4) “Maximum Allowable External Working Pres-
sure at Maximum Temperature”
(10) |design basis specific gravity of contents
(11) |the designation “Critical Service” if applicable

Specified pressures shall be gage pressures given in
units as $pecified in the UBRS. Temperatures shall be
in units gpecified in the UBRS.

(b) If the vessel is optionally registered, the National
Board M4rk and Registration Number shall be stamped
on the ngdmeplate. The legend “National Board Registra-
tion Numfber” is optional.

(2) All markings shall be black, highly visible¢ and
readable, on a white background.

(3) Markings, including the ASME Certification
with RTP Designator, shall be made in indélible ink o
nature as not to be water or resin soluble.

(b) Cast, Etched, Embossed, Engraved, or Sta
Nameplates

(1) Material shall be 300<series stainless std
other suitable corrosion-resistant material.

(2) Thickness shalltbe-Sufficient to resist distd
due to the application 6f the marking, but in no casej
be less than 0.020'in>(0.5 mm)

(3) Markings)including the RTP Designator mfay be
produced by“easting, etching, embossing, stampirg, or
engravingsThe ASME Certification Mark shalll be
stamped."All stamps for applying the ASME Certifidation
shall bé/obtained from ASME.

Mark
such

mped
el or

rtion
shall
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MANDATORY APPENDIX M-1
REINFORCEMENT MATERIALS RECEIVING PROCEDURES

M1 JOO INTRODUCTION

Alllinspections and tests specified in this Appendix are
to be| performed by Fabricator personnel or an indepen-
dent [testing laboratory.

ARTICLE A

FIBERGLASS SURFACING VEIL, ORGANIC FIBER
SYRFACING VEIL, CARBON FIBER VEIL, AND

FIBERGLASS CHOPPED STRAND MAT

M1Ar100 INTRODUCTION

Thfs Article specifies the minimum inspections and
tests|that shall be performed on the rolls of fiberglass
surfafing veil, organic fiber surfacing veil, and fiberglass
chopped strand mat that shall be used to fabricate equip-
ment to this Standard.

M1Ar200 ACCEPTANCE INSPECTION

Acfeptance inspection shall include inspectign of all
rolls for proper packaging and identificatiop; and contam-
inatign. This acceptance inspection is to be‘conducted on
the ynopened roll. Acceptance requirements and limits
are as defined in para. M1A-410. Aceeptance inspection
shallfinclude inspection of selectéd yolls for measurement
of unft weight per ASQ Z1.4 criteria. Inspection for manu-
factufing imperfections shall be conducted during use of
rolledl goods. Acceptancerequirements and limits are as
defined in paras. M1A=420 and M1A-430.

The form showmim\Form M1A-1, or a similar form that
contdins the proeviSions to record the results of these
requjred insp€etions and certifications, if applicable,
shall|be used by the Fabricator and shall be retained
in t}16 inspection records. A separate form shall be

M1A-300 EQUIPMENT AND MEASURING)[TOOLS
REQUIRED

M1A-310 Inspection Table and Lights

Aninspection table and adequateoverhead lighting that
are suitable for the inspectiohand testing of thie mat are
required. The equipmeft used must not iptroduce
contamination to the niat‘during inspection anjd testing.

M1A-320 Linear. Measuring Tools

A standarddinear measuring tool (longer thanjthe width
of the rolls)\that measures the roll widths with minimum
accuracy of +% in. (+3 mm) is required. A 12 in|+%, in. x
12 in. £%, in. (300 mm #* 0.80 mm x 300 mm # 0.80 mm)
template is required.

M1A-330 Laboratory Balance

Alaboratory balance that measures to 0.1 g is|required.

M1A-400 PROCEDURES AND ACCEPTANCE LIMITS

M1A-410 Roll Identification and Package
Inspection

manufacturer’s factory. If repackaging is reqyired, the
Fabricator shall ensure that a material Certificate of
Compliance traceable to the original material is[provided.
The original labels can be modified in regards tp number
and width of rolls only. All other documentation shall
remain unchanged. Verify and enter in the ifspection
record that the mat rolls as identified by the mat manu-
facturer have the same nomenclature as the maf specified
to produce the laminate by Subparts 2A and 2B, and
examine the packaging of the mat for danmage that
renders the mat unusable. Indicate acceptablg rolls by

The mat shall be packaged as shipped frovj: the mat

usedHereachmat-manufacturer—mat-noemenclatires
mat treatment, and mat unit weight.

In lieu of performing the above manufacturing inspec-
tions, measurements, and documentation, the Fabricator
shall provide the User or User’s Agent with a Certificate of
Compliance from the material manufacturer. This Certi-
ficate shall ensure that materials were manufactured,
inspected, and tested per the material supplier’s specifi-
cations.

recording the date and name of the person performing
the examination in Form M1A-1, column 4.

For packaged mats that are found to be acceptable for
further inspection and tests, enter the reinforcement
production date and lot number in Form M1A-1,
columns 2 and 3.
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Form M1A-1 Veil and Mat Reinforcement Log Sheet

Fabricator’s name Mat manufacturer
Address Mat nomenclature
Mat treatment (if given) [Note (1)]
QC fileno. 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 ft2 (m2) Inspection Inspection

(if Given) Sample (Cols. 5 andw6)
By Date By Date By Date
1
2
3
4
5
6
7
8
Commefts on visual and packaging inspectiop={indicate which roll):

GENERA
NOTES:
(1) Lot
2) Ma

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

batch, product.cede, or other label identification.
ufacturer’s”label weight.
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M1A-420 Visual Inspection of Mat

(a) As the mat is used during fabrication, it shall be
visually inspected for imperfections and contamination.
Date and name of person performing visual inspection
shall be recorded in Form M1A-1, column 8.

(b) The mat shall be uniform in color, texture, and
appearance. Imperfections and/or contaminants shall
be removed so as not to damage the mat or by making
two parallel cuts across the width of the mat and

M1B-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection of the
roving balls for proper packaging, identification, and
contamination. This acceptance inspection is to be
conducted on the unopened roll. Acceptance require-
ments and limits are as defined in para. M1B-410. Accep-
tance inspection shall include inspection of selected rolls
for measurement of roving yield per ASQ Z1.4 criteria.
Inspection for manufacturing imperfections shall be

discarding the rectangular section of the mat containing
the defects. Contaminants do not include white or light
gray [binder spots.

NOTH: Examples of imperfections are holes, cuts, thin spots, or
delanpinations, i.e., separating into layers during unrolling.
Examjples of contaminants are dirt, oil, grease, and foreign
objects.

()

used

Rolls having any of the following defects shall not be
in laminates made to this Standard:

1) wet spots

2) water contamination

[3) bar marks

[4) lengthwise wrinkles exceeding 5 ft (1.5 m) in
length

M1Ar430 Unit Weight of Mat

From the leading edge of each roll of mat that will be
testefl as per para. M1A-200, cut a 1-ft* (0.01 m?)[10-ft2
(0.1 ;m?) for surfacing veil] sample using the template
specified in para. M1A-320. If the roll is less than 12
in. (300 mm) wide, use the full width of the roll, but
adjudt the length of the sample (use the linearmeasuring
tool gpecified in para. M1A-320). Any property measure-
ment shall be conducted by unrolling only the quantity of
matefial required to conduct the test-Using the laboratory
balarfce required by para. M1A-330;-weigh the sample of
mat fo the nearest 0.1 g. Conyert the grams to ounces, if
needpd, by multiplying grams-by 0.0352. If the sample
from|a roll falls outside theymat manufacturer’s specified
weight range, the rollef mat shall be rejected. Enter the
valugs of weighed samples for acceptable and unaccept-
able folls in the inspection form in Form M1A-1, column 6.
Notelthe rejectedrolls with the word “rejected” next to the
recollded weight in column 6.

conducted during use of roving balls. Acceptancp require-
ments and limits are as defined in paras. M1H-420 and
M1B-430.

The form shown in Form M1B-1, or~a similar
contains the provisions to record the results ¢f inspec-
tions, shall be used by the Fabyicator and shall b¢ retained
in the inspection records. A separate form shall be used for
each roving manufacturery/roving nomenclafure, and
roving yield.

In lieu of performing the above inspections,
ments, and documentation, the Fabricator sha
the User or User’s Agent with a Certificate of C¢
from the material manufacturer. This Certifi
ensure.that materials were manufactured, i
and tested per the material supplier’s specific

form that

measure-
| provide
mpliance
rate shall
hspected,
htions.

M1B-300 EQUIPMENT AND MEASURING
M1B-310 Wrap Reel

A device may be used that provides a minimurp of a 6 yd
(5.5 m) sample measured and cut under sufficient tension
to keep the strand taut. Equipment such as standard 36-in.
or 54-in. (900 mm or 1350 mm) yarn reel with gdjustable
transverse, four skein capacity is suggested.

TOOLS

M1B-320 Laboratory Balance

Alaboratory balance that measures to 0.1 g is|required.

M1B-400 PROCEDURES AND ACCEPTANCE LIMITS

M1B-410 Roving Identification and Package
Inspection

The roving shall be packaged as shipped from the manu-
facturer’s factory. The roving shall not be repackaged in
the distribution of the material after the manufa¢turer has
shipped the roving Verify that the roving hallslas identi-

ARTICLEB
FIBERGLASS SPRAY-UP ROVING AND FILAMENT
WINDING ROVING

M1B-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on fiberglass spray-up
roving and filament winding roving that are to be used
to fabricate equipment to this Standard.

77

fied by the manufacturer have the same nomenclature as
the roving required by Part 2 and examine the packaging
of the roving for damage that renders the roving unusable.
Indicate acceptable roving by recording in Form M1B-1,
column 4, the date and name of the person performing the
examination.

For packaged rovings that are found to be acceptable for
further inspection and tests, enter the reinforcement
production date and lot number for each ball in
Form M1B-1, columns 2 and 3.
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Form M1B-1 Roving Reinforcement Log Sheet

Fabricator’s name

Address

Roving manufacturer

Roving nomenclature

QC file no.

Ball
No.

2

3

4

6 7

Reinforcement
Production Date
(if Given)

Lot No.
[Note (1)]

By

Packaging
Inspection

Date

Yield

Property Visual

Inspection Inspection

(Column 5)
By Date By

Date

8

Comme

hts on visual and packaging inspection(indicate which roll):

GENERA]
NOTE:
(1) Lot

batch, product code, or other label identification.

| NOTE: This form may-bereproduced and used without written permission from ASME if used for purposes other than republication.

78
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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 Form M1B-1, column 7. If any roving ball is rejected,
record the reason in the comments section in Form M1B-1.

(b) Roving balls having any of the following defects
shall not be used for laminates made to this Standard:
(1) any package that exhibits foreign matter such as

ARTICLE C
FIBERGLASS WOVEN ROVING FABRIC,
FIBERGLASS UNIDIRECTIONAL FABRIC, AND
FIBERGLASS NONWOVEN BIAXIAL FABRIC

M1C-100 INTRODUCTION

This Article specifies the minimum inspections and
tests that are to be performed on the rolls of fiberglass

dirt, pil, grease, waste glass fiber, or beads of glass such
that if would detract from the performance or appearance
of the finished product

2) balls that have been contaminated by water

Mi1B

Fr
aby

430 Measurement of Roving Yield

m oneroving ball per shipment, obtain a minimum of
1 (5.5 m) sample (length A) of roving as required by
para{M1B-310. Roving shall be pulled from the same side
of the package as used in the Fabricator’s process. If the
roving is pulled from the outside of the package, sufficient
material shall be removed and discarded so that the
sample will be taken from undisturbed material.
Rempve the sample from the wrap reel. Double the
sampjle several times and tie with a single knot. Using
the balance required by para. M1B-320, weigh the
samjjle to the nearest 0.1 g. Convert grams to ounces
by mlultiplying grams by 0.0352. Two specimens from
each| package shall be measured and the average
computed. Record as weight A.

Calculate the yield, yd/Ib, using the following foriula:
16 0z/Ib X length A
yield, yd/lp=100%/10 X lengthA - _ 96
weight A, oz weight A, oz

Calculate the yield, km/g, using thefollowing formula:
lengthyA, m

ield, km/g =
yies Ve 1000(m/km x wt A, g

Calculate the TEX, g/km, using the following formula:
1000 m/km X weight A, g

TEX, g/km=
length A, m

Enfer the yield of acceptable and unacceptable balls of
rovinlg inlFerm M1B-1, column 5. If the yield of the ball of
rovirlg isToutside the manufacturer’s specification, the

al fabric,
are to be

WOVerr Toving fabric;, fibergtassumidirectior
and fiberglass nonwoven biaxial fabric that
used to fabricate equipment to this Stardard.

M1C-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspec
fabric rolls for proper packaging and identific
contamination. This ac¢ceptance inspection
conducted on the unopened roll. Acceptanceg require-
ments and limits are\as defined in para. M1C-410. Accep-
tance inspection shall include inspection of seldcted rolls
for measurefment of unit weight and verification of
constructign of fabric per ASQ Z1.4 criteria. Ihspection
for manufacturing imperfections shall be cpnducted
duringyuse of rolled goods. Acceptance requirements
and limits are as defined in paras. M1C-42( through
M1C-450.

The form shown in Form M1C-1, or a similar{form that
contains the provisions to record the resultg of these
required inspections, shall be used by the Fpbricator
and shall be retained in the inspection records. 4 separate
form shall be used for each fabric manufactuter, fabric
nomenclature, fabric unit weight [oz/yd* (g/m?)], and
fabric construction.

In lieu of performing the above inspections,
ments, and documentation, the Fabricator sha
the User or User’s Agent with a Certificate of Cg
from the material manufacturer. This Certifi
ensure that materials were manufactured, i
and tested per the material supplier’s specific

ion of all
tion, and
is to be

measure-
| provide
mpliance
rate shall
hspected,
htions.

M1C-300 EQUIPMENT AND MEASURING TOOLS
REQUIRED

M1C-310 Inspection Table and Lights

Aninspection table and adequate overhead lighting that

remaining balls in the shipment are to be inspected
per ASQ Z1.4 criteria, following the procedure specified
in this paragraph. Balls whose yield is outside the manu-
facturer’s specification shall not be used for laminates
made to this Standard. Note the rejected roving balls
with the word “rejected” next to the yield in column 5.
Also, record the date and name of the person performing
the yield measurement in column 6.
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are suitable for the inspection and testing of the fabric are
required. The equipment used shall notintroduce contam-
ination to the fabric during inspection and testing.

M1C-320 Linear Measuring, Marking, and Cutting
Tools

(a) A standard linear measuring tool (longer than
width of roll) that measures the roll widths with
minimum accuracy of % in. (¢3 mm) is required.
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Form M1C-1 Fabric Reinforcement Log Sheet

Fabricator’'s name Fabric manufacturer

Address Fabric nomenclature

Ealoci ielat
TR E-WetghT

QC file no. Fabric construction
1 2 3 4 5 6 7 8 9
Roll Reinforcement Lot No. Packaging Width  Weight  Construction Property Visual
No. Production [Note (1)] Inspection Inspection Inspection
Date (Cols. 5363
(if Given) and)
By Date By Date By Date
1
2
3
4
5
6
7
8
Commepts on visual and packaging inspection*(indicate which roll):
GENERA] NOTE: This form(may be reproduced and used without written permission from ASME if used for purposes other than republication.
NOTE:
(1) Lot batch, praduct code, or other label identification.
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(b) A3in.+%,in. (76 mm * 0.80 mm) square template
is required.
(c) A fine-point felt-tip pen and scissors are required.

M1C-330 Laboratory Balance

Alaboratory balance that measures to 0.1 g is required.

M1C-400 PROCEDURES AND ACCEPTANCELIMITS

MI1Cf
Inspection

ThE fabric shall be packaged as shipped from the manu-
factufer’s factory. The fabric shall not be repackaged in the
distrjbution of the material after the manufacturer has
shipped the fabric. Verify that the fabric rolls as identified
by thle manufacturer have the same nomenclature as the
fabrig¢ required by Part 2, and examine the packaging of the
fabri¢ for damage that renders the fabric unusable. Indi-
cate dcceptable rolls by recording the date and name of the
perspn performing the examination in Form M1C-1,
colurphn 4.

Fof packaged rolls that are found to be acceptable for
furthpr inspection and tests, enter the fabric production
date fand lot number in Form M1C-1, columns 2 and 3.

M1C

(a) As fabric is used, it shall be visually inspected for
impdrfections and contaminations by the Fabricatax;
Record date and name of inspector in Form MAC-1,
colurpn 9. If a roll is rejected, record the reason under
the cpomments section in Form M1C-1.

(b] Fabric shall be uniform in color(texture, and
appeprance. The following imperfections‘and/or contam-
inatigns shall be removed from fiberglass woven roving
and fiberglass nonwoven biaxial-fabric by making two
paralllel cuts across the width of the'fabric and discarding
the r¢ctangular sections of fabric containing the following
defedts:

1) dirt spots [Yeihto 7, in. (4.5 mm to 19 mm) in
diamleter] in excess_o6f*one per 10 lineal feet (3 lineal
metdrs) (dirt spats)are defined as all foreign matter,
dirt, prease spots; etc.)

2) missing ends for more than 2 consecutive feet
consecutive millimeters) in length

3)/fuzz clumps orloops greater than 1 in. (25 mm) in

420 Visual Inspection of Fabric

(600

(2) more than 11 missing ends, either individual
picks or any combination of individual and multiple (2,
3, 4, or 5) ends in any consecutive 100 lineal feet
(30.5 lineal meters)

(3) fuzz clumps or loops that prevent the proper lay-
down of the fabric and that cannot be easily removed

(4) rolls that have been contaminated by water

(d) Fiberglass unidirectional fabric shall be uniform in
color, texture, and appearance. The following imperfec-
i TTTart ved from
the width
pctions of

the fabric by making two parallel cuts across
of the fabric and discarding the rectangular s
fabric containing the following defects:

(1) dirt spots [%¢ in. to %, in,(4.5 mm to 19 mm) in
diameter] in excess of one per 10 lineal feet] (3 lineal
meters) (dirt spots are defified as all foreigh matter,
dirt, grease spots, etc.).

(2) missing ends in.any direction less thap one per
lineal foot (per 300_lirfeal millimeters).

(3) areas ofthe fabriclessthan 6in. x 6in. (150 mm x
150 mm) where(rovings are disoriented or lopped less
than 1 in. (25 mm) in height from the surface. The
numberof‘\these areas shall not exceed tyo per 5
lineal yards (per 4.6 lineal meters) of fabric.|If so, the
roll shall not be used for laminates made to this[Standard.

(4) weft tails exceeding 1 in. (25 mm) or lefs than %
In." (3 mm) in length.

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

(e) Fiberglass unidirectional fabric rolls hav
the following defects shall not be used for lamin
to this Standard:

(1) dirt spots in excess of 7, in. (19 mm) in|diameter
(dirt spots are defined as all foreign matter, dirt, grease
spots, etc.)

(2) missing ends in any direction more thgn one per
lineal foot of fabric

(3) areas of the fabric greater than 6 in. x
mm x 150 mm) where rovings are disoriented
less than 1 in. in height from the surface

(4) areas of the fabric where rovings are disoriented
or looped greater than 1 in. (25 mm) in heightl from the
surface

(5) rolls that have been contaminated byj
other substances

ng any of
htes made

6 in. (150
or looped

water or

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 7, in. (19 mm) in diameter
(dirt spots are defined as all foreign matter, dirt, grease
spots, etc.)

81

M1C-430 Width Measure of Fabric

With the linear measuring tool given in para. M1C-320,
measure the width of the fabricatleast 1 yd (1 m) from the
beginning (leading) edge of the roll and at two additional
positions at least 6 in. (150 mm) apart. Follow the manu-
facturer’s definition for the width of the particular fabric
(see note below). Measure to the nearest % in. (3 mm).
Average the three measurements and enter the measured
width of acceptable and unacceptable rolls in the
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inspection form shown in Form M1C-1. Note the rejected
rolls with the word “rejected” next to the width in column
5. Rolls with variations greater than +% in. (+13 mm) shall
not be used in laminates made to this Standard.

Record the date and name of the person performing the
width, weight, and construction measurements in column
8.

NOTE: Due to the methods of manufacturing fabrics, there are
different ways of describing widths of fabrics.

the fill (weft) strands if applicable. Rolls whose picks
per inch (per 25 millimeters) in either warp or fill are
outside the manufacturer’s specification shall not be
used for laminates made to this Standard. Enter the
picks per inch (per 25 millimeters) in the warp and fill
of acceptable and unacceptable rolls to the nearest 0.1
picks in Form M1C-1, column 7.

ARTICLED

M1C-44tl Unit Weight of Fabric

Unroll ghe fabric on the inspection table and lay flat. Pull
one fill pjck from the sample or mark a line across the
width of|the fabric. Measure from the pulled pick or
line using a 36-in. (915 mm) rule meeting the accuracy
requirenjents of para. M1C-320. Pull another fill pick
or mark [off the 36-in. (915 mm) sample for cutting.
Cut the 36-in. (915-mm) long sample across the width
of the fabric using scissors. Measure the width of the
fabric acfording to para. M1C-430. Weigh the sample
to the neprest 0.1 g. Convert grams to ounces by multi-
plying gifams by 0.0352. Calculate the unit weight in

ounces p¢r square yard using the following formula:
weight,oz  36in. sample weight, oz
yd2 B squareyard  sample width, in.

Calculatte the weight in grams per square meter using
the following formula:

weight, g sample weight, g

m?2 ©0915m X sample width, m

Rolls whose weight per square yard (meter).are’outside
the manufacturer’s specification shall not be'tised for lami-
nates magle to this Standard. Enter the weight per square
yard (metfer) of acceptable and unacceptable rolls in the
inspectiop report shown in Form M1G-1. Note the rejected
rolls with|the word “rejected” next to the weight in column
6.

M1C-450 Construction

Unroll fthe fabric,on’ the inspection table and lay flat.
Perform the verification of construction in an area at
least 1 (C) from the beginning of the roll and
one-tentl] of"the width from the edge of the fabric. For

FIBERGLASS MILLED FIBERS

M1D-100 INTRODUCTION

This Article specifies the minimuay inspection$ and
tests thatare to be performed on thepackages of fibenglass
milled fiber that are to be used to fabricate equipmé¢nt to
this Standard.

M1D-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection ¢f the
milled fiber for préper packaging and identificatior], and
visual inspectionvfor contamination. Acceptance require-
ments and\limits are defined in paras. M1D-41(Q and
M1D-420(a).

The form shown in Form M1D-1, or a similar fornp that
contains the provisions to record the results of these
réquired inspections, shall be used by the Fabrifator
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,

In lieu of performing the above inspections, meafsure-
ments, and documentation, the Fabricator shall prpvide
the User or User’s Agent with a Certificate of Compljance
from the material manufacturer. This Certificate |shall
ensure that materials were manufactured, inspdcted,
and tested per the material supplier’s specification]

»n

M1D-300 EQUIPMENT REQUIRED

Aninspection table and adequate overhead lighting that
are suitable for the inspection of the milled fibejr are
required. The equipment used must not introjduce
contamination to the milled fiber during inspection.

M1D-400 PROCEDURES AND ACCEPTANCE LI1VIITS

example, on 60 in. (1500 mm) material start at least 6
in. (150 mm) from one edge and 1 yd (1 m) from the begin-
ning of the fabric. Using the template required by
para. M1C-320, measure a 3-in. (76 mm) square and
count the number of warp strands (if applicable) to
the nearest half strand in the section. Repeat this three
times diagonally across the fabric. Add the total warp
strands counted in the three 3-in. (76 mm) squares
and divide by nine. This will give picks per inch (per
25 millimeters) in the warp of the fabric. Repeat for

82

M1D-410 Package Identification and Inspection

The milled fiber shall be packaged as shipped from the
manufacturer’s factory. The milled fiber shall not be
repackaged in the distribution of the material after the
manufacturer has shipped the milled fiber. Verify that
the milled fiber as identified by the manufacturer has
the same nomenclature as the milled fiber required by
Part 2, and examine each package of milled fiber for
damage that renders it unusable. Indicate acceptable
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milled fibers by recording date and name of the person
performing the examination in Form M1D-1, column 4.

For packaged milled fiber that is found to be acceptable
for further inspection, enter the reinforcement production
date and lot number for each package of milled fibers used
in Form M1D-1, columns 2 and 3.

M1D-420 Visual Inspection of Milled Fiber

(a) As milled fiber is used, it shall be visually inspected
for contamination by the Fabricator. Record the date and
the inspector’s name in Form M1D-1, column 5.

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

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

83
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Form M1D-1 Milled Fiber Reinforcement Log Sheet

Fabricator’'s name

Addres

S

Fiber manufacturer

Fiber nomenclature

Eibar lanath
1=

QC file no.

2 3

Packagg Reinforcement Production Date Lot No.

No.

(if Given) [Note (1)]

4 5

Packaging Visual
Inspection Inspection

By Date By

Date

8

Commefts on visual and packaging inspection (indicate which package):

GENERA

NOTE:
(1) Lot

batch, product code, or other label identification.

| NOTE: This form maybeveproduced and used without written permission from ASME if used for purposes other than republication.
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MANDATORY APPENDIX M-2
MATRIX MATERIALS RECEIVING PROCEDURES

M2-100 INTRODUCTION

Thjs Appendix’s Articles A (Visual Inspection Require-
men{is), B (Specific Gravity), C (Viscosity, Brookfield
d), and D (Room Temperature Gel Time) specify
inimum requirements for the inspections and
teststhat shall be performed by the Fabricator or an inde-
pendent testing laboratory on resins and curing agents
(curing agents include accelerators, promoters, and
peroxides as required for specific resins systems).

Thle Fabricator may use a Certificate of Analysis
prepgred by the manufacturer as a means of satisfying
the rpquirements of Mandatory Appendix M-2, M2-100
and Articles A through D in lieu of inspections and
testspeing performed by the Fabricator or an independent
testifg laboratory on resins and curing agents, under the
ing conditions:

ones|that were ordered and they meet the labeling re-
quirgments of Mandatory Appendix Ms2,-Article A with
the fpllowing exceptions:

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

2) M2A-200(a)(4)<specific gravity, viscosity, and
roon] temperature gektime may be determined by test
methjods establishedanid performed by the manufacturer.
3) M2A-200(a])(5): results of specific tests need not
be r¢corded¢on: the Resin Log Sheet (Form M2E-1),
provlded the ‘Certificate of Analysis is noted in the Log
Sheet by-atraceable identification and is available for
reviefw by concerned parties.

are damaged, then the contents of each damaged|container
shall be inspected according to the pracedurgs of this
section. The requirements of this Appendix shall be
completed prior to use of resins and‘curing ggents for
fabrication of equipment to thig Standard.

M2-200 SAFETY

See Safety Data Sheets (SDS) for materials t¢ be used.

ARTICLE A
VISUAL INSPECTION REQUIREMENTTS

M2A-100 INTRODUCTION

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

M2A-200 REQUIREMENTS

(a) Resins, before use, shall comply with the following:
(1) They shall be checked to ensure thely are the
products ordered.
(2) They shall have proper labeling for the specified
product, including the manufacturer’s product pame and
identifying number.
(3) A sample shall be of normal color and flarity for

the specific resin, free from solid or gelled particles and
dirt as determined by visual examination.
(4) They shall be within the manufactureyf’s specifi-
cation limits for specific gravity, viscosity, gnd room
temperature gel time as determined by|the test
methods of Articles B through D, unless the Habricator
has developed and implemented written test method

procedures documented in their Quality] Control
Y\rngram that r‘avn]npc the data rnq|||rnr‘ o be docu_

(4) M2A-200(b)(6): testing of proper curing activity
need not be performed on curing agents by the Fabricator
nor recorded on the Curing Agents Log Sheet
(Form M2E-2), provided the Certificate of Analysis is
noted in the Log Sheet by traceable identification and
is available for review by concerned parties.

If a Certificate of Analysis is not acceptable to the Fabri-
cator, then these inspections shall be performed on atleast
one random sample from each lot or batch of material
received from a supplier. If any containers or packages

r
mented on the Resin Log Sheet.

(5) Results of visual examinations and specific tests
shall be recorded on the Resin Log Sheet, Form M2E-1.

(b) Curing agents, before use, shall comply with the

following:

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

(2) They shall have proper labeling for the specified
product, including the manufacturer’s product name and
identifying number.

(19)
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(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 instruc-
tions if layering is observed.

(4) In the case of liquids, they shall be free of sedi-
ment or suspended solids.
(5) They shall have proper curing activity as defined

(d) Place the cover on the cup and force it down to seat
fully.

(e) Wipe the cup clean on the outside.

(f) Weigh the filled cup to +0.1 g.

M2B-400 CALCULATIONS

(U.S. Customary Units)

ight of full cup, g—t ight,
density, lb/galz we1g (o) cup g are we1g g

by the Fapricator’s process and/or manufacturer’s spec-
ification, §s determined by the room temperature gel time
test (see [Article D).

(6) Results of visual examination and gel time testing
shall be [recorded on the Curing Agents Log Sheet,
Form MZ2E-2.

M2A-300 ACCEPTANCE CRITERIA

Materigls failing visual inspection criteria or failing to
meet the manufacturer’s specifications in any prescribed
test shall[not be used unless

(a) in ¢onsultation with the manufacturer’s QC contact
(shown oh log sheet), corrective sampling procedures are
undertaken that result in the material passing visual
examinatjon

(b) tesk result differences are shown, by retest, to be
caused by procedural differences in testing rather than
by differgnces in quality of materials

ARTICLE B
SPECIFIC GRAVITY

M2B-100 INTRODUCTION

This Article specifies the procedure thatshall be used to
determing the specific gravity. This is accomplished by
weighing a standard volume of-liquid at a specific
temperatfire and converting thisweight to specific gravity.

M2B-200 APPARATUS

The following appatatus is required:

(a) labjoratory balamnce (0.1 g sensitivity)

(b) wejght pefigallon cup (water capacity 83.3 ml) with
lid (Gardper €atalog No. CG 9652 or equivalent)

(c) thefmometer (ASTM No. 17C)

1U

density, Ib/gal

specific gravity=
P & 4 8.33
(SI Units)
. weight of full cup, g tare weight, g
d mL =
ensity, ¢/ 83:3mL
density, g/mL
specific gravity = density, Zleol:
0.9982-g/mL

M2B-500 REPORT

Record specifie gravity on the Resin Log Sheet,
Form M2E-1.

ARTICLE C
VISCOSITY, BROOKFIELD METHOD

M2C-100 INTRODUCTION

The Brookfield method determines the viscosity and
thixotropic index of a resin using a Brookfield viscometer.
It is applicable for both thixotropic and nonthixotjropic
resins. However, close control of resin temperjture
and careful maintenance of the Brookfield viscorheter
are required to obtain accurate viscosity values.

M2C-200 APPARATUS

The following apparatus is required:

(a) viscometer suitable for measuring Brookfield vis-
cosity (calibrated via manufacturer’s directions)

(b) 250 ml polypropylene beakers

(c) constant temperature water bath at 77°F ¢ 1°F
(25°C = 0.5°0)

(d) thermometer (ASTM No. 17C)

(e) stirring rod or spatula that will not absorb regin or

op

i
aUuarcrveS

M2B-300 PROCEDURE

(a) Precondition the resin sample and weight per
gallon cup for 20 min at 77°F = 0.2°F (25°C £ 0.1°C).
Insert the cup and the resin sample separately in a
large beaker. Place in a 77°F (25°C) water bath.

(b) Tare weigh the empty cup and lid to 0.1 g.

(c) Fill the cup to the brim with bubble-free resin.

(f) timer, reading in 0.1 min

M2C-300 PROCEDURE FOR TEMPERATURE
ADJUSTMENT

(a) Fill beaker with material to be tested.

(b) Immerse covered beaker in agitated 77°F (25°C)
water bath and allow to come to temperature, 77°F *
1°F (25°C = 0.5°C). The temperature adjustment may
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be hastened by spatula agitation of the sample (avoid air
entrapment).

(c) Check temperature using ASTM No. 176 thermo-
meter.

M2C-400 PROCEDURE FOR THIXOTROPIC RESINS

(a) Vigorously agitate the resin with a spatula until it is
thoroughly mixed minimizing entrapment of air, replace
cover.an heaker and return to water bath for a minimum

(b) viscosity in centipoise at 77°F (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

of 5 min or until all visible entrapped air is gone.

(b) Level Brookfield viscometer, and attach spindle and
guardl as designated by resin manufacturer.

(c)] Remove beaker from bath, place open beaker in
position under Brookfield viscometer, and center and
immgrse spindle to middle of the notch.

(d) Setspeedto 6 RPM, and start Brookfield viscometer
and tjmer. After 1 min, increase speed to 60 RPM. At 2 min
on tifner, stop viscometer, and read. Reduce speed to 6
RPM| and take final reading 1 min after restarting.
Recofd the 60 RPM and 6 RPM values.

(e)] Repeat steps (a) through (d) above for second
reading at each spindle speed.

M2C-500 PROCEDURE FOR NONTHIXOTROPIC
RESINS

Level Brookfield viscometer, and attach spindle and
guardl as designated by resin manufacturer.

(b] Remove beaker from bath, place open beakerin
position under Brookfield viscometer, and centef and
immgrse spindle to middle of the notch.

(c)| Run viscosity at 60 RPM for 1 min with+d spindle
chos¢n so that the Brookfield pointer falls approximately
in the midrange of the recording dial. Alternatively, run at
RPM|and spindle recommended by-tesin manufacturer.
Recofd the value.

(d] Repeat steps (a) throughc) above for second
resulf.

(a)

M2C-600 CALCULATIONS

(a] Determing| viscosity by multiplying the values
obtained in paras:M2C-400 and M2C-500 with the Brook-
field ponstantfer the particular spindle number and RPM
used |to gbtain the value.

(b) Tfthe two results for a particular spindle and speed

determine the room temperature 77°F (25°G),gel time of
resins that have been properly mixed with |correctly
proportioned amounts of accelerator) prompter, and
peroxide curing agents.

M2D-200 APPARATUS

The following apparatus s required:
(a) constant temperature water bath at 7
(25°C £ 0.5°C)

°F £ 1°F

(b) polypropyléne graduated beaker, 8.45 o0z[(250 ml),
minimum

(c) stirringfods or spatulas that will notabsorb resin or
additives

(d) 1aboratory timer, calibrated in units of (.1 min

(eé)Naboratory balance (0.1 g) sensitivity

{f) graduated syringes, delivery 0.003 oz to (.1 oz (0.1

ml to 3.0 ml)
(g) thermometer (ASTM No. 17C)

M2D-300 PROCEDURE

(a) Place 100 g of resin to be tested into a clepn 250 ml
polypropylene beaker. Place charged beaker in the
constant temperature bath previously set at 7[°F + 2°F
(25°C % 0.5°C) for a minimum of 20 min until|{the resin
in the beaker is stabilized throughout at 77°F + 2°F
(25°C + 1°C).

(b) Add controlled promotersand/oraccelerjtors indi-
vidually, stirring with the metal spatula between each
addition until they are thoroughly dispersed ([l min for
each addition). The quantities and pre¢ision of
amounts are to be as specified by the resin supplier.
NOTE: Itis recommended that wooden tongue depressors not be

used, since they will absorb curing components angl may also
leach undesirable contaminants into the resin solulon.

(c) After addition of the promoters and acgelerators,

do not agree within £50 centipoise, repeat the test.
(c) Determine thixotropic index as viscosity at 6 RPM
divided by viscosity at 60 RPM.

M2C-700 REPORT

Report the following on the Resin Log Sheet,
Form M2E-1:
(a) Brookfield viscometer spindle and speed

87

allow the resin to rest in the control temperature bath.
When enough of the entrapped air from stirring has
left the sample to allow visual examination, check the
sample for good dispersion, particularly of cobalt addi-
tives. Any signs of striations or strings of the cobalt
will require remixing.
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(d) Add the required concentration of the peroxide

catalyst and mix vigorously with a clean metal spatula
for 1 min. Start the timer simultaneously with the start
of mixing.
WARNING: Peroxides will react violently if placed in direct
contact with metallic promoters or organic accelerators.
Extreme care must be taken to avoid this. Refer carefully
to peroxide manufacturer’s instructions for safe handling
of these materials.

shall contain not more than 5 parts active antimony oxide
by weight. No more than 10 parts of the predispersed
concentrate per 100 parts resin by weight is permissible.

M2F-230 Ultraviolet Light Absorbers

Ultraviolet light absorbers are organic compounds that,
by converting photochemical energy to thermal energy,
effectively stabilize resin binders against the deteriorating
effects of ultravioletlight. Only the outer surface resin-rich

(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 timle that the resin turns very thick and will
“snap” o break evenly when the probe is lifted from
the resin. When the snap occurs, stop the timer and
record thle time lapse as “gel time.”

M2D-409 REPORT

the room temperature 77°F(25°C) gel time on
Log Sheet, Form M2E-1.

Record|
the Resin|

ARTICLE E
RESIN AND CURING AGENTS LOG SHEETS

ms M2E-1 and M2E-2 for the Resin and Curing
g Sheets.

See Foi
Agents L

ARTICLE F
COMMON ADDITIVES

M2F-10Q INTRODUCTION

This Afticle specifies the minimum inspections by the
Fabricatolr that must be performed priox{tojthe acceptance
and use ¢f any of the common additivés in the resin.

M2F-220

Flame retardant synergists are antimony oxides thatare
added to halogenated resins to enhance their measured
flame retardant characteristics when measured per ASTM
E84. The laminating resin shall not contain more than 5
parts antimony oxide per 100 parts resin by weight. When
predispersed concentrates are used, the laminating resin

88

layer may contain the ultraviolet light absorber;,

M2F-240 Pigments

Pigments are compounds that provide celoration
or opacity. Only the outer surface pésin-rich layer
contain pigment.

and/
may

M2F-300 ACCEPTANCE INSPECTION

(a) The package for edch'of the common additives
be inspected at the tinie of delivery. Acceptance red
ments are defined’jin“para. M2F-400.

(b) The form{shown in Form M2F-1, or a similar|form
that contains the provisions to record the results of these
required inspections, shall be used by the Fabricatof and
shall be retained in the inspection records.

shall
uire-

M2F-<400 ACCEPTANCE CRITERIA

(a) The primary package shall be clearly labeled hy the
additive manufacturer to identify the contained product
by manufacturer, name, and lot number.

The primary container shall be free from danage
(breakage, tear, or puncture). There shall be no vjsible
sign that any part of the primary container wall has at
any time been saturated with a liquid such as watgr.

(b) For additives found to be acceptable, 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 inspgctor
will sign his/her name and record the date.

M2F-500 INSPECTION IN USE

At the time of use, additives shall be visually inspected
for contamination. Solid contaminants may be renfoved
and discarded. Any portion of a product that has|been
asete 2 by po-SsH et e nant
must be removed and discarded before the remainder
can be added to a resin.

When contamination is found, the Fabricator must enter
the date, describe the condition, and initial the entry on the
original Common Additives Log Sheet (see Form M2F-1).
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Form M2E-1 Resin Log Sheet

Manufacturer QC Contact
Resin Address
Spindle no. Telephone no.
Emergency telephone no.
Gel Time Viscosity @ 77°F (25°0) Specific
@ 77°F (25°C) (cps) Gravity Visual
Date Lot No. (Minutes) @ 60 rpm @ 6 rpm @ 77°F (25°C) Examihation

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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Form M2E-2 Curing Agents Log Sheet

Manufacturer

QC contact

Curing agent

Address

Standard resin

Telephone no.

Emergency telephone no.

Dajte Lot No.

Gel Time @ 77°F (25°C) (Minutes)

Visual Examination

GENERALNOTE- This form may he repraduced and nised without written permission from ASMEF if 11sed for purposes atherthan republication
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Form M2F-1 Common Additives Log Sheet

Manufacturer

Raw Materials Inspection

Inspector

Date

As Received

In Use Quality Problems

Pt
rfottervae

Lot Number

Additive Purpose

Manufacturer

Product Name

Lot Number

Additive Purpose

As Received

In Use Quality Problems

Manufacturer

Product Name

Lot Number

Additive Purpose

As Received

In Use Quality Problems

Manufacturer

Product Name

Lot Number

Additive Purpose

As Received

In Use Quality Problems

GENERALNOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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MANDATORY APPENDIX M-3

CALCULATIONS USING THE CLASSICAL LAMINATION THEORY

(CLT) ANALYSIS METHOD

M3-100

This Aj
calculate
for Subpa

The CL

SCOPE

pendix sets forth the micromechanics and classical lamination theory (CLT) analysis methed to be us
he laminate properties needed for design and analysis in Subpart 3A and the stress, strain/and strength an
rt 3B. The geometric and lamina notations used are defined in Figures M3-1 through M3-4.

[ method consists of integrating through the thickness of a laminate the physical andémechanical propert

led to
hlysis

ies of

each lamina of a laminate to determine the physical and mechanical properties of the totallaminate. The constitutive

equations
or applie

Direct
extensive
Subpart 3
may be u
composit
that may

Theeq
calculatin
point.

The eld|
composit
simplifieg
presente(

in MIL-HIPBK-17-3F. The equations attributed originally to Halpin-Tsai as presented in the Delaware Composites D|

Encyclop

plane composites are computed by integrating the calculated oriented fiber properties of a fictitious laminate wi

same resi
deg.

The pr
subseque

thus formed (the ABD matrix) allow calculations of stresses and strains on a ply-per-ply basis for applied
| deformations.

alculation of laminate properties according to para. M3-400 is required fer Subpart 3B design. Howeve]
calculations required for Subpart 3B are not necessary for Subpart 3A;and they would limit its usefulnes
A design, the minimum properties in Table 2A-3 or the propertiés/from demonstration/qualification te
sed. Paragraphs M3-200 (physical properties), M3-300 (mictemechanics theory), M3-310 (unidirect
bs), and M3-320 (random-oriented fibers) present a shorter method for determining lamina elastic prop
be used with Subpart 3A design rules instead of the equations in paras. M3-400 and M3-600.
lations defining the theory of failure for use with Subpart 3B design are given in para. M3-500. They give rul
g the strength ratio, R, at a point from the stiffness coefficients and the resultant forces and moments a

stic properties of oriented and random glass-fiber-reinforced laminas have been calculated from the the
e micromechanics. Per para. 2-320, only glass fibers are allowed for structural fiber reinforcement, and thu
micromechanics equations are based on isotropic fibers and isotropic resins. The micromechanics equg
for oriented fiber composites are baséd pn the work of Z. Hashin as modified by R. M. Christiansen and are
bdia are also acceptable, as the reSults are nearly identical. The mechanical properties of randomly reinforc

n and fiber properties but-at volume fraction of the random lamina over all directions between 0 deg an

perties of each lamina calculated as described above are used to assemble the CLT matrices and used f¢
ht laminate calculations.

Figure M3-1 Moment Resultants

oads

r, the
5. For
sting
ional
brties

es for
[ that

ry of
s, the
tions
used
esign
bd in-
h the

180

r the

M M
e, M
) I

-

M

X

GENERAL NOTE: Units are in.-lb/in. (N-mm/mm).
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A limitation of basic CLT is that all calculations are performed about the mid-thickness of the laminate, and thus, it is
only valid for balanced (equal numbers of lamina of each orientation above and below the mid-thickness) and symmetric
(the laminate sequences are mirror images about the mid-thickness) laminates. In other words, the neutral axis of the
laminate for bending in both in-plane directions must be at the mid-thickness of 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 demon-
strates advanced laminate analysis techniques. The strain limits used for predicting strength have not been changed from
ASME RTP-1-2007.

M3-

In
defi
is in

compacted to be called the 6 direction.

The x and y directions (global or structural) are then the in-plane structural axes of the{tincipal directi
structure. Then, zis in the thickness direction. Laminate theory for a cylinder typically uses&as the axial directid
the Hoop direction.

ThE angle between the material principal axes and the structural axes of a unidirectional layer is commonly ca

0 (s

Aqly is alamina of the total laminate lay-up. A cover is defined as a layer ofa plus-minus laminate or one layet
filament winding.

W
throy
dired

Fig
resul
oppo
units

M3-

Ty
lami
the 13
for tg
calcuyl
micr

All
fabri

10 Notations Commonly Used in Laminate Analysis

LT analysis of plate structures, it is conventional to use 1 and 2 as the principal axes of the material (ld
das thefiber direction and transverse to the fiber direction, respectively, for an individual ply of the lamin
he through-the-thickness direction. The in-plane shear properties that are in the 1-2 dibettion are d

Figure M3-4), and the conventional notation is 0 deg for axial, and 90 deg for hoop.

en CLT analysis is applied to thin wall shells, the usual notatiofifor the structural directions are R (7
gh the thickness, Z for the axial direction, and 0 for the angle bétween the axial direction of the shell ang
tion. The 1, 2, and 6 conventions defined above are typically used for the laminas that comprise the shell
ures M3-1 through M3-4 show the notation conventions.Noté that N,,, = N, and M,,, = M, . N, is the in-p]
fant, and M,, produces a saddle-type deformation with the diagonal corners moving equally up and do
Kite directions. The in-plane force resultants have units of pounds per unit width, and the moment result
of inch-pound per unit width, as is conventional in plate and shell theory.

200 PRELIMINARY CALCULATIONS FOR THE CLT METHOD

pically, the weight per area of the fiberreinforcement, density of the fiber, and density of the resin for a g
ja are known. The thickness is then the inknown variable that defines each lamina. If the laminate physic:
yer thicknesses can be measuredunicroscopically from the edge of a sample. If the laminate does not physi
sting purposes, then either the glass content or thickness is assumed for each lamina and the correspong
lated. The volume fraction of glass fiber or the thickness for each lamina of the laminate are calculated
mechanics in the equations in para. M3-300.

laminates designed,en.the basis of this initial assumption (thickness or volume fraction) must be che
Fation to confirm thevassumed value is reasonable and based on testing or published data.

Figure M3-2 Force Resultants

cal axes),
ate,and 3
ommonly

ns of the
nandyas

lled theta,
ofahoop

adial) for
| the fiber
laminate.
ane shear
wn but in
ants have

omposite
ily exists,
cally exist
ling value
using the

ked after

N

X X

GENERAL NOTE: Units are lb/in. (N/mm).
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Figure M3-3 Geometry and Notation of an n-Layered Laminate

th_2
—Ti ¢ <
s -
k < )
l é Reference plane I
— ) {-Neutraraxis — S
h )] bd
o "7 2
- %
f
t
Figure M3-4 Coordinate Systems
y
1
2

vessel coordinates
material coordinates

A "
yd

w77/

94



https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

The equations in the following example can be used to calculate the preliminary physical and mechanical properties of
each lamina or ply. The numerical material properties are for the resin and fibers used for the filament wound portion of
the designs for the examples in paras. M3-610 and M3-620.

(US.

Customary Units)

Thickness: ¢t = 0.021 in.
Weight perarea of fiber reinforcement: W= 1.5081b/ft for the entire laminate, where the weights for the components are
as follows:

w

= 0.0938 Ib/ft? for chopped strand mat (CSM)

= 690 x 1] ﬂ_3"'\l/ﬁ' for c-veil

= 0.142 Ib/ft? for 225-yield glass roving at 8 strands per inch
= 0.0926 Ib/ft? for 24-0z/yd? woven roving with 5/4 construction in the warp direction, and 0.074 Mb
weft direction

Specffic gravity of resin: SG, = 1.2964

Densjty of resin: p,, = SG, x 0.0361 lb/in.> = 0.0468 Ib/in.*
Densfty of fiber: p; = 0.0943 lb/in.’
Fiber] volume per unit area: = v = W/py= 1.508 in.?/ft?
Resilf volume per unit area: v, = 144t - v, = 1.545 in.%/ft®
[
Volume fraction fiber: Vf = T = 0495
of + 0,
Weight fi fiber: W, Uity 0.664
eight fraction fiber: =———=0.

8 f Vs + (1-Vpn,
Densfty of composite: p. = p(1 - V) + pV; = 0.0703 Ib/in.?
(SI Upits)
Thickness: t = 0.53 mm
Weight per area of fiber reinforcement: W = 7.363 kg/m?£or the entire laminate, where the weights for the co
are as follows:

w

= 0.458 kg/m? for chopped strand mat (CSM)

= 0.034 kg/m? for c-veil

= 0.694 kg/m? for 2200 tex glass roving/at 3.1 per centimeter

= 0.452 kg/m? for 810 g/m?* woven(roving with 5/4 construction warp direction, and 0.362 kg/m? iy
direction

Specffic gravity of resin: SG, = 122964

Dens
Dens
Fiber
Resir

Volume fraction fiber: V¢ =

Weig

ty of resin: p,, = SG, x 1000”= 1296 kg/m>

ty of fiber: py= 2610 kg/m>

volume per unit area; vy = W/py= 2.660 x 107* m*/m?)

volume per unit:area: v, = £/1000 - vy = 2.725 x 10™* m3/m?
[

= 0495
Uf + v,
Vf[)f

—— = 0.664
Vipp + (1= Vp)p,

ht fraction fiber: Wf =

Dens

ft? in the

mponents

) the weft

tyy0f composite: p; = p,(1 = V) + pV/y= 1946 kg/m?

The material properties at the design temperature of the fiber and resin are generally known, and some typical proper-
ties are shown below.

(Us.

Customary Units)

Volume fraction fiber: V= 0.495
Volume fraction matrix: V,, = 1 - Vy= 0.505
Modulus of matrix: E,, = 4.000 x 10° psi

Poiss

on’s ratio of matrix: v,, = 0.35

Shear modulus of matrix (assumed isotropic): G,, = ——"— = 1.481 X 10° psi

2(14y,)
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Modulus of fiber: Er= 10.5 x 10°
Poisson’s ratio of fiber: vy = 0.22

Ey 6.
Shear modulus of fiber (assumed isotropic): Gf = = 4.303 X 10" psi
2(1+y)
(SI Units)
Volume fraction fiber: V= 0.495
Volume fraction matrix: V,, = 1 - V= 0.505
Modulus of matrix: E,, = 2760 MPa
Poisson’s[ratio of matrix: v,, = U.35
Shear mddulus of matrix (assumed isotropic): G,, = Z(va) = 1020 MPa
m
Modulus pf fiber: Er = 72400 MPa
Poisson’s|ratio of fiber: vy = 0.22
Es
Shear mddulus of fiber (assumed isotropic): Gf = ——— = 29700 MPa
2(1+1)

The gldss fiber volume fraction, orientation, and resin modulus at the operating temperature are then used to
mine the mechanical properties of each lamina or layer from the appropriate equations in-paras. M3-310 (unidirecf
lamina) ahd M3-320 (random-oriented lamina). The effective properties, such as thermal éxpansion and moisture a
bance exgjansion, and transport properties, such as thermal conductivity, can also be determined but are considered
the scopdq of this Standard.

M3-300 [MICROMECHANICS EQUATIONS FOR A UNIDIRECTIONAL LAMINA

Notatidn is that used by MIL-HDBK-17-3F. The subscript frefers to fiber, and m refers to matrix. The subscript 1 1
to the fibdr direction, and subscript 2 refers to the transverse to the fibér direction. Vrefers to volume fraction,and v 1
to Poissop’s ratio.

Plane strain bulk modulus for isotropic fibers:

Kf=

Plane strain bulk modulus for isotropic matrix:

K, = m >
2(1 = vy = 20,,%)

Plane strain bulk modulus, psi (MPa):

Kon(Kf + Gpy) X Vi + Kp(Kyy + Gpr) X Vy
k

star =

(Kf + Gpn) X Vo + (K + Gp) X Vs

Modulus fin the fibér direction, psi (MPa):
4(vf = D) X Vi X Vy

eter-
ional
bsor-
but of

efers
efers

Ej = E, X Vi, + Ef X Vy +

V4 V. 1
+ et

™

+
Kf Ky o Gy

Major Poisson’s ratio:

(Uf— m)x(%—i]xvmxvf

Vg = Oy X Vi + 0 X Vi +

v, 4 1
_m+_f+_
Kf m G
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A three-phase concentric cylinder model produces a quadratic equation for G,, which is G,3 in laminate theory:

2
G G
Al=2| +2B=2|+cC=0
G G

m m
where
_ 2 3
A = 3V XV, % (y - 1)(7/+f7f> +[(y) X g+ Mgl = <7><’7m_”lf)Vf ]
xVen =1y — (yxy + D
L J T v ! Tt J
- _ 2 _ L -
B = —3VixV, X(y 1)(y+r/f>+ 2[;/><;1m+(;/ l)fo+1]
X [(nm - l)<y + r/f) - 2(]/ X 1, — nf)XVf3]...
V.
+ fo (1, + D(r = 1) X[y+;7f+ (7X’7m_’7f>Vf3]
C = 3Vf><Vm2>< (y - 1)(y+77f) +[y><77m+ (y - l)Vf—l— 1] x{er/f+ (7x'7m_’7f)Vf3]
G,
y = L
Gm
7’]f = 3 _4Uf
or
G
= 1+ 2—f
Ky
Solving for the positive root of G, produces the following:

Trangverse shear modulus, psi (MPa):
1

—Gp| (4B” — 44C)? + 2B
@27 24
Trangverse Young’'s modulus, psi (MPa):
E, = 4'kstar X G2
, = —sar” 72
kstar + m X G2
wherfe
4kgtar X 0122
m=1+—
E
In-plane shearmodulus, psi (MPa):
i
G1 = Gm + I—Vm

+
G — G, 2G,,

Note that G, is also referred to as G;, in laminate theory.
Transverse Poisson’s ratio:

Modulus of elasticity in normal direction, psi (MPa):

E33 = Ey
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Minor Poisson’s ratio:

V12
Uy = E2 X E_

1

M3-310 Micromechanics of Unidirectional Fiber Composites

The following example shows the application of the basic equations for the micromechanics of a unidirectional lamina
with the properties of the fibers and resin shown in para. M3-200: The notation for kg, is used in the Halpin-Tsai

equations, and Ky is used in the MIL-HDBK-17-3F equations; they have identical values. The values for E; E, G,
vﬁ and Vpake from the nquqﬁnnc in p’]l"] M233.200

Plane strain bulk modulus for isotropic fibers:
5
2(1 - vy - 20,%)
Plane strain bulk modulus for isotropic matrix:

E
K, = m = 4.938 X 10° psi (34100 MPa)

m
2(1 = vy = 20,,°)

Ky = = 7.684 x 10° psi (53000 MPa)

Plane strain bulk modulus for the lamina, K7 = Kgar:

Kn(Kf + G) X Vi + Kp(Kyy + Gpy) X Vg

= 1.028 %/10° psi (70 900 MPa)

kstar =

(Kf + Gu) X Vi + (Kyy + Gp) X V.

K = 1.028 X 10° psi (70960 MPa)

Young'’s thodulus in the fiber direction:

4(vf - Um)2 XV, X Vf 6
= 5.400 X 10° psi (37200 MPa)

Ei=E, XV, +ErXVc+

1 m m f f Vi Vi 1
Kf K, Gy,
Note that| E; is also referred to as E;; in laminate theory.
Poisson’s|ratio for load in the fiber direction:

1 1
=028

1)12=1)mXVm+UfXVf+

v, 4 1
_m+_f+_
Kf K, m

Transver$e shear modirlus:

Gyl (4B% - 44C)? + 2B

Gy = = 3.943 X 10°psi (2720 MPa)

- 2A

where
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A= VXV X (7 - 1)(y+ nf) + [(y) X My, + gt = (y X 1, — nf) x Vf3]
+ [}V % [Vitaly = 1) = @ xn, + D]

B = 3V x W x (= Dy + ) + Sy %+ = vy +1]
X [(”m - 1)(;/ + ’7f) - 2(;/ X n, — ’7f) X Vf3]...

+g x (1, + D(y - 1)><[7+’7f+ (7X’7m_’7f)vf3]

C = 3VfXVm2X(}’—1)(7+’7f)+[7x’7m+(7_1)Vf+1]x[7+’7f+<7x’7m_71f)Vf3]
S
Gm
= 3= 4vp = 2120
or
G
= 1+2i=2.120
Kt
Ny = 3 - 4o,

Trangverse to the fiber direction Young’s modulus:

4K X G
y = —L 272 1122 x 100 psiq7 740 MPa)
Ky + mGy
wherfe
m o= 14 4I<TXV122
E
E; = 5400 10°psi (37200 MPa)
V12 = 0.28
In-pline shear modulus:
4 5
Gy = Gt — = 4.025 X 10° psi (2780 MPa)
+ "

G =Gy 2G,
Poisgon’s ratios:

Ey
U1 =Vp X — = 0.058
E

E,

Uy3 = E—1=0.42
or
— kstar = mGy — 04
kstar +mGy

The properties of the lamina that involve through-the-thickness properties are not required for the CLT analyses but
are included for information only. Note that calculation of G5 is needed for calculating E>.

M3-320 Micromechanics of Randomly Distributed Fiber-Reinforced Composites

For random-reinforced lamina, the fictitious properties for a continuous, unidirectional lamina with the thickness and
weight of reinforcementare calculated as in para. M3-310, and the average properties are determined 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
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[approximately 0.4 in. (10 mm) with 400-ksi (2 760-MPa) strength in the fiber] and exceed 200-psi (1.38-MPa) shear

strength at the fiber-resin interface.
The average material properties of a random 1.5-0z/ft* (450-g/m?) chopped strand mat (CSM) material can be defined

as follows:
Reduced stiffness:

1 % —1.—T
QCSM=;/0 T=iQr"de

Inverse transformation matrix:

m2 n2 2mn
T = n2 m2 —2mn

2 2
—mn mn m- —n

Transposg of the inverse of the transformation matrix:

2 2
- m n —mn
T = n2 m2 mn
2mn —2mn m2 - n2

These natrix equations can be expanded to yield the following:

S (0)* +2(ay, + 2456) X sin(0)” x-0s6)’ in(6)* |40
Quicsm = 1/ gy X cos +2( gy + 2944) X sin X-cos + gy, X sin

Qia2csm = %[/0'” [(‘111 + a9y, — 4‘166) X sin(9)2 X cos(.9)2 +qp, X (sin(9)4 + cos(6)4)]d9}

.4 2
Qescst = %[/o [(qu + 4y — 2q12) x sin(8)2"x cos(0)* + g ¥ (cos(9)2 _ sin(6)2> }dﬁ]

where th¢ stiffnesses of the CSM are as follows:

_ E
qll B 1 - U1y X Uy
g = V1 X E2
12 1 - V1 X Uy
- )
q22 a 1 - V1 X U1
d¢6 = G12

These ¢quations are integrated and reduce to the following:

2 1 1 2
QllCSM=gqul+zxq12+zxq66+gxq22

1 1 1 3
Q12CSM:gxcl11+gx‘122_§xqéé+zx‘hz

1 1
QééCSM=gx‘hl"‘gxqzz_zx‘hz"'gxqéé

By definition, the properties of an isotropic material (E, G, and v) are as follows:
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E
Qiicsm = 2

vE
l—u2

Qiacsm =

Qsscsm = G

Substituting into the integrated equations produces the following:

Defining A = 1 - vy, x Uy results in the following three equations:

Equalion (2) is for 1.5-0z/ft* (450-g/m?) chopped‘strand mat using the fiber and resin properties from par4g

Eq

M3-]

Th
0.09

(U.S.
Input

E 3 E 1 V19 X E 1 3 E
=—X71+—X#+—XG12+—X72
1—1)2 8 1 —vpp X0y 4 1 —wvpp X0y 2 8 1 -0y Xvy;

vE 1 E 1 E 1 3 vy X E
3 _X71+_X72—_XG12+_XL2—
1—0v 8 1 -y X0y 8 1 —wvpp X0y 2 4 1—1)12)(1)21

1 E 1 E 1 v E 1
G=—ox— — pox— 2 S 122 Ny,
8 1-1)12)(1)21 8 1-1)12)(1}21 4 1-1)12)(1)21 2

E Ei 1 _ o XE 1 E
=3 by Xh g2
1—0* 8 A 4 A 2 8 A
E 1 E 1 E 1 vy X E
l/2=—><—1-|-—><—2——><G12-|-i 12 2
1—v 8§ A 8 A 2 4 A
1 E 1 E 1 vy X E 1
G=-xXx—L4+—-x=2_+= (12 2)+—><G12
8 A 8 A 4 A

hation (3), for G, is uncoupled from the first two equations. Solving for v and E completes the calculd
_ E1+E2—4G12XA+6X012XE2
3E2 + 3E1 + 21)12 X E2 + 4G12 X A

E_E22+2E2XE1+4E2XG12XA+E12+4E1XG12XA—40122XE22+81)12XE2XG12XZ

@)

(2)

(3)

. M3-200.
tions.

1~

(3E2 + 3E| + 2013 X Ey + 4Gy X A) X A

$30 Micromechanics of Unidirectional Fiber Composites

e following examiple shows random reinforcement micromechanics calculations with weight reinforce
75 Ib/ft* (0458 kg/m?).

Customary’Units)
andPréliminary Calculations for 1.5 oz/ft? CSM

ment W =

Thick

ness: t = 0.043 in.

Specific gravity of resin: 5G, = 1.296
Density of resin: p,, = SG, x 0.0361 Ib/in.> = 0.0468 Ib/in.?
Density of fiber: ps = 0.0943 Ib/in.?

w
Fiber volume per unit area: vy = /’_f = 0.9942 in.?/ft?

Resin volume per unit area: v, = 144t - vy = 5.198 in.%/ft’

Volume fraction fiber: Vf =

Weig

vf
vf + 0,

= 0.161

vt (1 > Vf) o = 0278

ht fraction fiber: Wy =
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Density of composite: p. = p(1 = Vg + p/V/r= 0.0545 Ib/in.?

Fiber and Matrix Properties

Volume fraction fiber: V= 0.161

Volume fraction matrix: V,,, = 1 - Vy = 0.840
Modulus of matrix: E,, = 4.000 x 10° psi
Modulus of fiber: Ef= 10.5 x 10° psi
Poisson’s ratio of fiber: vy = 0.22

Poisson’s ratio of matrix: v,, = 0.35

E c
Shear mddulus of matrix (assumed isotropic): G, = —— — = 1481 X 107 psi
2(1+y,)

E
Shear mddulus of fiber (assumed isotropic): Gf = 2 /

6 .
——— = 4303 X 10
4y 303 psi

(SI Units)
Input and Preliminary Calculations for 450 g/m* CSM
Thicknes§: t = 1.09 mm

Specific gravity of resin: SG, = 1.296

Density df resin: p,, = SG, x 1000 = 1296 kg/m>
Density df fiber: ps= 2610 kg/m?

F. . . _ K _ -4 3 2
iber volfime per unit area: vy = P 1.754 x 107" m”/m

Resin voliime per unit area: vy = t/1000 - vy = 9.169 x 107* m3/m?

1)
Volume ffaction fiber: Vy = ” _{U = 0.161
r

Vipy + (1 - Vf) X,
Density df composite: p. = p,,(1 = Vg + pfV/r= 1507 kg/m?

= 0.278

Weight frjaction fiber: Wy =

Fiber and Matrix Properties

Volume ffaction fiber: V= 0.161

Volume ffaction matrix: V,, = 1 - V= 0.840
Modulus pf matrix: E,, = 2760 MPa
Modulus pf fiber: Er = 72400 MPa
Poisson’s|ratio of fiber: vy = 0.22

Poisson’s|ratio of matrix: v,,, = 0.35
E

Shear mddulus of matrix (assupred-isotropic): Gy, = ——— = 1020 MPa
2(1+ 1)
Ef
Shear mqdulus of fiber (aSsumed isotropic): Gf = ——— = 29700 MPa
2(1+ uf)

Micronjechanics for\aunidirectional composite based on the random reinforcement properties given above dre as
follows:
Plane strain bulkMrfodulus for isotropic fibers:

Ey

Ky = ————— = 7.684 x 10% psi (53000 MPa)
2(1 - U= ZI/f )
Plane strain bulk modulus for isotropic matrix:
E
K, = m = 4.938 X 10°psi (3410 MPa)

2(1 = vy = 20,%)

Plane strain bulk modulus for the lamina:
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Kon(Kp + Gon) X Vi + Kp(Kop + Gy) X Vy

Kp = kgppr = = 6.048 X 10° psi (4170 MPa)

(Kf + G Vi + (K + G)Vy

Young’s modulus in the fiber direction:

4(1/f - m)2 XV, X Vf

Ey = Ey, X Vi, + Ef X Vf + = 2.023 x 10° psi (14000 MPa)

v, 4 1
_m+_f+_
Kf K, Gy,

Poisgon’s ratio for load in the fiber direction:

Tran

where

1 1
- — - — XV, XV
(v ’")(Km Kf] m = Vf
Vg = Uy X Vi + 1 X Vi + =0.32

bverse shear modulus:

1

-G (4132 - 4Ac)5 + 2B

m

Gy = ” = 1.922 x 10%psi (1330 MPa)

(¥) Xy, + ngy, = (7 X My = ”f)Vf3]

A = 3VfVm2x(y—1)(}/+nf)+
X[anmX(}'—l)—(}'Xnm+1)]

B = 3Vf><Vm2><(y—1)<y+nf>+%[y><nm+(y—1)><Vf+1]
X [(’Im = 0+ ) = 2y %o e )xve ¥
+¥><(nm+1)(7/—1)><[J/+nf+(}'><nm—f7f>Vf3]

c = 3foVm2><(y—1)(y+nf>+[yxnm+(y—1)><Vf+1]><[y+nf+<yxnm—nf)xvf3

G

Gm
no= 3 - 4uf =2!120

G
= h+2— = 2120

Ky
e V3 — 40y

Trangverse Young’'s modulus:
4K X G
, = —L 22 — 5663 x 107 psi (3900 MPa)
I<T + mG2
where
2
m o= 14 4KTX1/12
E
E; = 2.023 x 10°psi (14000 MPa)
Vip = 0.32
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Note that E; is also referred to as E,, in laminate theory.
Plane strain bulk modulus for the lamina:

\%4
Kgtar = K + — / —— = 6.048 X 10° psi (4170 MPa)
+ m
Kf =Ky Ky+Gy
In-plane shear modulus:
v s
G =G, +—————— =2004 X 107 psi (1380 MPa)
1 Vim
+

G =Gy = 2G,
Poisson’s|ratios:

Ey
N1=Vip X — = 0.09
Ey

Ey
1)23 = E—1=0.47
2
or
— kstar — mGy = 047
kstar +mGy

Micronjechanics of random composites that are isotropic in-plane for the CSM material are as follows:

Young’s rthodulus:

E112 + 4E;; X G12 X A+ 2E{1 X Eyp + 801y X(d&yy
XG12 X A — 41)122 X E222 + 4E55 X G12 X A% E222

= 1.025 x 10% psi (7070 MPa)
A(3E11 + 21)12 X E22 + 3E22 + 4G12 X A)

where
Eip = E
Eyp = E 2
Giz = 11

A = 1—U12XU21=0.97

In-plane $hear modulus:
_ Ell N\ 21)12 X E22 + E22 + 4G12 X A
B 8A

G

= 3.863 X 10°psi (2660 MPa)

In-plane Poisson’s ratio;

_ E11+6012XE22 + Eyy — 4Gy X A — 033
3E11 + 21}12 X E22 + 3E22 + 4G12 X A '

The predicted properties of the lamina that involve through-the-thickness properties are not required for th¢ CLT

analyses put’are included for information only.

M3-400 THE CLT ANALYSIS PROCEDURE

The use of the CLT analysis equations do not require any sophisticated or complex mathematical calculations, but the
enormity of the arithmetic for mostlaminates generally requires using a computer program for speed and accuracy. There

are a number of commercial programs available.

Other valid statements of lamination analysis may be used in place of the equations herein, but itis the responsibility of
the Qualified Designer to show that they are mathematically and physically consistent with the equations herein.

The basic constitutive equations for laminate theory are shown in the matrix below.
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z" Al A A Bir B Byg €xo
J A1 Ay Ay By By By Eyo
Ney| _ 1461 Ae2 Acs Bst Bsr Bes o [P
M, By Bip Big D1 D1y Dig Ky
M, By1 By By D1 Dpp Dag “y
M| [Be1 Bez Bes Dei Dey Des| |"o]

N,, N, and N, are the force resultants [Ib/in. (N/mm)]. M,, M ,, and M,, are the moment resultants [in.-lb/in. (N-mm/

mm)
Ex

wher

hy,

2| £l idaal e H 2| 2 £l s
ottt are-the-midplane-strainsand-ie g antegare-theetnrvatures:
blicit expansion of the above matrix:
- Nx ; 7A11 X &, + A12 X Syo + A16 X j/xya + BII XK, + 312 X K'y + BI6 X nyi
N}/ A21 X &, *+ A22 X Syo + A26 X }’xyo + B21 XK, + B22 X K}/ + B26 X ny
ny B Agl X &y + Agy X €y + Agg X Yxyo + Bgy Xk, + Bgy X Ky + Bgg X Ky
Mx - angxo + 312X8y0 + Blé><yxy0 + D11XK'x + D12XKy + D16Xny
My By X Eo T By, X Eyo + B26 X J/xyo + Dy X Ky + Dyy X K}’ + D26 X ny
»Mxy_ Bél X & + B62 X 6‘),0 + B66 X J/xyo + D61 XK, + D62 X K‘y + D66 X ny
e
n
Ajj = > [Qbarijk[(hk) - (hk—l)]]
k=1
1 n
2 2
Bj =7 > [Qbarijk[(hk) - (he—1) ”
k=1
1 n
3 3
Dy = 5 2| @by () - (-’
k=1
= the vectorial distance from the geometric reference midplane of the laminate (defined as z = 0) to
surface of the n" lamina. The neutral axes in the x and y directions may be different from the midplane, d
onthelaminate sequence, Any dimension below the midplane is negative, and any dimension above the
is positive. hq is then_the/distance from the midplane to the bottom of the laminate and is neg
Figure M3-3).
=126
= total number of\plies
Dbar equatiohs)are as follows:

Qbar; = Q) X mt + Qy, X nt + 2(Q), + 2Q44) X m* x n’

2

the upper
epending
midplane
tive (see

4 4 2
Qbaryy = Qp; X 1" + Qpy X m' + (Qy +2Qge) X 2m” X 1

Qbarpy = (Qq + Qyy — 4Qgg) X m> X n* + le(m4 + n4)
Qbarjg = —m X > X Qy, + m X n X Qy — mn(m2 - nz)(2Q66 + le)

Qbaryg = m X > X Qy — m> X n X Qy, + mn(m2 - n2> X (2Q66 + le)
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2
Qbargg = (Q; + Qyy — 2Q,) X m® x n® + Qéé(mz - n2)

where
m = cosine

n = sine of the angle between material and structural axes per Figure M3-4

Q11 = ﬂ
A
Q12 = Q= vip XEy _ 031X E;
21— A - A
Q2 = E2
A
Qss = 01

A=1—U12xU21

E1, E3, [G12, and Gy, are from test data or the micromechanics calculations performed above ifi para. M3-300.
Typically, the force and moment resultants are known, and it is necessary to invert the 6 x 6{ABD matrix in thd

matrix to| solve for the midplane strains and curvatures.
The conpliance equations are shown in the matrix below.

[exo]  |S11 S12 S13 Si4 Sis
£y0 S$21 S22 $23 S24 Sas
Tayo| _ |S31 S32 S33 S34 Sz
Ke | [Sa1 Sa2 S43 Saa Sas
Ky Ss1 Ss2 Ss3 Ssa4 Sss

%] [Se1 Ss2 Se3 Se4 Ses

The miflplane strains and curvatures are then used to calculatestiesses and strains in the structural directions fot

lamina.

The strpin vector with the midplane strains and curvaturesiand the ABD matrix have been calculated; thus, the left{

S16
S26
S36
Sa6
Ss6
S6671

555555

side of the first matrix is determined, and the stress sfrain equations for a laminate are as follows:

Transforthation of the material strainsto the structural strains:

Ex Exo K | f.ox Qbary; Qbarpy
El=|%0|+2%( |9 | =|Qbar, Qbary
Ty | | Tayo i) %[, |Qbarjg Qbaryg

Qbarg &
Qbaryg| x| &y
Qbar66 K }’xy

first

each

hand

e T o
gx m2 n2 —2mn 81
b2 2 2
1 n~ m 2mn 1
3 Ty mn —mn m* — n® 2y67
Transformhation of the.Structural strains to the material strains:
g e
81 rn2 nz 2mn Ex
21| 2 2 y
1 n” m —2mn ||
—Y. 2 21 —v
(277 [=mnmn m —n [ 27|
Transformation of the structural stresses to the material stresses:
o1 m?  n* 2mn Ox
— (o}
2= n m® —2mn y
o, o,
6 —mn 2mn m> — n2_ 4

Transformation of the material stresses to the structural stresses:
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Ox m>  n? 2mn o]
O:. —
V=1 n? wmE —2mn |02
Oxy 2 2%
—mn 2mn m~ —n

NOTE: The engineering shear strain y,y, is not a tensorial quantity as it doesn’t rotate per the transformation equations. Th
shear strain is defined as ¢,,= 1/2yxy. The shear stresses do transform as tensorial quantities.

Effective material properties in the structural axes are calculated from the following:

2
L1 A XAy —4Ap
x t X 811 t X Ay
2
oL _AuXdn-Ap
i t X Sy t X A
1 Ags

G. = =
4 tXS33 t

b =S _ A
oy = -
7Sy Ay

e tensorial

wherfe the 5;;terms are from the compliance matrix, the A;; terms are from/the stiffness matrix, and tis the total thiickness of

the laminate.

NOTH: These are only valid for balanced and symmetric laminates; all the’Bj.terms are 0, and there is no coupling of exter
bending loads.

M3-500 THE QUADRATIC INTERACTION CRITERION

M3-510 Notation and Equations

In general, a plate lamina has five independentuniaxial ultimate strengths: tensile and compressive streng
prindipal direction of greater strength, tengile.and compressive strengths in the direction of lesser strength,
strenjgth with respect to a pure shear stress itr'the principal directions. Type I laminates are treated as isotropic
any direction can be considered as a.principal direction. In Type II, laminates are modeled as two orthog

For Type X laminates, the princigal)direction of greater strength is aligned with continuous roving, and the
diredtion of lesser strength is perpendicular to the roving. Further, the five strength values may be unequal. The
interpction criterion defines the interactions between the five strengths in cases when more than one componen
is applied to the lamina, andit defines allowable stress states in terms of the strengths.

Th criteria in para. 3B:500 are applied to each lamina separately, and if one or more lamina fail the cr
corrgsponding load on thie vessel is not allowed. The prediction of resin failure does not constitute failure as the
trangverse fibers ifi that load direction to protect in any further deformation. Advanced techniques, such as p

barriper maylikely 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 allowa

sional and

ths in the
hnd shear
herein, so
nal plies.
principal
quadratic
t of stress

teria, the
re may be
ogressive
corrosion

ble stress
currently.

ratiof aregivenin para. 3B-500. This strength theory defines a failure envelope for combined stresses acting con
The ; i . _ . . . .

Il
=}

2
R¥(Egy X 0% + 2By X 0 X 0, + Fy X 0%y + By X o)+ R(E; X 6 + Fy X o) — 1

The strength ratio for each lamina is then given by the following:

_ —H+ JH®> +4G

R =
2G

where
_ 2 2 2
G = Fu x 0%+ 2F,, x 0y x 0, + F), x 07, + Fg; x 0%

107
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x oy + F, x 0,

The strength coefficients are calculated based on the tested strengths of each lamina or the strain limits given below:

1
Eg=—
SZ
1 1
Eo=——-—
X X,
1
E. =
XXX,
E,, = L E E
xy — E o X yy
1 1
F=— - —
Y Y
1
E, =
»TYxy,
NOTE: Th¢ F,, term is a biaxial term and is assumed to be equal to the equation given above.
where
S = the ultimate in-plane shear strength
X = the ultimate tensile strength in the fiber direction
X. = the ultimate compressive strength in the fiber directign
Y = the ultimate tensile strength transverse to the fiber‘direction
Y. = tle ultimate compressive strength transverse te,the fiber direction
The laypr strengths may be determined from test data for each lamina or may be calculated from the strain limits b
S = €xy X Gyy
X = ext X Ex
X, = € X E,
Y, = €yc X Ey

where E,

determingd Bytesting or the micromechanics equations in para. M3-300. It is assumed that the tensile and compré

moduli al

in the fibér direction, E, transverse to the fiber direction, and G,, in-plane are the elastic moduli thg

e ‘equal.

elow.

t are
ssive

The allowable strain limits can be measured from testing, or the following strain limits may be used (these are
unchanged from ASME RTP-1-2007):

Layer Type Random Fiber Oriented Fiber
Ext 0.0150 0.0200
Exc 0.0200 0.0120
£ 0.0150 0.0015
€yc 0.0200 0.0080
Exy 0.0268 0.0268
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Caution should be used where the resin strain-to-failure properties at the worst-case design temperature are less than

the strains listed above.

If the F,, term is set to 0, which usually has a minimal effect on the results, the fiber- and matrix-dominated
become uncoupled and produce the following equations:
Fiber failure:

R*XE, X062 + RXE, X0, —1=0
Matrix failure:

2 2 2
R (Fyy X 0y” + FgX 6°) + RX F, X 0, =1 =0

strengths

Thjs is referred to in the literature as the Hahn, Erikson, and Tsai failure theory.

M3-520 Calculation of Layer Strains and Stresses

Thp stresses and strains are calculated per the procedures in para. M3-400.

M3-530 Calculation of Strength Ratios

ThE strength ratio, which is the ratio of the stress capacity of a single layer relative to théstress generated by §
loadihg condition, is calculated using the stresses from para. M3-400 and the appropridte.quadratic interaction
in para. M3-510.

M3-600 DESIGN EXAMPLE CALCULATIONS

Tolillustrate the CLT method, assume a cylinder laminate construction-0f VMM (+54 deg); MRM. The layer of]
veil, V,is 0.11-0z/ft* (34-g/m?) glass fiber veil 0.013 in. (0.33 mm) thick, and the mat layers, M, are 1.5-oz/ft* (4

napplied
equation

surfacing
50-g/m?)

chopped strand mat 0.043 in. (1.09 mm) thick. The filament wounddayers (+54); consist of three wind patterf closures

with p wind angle of 54 deg relative to the mandrel axis, using 225-yard/Ib (2 200 Tex) roving and with aroving
8 strgnds perinch (3.1 strands per centimeter) of band width with a total thickness 0of 0.127 in. (3.23 mm) [0.02
mm)per ply or 0.042 in. (1.08 mm) per layer or cover]. The waven rovinglayer, R, consists of 24-o0z/yd? (810-g/
with p 5 x 4 weave style, with the warp fibers [5 rovings per inch (2.0 strands per centimeter)] in the axial dire
the wWeft fibers [4 rovings per inch (1.6 strands per centimeter)] in the hoop direction, with a total thickness o
(0.99mm) per layer. The glass fiber used is E glass with a density, Dj; of 0.0943 Ib/in.? (2610 kg/m?>). The tensilq
is 10J5 x 10° psi (72400 MPa), and the Poisson’s'ratio is 0.22. The resin density, D,, is 0.0468 Ib/in.> (1295 kg
tensile modulus of the matrix at the design temperature is 400,000 psi (2760 MPa), and the resin Poisson’s raf
The fotal thickness of the laminate is 0.35%in. (8.92 mm).

M3-610 Cylinder Simplified Design Example Calculations

Th following assumptions are-inherent to the simplified calculations in eqgs. (1), (2), and (3) below.

(a] The ratio of the cylinderradius to the cylinder thickness is sufficiently large that membrane theory is 4
This fis typically given as/R/¢’> 10. The loads are global.

(b) The lay-up is balanced and symmetric. All the B;; = 0, and the A and D matrices become uncoupled,

(c)| Properties are ealculated about the mid-thickness of the laminate. This means the lay-up sequence does
the cplculations..This implies that the extensional and flexural moduli are equivalent.

(d) All materials behave linearly elastically.

(e)| In general, this lay-up and properties cannot be used for evaluating any local loads on the cylinder, su
suppprtsCor platform clips.

ThE followingloads can be applied to the cylinder and converted to membrane loads for a cylinder of radius R;

spacing of
1in. (0.53
n?) fabric
ction, and
f0.039 in.

modulus

m®). The
iois 0.35.

pplicable.

not affect

th as pipe

V. refersto

the axial direction, and 6 refers to the hoop direction:
Membrane Cylinder Loads

= axial load, Ib (N), where tension is positive

= static head, psi (MPa)

cylindrical bending moment, in.-lb (N-mm)

= pressure, psi (MPa), where internal pressure is positive
= cylinder radius, in. (mm)

= shear load, Ib (N)

Ty = torque, in.-lb (N-mm)

I SIS ol N
1
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Table M3-1 Properties for Materials in the Design Example

Ply Number Thickness a,
Material E 11 E 5, G 12 Viz Thickness  of Plies [Note (1)] deg
U.S. Customary Units
c-veil 5.492 x 10° psi 5492 x 10° psi  2.049 x 10° psi 0.34 0.013 in. 1 0.013 in. 0
1.5-0z/ft> mat 1.025 x 10° psi  1.025 x 10° psi  3.863 x 10° psi 0.33 0.043 in. 4 0.172 in. 0
24-0z/yd? woven roving
Weft direction 3.643 x 10° psi  7.641 x 10° psi  2.748 x 10° psi 0.30 0.017 in. 1 0.017 in. 90
Warp direction 3532 « 10° psi 7476 % 105 psi 2688 « 105 psi 0.30 0.022 in 1 0.022 in 0
Filament wound 5398 x 10° psi  1.122 x 10° psi ~ 4.025 x 10° psi 0.28 0.021 in. 6 0.127 in 54
roving
SI Units
c-veil 3790 MPa 3790 MPa 1410 MPa 0.34 0.33 mm 1 0.33 mm 0
450-g/m? fat 7070 MPa 7070 MPa 2660 MPa 0.33 1.09 mm 4 4.37 mm 0
810-g/m? voven roving
Weft dir¢ction 25100 MPa 5270 MPa 1900 MPa 0.30 0.43 mm 1 0.43 mm 90
Warp difection 24400 MPa 5160 MPa 1850 MPa 0.30 0.56 mm, 1 0.56 mm 0
Filament wound 37200 MPa 7740 MPa 2780 MPa 0.28 0.53 mm. 6 3.23 mm 54
roving
NOTE: (1) |Total thickness for all layers in the design example laminate = 0.351 in. (8.92 mui).
Equivalerit Membrane Loads Applied to the Laminate
Axial loaq, Ib/in. (N/mm):
PR A M
NZ=—+_—+~> (1)
2 27R 7R
Hoop loafl, Ib/in. (N/mm):
NT,=-PR + HR (2)
In-plane ghear load, Ib/in. (N/mm):
S To
NZT = — + — (3)
7R 7R
M3-611 Lamina Mechanical Properties Using Micromechanics. Using the fiber and matrix properties and the|fiber
orientatigns, the correspondingtensile modulus in the xand y directions, in-plane shear modulus, and Poisson’s rati¢s are
obtained from the appropriate.equations in paras. M3-310 and M3-320 for all the layers in the laminate. This results |n the
properties for each of thelmaterials given in the design example, as shown in Table M3-1.
The A matrix and A inverse matrices are then calculated using the following:
(a) A Matrix
(U.S. Custpmary-Units)
[s.076 x 10° 2425 x 105 0000 |
2425 X 10° 6657 X 10> 0000 |Ib/in.
0.000 0.000 2.567 X 105
(SI Units)
8.889 x 10* 4247 x 10 0.000
4247 x 10* 1166 x 105 0000 [N/mm
0.000 0.000 4.496 X 104

where the determinent of matrix 4 is 7.165 x 10*® (Ib/in.)® [3.849 x 10™* (N/mm)?].
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(b) A Inverse Matrix
(U.S. Customary Units)

2385 x 10°° —8.689 x 1077 0.000
~8.689 x 107/ 1.819 X 10°° 0000  [in/Ib
0.000 0.000 3.896 x 107°
(SI Units)
f 1.362 X 10 ° —4.962 X 10 ° 0.000 1
4962 x 107 1.039 x 107° 0.000  [mm/N
0.000 0.000 2225 X 10_5
ThE effective mechanical and physical properties for use in Subpart 3A design are as folloWws:
Values
Effective Mechanical U.S. Customary SI Units
Properties Units
E-Z 1.195 x 10° psi 8240\MPa
E-6 1.567 x 10° psi 10800 MPa
G-Z 7.314 x 10° psi 5040 MPa
v-0Z 0.48 0.48
v-Z0 0.36 0.36
Values
Effective Physical U.S. Customary SI Units
Properties Units
Density 0.0608 Ib/in.? 1683 kg/m?
Glass volume fraction 0.294 0.294
Glass weight fractipn 0.456 0.456

M3-620 Advanced Design Example Calculations

Thjs CLT calculation includes the'effects of the unbalanced laminate sequence. The hoop and axial extensior
are irffluenced by the coupling effects in the B;; matrix. The hoop and axial moduli in flexure are based on bending
neutyal axes in the x (axial)j~and y (hoop) directions.

ThE reductions of severdalhormore plies to three plies thatrepresents the actual in-plane and bending responsg
be rdferred to as smeared properties or “macros.”

The woven roving\layer is modeled as three unidirectional layers oriented at 0 deg and 90 deg. The thickneq
layers is proportioned with respect to the weave style (5/9 for axial and 4/9 for hoop). However, the distance :

al moduli
aboutthe

scanalso

s of these
r between

the reference/plane and the centroid of this layer is taken to the center of the total layer to prevent an umbalanced

calcullation.of\the flexural properties. The neutral axes in bending in the x and y direction are equal for th
Paragraph-M3-640 demonstrates the macro formulation.

is macro.

vith three

The filament wound layers are also input into the CLT equations as a balanced and symmetric laminate

layers, and the resultant effective properties are then used in the subsequent CLT analysis as these layers with the
calculated “smeared” properties. The neutral axes in bending in the x and y directions are equal for this macro.
The lamina input (developed from the micromechanics in paras. M3-310 and M3-320) for the laminate theory calcula-

tions are shown in Table M3-2.
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The following are the classical laminate theory calculations for the ABD matrices from para. M3-400:

(U.S. Customary Units)

Midsur-
face
Mechanical ABD, Ib/in,, b, in.-lb Strain Thermal Moisture
N, = 5076 x10° 2.425x 10°  0.000 -5.720 x 10®> 1.810 x 10*  0.000 X &, - N¢ - Ny
N, = 2425x10° 6657 x 10°  0.000 1.810 x 10°  -2.079 x 10° 0.000 x g, - Ny - Ny
N, = [ 0.000 0.000 2567 x 100 0.000 0.000 T77T x 100 X Voo - Nt —| Nym
M, = | -5.720 x 10® 1.810 x 10>  0.000 4658 x 10> 1.399 x 10°  91.10 X K = M N Mg
M, = 1810 x10° -2.079 x 10° 0.000 1.399 x 10°  4.744 x 10° 1736 x K, - M -| M,
My, =] 0.000 0.000 1.771 x 10*  91.10 173.6 1461 x 10°  x Ky, -N My - Mgn
Midplang
Strain andl
Curvature ABD Inverse, (Ib/in.)™*, Ib™%, (in.-1b)™* Mechanical Thermal Moisture
£xo = 2464 x 107 -9.169 x 1077 -3.217 x 107'° 4.153 x 107® -2.568 x 10™® 4.662 x 1079 "x Ny + Ng F Nenm
&o  =| -9.169 x 1077 1.849 x 107® 5.041 x 107'°-2.405 x 10°® 1.872 x 107° -730%x 10°® x N, + N, [ Ny
Yo =[ -3217 x 107" 5.041 x 107" 3.929 x 107® 4.421 x 10°® 1.624 x 1077 -4784)x 10° x Ny, + Ny [ Nynm
Ky = 4153 x 107 -2.405 x 107 4421 x 10 2431 x 107 -7.409 x 107°/=6:408 x 10°° x M, + My W Mg
K, =| -2568x107° 1.872x 107° 1.624 x 1077 -7.409 x 10° 2.353 x 10 “2.354 x 10™° x M, + M, [ M,
Ky — =| 4662 x107° -7.307 x 107° -4.784 x 10™° -6.408 x 107 -2.354 x10™° 6935 x 107" x My, + My [ Mynm
(SI Units)
Midsurface
Mechanicgl ABD, N/mm, N, N'min Strain Thermal Moisture
N, = 8.889 x 10*  4.247 x 10*  0.000 -2.544 x 10*  8.051 x 10°  0.000 x &0 - Ne | Nem
N, = 4.247 x 10*  1.166 x 10°  0.000 8.051 x 10° -9.248 x 10°  0.000 x & - Nie | Nm
Ny = 0.000 0.000 4.496 x 10%.£0.000 0.000 7878 x 10°  x  yyo - Ny [ Ngm
M, =| -2.544 x 10* 8.051 x 10°> 0.000 5.263 x 10°  1.581 x 10° 1.029 x 10* ke - My | Mg
M, = 8.051 x 10° -9.248 x 10°*  0.00Q 1.581 x 10° 5360 x 10° 1.961 x 10*  x K, - My, | M,
My, = 0.000 0.000 7878'x 10° 1029 x 10*  1.961 x 10* 1651 x 10> x Ky - My [ Myn
Midplang
Strain andl
Curvature ABD Inverse, (N/mm)~*, N™%, (N-mm)™* Mechanical Thermal Moisture
£x0 = 1.407 x 1075¢{25.236 x 107° -1.837 x 10™° 9.336 x 1077 5773 x 1077 1.048 x 10° N, + Ny F N
&o  =| -5236x100°) 1056 x 107° 2878 x 107° -5407 x 107 4208 x 1077 -1.643x10°% x N, + N, [ Ny,
Yo =] -1.837%10° 2878 x107° 2244 x10™° 9939 x 10™° 3.651 x 10™® -1.075 x 10™° « Ny + Ny [ Ngm
Ky = 9.336 1077 -5.407 x 1077 9.939 x 107 2.152 x 10°® -6.558 x 1077 -5.672 x 107° x M, + My W Mg,
Ky =| 55773 x 107 4.208 x 1077 3.651 x 107® -6.558 x 1077 2.083 x 107® -2.083 x 1077 x M, + M, [ M,
Ky = 1.048 x 107% -1.643 x 107% 1075 x 107 -5.672 x 107 -2.083x 1077 6138x10° x M, =+ M, k My,
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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

(U.S. Customary Units)

ABD, Ib/in,, Ib, in.-1b

5.076 x 10° 2.425 x 10° 0.000 0.000 4.542 x 10° 0.000

fir ro R 676570~ 8000 452t S0~ 8000
0.000 0.000 2.567 x 10° 0.000 0.000 4.665 x 103
0.000 4542 x 10° 0.000 4594 x 10° 1.470 x 103 91.10

4.542 x 10° 5.421 x 103 0.000 1.470 x 10° 4.781 x 10° 173.6
0.000 0.000 4.664 x 10° 91.10 173.6 1533 x 103

(SI Upits)

ABD, N/mm, N, N-mm

8.889 x 10* 4247 x 10* 0.000 0.000 2020 x 10* 0.000

4.247 x 10* 1.166 x 10° 0.000 2.020 x 10* 2411 x 10* 0.000
0.000 0.000 4.496 x 10* 0.000 0.000 2.075 x 10*
0.000 2.020 x 10* 0.000 5191 x 10? 1.661 x 10° 1.029 x 10*

2.020 x 10* 2411 x 10* 0.000 1.661 x0° 5.402 x 10° 1.961 x 10*
0.000 0.000 2.075 x 10* 1.029% 10* 1.961 x 10* 1.732 x 10°

ABD Matrix From Bending y Worksheet

(U.S. [Customary Units)

ABD, Ib/in,, b, in.-lb

5.014 x 10° 2.082 x 10° 0.000 -2.937 x 103 2.372 x 103 0.000
2.082 x 10° 5.697 x 102 0.000 2.372 x 103 0.000 0.000
0.000 0.000 2.072 x 10° 0.000 0.000 2.223 x 10°
-2.937 x 103 2372 % 10° 0.000 4.617 x 10° 1.420 x 10° 0.000
2.372 x 103 0.000 0.000 1.420 x 103 4597 x 10° 0.000
0.000 0.000 2.223 x 10° 0.000 0.000 1.410 x 10°

(S1 Upits)

ABD, N/mm, N, N'mm

8.781 x 10* 3.646 x 10* 0.000 -1.306 x 10* 1.055 x 10* 0.000
3.646 x 10* 9.977 x 10* 0.000 1.055 x 10* 0.000 0.000
0.000 0.000 3629 x 107 0.000 0.000 9888 % 10°
-1.306 x 10* 1.055 x 10* 0.000 5217 x 10° 1.604 x 10° 0.000
1.055 x 10* 0.000 0.000 1.604 x 10° 5194 x 10° 0.000
0.000 0.000 9.888 x 10° 0.000 0.000 1.593 x 10°
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The following are the effective material properties for the laminate

where th
(a) Ex{
N, produ
(b) Ex{
N, produ
(c) In-
NOTES:
(1) The
determine
(2) The
design exd

M3-630

Using t
1072 MPa
are show

A comparison of the calculated R values shows that there is close agreement between the four strength the

M3-640

Resin d
roving m
transvers

Values
Material Properties U.S. Customary Units SI Units
Ey 1.187 x 10° psi 8180 MPa
E, 1.549 x 10° psi 10700 MPa
Vi 0.36 0.36
Vyx 0.49 0.49
Gy 7.047 x 10° psi 4860 MPa
E, flexural 1.142 x 10° psi 7870 MPa
E, flexural 1.179 x 10° psi 8130 MPa
vy flexural 0.30 0.30
Vyx flexural 0.31 0.31

5.141 x 10° N-mm
5311 x 10° N-mm
5.723 x 107 N-mm
7.472 x 107 N-mm

4.550 x 10> Ib-in.
4.701 x 10> Ib-in.
5.065 x 10° Ib-in.
6.613 x 10° Ib-in.

D, flexural
D, flexural
E, extensional

Eg, extensional

Mid-thickness 0.176 in. 4.47 mm
Neutral axis x 0.164 in. 417 mm
Neutral axis y 0.172 in. 4.37 mm

e following assumptions have been made:
ension E, and v,, and flexural E, and v,,, are calculated based on the neutral x axis, such that an extensiona
Ces no curvature in the x direction, and an M, bending load<produces no x direction extension.

load

ensional E, and v, and flexural £, and v, are calculated bas¢don the neutral y axis, such that an extensiona] load

Ces no curvature in the y direction, and an M, bending\bad produces no y-direction extension.
blane G,, is assumed to be the average of the G,, calculated using the x and y neutral axes.

be are one-dimensional values, and the full ABD nfatrix needs to be used for laminates that have Bj; terms pres
the actual response of the laminate because of{th€ additional coupling terms.

be predicted material properties using the advanced CLT are within a few percent of those calculated using the sim
mple in para. M3-610 for the E, (E,) and Ej\(Ey) values.

Stresses, Strains, and Strength Ratios Example

he simplified design calculation example in para. M3-610 and assuming a biaxial pressure of 10.0 psig (6
and an inside diameter 0f 120 in. (3050 mm), the stresses, strains, and strength ratios are calculated; r¢
h Table M3-3.

Macro or Smeared Property Formulation

razing is/allowed in the laminate, except for the liner materials. Filament wound, unidirectional, and w
hterials\cah produce an artificially low R value due to loads transverse to the fiber directions. Then
e toCthe fiber direction may be protected due to the adjacent transverse fibers. The strength of the n

is not copromised, provided there is no fiber failure.

pnt to

lified

89 x
sults

bries.

oven
load
hacro

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.

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
46,900 psi (323.4 MPa). 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 (279.4 MPa). The other strengths are determined in a similar way, and the result is the

following
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(U.S. Customary Units)

Equivalent Macro 1 Tens, 1Comp, 2 Tens, 2 Comp, Shear,
Layer Eq4, psi E,», psi Vi G132, psi t, in. psi psi psi psi psi
24-0z/yd? woven 2.345 x 10°  2.026 x 10°  0.11  2.714 x 10°  0.039 46,900 24,310 40,520 16,210 7,274

roving, smeared

(SI Units)
Equivalent Macro 1 Tens, 1Comp, 2 Tens, 2 Comp, Shear,
Layer Ei1, MPa E5,, MPa Viz G2, MPa t, mm MPa MPa MPa MPa MPa
810 gfm? woven 16200 14000 0.11 1870 0.99 323.4 167.6 279.4 114.8 50.15

roving, smeared

ThE effect of this formulation is similar to a progressive failure analysis where the transverse preperties are agsumed to
be difninished in the original model. This is a conservative approach, as there may be no resin crazing for the deqign loads.
Thjs approach also applies to unidirectional axial plies with hoop winds.
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Table M3-2 Lamina Input for CLT Calculations

Thickness, t

Material E 4 E, V12 G 12 [Note (1)] o, deg
U.S. Customary Units

c-veil 5.492 x 10° psi 5.492 x 10° psi 0.34 2.049 x 10° psi 0.013 in. Random
1.5-0z/ft> mat 1.025 x 10° psi 1.025 x 10° psi 0.33 3.863 x 10° psi 0.043 in. Random
1.5-0z/ft* mat 1.025 x 10° psi 1.025 x 10° psi 0.33 3.863 x 10° psi 0.043 in. Random
Filament wound roving 5.400 x 10° psi 1.122 x 10° psi 0.28 4,025 x 10° psi 0.032 in. 54
Filament weowhd—roving 5400 x 10° psi 1122 « 10° psi 028 4025 « 105 psi 0.064-in 54
Filament wound roving 5.400 x 10° psi 1.122 x 10° psi 0.28 4,025 x 10° psi 0.032 in. 54
1.5-0z/ft* pat 1.025 x 10° psi 1.025 x 10° psi 0.33 3.863 x 10° psi 0.043 in. Raridom
24-0z/yd? fvoven roving

Warp difection 3.532 x 10° psi 7.476 x 10° psi 0.30 2.688 x 10° psi 0.011 in. 0

Weft dirgction 3.643 x 10° psi 7.641 x 10° psi 0.30 2.748x 10° psi 0.017 in: 90

Warp difection 3.532 x 10° psi 7.476 x 10° psi 0.30 2.688 x 10° psi 0.011\n: 0
1.5-0z/ft? pat 1.025 x 10° psi 1.025 x 10° psi 0.33 3.863 x 10° psi 0,043 in. Random

SI Units

c-veil 3790 MPa 3790 MPa 0.34 1410 MPa 0.33 mm Random
450-g/m? fat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
450-g/m? fnat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
Filament wound roving 37200 MPa 7740 MPa 0.28 2789"MPa 0.81 mm 54
Filament wound roving 37200 MPa 7740 MPa 0.28 2780 MPa 1.61 mm -54
Filament wound roving 37200 MPa 7740 MPa 0.28 2780 MPa 0.81 mm 54
450-g/m? fat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
810-g/m? voven roving

Warp difection 24400 MPa 5160 MPa 0:30 1850 MPa 0.28 mm 0

Weft dirgction 25100 MPa 5270 MPa 0.30 1900 MPa 0.43 mm 90

Warp difection 24400 MPa 5160 MPa 0.30 1850 MPa 0.28 mm 0
450-g/m? fnat 7070 MPa 7070 MPa 0.33 2660 MPa 1.09 mm Random
NOTE: (1) |Total thickness for all layers in the design example laminate = 0.351 in. (8.92 mm).
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Table M3-3 Strains, Stresses, and Strength Ratios

1.5-02/ft? 24-0z/yd* (810-g/m*) Woven Roving
c-veil (450-g/m?) Mat Weft Direction Warp Direction Filament Wound Roving
Strains, in./in. or mm/mm
Material axes
& 1.90 x 107* 1.90 x 10™* 1.90 x 107* 1.90 x 107™* 1.90 x 107*
£ 830 x 107* 8.30 x 107* 830 x 107* 8.30 x 107* 8.30 x 107™*
£12 0.00 0.00 0.00 0.00 0.00
Structfural axes
£y 1.90 x 107* 1.90 x 107* 1.90 x 107* 1.90 x 107* 6.10 x 107%
g 830 x 107 8.30 x 107* 8.30 x 107™* 8.30 x 107* 4.10 x A0
£y 0.00 0.00 0.00 0.00 6.10\x 107*
Stresses, psi (MPa)
Materjial axes
o1 296.2 (2.042) 534.7 (3.687) 346.1 (2.386) 891.2 (6.145) 1,407 (9.701)
03 557.0 (3.840) 1,026 (7.074) 3,130 (21.58) 678.0 (4.675) 2,741 (18.90)
012 0.000 0.000 0.000 0.000 1,264 (8.715)
Structjural axes
oy 296.2 (2.042) 534.7 (3.687) 3,130 (21.58) 891.2" (6.145) 3,483 (24.01)
o, 557.0 (3.840) 1,026 (7.074) 346.1 (2.386) 678.0 (4.675) 665.4 (4.588)
Oxy 0.000 0.000 0.000 0.000 243.6 (1.680)
Strength Calculation$s
Xz, psf (MPa) 8,238 (56.80) 15,380 (106.0) 72,860 (502:4) 70,650 (487.1) 108,000 (744.6)
Xc, psi (MPa) 10,980 (75.70) 20,510 (141.3) 43,710(301.4) 42,390 (292.3) 64,800 (446.8)
Yz, psf (MPa) 8,238 (56.80) 15,380 (106.0) 1,1467(7.901) 1,121 (7.730) 1,682 (11.60)
Yc, psi (MPa) 10,980 (75.70) 20,510 (141.3) 6,113 (42.15) 5,981 (41.24) 8,973 (61.87)
S, psi|(MPa) 5,491 (37.86) 10,350 (71.36) 7,366 (50.79) 7,203 (49.66) 10,790 (74.39)
Feo 1)psi? (1/MPa?) 1105 x 1078 3.171 x 107 3,140 x 1071° 3.339 x 10710 1.429 x 10710
(2.324 x 107%) (6.671 %x1107) (6.605 x 1079 (7.024 x 107%) (3.006 x 107°
F,, 1fpsi® (1/MPa®)  -5.526 x 107° -1.586\%.107° -3.347 x 107° -3.528 x 107° -1.538 x 107°
(-1.162 x 107 (43.336 x 1075) (-7.041 x 1075) (-7.422 x 1075) (-3.235 x 10T)
F,, 1fpsi® (1/MPa®)  1.105 x 107® 3.171 x 107° 1.427 x 1077 1.491 x 1077 6.624 x 1078
(2.324 x 1074 (6.671 x 107%) (3.002 x 107%) (3.136 x 107%) (1.393 x 1073
Fy, 1fpsi® (1/MPa®)  3.317 x 1078 9.329 x 107° 1.843 x 1078 1.927 x 1078 8.596 x 107°
(6.978 %104 (1.962 x 107 (3.877 x 1074 (4.054 x 1074 (1.808 x 107*
F,, 1/psi (1/MPa) 3.035 x 10> 1.626 x 107° -9.150 x 107° -9.437 x 107° -6.173 x 107°
(4402-% 1073) (2.358 x 107%) (-1.327 x 107%) (-1.369 x 107%) (-8.953 x 10T)
F,, 1/psi (1/MPa) 3:035% 107° 1.626 x 107° 7.089 x 107* 7.245 x 107 4.829 x 107*
(4.402 x 107%) (2.358 x 1073) (1.028 x 107Y) (1.051 x 107 (7.004 x 1072
G 2.575 x 1073 2.507 x 1073 1.292 x 1072 6.455 x 1072 2.444 x 1072
H 2.589 x 1072 2.538 x 1072 2.167 x 1071 4829 x 1071 2.998 x 107!
Strength Ratios
R, Compcyt 15.3 15.5 3.77 1.69 2.73
R, Advanced CLT 14 6 149 369 174 272
R, Trilam 16.7 16.0 4.04 1.73 2.85
R fiber 27.8 28.8 23.3 79.3 31.0
R matrix 14.8 15.0 3.31 1.65 2.52
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MANDATORY APPENDIX M-4
QUALITY CONTROL PROGRAM

M4-100 |GENERAL

(a) Thg 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, ad agreed between the Fabricator and the User,
will be mlet.

(b) The Fabricator shall maintain a program suitable
for the sfope and detail of the work performed, and
the size and complexity of the Fabricator’s organization,
and shall designate a Certified Individual (see
para. 1-400). A written description of the program
shall be dvailable for review.

(c) A ppy of the Fabricator’s Quality Control Manual
ade available to the Inspector on request. The
’s Quality Control Manual may contain proprie-
ation and procedures. No copies of the Fabri-
cator’s Quality Control Manual shall be removed from the
Fabricatqr’s premises without the Fabricator’s express
permissign. This security permission does not apply to
quality dontrol forms and checklists that may be.a
portion of the Quality Control Manual and are neces$ary
to be usdd during fabrication to check the fabrication
process. These quality control forms become attachments
to the Fapricator’s Data Report (see Formtl-2).

M4-200 |ORGANIZATION

, idspection, and quality control is required to
actual organization. This Standard does not

M4-300 DOCUMENTATION

(a) The Quality Control Program shallfineludd as a
minimum the records required by this Standard. These
records shall be organized in one plagé/and readily avail-
able while fabrication is in progress:

(b) The Quality Control Pregram shall provide for
incorporation of proceduresythdt will ensure that the
latest applicable drawingsydesign calculations, and gpeci-
fications are used for fabri€ation, inspection, and tepting.

(c) Records shall béwretained by the Fabricator(for a
minimum of 5 yr.

M4-400 QUALITY CONTROL

The Quality Control Program shall include spgcific
procedures for the following:

(@)>inspection of received goods, including raw mate-
rials and purchased items, i.e., any materials thaf will
become part of the finished vessel.

(b) in-process inspection of resin mixing, raw material
dispersion, component fabrication, and assembly piroce-
dures, including verification of reinforcing seqyence
(refer to Parts 4 and 6 of this Standard).

(c) scheduling and notification for Inspector’s|hold
points and final acceptance inspection. Ref¢r to
paras. 6-300, 1-400, 1-430, and 1-440. Typical inspgction
events are given in Tables NM7-1 and NM7-2.

(d) inspection of the finished vessel (refer to Pdrts 4
and 6).

(e) rectifying nonconformities or imperfectiong that
shall be done in accordance with Mandatory Appg¢ndix
M-7 and shall be recorded on forms included in the Habri-
cator’s Quality Control Program. Minimum data fo be
recorded shall be date of correction, specific locption
on the vessel, description of nonconformity or imp¢rfec-
tion, method of correction, name of qualified Laminator or

intend to encroach on the Fabricator’s right to establish
and to alter whatever form of organization the Fabricator
desires, as long as it is appropriate to fulfill the work
within this Standard. This chart shall illustrate that the
quality control function is independent of the production
group and marketing group.

Secondary Bonder who made the correction, and signa-
ture approvals for each correction in accordance with
Mandatory Appendix M-7 and the Fabricator’s Quality
Control Program.

(f) maintenance and calibration of all inspection and
test equipment.

(g) internal audits of the Quality Control Program. The
Certified Individual shall perform the internal audits at the
frequency specified in the QC Manual. The maximum
interval between audits shall be 14 months (although
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6-month intervals are recommended). The first audit shall M4-500 EXAMPLE OF A FABRICATOR’S QUALITY
occur no more than 1 yr from the date of issuance of the CONTROL PROGRAM
Certificate of Authorization.

(h) assurance that the RTP-1 nameplate information
meets the requirements of the UBRS and para. 1-540.

An example of a Fabricator’s Quality Control Program is
included in Nonmandatory Appendix NM-6.
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MANDATORY APPENDIX M-5
QUALIFICATION OF LAMINATORS AND SECONDARY BONDERS

(19) M5-100 |GENERAL REQUIREMENTS

(a) This Appendix specifies the rules for qualifying per-
sonnel to| produce laminates and/or perform secondary
bonding [operations. Laminates and overlays thereof
(seconddry bonds) shall only be made by personnel
who hav¢ been qualified in accordance with the rules
of this Appendix.

(b) A Laminator is an individual actively engaged
(continuglly present and possessing full control over
the procpss) in producing laminates. This is not to
preclude|assistance being provided to the Laminator
by one td four assistants.

(c) A Spcondary Bonder is an individual who is actively
engaged ih joining and overlaying cured subassemblies of
the vesse| being fabricated. This is not to preclude assis-
tance beihg provided to the Secondary Bonder by one or
two assisfants.

(d) Th¢ Fabricator shall maintain up-to-date records
relating t¢ qualification of each Laminator and Secondary
Bonder. These records will document the date of last quali-
fication apd will include all calculations and test or inspec-
tion repprts from both internal and independent
laboratorj testing programs used in the process.of quali-
fication. These records are subject to reviewtion request by
all partigs engaged in the process ofprecurement or
inspectioq.

M5-200 [RESPONSIBILITY

It is thp responsibility of\theé Fabricator to train and
qualify Laminators and Sécondary Bonders.

M5-300 [QUALIFICATION OF LAMINATORS

(a) Laminators may qualify their capabilities at the
time a Fgbricator produces a demonstration laminate

(d) Laminators shall be requalified if inactiveffor 6
months.
(e) The Certified Individual may require requalifidation
of a Laminator at any time if there is cause to questign the
Laminator’s ability to produce laminates in accordance
with the requirements of this Stafidard.

M5-400 QUALIFICATION.OF SECONDARY
BONDERS

(a) Secondary Bonders must qualify their capabllities
in accordance withrthe procedures that follow:
(b) It is the-responsibility of the Fabricator’s Quality
Control Manager to
(1) ensure compliance with procedures as ouflined

for thepreparation and machining of test samples
(2)” make or supervise the making of circumfefence
measurements.
(3) make, sign, and date a Secondary Bonder Quali-
fication Report; see Form M5-2. Attached to the Secondary
Bonder Qualification Report shall be copies of a Cojmpo-
nent Data Sheet, including all items listed in Form NM6-2.
Two Component Data Sheets are required, one for the pipe
testpiece, the second for the overlay. The Component Data
Sheets shall be appropriately identified.

M5-410 Making Pipe Test Pieces

(a) Three pipe test pieces shall be made by a qudlified
Laminator utilizing brightly pigmented polyester or|vinyl
ester resin.

(b) The resin must be one that the Fabricator has|qual-
ified through the production of a demonstration lamjnate.

(c) Refer to Figure M5-1 for dimensions of pip¢ test
pieces.

(d) The Laminator shall apply a nonpigmented, paraf-
finated top coat to the pipe exterior.

for the purpose of )‘uup quqliﬁ\,atiuu.

(b) To qualify, a Laminator must produce one Type II
demonstration laminate (see Part 7), fabricated of any
polyester or vinyl ester resin, which upon test in accor-
dance with the instructions in Part 7 fulfills the require-
ments of this Standard. A Laminator Qualification Report,
Form M5-1, shall be completed and signed for each lami-
nator qualification.

(c) All laminates made for qualification shall be iden-
tified in accordance with para. 7-900.

(eJ After lamination, application of paraffinated top
coat, and cure, the pipe test pieces must be aged at
70°F (21°C) to 80°F (27°C) for at least 72 hr before
the Secondary Bonder may begin to make overlays.

M5-420 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 Figure M5-2.
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(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 circumference,
avoiding removal of excess material that would result in
grooves, tapers, or flat spots.

(c) After preparation for overlay, the circumference of
the area to be overlayed shall be measured using a metal
tape measure at the points indicated in Figure M5-1. This
must be done for each of the three pipe test pieces to be

(b) Prior to testing, the average engagement height of
the shear collar must be determined for each secondary
bond test specimen.

(c) Measurements and calculations to determine the
average engagement height of the shear collar must be
done at the independent testing laboratory where the
test specimens are to be tested.

(d) To determine the average engagement height, H,,
for each test specimen, proceed as follows:

over
with
be +
in. (1
(d
feren
Bond
ment
the 1
two
the 11
valug
repo
19 m
atea
imatg
C, i8]
(e
pipe
throy
as sh
used

dyt'l,‘l. fﬁcamu CIIICTIILS TITUSU ‘UC llldl.‘lC ill dCLUI ddllLE
para. M5-400(b)(2). Measurement accuracy shall

16 in. (#1.5 mm) and rounded to the nearest Yie
.5 mm).

For each of three pipe test pieces, the two circum-
ce measurements shall be recorded in the Secondary
er Qualification Report. When recording measure-
s, express the values as the decimal equivalents of
heasurements taken. Calculate the average of the
Circumference measurements and round it off to
earest hundredth of an inch (0.2 millimeter); this

is C,. The value of C, shall be recorded in the
t and also marked in %-in. to ¥,-in. (13 mm to
m) size numerals, with a black indelible marker,
h end of a pipe test piece. See Figure M5-1 for approx-

locations where the average circumference value,
to be marked on each pipe test piece.

The Secondary Bonder shall then overlay the three
Fest pieces, following instructions in paras. 4-320(b)
gh (d), so as to make secondary bond test assemblies
own in Figure M5-2. Nonpigmented resin is to be

M5-430 Making and Measuring Secondary Bond

Test Specimens

(a)
the i
bond|
meng

(b}
secoy
of th

(c)

are T

After the overlay is cured, and\glire is verified per
hstructions in para. 6-910, thachine the secondary
test assemblies to makessecondary bond test speci-

in accordance with Eigure M5-3.

Each secondary Bond test assembly makes two
dary bond test specimens when cut on the centerline
b overlay.

A minimumef five secondary bond test specimens
pquired €0 be made for testing.

(d] Machining operations may be done by the Fabri-
cator} at‘dnother firm or location, or at an independent
testing laboratory

(1) REfCl U Figulc TVIS'3.

(2) Using a vernier caliper, make three
ments of the shear collar height, L, at(apprd
120-deg intervals and record the measureme
Secondary Bonder Qualification Report. The a
the three measurements, L, shall be calcul
value shall be rounded off tg the nearest hun
an inch (0.2 millimeter){pecorded in the re
also marked on each_test specimen in appr
the area shown in“Pigure M5-3. Refer
M5-420(d) for markiig requirements. Measureny
racy shall be #0010 in. (0.25 mm).

measure-
ximately
ts in the
verage of
ated; the
dredth of
port, and
ximately
to para.
pentaccu-

ide, make
tapproxi-
ral proce-

(3) Vsing a vernier caliper with a depth sl
three mieasurements of the reliefbore depth, D, a
matély120-deg intervals. Follow the same gene
dures as in the preceding paragraph for recording
measurements; averaging and rounding data|to arrive
at the average relief bore depth, D,; and majking the
specimen. Measurement accuracy shall be H0.010 in.
(0.25 mm).

(4) Calculate the engagement height, H,, fo
specimen as follows:

each test
H,=L,- D

Record the values of H, in the Secondary Bon
fication Report and mark them on the test spe
accordance with previous instructions. Testing
mens may now commence.

(e) Specimens must be tested in compressio
oratory testing machine such that the second
area under the shear collar fails in shear. The
speed shall be 0.05 in./min (1.3 mm/min).

(f) Peak load, P, is to be recorded for each
rounded off to the nearest 200 1b (890 N).

(g) Secondary bond shear strength, Sg, is to
lated for each test specimen as follows:

ler Quali-
cimens in
of speci-

h in a lab-
ary bond
rosshead

tpecimen,

be calcu-

M5-440 Testing Secondary Bond Test Specimens
and Calculating Secondary Bond Shear
Strength

(a) When machining is complete, five secondary bond
test specimens must be tested by an independent testing
laboratory.

123

P

2
Sg = ——— Ib/in.*(MPa
B (MPa)
where
C, = average circumference of test specimen, in. (mm)
H, = average engagement height, in. (mm)
P = peak load at failure, 1b (N)
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Form M5-1 Laminator Qualification Report

Data by Fabricator:

Fabricator Laminator

Address Last qualification date

Lamination date

Quality Control Manager

Fabricafion process Resin type

Laminafe type Catalyst type

Data by Test Laboratory:

Test laloratory Test report no.
Lab technician Testing date
Spgcimen Specimen Specimen
N¢imber Thickness Width Test Speed Peak Load Sx S, Ey E,
1
2
3
4
5
Average

Type Il Jaminates require properties in the warp direction only.

Test laHoratory representative Date

(signature)

Certificgtion:

The Larinator whose name appearsabove is qualified under the provisions of RTP-1, Part 7 and Mandatory Appendix M-5.

Quality|Control Manager Date

(signature)

Laminafor 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 NM&-2 (Component Data Sheef) and laboratory test report to this Laminator Qualification Report.
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Form M5-2 Secondary Bonder Qualification Report

Fabricator Secondary Bonder

Address Last qualification date

Secondary bonding date

Qu[lity Control Manager Test laboratory
Quhplified Laminator Lab technician
Pipe fabrication date Testing date

Dafa by Fabricator:

Pipe Circumferences

Specimen Number Cy G G,
Hy = Lo — D,
P - .
Sy = —z=[minimum allowable = 2,000 psi (13.8 MPp)]
CH,
Dafa by Test Laboratory:
Tedt laboratory representative Date
(signature)
Shear Collar Height Relief Bore Depth Shear Shegr
Specimen Height | Peak Load | Strength
Number Ly L, Ls L, D, D, Ds D, H, P Sh

The following certify that they have executed their responsibilities and tests in accordance with the requirements of ASME RTP-1,
pafa. M5-400:

Se¢ondary Bonder Date

(signature)

Quplity ContrélL.Manager Date

(signature)

Segondary’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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Figure M5-1 Pipe Test Piece

Type Il laminate, 0.37 in. (9.4 mm) nominal
thickness (per Table 2A-2)

1in.to 11, in.

(25 mm to 32 mm) Measurement locations
(typical) | |
Approx. 3/, in. Approx. 3/, in.
(19 mm) (19 mm)
/|
X

I.D.3in. = 1/54 in.
(76 mmix 0.40 mny

<

Mark average circumference length
in these areas [see para. M5-420(d)]

18in. = 1jgin.
(460 mm + 3 mm)

Figure M5-2 Secondary Bond Test Assembly

Secendary Bonder to mark name and/or
employee no. at both ends of secondary bond
test assembly, 90 deg to C, data.

Quality Control Manager to mark a number at

each end, 180 deg to C, data. (There must be

a different number at each end of each

assembly.)

¢ Overlay

Laminate sequence
2M, 3(MR), M, V [see paras.
4-320(b) through (d)]

9in. £ gin, ————— |
(230 mm = 3 mm)
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Figure M5-3 Secondary Bond Test Specimen

Top and bottom surfaces of specimen A
must be parallel [see Note (1)]

8~

plunge cut
[see Note (2)]

| I

s T |

| Cy= ———-1|

| |

Approximate location and I I
aonoral arranaarent for all | a |

J J . I
measurement markings to be | D - |
placed on each test specimen : a” TN

|

8in.to9in. 4 |
(200 mm to 230 mm |
|

1/8in.t0 3/16in. I :

(3 mm to 4.5 mm) |

|

|

|

|

I

|

—>

o4

-

|

|

|

|

|

|

|
—

l
(e ’Tﬁ\

1fin. (25 mm) min.- .
. Relief bore
115 in. (26.5 mm) [see Note (4)]
max Split Shear Collar and Pipe
Shear collar

D [see Note (3)]

1/g in. (3 mm) max————|l<«——
Section A-A 1/35 in. (0.80 mm) min.
[see Note (5)]

GENERAL NOTE: -/ indi€ates machine lathe finish.

NOTE}:
(1) Lick of parallelism may reduce test values.
(2) Plunge cutwith squared nose parting tool to depth sufficient to expose pigmented laminate a full 360 deg and over total surface|root of slot.
3) chineback pipe % in. (6 mm) minimum % in. (8 mm) maximum.
(4) chiffe away internal surface of shear collar to be outboard of pipe external surface % in. (2.5 mm) minimum, a full 36§ deg.

(5) Slitmustextend completely through the wall of the shear collar (and pipe) and be of length sufficient to protrude fully into the plunge cutslot.
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(h) The independent testing laboratory shall calculate
and reportthe values of secondary bond shear strength for
each test specimen tested.

M5-450 Requirements for Qualification of
Secondary Bonders

(a) Thesecondary bond shear strength of all specimens
tested must be greater than or equal to 2,000 psi (13.8
MPa). Should any sample tested fail to achieve a secondary

of six new samples must be made and five of these tested,
so that all five retest samples achieve 2,000 psi (13.8 MPa)
minimum shear value.

(b) Secondary Bonders shall be requalified if inactive
for 6 months.

(c) The Certified Individual may require requalification
ofa Secondary Bonder atany time if there is cause to ques-
tion the Secondary Bonder’s ability to produce secondary
bonds in accordance with the requirements of this Stan-

bond shedr strength of 2,000 psi (13.8 MPa), acomplete lot

1 1
udIiu.
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MANDATORY APPENDIX M-6
DEMONSTRATION VESSEL

M6

Fa
test

|00 GENERAL

bricators shall design, fabricate, and satisfactorily
h demonstration vessel in accordance with the
instrjictions contained in this Appendix.

ThE design and fabrication of the demonstration vessel
require a comprehensive understanding of this Standard
by thle Fabricator. These involve a full demonstration of
the Habricator’s ability to design, execute drawings,

M6-300 DESIGN, FABRICATION, AND TES
THE DEMONSTRATION VESSEL

Design and drafting requirements, shall b
strated by the Fabricator in full ac€ordance with
dard.

Allinstructions for fabrication and testing of th
stration vessel are contditied in the UBRS ide
Table M6-1 (see Figure-M6-1).

TING OF

b demon-
this Stan-

e demon-
ntified as

quallfy demonstration laminates, establish design

valugs from design basis laminates, qualify Laminators M6-400 REQUIREMENTS SUBSEQUENT TO

and $econdary Bonders, and fabricate under effective TESTING

overyiew of the Fabricator’s Quality Control Program,

all in|full accordance with the requirements of this Stan- (a) Subsequent to completion of successful t¢sting, the

dard Fabricator shall section (cut) the demonstratior) vessel to
No| Fabricator shall claim qualification to fabricate to revealdetails and the integrity of laminates and §econdary

this $tandard until having satisfactorily completed and befds. Instructions for sectioning are included in the

testefl the demonstration vessel in accordance with the | UBRS (see Figure M6-2). The Fabricator may(polish or

instrjictions herein. grind the cut edges, but no resin, resin puttly, or any

other material is to be applied to such cut edges.
M6-200 PRELIMINARY REQUIREMENTS (b) The quadrant sectioned from the demdnstration
vessel may be retained or disposed of by the Fpbricator,

Prior to designing or constructing the demonstration at the Fabricator’s option.

vessdl, the Fabricator shall complete all of the following (c) The three-quarter section from the demqnstration

requjrements: vessel shall be placed on display at the Fabricafor’s shop
(af The Fabricator shall have developed a written  f4 viewing by prospective customers. No painfs, colora-

Quality Control Program in full accordance with the re- tion, or pigmentation shall be applied to the d¢monstra-

quirgments of Mandatory Appendix M-4. Demonstration tion vessel.

of th¢ effectiveness of the program is suggested on several (d) Subsequent to the completion of successfhl testing,

jobs in the shop prior to construction of the demonstration the Fabricator shall execute a Fabricator’s Dafa Report

vessdl. (see Form 1-2). Attached to the Data Reporf shall be
(b)] The Fabricat¢r-shall have constructed and shall all information required by the Data Report| plus the

have|successfully, completed testing of demonstration following additional items:

laminates and design basis laminates of those laminate (1) a copy of the Witness of Hydrotest form (see

typeq and that'vésin specified by the UBRS for the demon- Figure M6-3)

stratfon véssel (see Part 7 for requirements of demonstra- (2) certified test reports of all required d¢monstra-

tion Jaminates). tion and design basis laminates [see para. M6{200(b)]
(c) The Fabricator shall have trained and qualified (3) certified testreports covering the qualification of

those Laminators and Secondary Bonders who will
construct the demonstration vessel (see Mandatory
Appendix M-5).

129

Laminators and Secondary Bonders [see para. M6-200(c)
and Mandatory Appendix M-3]
(4) a photograph of the sectioned demonstration
vessel
All of the above shall be organized and bound as a single
document. The Fabricator may reproduce as many copies
of this document as desired.
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(e) Atleast 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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(19) 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

Uper’s Agent firm name Not applicable

—

tle of equipment ASME RTP-1 demonstration vessel

Uker’s designation no. ASME RTP-1 Al

rlstallation location (name and address) Fabricator's shop

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

Npme _ Mandatory Appendix M-6, ASME RTP-1 Phone no. _ Not applicable Date _ 3/8/02
Afdress
1 Equipment description (equipment sketch and, fiozzle schedule must be attached):

Storage vessel

2 Additional Fabricator responsibilities:
[ 1 Special requirefnénts
[ 1 Acoustic emission testing
[x] Inspection 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 44.0 psig—46.0 psig (303 kPa — 317 kPa). Test shall be witnessed by a Qualified Designer.
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 Level1

[x] Level 2

Quantity limitations for gaseous air bubbles or blisters
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Table M6-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

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

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

3. 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, ‘efcs (list and specify; attagh
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 Barcol hardness per para. 6-910(b)(4) __ NA |
[ 1 Liftlugs: [ ]RTP [ ] Carbon steel [ 1 Other
[x] Hold-down lugs: [x] RTP [ ] Carbon steel [ ] Other

4. Chemical service data (shall be provided when Fabricator or resin mantfacturer 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 pHrange: max. min.

5. Design
5.1 DgSign conditions:

Operating Design
Internal pressure 14.0 psig (96.5 kPa) 15.0 psig (103 kPa)
External pressure 0.0 psig (0.0 kPa) 0.0 psig (0.0 kP3)
Temperature 80°F (27°0) 150°F (66°C)
Specific gravity 1.0 1.0
Liquid level Full Full
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Table M6-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 3 of 4

RTP Edition No.
UBRS Revision No.

Wind/seismic/snow code (include edition or year)
MPH (m/s) Classification Category

Basic wind speed _ 0

Elavation-abova grada
=3

ASCE 7

Exposure

£ (o)

Topnoataphicfactors
PoSTeT

5.2

5.3

5.4

5.5

5.6

Seismic zone 1

Site-specific seismic information (soil type, ground motion_coéff

Snow load 0

Capacities: Operating

etc)

cients,

psf (kPa)

Flooded gal (L) Flooded By Fabricator gal ()

Mechanical agitator: [ ] Required
Dead load

[ 1 Not required
Ib (N)

Static bending moment

ft-lb (N-m)

Dynamic bending moment

ft-lb (N-m)

Torque

ft-lb (N-m)

Horsepower

hp (W)

Impeller speed

RPM

Number of impellers

Foot bearing: (] Yes [1No

Heating and cooling:
[]
[1]
1]

Electric panels

Steam coil

Steam sparger

[ 1 Heat exchanger

[x] Other _Not applicable

Impeller diameter in.

Mechanical and other forces:
[1]
[1]
[1]
[1]
[1]
[1]
[1]
(x]

Violent chemical reaction

Vacuum from cool down
Other _ Not applicable

Subsurface introduction of gas or vapor
Subsurface introduction of steam

Transmitted mechanical load/foree

Impact due to introduction of{solids

Vacuum from pump down (or vessel draining)

Corrosion barrier excluded from structural calculations:

Yes
No

[1]
]

Declarationvoficritical service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):

[1
]

Yes
No

6 Designation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASME RTP-1. It shall be recognized that ASME RTP-1
€stablishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throu
a major portion of the fabrication interval.). Inspector shall be:

thout

X
(]
(]

Fabricator s Quatity control principal
User’s representative
Other
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Table M6-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

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

Inspector’s name Telephone

Company

Address

6.1 Approval of Inspector designation
6.1.1 Authorized User’s representative:

Name Title

Signature Date |
6.1.2 Authorized Fabricator’s representative:

Name Title

Signature Date |

Additiopal requirements: _ Dimensional tolerances per Fig. NM7-1 are specified as, mandatory.

All ghskets to be full faced, % in. (3mm) Neoprene at 60 + 5 Shore A durdmeter.

All bplts to be B8 or B7 studs, or A307 Grade B bolts.

GENERAL NOJFE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Figure M6-1 ASME RTP-1 Demonstration Vessel

Affix nameplate to
bracket located in
this general area

€ FRP support legs,
equally spaced -

GENE

UBRS].

Type | laminate C, NPS 2 (DN.50)'nozzle
1
I B, NPS 3 (DN 80
ASME flanged and dished head tangeniial noz)zle
Tangent line

Type Il or filament
wound Iaminate\

FRP pipe leg supports,
four required,

equally spaced —\

4ft0in.
(1200 mm)

2ft0in
(600 mm)

1
| 3 #t6in. (1070 mm) 1.D. (min.) |
| 4ft6in. (1370 mm) L.D. (max.) |

Tangent\ A, NPS 18 (DN 450)

D, NPS 2 (DN 50) nozzle

\ line nozzle with cover
/ | ASME flanged and dished head

2ft6in.

\ (760 mm)

Type Il laminate —

——

RAL NOTE: " Laminate thicknesses shall be based on design pressure and temperature, and laminates shall be of the type specifi

bd here (see
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Figure M6-2 Post-Test Sectioning of Vessel for Final Inspection and Display

This section for use or disposal, Cut line
at Fabricator's option :

——  Vertical centerline ————|

Cut

N AV, =

—\Dr,in\ L

Nozzle centerline J

~—Vertical centerline

S
N
O
c
s
=
@

Nameplate
and bracket

Section above
gusset line

=

i
EFFF_ Cut line \\\
WAl \T 2N R

Nozzle centerline

This Section for Display

D = distance-from-centerine-to-cuttne-to-be-held-to-a-practical-miptmum-so-as-to-clearthe-bad\
te 3 A3 A3 3 3 14 HEa a5+ ot ¥

and edge of the gusset with the cut
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Figure M6-3 Witness of Hydrotest of ASME RTP-1 Demonstration Vessel (Attachment No. 3)

ASME RTP-1-2019

Witness of Hydrotest
ASME RTP-1 Demonstration Vessel

On this date the following parties do certify by their signatures
(month/day/year)

that they have witnessed a hydrostatic test of the RTP demonstration vessel as constructed

GENERAL NOTES:

(a) This form‘may be reproduced and used without written permission from ASME if used for purposes other than republicat

vy

Fabricator's name

Address

and that this vessel did successfully contain the hydrostatic test pressure of 45.0 psig
(310 kPa) for 2 hours without leakage or cracking of any of ifs‘parts.

(@) Fabricator's Inspector’s signature

(signature)

(print name)

(b) Qualified Designer’s signature~(and seal)

(signature)

(print name)

() Fabricator’s authorized agent

(b) Aftach-this*witness form directly to the Fabricator’s Data Report (Form 1-2).
(c) Ap acceptable test pressure range is 44.0 psig to 46.0 psig (303 kPa to 317 kPa).
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MANDATORY APPENDIX M-7
REPAIR PROCEDURES

M7-100 |SCOPE

This Appendix sets forth general criteria and repair
procedurgs that are to be used to correct nonconformities
in vessels|before they are accepted as complying with this
Standard|and/or before they are placed into service.

M7-200 |GENERAL CONDITIONS

When g defective or damaged laminate is to be repaired,
the total pequence of laminate construction removed by
the grinding process shall be replaced by a laminate
sequencg that shall provide structural properties
meeting the requirements of this Standard. It is required
thatthe r¢paired area have the same physical strength and
chemical resistance characteristics as the specified
original lpminate.

M7-210 [Nonconformities

Vesselq fabricated to this Standard may be repaired to
correct npnconformities detected prior to being placed
into servlice, provided all of the following condjtions
are met:

(a) The nonconformities shall be classified as’repair-
able as irjdicated in para. M7-300.

(b) The repair procedures used shall’be‘in accordance
with one|or more of those outlined in paras. M7-600
through M7-663.

(c) Allfrepair procedures shall be accepted in advance
by the Infpector. If structurahyepairs are necessary, the
Qualified [Designer shall ,also*concur.

(d) The¢ amount of repaired area does not exceed the
limitatior]s set forth-in Table 6-1.

(e) Repairs arg\done by a qualified Secondary Bonder
employed by either the original vessel Fabricator or his/
her desighated“agent.

M7-300 REPAIRS TO CORRECT
NONCONFORMITIES

The following nonconformities shall"be considered
repairable by procedures outlined in<this Appendi
(a) all imperfections within the. inner surfate or
interior layer as defined by Table“6-1
(b) low Barcol hardness t€véls, provided they are
correctable by postcuring
(c) acetone sensitivityoof nonmolded surfaces and the
outside of secondary/bend overlays
(d) all imperfections within the structural layer as
defined by Table 6-1
(e) underthickness and/or understrength of the vessel
structural laminate or secondary bond overlays, proyided
the correct laminate sequence was followed
(f)Cincorrect size or placement of vessel nozzles or
attachments
(g9) nonconformities that result in leakage during the
hydrostatic test
A hydrostatic test is required after the correctipn of
nonconformities described in (d) through (g). Addifional
hydrostatic testing of vessels previously tested per|para.
6-950(b) is not required for repairs above the dpsign
liquid level.

4]

M7-310 Unrepairable Nonconformities

The following nonconformities shall not be considlered
repairable by procedures outlined in this Appendix. A
vessel that has any one of the following nonconforrities
shall not be certified as being fabricated in accordance
with this Standard:

(a) incorrect materials of laminate construction,{such
as resins, curing agents, glass reinforcements, etc.

(b) incorrect structural laminate sequence

(c) incorrect laminate construction and thickngss of

(f) A]l nnnnnnnnnn taoha wniv}onnnh\r} buthao Incnactar +0

L
oS ar Cto ot T EmSpeCtea oy e TS PeetoTr—0o

ensure compliance with this Standard.

M7-220 Incorrectly Placed/Sized Attachments

Any vessel repairs that are necessary because of incor-
rect size or placement of nozzles or other attachments as
required by the User shall also meet all the conditions set
forth in para. M7-210.

the inner surface and interior layer

(d) incorrect wind angle for filament wound vessels

(e) out-of-roundness in excess of that permitted by
Figure 4-9

(f) low Barcol hardness levels uncorrectable by post-
curing

(g) vessel dimensions such as diameter, height, head
radius, etc., that are not in compliance with the basic
vessel design calculations and the UBRS
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M7-400 CLASSIFICATION OF REPAIRS

Vessel repairs shall be classified into the following
types:

(a) Type 1 — inner surface repairs

(b) Type 2 — interior layer repairs

(c) Type 3 — structural layer repairs

(d) Type 4 — dimensional nonconformance repairs

(e) Type 5 — miscellaneous general repairs due to

secondary bonding. Care shall also be taken not to
remove more than the inner surface unless necessary
to remove all of the nonconformity. If any of the
backup layers of chopped strand mat are removed, a
Type 2 repair procedure shall be utilized as given in
paras. M7-620 through M7-625.

(2) The grinding dust from the ground surface shall
be removed with a clean brush. If secondary bonding is not
started soon after brushing the surface clean, the cleaning

lying the
ecified in

lying the

hnd prop-
n shall be

acetone sensitivity or low Barcol readings ] A L .
R . proccaurc Siidil DT Tepcdicu just privl to dl)l,
f) Type 6 — repairs Que to nonconformance with the repair laminate.
Userf dimensional r-equlrements. ) (d) Anew inner surface shall be appligdas s
Eath type qf repair shall have_ its own corresponding the Fabricator’s design drawings. Priorito ap
genefal repair procedure as given in paras. M7-600 new veil or veils, the ground area, shall be wdtted with
throggh M7-663. catalyzed resin.
(e) After the inner surfacedas been applied
M7-300 ORDER OF REPAIRS erly rolled out, a final topceat of paraffinated res
In fases where repairs due to damage are necessary to applied.
both|the structural layer and the corrosion barrier, the M7-615 Acceptanee’Inspection. The repai

repairs to the structural layer shall be performed first,
folloyved by repairs to the corrosion barrier, unless other-
wise pccepted by the Inspector and approved by the Qual-
ified [Designer.

M7-600 REPAIR PROCEDURES
M7-

M7-611 General. Repairs shall involve removing thé
innef surface (surfacing veil) by grinding in order-to
remgdve nonconformities such as pits, inclusions, blisters,
or ailf voids. Repairs may be accomplished by adding back
the cprrectinner surface material as specifiedinrthe Fabri-
catorfs design drawings.

M7
samg
to fal
shall

M7-613 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.

10 Type 1 — Inner Surface Repairs

-612 Materials. Repairs shallsbe' made with the
type of resin and reinforeement materials used
ricate the original vesseLinnet surface. All laminate
be in accordance with-Rart 2.

-614 Repair'Procedure

(a
perce
giver]

(b]
prevent damage during the repair operation.

(c) Surface Preparation

(1) The area to be repaired shall be ground on the
surface with a 60 to 80 grit disk on a power grinder to
remove all nonconformities. The ground area shall not
be gouged out, but tapered out uniformly to the
surface of adjacent unrepaired laminate. Only cured lami-
nate shall be ground. Final grinding shall be done with a
new disk surface to ensure a good surface profile for

The areasto be repaired shall be determined. The
ntage of repair area shall not exceed the limitations
ity Table 6-1.

139

red areas
shall meet the requirements of Table 6-1.

After allowing the paraffinated topcoat to|cure, the
Barcol hatdness and acetone sensitivity|shall be
checked."Postcuring of the repaired area is afceptable
to achieve the required Barcol hardness.

M7-620 Type 2 — Interior Layer Repairs

M7-621 General. Repairs shall require remqgving both
inner surface and interior layer laminate by gfinding in
order to remove nonconformities such as entrgapped air,
blisters, inclusions, cracks, dry spots, etc. Repaifs may be
accomplished by adding back the correctinner syrface and
interior layer laminate as specified in the Fapricator’s
design drawings.

M7-622 Materials. Repairs shall be made|with the
same type of resin and reinforcement mateifials used
to fabricate the original vessel inner surface and interior
layer. All laminate shall be in accordance with| Part 2.

M7-623 Repair Personnel. Repairs shall be
qualified Secondary Bonders.

made by

M7-624 Repair Procedure

(a) The area to be repaired shall be deter
percentage of repair area shall not exceed the limitations
given in Table 6-1.
reas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation

(1) The area to be repaired shall be ground with an
80 grit or coarser disk on a power grinder to remove all
nonconformities. The ground area shall not be gouged out,
but tapered out uniformly to the surface of adjacent unre-
paired laminate. Only cured laminate shall be ground.
Final grinding shall be done with a new disk surface to
ensure a good surface profile for secondary bonding.
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(2) The grinding dust from the ground surface shall
be 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 and interior layer shall be
applied as specified in the Fabricator’s design drawings.
This shall involve a minimum of two layers of 1.5 oz/ft?
(450 g/m?) chopped strand mat and one layer of surfacing

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.
(c) Surface Preparation
(1) The area to be repaired shall be ground with 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

veil. Priorto app‘l_yiug theew ldluiuaw, thre BT ouTTdared
shall be Wetted with catalyzed resin.

(e) Aftpr all required laminate has been applied, cured,
inspected, and accepted, the area shall be lightly sanded to
remove sharp projections and feather edges. The repaired
area shal| be topcoated with paraffinated resin.

M7-625 Acceptance Inspection. The repaired area
shall medt the requirements of Table 6-1.

After dllowing the paraffinated topcoat to cure, the
Barcol Wardness and acetone sensitivity shall be
checked. [Postcuring of the repaired area is acceptable
to achievg the required Barcol hardness.

M7-630

M7-631 General. Repairs shall involve removing struc-
tural material by grinding. However, the approach to
repair will vary depending on type of nonconformity, loca-
tion, and felationship to nozzles, supports, etc. The Qual-
ified Des|gner shall specify any special precautions or
considerdtions needed for a particular repair.

M7-632 Materials. Repairs shall be made with thé
same typle of resin and reinforcement materials.used
to fabricqte the original vessel structural layers. Hand
lay-up laminate shall be used to repair filament wound
vessels (see para. M7-634). All laminate shall be in accor-
dance with Part 2.

Type 3 — Structural Layer Repairs

M7-633 Repair Personnel. Repairs shall be made by
qualified [Secondary Bonders.

M7-634 Repair Specification

(a) Th
area and
(b) An

e Qualified Degigner shall specify the surface
shape of-atea to be disturbed for repair.

 extra fatérial required to effecta proper repair
above thdt removed by grinding will be determined and
specified py\the Qualified Designer. The required laminate

‘IJUlldiIlg.
(2) The grinding dust from the ground sugface|shall

be removed using a clean brush. If secondary bonhd|ng is
not started soon after brushing the surface’clear, the
cleaning procedure shall be repeated just prior to apglying
the laminate.
(d) Hand lay-up laminate shalldbe.applied in the same
sequence of construction as £emoved in the grinding
process and as specified bysthe Qualified Designer]. The
laminate sequence shall’be started by wetting the
ground surface with catalyzed resin. The first layjer of
the laminate shall be)1.5 oz/ft* (450 g/m?%) chopped
strand mat.
(e) After allvequired laminate has been applied, dured,
inspected, and accepted, the area shall be lightly sanded to
remove sharp projections and feather edges. The reppired
area shall be topcoated with paraffinated resin.

M7-636 Acceptance Inspection. Structural repairs
shall meet the requirements of Table 6-1.
After allowing the paraffinated topcoat to curg¢, the
Barcol hardness and acetone sensitivity shalll be
checked. Postcuring of the repaired area is acceptable
to achieve the required Barcol hardness.

M7-640 Type 4 — Dimensional Nonconform
Repairs

ance

M7-641 General. Repairs due to dimensional noficon-
formance shall include underthickness of shells or heads,
nozzles, flanges, secondary bonds, etc. Repairs shall be
done by adding additional laminate of the cofrect
sequence specified in the Fabricator’s design drawjiings.

M7-642 Materials. Repairs shall be made with the
same type of resin and reinforcement materials jused
to fabricate the original vessel. Hand lay-up lamjinate
shall be used to repair both filament wound and
contact molded vessels. The Qualified Designer |shall

sequence shall be used.

(c) For repair of nonconformities in filament wound
structural layers, the complete hand lay-up laminate
sequence shall be specified by the Qualified Designer.

M7-635 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

140

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.

(19)
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M7-644 Repair Procedure

(a) The area to be repaired shall be determined. The
percentage of repair area shall not exceed the limitations
given in Table 6-1.

(b) Areas adjacent to the repair shall be protected to
prevent damage during the repair operation.

(c) Surface Preparation

(1) The area to be repaired shall be ground on the
surface with a 36 grit or coarser disk on a power grinder.

be placed in a circulating hot air oven for this purpose.
The use of portable hot air blowers or exhaust steam
(no pressure) shall also be permitted. The temperature
of the laminate shall be monitored during the postcure
to ensure that the proper temperature is maintained.

M7-655 Acceptance Inspection. After postcuring and
the laminate has cooled to room temperature, the Barcol
readings shall be taken again. Where postcuring does not
produce high enough Barcol readings, the laminate shall

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 ddne with a new disk surface to ensure a good surface
profile for secondary bonding.

2) The grinding dust from the ground surface shall
be rgmoved using a clean brush. If secondary bonding is
not dtarted 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 correct
lamiate sequence specified in the Fabricator’s design
drawlings and as specified by the Qualified Designer.
The Jaminate sequence shall be started by wetting the
groupd surface with catalyzed resin. The first layer of
the lhminate shall be 1.5 oz/ft* (450 g/m?%) chopped
strand mat.

(e)| After all required laminate has been applied, cured,
inspdcted, and accepted, the area shall be lightly sanded.te
remgve sharp projections and feather edges. The repaired
area [shall be topcoated with paraffinated resin.

M7-645 Acceptance Inspection. The repaired area
shall|meet the requirements of Table 6-1,

After allowing the paraffinated topceatto cure, the
Barcol hardness and acetone sensitivity shall be
checked. Postcuring of the repaired)drea is acceptable
to achieve the required Barcol hardness.

M7-¢50 Type 5 — Undercured Laminate Repairs

M17-651 General. Undércured laminate causes low
Barcpl readings or‘acetone sensitivity at the surface.
Repalirs shall require postcuring the affected laminate
or reftopcoatingthe surface of the acetone-sensitive lami-
nate.

M7-652-Materials. Laminates involving re-topcoating

be unacceptable. If the area of the laminate whigh has low
Barcol readings is within the limits of repairabilify given in
Table 6-1, it may be repaired using Typed or Tyge 2 repair
procedures set forth in paras. M7-610 through M7-625.

M7-656 Repair Procedure to.Correct Acetone Sensi-
tivity

(a) The exterior of the laminate showing sensitivity to
acetone shall be lightly-sanded to remove shayp projec-
tions and feather,edges and previously applied paraffi-
nated resin.

(b) Next, the sanded area shall be re-topcopted with
paraffinated catalyzed resin. If the sanding|removes
any part ofithe surfacing veil, an additional ply offsurfacing
veil shall'also be applied along with the topcoat of paraf-
finated catalyzed resin. Care shall be taken durjing appli-
€ation of the topcoat to minimize the coverage of adjacent
unsanded areas.

M7-657 Acceptance Inspection. After allqwing the
paraffinated topcoat to cure, the acetone s¢nsitivity
shall be checked. If the repaired area remainf acetone
sensitive, it is unacceptable.

M7-660 Type 6 — User’s Dimensional
Nonconformance Repairs

M7-661 General. Repairs due to nonconformfance with
the dimensional requirements include the misplacement
of nozzles or attachments and the incorrect size pf nozzles
or attachments.

M7-662 Materials. All materials used to correct User’s
nonconformance with User’s dimensional reqiirements
shall be the same type of resin and reinforcement mate-
rials used to fabricate the original vessel. Further, the
construction of new nozzles or attachmepts shall
follow the specifications given in the original Fapricator’s

h ll H | sdla sl dex £ £E65 papags | -
sha crepareawitir tne same type ot patratitiiratea restir

used on the original laminate.

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 manu-
facturer’s recommendations for maximum temperature
versus time of cure. It is recommended that the vessel

141

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

(19)
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attachment shall be in accordance with the Fabricator’s (c) A new nozzle or attachment may be placed on the

design drawings. vessel using the correct lamination procedure shown in
(b) The area where the nonconforming attachment or the Fabricator’s design drawings and in accordance with

part was removed shall be ground smooth and re- Part 4 of this Standard.

topcoated in accordance with para. M7-656. (d) If a new nozzle does not interfere with the original

nozzle, the original nozzle shall not be removed unless
requested by the User. The repair procedure shall be
approved by the Qualified Designer.
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MANDATORY APPENDIX M-8
ACOUSTIC EMISSION EXAMINATION

Thiis Appendix states the criteria that a vessel shall
satisfy to pass an acoustic emission examination. Equip-
menfrequirements are given in Article 11 of Section V of
the ASME Boiler and Pressure Vessel Code.

NOTH: Additional background information concerning acoustic
emisdion testing is contained in Recommended Practice for
Acousftic Emission Testing of Fiberglass Tanks/Vessels, published
by The Society of the Plastics Industry, Inc.

Discontinuities located with acoustic emission
ination shall be evaluated by other techniques,
isual, ultrasonic, dye penetrant, etc.,, and shall be

essel does not, it is not in compliance with the-re*
dments of this Standard.
The acoustic emission examination is\done in

300 DEFINITIONS AND INSTRUMENT
CALIBRATION

The threshold of acoustic emission detectability shall be
determined usinga 4 ft x 6 ft x % in. (1.2 m x 1.8 m x 13
mm) 99% pure lead sheet. The sheet shall be suspended
clear of the floor. The threshold of detectability is defined as
the average measured amplitude of ten events generated
by a 0.01-in. (0.3-mm) pencil (2H) lead break at a distance
of 4 ft3in. (1.3 m) from the sensor. A break shall be done at
an angle of approximately 30 deg to the test surface with a
0.1-in. (2.5 mm) lead extension. The sensor shall be
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mounted 6 in. (150 mm) from the 4-ft (1.7
and mid-distance between the 6-ft (1.8 ) sid|

m) side

M8-320 Reference Amplitude Threshold

(a) For large amplitude evefts, the reference ampli-
tude threshold shall be deteffined using a (10 ft x 2
in. x %, in. (3 m x 50 mn* 20 mm) clean, 1ild steel
bar. The bar shall be supported at each end by eldstomeric,
or similar, isolatingspads.

(b) The reference amplitude threshold is defied as the
average measured’amplitude of ten events genefated by a
0.01-in. (0.3-mm) pencil (2H) lead break at a distance of 7
ft (2.1 m)4rom the sensor. Abreak shall be done gt an angle
of appreximately 30 deg to the test surface with a 0.1-in.
(2.5’ mm) lead extension. The sensor shall be mgunted 12
in 300 mm) from the end of the bar on the 2-inJ (50-mm)
wide surface.

M8-330 Count Criterion, N, and A,, Val

(a) The count criterion, N,, shall be determi:[ed either
before or after the test using a 0.3-mm pencil |[(2H) lead
broken on the surface of the vessel. Abreak shall be done at
an angle of approximately 30 deg to the test surfpce with a
0.1-in. (2.5 mm) lead extension. Calibration poings shall be
chosen so as to be representative of different |construc-
tions and thicknesses, and should be perfornjed above
and below the liquid line (if applicable), qnd away
from manways, nozzles, etc.

(b) Two calibrations shall be carried out for
bration point. One calibration shall be in the
direction of the surface fibers (if applicable)
second calibration shall be carried out along
45 deg to the direction of the first calibratio
shall be at a distance from the calibration p¢int so as
to provide an amplitude decibel value, 4,,] midway

he-thre il helreference

e

each cali-
principal
, and the
a line at
n. Breaks

amplitude threshold.

The count criterion, N, shall be ten times the number of
counts recorded from seven lead breaks at each of the two
calibration points. The lead breaks shall be done with a
0.01-in. (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. (2.5 mm) lead exten-
sion. When applying the count criterion, the value that is
representative of the region where activity is observed
should be used.
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Table M8-1 Acceptance Criteria

Criterion First Filling Subsequent Fillings Significance of Criterion
Emissions during hold None beyond 2 min ~ None beyond 2 min ~ Measure of continuing permanent damage
Felicity ratio 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 during a load cycle
Number of events greater than Less than 10 Less than 10 Measure of high energy microstructural failures.
reference amplitude threshold This criterion is often associated with fiber breakage.

GENERAL NOTE: An acceptable vessel shall meet all the criteria listed above. Background noise shall be properly discounted when applying
acceptance reriteria

NOTE: (1) |Varies with instrument manufacturer. See para. M8-330 for the definition of N..

M8-400 |WRITTEN PROCEDURE REQUIREMENTS M8-500 WRITTEN REPORT OF RESULTS

Acoustfc emission examinations shall be performed The results of an acoustic emissioh.examination shiall be
following a written procedure. The procedure shall reported in a written document satisfying the require-
satisfy thle requirements of para. T-1128 in Article 11 ments of para. T-1190 in Artielé 11 of Section V qf the
of Sectior] V of the ASME Boiler and Pressure Vessel Code. ASME Boiler and Presstire Vessel Code. The r¢port
shall be made available\for review and acceptange by
the Inspector.
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MANDATORY APPENDIX M-9
GLOSSARY

accelprator: a material added to the resin to increase the
rate pf polymerization (curing).

audit} a systematic review to assess the implementation of
presqribed procedures, specifications, or standards.

axial]in the direction of the axis (lengthwise centerline) of
the equipment.

Barcl hardness test: test to determine the surface inden-
tatiop hardness of the resin, which is directly related to the
degr¢e of cure. The Barcol Impressor is the instrument
used [for measuring polyester and vinyl ester resin hard-
ness [(ASTM D2583).

bindgr: chemical treatment applied to the random
arrarjgement of glass fibers to give integrity to mats. Spe-
cific pinders are utilized to promote chemical compat-
ibility with the various laminating resins used.

blistdr: raised spot on the surface of alaminate caused by a
substirface air void.

bond|

bond
bond|

burngd areas: areas of laminate showing_evidence of
decomposition (e.g., discoloration andyor-cracking) due
to excessive resin exotherm.

ng: joining of two or more parts by adhesive forces.

strength: force per unit area necessary to rupture a
in interlaminar shear.

burn
mate|

out (burn off): thermal decomposition of organic
Fials (resins and binders) fyom a laminate specimen
in ordler to determine the weight percent of resin and glass
reinforcement (synthetic/reinforcements decompose
together with the resiniand binder).

catalpst: an organic peroxide material used to activate the
polyrherization téaction of a resin, causing it to harden
(polyjmerization initiator).

certiffy: toattest, by signature and date, to conformance to
procdd 2 o

tion is required by a
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. (13 mm) to 2 in. (50 mm)] and propel the cut
strands to the mold surface. In the spray-up process, a
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catalyzed resin spray is deposited simultang
the mold. When intersperse layers are provid
ment winding, the resin spray is often noet use

ously on
bd in fila-
d.

contact molding: process for molding RTP in which rein-
forcement and resin are placed‘in*or on a mold. Cure is
either at room temperature‘dsing a catalyst-promoter
system or by heat in an6¥en. Includes both hand lay-
up and spray-up. For th&purposes of this Standard, lami-
nates manufactured-with a process other thar filament
winding are contact molded.

1 2A-222.

coverageyimhoop filament winding, the complet¢ covering
of the mandrel surface by a single layer of glass feinforce-
ment-and resin. In helical winding, two layerg must be
applied to achieve one coverage.

corrosion layer, (barrier): see paras. 2A-221 an

erazing: the formation of tiny hairline cracks in varying
degrees throughout the resin matrix, partiqularly in
resin-rich areas.

critical service: see para. 1-210(c).

curing agents: materials used to initiate the pdlymeriza-
tion ofaresin. The catalystis the primary agent. Hromoters
and accelerators are secondary or assisting agents.

cut edge: end of a laminate resulting from cutt
not protected by a corrosion barrier.

ng that is

delamination: physical separation or loss of bond between
laminate plies.

dished end: radiused end closure for a cylindricalvessel, as

opposed to a flat or coned end.

dry spot: an area where the reinforcement fiberg have not

been sufficiently wetted with resin.
resin, or
ionresis-
affinated.

edge sealing: application of reinforcement and
resin alone, to seal cut edges and provide a corro

entrapped airvoid: cavity in alaminate caused by a trapped
gas bubble.

environment: state of the surroundings in contact with the
internal or external surface. Included are the temperature,
pressure, chemical exposure, exposure to sunlight, rela-
tive humidity, liquids, and/or gases.

(19)
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equipment: vessels used for the storage, accumulation, or
processing of corrosive or otherwise hazardous
substances at pressures ranging from full vacuum to
15.0 psig (103 kPa).

equipment assembler: person who puts together the
component parts, e.g., joining sections, installation of
nozzles, etc.

exotherm: evolution of heat by the resin during the poly-
merization reaction. The word exotherm is often used

gel: theinitial jellylike solid phase that develops during the
polymerization of resin.

geltime: time from the initial mixing of the resin with cata-
lyst to when gelation begins.

glass content: weight percent of glass fiber reinforcement
in the laminate.

gun roving: fiberglass roving designed for use in a chopper
gun for spray-up application.

howevel|, to designate the maximum temperature
reached during the polymerization process.

exotherm
laminati
exotherm

ply: that ply of chopped strand mat at which the
n process is stopped to allow gelation and
of the existing laminate.

exterior
para. 2A-

ayer: outer surface layer of a laminate; see
P24.

r: producer of RTP equipment. The Fabricator
resin and reinforcing fibers to produce the
uct.

Fabricatol
combine
final prog

fiber(glas|

fiberglass|roving: a number of strands or filaments of glass
fibers gathered together with little or no twist.

5): a fine solid thread of glass.

fiberglass
fiber rovi

woven roving: heavy fabric woven from glass
ngs.

fiber wett]
by means

ng: coating (wetting) of the fiberglass with resin
of roll-out or immersion.

filament: |see fiber.

filament
winding
roving st

winding: a process for forming RTP parts-by
either dry or resin-saturated contindous
ands onto a rotating mandrel.

ert materials that are added to\the resin to
density, increase viscosity, ilnprove abrasion
, enhance resin application properties, decrease
nkage, reduce cost, etc.

fillers: in|
increase

resistanc
resin shri

fill picks:
transver
width of
fit-up: th
compone

the rovings in a weVen'roving that run in the
e direction of the fabric, i.e., across the roll
the fabric.

e match betweéen joining parts, elements, or
hts.

flame retqrdant ¥esin: halogenated resins that can be used

with or witheut additives to provide a laminate having a

h the
h the
hand
rious
lida-

hand lay-up: a method of contact molding wherei
glass fiber reinforcement is applied to the modld;-
form of chopped strand mat or woven roving) by
or from a reel. The resin matrix is applied’by va
methods including brush, roller, or spray’gun. Cons
tion of the composite laminate is bjnrolling.

heat deflection temperature: temperature at which a
fied bar specimen deflects_0:010 in. (0.25 mm)
loaded as a simple beant¢~a constant 264 psi
MPa) (see ASTM D648;/Test Method for Defle
Temperature of Plastics Under Flexural Load). U{
refers to a resin €asting, not a laminate.

peci-
when
(1.82
ction
ually

helical winding:"filament winding where the reinflrce-
ment is placed at some angle (other than 0 deg ¢r 90
deg) to thejaxis of rotation.
with
parts

hot pateh: several small fiberglass mat tabs, saturated
highly catalyzed resin, used to hold butted or joined
or components in preparation for bonding.

hydrostatic test: pressure test of equipment using water as

the test medium.

independent testing laboratory: the laboratory condy
the tests required by RTP-1 must be an entity sep
organizationally, legally, and financially from the H
cator and User or User’s Agent. Additionally, no com
cial, financial, or individual relationships shall
between the parties that might compromise effos
produce and report accurate test results. It is expg
however, that a commercial purchase order, con
or agreement will be employed by the parti
arrange for testing services. The independent testing
oratory must be equipped and staffed with the nece
skilled personnel to conduct the tests in accordance
the requirements of the Standard.

cting
Arate
abri-
mer-
exist
ts to
cted,
[ract,
s to
y lab-
Ksary
with

initiator: see catalyst.

inner curfnr‘p- see para 2A-221

reduced ftame spread as Measured 1T acCcordance Wit
NFPA 255, Standard Method of Surface Burning Charac-
teristics of Building Materials (UL723, ASTM E84). The
resins are not fire retardant in their liquid state.

flame spread rating: index number resulting from testing
inaccordance with NFPA 255, Standard Method of Surface
Burning Characteristics of Building Materials (UL723,
ASTM EB84).

gap filling: the filling of voids between joined parts,
elements, or components with resin putty or resin.
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interior layer: see para. 2A-222.

intersperse: chopped fiberglass used in a filament wound
laminate, usually in thin layers between winding
coverages.

isophthalic polyester: a polyester made from isophthalic
acid.

Jjoint overlay: an overlay laminate that joins the adjoining
surfaces of two contacting parts or elements.
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laminate: the total of the part constructed by combining
one or more layers of material (reinforcement and/or
resin). As used in this Standard, the corrosion laminate
consists of the corrosion-resistant barrier, the structural
layer, and the outer surface.

laminate composition: the sequence of reinforcement
materials on a type, class, and category basis that
make up a laminate.

menfwound laminate that is described by the wind angle,
number of coverages with supplementary reinforcement
(if uged), and the required sequence.

lami

ate structure (Type I, hand lay-up): see Table 2A-1.

laminate structure (Type 1I, hand lay-up): see Table 2A-2.

laminate structure (Type X): see Subpart 2A.

lamipation analysis: procedure by which, given the
amoynt and properties of the resin and the properties
and ¢rientation of the reinforcement, it is possible to
calcullate the elastic properties of the individual layers
and the total laminate.

layol
and/

leno
fiber;

liner:

t: the arrangement and location of parts, elements,
br components that reflect the design of a product.

trands: a pair of warp ends at each edge of a woven
blass fabric.

see paras. 2A-221 and 2A-222.

longitudinal: see axial.

lot, rd
to itg

assig|
of an

sin: aresin lot is a quantity of resin that is formulated

final composition in a single vessel, tésted and
hed a unique number, and covered by ‘d-\certificate
alysis.

rel: mold around which alaminateis formed to fabri-
h cylindrical section.

mang
cate
Mani

e.g, I
tives

(facturers: producers of /materials of construction,
esin, reinforcement fibers; catalysts, common addi-
etc.

man
purp
matelials: ingredients (reinforcements, resins, catalysts,

and fommonadditives) that are used to fabricate the
equipment.

way: large nozzle-or opening in a vessel for the
bse of entry by personnel.

matr

x:\résin phase of a fiberglass resin composite.

MSPI: Manufacturer’s Specific Product Identification.

oblation: the process by which cylindrical tank shells are
compressed to create shapes varying from oval to figure
eight. This action is taken to facilitate over-the-road ship-
ment or installation in a confined space.

original document: the original source document or a
reproduction of the original source document bearing
an original signature.

USETOVeET D 3 to secure

a joint, seal a seam, attach a nozzle, etc.

paraffinated resin: resin containing arsmall ajmount of
dissolved paraffin (usually 0.1% to 0.5%)7Polynperization
of polyesters is inhibited by contact with the atrhosphere.
During cure, the paraffin migrates to the surface| sealing it
against atmospheric exposure(

parting agents: also_Galled mold releasq
Compounds that assist)in releasing an RTP j
its mold.

agents.
art from

peroxide catalyst:_see catalyst.

pit: small crater in the surface of the lami
Table 6-1)/

polyesterresin: resin produced by the polyconde
dihydroxy derivatives and dibasic organic acid¢ or anhy-
drides, wherein at least one component contribptes ethy-
lénic unsaturation yielding resins that can be compounded
with styryl monomers and reacted to give highly cross-
linked thermoset resins.

hate (see

hsation of

postcuring: process of applying heat [180°F
200°F (93°C)] to an RTP part, following the
cycle. Proper postcuring will shorten the time to

(82°C) to
pxotherm
rotal cure.

profile: the roughness (smoothness) of the surfface.

promoter: a material that activates the catalyst that cures

the resin (also see accelerator).

PVA: abbreviation for polyvinyl alcohol, a part|ng agent.

abricator
stem has
ict.

quality assurance: the program by which the §
provides evidence that the quality control sy
been followed in the construction of the prod

fabricate
rd.

to estab-
jection of

quality control: the program a Fabricator uses td
the equipment in compliance with this Standa|

referee samples: laminate specimens submitted
lish a level of quality for judging acceptance/re

minor repairs: repairs that do not exceed the area of repair
allowed in Part 6 and meet the minimum visual acceptance
level indicated in the UBRS.

mold: the form over which or into which resin and rein-
forcements are placed to form the composite product
shape.

mold release agents: see parting agents.

monomer: a basic compound that can react with itself to
form a polymer.
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production equipIment.

reinforcement: glass fibers having the form of chopped
roving, continuous roving, fabric, or chopped strand
mat. These fibers are added to the resin matrix to
strengthen and improve the properties of the resin.

release film: film used to facilitate removal of the part from
the mold or mandrel. Oriented polyester film,3-5 mil
(Mylar;Rm, Types A, S, or D; or Melinex 11®, Types S,
0, or 442), has been found suitable for this purpose.
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resin: the matrix of the laminate.

resin putty: resin filled with clay, fumed silica, milled glass
fibers, or other inert materials to provide puttylike consis-
tency.

resin rich layer: term often used to describe the corrosion
barrier. The term does not imply excessive resin content.

resin richness: excessive amounts or uneven distribution
of resin in the laminate. Such areas are subject to cracking.

surfacing veil: thin mat of fiberglass, synthetic organic
fiber, or carbon fiber that is used to reinforce the corro-
sion-resistant resin-rich layer on the inside or outside of
equipment or to provide a smooth surface on the outside
of equipment.

Tex: linear density of roving expressed in grams per 1 000
m.

Type I, Type II, and Type X laminates: see laminate struc-
ture

Resin ricjmressTs—theTesuttof ilupl Uptr wet-out proce-
dures as ell as inadequate or improper roll-out techni-
ques or drainage.

roll-out:
forcemer
using a r
is often u

lensification of the laminate by working rein-
t into the resin and the air out of the resin
bller (a serrated metal or thermoplastic roller
sed for this purpose).

rough prd
wise abra
surface fq

file: the result of sanding, machining, or other-
ding a laminate surface to produce a roughened
r bonding.

roving: a
together
a roving

RTP: rein|

secondary
rately cui

plurality of strands or filaments gathered
with little or no twist in a package known as
ball.

forced thermoset plastic.

bond strength: adhesive force that holds a sepa-
ed laminate to the basic substrate laminate.
sizing: sulj
improve

face treatment or coating applied to filaments to
he filament-to-resin bond.

slugs: unffiberized beads of glass.

spray-up:
chopped
are depo

method of contact molding wherein resipland
trands of continuous filament glass fibex¥oving

ited on the mold directly from a chopper gun.
strain: elgngation per unit length.

strand: a
bonded W

stress: 103

plurality of filaments gathered together and
ith sizing.

d per unit area.

structura
providing

layer: the portion‘efithe laminate construction
the primary mechanical strength.

surface p
otherwis
condition
applied 1

reparation:«the’ act of roughening, priming, or
treating laminate surfaces to achieve surface
s thatare.conducive to adhesion of subsequently
iminate bonds.

ands
ands.

unidirectional rovings: continuous parallel roving-st
of glass fibers held together with periodic cross st

User: organization for which the equipment is’being fabri-

cated.

UV absorber: compounds that are added to resips to

enhance their ultraviolet resistance.
veil: see surfacing veil.

tura-
vhich
hcted

vinyl ester resin: resin chasaeterized by reactive unsg
tion located predominately in terminal positions
can be compounded with styryl monomers and re
to give highly cross-linked thermoset copolymers.

visual acceptance criteria: see para. 6-940.

voids: unfilled space caused by air or gas in the resin mix or
by entrapment of such gases during lay-up of individual
plies of glass. Excessive voids reduce the strength and
chemical resistance of the laminate, particularly {f the
Voids are at the resin-glass interface.

warp ends: the roving in a woven roving that runs in the
longitudinal direction of the fabric, i.e., along the roll
length of the fabric.

h the
hding

wind angle: angle from the axis of rotation at whig
reinforcement strands are placed in the filament wi
process.

wind cycle: in filament winding, one traversing df the
carriage to the end of the mandrel and return tp the
original position. Depending on bandwidth, part dianpeter,
and wind angle, one or more wind cycles will be needed to
achieve one coverage.

yield: linear density of roving, expressed in yard
pound.

5 per
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MANDATORY APPENDIX M-10
REFERENCE DOCUMENTS

The following is a list of publications referenced in this
Standard. The latest revisions of all references should be
utilized.

AISC) Manual of Steel Construction

Publisher: American Institute of Steel Construction (AISC),
1 East Wacker Drive, Suite 700, Chicago, IL 60601
(www.aisc.org)

API $tandard 650, Welded Steel Tanks for Oil Storage
Publisher: American Petroleum Institute (API), 1220 L
Stijeet, NW, Washington, DC 20005 (www.api.org)

ASCH 7, Minimum Design Loads for Buildings and Other
Strjuctures

Publisher: American Society of Civil Engineers (ASCE),
18p1 Alexander Bell Drive, Reston, VA 20191 (www.as-
ce.prg)

ASME B16.5, Pipe Flanges and Flanged Fittings

ASMIEB18.21.1, Washers: Helical Spring-Lock, Tooth Loek,
anfl Plain Washers (Inch Series)

ASME B31.3, Process Piping

ASME BPVC Section II — Materials

ASME BPVC, Section V — Nondestructive*Examination,
Supsection A, Article 11, Acoustic Emission Examina-
tiop of Fiber-Reinforced Plastic

ASME BPVC Section VIII — Rules fon Construction of Pres-
sure Vessels

ASME CA-1, Conformity Assessment Requirements

Publisher: The American'Society of Mechanical Engineers
(ASME), Two Park-Avenue, New York, NY 10016-5990
(www.asme.org)

ASQ ¥1.4, Samapling Procedures and Tables for Inspection
by|Attributes

Publishe¥:’American Society for Quality (ASQ), P.O. Box
30p5Y Milwaukee, WI 53201 (www.asqg.org)

ASTM D638, Standard Test Method for Tensile'Hroperties
of Plastics
ASTM D648, Standard Test Method|for Deflection
Temperature of Plastics Under Fléxural Load in the
Edgewise Position
ASTM D696, Standard Test¢Method for Coefficient of
Linear Thermal Expansion of Plastics Betwgen -30°C
and 30°C With a Vitreous' Silica Dilatometer]
ASTM D790, Standard-Test Methods for Flexurgl Proper-
ties of Unreinforced and Reinforced Plastics|and Elec-
trical Insulating)Materials
ASTM D792, Standard Test Methods for Densityf and Spe-
cific Grayity (Relative Density) of Plastics by|Displace-
ment
ASTM.DP883, Standard Terminology Relating t¢ Plastics
ASFM D1248, Standard Specification for Polyethylene
Plastics Extrusion Materials for Wire and Cgble
ASTM D1593, Standard Specification for Nonrfgid Vinyl
Chloride Plastic Film and Sheeting
ASTM D1599, Standard Test Method for Resistance to
Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings
ASTM D1781, Standard Test Method for Climbjing Drum
Peel for Adhesives
ASTM D1784, Standard Specification for Rigid Pply (Vinyl
Chloride) (PVC) Compounds and Chloringted Poly
(Vinyl Chloride) (CPVC) Compounds
ASTM D1785, Standard Specification for Pdly (Vinyl
Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120
ASTM D2241, Standard Specification for Pqly (Vinyl
Chloride) (PVC) Pressure-Rated Pipe (SDR Series)
ASTM D2583, Standard Test Method for Indentation Hard-
ness of Rigid Plastics by Means of a Barcol Impressor
ASTM D2584, Standard Test Method for Ignitign Loss of
Cured Reinforced Resins
ASTM D3039, Standard Test Method for Tensile Proper-

ASTM C177, Standard Test Method for Steady-State Heat
Flux Measurements and Thermal Transmission Proper-
ties by Means of the Guarded-Hot-Plate Apparatus

ASTM C581, 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

ties—of Ful_ylucl MatrixCompositeMater tats

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

ASTM D3275, Standard Classification System for E-CTFE-
Fluoroplastic Molding, Extrusion, and Coating Materials


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

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
Plastics Pipe and Fittings Materials

ASTM D3368, Standard Specification for FEP-Fluoro-
carbon Sheet and Film

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

EN 13121, GRP tanks and vessels for use above ground

Publisher: European Committee for Standardization
(CEN), Avenue Marnix 17, B-1000, Brussels, Belgium

ASTM D3n4u, SLdllL‘ldlb‘l TEDL IVIEL‘IIULI fUl Ill'PldllC Sllt‘dl
Strengtl}ol of Reinforced Plastics

ASTM DA4101, Standard Specification for Polypropylene
Injectiqn and Extrusion Materials

ASTM D485, Standard Test Method for Indicating Oil or
Water n Compressed Air

ASTM D4444, Standard Test Methods for Laboratory Stan-
dardizfition and Calibration of Hand-Held Moisture
Meters

ASTM D4895, Standard Specification for Polytetrafluor-
oethyldne (PTFE) Resin Produced From Dispersion

ASTM D583, Standard Test Method for Tensile Proper-
ties ofl Reinforced Thermosetting Plastics Using
Straighf-Sided Specimens

ASTM D$162, Standard Practice for Discontinuity
(Holidlay) Testing of Nonconductive Protective
Coating on Metallic Substrates

ASTM D575, Standard Classification Systems for Copo-

ya hY
(WWW.LCILTU)

With
inics,

Hashin, Z., Analysis of Properties of Fiber Compesites|
Anisotropic Constituents, Journal of Applied ,Mech
Vol. 46, 543-550 (1979)

International Building Code

Standard Building Code

Uniform Building Code

Publisher: International Code €ouncil (ICC), 500
Jersey Avenue, NW, Washington, DC 20001 (www.
fe.org)

New
ccsa-

eter-
th by

ISO 14130, Fibre-peinforced plastic composites — [
mination of apparent interlaminar shear streng
short-beantunethod

Publisher: International Organization for Standardiz
(ISO), Central Secretariat, Chemin de Blandonnet 8
Postale 401, 1214 Vernier, Geneva, Switzel
(www.iso.org)

ation
Case
land

lymers|of Vinylidene Fluoride (VDF) With Other Fluori-
nated Materials Jones, R. M., Mechanics of Composite Materials, Sqcond
ASTM EB84, Standard Test Method for Surface Burning Edition, Taylor and Francis, Philadelphia (1999)
Characferistics of Building Materials Manual de Disefio de Obras Civiles
Publishet: American Society for Testing and Matetials Publisher: Comisién Federal de Electricidad, Reforma 164,
(ASTM| International), 100 Barr Harbor Drive, P.O. Col. Juarez, Cuauhtémoc, Mexico (www.cfe.gob.njx)
Box CT00, West Conshohocken, PA 19428-2959
(www.fistm.org) MIL-HDBK-17-3F, Composite Materials Handbook, Yol. 3:
Polymer Matrix Composites Materials Usage, D¢sign,
AWS B2}, Specification for Welding Procedure and and Analysis
Perforthance Qualification for Thermoplastics Publisher: U.S. Army Research Laboratory, Weapong and
AWS D1.1, Structural Welding Code — Steel Materials Research Directorate, Aberdeen Pr¢ving
AWS G1.30M, Guide for the Evaluation of Thermoplastic Ground, MD 21005-5069 (www.arl.army.mil)
Welds
Publishert American Welding Society (AWS), 8669 NW 36 NASA, SP-8007, Buckling of Thin-Walled Circular €ylin-
Street, [No. 130, Miami, FL 33166 (www.aws.org) ders
Publisher: NASA Langley Research Center, Hamptop, VA
Barbero, E. ]., Introduction to Composite Materials Design, 23681 (www.sti.nasa.gov)
Taylor f[and-Francis, Boca Raton, FL (1998)
BS 4994,| Specification for Design and Construction of National Building Code
Vessels and Tanks in Reinforced Plastics Publisher: American Insurance Association (AIA), 2101 L

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)

Christensen, R. M., Mechanics of Composite Materials,
Dover Publications, Mineola, NY (2005)

150

Street, NW, Suite 400, Washington, DC 20037
(www.aiadc.org)

National Building Code of Canada

Publisher: National Research Council Canada, 1200
Montreal Road, Ottawa, Ontario, K1A-OR6, Canada
(www.nrc-cnrc.gc.ca/eng)

NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169 (www.nfpa.org)

Recommended Practice for Acoustic Emission Testing of
Fiberglass Tanks/Vessels

Publisher: Plastics Industry Association, 142 K Street, NW,
Washington, DC 20005 (www.plasticsindustry.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 Encyclopedia, CRC Press,
Boca Raton FL

Vinson, J. R, and SierakowskKi, R. L., The Behavior of Struc-
tureg (‘nmpncpd of Compaosite Material

Kluwer
Academic Publishers, Dordrecht, The Negherlands
(1987)

151


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

MANDATORY APPENDIX M-11
SUBMITTAL OF TECHNICAL INQUIRIES TO THE REINFORCED
THERMOSET PLASTIC CORROSION-RESISTANT EQUIPMENT

M11-100

(a) Th
Resistant
and task
the rules,
ment, Cag
guidance
Committe
sions or

INTRODUCTION

e ASME Reinforced Thermoset Plastic Corrosion-

Equipment Committee and its subcommittees
proups meet regularly to consider revisions of
new rules as dictated by technological develop-
es, and interpretations. This Appendix provides
bo users for submitting technical inquiries to the
e. Technical inquiries include requests for revi-
hdditions to the rules, requests for Cases, and
requests for interpretations.

(b) Cages may be issued by the Committee when the
need is uigent. Cases clarify the intent of existing require-
ments or| provide alternative requirements. Cases are
written aga Question and a Reply, and are usually intended
to be incdrporated into the Standard at a later date. Inter-
pretationp provide the meaning of or the intent of existing
rules in the Standard and are also presented as a Question
and a Replly. Both Cases and interpretations are published
by the Cdmmittee.

(c) Th¢rules, Cases, and interpretations established by
the Comnjittee are not to be considered as@approving, rec-
ommending, certifying, or endorsing,ahy/proprietary or
specific design, or as limiting in any-way the freedom
of Fabricqtors or constructors te.choose any method of
design o any form of constriietion that conforms to
the rules

(d) As hnalternative tg the requirements of this Appen-
dix, memlers of the Coininittee and its subcommittees and
task groups may intfoduce requests for revisions or addi-
tions, Cakes, ard ifiterpretations at their respective
committee meetings.

(e) Inquities that do not comply with the provisions of

COMMITTEE

(3) Case or
(4) interpretation
(b) Background. Provide the information neede
the Committee’s understanding of the inquiry,
sure to include reference to.the applicable edition,
graphs, figures, and tables=Preferably, provide a co
the specific referenced\portions of the Standard.
(c) Presentationis. The inquirer may desire or be 3
to attend a meéting of the Committee to make a fi
presentation of to answer questions from the Comn
members with regard to the inquiry. Attendancsg
committee meeting shall be at the expense of the inq
Thesinquirer’s attendance or lack of attendancd
meeting shall not be a basis for acceptance or rejg
of*the inquiry by the Committee.

d for
being
para-
py of

sked
rmal
hittee

at a
Lirer.

at a
ction

M11-300 REVISIONS OR ADDITIONS

Requests for revisions or additions shall provid
following:

(a) Proposed Revision(s) or Addition(s). For revi
identify the rules of the Standard that require revisio
submit a copy of the appropriate rules as they appe
the Standard, marked up with the proposed revisioj
additions, provide the recommended wording refere
to the existing rules.

(b) Statement of Need. Provide a brief explanati
the need for the revision(s) or addition(s).

(c) Background Information. Provide backgr
information to support the revision(s) or additid
including any data or changes in technology that
the basis for the request that will allow the Comnjpittee
to adequately evaluate the proposed revision(s) or faddi-

e the

ions,
h and
ar in
1. For
nced

on of
pund

n(s),

form

this Appendix or that do not provide sufficientinformation
for the Committee’s full understanding 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)

152

tion(s). Sketches, tables, Tigures, and graphs should be
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 paragraphs
that are to be revised or added.
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M11-400 CASES

Requests for Cases shall provide a Statement of Need and
Background Information similar to that defined in
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

(c¢) Background Information. Provide any background
information that will assist the Committee in under-
standing the proposed Question and Reply.

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-

M11-

Re
folloy

(a)
supe
comp
possi
shou

(b)
conc
shou

500 INTERPRETATIONS

quests for interpretations shall provide the
ving:

Provide a condensed and precise Question, omitting
'fluous background information and, when possible,
osed in such a way that a “yes” or a “no” Reply,
bly with brief provisos, is acceptable. The Question
d be technically and editorially correct.

Provide a proposed Reply that will clearly and
sely answer the Question. Preferably, the Reply
d be “yes” or “no,” possibly with brief provisos.

written inquiries will also be considered{They shall
include the name, address, telephone nunibef, and fax
number, if available, of the inquirer and’be mailed to
the following address:

Secretary, RTP Standards Copimittee

The American Society of-Méchanical Enginheers

Two Park Avenue

New York, NY 10016-5990

(b) Response. The(Secretary of the Commi

acknowledge receiptiof each properly prepare
and shall providea written response to the
upon completion of the requested actio
Committeg!

ttee shall
d inquiry
inquirer
h by the
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MANDATORY APPENDIX M-12
DUAL LAMINATE VESSELS

M12-100 INTRODUCTION

This Appendix includes the following:
Article|A General Requirements
Article|B Materials

Article|C Design

Article|D Fabrication

Article |E Inspection and Test
Article|F Shipping and Handling
Article|G Shop Qualification

Article |H Qualification of Welders
Article|l Glossary

ARTICLE A
GENERAL REQUIREMENTS

MI12A-1Q0 SCOPE

(a) This Appendix describes fabrications that utilize a
structural] member that shall be fabricated in accordance
with ASME RTP-1 and is lined with thermoplastic as speci-
fied in th¢ UBRS. The thermoplastic sheet liner serves as
the primpry corrosion barrier and either replaces or
augmentq the corrosion-resistant barrier. For calculation
purposes| the thermoplastic liner shall not.be considered
in structyral design of the fabrication.,

(b) Eqpipment composed of a_thermoplastic lining
inside an|RTP structural memben.is commonly called a
dual lamipate structure.

(c) This Appendix specifiés.rules for the fabrication ofa
dual lamipate where use gfathermoplasticlining material
is selected for special(applications, e.g., containment of
aggressive corrosives;*of ultra-pure fluids such as deio-
nized water, ortof/pharmaceutical chemicals, and/or
for abras|ve service.

(d) Sp¢cial-bonding materials and preparation proce-

M12A-200 APPLICATION LIMITATIONS

Thermoplastic lined vessels certified by the'‘Fabricator
as conforming to this Standard shall be lined only|with
those thermoplastics described in Table M12B-1.|Note
that the ASTM specifications in Table' M12B-1 prgvide
the minimum material specifications.

ARTICLE B
MATERIALS

M12B-100 SCOPRE

This Article defines the thermoplastic lining matgrials
that aretused to fabricate dual laminate equipinent,
including the joining or welding materials and the
bonding materials to bond the thermoplastic linipg to
the RTP structure. Bond strength requirementp are
also included. The RTP structural layer shall be in dccor-
dance with Part 2 of this Standard.

M12B-200 THERMOPLASTIC LINING MATERIALS

Thermoplastics are used as corrosion-resistant linings
in dual laminate constructions. These materialf are
described in Tables M12B-1 and M12B-2. Table
M12B-1 contains the ASTM specifications for matg¢rials
used in this Standard. Table M12B-2 contains typical
physical and mechanical properties for general comppar-
isons. For purposes of design and selection, the thgrmo-
plastic manufacturer’s property data shall be fised.
Although most thermoplastic sheet materials are sugplied
as individual flat sheets, some sheet materials may be
supplied as rolls. In this standard, sheet materjal is
intended to mean both flat sheets and sheets supplied
as rolls. Thermoplastics used to construct the [liner
shall not contain rpgrinrl Thickness shall be as follows:

dures are Tequired to ensure satistactory bonding of the
RTP structural laminate to the thermoplastic lining.

(e) This Appendix specifies requirements for qualifying
personnel to weld the thermoplastic materials in order to
provide continuous leak/void-free corrosion- and abra-
sion-resistant liners that conform to the requirements
of this Standard.

(f) This Appendix lists the procedures for end user/
customer inspection and quality assurance to meet the
requirements for thermoplastic lined RTP equipment.

(a) Nominal lining thickness shall be from 0.08 in. to
0.20in. (2.0 mm to 5.0 mm). The appropriate thickness for
an application is a balance between thicker linings, which
allow less permeation, and thinner linings, which result in
less internal stress during forming.

(1) Lining thicknesses from 0.06 in. to 0.08 in. (1.5
mm to 2.0 mm) may be used if the Fabricator has qualified
in that thickness prior to fabricating a vessel.
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Table M12B-1 ASTM Specifications for Thermoplastic

M12B-500 FILLER MATERIALS, PIGMENTS,

Polymers PROCESSING AIDS, AND CONDUCTIVE
Applicable ASTM Material MATERIALS
Material Specifications .
(a) The thermoplastic manufacturer shall be agreed on
PP D4101 Group 1, Class 1, Grade 1; Group 1, . .
Class 1, Grade 2; or Group 1, Class 2, by the Owner/User. Th(? .Fab.rlcator shall pr9v1de manu-
Grade 0 facturer’s data and certification documentation.
PP copolymer D4101 (b) Thermoplastic sheet incorporating stabilizers shall
PVC D1784 Cell Class 12454, D1593, D1927, be pr_0v1ded if required by the UBRS or other User’s spec-
DZZ51, dII0 U17060 ‘f“'c‘t“cn'
CPVC D1784 Cell Class 23447, 24446, and 24448 (c) Plasticizer, including those used as a proggssing aid,
PVDH homopolymer ~ D3222 shallll.be disclo-sed by the thermoplastic materi.aL supplier.
This information shall be used to assess'chemicgl compat-
PVDH copolymer D5575 ibili d ial f . s f he sh
ECTFE D3275 1. 1_1ty and potential for contamination from fhe sheet
ETFE D3159 lining.
(d) Conductive materials fef?high voltage spark testing
FEP D3368 targets shall be suitable to/provide a conductivg path for
TFE D1457, D4895, D3293, and D3294 leak detection. Typically\this will consist of jowdered
PFA F3307 carbon or flake graphité mixed into the RTH resin or
HDPH D1248 and D3350

2) Linings over 0.20 in. (5.0 mm) may be used, but
specjal design calculations shall be performed [see
para|M12C-500(a)].

(b} The thickness of a thermoplastic material with a
fiber] backing is defined as the thickness from the
process side to the beginning of the impressed fibers,
i.e.,, the fiber-free thickness.

(c)] Thermoplastic shapes used as components welded
to dufal laminate vessels include pipes, ducts, rectangular
tubeg, angles, flange faces, reinforcement pads; abrasion
pads]etc. The thickness of shapes shall not b€ less than the
liner thickness. As in sheet, fiber backed shape thickness is
defined as the fiber-free thickness.

M12B-300 FIBER BACKING. MATERIALS

(a) Fibers embedded in the back of the thermoplastic
provlde a suitable bonding mechanism. Typically these
fiber$ are partially embedded in the back of the thermo-
plast]c, with the balance of the fibers protruding from the
surfdce. Examples of fiber backing materials are glass
fiber$, polynier fibers, and carbon fibers.

(b) Formed parts such as knuckle radii, flanged and
dishdd¢heads, and nozzle flares shall not be restrained

of conductive carbou, conductive graphite, or|modified
conductive poly€ster veil in the resin applied next to
the thermoplastic lining.

M12B-600 MATERIALS RECEIVING PROCEDURES

(a) All inspections and tests specfified in
paras. M12B-610, M12B-620, M12B-630, M[12B-640,
and M12B-650 shall be performed by the Fgbricator,
the Manufacturer, or an independent testing lgboratory.

(b) Inspections involving visual observptions, a
suitable inspection environment and adequatg lighting
for inspection shall be provided. The equipnent used
shall not introduce contamination to the |material
during inspection and testing.

(c) Inspections requiring linear measuring tools, a
standard linear tool (longer than the length to be
measured) should be used. The tool shall have a
minimum accuracy of +0.06 in. (¥1.5 mm).

(d) In lieu of performing the above manuffacturing
inspections, measurements, and documentdtion, the
Fabricator shall provide the User or User’s Agent with
a Certificate of Compliance from the material jmanufac-
turer. This Certificate shall verify that materjials were
manufactured, inspected, and tested per the| material
supplier’s specifications. This does not apply fo inspec-
tions required in M12B-614.2(b).

Crerh oo

by the ban]r"v\g fohyio

M12B-400 WELDING AND JOINING MATERIALS

(a) Weld rods, cap strips, extrusion welding materials,
and sheet lining shall have mechanical and chemical resis-
tance properties acceptable for intended application.

(b) Some welding materials may be susceptible to
moisture and shall be stored as recommended by the
manufacturer.

MIZB-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.
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M12B-612 Acceptance Inspection

(a) Acceptance inspection shall include inspection of
sheets or rolls for proper packaging and identification,
inspection for imperfections and contamination, and
measurements of thickness, length, and width in accor-
dance with acceptance requirements and limits defined
in para. M12B-610.

(b) The thermoplastic sheet manufacturer shall specify
acceptable weld materials.

for the Owner/User. The report shall include details of the
spark test including the operator/tester’s name, date and
time of testing, test voltage, method and frequency of veri-
fication of voltage calibration/verification, and location/
number of pinholes detected. Location of pinholes should
be documented on the weld map. Repair and retesting
shall be documented in the test document.

M12B-614 Procedures and Acceptance Limits

(c)| The form shown in Form M12B-3, or a similar form
that ¢ontains the provisions to record the results of these
required inspections, should be used by the Fabricatorand
shall|be retained in the inspection records. A separate
form| shall be used for each sheet/roll manufacturer,
sheefnomenclature, backing material, and unit thickness.

MI12B-613 Equipment and Measuring Tools Required
M12B-613.1 Thickness Measuring Tools

(a) A standard micrometer with minimum accuracy of
+0.001 in. (20.025 mm) is required. The throat should
allow thickness measurements at least 1 in. (25 mm)
in frgm the edge of the sheet.

(b) Alternative tools are an ultrasonic thickness tester
or a picroscope equipped with a calibrated filar eyepiece
that neasures across a properly prepared cross section of
the sreet. These measuring tools shall have an accuracy of
+0.0Q1 in. (+0.025 mm) and shall be calibrated to demon-
strate this accuracy with the specific thermoplastic mate:
rial Heing measured.

(c)| In order to measure the thickness of a fibeg-backed
sheef using a micrometer, the embedded fibérs on the
fiberibacked side of the sheet shall be remoyed.

NOTE
plane|

: A tool such as an appropriate hand,scraper or a wood
is suggested.

12B-613.2 Linear Measuring Tools. See
para] M12B-600(c). For rells.of thermoplastic sheet,
the length measurement\may be made if desired by
the Habricator.

12B-613.3 Bond Strength Measuring Tools

(a) The testing machine shall measure the load within
1% afcuraey ofthe applied load. The testing range shall be
selecfed so)that the maximum load on the specimen falls
betwgen 15% and 85% of full scale capacity according to

MIZB-614.1 Sheet Identification and |
Inspection

Package

(a) Verify on the inspection record that the sheet or roll
as identified by the manufacturer has,the same nomen-
clature as the sheet specified, and isthe same material and
ASTM specification as listed in4fable M12B-1. Examine the
packaging of the sheet for damage that renders|the sheet
unusable. Indicate acceptable sheet by recording the date
and name of the person‘performing the exam|nation in
Form M12B-3, column4.

(b) For packaged sheets that are acceptable fpr further
inspection andtests, enter the sheet productior} date and
lot numberiin Form M12B-3, columns 2 and 3|

M12B-614.2 Visual Inspection of Thermoplastic
Sheet or Roll

(a) The thermoplastic material shall be
inspected for imperfections and contaminatio
use by the Fabricator. The defects and criterig
Table M12B-4 will be used.

(b) Fiber backing shall be visually inspg¢cted for
adequate embedding, mechanical damage, drypness, and
contamination. The damage or removal of a grotective
film shall be noted. Sheet backing that contains| moisture
shall be dried and used only if the backing is polyester or
acrylic fiber; all other fibers that show evidence|of having
moisture shall be cause for rejection of the thermoplastic
sheet. Any sheet backing that has been expospd to any
other contaminants shall be rejected.

(c) The date and inspector’s name shall be
after inspection in Form M12B-3, column 7. All defects
found that are cause for rejection shall be yecorded.
The reason for the rejection shall be recorded under
the comments section in Form M12B-3.

(d) Areas of sheets that have defects gre
allowed in Table M12B-4 shall not be rep3

Laoll + 1 2|
Strart 1ToT ot asStar

visually
L prior to
listed in

recorded

hter than
ired and

ASTM D1781.

(b) The Fabricator or independent testing laboratory
shall have the apparatus and sample holders required
to perform the bond strength tests.

M12B-613.4 High Voltage Spark Test. An acceptable
high voltage spark tester shall be used (see para.
M12D-500). The Fabricator shall have a documented
spark test procedure. A written report of the spark
testing shall be retained by the Fabricator and available

157

M12B-614.3 Sheet Thickness

(a) Sheet thickness shall be measured at a minimum
every 6 in. (150 mm) across the width of the sheet
edge. Measurements should be made using a caliper
micrometer or ultrasonic thickness tester, or using a
microscope and measuring across a cross section using
a filar eyepiece. Any measurement not within the require-
ments of (c) is cause for rejection. The minimum/
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Form M12B-3 Thermoplastic Sheet or Roll Receiving Log

Fabricator's name

Address

Manufacturer

Nomenclature

Shop grder no.

Backing materiat and type ol wWeave or Telt

Manufacturer’s label thickness

1 2 3 4 5 6 7 8 9
Samplp 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

Commgnts on visual and packaging inspection (indicate which sheet or roll):

GENERA] NOTE: This form may he réproduced and used without written permission from ASME if used for purposes other than republication.

158



https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

Table M12B-4 Thermoplastic Sheet Visual Inspection Acceptance Criteria

Imperfection Name

Definition of Imperfection

Maximum Size or Amount of Imperfection
Allowed

Foreign inclusions
backing composition

Surface pits

Scratghes WhHew—rrarks; >

Small crater or hole in the surface of the sheet

caused by mechanical damage

Particles in the sheet that are not of the plastic or None

None deeper than one-tenth of the sheet
thickness nor larger than % in. (0.80 mm);
no more than 4 per any 12 in. x 12 in.
(300 mm x 300 mm) area

mm) nor

g

more than 4 in. (100 mm) léng

Dentg, chips Impressions from impact or small pieces broken None deeper than one-tenthnof*th¢ sheet
out of surface thickness

Blistdrs (internal) Pores within sheet None

Wrinkles Uneven surface from distortion of the sheet None

Craclfs Linear fissures None

Orange peel
Burngd particles, lumps, delaminations
Color]

Damgdge to fiber backing Snags, tears, knots

Surface texture resembling the surface of oranges None

None
Uniform to the eye
None

maximum measurement shall be entered in Form M12B-3,
column 5. After other dimensions are entered, the
insp¢ctor shall enter the date and his/her name in
colurpn 6 if all measurements are within the requirements
of th{s Standard.

(b) Sufficient measurements should be made to ensure
that §ll of the material used is within thickness require*
ments. Measurements across two widths at each end’and
at legst every 50 ft (15 m) of length shall be made and
recorjded.

(c)| The sheet’s measured fiber-free thickness shall be
+10% of the specified nominal fiber-free thickness.

M12B-614.4 Bond Strength Requirements

(a) Bond strength tests must*be conducted on each
prodpiction run of thermoplastic material intended for
lining in dual laminates, The bonded sample will be
madg using the RTR~esin specified and the laminating
techpique to be gsed in the vessel to be fabricated.
The fhickness«ofithe RTP laminate structure will be
thatﬂ:ickness compatible with the selected bond strength
test method:

(b] When a bonding resin is used, the bonding resin

(2) far the lap shear test, ASTM D3846 or BS 4994 B-

10, the.bond shear strength must be at least 1,015 psi (7
MPa)
(e) Separaterecordswill be kept for each bongl strength
test accomplished. Results will be maintaingd in the
Quality Control Log and the test operator will enter
his/her initials and the date the test was|made in
Form M12B-3, column 8. Test results lower|than the
values in (d) will be entered in Form M12H-3 in the
comments section and will be cause for rejection of
that material.

M12B-614.5 Disposition of Nonconforming Mate-
rial. Sheets with defective areas may be cut, jouted, or
sheared to remove and discard the defectiye areas.
Care must be used in handling cracked or crazed
sheets, as mechanical treatments may cause the crack
to propagate. After eliminating areas with ddfects, the
remaining material may be used.

M12B-620 Welding Consumables

M12B-621 Introduction. This section desdribes the
minimum inspections, tests, and acceptance driteria to
be performed on thermoplastic welding confumables

usedlto-generate bond test sampleswill be the same
bonding resin used to fabricate the vessel.

(c) Bond strength tests must be performed with the
conductive target in place over the entire test sample.

(d) The minimum bond strength results (excluding
nozzle necks) are as follows:

(1) for the climbing drum test, ASTM D1781, the

bond strength must be at least 50 in.-lb/in. (220

N-mm/mm)

used for filler materials in welding thermoplastic material
to fabricate equipment to this Standard. Consumables
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 identification,
inspection for imperfections and contamination, and
measurement of dimensions. Acceptance requirements
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and limits are defined in paras. M12B-624.1 through
M12B-624.3.

(b) The manufacturer ofthe sheetto be used will certify
that the weld materials are acceptable.

(c) The form shown in Form M12B-5, 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 kind of weld material and for each

(c) After visual inspection, record the date and the
inspector’s name in Form M12B-5, column 5. If any
defect is found that is cause for rejection, record the
reason in Form 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 shapes will be
measured. The results of these measurements will be

manufactprer:

M12B-623 Equipment and Measuring Tools Required

M12B-623.1 Inspection Table and Lights. See
para. M12B-600(b).

M12B-623.2 Dimensional Measuring Tools. A stan-
dard micfometer or caliper capable of measuring with an
accuracy of at least £0.001 in. (£0.025 mm) is required.

M12B-624 Procedures and Acceptance Limits

M12B-624.1 Welding Material Identification and
Package nspection

(a) Thie welding materials will not be repackaged
during thle distribution of the materials after the manu-
facturer Has shipped the materials. Verify and enter on the
inspection record that the welding materials as identified
by the m3nufacturer have the same nomenclature as the
materialq specified to produce the equipment. For cap
strips, inglicate in Form M12B-5, column 1 whether the
strip hag a fiber backing and the kind of backing:
Examine|the packaging of the welding materials(fot
damage that renders the materials unusable. Indicaté ac-
ceptable welding materials by recording theldate and
name of the person performing the inspection in Form
M12B-5, folumn 4.

(b) For welding material lots found aeceptable, enter
the matg¢rial’s production date-and lot number in
Form M1PB-5, columns 2 and 3:

M12B-624.2 Visual Inspection of Welding Consum-
ables

(a) The welding materials will be visually inspected for
imperfections and’ contamination prior to use by the
Fabricato.

(b) The limits of imperfections found are as follows:

(1) Notforeign materials, including water, other

entered 1n Form M12B-5.

(b) The inspector performing dimension méa
ments will enter his/her initials and the, inspe
date in Form M12B-5.

sure-
ction

M12B-630 Bonding Resin

M12B-631 Introduction. The bonding resin for
bonding PVC or CPVC to thésRTP structure is apjplied
to the thermoplastic, which,promotes a chemical jpond
to both the thermoplasticvand the RTP overlay.

M12B-632 Acceptance Inspection

(a) Acceptance’inspections include inspection qf the
containers.ef bonding resin for proper packaging and
identification, for evidence of damage to the resjin or
its container, verifying that the label on the contpiner
is cefrect, and the testing for bonding strength. Arcep-
tance requirements and limits are defined in paras.
M12B-634.1 and M12B-634.2.

(b) The form shown in Form M12B-6, or a similar{form
that contains the provisions to record the results of fhese
required inspections, shall be used by the Fabricatof and
shall be retained in the inspection records. A sepprate
form shall be used for each lot of bonding resin recgived.

(c) The bonding resin shall be tested for bond str¢ngth
in accordance with para. M12B-634.2.

M12B-633 Equipmentand Measuring Tools Required.
See para. M12B-600(b)for inspection table and lights.
M12B-634 Procedures and Acceptance Limits

M12B-634.1 Resin Identification and Packa
Inspection

ging

(a) The resin will be packaged as shipped froth the
resin manufacturer’s factory. The resin will not be repack-
aged in the distribution of the materials after the resin

fluids, or particles, are allowed.

(2) Color ofall 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.

160

TTANMUfacturer as Siipped the Tesim. Vertfy and enter
in the inspection record that the resin as identified by
the resin manufacturer has the same nomenclature as
the resin specified to bond the thermoplastic as specified
in the UBRS and the thermoplastic manufacturer’s instruc-
tions. Examine the packaging for damage that renders the
resin unusable. Indicate acceptable lots of resin by
recording the date of manufacture and the name of the
person performing the examination in Form M12B-6,
column 4.

(19)
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Form 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 Commepts
Material Date Production Run Inspection Inspection
No. By Date By Date
L
4
D
1
1
1p
1
14
ENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication
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Form M12B-6 Bonding Resin Receiving Log

Fabricator's name

Address

Manufacturer

Nomenclature

1 2

3

4

5

6

umber Production
Date

Lot, Batch, or
Production Run

Packaging

Inspection

By Date

Bond Strength
Test Results
[Note (1)]

By Date

Comments

10

11

12

13

GENERA

NOTE:

L NOTE=This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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(b) For lots of resin that are found to be acceptable for
further inspection and tests, enter the resin production
date and lot number in Form M12B-6, columns 2 and 3.

M12B-634.2 Bond Strength Measurement. The
bonding resin will be tested for bonding strength in accor-
dance with the provisions of paras. M12B-613.3 and
M12B-614.4. At least one bond strength test will be
performed for each lot of bonding resin received. The
results will be entered in Form M12B-6, column 5.

M12B-643.2 Small Scale Resin Mixing Area. A table
or other adequate space will be allocated to the prepara-
tion 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 for shaping the
sample to a small slab approximately 0.06 in. (1.5 mm)
thick.

M12B-643.3 Electric Conductivity Measuring
Device. A high voltage spark tester with adjustable

Lots pfresin that fail to meet the acceptance requirements
will rfot be used and a comment noting the failure to meet
the acceptance limits will be entered in Form M12B-6,
colurphn 6.

M12

M1
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B-640 Conductive Spark Test Targets

2B-641 Introduction. Conductive material is used
vide an electrically conductive layer behind the ther-
astic lining and behind the weld joints in order to
valid high voltage spark tests to evaluate the integ-
bf the weld joints and the thermoplastic sheet.
uctive materials for high voltage spark testing
ts will consist of powdered carbon or flake graphite
H into the RTP resin, or of conductive carbon, conduc-
raphite, or modified conductive polyester veil in the
applied next to the thermoplastic lining. If powder is
it is mixed in the resin in sufficient quantity so that
ured resin is conductive enough for spark testing.
Fesin mixture is then applied directly to the thermo*&
¢ and entrapped air is removed. The fiber forms-of
n or polyester are laid into resin already applied to
hck of the weld or sheet. The conductive fibet'mixture
n rolled, or otherwise treated, to remeve.entrapped
ibbles.

CAUT|ION: Some carbon and graphite materials can inhibit
resin|cure.

MI12B-642 Acceptance Inspection

(a) Acceptanceinspection will include inspection of the
packfging and identiffcation, and measurement of elec-
tricalconductivity,efsamples of resin mixed with a specific
amoynt of carhon-or graphite, or samples of resin and
conductive polyester mixtures, used to generate the
condjictiyestarget.

(b)] Théform shown in Form M12B-7, or a similar form

that ¢ontains the provisionsto record the results of these

voltage is required. See para. M12D-500 fpg, details of
this test method.
M12B-644 Procedures and Acceptance Linlits
M12B-644.1 Conductive Material Identification and
Package Inspection

(a) The conductive materials will be pad
shipped from the manufacturer’s factory. The
be repackaged in thedistribution of the matg
the manufacturerihas shipped the material. V|
the material as identified by the manufacture
same nomenelature as the material required by

(b) Thé)conductive material packaging will
ined for’damage that renders the material unus
cate‘deceptable lots by recording the date and n4
person performing the inspection in Form
column 4.

(c) Forpackagedlotsthatare found to be acce
further inspection and test, enter the material p
date and lot number in Form M12B-7, column

kaged as
y will not
rial after
erify that
r has the
the UBRS.
be exam-
hble. Indi-
me of the
M12B-7,

ptable for
roduction
t 2 and 3.

M12B-644.2 Conductivity of Resin-Conductive
Material Samples

(a) A sample of the conductive material is mixed with
the resin to be used in the RTP structure. The sgmple will
have the same content of conductive material ps will be
used in the fabrication of targets on the fabricated vessel.
The sample will be cast or formed by appropriatg means to
about 0.06 in. (1.5 mm) thick and at least 8 in. (200 mm)
long. All air bubbles will be removed; then the sgmple will
be cured.

(b) The conductivity of the sample will be
using a high voltage spark tester at the sam|
as will be used on the welded thermoplasticin th
vessel. The conductive sample will be tested djirectly by
exposing the high voltage probe over the sample. Alter-

tested by
e voltage
e finished

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 manu-
facturer and for each carbon, graphite, or polyester
nomenclature.

M12B-643 Equipment and Measuring Tools Required

M12B-643.1 Inspection Table and Lights. See
para. M12B-600(b).

163

natively, the sample may be placed under the joint
between two pieces of the thermoplastic sheet, also at
least 8 in. (200 mm) long, which are butted up to one
another with a very tight fit and clamped so the three
pieces are immobile. The high voltage test will then be
made on the top of the thermoplastic using the
pointed probe and using the voltage required for the thick-
ness of thermoplastic used.
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Form M12B-7 Conductive Material Receiving Log

Fabricator’s name

Carbon/graphite manufacturer

Address

Powder nomenclature

Fabric type nomenclature

Cond
Mater|

2

ctive Production

al No. Date

3 4 5

Lot Number Packaging Conductivity

Inspection Test

By Date By Date

6

Comments

10

11

12

13

14

Comme|

ht$onVisual and packaging inspection and conductivity test (indicate which lot):

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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(c) The test must produce a bright spark distance
nearly the same distance as a test to an excellent
ground. In the case that the high voltage test does not
produce the normal audible sound or nearly the same
spark distance as to a good ground, the sample will be
deemed as not having adequate conductivity and that
lot of conductive material will be rejected.

M12B-650 Thermoplastic Shapes for Vessel

ging of the shapes for damage that renders the shapes
unusable, and indicate acceptable shapes by recording
the date and name of the person performing the examina-
tion in Form M12B-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
Form M12B-8, columns 2 and 3.

M12B-654 2 Visual | fi £ Tt

noplastic

——Components

2B-651 Introduction. This section specifies the
num inspections and tests that are to be performed
ermoplastic shapes that become part of the fabri-
vessel that is to be fabricated to this Standard. Ther-
moplpstic shapes include pipe, duct, plate, angle, rod, or
rectapgular tubes and other thermoplastic materials that
are intended to become part of the vessel. These shapes
could become nozzle necks, baffles, baffle braces, dip
tubed, supports for internal components, etc.

Adhesion to nozzles, piping, and fittings may be
achigved by alternate surface treatments.

M1
minifg
on th
cated

MI12B-652 Acceptance Inspections

(a) Acceptance inspections shall include inspection of
the dhapes for proper packaging and identification,
inspgction for imperfections and contamination, and
dimensional measurements. Acceptance requirements
and limits are defined in paras. M12B-654.1 through
M12B-654.3.

(b)] The form shown in Form M12B-8 or a similar\form
that dontains the provisions to record the resultsofinspec-
tions| shall be used by the Fabricator and shalkbéeretained
inthg inspection records. A separate form shall be used for
each |shape manufacturer and for each'different size and
shape.

)
comg
acco

These inspections may be(waived if the materials
from an [SO-certified manufacturing facility and are
panied by a manufacturer’s material certificate.

MI12B-653 Equipment and Measuring Tools

12B-653.1( Inspection Table and Lights. See
para| M12B-600(b).

12B-653.2 Linear Measuring Tools. See
para] M12B-600(c). A standard caliper or micrometer
accufate to +0.001 in. (+0.025 mm) is required to

Shapes

(a) Shapes shall be visually inspected‘upon
when the shapes are used. This inspection sh
imperfections and contaminatjens The datd
name of the person performing, visual inspec
be recorded by the Fabrieator in Form
column 6. If any shape is\rejected, the reasot
recorded under the cormiments section in Forn]

(b) Thermoplastie.shapes having any of the
defects shall not be used for components of ves
to this Standard:

(1) visible contaminants, either inside the
embedded/inthe surface, 0.06 in. (1.5 mm) or lar

(2)>surface dents other than surface de
with<depth more than 10% of thickness

(3) scratches and sharp indentations

(c) Surface defects may be repaired to confo
above requirements, as long as thickness limit
not exceeded.

receipt or
all be for

and the
tion shall
M12B-8,
1 shall be

M12B-8.
following
sels made

shape or
per in size
pressions

rm to the
htions are

M12B-654.3 Measurement of Thermoplastic Shape
Dimensions

(a) Thickness of each shape shall be measyred in at
least two places. Thickness shall be within|+10% of
the nominal dimensions.

(b) Shape dimensions other than thicknes
measured, and all shall be less than +0.06
mm) of the nominal dimensions.

(c) The Fabricator shall record all measuren
indicate in Form M12B-8, column 5 the date and
of the person performing the measurements.

M12B-654.4 Weldability. The Fabricator s
weldability of thermoplastic shapes prior t
welding the shape to the sheet and evaluat¢ visually
for mechanical integrity. The Fabricator shal] indicate

5 shall be
in. (x1.5

hents and
the name

hall verify
0 use by

measure the thickness of thermoplastic shapes.

M12B-654 Procedures and Acceptance Limits

M12B-654.1 Shape lIdentification and Package
Inspection

(a) The Fabricator shall verify and enter on the inspec-
tion record that the shapes as identified by the thermo-
plastic manufacturer have the same nomenclature as the
shapes specified to produce the vessel, examine the packa-

165
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Form M12B-8 Thermoplastic Shape Receiving Log

Fabricator's name

Manufacturer

Address Nomenclature
npcrri'nfinn
1 2 3 4 5 6 7 8
Shape Production Lot, Batch, or Packaging Dimensions Visual Weldability Comments
Date Production Run Inspection Measured Inspection
By Date By Date By Date By Date

Commepts on visual and packaging inspection (indicate which shape):

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

(d) Welds in knuckle radii that are parallel to the
centerline of the knuckle radius will not be allowed
except for nozzle penetrations.

(e) Ifpossible, 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 loca-
tion, internal attachment details, flange details, and weld
details.

g - gl welds in
Thfs Article contains special requirements for sheet para. M12C-400(e).
layoyt, for forming the thermoplastic sheet, for internal
attachments, for nozzle attachments, and for management M12C-400 WALL ATTACHMENTS
of th¢rmal stresses, and guidelines for material selection.
(a) During design stages, everfieffort will b¢ made to
M12C-200 MATERIAL SELECTION support all internal appurtenances by the RTP ftructure.
Internal attachments to the inside of a vessel will not be
Th following factors will be considered for proper attached solely to the thériwoplastic lining.
matefial selection for a lining application: (b) As a last resort-if the thermoplastic liing must
(a) chemicalresistance atthe temperature ofoperation  provide support for 8irinternal attachment, thelfollowing
and 4t maximum design temperatures. types of conditions must be analyzed and design¢d to meet
(b] the potential for environmental stress cracking, the followingdimitations:
considering (1) theoperating stresses imposed on the [ining will
1) the fluids contacted including cleaning and other  pot exceed.10% of the ultimate strength of the liner mate-
incidpntal fluids rial at‘design temperature
2) design conditions including the residual and (2) the operating stresses on the lining-RTP bond
opergtional stresses and the exposure temperature. Will not exceed 10% of the ultimate shear §tress for
(c)| thickness. The lining will be thick enough so that _\ the lining-RTP bond
pernjeation will be low to minimize chemical exposure (3) long-term weld factors will be used in 4]l calcula-
to the RTP structure. However, the lining will not-he  tjons; strength and degradation of welds overtinje at oper-
so thjck that anticipated forming processes during fabri- ating temperatures will be considered.
catioh will cause damaging stresses and possiblé_failure. (c) Baffles and dip pipe supports are typicpl attach-
(d} temperature-creep limitations for the-bonding  ments requiring welding to the thermoplastic lining.
resint A guideline limit is that the HDT [66 psi (0.455  These and other appurtenances attached oifly to the
MPa}] of the bonding resin will be at¢least 36°F (20°C) lining will be designed separately and the results will
greafer than the maximum design-{emperature of the  pe set forth on separate drawings showing stregs calcula-
vessdl. tions; attachment details, including supports aid braces;
(e)| the need for stress reliefin the case of high residual and weld details.
stresses from forming or Welding, which could cause (d) In designing attachments, the strength of the liner
cracKing or other failurg{mode in service. material at operating temperature, the reduced strength
(f)| residual stressesin'the received sheetand theneed  of welds due to the long-term weld factor, and|the pres-
for sress relief prigxto fabrication. ence of high alternating stresses will be consiglered.
(e) Ledges will be designed with the supporf strength
M12C-300 SHEET MAP AND WELD PLACEMENT from the RTP structure under the lining. Circurpferential
(a] Priox'to fabrication, a sheet map will be generated weld§ Wm. be loca.t edso thatthey are notpart ofthe bends
. P : : : . . required in forming ledges (see Figure M12C-1).
showjing’the lining in detail. All sheet sizes will be identi- A Reinforcamant nade will he nead [
> p [dee para.

fied. The heads of vessels will be Taid out, showing the
extent of cold forming or thermoforming and the weld
locations.

(b) The sheet map will show the location of all welds
and the type of each weld, e.g., hot gas weld, extrusion
weld, cap strip weld.

(c) The sheet placement will be such that there are no
four-corner weld intersections. Sheets will be staggered to
avoid any such intersections.
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M12D-700(c)].

M12C-500 DESIGN STRESS LIMITATIONS

(a) The thermoplastic liner will be included in the
analysis but will not be considered to add to the
overall strength of the structure of the vessel. For liner
thicknesses over 0.20 in. (5.0 mm), design calculations
will be accomplished for each material and each tempera-
ture combination anticipated.
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Figure M12C-1 Support Ledges Showing Recommended Weld Locations Away From Thermoformed Bends

if 2in. (560 mm) $2in.(50 mm)
T in. (13 mm) min. radius ’fn'l';] (::d'i'lj's";

lf 2 in. (50 mm)

(a)

(b) Re
minimize
(c) Thg
must be
because
high bon

idual stresses from forming or welding can be
H by post-stress relieving or annealing.

rmal stresses in the lining from process fluids
considered. These stresses will be analyzed,
lifferential coefficients of expansion can cause
l stresses and debonding. Bond stresses from
thermal dtresses must not exceed 100 psi (0.7 MPa})-in
shear. If the bond shear strength at operating temperature
is known| thermal stresses must not exceed 10% of this
bond shedr strength except that thermal strésses will in no
case excepd 100 psi (0.7 MPa). In additigny thermal gradi-
ents can promote diffusion beyond expected levels. One
techniqug to reduce thermal gradiénts across the lining is
to use external thermal insulatidn.)Analysis of the amount
ofreductipn in gradients is netessary to evaluate the bene-
fits of the use of insulation~Another technique to reduce
these high delaminatiomStresses is to use a flexible resin
between fhe lining and-the RTP structure; however, the
mechanidal and thermal properties of flexible resins are
usually infferioffahd must be considered in design calcula-
tions.

(d) Fotming of sheets into vessel chapnc can-introduce
3 =]

lfz in. (56,mm)

(b)

M12C-600 HEATING AND COOLING DESIGNS

(@) The heating system for the contents of a dual
nate vessel will be designed to avoid any damage
Vessel. The preferred heating design is to use an ex
heat exchanger with inlet and outlet nozzles on the v,
Internal heating coils and the inlet from the externa
exchanger must be carefully designed so that the
nozzles are not overheated. The heating pipe penet
the vessel should pass through special flanges of a material
that can withstand the highest temperature expdcted.
These flanges will be installed in an oversize noz7e. In
addition, the supportofthe internal coils mustbe desjgned
carefully to avoid high wall stresses due to internal ijertia
from agitated contents, as well as thermal stresses due to
differential thermal expansion.

(b) Cooling of the contents of a dual laminate ¥
may cause damage due to cold temperature embrittle
of the plastic.

(c) Freeze protection from low ambient tempera
may be provided by wall heaters that are designed to
damage from high temperatures.

lami-

the
rnal
essel.

heat
essel
ating

essel
ment

tures
hvoid

high internal stresses, which can cause cracking, warping,
and possibly environmental stress cracking in service.
Thermoforming above the softening temperature will
reduce these residual stresses. Post-stress relieving
(annealing) may be required. Cold forming may be
used, especially for thin linings, but the resulting high
internal stresses will be considered.
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(d) Thermal stresses for all thermal extremes, as well
as transient conditions, will be analyzed [see
para. M12C-500(c)].
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ARTICLE D
FABRICATION

M12D-100 SCOPE AND OPTIONS

This Article sets forth the required and recommended
fabrication details that are used to fabricate a thermo-
plastic lined RTP vessel. Where necessary, fabrication
details of the RTP part of the dual laminate vessel, as modi-
fied : e Lining
pres¢gnted. The general provisions of Part 4 of this Stan-
dard|do apply.

Thjs Article covers the forming and welding of the vessel
lining walls and ends; the installation and fabrication
details for nozzles, manways, and other attachments;
and the RTP modifications where changes from Part 4
are necessary due to the lining fabrication requirements.

Fabrication options are as follows:

(a) The thermoplastic lining will be fabricated before
the TP laminate is overlaid.

(b) The vessel lining is fabricated by formed (thermo-
form|ng or cold forming) components and welding them
together.

(c)] The end closure (or vessel head) linings may be
fabrigated separately from the shell lining. The RTP struc-
ture ay be laid up on the separate parts or after the entire
vessdl lining is assembled.

M12D-200 MACHINING OF THE THERMOPLASTIC
LINING

Sheets, plates, edges of heads, and other parts\(internal
endspr projections of nozzles, manway necks;éte.) may be
cut o shape and size by mechanical means such as
maclining, drilling, shearing, sawing, grinding, or by
othef processes that are not detrimental to the lining
matefial. After machining, all burrs;flashing, and other
loosg material will be removedprior to further fabrication
or uge. Excessive stresses may be induced by machining
procgsses and stress reliefymay be required.

M12

Th
shap
cator

M12

D-300 FORMING

ermoplastie Sheets may be formed into the required
s usinglestablished procedures that are in the Fabri-
s Ptecedures Manual (see para. M12G-540).

M12D-320 Thermoforming

In general, thermoforming is preferred over cold
forming because thermoforming requires much less
force and the internal stresses after forming are mini-
mized. More brittle materials and materials with
greater thickness are more difficult to form and thermo-
forming may be necessary to avoid cracking or substantial
spring-back.

M12D-400 WELDING

This section sets forth rules and guidelines for fhe fusion
welding of thermoplastic linings to genérate fhe vessel
lining configuration. Included areswelds to pssemble
shells, end closures, nozzles, manways, and wall attach-
ments.

The types of welding allewed for this Stand

(a) hot gas welding

(b) extrusion welding [but see para. M12D-4
limitations]

(c) hot plate welding

(d) flow fusion welding

All welds will be full penetration welds.

M12D~410 Welder Qualification

All welds will be made by a Welder qualified ir
of welding and using that type of thermoplastid
Procedures for Welder qualification are se
Article H.

ard are

21(b) for

that type
material.
forth in

M12D-420 Welding Procedures

(a) The gap between lining material befor
shall be no more than 0.06 in. (1.5 mm) at any
For assembly of large components [over 6 ft
diameter], the gap shall not exceed 0.13 in.
at any location. For assembly after RTP ovg
maximum gap between lining material sh
more than 0.13 in. (3.0 mm).

(b) Misalignmentofall butt welds shall be no more than
20% of the thickness of the thermoplastic magerial. For
lining material of different thicknesfes, see
Figure M12D-1.

e welding
location.
1.8 m) in
(3.0 mm)
rlay, the
hll be no

B-310-Limits-en-Thinning-ef Lining-During
L] hlllllls =4 1] Illu

Forming

All forming processes will reduce the thickness of the
lining. Design and the forming process conditions will be
such that the thinnest area of the lining after forming is at
least 90% of the nominal sheet thickness.
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Figure M12D-1 Maximum Offset Allowed for Joints
Between Sheets With Different Thicknesses

' ‘

Offset max. 0.2T

(19)
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Table M12D-1 Visual Weld Defects

(c) For lining material with fiber backing, the backing
adjacent to the hot gas weld shall be removed a maximum

Imperfection Allowable . L . .
Cracks None distance equal to the lining material thickness from the

) weld bead. Fiber backing inside weld bead is not accept-
Blisters able. For hot plate and flow fusion butt welding, the

within the thermoplastic liner  None amount of backing removed shall not exceed 0.06 in.
betw.een the liner and the RTP None (1.5 mm) from the weld centerline.

lamma_te _ (d) The Welder shall initial a copy of the lining mate-

dleigz?dmg of the thermoplastic None rial/weld map placement showing the welds he/she has

llldl,‘lt' :Jy LllC Cll\,‘l Uf CdL}l L‘ldy.
All Welds (e) The gap between the lining material and‘ngzzles
Flow lines Uniform on both sides of weld will be limited to the thickness of the lining(thaterial.
Undercut None . .
Heat-affect¢d zone heat pattern Same width on both sides of weld M12D-421 Hot Gas and Extrusion Weldlng
Hot Gas Welds (a) The basic principles of extrusion welding and hot
Contaminafion evidence by None gas welding are similar, except thatthe extrusion welding
discolorgtion or contaminants rod is hot extruded using an eXtrusion screw.

in the flqw lines (b) Extrusion welding will\n0t be used on matgrials

Crown or dverbead Relaxed and no more than half the equal to or less than 0.13%1."(3.0 mm) in thickness.
sheet thickness above the sheet (c) Extruder temperatures and operating conditions
surface will be that recommended by the material manufacfurer.
Misalignment Ma’}ii,mkum one-fifth of sheet The Welder will Verify that temperature settings o the

o thickness extruder machine’/are appropriate for the material fto be

Bridging oyler at starts and stops None welded.
Discoloratipn (d) Befope extrusion welding, the Welder will vigually
charring ¢r burning None inspectyextrudate for contamination.
brown frogm use of air at high  None (e)\Weld filler materials will be compatible with the
temperafure sheet to be welded. In particular, the melt flow chargcter-
Hot Plate Butt Fusion Welds istics will be compatible and the manufacturer of the gheet
Flow lines Height of flow line extrusions will specify the appropriate requirements for weld|filler
does not exceed thickness of materials to be used.

o i the plastic sheet (f) Whenrequired by the material manufacturer, fod or
Voids in fuion zone None parent material will be sanded or scraped to remove
Thickness ¢f sheet allowed Minimum 0.09 in. (2.3.nm) oxidation.

Misalignment Maximum one ténth ‘of sheet (g) For hot gas welding, the gas used will be cleap and
thickness dry. The gas will be tested daily for contamination. Thie test

Extrusion Welds procedures will be those described in ASTM D4285 pising

Crown or qverbead Maxinfuim ' in. (3.0 mm) above  an absorbent collector described in para. 3.1 of ASTM
ficyrthickness D4285. Any deposits, including foreign particles, indicate

Cap Strip Welds that the gas is contaminated and unacceptable.

Flow lines Uniform on both sides of weld; no (h) Drynitrogen, inert gas, or air will be used for ht gas
larger than 7 in. (1.5 mm) and extrusion welding as recommended by the malerial

Distortion ffter weld In accordance with UBRS manufacturer.

Voids None (i) For hot gas and extrusion welding, all joints mist be

Discoloratign No brown color beveled to a V or double V shape prior to welding. For

Spark test fortsoot weld Special test required before cap sheets up to 0.16 in. (4.0 mm) thick, a V bevel is rdcom-
strin anplied
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mrerrded; for 66— (4.0 uuu) thickmmess—amd—=bove, a
double V bevel is recommended. Typical bevel angles
are 30 deg to 35 deg (60 deg to 70 deg total) for butt
welds. Typical bevel angles for T welds are 45 deg to
60 deg. Exceptions are FEP and PFA welds, where V
bevels for butt welds will be 15 deg to 20 deg (30 deg
to 40 deg total).

(j) The hot gas welds will be visually inspected and will
meet the requirements of Table M12D-1 as well as the
following requirements:
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(1) Weld Bead

(-a) Shape. Shape will be relaxed, indicating
proper flow of material; elongation or stretching indicates
excessive pressure or unacceptably high speed (see
Figure M12D-2).

(-b) Stretch Marks or Fractures. None allowed.
These indicate that the rod was too cold or indicate exces-
sive pressure or speed during welding.

(-c) Undercut. None allowed. These indicate rod

(1) Safety

(1) The welding process involves more than just the
handling of hot equipment and plastic. When inert gas or
nitrogen is used to melt the thermoplastic, special atten-
tion to ventilation is required. In addition, some plastics
may evolve fumes that can affect workers. These possible
safety hazards must be considered prior to welding. Many
welding procedures are performed inside tanks or on-site.
These require special safety procedures.

too sprat-forareapreparedorstr cu,hiug of Tod duliug (2) Normrat >df|:Ly practices wittbefottowed with
weld|ng (see Figure M12D-2). special consideration to the fact that welding guns
(-d) Bridging. None allowed. Bridging may be exceed the flash point of most solvents,
caus¢d by improper temperature or pressure during (3) Prior to welding, the Fabricator/will establish a
startp and stops, relaxing of the rod pressure during safety procedure and include it in the Fabricator’s Proce-
weldfing, or improperly cleaning the V bevel prior to dures Manual (see para. M12G~540).
weld|ng.
(-e) Lack of Fusion. None allowed (see M12D-422 Hot Plate Fusion Welds
Figurfe MlZD'Z)_- _ (a) In hot plate fusjoi:welding, no filler rod fis used. A
2) Flow Lines Evenness. Both sides of the weld bead  peated plate is used to.apply heat, and a machindis used to
must{show continuous flow of molten material at the side control pressure 4nd alignment.
of the weld bead (see Figure M12D-3). (b) Prior te welding, the welding machinfe will be

3) Heat-Affected Zone. Not all plastics exhibit a

| heat-affected zone (see Figure M12D-4).
Extruded weld visual inspection will meet the re-

ments of Table M12D-1 as well as the following:

1) Free of porosity. One cause of porosity is exces-

heat during extrusion.

2) Nolack of fusion. Low temperature can cause this

bf fusion.

3) An even bead showing no lumps, bumps, or

sive irregularities.

4) Some surface gloss showing the existence 6fheat-
ed zones will be visible.

visug
(k
quirg
sive
lack

exceq

affec

Flow lines

—g\/—\o/—

(a) Acceptable Relaxed
Weld Overbead

Figure M12D-2 Visual Features of Hot Gas Welds

inspected and‘the following verified:
(1) proper plate temperature according tp thermo-
plasticinanufacturer’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 pie
welded have been properly aligned and that
faces are shaped properly.
(d) After welding, accelerated cooling will ng

ces to be
the weld

t be used.

-/ T~

(b) Unacceptable Unrelaxed
Weld Overbead

T T~

(c) Unacceptable
Undercut
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(d) Unacceptable
Lack of Fusion
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Figure M12D-3 Illustrations of Flow Lines

/ Flow lines
N - N T~

(a) Acceptable Relaxed (b) Unacceptable Excessive
Weld Bead Flow Lines

(c) Unacceptable Uneven
Flow Lines

Figure M12D-4 Heat-Affected.Zone Patterns

\/

Weld bead

Heat-affected zone
Weld bead
Heat-affected-zene

Heat-affected zone

Heat{affected zone

/\‘ L /\/\/\

(a) Acceptable (b) Unacceptable
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Figure M12D-5 Butt Fusion Welds Showing Melt Flow M12D-500 TESTS FOR DEFECTS IN WELDS

Hines M12D-510 High Voltage Spark Test
E Unacceptable All welds with adequate access will be tested with a high
Acceptable . . . .

X voltage spark tester to find flaws or imperfections in the

v weld. Welds will be tested before application of the RTP

\9) overlay and after application of the RTP overlay but before

shipment. Other plastic areas may also be tested, aslong as

rany AN properly functioning targets are present behind the area.

VN (4 % The Fabricator will have written test procedures|lincluding

calibration procedures. When the finished weld|has a cap

strip, root welds are to be spark tested aftenflatfening the

root weld bead and before the cap strip”is applied [see

para. M12D-424(b)]. Spark testingsafter weldling on a

(e)] Weld bead visual inspection will meet the require- cap strip may be accomplishédSif desired fpr added
ments of Table M12D-1 as well as the following require- security.

ments: (a) Voltage. To ensuréproper voltage levgls during

1) no porosity or air bubbles present inspection of a thermoplastic weld using a spark fest appa-

2) bead “roll over” is not excessive (see Figure ratus, three components’should be considered: the level of

M12Pp-5) ACvoltage, frequency of the spark tester, and trajel rate of

M12D-423 Flow Fusion Welding. Flow fusion involves the sparktester along the weld. Each of these thr¢e compo-
clamping each material to be joined in a special machine nents, indepenidently and together, will impact the overall
and then using heat to cause them to fuse together under ~ Tesults of a spark test, as well as the amount pf voltage
the pessure caused by expansion of the material. Specia- ~ eceiveédiby the sheet lining. The recommendgd rate of

lized|custom equipment is used for this type of welding. ~ travebfor spark testing is 1 ft/sec (300 mm/sec)
The fabricator’s equipment, procedure, and the past minimum, and do nothold a probe in a stationary position.

testig of welds will be reviewed to ensure viability of _, Lhe recommended starting voltage should be spt to 5 kV
the process used. Welds will be visually inspected for each millimeter of material thickness. The refluction of
using the applicable criteria from Table M12D-1. the voltage by 10% with each subsequent pass i optional;
it shall be agreed upon between the User or Us¢r’'s Agent
MI12D-424 Cap Strip Welding and Fabricator. Defects and repairs shall be re¢orded on
the project weld map. Final spark test parametefs shall be
agreed upon between the User or User’s Agent gnd Fabri-
cator, recognizing that each polymer type and sheet lining
thickness might require a unique set of spark fest para-
meters.

(b) Grounding. Grounding strips will be applied on a
permanent or temporary basis on all weld areas and any
other area to be spark tested. The ground material will
have consistent conductivity and permanenf grounds
will not inhibit bond strength. Acceptable p¢rmanent
ground materials are thoroughly mixed cprbon or

i i 0, 0 i -
from|the sheét/in'the weld area at least as wide as the cap graphllte/resm putty-(33 % to 4(.) /o by weight ,arbon.or
strip graphite), carbon veil, carbon fiber tape, or cpnductive

olyester fiber. The conductivity and continujity of the
29~ Excess overbead mustbe removed to offer anear- poy . . y T
flat . . . ground material will be tested before application of
a Sk o . . the RTP laminate by using the test procedure outlined
cutting into the base sheet material and to avoid excessive .
in para. M12B-644.2.
surface scratches.

(3) After producing a flat surface, the prepared area (c) Procedure. The recommended spark testing proce-

tbe fully i ted and K tested prior t lica- dure will be as outlined in ASTM D5162 Test Method B.
must be fULly Inspected and spark tested prior to applica The vessel will be thoroughly cleaned and dried. The tester
tion of the cap strip.

(4) Warpage. The cap strip weld must be flat and will be in continuous motion, as dwelling in one place

relaxed, indicating consistent fusion and the lack of brid- ;El;ii rlalf)tl/dslzcc?; g g pmer?ljzl‘eact)l(;;l r;ier::((j)r?rﬂzgze?i Sg:gg d(;f
ging or air voids under the strip. See Table M12D-1. )

cally (atleast every 5 min) touch the tip to the conductive
substrate to ensure proper operation and good electrical

(a) Cap strip welding is similar to hot-gas welding,
except that a flat strip of the same thermoplasticmaterial
is applied over an existing weld. The_flat strip may have
fiber|backing impressed on the facé to be bonded to the
RTP pverlay. The cap strip with a fiber backing provides
contipuity of bond between thie thermoplastic lining and
the RTP structural overlay!

(b} Inspections will¢ghow that the requirements of
Tablg¢ M12D-1 as well“as the following are met:

1) Preparation~For fabric-backed sheet, when a cap
striplis applied.over welds, the fabric must be removed
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continuity. Proper functioning after application of the RTP
overlay will be confirmed by sparking to any efficient
ground.

(d) Safety. Static electricity can build up in the ground
material during high voltage spark testing, and can cause
arcing and personal injury. Good practice is to wire the
ground material to a good in-the-ground ground to
prevent accumulation of high static voltages.

ling the targetand before the remainder ofthe RTP overlay
is applied.

(d) The RTP structural overlay may be applied to the
nozzle/manway neck and flange before attachment to the
shell or end closure. Alternatively, if the lining can be
supported suitably, the RTP structural overlay may be
applied after weld attachment of these appurtenances.

M12D-700 INTERNAL ATTACHMENTS

For welds where accessibility prevents a high voltage
spark tesf, a helium or halide leak test is required. This test
must be done before the RTP overlay is applied. Care will
be taken fo avoid damage to the liner from overpressure.
An advanfage of this test is that all defects that penetrate
through the sheet, including welds, can be found.

M12D-600 FLANGES, NOZZLES, AND MANWAYS
M12D-610 Fabrication Options

Liningd for nozzle necks and manway rounds may be
fabricateql from pipe or from sheet stock wrapped and
welded tp form the required tube shape. Linings for
flange fafes may be cut from sheet stock and welded
to the n¢ck, flued from sheet stock, or flared from
tubing uding thermoforming tools. The shell lining can
be flued [to join the neck lining or the tubing may be
flared to| join the shell at a short distance from the
nozzle. This section will present some of these designs,
with rulep and recommendations.

M12D-620 Shell-Neck and Neck-Flange Designs

(a) Figures M12D-6 and M12D-7 show -acceptable
constructjons for nozzle and manway linings. The thick-
ness of the lining for the necks and flange faces must be at
least as tHick as the lining of the shell. The thickness of the
lining for hozzle necks will not bemore than two times the
i ickness of the sheetused for construction of the

because of thedncreased strength and balanced
eld stresses( In case access to both sides of a T
possible,welding from one side of the T joint is
as long<as full penetration is achieved. Nozzle
aycconstructions other than those shown in
Figures NI12P-6 and M12D-7 will be agreed to by the

(a) Internal attachments include baffles, dipyy
spargers, and others. Since these are ordinarily-suppprted
by attachment to the thermoplastic lining, special care in
design and fabrication is necessary to ensure that lining
forces and lining-to-RTP bond forces‘are low enough to
avoid failure (see para. M12C-400).

(b) In case an attachment must be installed over a
weld or an end closure weld,theé weld overbead w
mechanically removed bef6reinstalling the attachm
preferred alternative approach for baffles and some
attachments is to cut put the attachment locally to ad
modate the weld Qverbead.

(c) Reinforcement pads are required for all at
ments to the liner. A small drain hole may be proyided
on the bottom of each pad. For applications involving|sani-
tary conditions, such as food or pure water, this drain hole
willnot be installed.

ipes,

shell
ill be
ent. A
bther
com-

tach-

M12D-800 REPAIR PROCEDURES
M12D-810 Scope

This section sets forth general criteria and repair p|
dures that are to be used to correct nonconformit
liners in dual laminate vessels before they m4
accepted as complying with this Standard. W
repair involves removal and replacement of any d
RTP structural laminate, the procedures of Mand
Appendix M-7 will also apply.

roce-
es in
y be
here
f the
atory

M12D-820 General Conditions

In general, when the nonconformities in the defect
damaged liner, bond, orrelated RTP laminate are rep
the repair will ensure that the final area will have the
physical strength and chemical resistance as the spe
original laminate. All defects and completed repairs|must
be recorded in writing in a repair log, which will bepome

ve or
hired,
same
rified

User before fabrication starts.

(b) Figure M12D-8 shows typical designs for bottom
nozzles.

(c) Allwelds will be high voltage spark tested. The only
exception will be where access to the inside of the weld
with the spark tester is impossible. This testing requires
appropriate conductive targets to be installed behind
welds. In cases where there is access to the inside of
the vessel, spark testing can be accomplished after instal-
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part of the quality assurance documents for that vessel.
Other general conditions outlined in Mandatory Appendix
M-7 appropriate to dual laminate repairs also apply.

M12D-830 Nonconformities

Vessels fabricated to this Standard may be repaired to
correct nonconformities prior to certification and
stamping, provided that all the following conditions
are met:
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Figure M12D-6 Nozzle Construction for Penetrating Nozzle

O.D.

B.C.

1.D.

Weld design for
pipe nozzle (not

Alternative
Weld Design

able to be flared;\

=
}7 1

e
: ¥

|
I
|
S.F. | . .
dia I 3/g in. (9.5 mm) radius
Shell ' , ] H,
reinforcement ~—Th Shell
Style A | reinforcement
Pe = Tn | _ Style B
To —
. ) 4:1 taper min. Ho,
.1 taper min. — i in.
P Tr | Note (1) —\ Hg 4:1 taper|min
%2 in. (13 mm) min.
I [Note (2)|]
e B TR
! i " 1 =
/ 1 | Le \ r, |
4:1 taper min. l~— 1 in. (13 mm) mips [Note (2)] - 4:1 taper min.
X min. G, X min.
D, = Gpk 2X
Legehd:
Gr = outside perimeter of grind block
X = greater of 3 in. (75 mm) or 1.D./2
NOTE}:
(1) F{ll with laminate per para. 2-200.
(2) Where fabric-backed lining is used, follow, requirements of para. M12D-420(c).
(a) The general requirements of para. M7-210 as they (g) Weld repairs are accomplished by a |qualified
apply to repair of dual laminates are met. Welder qualified on the same material as the(liner and
(b} The thermoplastic\tianufacturer’s procedures and in accordance with the Fabricator’s qualificatipn proce-
limitations on rewelding are followed. dures and with this Standard.
(c)] The nonconformities must be classified as repair-

able
(d)

hs indicatéd™in para. M12D-840.
The Fabricator will provide detailed written proce-
dure$ for’each kind of repair that will be made.
(e)] The total amount of area repaired by patching or

M12D-840 Repairable Nonconformities

Repairable nonconformities are
(a) all weld defects in Table M12D-1.
(b) debonded areas.

replacing Iining after the RTP has been applied will
not exceed 2% of the total inside liner area or 3 ft*
(0.3 m?%), whichever is greater.

(f) Thetotallength of weld joints that are repaired after
the RTP overlay is applied will not exceed 2% of the total
length of welds in the thermoplastic liner. All welds can be
replaced prior to application of the RTP overlay.
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(c) blisters.

(d) incorrect location of nozzles only when the correct
nozzle is relocated far enough away so that reinforcing
pads do not overlap.

(e) liner surface nonconformities contained in
Table M12B-4. Scratches may be polished or scraped
out, except that the thickness of the sheet will not
become too thin (see Table M12B-4).

(f) stress relief not accomplished when required.
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Figure M12D-7 Nozzle and Manway Construction and Installation
g9 y
0.D.
B.C. |
1.D.
Flared flange face
rT. g N
N
,_,,,,,,A n 13 mm) a—
min.
P *
3/gin. (9.5 mm) radius
Shell ] Hy Shell
reinforcement ~—T," ' reinforcement
Style A
Pe je— ' n
4:1 taper min.
4:1|taper min. G /_ Note (1) 4:1 taper min.
: % in. (13- mm) [ i
min. o EE— Q
4:1 taper min. Flued nozzle-to-shell \— 4:1 taper min. T
flared nozzle
Xmin. | G, X min.
| D,=G,+2X 1
(a) Shell Lining Flued
0.D:
B.C. |
1.D.
Flared nozzle neck
[ LN
N\ I
% in. (13 mm) 7 | T
Z min.
' L
~ 3/gin. (9.5 mm) radius
Shell — H,
reinforeement «—7 ! Shell
StyleA T reinforcement
Pe =~ In _ Style B
4:4 taper — I
. P Ho =1 4:1 taper
Note (1) H
R | 54 |
R
| 1) B
4:1 taper min.— Flued nozzle-to-shell % inl_(1’|3 mm) min 4:1 taper min. Ts
flared nozzle . ’ |
X min. [Note (2)] | Xmin. |=—
I D,= G, +2X
(b) Nozzle Neck Flared
Legend:

Gr = outside perimeter of grind block
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Figure M12D-7 Nozzle and Manway Construction and Installation (Cont’d)

(Cont'd)
X = greater of 3 in. (75 mm) or 1.D./2

NOTES:
(1) Fill with laminate per para. 2-200.

(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).

(g) weld defects detected in the final inspection by high
voltage spark test when the vessel has less than 1% of total

applied. All the visual requirements of Tables M12D-1
and M12E-1 will be met. In particular, this inspection

weld|length plus 12 in. (300 mm)

M12D-850 Irreparable Nonconformities

ThE following nonconformities will not be considered
repairable. A vessel that has any one of these nonconfor-
mitigs will not be certified as being fabricated in accor-
dancg with this Standard.

(a) Incorrect material: sheet, filler rod, strip, etc.

(b) Weld defects detected during final inspection by
high [voltage spark test that exceed the following:

(1) 2% of total weld length plus 12 in. (300 mm)
prior| to hydrotest

2) 1% oftotal weld length plus 12 in. (300 mm) after
hydr¢test (rehydrotest not required)

(c)| Liner is thinner than lower tolerance on thickness.

(d] Thermoformed components are less than specified
thickhess.

(e)| Ground strip for spark test target omitted or insuf-
ficierjtly conductive.

M12D-900 APPLICATION OF THE RTP OVERLAY
M12D-910 Application of Spark Test Targets

Prior to application of the RTP overlay, all 6f the conduc-
tive dpark test targets must be applied. As a minimum, all
weldp will have a conductive target onthe exterior surface
of the liner prior to application ‘ef’the RTP overlay (see
para|M12D-500).

M12D-920 Testing Bond Strength Between Liner
and RTP Overlay

The Fabricatorwill ensure adequate bond strength by
perfdqrming the ‘tests required in para. M12B-614.4. In
addition, fer'dual laminate vessels with PVC or CPVC
liner$, thesSe tests shall be performed on each bonding
resin| batch and on each lot of liner material used. The

will ensure that cap strips and conductive-tqrgets are
installed properly (see para. M12E-220).

ARTICLE E
INSPECTION AND TEST

MI12E-100 SCOPE

This Article covers inspections and tests reqiired on a
dual laminate vessel. It is intended to ensurg that the
completed vesselhhas been designed and fabricated in
accordance with the requirements of the latest|revisions
of the design, of the approved drawings, of the JBRS, and
of this . Standard.

ThisArticleisin addition to the inspection andtesting of
theRTP structural laminate of dual laminate vesgels which
is ‘provided in Part 6 of this Standard. Howeyer, 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 tejsting for
quality of the lining as provided in this Article will
replace those requirements for the corrosion parrier in
Part 6.

M12E-200 FINAL INSPECTION

(a) In addition to the documents the FabFicator is
required to provide the Inspector in accorddnce with
para. 6-900(a), the following documents rglated to
dual laminate inspection will be provided:

(1) Welder qualification records for imdividual
Welders who made welds in the vessel

(2) current weld map and sheet placemeft

(3) high voltage spark test records

(4) material logs for all materials used

bond strength test results shall be documented and
shall meet the minimum requirements of para.
M12B-614.4.

M12D-1000 INSPECTION

In addition to the requirements of Article E, the
Inspector will visually check the interior and exterior
surfaces of the lining before the RTP overlay is applied
and the exterior surface of the RTP overlay after it is

(b) Paragraphs M12E-210 and M12E-220 describe the
minimum basic tests relating to the thermoplastic lining
that must be made, witnessed, or reviewed by the
Inspector prior to or at the time of the final inspection.

MI12E-210 High Voltage Spark Test

The Inspector will witness the last high voltage spark
test performed. This last test will normally be after the
hydrotest. Any spark test indication of a defect will be
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Figure M12D-8 Bottom Nozzle Construction and Installation

P —— Y\
e —»? f— TS
4:1 taper min. X min.
Shell Reinforcement
Style B
—=iT 3gin. _——4:1 taper min
(9.5 mm) I ’ ’
— radius — V1
—— Al |
—§ "o —L " D, =G,+2X
N \ P ——
‘ * ’ L / Y in. (13 mm)
0.D. B.C. |D. —+— 4:1tapermin. - min. Note (1)

————— 122 _+— % in. (13 mm) min. T, 411 taper min.
H, [Note (2)] X min.

T =
Pe
Xmi 4V taper min.
— X min.
Dr =G+ 2XT Shell
Reinforcement
Style A ,
T ~ T
To T, B
] |
Y% in. (13 mm) _} ,
/——mi”-lN_(_IOTe 2 ]:’l_l'__ Tn - — 1D. B.C. OD.
Gr Note (1) |<—I L —
f 4:1 taper min.— % P ——l ?
& o H 1
4:1 taper min—" H, 3 r |
| /8 in.
(9.5 mm) —’I T L—
Vortex breaker X min. radius
(optional) aa * Shell
! Reinforcement
| = Style B
I

/ 4:1 taper min.

Legend:
Gr = outside perimeter of grind block
X = greater of 3 in. (75 mm) or 1.D./2

GENERAL NOTE: Special consideration is to be made to address the cantilever, pump, and vortex forces.

NOTES:
(1) Fill with laminate per para. 2-200.
(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).
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Table M12E-1 Lining Visual Inspection Acceptance Criteria

Imperfection Definition of Imperfection Allowed Comments
Omission of cap strip Omission when required Not acceptable Repairable only before
application of RTP structure
Cracks Linear ruptures of the lining None See Note (1)
Debonding Lack of bond between lining and None See Note (1)
RTP structure
Foreign inclusions Particles in the lining that are not None See Note (1)

of the plastic composition

Denils, pits, grooves

Surface irregularities in the lining Maximum depth 10% of sheet See Note (1)

thickness, maximum size % in.
(3 mm) diameter or 1 in.
(25 mm) long

Blisters (internal) Pores within plastic sheet None See Note (1)
NOTE| (1) These imperfections may be repaired if approved by the Inspector and the Fabricator’s Quality AsSurance Manager, ind written
proceglures are received and approved.

causg
with

M12
(a)

chec
lining
parti
and
will
conti
lining
fecti
inspe
(b)
of th

for rejection until the defectis repaired and retested
satisfactory results.

F-220 Lining Imperfections: Visual Inspection

During fabrication, the Fabricator will make all
ks necessary to ensure that the lining and the
F-RTP bond meet the requirements of this Standard,
Cularly the requirements of Tables M12B-4, M12D-1,
M12E-1. The Fabricator’s Quality Control Program
include procedures and forms to be used to
ol the ongoing process of lining fabrication and
F-RTP bond fabrication so as to ensure thatsimper-
ns are within required tolerances priorito final
ction.

The Inspector will visually check interior surfaces
 lining and the exterior surface of.the RTP overlay.

The Inspector will ensure that all yisual requirements of

Tablg
(¢)
high
emis
(d
recof
repo

s M12B-4 and M12E-1 are(met.

The final visual inspectigh will be made after the last
voltage spark test, thé hydrotest, and the acoustic
ion (if used) tests,are completed.

As provided inpara. 6-940(e), the Inspector will
d the results pfithe visual inspection in the inspection
t.

ARTICLE F

SHIPPING AND HANDLING

M12F-200 PRECAUTIONS TO PREVENT
MECHANICAL DAMAGE

(a) Sincemdny of the thermoplastics used forfliners are
brittle andpecome more sensitive to mechanical shock as
temperatures decrease, precautions must bel taken in
handling and storing to ensure thatimpact or high stresses
areravoided. In particular, polypropylene, PVC, CPVC, and
PVDF homopolymer should be shipped and stored above
32°F (0°C). Special precautions to avoid mechanjcal shock
are required, especially if ambient temperafures are
below these limits.

(b) Thermal stresses due to sudden chlanges in
temperature will be avoided, as these can causg¢ cracking
of the thermoplastic liner. An example is movinjg a vessel
from a heated area to the outside in cold weather.

M12F-300 INSPECTION AFTER SHIPMENT AND
INSTALLATION

When a vessel arrives at the User’s facility ahd before
unloading from the transport vehicle, a visual inspection
(internal and external) is recommended to detect any
damage that may have occurred during shippjing. After
installation of a vessel at the User’s facilitly, a high
voltage spark test is recommended to ddtect any
defects in the liner that may have occurred dufing ship-
ping, handling, and installation.

M12F-100 SCOPE

This Article covers special requirements for shipping
and handling dual laminate vessels at low temperatures.

ARTICLE G
SHOP QUALIFICATION

M12G-100 SCOPE

This Article covers requirements a Fabricator will meet
in order to qualify capability for fabricating dual laminate
vessels in accordance with this Standard. These require-
ments are in addition to those set forth in Part 7.
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M12G-200 GENERAL

In addition to the requirements of para. 7-210 for the
shop survey, the ASME survey team will verify that the
requirements of this Article are met.

M12G-300 FABRICATOR’S FACILITIES AND
EQUIPMENT

In addition to the facilities specified in para. 7-300, the

Welder capability to weld thermoplastic parts. The
records shall clearly show qualification records for all
the following:

(a) type of welding; i.e., hot gas butt welding, nozzle-to-
shell welding, cap strip welding, etc.

(b) specific thermoplastic material

(c) specific Welder’s name

(d) certification for each separate combination of (a),
(b), and (c)

follo.\/\{ing facilitifes and equipment V\./ill be available for M12G-520 Bonding Capability
qualificatjon during the shop survey:

(a) ardas designated for storage of plastic sheet, weld Each Fabricator’s shop shall demonstrate-capabiljty to
rod, and pther plastic shapes bond the RTP overlay to thermoplastic liners with |suffi-

(b) argas designated for storage of semifinished cient strength to satisfy the réquirements of
componefts of dual laminate vessels para. M12B-614.4. The shop suryey team shall yerify

(c) sepjarate shop fabrication areas for assembling bond strength test records and\shall determing that
thermoplpstic liners with special provisions for control- the Fabricator has the equipmefit and trained persgnnel
ling dust, proper ventilation, cleanliness, and temperature to determine bond strength.

(d) eqhipment for thermoplastic welding including
approprigte gas supply [see paras. M12D-421(g) and (h)] ~ M12G-530 Demonstration Vessel

(¢) te.rlperatu.re-measurmg lnstruments capable of (a) The Fabriéator shall produce a demonstrption
measurirlg welding and thermoforming temperatures . .

. o o vessel, whichyshall be inspected by the ASME [shop
with accyracy of #3.5°F (£2.0°C) ) I

. . . . survey team, For the purposes of this qualification demon-
(f) eqyipment for thermoforming plastic sections of - S . .
k . . . stration yessel, the lining system shall be divided info the
vessels infcluding flaring and fluing for nozzle attachment N
following lining classes:
[see paral 7-300(b)]

(9) laboratory equipment for evaluation of welds in Lining Demonstration Vessel Demonstration Viessel
accordanjce with para. M12H-400, except that tensile Classification Top Half Bottom Half
test servi¢es may be obtained from a qualified outside lab- A [Note (1)] Fabric bonded lining  Chemically bonded|lining
oratory ] . o ; B [Note (2)] Fabric bonded lining Fabric bonded linipg

(h) inspection equipment for determining the quality C [Note (3)] Chemically bonded Chemically bonded|lining
of welds,[including high voltage spark tester lining

(i) equipment (internal or at an external fdcility) for
determin|ng the bond strength between the thermoplastic NOTES:
liner and|the RTP overlay (see para. MIQ#614.4) (1) Fabric and chemically bonded thermoplastic linings

(2) Fabric bonded thermoplastic linings only.
M12G-400 PERSONNEL (3) Chemically bonded thermoplastic linings only.

The Fabricator’s organization'shall include specific per- A Fabricator selects the appropriate lining classifidation
sonnel d¢signated and qualified for the following func- and builds a demonstration vessel accordingly. The Fabri-
tions: cator is restricted to fabricating vessels to this Standjrd in

(a) welding thermoplastic parts, and training and eval- only that class of lined vessels for which he/she has Huilta
uating Wplders (see-Article H). demonstration vessel that has passed the qualification

(b) designingitiermoplastic lined vessels, including ~ Procedure. _ .
knowledge of-the technology of welding thermoplastics. (b) The dem°n5trat10n vessel shall be fabrigated
As authotfized-in para. 7-400, for RTP vessels this function ~ according to Figure M12G-1 and Table M12G-1.

1 A e 3 . . — (c) A Eabricatorwhois not certified to fabricatelsolid
may be performed by outside quatified engineering design 7

personnel.

M12G-500 DEMONSTRATION OF CAPABILITY

M12G-510 Welding Capability

Each Fabricator’s shop shall demonstrate the ability to
fabricate thermoplastic liners, including welding, to
required quality levels. A Welder qualification record
(see para. M12H-100) shall be maintained showing
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RTP vessels may qualify for a restricted certificate for dual
laminate vessels only.

M12G-531 Demonstration Vessel Quality Require-
ments

(a) The demonstration vessel shall be inspected by the
ASME shop survey team and shall meet the following re-
quirements:

(1) The vessel shall meet all visual inspection re-
quirements of this Mandatory Appendix.
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Figure M12G-1 Dual Laminate Demonstration Vessel

45 deg

Affix nameplate to
S bracket located in
o this general area

¢ FRP support legs,
equally spaced

Gusset

Type |

laminate
NPS 2 (DN 50) nozzle B
ASME flanged and dished head
or 2:1 elliptical head
/‘I\ Tangent line
<—|.D.3t6in. (1070 mm) min.,-»ﬁ/

4ft6in.(1370 mm) maXx. 2in.x2in.(50 mm x 50 mm)
integral support ledge ——

Type Il or filament I I

wound laminate y {
A ' AN cE
Integral body 2 E’; 1S
flange ¢ . T £ §
c
FRP pipe leg supports; f‘f!m NPS 3 (DN 80) o EE g“" =
four required, ¥—/4l!"l tangential nozzle A ¢ TES ~N
equally spaced | SNeng
1 ; 2
Tangent line g
T.'é \
cE i ASME flanged and dished head
© 3 - or 2:1 elliptical head
£
N NPS 2 (DN 50) nozzle C
Type Il laminate
—

GENERAL NUTES:
(a) Laminate thicknesses are to be based on design pressure and temperature, and laminates are to be of the type specified here (see UBRS).

(b) Each head shall have a weld seam with a length exceeding the tank radius.
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1)

Page 1 of 4
RTP Edition No.

UBRS Revision No._______

User firm name Not applicable

User’s Agent firm name Not applicable

Title ofjequipment ASME RTP-1 dual laminate demonstration vessel

User’s Hesignation no. ASME RTP-1 al

Installation location (name and address) Fabricator's shop

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

Name | Mandatory Appendix M-12, ASME RTP-1 Phone no. _ Not applicable Date |
Addresp

1. Fquipment description (equipment sketch and nozzte schedule shall be attached):

2. dditional Fabricator responsibilities:

x] Special requirements
[ 1 Acoustic émission testing
[x] Inspection or testing requirements not listed in the Standard _ Special, fully flooded (all air vented), ambient

temp. water, proof hydrotest at 44.0 psig to 46.0 psig (303 kPag to 317 kPag) max.

[x Full vacuum after hydrotest is complete

[x] Spark test after vacuum test

x] Visual inspection acceptance level (refer to Table 6-1 of ASME RTP-1):
[x] Level 1
[ 1 Level 2
Quantity limitations for gaseous air bubbles or blisters
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 2 of 4
RTP Edition No.

UBRS Revision No.

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

3 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 specify] attach
copies of local code/ordinance requirements)

[x] Other _As required by Mandatory Appendix M-12
3.2 Material of construction:

Resin Catalyst/cure system _ CoNap/MHKP
Veil Barcol hardness per para. 6-910(b)(4)
[ 1 Liftlugs: [ ]RTP [ ] Carbon steel [ ] Other
[ 1 Hold-down lugs: [ ] RTP [ ] Carbon steel [ ] Other
4 Chemical service data (shall be provided when Fabricator or resin manufacturer is making material selection)

4.1 Description of process function and process<sequence: _ Not applicable

4.2 Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time
Potable watex 100 100 Continuous
4.3 pH\range: max. min.
5 Design
5.1 Design conditions:
Operating Design

TATernat pressure TZ4.0 p5ig (96.5 KPag) T5.0 p5ig (103 KPag)

External pressure 0.0 psig (0.0 kPag) Full vacuum

Temperature 80°F (27°0) 140°F (60°0)

Specific gravity 1.0 1.0

Liquid level Full Full
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

Page 3 of 4
RTP Edition No.

UBRS Revision No.

Wind/seismic/snow code (include edition or year)  ASCE 7

Basic wind speed __ 0 MPH (m/s)  Classification category Exposure
Elevation above grade ft  Topographic factors
Seismic zone 1 Site-specific seismic information (soil type, ground motion coefficients,
etc)
Snow load 0 psf (kPa)
Capacities: Operating Flooded gal (L) Flooded By Fabricator gal(l)
5.2 Mechanical agitator: [ ] Required [ ] Not required
Dead load Ib (N)
Static bending moment ft-lb (N-m)
Dynamic bending moment ft-lb (N-m)
Torque ft-tb (N-m)
Horsepower hp (W)
Impeller speed RPM  Impeller diameter in. (mm)
Number of impellers Foot bearing: [].Yes [1No

5.3 Heating and cooling:
[ 1 Electric panels
[ ] Steam coil
[ ] 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 introduction of solids

[ 1 Vacuum from pump down (or essél draining)
[ 1 Vacuum from cool down

[x] Other _Not applicable

5.5 Corrosion barrier excludéd from structural calculations:
[X] Yes
[1 No
5.6 Declaration ofteritical service (only by User or User’s Agent; refer to para. 1-210 of ASME RTP-1):
[1 Yes
[Xx] No

6. Designation of Inspector (Review paras. 1-400, 1-430, and 1-440 of ASME RTP-1. It shall be recognized that ASME RTP-1
bstablishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throughout

mater-portonrof-the—fabricationntervaty—nspector-shatt-e-
[x] Fabricator’s Quality Control principal

[ 1 Users representative

[ 1 Other
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Table M12G-1 User’s Basic Requirements Specification (UBRS) (As Required by the Provisions of ASME RTP-1) (Cont’d)

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

Inspector’'s name Telephone

Company

Address

6.1 Approval of Inspector designation
6.1.1 Authorized User’s representative:

Name Title

Signature Date
6.1.2 Authorized Fabricator’s representative:

Name Title

Signature Date

AHditional requirements: _ Requires Witness of Hydrotest form (Fig. M6-3)=

Approach maximum hydrotest pressure using a manually actuated-hydrotest pump, in a number of pressure steps, over a

3p-min time period.

Provide a substantial physical barrier between the Vessel and all personnel during hydrotest for safety reasons.
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Figure M12G-2 Post-Test Sectioning of Dual Laminate
Demonstration Vessel for Final Inspection and Display

(2) The layout of thermoplastic sheets and the weld
map shall conform to the requirements of para. M12C-300.

(3) The vessel shall be tested to full vacuum. No
debonding of the lining will be evident.

(4) The vessel shall be high voltage spark tested and
will not show any defects.

(5) The demonstration vessel shall be cross-
sectioned in accordance with Figure M12G-2 to show
the weld quality, the amount of liner thinning in thermo-

Cut lines

Section above
gusset

T

truc-
RTP
hreas

fu1 IIIEL‘l ‘l&llul,‘l\‘lt‘b dllb‘l ﬂdl [Sh) fUl IIULLIED, ﬂdugc CUIIJ
tion and quality, bond between the liner and, the
overlay, and the spark test targets. All of these
shall meet the requirements of this Appendix.

(b) Failure to meetany of the requirements in (a) 3
shall cause the Fabricator to fail for qualification to
cate to ASME standards that class©fdual laminate v

(c) The vessel shall be sectiahed and placed on pe
nent display in the same manner as the RTP vessd

bove
fabri-
pssel.
rma-

.

M12G-540 Procedures

The Fabricators/shall have the following procedlures
clearly defined@nd established:

(a) spark testing

(b) welding

(c) forming

(d)~safety

(e)-'stress relieving

M12G-550 Fabricator Certification

dual
htion
wing

A Fabricator shall be certified to fabricate only]
laminate vessels by constructing one demonstr
vessel in accordance with Figure M12G-1. The folld
conditions shall be met:

(a) The hydrotest required in Mandatory App
M-6 is performed before the vacuum test requir
M12G-531(a)(3).

(b) The visual requirements of the 1
(Table M12E-1) are substituted for the visual req
ments of the RTP liner.

(c) The RTP structural overlay of the dual la
vessel is in complete accordance with requireme
this Standard.

bndix
ed in

iner
uire-

inate
ts of

ARTICLE H
QUALIFICATION OF WELDERS |

186

M12H-100 GENERAL REQUIREMENTS

(a) This Article specifies the rules for qualifying per-
sonnel to weld thermoplastic parts together. Thermo-
plastic linings will be assembled only by personnel
who have been qualified in accordance with the require-
ments of this Article.

(b) A Welder is an individual who joins thermoplastic
parts together using fusion bonding processes.
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(c) The Fabricator will maintain up-to-date records
relating to qualification of each Welder. These records
will document the date of last qualification, and will
include all calculations and test or inspection reports
from internal and independent laboratory testing
programs used in the process of qualification. These
records are subject to review on request by all parties
engaged in the process of procurement or inspection.

M12H-312 Cap Strip Welds. Cap strip welds shall be
made over existing welds. Cap strips with or without
fiber backing may be used. The crown of the existing
weld shall be appropriately skived or ground off
before the cap strip weld is applied.

M12H-313 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 NPS 2 (DN 50)
in diameter and another NPS4 (DN 100) to NPS 8 (DN200)

M12H=-200 RESPONSIBILITY
It 1s the responsibility of the Fabricator to train and

qualify thermoplastic Welders. Safety is also the respon-
sibilify of the Fabricator [see para. M12D-421(1)].

M12

(a
Fabr

H-300 QUALIFICATION OF WELDERS

Welders may qualify their capabilities at the time a
cator qualifies for shop qualification under Article G.
(b)] Welder and welding operator performance qualifi-
catiops shall be in accordance with AWS B2.4. The quality
of polymeric weld joints depends on the qualification of
the Welders and welding operators, the suitability of the
equipment used, environmental influences, and adher-
ence|to the applicable Welding Procedure Specification
(WPY). Welders and welding operators shall be trained
and possess a valid qualification certificate.
(c)| It is the responsibility of the Fabricator’s Quality

Contfol Manager to
1) document the Welding Procedure Specificatign
b) and Performance Qualification Test Retord
(PQTR) as outlined in AWS B2.4 for the preparation,
macllining, and testing of welder and welding.operator
qualification samples
2) supervise or conduct the visual inspection of
5 made for qualification in accordance with AWS
M
3) verify that weld samples are tested in accordance
AWS B2.4
[4) sign and date thé“certification process PQTR
Welders shall qualify separately for each thermo-
¢ material (TPMJ-ahd for each weld process per AWS

(WP

weld
G1.1

with

(d
plast
B2.4.

M12
M1

(a' S—S11a D atcl a Ii;"""i"' e {1
In addition to the requirements of AWS B2.4, where ap-
plicable, each weld sample shall contain a weld start and a
weld stop.

(b) For hot gas welds, a single V-shaped bevel shall be
used for all sheet thicknesses under 0.16 in. (4.0 mm) thick
and a double V bevel shall be used for all thicknesses 0.16
in. (4.0 mm) and greater. The Welder shall be responsible
for the generation of the appropriate bevels. For welding
TFE, the weld rod shall be PFA.

1-310 «Making Weld Test Samples
2H<311 Butt Welds

187

in diameter. Thicknesses shall represent thgse thick-
nesses expected for that material. If pipenis jused, the
pipe wall thickness will be in the range ‘expedted to be
used. Evaluation shall be by visual inspection [only. The
nozzles shall be cut in half to aid il visual inspection.

M12H-400 EVALUATING WELD SAMPLES

(a) Visual inspection‘efall welds shall be accd
by an inspector experienced in the material pnd weld
process being eyaluated in accordance with AWS
G1.10M. Each weld inspector shall be designated in
writing by the Fabricator’s Quality Control Manager.
This doctument shall contain the period duripng which
the assignment as weld inspector will be valifl, as well
as any-limits on the type or kind of evaluation for each
inspector.

(b) The visual weld inspector shall fill out the
all visual factors listed that are appropriate to|
process under evaluation per AWS G1.10M.

(c) Each and all individual tensile test or pend test
results shall meet the criteria as required in AWS B2.4.
Results of the tests shall be recorded on the PQTR. In addi-
tion to AWS B2.4 Table 4.3, see Table M12H-1| for addi-
tional short term weld factors.

(d) Welds shall be qualified in accordance yith AWS
B2.4. A WPS and PQTR shall be provided|for each
polymerand process being used. Environmentaljcondition
recommendations shall be included in the WP.

mplished

PQTR for
the weld

Table M12H-1 Weld Strength Requireme'nts

n-Weld Factor

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 0.9 0.9
FEP 0.9 0.9
TFE (PFA filler) NA NA
PFA 0.9 0.9

(19)
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M12H-500 REQUALIFICATION

Requalification shall be for each TPM and each weld
process. In any case, Welders shall requalify at least
every year. If a Welder has not made a weld using that
specific material and process in the past 6 months, he/
she is required to requalify prior to making welds on
linings under this Standard.

WELDING PROCEDURE

dual laminate: a two-ply laminate consisting of a chemi-
cally resistant thermoplasticliner bonded to an RTP struc-
tural laminate.

ECTFE: ethylene chlorotrifluoroethylene.

environmental stress crack: stress cracking requiring a
specific environment or atmosphere in order to cause
the crack to occur. See stress crack.

etching: a surface effect that results in a roughened surface

QUALIFICATION

procedures shall be qualified in accordance
with AWS B2.4. A WPS shall be provided for each
polymer dnd process being used. Environmental condition
recommepdations shall be included in the WPS.

ARTICLE |
GLOSSARY

acoustic ¢mission test: a technique for finding flaws in
material$ by using transducers to detect the sound
itted when flaws grow under an intentionally

ical bond|between the lining and the structural laminate;
usually alknit woven product.

backing strip: a thin strip of plastic of the same materidl.as
the base plastic sheet fused to the back of fusion:welds,
often usefl to replace the fiber to assist bonding.that was
removed [in order to accomplish the weld.

bridging: p weld defect in which the weld bead does not fill
the prepalred groove between two pieces of thermoplastic
to be welded.

butt fusiop weld: a weld accomplished by heating the two
surfaces to be joined, then foreing the surfaces together to
accompligh a fusion weld:

cap strip:fa thin strip efplastic of the same material as the
ic sheet liher that is heat welded over fusion
hen the‘cap strip is applied on the backside
of a weld, it corifains fiber embedding to ensure continuity

of bonding where fiber had been intentionally removed to

£ 1 . 1 .
ITOII CITTIITICAT TTACUIUIIL

extrusion weld: a weld formed between two thermopt%stic
materials by a hot thermoplastic strip extruded into the
weld joint at a temperature high enough to form a fjision
bond.

face tensile test: a tensile test toydetermine the
strength of a lining on a structural material by p
the bond apart using only tefisilé forces (ISO 1413

bond
illing
0).

FEP: fluorinated ethylene ‘propylene.

Her is
nged

flaring: a shaping process'in which the end of a cylin
thermoformed (flared) over a pattern to form a flg
end.

flow lines: the{melted material that flows out, for
small extrusions on both sides of the weld bead.

ming

i flat,
hole

fluing: @,shaping process in which a flat, or nearly
sheet.is pierced with a round tool to generate a
with a neck in the sheet.

ground: a material on the back of a weld (or any othe
of a thermoplastic liner) that has sufficient elg
conductivity to allow high voltage spark testi
detect flaws in the weld.

" part
ctric
hg to
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
of the completed weld bead that became heated d
welding and became shiny in appearance.

sides
uring

nd in
bated

hot air weld: a fusion weld normally made by ha
which the base thermoplastic and filler rod are h
by hot air.

hotgas weld: a fusion weld made by hand in which thg base

thermoplastic and filler rod are heated by a hot gz

v

hot plate weld: see butt fusion weld.

facilitate welding.

climbing drum test: a test to determine the bond strength
of alining on a structural material by using a rolling drum
debonding action (ASTM D1781).

CPVC: chlorinated polyvinylchloride.

crown: that part of a hot gas fusion weld that stands above
the surfaces of the base plastic sheets.

CTFE: chlorotrifluoroethylene.

188

lap shear test: a shear test to determine the bond strength
between a thermoplastic lining and the RTP structural
laminate.

MFA: methylfluoroalkoxy fluoropolymer.
notch: see undercut.

orange peel: an irregularity in surface topology that
visually resembles an orange peel.

overbead: see crown.


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

PE: polyethylene.

peel strength test: a test that peels the lining off of a dual
laminate composed of a thermoplastic lining and an FRP
structural laminate to determine the bond strength. Three
such tests are the climbing drum test (ASTM D1781), the
peel test (BS 4994), and the floating roller peel test (ASTM
D3167).

PFA: Teflon® PFA or perfluoroalkoxy fluoropolymer.

surface contamination: any undesired foreign material
adhering to the surfaces of material used in the fabrication
of dual laminate products. Examples are lubricants and
other processing aids; dirt, oil, and foreign matter from
the environment; residual adhesive from protective
films; solvent and any other cleaning residues; etc.

target: conductive material behind a weld or behind the
liner itself that becomes a ground for high voltage spark
testing.

PP:

Ulyl.}l UplellC. . .

TFE: tetrafluoroethylene; also used to indicate®
PTFE see TFE. tetrafluoroethylene.
purge material: a different thermoplastic, such as PP, used thermal cycle test: a test using ten thermalcycles
to cl¢an out remaining weld filler material from a weld the bond strength; no debonding.indicates sa
tool, puch as an extruder, to prevent difficulty in contin- bond strength. The temperatute<extremes a
uing |welding after cooling the tool. boiling water and a dry-ice-acétone bath, -108°
PVC: Ipolyvinylchloride. thermoforming: a process for shaping sheet m
PVDH: polyvinylidene fluoride. deforming at elevated temperature to allow

spark test: a high voltage test for detecting flaws in plastic
by emitting a loud crack sound when a spark passes
throygh a flaw in the plastic to the conductive ground
or tajget.

speeq
rod is
weld
hand|
hand

stress
causg
ical

welding: a hand fusion weld process where the filler
fed to the weld using hand force through a tube to the
bead; this process is more efficient and rapid than
welding, where the filler rod is held separately in one

crack: an external or internal rupture in a plastie
d by tensile stresses less than its short-time mechan-
trength.

stres§ relief: a heat treatment given

(a) to received materials before fabrication to remove
residual internal stresses incurred dufing thermoplastic
procg¢ssing steps or

(b] to welded parts to rem¢ve or reduce internal
strespes from fabrication steps such as welding or ther-
mofofrming

'FE, poly-

to qualify
tisfactory
e usually
F (=78°C).
aterial by

shaping
with low forces and-less danger of cracking.
undercut: a grooyein a weld extending below the surface

of the base thépmoplastic sheets and usually locdted at the
edge of thé.weld bead.

[ hasbeen
d that has

virgin material: material (sheet, rod, or strip) tha
manufactured from new, not recycled, plastic an|
nop’been used earlier in any other service.

weld bead: the material in the weld comprised|of plastic

from the applied welding rod and melted plasti¢ from the
base sheet material.
weld factor: the average tensile strength of welded

samples divided by the average tensile strength of the
unwelded sheet material. The resulting nqimber is
often expressed in percent. Short term weld factor is a
weld factor from tensile strength tests done in a short
time, i.e., minutes. Long term weld factor s a weld
factor based on tensile creep strength of weld samples
compared to unwelded sheet material.

ther form
ial.

welding: a process for joining by using heat or o
of energy to fuse together two pieces of mate;

189
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MANDATORY APPENDIX M-13
BALSA WOOD RECEIVING AND INSPECTION PROCEDURES

M13-100

All insq
to be per
dent labg
inspectio

INTRODUCTION

ections and tests specified in this Appendix are
formed by Fabricator personnel or an indepen-
ratory. This Appendix specifies the minimum
hs and tests that shall be performed on balsa

wood thdt shall be used to fabricate equipment to this

Standard

M13-20d

(a) Ac
boxes fo
contamit
conducte
and limit

(b) Th
contains
required

(c) Ing
documen
User’s ag
material
that mat
tested pe

M13-30d

A moig
required
range of

ACCEPTANCE INSPECTION

eptance inspection shall include inspection of all
I proper packaging and identification, and
jation. This acceptance inspection is to be
1 on unopened boxes. Acceptance requirements
b are as defined in para. M13-410.

e form in Form M13-1, or a similar form that
the provisions to record the results of these
inspections, shall be used by the Fabricator.
ddition to performing the above inspections and
fation, the Fabricator shall provide the User or
ent with a Certificate of Compliance from the
manufacturer. The Certificate shall efisure
erials were manufactured, inspe¢ted, and
' the material supplier’s specifications.

EQUIPMENT AND MEASURING TOOLS
REQUIRED

ture meter as described in ASTM D4444 is
. The meter shall be capable of reading a
h% to 18% moisture content.

M13-400 PROCEDURES AND ACCEPTANCE!'LI

M13-410 Balsa Wood ldentification and Pac
Inspection

The balsa wood shall be stored in the packagi
shipped from the balsa wood manufacturer’s factd
repackaging is required, the Edbricator shall ey
that a material Certificate of' Compliance traceah
the original material is pfiovided. All other document
shall remain unchanged. Verify and enter on the in|
tion record that theé balsa wood as identified by the
wood manufacturer has the same nomenclature a
balsa wood_specified to produce the laminate. Ind
acceptable«balsa wood by recording the date and
of the person performing the examinatio
FormrM13-1, column 4.

M13-420 Visual Inspection Criteria

(a) Asbalsawood is used during fabrication, it sh|
visually inspected for imperfections and contamin
Date and name of the person performing the visual in|
tion shall be recorded on Form M13-1, column 6.

(b) The balsa wood should be uniform in thicknes
show no visible sign of curling due to excessive moi

(c) Prior to bedding the balsa wood into the inner

ITS

age

g as
ry. If
sure
le to
ation
spec-
balsa
s the
icate
hame
h on

all be
htion.
spec-

s and
ture.
lami-

nate layer, the moisture content shall be measured and

recorded on Form M13-1, column 5. The moi
content shall also be measured prior to applyin
outer laminate layers and recorded on Form M
column 5.

(d) Measurement methods shall be as recomme
by the balsa wood core manufacturer or ASTM D4

(e) Balsawood havingany of the following defects
not be used in laminates built to this Standard:

(1) wet spots

ture
o the
13-1,

nded
444,
shall

190

{2 —comtamtmation
(3) moisture content above 14%
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Form M13-1 Balsa Wood Core Inspection Sheet

Fabricator's name Balsa wood manufacturer

Address Balsa wood core type

Balsa wood core nomenclature

QOC file no

O] Receiving inspection

O Point of use inspection

1 2 3 4 5 6 7

8

Package Balsa Wood Lot. No. Packaging Moisture Content Visual Laminate Adhesion
No. Production Date [Note (1)] Inspection Inspection Inspection Check

(if Given) By Date By Date By Date By, Date

Con

hments

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.

191
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NONMANDATORY APPENDIX NM-1
DESIGN EXAMPLES

NM1-10({ INTRODUCTION

The RTP-1 Standard provides for design by rules
(Subparft 3A) and for design by stress analysis
(Subpart] 3B). This Appendix presents two example
designs, ¢ne by Subpart 3B rules, and one by combined
Subparts BA and 3B rules. They are intended to illustrate
Part 3 and are correct applications of the Standard but are
not the dnly designs satisfying the requirements. The
examples|are

(a) avertical vessel, with a torispherical top head and a
toriconicpl lower head, made of Type I laminate and
designed [by combined Subparts 3A and 3B rules

(b) a Horizontal, saddle-supported vessel, with tori-
sphericallheads, made of Type I laminate and designed
by Subpaft 3B rules

NM1-200 EXAMPLE 1: VERTICAL VESSEL WITH A
TORICONICAL LOWER HEAD

The UBRS calls for a vessel 8 ft in diameter, 15 ft from
lower to upper knuckle, and with a conical lower head
having a[semiapex angle of 45 deg. The vessel(must
contain internal pressure of 10 psi and bé made of
Type 1 lzjt;inate. The support ring will be 10 ft above
the lower knuckle. The upper part of the-sidewall and
the top had may be designed according/to Subpart 3A
rules, but the lower head has a larger semiapex angle
than alloyed by Subpart 3A. The lewer part of the sidewall
and the lgwer head must thepefore be designed by stress
analysis, yising Subpart 3B rules. The Fabricator has qual-
ified Typ¢ I laminates for/an ultimate tensile strength of
12,000 pfsi. According to para. 3B-500, the minimum
allowablg stress ratio is 10; thus, the allowable stress
is 1,200 psi.

For andlysisythe vessel may be cut 8 ft above the cone-
cylinderjpint because the section is out of both the discon-

for purposes of analysis, a free edge is left at the lowgr end
of the head. To minimize stress intensification@tthe head-
shell juncture, a toroidal transition is used. Figure NM1-1
is a sketch of the resulting model. The numbers in gmall
rectangles are meridional distances from the bottom pfthe
head to the points indicated.
As a trial design, Subpart 3A rules were used to find the
thickness of the sidewall
PD
2(X/R)
O (10)(%6)
T (2)(12,000/10)
= 040in.

t =

and of théJower head
PD
2(X/R)cos O
(10)(96)
(2)(12,000/10)cos (45 deg)
= 0.57in.

t =

At 0.043 in. per mat ply and 0.01 in. for a veil, the thick-
nesses are rounded up slightly so that they correspond to
an even number of plies. The head laminate is then 1} 13M
for a thickness of 0.57 in., and the sidewall laminat¢ is V,
10M, or 0.44 in. thick. As an initial try, the joint overlay was
set equal to the thickness of the head, and extends full
thickness 1.5 in. above and below the toroidal knjckle
and then tapers.

The vessel was modeled using a finite difference|thin-
shell computer program. The program computef the
stresses required by paras. 3B-300 and 3B-40( and
combines them into the longitudinal and circumfer¢ntial
stresses on the inside and outside of the vessel wdll, all
along a meridian. Let o, represent the longitudinal ngrmal
stress on the inside surface and o, represent the cirfjcum-

tinuity zone of the lower head-to-shell joint and the stress
intensification near the support ring, and is therefore in a
simple membrane stress state. The stress there has no
secondary membrane and no bending stress, providing
a convenient section to begin the Subpart 3B analysis.
[tis assumed that the sectioned edge has no axial displace-
ment, but no other constraint, which is consistent with a
membrane stress state in a cylinder. The UBRS calls for a 4
in.diameter nozzle at the apex of the cone. The rules of Part
4 may be used to design the nozzle and its attachment, so

ferential normal stress. Because the vessel, loading, and
support forces are axisymmetric, the shear stresses
vanish. Paragraph M3-530 gives the criterion for Type
I laminates

X

)1/2

(0'12 — 010y + 0'22 + 3(762
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Figure NM1-1 Toriconical Head

| Ny [

G———— 96PA

| Cylindrical shell design
per Subpart 3A

A B T
®

Conical head design
per Subpart 3B
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In the present case, R = 10, X = 12,000 psi, and o4 = 0.
Therefore

R

1
x 12,000
(012 — o105 + 022) g = 10 = 1,200 psi

This is the criterion for the inside surface of the lower part
ofthe vessel. The criterion for the outer has the same form.
The term under the square root, the stress intensity, was
plotted as a function of the meridional distance and

X = ultimate strength, psi
= specific weight of the contents, lb/in.?
= circumferential angle, measured from the top
meridian of the vessel, deg
0, = normal stress in the meridional direction, psi
0¢ = normal stress in the circumferential direction, psi
¢ = anglebetweenanormaltoapointon the head and
the vessel axis, deg
T = shear stress in the plane of the laminate, psi

=

comparefl to the allowable stress. The initial design
was overptressed in the knuckle. A second design with
a joint overlay twice the thickness of the first was
tried. Fipure NM1-2 is a graph of stress intensity
versus mleridional distance for the second design. The
dashed Horizontal line is at 1,200 psi, the allowable
stress. The figure shows that all stresses satisfy the
criterion fand that the design conforms to the Standard.
Table NM1-1 lists the thicknesses and laminations of
the succepsful design as a function of meridional distance
from the [bottom of the vessel.

Asthe gxample shows, a vessel thatlies outside the rules
of Subparft 3A because one vessel part is not included may
use Subpgrt 3A rules for most of the vessel and Subpart 3B
for the excluded part.

NM1-300 EXAMPLE 2: HORIZONTAL VESSEL BY
SUBPART 3B RULES

The UBRS calls for a horizontal vessel with 10 ft inside
diameter)20 ft between head-shell junctures, and suppoxt
saddles 2 ft in from the junctures and 18 in. wide, The
heads wlll be torispherical, with the crown:radius
equal to [the vessel diameter, and the knucKlejradius
equal to|6% of the vessel diameter. The vessel will
contain liguid with a specific gravity of 1&-with a super-
imposed [design pressure of 15 psig,The vessel will be
construcfed of Type I laminate with”ultimate tensile
strength|of 16,000 psi. The vessel will be examined
using acdustic emission according to the requirements
of Manddtory Appendix M~8,"and thus, the allowable
stress rafio, by para. 3B-500, is eight. Figure NM1-3
contains f sketch of thevessel.

Nomenfclature used in this example is as follows:

p = tptal pressure acting at a point on the inside
sprface)of the vessel, positive outward, psi

ps = presSure exerted by the support saddle, positive

NM1-310 Loading on the Vessel
The combined hydrostatic and design pressurg at a
point on the surface of the vessel is giveh, by

p=py +r(Rc — R cost) €Y

See Figure NM1-4. The radius t0.a,point on the cylinfler is
simply R, and the pressure on.the cylindrical vessel parts
not under the support saddle is given by

P = Ppk YR(1 — cos 0) (2)

The radius to a{peint on the crown is
R =Rysin¢ (3)

and to a point on the knuckle is
R'=R, — R; + Rysin¢p = R, — Ri(1 — sin ¢) (4)

Thus, the pressures on the crown and the knuckle are
computed from egs. (5) and (6) below, respectively

p=py t 7(R, — Ry, sin ¢ cos 0) 5)

p=pyt+ 7{Rc — [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. Itis assumed that the reaction prefsure
from the saddle varies as cos 8 on the lower half of thg shell
and is zero on the upper half. It is shown in Figure NM1-5
that for equilibrium the variation is

b= cos 0 (7a)

C

for 90 deg < 6 < 270 deg, and
p = 0 (7b)

outward, psi

Do = pressure superimposed above the hydrostatic
pressure, psi

R = radius to a point on the surface, in.

R. = radius of the cylindrical portion of the vessel, in.

R, = crown radius, in.

R, = knuckle radius, in.

Rg = stress ratio

S = stress intensity, psi

w = weight of the vessel and its contents, 1b

for 0 < 6 <90 deg and 270 deg < 6 < 360 deg.

Note that eqgs. (7a) and (7b) give negative values, since
the saddle pressure is inward. Thus, the net pressure on
the portion of the shell between 24 in. and 42 in. from the
head-shell juncture is the superposition of the hydrostatic,
design, and saddle reaction pressures
0}

p=rpy + rR(1 —cos0) + cos 0 (8)

7R L
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Table NM1-1 Example 1, Vessel With a Toriconical Lower
Head

Meridional Coordinate Thickness, in. Lamination Sequence

NM1-330 Design Criterion

Given the loads, boundary conditions, and the thickness
distribution in Figure NM1-3, BOSOR4 calculated the

0.00 0.57 V, 13M meridional, circumferential, and shear stresses on the
54.67 0.57 Vv, 13M inner and outer surfaces along a series of meridians.
61.17 1.69 Vv, 39M The design criteriain Mandatory Appendix M-3 determine
62.67 1.69 vV, 39M whether the set of stress components at a point conforms
67.19 1.69 V. 39M to the Standard. For Type I laminates, the criteria reduces
6B-65 4c0 ooy to
7p.19 0.44 v, 10M R = X
s 1/2 (13)
(0'62’ — oyo, + 622 + 312>
forh?‘?h;dsengjr:pfe?;fzdleg.mig’y =0.0397 Ib/in3, R, = 60 Equation (13) defines an allowablestress intensity
in, R, =1R0in, Ry =7.21in, L =18 in,, and w= 118,906 lb. 5 S 5 1/2 (14)
Then the|pressure on the crown becomes §S=X/Rs= (‘76 — 0goF o7 + 37 )
p = 17.382 — 4.764 cos 0 sin ¢ 9 ) ( .
In this case, X = 16,000 psi.and R = 8. Thus,S = 2,000 psi.
for 0 < ¢|< 27.91 deg. The stresses computedby BOSOR4 were substituted into
On thel|knuckle eq. (14) and compared to the allowable intensity|for a
. large number of points on the vessel.
p = 17.382 — 0039760 — 7.2(1 = sin$)lcos & [10) The first tfy was with thickness computed from the
for 27.91|deg < ¢ < 90 deg. formulas of Subpart 3A for a vertical vessel with a prepsure
On the|sidewall away from the saddles equal to the’pressure at the bottom of the horizontal|tank,
19.76psig. The resulting head thicknessis 1.16 in. (u$ing a
p=17.382 — 2.382 cos 0 an design factor of 10), and the sidewall thickness is 0.6 in. It
) issobvious that these are too thin, especially at the sadldles,
On the(shell sections above the saddles but by starting too thin and increasing selected thick-
p =17.382 — 2.382 cos 0 (123) nesses with each iteration, one arrives at a reasopable
design. The joint and knuckle reinforcement used for
for 0 < 0]< 90 deg and 270 deg < 0 < 360 deg, and this trial were the standard designs.
p = 17382 + 32.663 cos 0 (12b) Figures NM1-6 through NM1-10 give the stress ipnten-

for 90 defg < 6 < 270 deg.

NM1-32

The thijust of the example is t¢ illtustrate computing the
input required by any finite,element or finite difference
computel| program and using the stress output to deter-
mine whether the desjgiitsatisfies the Standard. For this
particulay example, the-BOSOR4 program was used, but
thatis incjdental tothe example. BOSOR4 calculates stress
and deformation-in axisymmetric thin-walled shell struc-
tures. Bedaus€.of symmetry, only the left half of the vessel
needed tebe_maodeled

Computer Stress Analysis

sity distributions along a number of vessel meridians for
the initial trial. The abscissa of the graphs is the arc l¢ngth
along the meridian, measured from the left (center) pf the
left head, as shown in Figure NM1-3. The angles follo the
same convention as in the pressure distributions| The
stress intensities were computed using eq. (14)} The
distribution along the 90-deg meridian (Figure NNI1-8)
exceeds the allowable intensity in both the kntpickle
and saddle regions.

After a number of iterations, the thicknesses giv
Table NM1-2 were obtained. They result in the s
distributions graphed in Figures NM1-11 thrpugh
NM1-15, which show that the allowable stresses are patis-

en in
tress

The boundary conditions come from symmetry. Since
the vessel and the loading are both symmetrical about a
plane normal to the centerline of the vessel, and halfway
between the tangent lines, there will be no displacement
normal to the plane; i.e., the meridional displacements
vanish at the plane.

196

fied everywhere. The maximum stress intensity is 1,900
psi and occurs in the knuckle along the 90-deg meridian.
The lamination sequences do not correspond exactly to
the thicknesses, because they have been rounded up to
the next whole layer. They assume 0.043 in. per ply of
mat and 0.01 in. for a veil ply.
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Figure NM1-4 Pressure Distribution

h
RC
Rcos 6
¢ p=po+vh
— =p_ +y(R - Rcos 6)

0
%

R sin¢

GENERAL NOTES:

(a) On the|sidewall, R = R, and p = p, + yR:}¥ - cos 0).

(b) On the|crown, R = R, sin ¢ and p.=\p,)+ Y(R. - Ry, sin ¢ cos 6).

(c) On the|knuckle, R = R, - R + Ri'sin' ¢ and p = p, + vy {R; - [R. —Ri(1 - sin ¢)] cos 6}.
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Figure NM1-5 Saddle Reaction

Saddle pressure
= kcos6 forg =6=<
=0 elsewhere

3

2

0
/ dF = kR cos 6 db
de
Ps(6)
dF cos 6 dF
d reaction from the saddle is given by
3 3

2 2
F=L/chos()=kLRf cos? 0d0
b Eo

2 2
3

2
butF = Kand[ cos 0 do = z
2 S 2

2

Then W = FALR
2 2
w w
andk = ——; B, = —— cosf
nRL 7RL
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Table NM1-2 Wall Thickness in a Horizontal Tank

Meridional Coordinate Thickness, in. Lamination Sequence

0.00 1.16 v, 27TM
43.45 1.16 vV, 27TM
58.45 2.60 v, 61M
66.26 2.60 v, 61M
90.26 1.30 v, 30M
108.26 1.30 v, 30M
T16726 0765 V15N
186.26 0.65 V, 15M
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NONMANDATORY APPENDIX NM-2
DESIGN OF INTEGRAL BODY FLANGES

NM2-100 SCOPE F = shape factor (from Figure NM2:2)
. . . f = hub stress correction factof\(from Figure
Thjs Appendix prov@gs a procedure for the design of NM2-3); for calculated values less than 1,
flat-face flanges that utilize full-face gaskets. use f=1
14€f Fgr gzch(;f 14 flanges rangf1.ngb1n1512'e from Ztm. tof G = diameter atlocation gf gasket load refaction, in.
“ ni)lr;SI e llamet;er, a slpzlemdl.c olt size, num fer (})1 go = thickness of hub afsmall end, in.
oltg, bolt circle, an 'out51. e diameter are set forth. g1 = thickness of hub,at*back of ﬂange, in.
Each|of these geometries will cover pressure up to 30 = go + t/2
psig ¥ 3 psig with no Change other than _ﬂ:fmge thickness H = total hydréstatic end force, Ib
and hub height. All bolt circles are sufficiently large to = 0.7854G2P
preclude encroachment into thg hub reinforcement by Hp, = hydrostatic end force on area inside|of flange,
back|spot facing for flange bolting washers. b
b) For the convenience of the users of this Standard, a _ .
talfle is provided wherein the variables of shell thickness Hg = gasket load, operating
X p ; H/.~=“compression load required to seat gasket
(thickness of hub at small end gy), flange thickness, and & outside G diameter
hub 1e1r.1f0rcement height are set fortb for each of th(? 14 Hp = total joint-contact-surface compreskion load,
flangp sizes for pressure ranges of 0 psig to 5 psig, 5 psig to b
12_psig, 12 psig to 19 psig i+3 psig, 19 psig to 24 psig +3 = 2bnGmp = H - Hp
psig, ang 2d4t?sélg tg 30 pSl;gl- 3 psig. A tall)le Coveljlcilgdrec— Hp = total adjusted joint-contact-surface [compres-
ommgended body flange bo t torq}le 15 also provided: sion for full-face gasketed flange, 1b
(c)| Anomenclature section, design procedure guidance = (he/hi)H
sheet, body flange dimension table (Table NM2-1,see also G/ TGP .
. . Hy = difference between total hydrostaticjend force
Tabl¢s NM2-2 and NM2-3), figures and tables-covering . .
. . . and the hydrostatic end force arealinside of
varigus design factors, and a design example of a
. . flange, 1b (N)
typichl flange are provided.
= H - H D
h = hub length, in.
NM2-200 NOMENCLATURE hp = radial distance from bolt circle to th¢ circle on
The following symbols aré.used in the formulas for which Hp, acts, in.
the flesign of flat-facesbody flanges (see Figure h¢ = bolt circle on which Hg acts, in.
NM211): h¢ = radial distance from bolt circle to th¢ circle on
A = outside diameter of flange, in. which HgG acts, in.
Ap = cross:zsectional area of bolts using the root hé = lever arm
diameter of the thread or diameter of hr = radial distance from bolt circle to th¢ circle on
uhthfeaded portion, whichever is less, in.? which Hr acts, in.
4, £-4oetal required cross-sectional area of bolts, hy = shape factor, in.
in.? = (Bgo) "
a = nominal bolt diameter, in. K = ratio of outside diameter of flange to inside
B = inside diameter of flange, in. diameter of flange
b = effective gasketorjoint-contact surface seating = A/B (see Figure NM2-4)
width, in. L = shape factor
C = bolt-circle diameter, in. = [(te + 1)/t] + £/d
d = shape factor M = unit load, operating, Ib
= (U/V)(ho)(go)* = Mo/B
d; = bolt hole diameter, in. Mp = component of moment due to Hp, in.-lb
e = shape factor =Hphp

F/h o
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Table NM2-1 Typical Body Flange Dimensions and Recommended Bolt Torque Values for RTP Body Flanges

Minimum Minimum Design Sealing Bolt
Inside Outside Bolt Circle Pressure 5-20  Bolt Hole Design Bolt Hole Torque
Diameter, B, Diameter, 4, Diameter, C, in. psi Bolt Size, Diameter, in. Pressure 25-30 Diameter, in. Number Required,

in. in. [Notes (1), (2)] in. [Note (3)] psiBoltSize,in. [Note (3)] of Bolts ft-1b

24 29Y, 28 A Y Y Y% 20 9

30 35Y, 34 A A Y A 28 12

36 41Y, 40 Y A Y A 32 13

42 47%, 46 A A Y % 40 14

48 54 52, Y A Y %% 44 16

54 60 58Y, A A P A 48 1B

60 66 64, A A P A 52 1B

72 78Y, 77 % A A % 64 21

84 91 89Y, Y A Y A 76 25

96 104%, 102%, A % % 7 84 3k
108 117 115 % % A A 9% 3p
120 129%, 127%, % % A A 104 45
132 142 140 A %, % A 116 46
144 155 152% A A % 1 120 6p

GENERAL IJOTES:

The ab
18,800
given |
For fla
diamet]
Lower
These

metho
Ifhighd
be use

(@)

(b)

G
(d

(e)

NOTES:

(1) *0.06
(2) *0.06
(3) £0.03

h Note (a) in Tables NM2-2 and NM2-3.

torques can be used for lower pressure applications.
illustrated in this Appendix. Also, see Table NM2-3,

l to design the flange.

in. (ASME B16.5).
in. eccentricity between bolt circle and-center of shell.

in. center to center of adjacent bolt holes (ASME B16.5).

bve torque values were calculated using well lubricated low alloy carbon steehbolts with a maximum recommended stud st
psiand a maximum nut or friction factor of 0.15. The torque values were calculated to be sufficient to seal gaskets with m and y

hges having surface irregularities and requiring higher torque values\to effect sealing, torques can be increased to 25 ft-1b fo
er bolts, 50 ft-1b for % in. diameter bolts, and 83 ft-Ib for ¥, in\diameter bolts without incurring flange damage.

imensions were used in designing the flanges shown in Table NM2-2. Alternate flange geometries can be considered using the

ess of
values

1/2 in.

flesign

r torques are required to seal harder gaskets, the methods of Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-1p shall

e to

2-4)

M 4 component of moment due to Hg operating, Sy, = allowable design stress for flange material at
in.-1b design temperature, psi
4 HghG Sy = calculated longitudinal stress in hub, ps
M, { total momeéntiacting upon flange, for the oper- Sg = calculated radial stress in flange, psi
ating conditions, in.-1b Srap = calculated radial stress at bolt circle d
M7 9 component of moment due to Hr, in.-lb reverse moment, psi
4 HGh'r St = calculated tangential stress in flange, psji
m { gasket factor T = shape factor involving K (see Figure NM
N; = shape factor t = flange thickness, in.
=Yte+1 U = shape factor involving K (see Figure NM2-4)
n = number of bolts V = shape factor (see Figure NM2-5)
P = design pressure, psi W = average flange bolt load, lb
R = radial distance from bolt circle to point of inter- Wmy = required bolt load, operating conditions, 1b
section of hub and back of flange, in. Wm, = required bolt load, gasket seating, Ib
S, = allowable bolt stress at atmospheric tempera- Y = shape factor involving K (see Figure NM2-4)
ture, psi y = gasket or joint-contact surface unit seating
S, = allowable boltstress at design temperature, psi load, psi
Z = shape factor involving K (see Figure NM2-4)
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NM2-300 EXAMPLE CALCULATION

Check stresses for a 72-in. full-face flange, given the
following (see Figure NM2-6):

Wy, = H+ H,+ H,

p T Hp
= 130,775 + 8,777 + 29,257
= 168,8091b

A,, equals greater of Wm,/S;,or Wm;/S,, as follows:

63,388/25,000 = 2.536 < 168,809/25,000 = 6.752 in.”

A = 78Y% in.
B = 72 in An = (64)Y, in. diameter bolts
Cl= 77 in. = (64)(0.126) = 8.064 in.2
P|= 30.0 psi
m|= 0.50
y|= 50 psi W = 0.5(4,, + Ap)S,
= (0.5)(6.752 + 8.064)(25,000) = 185,001b
Assume
Agl = 8.06 in.? g = (t/2) + g5 = (14375/2) + 0.75 = 1.449in.
Sl = 25,000 psi
Syl = 25,000 psi 5 5
Sfo - 3’000 pSl HD = 0.7854B“P =,0:7854 X (72) X 30 =12 .,,145 b
dl = 5/8 in.
gol = ¥ in. Hyp = H ~ Hp = 130,775 — 122,145 = 8,6301b
h| = 4% in.
nl = 64 hp:=R + 0.5g = 1.031 + (0.5)(1.469) = 1.766 in.
tl = 17/16 in.

Calcylate bolt, flange, and hub stresses

hg = (C — B)/4 = (77 — 72)/4 = 1.250in.
hg=(A—-C)/4=(785—77)/4 = 0375in.
G =C —2hg =77 — (2)(1.250) = 74:5in.

b =025(C — B) = 025(77 — 72)\="1.25in.

Hy, = (hG/hg)(baGy)
= (1.25/0.375)(125 X 7 X 74.5 X 50)
= 48,7601b

<
i

iy brGy + Hy,
(1.25)()(74.5)(50) + 48,760
63,388 1b

ht = 0.5(R + g+ hG)
= 0.5(1.031 + 1.469 + 1.25) = 1.875in.

Mp = Hphp = (122,145)(1.766) = 215,647 fn.-Ib

=}

T
—

My = Hphp = (8,630)(1.875) = 16,181 in}lb

T = Hrht

Mo = Mp + My = 215,647 + 16, 181 = 231,88 in.-Ib
Hg =W — H = 185200 — 130,775 = 54,4351b

b

(hGhG)/ (hG + hG)
(1.25 x 0.375)/(1.25 + 0.375) = 0.2885 in.

Mg = Hghl; = (54,425)(0.2885) = 15,702 ih.-Ib

K= A/B =78.5/72 = 1.090

T = 1.88 (from Figure NM2-4 or Table NM2{4)

H, = 2bnGmP = (2)(1.25)(x)(74.5)(0.5)(30) = 8,7771b
Hy, = Hy(hg/hg) = 8,777(125/0375) = 29,2571

H = 0.7854G>P = 0.7854 x (74.5)% X 30 = 130,775Ib

213

Z = 11.63 (from Figure NM2-4 or Table NM2-4)
Y = 22.44 (from Figure NM2-4 or Table NM2-4)
U = 24.66 (from Figure NM2-4 or Table NM2-4)

gl/gO = 1.469/0.75 = 1.9587

1 1
ho = (Bgo)/2 = (72 x 0.75)/2 = 7.348
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(19) Table NM2-2 Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 3,000 psi — Type Il Laminates

Nominal Flange Nominal Flange
Diameter P, psi t, in. g, in. Diameter P, psi t, in. g, in.
24 5 0.5 0.25 72 5 1.063 0.25
10 0.5 0.25 10 1.25 0.313
15 0.625 0.25 15 1.25 0.375
20 0.75 0.25 20 1.25 0.5
25 0.813 0.313 25 1.375 0.625
30 0875 0313 30 1438 Q.75
30 5 0.5 0.25 84 5 1.25 0.25
10 0.563 0.25 10 1.375 0.37
15 0.688 0.25 15 1.438 0.43
20 0.813 0.313 20 1438 0.56
25 0.875 0.313 25 1:563 0.75
30 0.938 0.375 30 1.625 0.87
36 5 0.5 0.25 96 5 1.563 0.25
10 0.625 0.25 10 1.625 0.43
15 0.813 0.25 15 1.688 0.5
20 0.875 0.313 20 1.625 0.68
25 0.938 0.375 25 1.813 0.81
30 1.0 0.375 30 1.938 1.0
42 5 0.5 0.25 108 5 1.813 0.25
10 0.75 0.25 10 1.875 0.37
15 0.938 0.25 15 1.875 0.56
20 0.938 0.375, 20 1.813 0.75
25 1.0 0.375 25 1.938 0.87
30 1.063 0.5 30 2.125 1.12
48 5 0.625 0.25 120 5 2.125 0.25
10 0.938 0.25 10 2.0 0.43
15 1.0 0.375 15 2.0 0.62
20 1:0 0.375 20 2.0 0.81
25 1.125 0.5 25 2.125 1.0
30 1.375 0.5 30 2.313 1.25
4 5 0.688 0.25 132 5 2.438 0.31
10 1.0 0.25 10 2.125 0.5
15 1.125 0.375 15 2.188 0.81
20 1.063 0.375 20 2.125 0.87
25 1.188 0.5 25 2.313 1.12
30 1.25 0.563 30 2.438 1.375
60 5 0.813 0.25 144 5 2.375 0.313
10 1.0 0.313 10 2.375 0.5
15 1.125 0.375 15 2.5 0.75
20 1.125 0.438 20 2.5 1.0
25 1.188 0.5 25 2.438 1.25
30 1.313 0.625 30 2.625 1.438
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Table NM2-2 Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 3,000 psi — Type Il
Laminates (Cont’d)

GENERAL NOTES:
(a) Flange design based on the following criteria:
P = allowable pressure, psi
t = flange thickness, in.
g = thickness of hub at end of taper (pipe thickness), in. — Type II laminate properties
h = hub length, in. = 3t
m = gasket factor (assumed m = 0.5)
Y = oasket unit seating load (assumed Y. = 50 nsi)
majimum flange and hub stress = 3,000 psi (based on use of mat/woven roving reinforcement, Type Il laminate)
majimum bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
majimum design temperature = 180°F
(b) This Table is referenced in Table NM2-1.

h/hg = 4.5/7.348 = 0.612 Stress Calculations

(a) longitudinal stress, it hub

2.
S = M/ Lg1
(@ X 3,220)/[0.622 X (1.469)*]
2,399 psi < 3,000 psi

F = 0.808(from Figure NM2-2)

V = 0.208 (from Figure NM2-5)

f = 1.0 (min.; from Figure NM2-3)
(b) radial*stress in flange

e = F/hy = 0.808/7.348 = 0.110 Sg = NM/Lt?

= (1.21 X 3,220)/[0.622 x (1.4375)
3,031 psi > 3,000 psi

—

d = (U/V)hogy
(24.66/0.208) X 7.348 x (0.750)* = 490.0

(c) tangential stress in flange
YM/t? — zZSg

(22.44)(3,220)/(1.4375)2 — (11.63)(3,031)
—283 psi < 3,000 psi

M = Mp/B = 231,828/72 = 3, 220 S

Apprpximation of Required Thickness t

1
b= 0'29(1\41[/Sf0)/2 (d) greater of 0.5(Sy + Sg) or 0.5(Sy + Sy)
1
= (0.29)(3,220 x 22.44/3,000)/2 0.5(2,399 + 3,031) = 2,715 psi
= 1.423in. (use [.4375in.) >0.5(2,399 + 283) = 1,341 psi

2,715 psi < 3,000 psi

Ny = gte +1 = (133)(1.4375)(0.110) + 1 = 1.210 (e) radial stress at bolt circle
Spap = __6Mg
I = [(te41)/T] + t3/d t2(2C — ndy)
= [(14375 x 0.110 + 1)/1.88] + (1.4375)3/490 = 2(6)(15’702) = 245 psi
= 0,622 (1.4375)" (7w X 77 — 64 X 0.625)
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Table NM2-3 Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 1,800 psi — Type |

Laminates
Nominal Flange P, psi Nominal Flange P, psi
Diameter [Note (1)] t, in. g, in. Diameter [Note (1)] t, in. g, in.
24 5 0.625 0.25 72 5 1.313 0.25
10 0.625 0.25 10 1.313 0.438
15 0.813 0.25 15 1.375 0.625
20 0.938 0.313 20 1.5 0.813
25 1.063 0375 *25 1.625 1.0
30 1.063 0.438 *30 1.75 1025
30 5 0.625 0.25 84 5 1.438 0.25
10 0.75 0.25 10 1.5 0.5
15 0.875 0.313 15 1563 0.75
20 1.0 0.375 20 1:688 1.0
25 1.063 0.438 *25 1.813 1.18
30 1.125 0.5 *30 1.938 1.31
36 5 0.625 0.25 96 5 1.75 0.31
10 0.875 0.25 10 1.813 0.56
15 0.938 0.375 15 1.813 0.81
20 1.0 0.438 20 2.0 1.12
25 1.125 0.5 *25 2.125 1.37
30 1.188 0.625 *30 2.25 1.62
42 5 0.688 0.25 108 5 2.0 0.31
10 0.938 0.25 10 1.938 0.62
15 1.0 0.375 15 1.938 0.93
20 1.125 0.5 20 2.188 1.25
25 1.188 0:625 *25 2.313 1.5
30 1.25 0.75 *30 2.438 1.81
48 5 0.875 0.25 120 5 2.125 0.37
10 1.0 0.313 10 2.0 0.75
15 1:125 0.438 15 2.125 1.0
20 1.25 0.563 20 2.375 1.37
25 1.375 0.688 *25 2.563 1.68
30 1.438 0.813 *30 2.625 2.0
34 5 0.938 0.25 132 5 2.25 0.37
10 1.063 0.313 10 2.313 0.75
15 1.188 0.5 15 2.313 1.12
20 1.313 0.625 20 2.563 1.5
25 1.375 0.75 *25 2.75 1.875
30 1.5 0.938 *30 2.875 2.25
60 5 1.063 0.25 144 5 2.5 0.438
10 1.125 0.375 10 2.375 0.875
15 1.25 0.5 15 2.438 1.25
20 1.375 0.688 20 2.75 1.625
*25 1.438 0.875 *25 2.875 2.0
*30 1.563 1.0 *30 3.063 2.438
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Table NM2-3 Body Flange Design Using Full-Face Gaskets, Maximum Stress Less Than 1,800 psi — Type |
Laminates (Cont’d)

GENERAL NOTES:
(a) Flange design based on the following criteria:
P = allowable pressure, psi
t = flange thickness, in.
g = thickness of hub at end of taper (pipe thickness), in. — Type II laminate properties
h = hub length, in. p 3t
m = gasket factor (assumed m = 0.5)
Y = oasket unit seating load (assumed Y. = 50 nsi)
majimum flange and hub stress = 1,800 psi (based on use of mat reinforcement, Type I laminate)
majimum bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
majimum design temperature = 180°F
(b) This Table is referenced in Table NM2-1.

NOTE: (1) Sizes preceded by an asterisk should be used with SAE steel washers to minimize interference with the hub.
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Figure 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
Design pressure, P = si Lever - . - .
gn p p he = S8 = in | pe = A€ .
Design temperature, T = °F arms 4
Atmos. temperature, T = °F|G = C-2hg = in.|b =0.25C-B) = in.
Flange material: Hgy = (hs/h@) (bGy) = b
Bolting material: Wm, = buGy + Hy, = b
Gask t, toi I_ Llp 2L D Il
Flange Design oy ,
temp. S = psi|Hp = H, (he/he) = 1
Allojvable Design
Strgsses ) temp. Sy = psi|H = 0.7854G°P = |
Bolting
Atmos.
temp. Se = psi|Wmy = H+ H, + Hp = |
Gasket Factors An = greater of Wimy o Wit _ in.2
Sa Sh
y = psi m= Ag = n?
W = 0.5y + Ap)S, = l
Flange Loads Lever Arms Flange Moments (Design Cond.)
Hp = §.7854B%P = lb|hp = R+0.5g; = in.|Mp = Hphp = in.-l
Hr=H -Hp = lb|{hr = 0.5(R+ gy + hg) = in. | Mp2% Hihy = in.-|
Mo’= Mp + My = in.-|
everse ” hshg \ ~ .
He=W-H= Ib|hs = — = in. | Mg = Hghg = in.-l
moment he + hg
Allowable .
Stress Stress Calculations Shape Constants
S = Long hub S, = M/Lg? = psi|k = A/B =
Sp = Radial flg. Sp = NyM/LE> = psi|T = |Z = |Y = |U =
Spp = Tang. flg. Sr = (YM/t?) - ZSg = psi|g1/go =
ho = (Bgo)l/2 =
St = Greater of 0.5(Sy + Sg) or 0.5(Sy + Sp) = psi hiho =
0 =
Radial stress at bolt circle F=
Sfa = Spap = ZG—MG = psi V=
t*(mnC - ndy) f= (1 min,
e = Flhy =
— ~—g,
Slope 1:3 max. F U
N _—9,= d =3 hogd =
v
1 <l R ped (g,=T2+ g,
h= , oo M= My/B =
b 1 ~— Approximation of required thickness
t | | Hp 12
' t = 0.20[M¥
SR St
5 hg I (n) bolts
no—+ PR = in
T dia. bolts
- s _
Hg —c= (d,) holes Ny =fterl
A= - 3
[ = te : 1 Lo
F )

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Figure NM2-2 Values of F (Integral Flange Factors)
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Figure NM2-3 Values of f (Hub Stress Correction Factors)
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Figure NM2-4 Values of T, U, Y, and Z (Terms Involving K)
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Figure NM2-5 Values of V (Integral Flange Factors)

0.6 |
. 0.550103
AN
0.5 \\ _ p p
S i
\\ \ \\\\ hO /Bgo
\ \\ DN —— — I I e |
04 ~ ~ e — =0T
N \\ I~ — ] 1 0.14 I T T
AN T e
\x§\\‘\\\ ~— ~L [ | —— 0.18 = N
i \\\\t\\& hihy = 0672 T~ 0.20 I
\\\Q\\\ 7 - —0.25
= N — I —— T
V= 0.204 \\\\\ . — 0.30 ¥4 =
ol o il il T NS L [T oss [ [[THHHH
~ = 0,40’ L [T~ |
N 1 s’ T s
T S e e st s e S A B e = mE
of1 SRS e 070 B
0.90} e 070
H T
! 1.25_T Y150 T
0 : |”"2.00 77 T i
1 15 g g =1 96/2 2.5 3 3.5 4 45 5
1790~ '
9,/9,

222


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

Figure 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 psi Lever .= g _ 77-72 —195i0n. b = A;C _ 78.5-77 — 0.375 in.
Design temperature, T = 180 °F arms 4 4 4 4
Atmos. temperature, T = 70 °F|G = C-2hs; =77 -2) (1.25) = 74.5 in.lb = 0.25(C-B) = 1.25 in.
Flange material: RTP Hgy = (he/he) (bwGy) = (1.25/0.375) (1.25) 7 (74.5) (50) = 48,760 b
Balting material: C.S_(193.R7) Wotg = bz Gy Heo = (1.25) - (Z4-5) (50) . 48,760 = 63,388 b
basket material: Neoprene Hp = 2bwGmP = (2) (1.25) = (74.5) (0.5) (30) = 8,777 b
fl Design
AEE | temp. | Sp=3,000 psi[H} = H, (he/hy) = 8,777 (1.25/0.375) = 29,257 b
Allowable Design
Stresses . temp. |Se = 25,000 psi|H = 0.7854GP = 0.7854 (74.5)* (30) = 130,775 b
Bolting
Atmos.
temp. Sa = 25,000 psi|Wmy = H+ H, + H, = 130,775 + 8,777 + 29,257 = 168,809 b
Wm Wm 168,809 .
Gasket Factors = —Zor——t = 2 o 2
An = greater of S, r S, 25.000 6.752 in.
=50 psi m=0.5 Ag = (64) Y, in. dia. bolts = (64) (0.126) =-8.064 in.2
W = 0.5(A, + Ap)S, = 0.5 (6.752 + 8.064)((25,000) = 185,200 b
Flange Loads Lever Arms Flange Moments (Design Cond.)
p = 0.7854B%P = 122,145 Ib|hp = R+ 0.5g; = 1.7655 in \MMp = Hphp = 215,647 in.-lb
i = H - Hp = 8,630 Ib|hy = 0.5(R + g, + hg) = 1.875 inA My = Hrhy = 16,181 in.-lb
Mo = Mp + My = 231,828 in.-lb
Reverse He = W-H = 54,425 b |n = 1M _ 02885 in. Mg = Hehs = 15,702 in.-lb
moment hg + hg
Allowabl
owable Stress Calculations Shape Constants
Stress
b, = 3,000 Long hub Sy = M/Lg? = 2,399 psi|K = A/B = 78.5/72 = 1.0902
b = 3,000 Radial flg. S = NyM/LE: = 3,031 psi|T =188 |Z=11.63 |Y=2244 |U= 1466
b, = 3,000 Tang. flg. Sy = (YM/t?) - 7S = —-283 psi|g1/go = 1.469/0.75 = 1.959
ho = Bgo"? = [(72) (0.75)]"/2 = 7.348
o = 3,000 Greater of 0.5(Sy + Sp) or 0.5(Sy +.S)h= 2,715 psi hihy = 4.5/7.348 = 0.6124
Radial stress at bolt circle F = 0.808
bo = 3,000 Sep = —Ms 225 psi |V = 0.208
t2(wC - ndy) f=1.0 I min.)
e = F/hy = 0.808/7.348 = 0.110
> [ %=075in d= ghogé = (24.66/0.208)(7.348)(0.75)%> = 90
Slope 1:3 max.— . 4
e n M = Mo /B = 231,828/72 = 3,220
: <— R =1.031 S e=t2r ) = Mo /B = 231,828/72 = 3,
h=45in N B=72n. Approximation of required thickness
D T | 1h
my
¢ | | Hp t =029
1 fo
- he T G=745in. " (n) bolts (3,220) (22.44) 1/2 )
, | H =029 X | —F—7—— =1.43 in.
hg— A 6 3,000
T 1/pin.  dia. bolts
— Ny =“%te+1 = (1.33) (1.43) (0.110) + 1 = 121
H'g [«——C=77in. 5/gin. (d,) holes
A_T8EIn T . te+l £ (1.43)(0.110) + 1 (1.43)° 622
ST T d 1.88 490
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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 U K T Z Y U
1.001 191 1000.50 1899.43 2078.85| 1.046  1.90 22.05 42.75 46.99| 1.091 1.88 11.52 22.22 24.41
1.002 191 500.50 951.81 1052.80| 1.047 1.90 21.79 41.87 46.03| 1.092 1.88 11.40 21.99 24.16
1.003 191 333.83 637.56 700.70| 1.048 1.90 21.35 41.02 45.09| 1.093 1.88 11.28 21.76 2391
1.004 191 250.50 478.04 525.45| 1.049 190 20.92 40.21 44.21| 1.094 1.88 11.16 21.54 23.67
1.005 191 200.50 383.67 421.72| 1.050 1.89 20.51 39.43 43.34| 1.095 1.88 11.05 21.32 23.44
1.006 191 167.17 319.71 351.42] 1.051 1.89 20.12 38.68 42.51] 1.096 _ 1.88 10.94 21.11 23.20
1.007 91 143.36 274.11 301.30| 1.052  1.89 19.74 37.96 41.73| 1.097 1.88 10.83 20.91 22.97
1.008 91 125.50 23995 263.75| 1.053  1.89 19.38 37.27 40.96| 1.098 1.88 10.73 2071 22.75
1.009 91 111.61 21342 234.42| 1.054 1.89 19.03 36.60 40.23| 1.099 1.88 10.62 20.51 22.39
1.010 91 100.50 192.19 211.19| 1.055 1.89 18.69 35.96 39.64| 1.100 1.88 10.52 20.31 22.18
1.011 91 91.41 17483 192.13| 1.056  1.89 18.38 35.34 38.84| 1.101  1.88 1043 20.15 P2.12
1.012 91 83.84 160.38 176.25| 1.057 1.89 18.06 34.74 38.19| 1.102  1.88 10.33 19.94 £1.92
1.013 91 77.43 148.06 162.81| 1.058 1.89 17.76 34.17 37.56| 1.103 188 10.23 19.76 P1.72
1.014 91 7193 137.69 151.30| 1.059 1.89 17.47 33.62 36.95| 1.104 (188 10.14 19.58 £1.52
1.015 91 67.17 128.61 141.33| 1.060 1.89 17.18 33.04 36.34| 1.105 \1.88 10.05 19.38 21.30
1.016 .90 63.00 120.56 132.49| 1.061 1.89 1691 32.55 35.78|1.106  1.88 9.96 19.33 P1.14
1.017 .90 59.33 11198 124.81| 1.062 1.89 16.64 32.04 35.21()1.107 1.87 9.87 19.07 20.95
1.018 .90 56.06 107.36 118.00( 1.063  1.89 16.40 31.55 34%68| 1.108 187 9.78 18.90 20.77
1.019 .90 53.14 101.72 111.78| 1.064 1.89 16.15 31.08 34.17| 1.109 187 9.70 18.74 20.59
1.020 .90 50.51 96.73 106.30| 1.065 1.89 15.90 30.61 33.65( 1.110  1.87 9.62 18.55 20.38
1.021 .90 48.12 92.21 101.33| 1.066  1.89 15.67 30.17 33.17| 1111 1.87 9.54 18.42 20.25
1.022 .90 45.96 88.04 96.75| 1.067  1.89 1545 29.74 32.69| 1.112 187 9.46 18.27 20.08
1.023 .90 43.98 84.30 92.64| 1.068  1.89 15:22 29.32 32.22| 1113 1.87 9.38 18.13 19.91
1.024 .90 42.17 80.81 88.81| 1.069 1.89 15.02 28.91 31.79| 1.114 187 9.30 17.97 19.75
1.025 .90 40.51 77.61 85.29| 1.070  1.89 14.80 28.51 31.34| 1.115 187 9.22 17.81 19.55
1.026 .90 38.97 74.70 82.09| 1.071 \ 1189 14.61 28.13 3092| 1.116  1.87 9.15 17.68 19.43
1.027 .90 37.54 71.97 79.08| 1.022 * 1.89 14.41 27.76 30.51| 1.117  1.87 9.07 17.54 19.27
1.028 .90 36.22 69.43 76301073  1.89 14.22 27.39 30.11| 1.118  1.87 9.00 17.40 19.12
1.029 .90 34.99 67.11 73.75(y1.074 1.88 14.04 27.04 29.72| 1.119 187 8.94 17.27 18.98
1.030 .90 33.84 64.91 7133| 1.075 1.88 13.85 26.69 29.34| 1.120 187 8.86 17.13 18.80
1.031 .90 32.76 62.85 69.06| 1.076  1.88 13.68 26.36 28.98| 1.121 187 8.79 17.00 18.68
1.032 .90 31.76 60:92 66.94| 1.077 1.88 13.56 26.03 28.69| 1.122 187 8.72 16.87 18.54
1.033 .90 30.81 59.11 63.95| 1.078  1.88 13.35 25.72 28.27| 1123  1.87 8.66 16.74 18.40
1.034 .90 2992 57.41 63.08| 1.079  1.88 13.18 25.40 27.92| 1.124 187 8.59 16.62 18.26
1.035 .90 29.08 55.80 61.32| 1.080 1.88 13.02 25.10 27.59| 1.125 187 8.53 16.49 18.11
1.036 .90 28.29 54.29 59.66( 1.081 1.88 12.87 24.81 27.27| 1126 1.87 8.47 16.37 17.99
1.037 .90 27.54 52.85 58.08| 1.082 1.88 12.72 24.52 2695| 1.127 1.87 8.40 16.25 7.86
1.038 190 26.83 51.50 56.59( 1.083  1.88 12.57 24.24 26.65| 1.128  1.87 8.34 16.14 17.73
1.039 190 26.15 50.21 55.17| 1.084 1.88 12.43 24.00 26.34| 1.129 187 8.28 16.02 17.60
1.040 190 25.51 48.97 53.82| 1.085 1.88 12.29 23.69 26.05( 1.130  1.87 8.22 15.91 17.48
1.041 190 24.90 47.81 53.10| 1.086 1.88 12.15 23.44 25.57| 1.131  1.87 8.16 15.79 17.35
1.042 190 24.32 46.71 51.33| 1.087 1.88 12.02 23.18 2548 1.132  1.87 8.11 15.68 17.24
1.043 190 23.77 45.64 50.15( 1.088  1.88 11.89 22.93 25.20( 1.133  1.86 8.05 15.57 17.11
1.044 190 23.23 44.64 49.05| 1.089  1.88 11.76 22.68 24.93| 1.134 186 7.99 15.46 16.99
1.045 190 22.74 43.69 48.02| 1.090 1.88 11.63 22.44 24.66| 1.135 186 7.94 15.36 16.90
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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
1.136 1.86 7.88 15.26 16.77| 1.181 1.85 6.07 11.76 12.92| 1.226  1.83 4.98 9.65 10.60
1.137 186 7.83 15.15 16.66| 1.182  1.85 6.04 11.70 12.86| 1.227 1.83 4.96 9.61 10.56
1.138 1.86 7.78 15.05 16.54| 1.183 1.85 6.01 11.64 12.79| 1.228  1.83 4.94 9.57 10.52
1.139 186 7.73 14.95 16.43| 1.184  1.85 5.98 11.58 12.73| 1.229  1.83 4.92 9.53 10.48
1.140 186 7.68 14.86 16.35| 1.185 1.85 5.95 11.50 12.64| 1.230 1.83 4.90 9.50 10.44
1.141 186 7.62 14.76 16.22] 1.186__ 1.85 5.92 11.47 12.61] 1.231  1.83 4.88 9.46 10.40
1.14¢ 186 7.57 14.66 16.11| 1.187 1.85 5.89 11.42 12.54| 1.232  1.83 4.86 O% 10.36
1.14 1.86 7.53 14.57 16.01| 1.188 1.85 5.86 11.36 12.49| 1.233  1.83 4.84 9.3 10.32
1.144 186 7.48 14.48 1591| 1.189 1.85 5.83 11.31 12.43| 1.234  1.83 4.83 9.3 10.28
1.14% 1.86 7.43 14.39 15.83| 1.190 1.84 5.81 11.26 12.37| 1.235 1.83 4,81 9.3 10.24
1.14¢ 186 7.38 14.29 15.71| 1.191 1.84 5.78 11.20 12.31| 1.236  1.82 4.79 9.2 10.20
1.14Y 186 7.34 14.20 15.61| 1.192 1.84 5.75 11.15 12.25| 1.237  1.82 4.77 9.2 10.17
1.14 1.86 7.29 14.12 15.51| 1.193 1.84 5.73 11.10 12.20| 1.238_ \\1'82 4.76 9.2 10.13
1.149 1.86 7.25 14.03 15.42| 1.194 1.84 5.70 11.05 12.14| 1.239~" 1.82 4.74 9.1 10.09
1.15 1.86 7.20 13.95 15.34| 1.195 1.84 5.67 11.00 12.08|,1.240  1.82 4.72 9.1 10.05
1.15) 1.86 7.16 13.86 15.23| 1.196 1.84 5.65 10.95 12.03171.241  1.82 4.70 9.1 10.02
115 1.86 7.11 13.77 15.14| 1.197 1.84 5.62 10.90 11.97| 1.242  1.82 4.69 9.0 9.98
1.15 1.86 7.07 13.69 15.05| 1.198 1.84 5.60 10.85 11.92| 1.243  1.82 4.67 9.0 9.95
1.15¢4 1.86 7.03 13.61 1496| 1.199 1.84 5.57 10.80 11.87| 1.244  1.82 4.65 9.0 9.91
1.15%  1.86 6.99 13.54 14.87| 1.200 1.84 5.55 10.75 11.81| 1.245 1.82 4.64 8.9 9.87
1.15¢ 1.86 6.95 13.45 14.78| 1.201  1.84 5.52 10.70 11.76| 1.246  1.82 4.62 8.9 9.84
1.15¢y 1.86 6.91 13.37 14.70| 1.202  1.84 3.50 10.65 11.71| 1.247  1.82 4.60 8.9 9.81
1.15 1.86 6.87 13.30 14.61| 1.203  1.84 5.47 10.61 11.66| 1.248  1.82 4.59 8.8 9.77
1.159 1.86 6.83 13.22 14.53| 1.204 1.84 5.45 10.56 11.61| 1.249  1.82 4.57 8.8 9.74
1.16 1.86 6.79 13.15 14.45| 1.205 ~\1:84 5.42 10.52 11.56| 1.250  1.82 4.56 8.8 9.70
1.16] 1.85 6.75 13.07 14.36| 1.206 1.84 5.40 10.47 11.51| 1.251  1.82 4.54 8.8 9.67
1.162 1.85 6.71 13.00 14.28y,1.207 1.84 5.38 10.43 11.46| 1.252  1.82 4.52 8.7 9.64
1.16 1.85 6.67 12.92 14720/ 1.208 1.84 5.35 10.38 11.41| 1.253  1.82 4.51 8.74 9.60
1.16¢ 1.85 6.64 12.85 14.12| 1.209 1.84 5.33 10.34 11.36| 1.254  1.82 4.49 8.7 9.57
1.16p 1.85 6.60 12.78 14.04| 1.210 1.84 5.31 10.30 11.32| 1.255 1.82 4.48 8.6 9.54
1166 1.85 6.56 12.71 13.97| 1.211  1.83 5.29 10.25 11.27| 1.256  1.82 4.46 8.6 9.51
1.16f 185 6.53 12.64 13.89| 1.212  1.83 5.27 10.21 11.22| 1.257 1.82 4.45 8.6 9.47
1.16 1.85 6:49 12.58 13.82| 1.213  1.83 5.24 10.16 11.17| 1.258 181 4.43 8.5 9.44
1.16p 1.85 646 12.51 13.74| 1.214  1.83 5.22 10.12 11.12| 1.259 181 4.42 8.5 9.41
1.17 1.85 6.42 12.43 13.66| 1.215 1.83 5.20 10.09 11.09| 1.260  1.81 4.40 8.5 9.38
1.17) 85 6.39 12.38 13.60| 1.216  1.83 5.18 10.04 11.03| 1.261 181 4.39 8.5 9.35
1.17 1.85 6.35 12.31 1353 1.217 1.83 5.16 10.00 10.99] 1.262 1.81 4.37 8.4 9.32
1173 1.85 6.32 12.25 13.46| 1.218 1.83 5.14 9.96 10.94| 1.263 181 4.36 8.45 9.28
1.174 1.85 6.29 12.18 13.39| 1.219  1.83 5.12 9.92 10.90| 1.264 181 4.35 8.42 9.25
1175 1.85 6.25 12.10 13.30| 1.220  1.83 5.10 9.89 10.87| 1.265 1.81 4.33 8.39 9.23
1176  1.85 6.22 12.06 13.25| 1.221  1.83 5.07 9.84 10.81| 1.266  1.81 4.32 8.37 9.19
1.177  1.85 6.19 12.00 13.18| 1.222  1.83 5.05 9.80 10.77| 1.267 1.81 4.30 8.34 9.16
1.178 1.85 6.16 11.93 13.11| 1.223  1.83 5.03 9.76 10.73| 1.268 1.81 4.29 8.31 9.14
1.179 1.85 6.13 11.87 13.05| 1.224  1.83 5.01 9.72 10.68| 1.269  1.81 4.28 8.29 9.11
1.180 1.85 6.10 11.79 1296| 1.225 1.83 5.00 9.69 10.65| 1.270  1.81 4.26 8.26 9.08
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Table NM2-4 Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U K T Z Y U K T Z Y U
1.271 181 4.25 8.23 9.05| 1.316  1.79 3.73 7.22 7.94| 1.361 177 3.35 6.45 7.09
1.272 181 4.24 8.21 9.02| 1.317 1.79 3.72 7.20 7.92| 1362 177 3.34 6.44 7.08
1.273 181 4.22 8.18 899 1.318 1.79 3.71 7.18 7.89| 1.363  1.77 3.33 6.42 7.06
1.274 181 4.21 8.15 896 1.319 1.79 3.70 7.16 7.87| 1.364 1.77 3.32 6.41 7.04
1.275 181 4.20 8.13 8.93| 1.320 1.79 3.69 7.14 7.85| 1.365 1.77 3.32 6.39 7.03
1.276 181 4.18 8.11 891] 1.321  1.79 3.68 7.12 7.83] 1.366  1.77 3.31 6.38 7.01
1.277 .81 4.17 8.08 8.88| 1.322 1.79 3.67 7.10 7.81| 1.367 1.77 3.30 6.37 7.00
1.278 .81 4.16 8.05 8.85| 1.323  1.79 3.67 7.09 7.79] 1.368  1.77 3.30 635 6.98
1.279 81 4.15 8.03 8.82| 1.324 1.79 3.66 7.07 7.77| 1.369 177 3.29 6.34 6.97
1.280 .81 4.13 8.01 8.79| 1.325 1.79 3.65 7.05 7.75| 1.370  1.77 3.28 6.32 6.95
1.281 .81 4.12 7.98 8.77| 1.326  1.79 3.64 7.03 7.73| 1.371 177 3.27 6.31 6.93
1.282 81 4.11 7.96 8.74| 1.327  1.79 3.63 7.01 7.71| 1.372 177 3.27 6.30 6.91
1.283 .80 4.10 7.93 8.71| 1.328 1.78 3.62 7.00 7.69| 1.373 1.77 3.26 6.28 6.90
1.284 .80 4.08 7.91 8.69| 1.329 1.78 3.61 6.98 7.67| 1.374 Q7 3.25 6.27 6.89
1.285 .80 4.07 7.89 8.66| 1.330 1.78 3.60 6.96 7.65| 1.375 \(1.77 3.25 6.25 6.87
1.286 .80 4.06 7.86 8.64| 1.331 1.78 3.59 6.94 7.63{/1376  1.77 3.24 6.24 6.86
1.287 .80 4.05 7.84 8.61| 1.332 1.78 3.58 6.92 7.61()1.377  1.77 3.23 6.22 6.84
1.288 .80 4.04 7.81 8.59| 1.333  1.78 3.57 6.91 7%69| 1.378  1.76 3.22 6.21 6.82
1.289 .80 4.02 7.79 8.56| 1.334 1.78 3.57 6.89 7.57| 1.379  1.76 3.22 6.19 6.81
1.290 .80 4.01 7.77 8.53| 1.335 1.78 3.56 6.87 7.55| 1.380  1.76 3.21 6.18 6.80
1.291 .80 4.00 7.75 8.51| 1.336  1.78 3.55 6.85 7.53| 1.381  1.76 3.20 6.17 6.79
1.292 .80 3.99 7.72 8.48| 1.337 1.78 354 6.84 7.51| 1.382  1.76 3.20 6.16 6.77
1.293 .80 3.98 7.70 8.46| 1.338 1.78 3:53 6.82 7.50| 1.383  1.76 3.19 6.14 6.75
1.294 .80 3.97 7.68 8.43| 1.339 1.78 3.52 6.81 7.48| 1.384 1.76 3.18 6.13 6.74
1.295 .80 3.95 7.66 8.41| 1.340 1.78 3.51 6.79 7.46| 1.385 1.76 3.18 6.12 6.73
1.296 .80 3.94 7.63 8.39| 1.341 \ 178 3.51 6.77 7.44| 1.386  1.76 3.17 6.11 6.72
1.297 .80 3.93 7.61 8.36| 1.342 + 1.78 3.50 6.76 7.42| 1.387 176 3.16 6.10 6.70
1.298 .80 3.92 7.59 8331343 1.78 3.49 6.74 7.41| 1.388 1.76 3.16 6.08 6.68
1.299 .80 391 7.57 8.31(y1.344 178 3.48 6.72 7.39] 1.389  1.76 3.15 6.07 6.67
1.300 .80 3.90 7.55 829| 1.345 1.78 3.47 6.71 7.37| 1.390 1.76 3.15 6.06 6.66
1.301 .80 3.89 7.53 8.27| 1.346  1.78 3.46 6.69 7.35| 1.391  1.76 3.14 6.05 6.64
1.302 .80 3.88 750 8.24| 1.347 1.78 3.46 6.68 7.33| 1.392 1.76 3.13 6.04 6.63
1.303 .80 3.87 7.48 8.22] 1.348 1.78 3.45 6.66 7.32] 1.393 176 3.13 6.02 6.61
1.304 .80 386 7.46 8.20( 1.349 1.78 3.44 6.65 7.30( 1.394 1.76 3.12 6.01 6.60
1.305 .80 3.84 7.44 8.18| 1.350 1.78 3.43 6.63 7.28| 1.395 1.76 3.11 6.00 6.59
1.306 .80 3.83 7.42 8.16| 1.351 1.78 3.42 6.61 7.27| 1.396  1.76 3.11 5.99 6.58
1.307 .80 3.82 7.40 8.13] 1352 1.78 3.42 6.60 7.25] 1.397 1.76 3.10 5.98 6.56
1.308 179 3.81 7.38 8.11| 1.353  1.77 3.41 6.58 7.23| 1.398 1.75 3.10 5.96 6.55
1.309 179 3.80 7.36 8.09| 1.354 1.77 3.40 6.57 7.21] 1.399 175 3.09 5.95 6.53
1.310 179 3.79 7.34 8.07| 1.355 1.77 3.39 6.55 7.19] 1.400 1.75 3.08 5.94 6.52
1.311 179 3.78 7.32 8.05| 1.356  1.77 3.38 6.53 7.17| 1401 175 3.08 5.93 6.50
1.312 179 3.77 7.30 8.02| 1.357 1.77 3.38 6.52 7.16| 1.402 175 3.07 5.92 6.49
1.313 179 3.76 7.28 8.00| 1.358  1.77 3.37 6.50 7.14] 1.403 175 3.07 5.90 6.47
1.314 179 3.75 7.26 798| 1.359  1.77 3.36 6.49 7121 1.404 1.75 3.06 5.89 6.46
1.315 179 3.74 7.24 7.96| 1.360  1.77 3.35 6.47 7.11| 1.405 175 3.05 5.88 6.45

226


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

Table NM2-4 Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U K T VA Y U K T Z Y U
1.406  1.75 3.05 5.87 6.44| 1.451 1.73 2.81 5.39 592| 1496 171 2.62 4.99 5.48
1.407 175 3.04 5.86 6.43| 1.452 1.73 2.80 5.38 591| 1497 171 2.61 4.98 5.47
1.408 1.75 3.04 5.84 6.41| 1.453 1.73 2.80 5.37 590( 1.498 1.71 2.61 4.98 5.47
1.409 175 3.03 5.83 6.40( 1.454 173 2.80 5.36 589( 1499 171 2.60 4.97 5.46
1.410 175 3.02 5.82 6.39| 1.455 1.73 2.79 5.35 5.88| 1.500 1.71 2.60 4.96 5.45
1411 175 3.02 5.81 6.38] 1456 1.73 2.79 5.34 5.87] 1.501 1.71 2.60 4.95 5.44
1.41¢ 175 3.01 5.80 6.37| 1.457 1.73 2.78 5.33 586( 1.502 1.71 2.59 404 5.43
1.41 1.75 3.01 5.78 6.35| 1.458 1.73 2.78 5.32 5.85| 1.503 1.71 2.59 4.94 5.43
1.41¢ 175 3.00 5.77 6.34| 1.459 1.73 2.77 5.31 5.84| 1.504 1.71 2.58 4.9 5.42
1.41% 175 3.00 5.76 6.33| 1.460 1.73 2.77 5.30 5.83| 1.505 1.71 2,58 4.9 5.41
1.41¢ 175 2.99 5.75 6.32] 1461 173 2.76 5.29 5.82| 1.506 1.71 2.58 4.9 5.40
141y 175 2.98 5.74 6.31| 1462 173 2.76 5.28 5.80| 1.507 171 2.57 4.9 5.39
1.41 1.75 2.98 5.72 6.29| 1.463 1.73 2.75 5.27 5.79] 1.508, 71 2.57 4.9 5.39
1.419 1.75 2.97 5.71 6.28| 1.464 1.73 2.75 5.26 5.78| 1.5094" 1.71 2.57 4.8 5.38
1.42 1.75 2.97 5.70 6.27| 1.465 1.73 2.74 5.25 5771510 171 2.56 4.8 5.37
142} 175 2.96 5.69 6.26| 1.466  1.73 2.74 5.24 5.76171.511 1.71 2.56 4.81 5.36
1.42¢ 175 2.96 5.68 6.25| 1.467 1.73 2.74 5.23 5.74| 1.512 1.71 2.56 4.8 5.35
1.42 1.75 2.95 5.67 6.23| 1.468 1.72 2.73 5.22 5.73] 1.513 171 2.55 4.8 5.35
1424 174 2.95 5.66 6.221 1469 1.72 2.73 5.2 5.72| 1.514 171 2.55 4.8 5.34
1.42% 1.74 2.94 5.65 6.21| 1.470 1.72 2.72 5.20 5.71] 1.515 1.71 2.54 4.84 5.33
1.42¢ 174 2.94 5.64 6.20( 1471 1.72 2.72 5.19 5.70| 1.516 1.71 2.54 4.8 5.32
142y 1.74 2.93 5.63 6.19| 1.472 1.72 2.71 5.18 5.69| 1.517 1.71 2.54 4.8 5.31
1.42 1.74 2.92 5.62 6.17| 1.473  1.72 2.71 5.18 5.68| 1.518 1.71 2.53 4.8 5.31
1.429 174 2.92 5.61 6.16| 1.474  1.92 2.71 5.17 5.67| 1.519 1.70 2.53 4.8 5.30
1.43 1.74 291 5.60 6.15| 1.475 ~\1:72 2.70 5.16 5.66| 1.520 1.70 2.53 4.8 5.29
1431 174 291 5.59 6.14| 1.476 1.72 2.70 5.15 5.65| 1.521 1.70 2.52 4.7 5.28
1432 174 2.90 5.58 6.13\, 1.477 1.72 2.69 5.14 5.64| 1.522 1.70 2.52 4.7 5.27
1.43 1.74 2.90 5.57 610 1478  1.72 2.69 5.14 5.63| 1.523  1.70 2.52 4.7 5.27
1.43¢ 174 2.89 5.56 6.10( 1.479 1.72 2.68 5.13 5.62| 1.524 1.70 2.51 4.7 5.26
1435 174 2.89 5.55 6.09] 1480 1.72 2.68 5.12 5.61| 1.525 1.70 2.51 4.7 5.25
1.43¢ 174 2.88 5.54 6.08] 1.481 1.72 2.68 5.11 5.60| 1.526  1.70 2.51 4.7 5.24
1.43Y 174 2.88 5.53 6.07| 1.482 1.72 2.67 5.10 5.59| 1.527 1.70 2.50 4.7 5.23
1.43 1.74 2:87 5.52 6.05| 1.483 1.72 2.67 5.10 5.59| 1.528 1.70 2.50 4.7 5.23
1439 174 2:87 5.51 6.04| 1.484 1.72 2.66 5.09 5.58| 1.529 1.70 2.49 4.7 5.22
1.44 1.74, 2.86 5.50 6.03| 1.485 1.72 2.66 5.08 5.57| 1.530 1.70 2.49 4.74 5.21
1.441 4 2.86 5.49 6.02| 1486 1.72 2.66 5.07 5.56| 1.531 1.70 2.49 4.7 5.20
1.44 1.74 2.85 5.48 6.01]1.487 1.72 2.65 5.06 5.55[1.532 1.70 2.48 4.7 5.19
1.443 174 2.85 5.47 6.00( 1.488 1.72 2.65 5.06 5.55| 1.533  1.70 2.48 4.72 5.19
1444 1.74 2.84 5.46 599| 1489 1.72 2.64 5.05 5.54| 1.534 1.70 2.48 4.71 5.18
1.445 1.74 2.84 5.45 598| 1.490 1.72 2.64 5.04 5.53| 1.535 1.70 2.47 4.70 5.17
1446 174 2.83 5.44 597| 1491 1.72 2.64 5.03 5.52| 1.536  1.70 2.47 4.69 5.16
1.447 173 2.83 5.43 596| 1492 1.72 2.63 5.02 5.51| 1.537 1.70 2.47 4.68 5.15
1.448 1.73 2.82 5.42 595| 1493 171 2.63 5.02 5.51| 1.538  1.69 2.46 4.68 5.15
1.449 1.73 2.82 5.41 5941 1.494 171 2.62 5.01 550( 1.539  1.69 2.46 4.67 5.14
1.450 173 2.81 5.40 593] 1495 171 2.62 5.00 5.49| 1.540 1.69 2.46 4.66 5.13
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Table NM2-4 Values of T, Z, Y, and U (Factors Involving K) (Cont’d)

K T Z Y U K T Z Y U K T Z Y U
1.541 1.69 2.45 4.66 5.12| 1.556  1.69 241 4.57 5.02| 1.571 1.68 2.36 4.47 491
1.542  1.69 2.45 4.65 5.11| 1.557  1.69 2.40 4.56 5.01| 1.572 1.68 2.36 4.47 491
1.543  1.69 2.45 4.64 5.11| 1.558 1.69 2.40 4.56 5.00 1.573 1.68 2.36 4.46 4.90
1.544 1.69 2.45 4.64 5.10| 1.559 1.69 2.40 4.55 4.99| 1.574 1.68 2.35 4.46 4.89
1.545 1.69 2.44 4.63 5.09| 1.560 1.69 2.40 4.54 499| 1.575 1.68 2.35 4.45 4.89
1.546  1.69 2.44 4.63 5.08] 1.561  1.69 2.39 4.54 4.98| 1.576 _ 1.68 2.35 4.44 4.88
1.547 .69 2.44 4.62 5.07| 1.562  1.69 2.39 4.53 4.97| 1.577 1.68 2.35 4.44 4.88
1.548 .69 2.43 4.62 5.07| 1.563  1.68 2.39 4.52 497| 1.578  1.68 2.34 443 4.87
1.549 .69 2.43 4.61 5.06| 1.564 1.68 2.38 4.51 496| 1.579  1.68 2.34 442 4.86
1.550 .69 2.43 4.60 5.05| 1.565 1.68 2.38 4.51 495| 1.580 1.68 2.34 4.42 4.86
1.551 .69 2.42 4.60 5.05| 1.566  1.68 2.38 4.50 495] ...

1.552 .69 2.42 4.59 5.04| 1.567 1.68 2.37 4.50 494 ..
1.553 .69 2.42 4.58 5.03| 1.568 1.68 2.37 4.49 4.93] ...
1.554 .69 2.41 4.58 5.03| 1.569 1.68 2.37 4.48 4.92] ...
1.555 .69 241 4.57 5.02| 1.570 1.68 2.37 4.48 4.92] ..

228


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

NONMANDATORY APPENDIX NM-3
SEISMIC, WIND, AND SNOW LOADINGS

(19) NM3-100 TYPICAL CODES

The User/Purchaser shall be responsible for the spec-
ificatfion of the appropriate code to be used. The code
specifies to the designer the magnitude and direction
of thle seismic, wind, and snow loads acting on the
vessdl. The designer shall use recognized stress analysis
methlods to compute the stresses resulting from these
loadd.

ThE following is alist of examples of international codes,
standards, and manuals that may serve to determine
seisnpic, wind, and snow loads acting on the vessel:

(a) Uniform Building Code, published by International
Code| Council

(b)] National Building Code, published by American
Insurjance Association

(c)] Minimum Design Loads for Buildings and Other
Strudtures, ASCE 7, published by American Society of
Civil [Engineers

(d}) International Building Code, published by Interna*
tional Code Council

(e)| Standard Building Code, published by Interhational
Code| Council

(f)| British Standard BS 6399 Part 2, Loading for Build-
ings, |Code of Practice for Wind Loads

(g) Dutch Standard NEN 6702 —TGB 1990, Loadings
and Deformations

(h) Eurocode 1, Part 2-4, Basis of Design and Actions on
Strudtures

(i)| Eurocode 8, Part 1£5) Design Provisions for Earth-
quakp Resistance of Strlictures

(j)| Mexican Code,Manual de Disefio de Obras Civiles de
la Comision Federal'de Electricidad

(k)] Nationdl Building Code of Canada

NOTH: The'Qualified Designer who certifies the Fabricator’s
Desigh Report per requirements of Part 1, para. 1-300 of this

Standard should verify that the Code given in UBRS is used

E = tensile modulus of elasticity, psi
F = design factor
F., = allowable axial stress (buckling)
F., = allowable flexural stress_(buckling)
F.. = allowable shear stress (Buckling)
F), = allowable hoop tensgile stress (ultimafte)
f. = axial stress
f» = flexural stress
fera = critical axial-buckling stress
ferp = critical flextiral buckling stress
fery = critical(Shear buckling stress
fn = hoop/tensile stress
f, =shear stress
H .= _vessel height, ft
AF mament of inertia of vessel shell crogs section,
in.
M,, = bending moment due to wind load, ff-1b
N, = axial stress resultant, 1b/in.
P = hydrostatic pressure (total), psig
q = wind pressure, psf
R. = head crown radius, in.
S, = ultimate tensile strength, psi
SF = shape factor
U = uniform wind pressure load, lb/ft
Ur = wind load on top flange, 1b/ft
W = total wind load, 1b
NM3-300 EXAMPLES
(a) Wind Loads
(1) cantilevered vessel empty (flatbottomed on slab)
(2) suspended vessel empty (ring or skirt syipported)
(3) cantilevered vessel at design conditiops
(4) suspended vessel at design condition;s
(b) Snow Load on Empty Vessel. The snow loagl example
below assumes that the detailed design of the top head has

been done such that the snow load is transferred

If Code (e.g., IBC) is not specified in UBRS, the Qualified Designer
or Fabricator, should make a request that User/Purchaser speci-
fies Code in writing.

NM3-200 NOMENCLATURE

C = distance of neutral axis, in.
D = nominal vessel diameter, ft
D; = inside diameter, in.
D, = outside diameter, in.

[
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uniformly to the shell. The snow load on the top head
is assumed to be a uniform external pressure on the
cover. See para. 3A-320. All the example vessels are
built of Type I or Type II laminates.

(c) Seismic Load on Flat-Bottom Vertical Tank
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NM3-310 Loading Criteria

In the examples below, the load causes shear stress and
normal stress in both axial and hoop directions, all simul-
taneously. In some cases, the normal stress is compres-
sive, which, if excessive, could cause buckling. Therefore,
biaxial strength and buckling criteria are needed to
complete the examples.

(a) Paragraphs 3B-500and M3-530 contain provisions,
based on_lamination analysis, for calculating the resis-

319 Ib, and the bottom weighs 340 lb, for a total
vessel weight of 4,159 lb.

Case (b) is a vented tank 9 ft in diameter and 18 ft long
from tangentline to tangent line. It has torispherical heads
on both ends and it is supported by a ring 6 ft from the top
ofthe shell. Asin case (a), itis located outdoors in St. Louis,
Missouri and contains a liquid with specific gravity = 1.2.
Thevesselis constructed of Type I laminate, which has S, =
9,000 psi according to Table 2A-3. Paragraph 3A-230

- 1 1 1 1 1.1 1 £ 11 - T
TTYUUITTS UldU UIT DULLUIT IIEAdU TIdVE ULIT TUITUOWIITE Ille'

tance off any type of laminate to biaxial stress; ness:
however| the calculations are complicated. For Type I
laminateq, a conservative approximation to these provi- t = 088SFPR./S,
sions is = (10)(0.885)(18)(12)(0.03613)(1.2)(108)/(9,000)
P2 =L fy +f+ 225 < (S,/F) = 0995in.
(Use 1.00 in. nominal thickness, pet Table 2A-2.) The top
For Type|ll laminates, a conservative approximation to  head thickness would be governéd by the “footprint] load
paras. 3B-300 and M3-530 is specified by para. 3A-340-Nonmandatory Appéndix
f, = IS,/Fl andf;, = [S,/F| NM-11 gives a method,for designing for this Joad,
which in this case gives a thickness of 0.35 in| The
if the shepr stress is less than 200 psi (1.38 MPa). These shell thickness just'above the ring is given by para.
approximations are used in this Appendix instead of the =~ 3A-210 as follows:
more exdct procedure in paras. 3B-300 and M3-530. t = EPDy/2S,
hecording to para. 35-500, the design factor = 10 for = T1)(6)(12)(0.03613)(1:2)(108)/(2)(9000
seismic, dr snow loads, or for a combination of sustained 5 0187in.
loads and wind, seismic, or snow loads. However, para. 3-200(f) and Table 2A-1, taken toggther,
(b) The interaction criterion for buckling is require that the thickness of the shell be at least 0.23 in.
2 Similarly, the shell thickness 12 ft from the top is found
faF/fcra‘ + Lbe/fcrh| + (va/fcrv) <1 from g P
This equdtion applies only to compressive normal-stress. t = FPD;/2S,
In all casds, the design factor F = 5 for buckling. The buck- = (10)(12)(12)(0.03613)(1.2)(108)/(2)(9,000
ling criterjion is the same as in Equation 9.93;page 1006, of = 0.375in.
the Amerjcan Society of Civil Engineers’ Struetural Plastics . . .
Design Mqnual, ASCE Manuals and Reports'on Engineering or, rour.ldlng up to a standard lamlnate, t = 0.40 in. The
Practice No. 63, 1984. shell thickness 18 ft from the top is found the sam¢ way
) ) t = FPD;/2S,
NM3'32‘) DESIgn fOI' Sustalned Loads = (10)(18)(12)(0.03613)(1.2)(108)/(2)(9,000
Case (a]) is a vented tank'Wwith a flat-bottom head and a = 0.562in.
torispherjcal top headsThe tank is constructed of Type II . . ) N
laminate, polted to acoiicrete pad, 12 ft in diameter and 24 which rounds up to 0.57 in. The total weight of the liquid is
ft high, arjd contain$a liquid with a specific gravity of 1.2. found from
The tank|is located outdoors in St. Louis, Missouri. weight=(3.1416)(4.5)2(18)(62.4)(1.2) = 85,746 1H
Paragrjph,3A-210 requires a shell thickness given by:
— The-vesselweighs-appreximatel2,0060-1btherefore, the
t = FPD;/25, ) 5 Pr J SRR ’
= (10)(24)(12)(0.03613)(1.2)(144) /(2)(15,000) axial stress resultant just below the ring is
= 0.599in. N, = (85,746 + 2,000)/(3.1416)(108) = 2591b/in.

The laminate strength is from Table 2A-3, for Type I lami-
nate. The next thickest standard Type Il laminate is 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 lb, the top head weighs
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The thickness required to resist the axial load is given by
para. 3A-210

t

FN,/s,,
(10)(259)/(9,000) = 0.287 in.
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which is less than the thickness required to resist the hoop
stress. Thus, hoop stress governs and t = 0.57 in.

NM3-321 Example (a2): Empty Cantilevered Vessel
Under Wind Load. This is a continuation of case (a) in
para. NM3-320; it is the same flat-bottom tank with
wind loading. According to Uniform Building Code

which satisfies para. NM3-310. Thus, the design is accept-
able for wind load on the empty tank, as far as strength is
concerned.

The tank must also be checked for elastic stability. The
critical buckling stress for uniformly distributed axial
compression is

(UBC) rules, the wind pressure zone for St. Louis is 30. fra = O03Et/R
From UBC Table 23-F, the design wind pressure for _ 6
zone 30 is 25 psf. The shape factor per Table 23-G is B (0'3)<1'5 x 10 )(0'64)/72
SF =10.8. Then the wind load is = 4,000 psi
U = (SF)gD = (0.8)(25)(12) = 240 b/t of height The critical stress for buckling from bending yinder the
The bending moment at the base of the vessel is wind moment is
M - 1/2UH2 fop = 1.3f,,, = 5200 psi
w
= (0.5)(240)(24)2 For shear, the critical buckling'stress for thin-whlled tube
= 69,120 ft-Ib = 829,440 in.-Ib of circular cross section is'given by
) ) .
5 1
and the total lateral force is o = 0.69SE(L/R) /4(R/ H) /2
S 1
W = UH = (240)(24) = §5,7601b - 0.695(1.5 X 106)(0.64/72) /4(72/2 82
ThE total vessel weight is 4,159 1b and the weight of the 1,423 psi
bottgm is 340 lb; thus, the weight transmitted through the oo ) ) .
shellhtthe baseis 4,159 - 340 = 3,819 1b. The axial stressat  1hebuekling interaction equation from para. NM3-310 is
the Hase is then 2
F/f |+, F/f., |+ (f F/f <1
f, = — 3,819/(3.1416)(144)(0.64) = — 132 psi Lf“ C’“‘ Lfb “b’ (” ””)
Inserting values for this example gives
wherle the negative sign denotes compression. The axial 5
stresp on the downwind side of the base resulting frofythe 1(13.2)(5)/4,000] + {(79.2)(5)/5,200] + [(19.9)(5)/1,423]
wind| moment is given by = 0098 < 1
f, = - M,C/I
which shows that the empty tank will not fail by buckling
The moment of inertia is calculated from under the design wind load. If the strength and buckling
conditions had not been satisfied, then the shell|thickness
I = (3.1416)<D3 - Di4)/64 would have to have been increased.
= (3.1416/64)(145.284 — 1444) NM3-322 Empty Ring Supported Vessel Under Wind
. Load. This is a continuation of case (b) in para. NM3-320.
= 760,528 in/ As before, the wind pressure is 25 psf and the shape factor
is 0.8. The wind load U is
and ¢ = 72.64 in. Fhus
829:440) (72.64) /(760,52 2 psi U = (SPqD
f, = — (829;440)(72.64)/(760,525) = — 79.2 psi = (08)(25)(9) = 1801b/f
Ehﬁ:Ot?l?XIal SItIrTSS 1S thtenj;a +f ;,_?1234 p_SI.l'léthtgnk 1S The total force above the ring is (180)(6) = 1,080 b, and
urotype aminate, 1or wWhlch oy = 7, pst. the corresponding bending moment is % (1,080)(6) =
However, F = 8:33 and the alfowable Stress 15 15,0007

8.33 = 1,800 psi. The shear stress is
f, = 5,760/(3.1416)(144)(0.64) = 19.9 psi

Since f, < 200 psi, the criterion for Type Il laminates stated
in para. NM3-310 applies. It is

|fa n fb| = 92.4 < 1,800 psi

231

3,240 ft-lb. The total force below the ring is (180)(12)
= 2,160 lb, and the corresponding moment is 1/2(2,160)
(12) = 12,960 ft-Ib. This is the largest bending moment
in the vessel. Thus, M,, = 12,960 ft-lb = 155,520 in.-1b.
Check the stress in the vessel just below the support ring.

(a) Axial. The weight ofthe shell below the support plus
the weight of the bottom head is 1,300 lb. The axial stress
from the weight is then
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(1,300)/(3.1416)(108)(0.40)
9.58 psi

fa =

(b) Bending Below the Support
f, = M,,C/I

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 Condi-
tions With Wind Load. The hoop stress due to hydrostatic

_ 4 4 pressure mustbe combined with the axial stress caused by
I = (3.1416/64)(Dy — D;
( / )( 0 ! ) wind and weight, using a design factor of F=10/1.2=8.33.
= (3.1416/64)(108.8* — 108*) = DPRU
= 200,084 in.*
where P is the sum of hydrostatic and design-presgures.
C=544in. f,, = (24)(12)(0.03613)(1.2)(72)/0.64,= 1405 ps|
f, = (155,520)(54.4)/200,084 From para. NM3-321, the bending stréss is 79.2 psj, the
= 423psi axial weight stress is 13.2 psi, and/thus the overall|axial
stressis 79.2 + 13.2 = 92.4 psi, The shear stress is 199 psi,
(c) Shkar which is less than 200 psi, so-the simplified criterign for
Type II laminates applies
f, = 2,160/(3.1416)(108)(0.40)
— 159psi If,| = 9240515,000/833 = 1,800 psi
=("1,405 < 15,000/8.33 = 1,800 psi
The strerjgth criterion for Type I laminates is Vh‘ ’ / pst

f2 = fh + 7+ 2252 < (S,/F)

The axial ptress is the sum of the stresses from weight and
bending: ff, = 9.58 + 42.3 = 51.9 psi. The hoop stress, f;,
vanishes pnd f, = 15.9 psi. We insert these values in the
criterion
(51.9)% + 2.25(15.9)* = 3,262 < (9,000/8.33)*
= 117 x 10°
which is [satisfied. The axial stress from the.weight is
tensile arjd, therefore, does not enter into:the check for
buckling.[The critical bending stress for-buckling is
£, = (13)(0.3)Et/R
= (1.3)(0.3)(1.0 % 106)(0.4)/54
= 2,889 psi
The critidal shear buckling stress is
Tarym)!
Ly | O69SE(t/R)/4(R/H)/?

= (0.695)( 1.0 X 106)(0.40/54)5/4(54/ 144)h

which are beth acceptable.

NM3-324 Ring Supported Vessel Under Operating
Conditions and Wind Load. In this case, the hoop
sfress and axial stresses caused by the hydrostatid load
must be superposed on the weight and wind strgsses
computed in para. NM3-322. The governing locatjon is
just under the ring, and the hoop stress there is given by

fi, = (6)(12)(0.03613)(1.2)(54)/0.40
421 psi

Axial stresses are from the weight of the content
weight of the vessel, and the wind moment. The con
weight is (3.1416)(4.5)%(18)(62.4)(1.2) = 85,746 14
weight of the vessel below the supportis 1,300 lb. The
axial stress from weight is

f, (85,746 + 1,300)/(3.1416)(108)(0.40)
641 psi

5, the
tents
. The
nthe

The stress from the wind moment is 42.3 psi, and thq total
axial stress becomes 641 + 42.3 = 683.3 psi. From apove,
the shear stress is 15.9 psi. The strength criterionl|i

925 psi
The buckling interaction formula is
2
VaF/fcm‘ + VhF/fcrb| + (j;/F/fcrv) <1

With the current values in place

1(5)(42.3)/2,889] + [(5)(15.9)/925]> = 0.081 < 1

232

f2 = + 7+ 2252 < (S/F)

With the values from the example, this becomes

(683.3)% — (683.3)(421) + (421)% + 2.25(15.9)% = 357,400

but 357,400 < (9,000/8.33)%=1.17 x 10°, and the strength
is adequate.
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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 Ib. Taking the
head weight as 275 1b, the combined weight equals 3,102
lb. The weight causes an axial stress in the shell

NM3-327 Spectral Loading. Spectral acceleration is
defined as the maximum response of a single degree of
freedom (SDOF) system to a given seismic event. Such
a system can be characterized by its natural period of
vibration, T, and the amount of damping present. A
plot of spectral acceleration as a function of natural
period is called a Response Spectrum. In the case of
ground-supported liquid storage tanks, the Response
Spectrum is completely defined by Tand the mapped spec-

£, = 3,102/(3.1416)(144)(0.64) = 11psi

The 4
psi, 4|
para,
ensu
stres

NOTH
exter
desig]
Thus,
is cal
the sy
This

quire
may §

llowable stress for strength is 15,000/8.33 = 1,800
hd the critical axial buckling stress was calculated in
NM3-321 as 4,000 psi. Thus, the allowable stress to
'e elastic stability is 4,000/5 =800 psi. Both allowable
bes are much greater than 11 psi, the applied stress.

: If the vessel must withstand external pressure, the
hal pressure exerted by the snow must be added to the
h external pressure for calculating the head thickness.
if the vessel has a torispherical head, the head thickness
ulated by the equation in para. 3A-320, and the term P, is
m of the design external pressure and the snow pressure.
ombination of loads may govern, the “footprint” load re-
ments in para. 3A-340 may govern, or internal pressure
overn.

NM3-326 SeismicLoadingon Vessels. A vessel experi-
encirlg a seismic event has its base accelerated both later-
ally gnd vertically by strong ground motion. The vessel
shell] internals, and any contents respond dynamically
to thfs base excitation depending upon their mass-and
natufal frequency. The vessel and contents\imay be
analyzed dynamically or statically using aniequivalent
loadihg magnitude that depends upon the-seismic area
and jmportance factor. This section_presénts a method
for the calculation of seismic loads based on spectral accel-
eratipn and probabilistic ground(motion. This method is
basedl on AP1 650-2000 (Sectign E:3), ASCE 7-02 (Sections
2.4.1land 9.14.17.3.8), and the USGS Earthquake Hazards
Program.

In Jarge fluid-filled-tanks, the total mass is considered
eithef “fixed” or “stoshing.” Fixed mass includes the mass
of th¢ tank structure and that part of the contents which
movgs in phase‘'with the tank shell atits natural frequency.
Sloleng massis that part of the contents thatrespondsina

“sloshing mode,” whose frequency is a function of the tank

tratacceteratios (SA) acper todsof 02 STC, 35, =md 1.0 SecC,
S1. Thevalues of S;and S;, obtained from the,USGP website,
are based upon 5% of critical damping afidya giyen prob-
ability of exceedance (PE) in 50 yr. Unless.otherwise given
inthe UBRS, the S, and S; values for.5% PE should be used.

In order to obtain a Response,Spéctrum for a given loca-
tion and soil type, S; and S; @re first convertef to their
maximum considered mapped values, S,,; and S,,,1, by
multiplying them by Site ‘Factors F, and F,. F, and F,
depend upon the type of soil (Site Class)| and the
values of S; and §,.\If detailed information on the site
is not available, Site Class D should be assumed.[The spec-
tral design parameters, S,,s5, Sm1, Sas, Sq1, and T [for vessel
loading, and\Site D values for F, and F, are given below.

SS
<0.25
0.6

0.75
1.0
>1.25

Fq
1.6
1.4
1.2
1.1
1.0

S1
<0.10
0.20
0.30
0.40
>0.50

F,
2.4
2.0
1.8
1.6
1.5

S, =F X ——
ms a 100

S,,1=F X —
ml v 100

X Spus

2
Sis = g

2
Sq1=— X §
dl 3

ml

S
T, sec = 2dl

Sds

diamkterand hnighf 'T‘a"’ slender tanks have maore fixed

contents than those that are lower and wider. Variationsin
process design, available space, and custom internals lead
to wide variations in aspect ratio as well as the amount of
fixed mass other than that of the fluid contents. It will be
seen that the base shear and moment contribution for
sloshing mass depend upon the sloshing period, but
the fixed mass contributions do not.
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NM3-328 Fixed and Sloshing Mass for the Contents.
In order to calculate shear and moment at the base, it is
necessary to determine the amount of fixed mass, sloshing
mass, and their centroids, plus the sloshing period. All are
functions of the aspect ratio, a« = D/H., where D and H, are
the vessel diameter and contents height in feet, respec-
tively. In the following, W, is the total mass of contents
in pounds, Wg/W, is the fixed mass fraction, and W,/
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0.75

W. is the sloshing mass fraction. The centroidal positions Vi = O.SSdSI[ - ]TsWsc

of each type of mass are referenced to H.,.
(a) Sloshing Period

(4

T, sec = —2 /P Vp = (0.7) (Ve + Vi)
Jtan h(3.67/a)
H
(b) Fixed Mass Fraction M, = (0.7)(12)[(0.24Sd51)(1/\75h? + WyH + W H C)

w

1 _0218afora < 1333 e

W ! ’bs“st
w,
Mfe _ tan h(0.866a) forat > 1.333 For T, > 4.0,

W, 0.866a

[

Vhf = (0.24SdSI)(I/Vsh + Wy A ch)

(c) Slqshing Mass Fraction

W, 3375
& =1- l Vs = 0'7lsdsl(—T]Tsvvsc
w, w, Tc
(d) Fixed Mass Centroid v, = (0'7)(be + Vbs)
ch
—— = 0.5 — 0.094a for a < 1.333
H
‘ M, = (o.7)(12)[(o.24sd51)(mh7 + WH + chHf.)
% = 0.375 f > 1.333
HC = 0. or o . + VbSHsc]

(e) Slgshing Mass Centroid If the vessel has N hold-down lugs, the maximum hold-
H,, 3.67 367 367 -1 fio'wn force, Fy, 1s' given be%ow, where R'IS the vessel rhdius
? =1 — |cosh|— | — 1 sin h| — ininches, and F, is any uplift. Note that if Fj, < 0, the lugs are

. a a a

unloaded and also that the contents cannot be uspd to

NM3-329 Base Shear and Moment. For ah atmo- reduce F, since they are supported by the base pad.

spheric §torage vessel with full contents, the fixed Fo— 1.695M}, — 1.46(Wyy, + Wy)R + E

mass confsists of the shell, Wy, and head,\W}, plus the h= NR N

fixed poftion of the contents, Wy. Faryl. < T, Wg is

taken eqqal to the total contents weight, W.. The above shear and moment expressions mgy be

The bage shear, V,, and base mofnent, M, depend upon  €xtended to include the effect of internals or ¢ther
an imporftance factor, I; the rdtio, Ty; the short period  fixed masses supported above the vessel base,It is
design vilue, Su; and the sloshing period, T,. In this also possible to include a base skirt, in which casge the
case, the[vessel height, H,\ahd contents height, H,, are ~ contents’ weight, fully supported above the base, will
equal. F¢llowing ASEE7-02, in an allowable stress  act to unload the lugs.

design, bpth V,, and-M, are multiplied by the factor 0.7. .. .
My, is then multiplied by 12 to convert the base NM3-330 Hold-Downs for Seismic Loading

moment o ip=-ib: It is necessary to evaluate the capacity of the hold-
For T. g & downs to handle both pullout and lateral shear| The
V, = (0.7)(0243; 1) (Wy, + Wj, + W) desigm of varfous types of fiold-aowns for puttout is

addressed in Nonmandatory Appendix NM-4. Although
H H the vessel designer does calculate the forces and stresses
M, = (0.7)(12)(0.24Sd51)(1415h— + WH + Wc—c] in the hold-downs, it is typically the responsibility of a
2 2 licensed civil or structural engineer to calculate the capac-

ity of the hold-down embedments in the support slab.
Most civil/structural specifications will not allow the
be = (02484 D) (W, + W, + ch) use of the friction between the vessel bottom and the
support pad as a part of the base shear capacity. This
means either that the hold-downs must be designed to

For T, < T, < 4.0,

234
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resist lateral shear or that some other means must be (c) Weight and Mass Fractions
provided. Where high lateral shear exists, consideration
may be given to grouting againsta shear lip thatis castinto
the pad. Another method is to grout between the vessel
and a_circumferential angle att_ached to t.the pad, as long as ﬁ — 1 — 0218(0.615) = 0.866
care is taken to prevent fluid retention, which could

present corrosion problems for the vessel bottom.

NM3-331 Example. Calculate the base shear, base W, b= (0.866)(48,906) = 42,353
moment, and maximum hold-down force for an 8 ft x
13 ft]tank with eight hold-down lugs and full contents
whode specific gravity is 1.2. The weight of the shell is
750 1p and that of the head is 175 Ib. The tank is at a loca-
tion whose zip code is 98226. No detailed geotechnic infor-
matipn on the site is available. The owner or user’s
insutance company has specified that an importance
factdr of 1.25 be used and that the design seismic o
evenf have only a 5% chance of being exceeded in 50 fo _
yr. From the USGS website for zip code 98226 and 5% E = 05 ~005%(0615) = 0442
PE, the value of Sg = 64.59% and S; = 21.46%. Since
no ge¢otechnic information is available, Site Class D is ch,&= (0.442)(13.0) = 5.75
assutned.

(a) Spectral Parameters

—1
E, =134 He [cosh( 3.67 ) 3 IH 3.67 sinh(i 7 )]

E, =197 = 0.833

W,, Ib = 0.785(8)% (13)(62.4)(1.2) = 48,906

c

Wee _ _
—£ =1 - 0.866 = 0.134
W,

Cc
W, Ib = (0.134)(48,906),= 6,553

(d) Centroidal Locations for-Fixed and SlosHing Mass

64.59 H,, ft = (0.833)(13.0) = 10.83

(e) Base Shear and Moment
T, = 0489 < T. = 1.635 < 4.0

%]
3
—

Il
oy

O

~J

‘
———
Il

N

S

[\°)

w

Vof = (0.24)(0.577)(1.25)(750 + 175 + 42,353)|= 7,491

2
Sgs = g(0.866) = 0.577

Visr Ib = (0.8)(0.577)(1.25)(%)(0.489)(6,55 ) =848

2
Sg1 = —(0.423))= 0.282
3 Vi, Ib = (0.7)(7, 491 + 848) = 5,837

= % = 0.489 Mp,in-b = (0.7)(12){(0.24)(0.577)(1.25)
(b} Sloshing Period [750 (%) + 175(13) + 42,353(5.75)
a= % = 0.61S +848(10.83)}
= 441,643
T., sec = 0578 V8 =1.635 (f) Hold-Down Force

JJtan h(3.67/0.615)

_ (1.695)(441,643) — (1.46)(750 + 175)(48)
(8)(48)

Fy, Ib

= 1,781
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NONMANDATORY APPENDIX NM-4
HOLD-DOWN LUG DESIGN

NM4-100 SCOPE

This Agpendix provides methods for the design of lugs
attached by hoop winding or secondary bonding. It is rec-
ommendgd that continuous loads be handled by lugs
supporte¢l by metal bands or double rings as described
in Nonmgndatory Appendix NM-5.

When Wwound-on lugs are used for intermittent or occa-
sional loads, such as lift due to wind or minor flooding, a
design fadtor of 5 on the combined stress in the laminate is
recommepded. If wound-on lugs are used in continuous
loading, sjich as for the support of vessels not exceeding 4-
ft diametgr or flat bottom vessels subject to uplift loads
due to infernal pressure, the usual design factor of 10
should bq applied to the combined stress in the laminate.
Hold-down lugs used for anchoring vessels are subject to
uplift logds due to internal pressure. Designers are
cautiongd that flat tank bottoms as specified per
para. 3A-R60 are not sufficiently stiff to permit the use
of the weight of the liquid contents of the tank to
resist wind and/or seismic overturning forces. The
hold-down system should be designed for the total
base morpent.

NM4-200 NOMENCLATURE
B.C.D. ¥ bolt circle diameter, in.
D £ nominal vessel diameter,(ft
D; ¥ vessel inside diameter; in:
D, ¥ vessel outside diameter, in.
d £ bar diameter, in.
E.x ¥ axial tensile modulus of elasticity, psi
Ey, £ hoop tensilesmodulus of elasticity, psi
e ¥ load eccéntricity, in. (see Figures NM4-1,
NM4-2A, and NM4-2B)
F ¥ totalload or reaction at lug, 1b
Fy ¥ fofce in horizontal direction (radial), 1b
G &_wind pressure pcf

M, = bending moment due to wind load, ftlb
N = number of lugs
P = total radial load due to moment,/lb
P* = unit load, Ib/in.
P; = wind uplift coefficient, ditnensionless| (see
Figure NM4-4)
p = pressure, psi
R,, = mean radius of evérwind, in.
S, = allowable tensile’stress, divided by dpsign
factor 10, psi
Sy = wind shape factor, dimensionless
= 0.7 forylindrical vessels
T = totalhoverwind tension, lb
t, =.thickness of vessel bottom, in.
tx ¢=_thickness of knuckle region, in.
= t, + tp (Type A only)
tiyg = lug thickness, in.
t, = thickness of vessel wall, in.
t; = thickness of wound overwrap or overldy, in.
Unet = net uplift, Ib
W = total load, Ib
Winax = unit radial load on overwrap, 1b/in.
= vessel weight, Ib
= lug width, in.
coefficient of bending, in.™*
= Poisson’s ratio, dimensionless
= tensile stress, psi
= shear stress across vessel wall, psi

.ﬂ
< c\<m€§
1

NM4-300 WOUND LUG DESIGN

This design analysis is based on the assumption that the
lug is remote from either the top or bottom head ¢f the
vessel or any stiff support ring. This assumption resylts in
a conservative analysis, since the full amount of|local
bending is presumed to occur. Typically, a major
portion of the total stress in both the longitudinal and

H = height of vessel straight side, ft
Hp = depth of top head, ft
h = height of lug, in.
hpin = minimum height of lug, in.
h; = height of wound overwrap or overlay, in.
L = bar length, in.
M,, = moment in axial direction, in.-lb
My, = moment in hoop direction, in.-lb
M; = moment coefficient, dimensionless (see
Figure NM4-3)

circumferential directions is due to this bending. In actu-
ality, hold-down lugs are normally located in the rein-
forced regions adjacent to the shell-to-bottom-head
junction.

Atypical wound lug geometry is shown in Figure NM4-1.
The vertical reaction, F, is taken into a wound-in shear
ledge or transferred into the vessel as shear in the over-
wind as shown. The lug itself must be checked for bending
stress.
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Itis necessary to determine the lug force, F, from known
loading conditions and statics. Based upon an assumed
overwind force distribution, the overwind tension, T,
and compressive heel reaction, P, may be determined.
The average tensile stress in the overwind and shear
in the vessel wall are then calculated. The necessary para-
meters are given in Figures NM4-1 and NM4-5.

The next step is to determine the combined state of
stress in the vessel wall due to the local load, P, and

d 5 PIC urc. UUIIC DY d Uld 24
the ayerage radial loading on the shell due to the lug width,
w, and then evaluating the longitudinal bending moment
that yould be presentin a similar shell under aringload of
the dame intensity. The bending stresses due to this
momlent are then added to the membrane stress due
to thle vessel operating pressure to obtain the peak
valugs of axial stress at the inner and outer surfaces of
the yessel wall. The corresponding hoop stress in the
wall fis obtained by assuming that circular bending is
occufring locally. The bending moment in the hoop direc-
tion s equal to the appropriate Poisson’s ratio times the
bending moment in the longitudinal direction. The
stregses due to this bending are then added to the
hoop stress due to the operating pressure to obtain
the geak values of hoop stress at the inner and outer
surfaces of the vessel wall.

A 1pore exact determination of the local effects is given
in the work of Bijlaard as summarized in Welding
Research Council Bulletin WRC-107 or its earlier
versipn given in the Department of Commerce Report
PB131987 on local loading in thin shells. However; the

Lups may be attached by means/of;secondary bonding. It
is re¢ommended that such attachments be designed for
shear loading on the basis(ofja 200 psi allowable shear
strenjgth in the secondary*bond. Secondary bonded attach-
ments should not be-designed for straight tensile loads.
Such|loading tends-to\peel off the overlaid reinforcement.
It is recommended that radial loads, such as those
resulting from eccentric moments, not exceed 50 lb
per linealsinch tension. If tensile perimeter load is
high¢r.than 50 1b/in., in this case we have the option

to use Type R Ingc These loads are normal to the

6D, WeM;,

(1
NS

1
2
min —

The lug must then be checked for shear. The minimum
required overlay area of secondary bond shall be

A, = W/200N

re inches,
the shell.
icantly to
[ reaction
econdary
rent type

where A, is the minimum required area, in squa
Of Nndadry por rlay attacrl ne Iug o
If the size of the lug must be increased sjgnif]
provide sufficient height to reduce the momen|
or provide adequate area for the attachment of s
bonding overlays, then additional Jugs or a diffg
lug and attachment should be corisidered.

(a) Lug Reactions

S

My =0

I

Winaxh
2

2h
3

|=o

Whax = %,lb/in.
Fy =0
Wiaxh
pP= ‘;a" ,1b

(b) Overwind Tension

T = PR,,/w,Ib
m= ?

o = T/ht, psi

(c) Shear Across Vessel Wall
7,, = P/tjw, psi

(d) Local Bending in Vessel Wall

:
|

3(1 - 1/2)
R2t2

ﬂ:

overlay along that portion of the perimeter of the lug
or clip that is actually subjected to tensile loading (see
Figures NM4-2A, NM4-2B, and NM4-5).

Lugs are eccentrically loaded, resulting in a localized
moment applied to the vessel shell. The minimum
height of the lug shall be calculated based on the following:

237

Assuming v = 0.3,

1/ -1
p= 1.28/(Rmtk) 2 in.

p* = P/w, Ib/in.
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Figure NM4-1 Wound-On Hold-Down Lug

Overwind

Shear ledge

| L |

Retainer bar

| L
|
| L

Resin putty

filler

F2
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Figure NM4-2A Secondary Bonded Hold-Down Lug, Type A

/ Overlay

Tensile
perimeter

| Ib/in.

K— Retainer

bar

Resin putty

filler

hy

e d e

m Secondary bond, tank wall
m Overlay on vertical leg

Resin putty filler
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Figure NM4-2B Secondary Bonded Hold-Down Lug, Type B
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/ Overlay

te —> < Tensile perimeter
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Bent to radius
/ of tank

Resin putty
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h=
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|
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......
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Figure NM4-3 Moment Coefficient, M,
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N = number of lugs

0 = angle of w/D,expressed in radians

Figure NM4-4 Uplift Coefficient, Pg
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> dome roof
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Figure NM4-5 Recommended Hold-Down Clip

Width of clip shall be greater than or equéal
to width of tank lug and positioned
on the same radial ¢

e —» Alternate
Design

Thickness of clip
shall be a minimum of
1.5 times the thickness
of the tank lug
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Bending Moments Due to Lug
M,, = P*/4p, in-b/in.

Mhp = vM,,, in-Ib/in.

Loads Due to Pressure, p
N, = pR,,/2, Ib/in.

Mq
= (0.5)(0.7)(25)(12)(24)?
+(025)(25)(12)(2) (24 + %3)
= 60,480 + 3,700
= 64,180 ft-Ib
Net uplift is
Ut = U— W+ 4Mg/D

O.SSfGDH2 + 0.25GDHp(H + Hp/3)

(9

th = pR,,, Ib/in.

Combined Stresses

Oax = Nyy/ ty £ 6Mgy/ tl%

Opp = th/tk + 6M],,p/t]%

net
= 2,488 — 4,115 + (4)(64,180)/12 =14

Assume eight lugs. Then load per lug)is
F =19,766/8 = 2,471 1b/lug

Assume lug configuration. Assume a 12-in. H
with a 4-in. projection and’6-in. width. Assum

,766 1b

igh angle
e the load

eccentricity e = 2% in. from'the vessel wall to the center-

1) Allowable stresses for intermittent loading line of the anchqr boltorto the point of load application by
. . a hold-down clip.
.« = 0.002 x axial tensile modulus . . . .
. The lug must be'checked for simple bending, yhich will
by = 0.002 x hoop tensile modulus s L :
[ . . establish its_finimum thickness.
2) For continuous loading .
b.x = 0.001 x axial tensile modulus M = bepding moment
sax = 0.001 x hoop tensile modulus 5 Fe = (2471)(2:5) = 6,177.5 in-Ib
hp = P MyZ~= bending stress
S = allowable bending = 20,000 psi
NMJ'SOO EXAMPLES Z = section modulus = bd*/6 = wt),/6
w = 6 in.
NM4-510 Wound Lug Example Zmin = minimum required section modulus
12 ft|x 24 ft straight height = M/S = 6,177.5/20,000 = 0.309 in.?
spe¢cific gravity = 1.2 tug = ' iy .
hyfiro head = (24)(0.433)(1.2) = 12.5 psig (Zain/ > = 1(6)(0:3009)/6]" = 055 n.
Loyer course Use 5 in. thick 1
) se /g In. thick lug.
w = PD;/2S, = (12.5)(144)/(2)(1,500), = 0.60 in. Unit radial load on overwrap
Use (.64 in. nominal. Whax = 3Fe/h2
t, £ 0.37 in. 2 |
= 2,471)(2. 12)* = 1291b/in.
t £ 0.64 + 0.37 = 1.01; usé_1.00 in. 32471)(25)/(12) o1b/in
Apprpximate vessel weight\as follows: Radial load due to moment
top head = 275 1b
shell = 3,500 b Pr= Winaxh/2
boftom = 340.lb = (129)(12)/2 = 774 b
totl vessel,=#%;115 Ib
Hoop overwind load
Calcylate”wind uplift on roof of vessel. T, = PR, /w
U = A (PgG) = (774)(72)/6 = 9288 1b
where Assume overwrap thickness ¢; = 0.38 in. Hoop overwind
A, = plan area of vessel top, ft* tensile stress is
G = wind pressure = 25 psf _ _ _ .
Py = uplift coefficient o =t/lty = 9,288/(11)(0.38) = 2,222 psi
U = (m/4)(D?)(0.88)(25) = 2,488 b uplift < 40,000/5 = 8,000 psi allowable (OK)

Calculate the wind overturning moment.

Shear across vessel wall

243
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1, = P/tyw = 774/(1.00)(6) = 129 psi
< 3,000/2 = 1,500 psi allowable (OK)

Coefficient of bending in the vessel wall

/ i -1
B =128/(Rt)? = 1.28/[(72)(1.00)]/2 = 0.151 in.

Unit radial loading is

P* = P/w = 774/6 = 1291b/in.

1
6D,WeMy, h
NSt

1

(6)(145.6)(19,768)(2.5)(0.024) E
(8)(1,500)(1.0)*

9.28 in. (min.)

For simplicity and to permit comparison, again use 12

Axial apd hoop bending loads
M, |= P¥/4p = 129/(4)(0.151) = 213.6 in.-Ib/in.

ax
My = vMgy = (0.3)(213.6) = 64 in. -Ib/in.

Axial 1gad due to pressure
Nax = pRpy/2

However, p = 0 for no pressure above the liquid (atmo-
spheric vessel). Therefore, N,y = 0.
Hoop lpad due to pressure

Nip = PR
p = 14.5 psig hydrostatic (hoop direction)

Ny = (12.5)(72) = 900 Ib/in.

Axial ahd hoop stresses
ol = Ny/tp + 6My,/tF
0 + (6)(213.6)/(100)> = 1,281.6 psi

2
Ohp | = th/tk + 6Mhp/tk
900/1.00 + (6)(64)4(1.00)* = 1,284 psi

NM4-520 Secondary Bonded Lug Example

Using the same example problem as in para. NM4-510,
assume afug attachedby’secondary bonding is elected for
use.

Again gssume:eight lugs with an uplift load of 2,471 1b/
lug x 8 =[19,768 Ib total.

Assuméthesame ]ng geametry as before and checkthe

In. high lug, 6 In. wide.

As before, check the lug for simple bending to.ests
its minimum thickness.

Unit radial load on overwrap

Wiy = 3Fe/H* = (3)(2,471)(2.5)/(12)? = 129 Ib/

Total radial load due to lug moment
P = Wyh/2 = (129)(12)/2 = 7741b

Next calculate the tensile perimeter
2k +w'= (2)(11) + 6 = 28in.
The tensileperimeter load = P/tensile perimeter =
28 = 27.6 Wy/in. < 50 Ib/in.
The mihimum required area of secondary RTP
overla§on the vessel wall, or the area of overls

the*upstanding leg of the lug below the retaine
réquired for shear, shall be not less than

AR = W/200N = 19,768/(200)(8) = 12.4in.>/lug

Proceeding as before, the overlay hoop load is
Tot = PR, /w = (774)(72)/6 = 9,2881b

The overlay hoop tensile stress, assuming overlay {
ness t; = 0.38 in,, is

6 = T/hty = 9,288/(11)(0.38)
= 2,222 psi < 3,000 psi

Shear across vessel wall
7, = P/tiw = 774/(1.0)(6) = 129 psi

Coefficient of bending in vessel wall

B o= 128/Ryp)l = 128/[(72)(1L0)] 2

blish

774/
bond

y on
I bar

hick-

1'._1

018
OO 1Y

required minimum lug height. Lug width to vessel
diameter ratio w/D, = 6/145.6 = 0.041. From
Figure NM4-3, assuming eight lugs, M; = 0.024.

244

Unit radial loading
p* =P/w=774/6 = 129 Ib/in.

Bending loads

M,, = P*/4p = 129/(4)(0.151) = 213.6 in.-Ib/in.

My, = vMg, = (0.3)(213.6) = 64 in.-Ib/in.
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Since the overlay is nota full circumferential winding, 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

O = 6M,,/tE = (6)(213.6)/(0.38)% = 8, 875 psi

oy = 6My,/t = (6)(64)/(1.0)* = 384psi

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
Hmin = 6Mux/ Sa

or

A 1.2 LN AN 1o o oND 5 .
OTp — OMpp7 i — (OO 7 {0387 = 2,059 pst

Sincgthese stresses are much too high, the thickness of the
overyrap must be increased. Try 1.0 in.

e = 6M,/tE = (6)(213.6)/(1.0)% = 1,281.6 psi

£ A4 LG
Imin ™ AP hpT Ca

[t can thus be seen that the required oyérlay thickness is
approximately equal to the vessel wallat the bottom
knuckle region. The use of more hold*down Iygs would
reduce the load per lug. This may.not be cost|effective,
however, since more anchor<belts are requiregl.

245


https://asmenormdoc.com/api2/?name=ASME RTP-1 2019.pdf

ASME RTP-1-2019

NONMANDATORY APPENDIX NM-5
RING SUPPORT OF VESSELS

NM5-IOJ) SCOPE

This A
checking
It is recd
by metal
cover lug

bpendix provides methods for the design and
of metallic support rings for vertical vessels.
mmended that continuous loads be handled
ic bands or double rings. These procedures
5 attached to thin bands and double rings.

The bajnd is proportioned to fully resist the bending

moment
taken for
vative as

NM5-20II

The thi
times the
induced

applied by the support lugs. No credit is
the buckling strength of the RTP shell, a conser-
umption.

BAND WITH LUGS

band design utilizes a band height that is two
height of the lug for dissipation of the stresses
y the reaction of the lug (see Figure NM5-1).

NM5-21

Nomenclature
pacing between lug gussets, in.
utside diameter of vessel, in.
g projection, in.
ad eccentricity, in.
eight of lug, in.
oment coefficient at lug, dimensionless (see
igure NM5-2)
umber of lugs
llowable stress of band, psi1
llowable stress of lug, Psi}
llowable stress of rings/or section, psi1
ield stress of ringi\psi*
hickness of band,in. (% in. minimum)
hickness of shear collar, in.
hickness,of-lug gusset or bearing plate, in.
aximuntsupported vessel weight, b (larger of
perating or hydrotest weight)
equired section modulus of radial rings, in.®

Diameter, in. Band Thickness, in.

Less than 48 Y
49 to 60 %
61 to 84 Y
85 to 96 Y
97 to 120 %

Determine the required height of the lug based o
following:
1

6DWEM],
SNt?

If the lug hieight becomes unreasonable, e.g., greater]
about 12 in. high, or the required band thickness bec|
exgessive, a double ring or rolled structural chg
should be considered (see para. NM5-300).

NM5-230 Split-Ring Flanges

Bands may be split and flanged for ease of asse
around the vessel, or where corrosion of supportelern
may require their replacement. End flanges at thej
must be bolted face to face without inducing strq
the FRP shell. Flanges must be designed to develo
full structural capacity of the ring (see para. NM]
and Figure NM5-3).

NM5-240 Thickness of Gussets and Baseplaf

The required minimum thicknesses of the gusset
baseplate shall be notless than the largest of the follo
(a) Shear

ty = 0.625W /hy ;N

n the

€8]

than
bmes
nnel

mbly
hents
split
ss in
p the
-500

5 and
ving:

(2)

NM5-220 Design Procedure

Assume a band thickness. The following band thick-
nesses are recommended as a starting point (based on
specific gravity of 1.0). Vessels with a height-to-diameter
ratio greater than 1.25 will require a band thickness
greater than the following:

1 All stress values per ASME Boiler and Pressure Vessel Code, Section II,

Part D.
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tbj—Bemding
2
tg = 2WE/NShf

(c) Compression
ty = 0.SW/dS;N

(d) Lateral Stability
tg = d/16

(3)

4

(5)
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ty shall be a minimum of Y, in., excluding corrosion N = number of lugs
allowance. R = inside radius of double-ring support, in.
LIN / cos 0+ Osin 0 sin 0 L x S, = allowable stress of ring or section, psi ERROR:
Mp = E[?(T) - ( 5 ) - (ECOtE)] footnote: fn45, no xref present
t, = thickness of band, in. (% in. minimum)
N = number oflugs t. = thickness of shear collar, in.
6 = angle of b/D expressedin radians t, = thickness of gusset, in.
t, = thickness of ring, in.
t,, = thickness of web, in.
The_minimnm leg size of the continuous fillet welds uz 1 1 11 . u
i e vy = loudl 104U SUppuortcu Uy 11115, 10
attaching the gussets and base to the band shall equal Z, = bending section modulus, in.3
1.4t, Z, = required section modulus of e;ach ring, in3
Z; = torsional section modulus, in.
NM3-250 Shear Collar a = angle defined in Figure NM5-5, rad
Shear collar height shown in Figure NM5-1 is minimum. & = normalized stress, diniensionless
Actudl shear and compressive stresses shall be calculated. op = bending stress, psi
Sheaf collar heights and thicknesses shall be compared to oym = Von-Mises stress/defined below, psi
minimums shown and increased as necessary. T = torsional stress,\psi
¢ = angle defined’in Figure NM5-5, rad

NM3-300 DOUBLE-RING SUPPORT

Dduble-ring supports are a method of providing
supplorts of reasonable proportions where the loads
and/or lug eccentricities are large. The support is
comprised of a channel fabricated of two continuous
rings or a rolled structural channel (see
Figure NM5-4). This support ring is proportioned to
resist all bending and torsional loads without introducing
any dignificant local loads into the FRP shell.

Thjs paragraph provides a method for checking the
stresp in a support ring of a vertical vessel. The procedure

NM5-320 Design Procedure for Double Rings on a
Band

A double-ring support may be fabricated by a
rings to'a steel band. The vessel is supported H
collar; in this case bearing on the top of the steg
band [see Figure NM5-4, sketch (a)].

Step 1: Assume a desired ring height and gussq
Since the vessel diameter, support eccentricit]
and desired number of support points are ki
approximate section modulus for the ring can

ding two
y a shear
1 support

t spacing.
y, weight,
nown, an
be calcu-

is linpited to thin ring beams with three or more-evenly lated
spacgd lugs. Thin rings are those whose thickness in the DWeM;,
radiall direction is less than one-tenth their-radius. r= TNES. (6)
Dofuble rings support the vessel by'means of a shear r
collaf. This is the estimated minimum section modulus for
h of two rings mounted on a steel band. The resulting
NM35-310 Nomenclature cach ot ; ;
)~ spacine between las gussets. in double ring must be checked for bending and|torsional
= Spacing b 35 o stresses as follows.
D = outside diameter )of vessel, in. . . %
I _ radial proiection of ring or channel from web or Step 2: Determine the location of the center of shear, e*.
band ?n ) g This must be added to the projection of the lug, H, from the
b = load t'ecc;entricit from centerline web to center- centerline of the bolt hole to the centerline of the web to
i lineZanchor boli’ in obtain the total eccentricity, e, for the double-ring support.
b~ eecontricity of s'up;.)ort reaction force, in. (see For double rings on a band [see Figure NM5}4, sketch
. T a
Figure NM5-4) ()]
el = location of center oftorsional shear from center- . 42 — f,\2f' %)
line of web or band, in. €= 4l
h = height of ring section, in.
hy, i Eeig;lt of band, in. e=c* 4+ E
I = moment of inertia of ring section abfut a Step 3: Determine the ratio e/R.
centroid axis in the plane of the ring, in. Step 4: Calculate Z,. For double rings on a band [see
] = torsional stiffness constant of ring section, in.* Figure NM5-4, sketch (a)]
M, = bending moment at a section of ring, in.-lb
M; = moment coefficient at lugs, dimensionless
M, = twisting moment at a section of ring, in.-lb
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Figure NM5-1 Lugs on Band
/— Overlay
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N —
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tb <—
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>
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Figure NM5-2 Moment Coefficient, M,
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0.06 ] |
—~lace) <
\\ M
0.04 —
N=8 \\\
. ~° T
. \\\ \\
\\\\\
0 [
0.00 0.05 0.10 0.15 0.20 0.25
b/D
_1|N[cos6+8sin 6 sin*6 1 T
w =3[ (o0 e) <f52) - (F oot ]
N = number of lugs
6 = angle of b/D expressed in radians
ty(h3) + d[h3 —(h- 2t,)3] o, NM5-400 DESIGN PROCEDURE FOR A
Zp = 6hy ®) FABRICATED OR ROLLED STRUCTURAL
CHANNEL DOUBLE-RING SUPPRORT
kStEﬁ 5: For double rings on a bapd\per Figure NM5-4, A double-ring support can also be in the form|of a fabri-
sketdh (a) cated or rolled structural channel.
t,3(2d) tg’(hb) ) With a rolled structural channel, the shear co]lar of the
J= T3 + T3 vessel rests directly on the top flange [see Figufe NM5-4,
sketch (b)].
Stdp 6: Calculate Zg NM5-410 St in Ri
- ress in Rin
Zy =]/t g
The bending and twisting moments at a pojnt A (see
Stdp 7: Calctlate the ratio Z,/Z, Figure NM5-5) in the ring are given by
Stdp 8Use Figures NM5-6 through NM5-8 for the ap- WR
plicaplésnumber of support points and determine &. My, = — [m -1 - ﬁsm(qﬁ - a)} (1
Step~9—From this, catcutate the TTaxiTuT combined 2z ——sing R 1
stress due to bending and torsion, the Von-Mises stress
oym = WRG/Z), (10) M, = DR fsina P h - a) (12)
27 | sing R
Step 10: Check gusset thickness per para. NM5-240.
where
¢ = /N
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The bending stress is then given by
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Figure NM5-3 Split-Ring Flange

Fabrication Options

LFlange weld

must be

—— full penetration

Cen
sh

NOTE: (1)

¢ = bolt hole diameter

/7 Minimum

le—

tf(s/g in. mln)

t —1.5¢
| a | -
|
>
|
|
|
|
|
|
er of :
RN g f[Note (1)]
\Ar\ _\_\T:)_ ote (1) |- —]-=
| ' h
|
|
|
|
| r
|
I L

If f exceeds 8\n/add an additional bolt at midspan to stabilize the flange. Do not include in Nb, number of bolts.
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Figure NM5-4 Ring Support of Vessels

tc = tb + 3/8 in.

tc = tw+ 3/8 in.

3in. min.

Shear
collar

tC
pical)
te 2 in. min. Center of
torsional
Center of l shear
torsional
shear l R
R I
L t
tl’
| d (typical) :
|
SR S 7 N I _ _¢___
¢ g h Projection | h
R of band = |
: t, + Y in. :
1fg ih. gap |
|
| ) |
: ) _ g in. gap —
| \\ :
|
| |
| Lug T :
: extension :
|
: Mat-resin filler —rl 5
: : {optional) / xtension
L e* |
: | | Ring/band :
| e ! support : o
: ! T
|
L
|

(a) Double Rings
on a Band
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(b) Rolled Structural
Ring Without Band
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Figure NM5-5 Geometric Quantities

Shear center
of ring

¥Support

reaction
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o, = My/Z, (13)

and the torsional stress by
T = Mt/Zt (14)

They can be combined in the Von-Mises stress

= (0172 + 372)1/2 (15)

allowable stress intensity at every point on the ring.

Toluse egs. (11) through (15) to check the ring design, it
is nefessary to calculate o,,, at a number of locations
(valdes of a) to be sure that the maximum stress has
been| considered. Depending on the relative values of
E, R |and the ring section, the maximum may occur at
any lpcation.

NM3-420 Design Charts

Pafagraph NM5-410 provides a basis for a computer
procpdure 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
casep of interest is provided (see Figures NM5-6
throygh NM5-8).

Prgcedure. Use the procedure of para. NM5-320, substi-
tuting h for hy,.

NM3-430 Section Proportions

Ripgs are often built from plate and welded together so
that he cross sections are not standard structuralshapes.
It is fmportant that nonstandard shapes/be elastically
stablle under loadings that paras. NM5-410 or
NM51420 allow. For this reason, the section proportions
should satisfy section 1.5.1.4 of thé AISC Specification.?

NM35-500 SPLIT-RING CONSTRUCTION

In many cases, rings are fabricated in two semicircular
partgthat are bolted aretind the vessel; thus, there will be
splic¢s in the ring. ThéSe splices must be strong enough to
develop the full strehgth of the ring in both bending and
twisting.

NM5-510-Nomenclature

4, ‘€ area of one bolt, in.2

Np, = number of bolts = 2 (see Figure NM5-3)
r = distance from ring center of shear to bolt hole
(see Figure NM5-3)
S, = allowable stress, psi
tr = thickness of flange, in.
Zmin = Mminimum section modulus of effective width of
flange, in.3

NM5-520 Design Procedure

Equations (11) and (12) of para. NM5-41Q prfovide the
bending and torsional moments for any peint on the ring.
On the basis of duplicate ring sectiofis and gimplified
design, it is recommended that'splice flanges be
located midway between suppor€_ points.

When splice flanges are loeated midway befween the
support points, the above-referenced equafions are
reduced to the following'siniplified formulas:
For four support points

M, = W(E0.0176R + 0.0884¢) (16)

M, = 0.0884We 17

For €ight support points
M, = W(—0.00417R + 0.0239%) (18)

M, = 0.0557We (19)

NM5-521 Procedure

Step 1: Determine the maximum bending and| torsional
moments in the ring at the location of the flarjged split.

Step 2: Develop an assumed flange configurjtion (see
Figure NM5-3).

Step 3: Assume a bolt location.

Step 4: Size the bolts based on bending (tension) or
torsion (shear), whichever controls (minimumn bolt size
shall be %-in. nominal diameter).

Step 5: Calculate the flange thickness bas¢d on the
bending (tensile) bolt load (calculated as a cantilevered
beam of width 3¢ and loaded at the end by the t¢nsile bolt
load due to bending of the ring).

NM5-522 Bolt Sizing
(a) Bending
bolt load (tensile) = M /f b (20)

a = radial distance from band to bolt hole, in. (see
Figure NM5-3)
b = effective width of flange, in.
= 3c
¢ = bolt hole diameter, in.
e = eccentricity or lug reaction force, in.
f = vertical distance between bolts, in.
M, = moment in ring due to bending, in.-lb
My = moment on flange due to bolt load, in.-Ib
M, = moment in ring due to torsion, in.-Ib

Bolt stress = (2)(bolt load) /N4, psi < ASME Boiler and
Pressure Vessel Code allowable (Section VIII, Division 1).
(b) Torsion

bolt load (shear) = M,/r lb (21

Bolt stress = bolt load/N,A4,, psi < 0.5 ASME Boiler and
Pressure Vessel Code allowable (Section VIII, Division 1).
(c) Flange thickness on cantilevered flange
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Figure NM5-6 Ring Design Chart for Three Lugs

3.5
e/R
0.500
3.0 pd
/ 0.450
/ / 0.400
2.5 -
/ 0(35
. / //
3 0.30
g 2|0 / //
I3 / / 0.25
5 s ] 0.20
: G el
1|0 bz
0|5
0.00
é//—/
e
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Bending Modulus / Torsion Modulus, Z,/Z;
My = bolt load(tensile) X a (22)  section is shown in Figure NM5-9. The ring is to be fabri-
cated of steel with an allowable ASME Code strgss of
Zmin = Mf/su (23) 25,000 psi.
Step 1: N =8
5 Step 2: e/R = 6.2/61 = 0.1
Z=bt§/6 Step 3: Z, = 585 in.%; Z, = 3.94 in3; Z,/Z, = 14.8
Step 4: From the chart for eight lugs, o = 0.18
b =3¢ Step 5: Assuming that the vessel itself would weigh 5%
as much as the contents, the entire supported weight is
Thereforg 132,400 Ib.
1 _ _
tf(min.) = (2Zin/¢) /2 2 3/8in' (24) Om = WRG/Z,
= (132,400)(61)(0.18)/58.5 = 24,850 psi
NM5-530 Welding , o
Thus, the stress intensity is less than the alloyable

All welding shall be continuous. All butt welds shall be
full penetration. Welding shall conform to the American
Welding Society D1.1 Structural Welding Code.

NM5-600 EXAMPLES
NM5-610 Double-Ring Support

Consider a 10-ft diameter vessel containing 126,000 b
ofliquid with eight lugs having an eccentricity of4.5in., e =
6.2 in., and a lug projection of 6 in. The candidate cross

stress and the section chosen is adequate.

Step 6: Using para. NM5-240, calculate the required
minimum gusset thickness. Equation (5) gives the
maximum value of t, = 6/16 = %, in.

NM5-620 Band With Lugs

Assume a 10-ftdiameter x 10-ft straight-side vessel. Use
aspecific gravity of 1.2 and alugload eccentricity, E, of 3 in.
Assume eightlugs (see Figure NM5-10). The lower head is
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Figure NM5-7 Ring Design Chart for Four Lugs

L Ca

A

ASM]
is ap
Tr
10-ft
Ca
b/D

Bending Modulu§/yTorsion Modulus, Z,/Z;

: flanged and dished. The flooded weightafthe vessel
proximately 67,000 1b.

y a band with lugs, similar to Figute NM5-1. For the
diameter, the band will be 34 in> thick.

culate the required lug height.JAssume b = 6 in. Then
E 6/122 = 0.05. M;, = 0.022.

6DWEMy

hy
SNt

ok
X [(6)(122)(67,000)(3)(0.022)

(12,700)(8)(0.75)%
7.52 in.

1/2
|

W = 67,000 Ib

Referencing Figure NM5-3, assume

a = 1.875 in.
¢ = 0.625 in.
f =14 in.
r= 7% in.

(a) Determine Moments
(1) Moment due to bending

My

= —11, 015in-lb

W(—0.00417R + 0.0239)
67,000(—0.2544 + 0.090)

250
25
+75 //
" 150 ///// el
e
fRees
- //% T
025 ————

00 20 40 s0 80 w0 120 o 10 180 2

Use 8 in. high lugs on a 16 in. high x %, in. thick band.

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 67,000 1b.
Assume eight lugs. From the previous example

E
e
R

3 in.
3.75 in.
61 in.

255

(2) Moment due to torsion
M; 0.0577We

(0.0577)(67,000)(3.75)
14,497 in.-Ib

(b) Bolt Sizing
(1) Bending

e/R
0.500

0.450

0.400

0.350

0.300

0.250

0.200

0.150

0.100

0.050

0.000

bolt load=M;,/f = 11,015/14 = 786.8 Ib(tension)
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Figure NM5-8 Ring Design Chart for Eight Lugs

e/R
1.1 0.500
1.0 // / 0.450
0.9 // / 0.400
| o
o a7 /
g / / / 0.30p
[
» 96 / /
kS // 0.25p
= (s /
g / | 0.20p
Z (4 /]
/ 0.15p
/ /
0.10p
IR P /// I
. —
/ /
iy / /? | — | 1o0.08p
_é—// 0.00p
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Bending Modulus /Jorsion Modulus, Z,/Z;
Assume ¥ in. bolt; A, = 0.202 in.2 Then My = boldload(tensile) X a

(786.8)(1.875) = 1,475 in.-1b

bolt streds (tension) = (2)(786.8)/(2)(0.202).= 3,895psi
<25,000 psi for. B7)bolts

Zonin = 1,475/12,700 = 0.116in.3
(2) Torsion

bolt{load=M,/r = 14,4974/7:25 = 2,000 1b (sh 1
oltfloa /T / (shear) [(2)(0.116)/0.625]/2

N
Il

bolt str¢ss=2,000/(2)(0.202) = 4,950 psi < 25,000/2 psi 0.609 in. (use 11/16 in. minimum)

(3) Hlange thickness on cantilevered flange
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Figure NM5-9 Example Cross Section

0.75 (typical)
3.75 | P

3
0.75(13.5
[ = % +2(7.5 — 0375)2(3.75)(0.75) = 439.3in.*
1 1 1
J= §(3.7s)(0.75)3 + 5(13'5)(0'75)3 + g(3,.75)(0.75)3 =295in*
=3 _ g5in3
7.5
2.
z= 22 _ 39413
0.75
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Figure NM5-10 Lug

hy

’-—1 in. min.
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NONMANDATORY APPENDIX NM-6
EXAMPLE OF A FABRICATOR’S QUALITY CONTROL PROGRAM

Thls Appendix shows one example of a Fabricator’s
Qualijty Control Program. It is written with mandatory
langyage to illustrate the proper terminology for such
a prdgram.

NOTH

Nonn{
that g

: Refer to Mandatory Appendices M-1 and M-2 and
andatory Appendix NM-7 for tables from those appendices
re referenced here.

Table of Contents
Section Title

1

Quality Control Policy
Quality Control Organization
Documentation

Inspection of Received Goods
In-Process Inspection

Finished Equipment Inspection

N O U W

Record Retention and Controls

SECTION 1 QUALITY CONTROL POLICY

1.1 ¢

Th
procg

pcope

s policy establishes the requirements, systems, and
dures for the Quality Assurance Program.

1.2

Th
folloy

1.2
of AS
of py
docu

1.2

Purpose

e purposes of the Quality Assurance Program are as
vs.

.1 Ensure adhérence to the rules and requirements
ME RTP-1 through correct and thorough processing
rchase orders, drawings, specifications, and other
ments,

.2 Establish an inspection system to monitor the

1.3 Laboratory Standards

be main-
st equip-

1.3.1 A laboratory standards program-shall
tained for the calibration of the measuxring and t
ment.

1.3.2 The program shall{provide confiderlce in the
accuracy of the measuring and test equipment.

1.4 Test Methods

Specific written‘inspection and test procedurs
followed for all inspection and test operations

bs shall be

1.5 Opefating Procedures

1.5.1 Parts shall be made in the sequence aIEd by the
conditions specified in the Fabricator’s operating proce-
dures.

available
S so as to

1.5.2 These production procedures shall be
to Quality Control personnel during their audit
confirm adherence to them.

1.6 Documentation

1.6.1 Inspection results shall be documented
on file for 5 yr or as specified by contractual requ
whichever is longer.

and kept
irements,

1.6.2 Inspection documentation shall be by [reference
to shop order number, part number, or in any mgnner that
will link inspection results with a specific part.

d for the
for such
s, proces-
S,

1.6.3 Only approved forms shall be use
entering of inspection results, as well as
related items as the purchasing of raw material
sing orders, and subcontracting work on orde

1.6.4 Any change in documentation shall be
by QC Management.

Approved

varia
order to produce a consistent, uniform product.

ity of vwarkbmanchin nracaccac and matariale in
Hit W RSHP P —H e Hgte SR

1.2.3 Establish and monitor the quality requirements
related to materials and services of Vendors or Subcon-
tractors based on surveillance and performance analysis.

1.2.4 Provide a system for the detection of defect
trends and institute corrective measures.

259

1.6.5 To ensure that the latest revision of each docu-
ment is recorded and used during the fabrication process,
Engineering shall maintain, update, and distribute the
Document Control Sheet (Form NM6-3), at intervals
not to exceed 7 days.
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1.7 Nonconformity Correction Reports

1.7.1 When nonconformities or imperfections
requiring correction are discovered, a Nonconformity
Correction Report, Form NM6-6 (copy attached), shall
be initiated by the Quality Control Department.

1.7.2 The report shall be forwarded to Engineering to
determine the cause of the nonconformity and to initiate
proper corrective action.

2.1.1 The organization of the Quality Control Depart-
ment.

2.1.2 The definition of the responsibilities and autho-
rities associated with each job.

2.1.3 The relationship of each job to other jobs within
the organization.

2.2 Organizational Responsibility

1.7.3 The determination shall include

(a) mapnufacturing and processing procedures
(b) purchase orders

(c) resplts of tests

1.7.4 Thereportshall bereviewed and approved by the
QC Manager, who shall also secure all other reviews and
approvalg as required by Mandatory Appendix M-7 of
ASME RTP-1.

1.8 Distribution of QC Manual

stab-
ntrol

2.2.1 General Managementisresponsible forthed
lishment and maintenance of an adequate Quality, €g
Program.

2.2.2 Additional personnel outside of the QC D
ment may be assigned to act in vagiods quality cd
functions.

part-
ntrol

nnel,
Fodi-

2.2.3 Where inspection is dene by non-QC persq
audits of the effectiveness,oftheir work shall be pe
cally performed by QC.

1.8.1 The manual shall be distributed, as necessary, by 2.3 Organizationat-Functions
the QC Mpnager. 2.3.1 The tdtal quality function encompasses many
1.8.2 Distribution of these manuals is limited, and each activities and personnel, but it is the function of Q4 per-
copy shall be numbered. sonnel te.€nsure conformance to specifications.
These functions include
1.9 QC Manual Revision (@) design review of applicable drawings
b) inspection of incoming raw materials and compo-
1.9.1 The manual shall be revised, as necessary, by the neflt)s P & P
QC Manager, subject to review and approval of the General (c) providing control at various stages of processing
Manager. and fabricating
1.9.2 [The manual index shall also be periodically (d) determining product release or rejection
updated by the QC Manager. 2.3.2 QC Management shall analyze rejection |[deci-
1.9.3 Manual updating shall be done by all holders sions. It may finalize the decision or make chgnges
upon recpipt of a revised section, and-the superseded under permitted repair procedures.
parts shal be destroyed. L.
2.4 Organization Chart
1.9.4 The QC Manager shall mdintain a master record .
of all mafual revisions (see Fokm NM6-7). See Figure NM6-1.
1.10 Notification of In-Process Changes SECTION 3 DOCUMENTATION
I!.IIIO.I Initiator sh.all no-tlfy all re§pon§1ble partles. in 3.1 Scope and Purpose
writing of verbally with written confirmation, depending
on the infpact ofithé change. 3.1.1 This section establishes the minimum documen-
tati ired f lit trol during fabricati f
1.10.2 | Ghanges require Engineering approval before a‘lon requirec for quatity controt curlig tabricatipn o
. : RTP equipment.
implementation-

1.10.3 Necessary documentation shall be changed and
clearly marked.

SECTION 2 QUALITY CONTROL ORGANIZATION

2.1 Scope and Purpose

This section sets forth the following:

260

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 NM6-4.

3.3 Document Preparation Responsibility

See Documentation Preparation and Distribution
Responsibility, Table NM6-5 (copy attached).
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SECTION 4 INSPECTION OF RECEIVED GOODS

4.1 Resin

The results of the following shall be recorded on the
Resin Log Sheet, Form M2E-1, prior to use in fabrication.

4.1.1 The resin shall be checked to ensure it is the
product ordered.

4.1.2 Theresinshall have the properlabel for the speci-

4.3.2 Curing agents shall have the proper label for the
specified product, including the manufacturer’s name and
the MSPIL.

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 ofliquids, they shall be free of sediment
or solid particles.

4.3.4 Curing activity of the curing agent shall be

fied product, including the manufacturer’s product name
and Manufacturer’s Specific Product Identification
(MSHD).

4.1.3 Theresinshall be visually checked to be of typical
colorfand clarity for the specific resin, free from solid or
gelledl particles.

4.1.4 The resin shall be within the manufacturer’s
speciffied limits for specific gravity, viscosity, and room
temperature gel time as determined by the test
methods of Mandatory Appendix M-2, Articles B
throygh E, of ASME RTP-1.

4.1.5 Material certification and/or Certificates of
Compliance where applicable shall be checked against

4.1.6 The storage environment of the resin shall be in
compjliance with the manufacturer’s recommendations.

4.2 Reinforcements

Thp results of the following shall be recorded on-Log
Sheets, Forms M1A-1, M1B-1, M1C-1, and M1DP=t, prior

4.2.5 (Fhe storage environment of reinforcements shall
be in| compliance with the manufacturer’s recommenda-

1 PR . 1 PR 1 PP
CITCCREU USIITg tIe test mearou oudred 11 _1v. andatory

Appendix M-2, Article E, of ASME RTP-1.

ents shall
Immenda-

4.3.5 The storage environment of cliring ag
be in compliance with the manufacticer’s reco
tions.

4.4 Purchased and/or Subvended Items

4.4.1 The item(s) shall'be checked to ensur
the product ordered.

b that it is

4.4.2 The iteni(s) shall be inspected for damage.

4.4.3 The'item(s) shall be in compliance wi
plicable drawings, specifications, and test met]
are part of the Fabricator/Subvendor/User ag

th the ap-
hods that
reement.

444 The item(s) shall be properly stored
integrity.

to ensure

4.5 Common Additives

ed on the
prior to

The results of the following shall be record
Common Additives Log Sheet, Form M2F-1
use in fabrication.

4.5.1 Additives shall be checked to ensure th|
product ordered.

ey are the

el for the
5 product

4.5.2 Additives shall have the proper lab
specified product, including the manufacturer’

name and the MSPIL.
4.5.3 Additive packaging shall be checked fof damage.

ment that
htions.

4.5.4 Additives shall be stored in an environ|
complies with the manufacturer’s recommend

SECTION 5 IN-PROCESS INSPECTION

5.1 Resin Mixing

tions.

4.3 Curing Agents

The results of the following shall be recorded on the
Curing Agents Log Sheet, Form M2E-2, prior to use in fabri-
cation.

4.3.1 Curingagents shall be checked to ensure they are
the products ordered.

261

The following data shall be recorded on the Mixing Data
Sheet, Form NM6-1 (copy attached).

5.1.1 Allresin mixing and primary preparation shall be
done in one location under controlled conditions.

5.1.2 Formulas that have been predetermined for each
particular type of resin shall be kept in a logbook
containing completed Mixing Data Sheets.
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5.1.3 Mixing Data Sheets are also filled out for each
batch and keptin a separate log with reference to the parti-
cular job number(s).

5.2 Material Dispersion

5.2.1 Resin shall be dispersed in containers that are
clearly marked, identifying their contents. These identi-
fying numbers must be transferred to the Component
Data Sheet, Form NM6-2 (copy attached), for the compo-

6.1.2 All surfaces including overlays shall pass an
acetone sensitivity test. This is done by rubbing
several drops of acetone on a small area and allowing
the acetone to evaporate. Tackiness indicates improper
resin cure.

6.1.3 All repairs to correct a nonconformity shall be
made in accordance with Mandatory Appendix M-7 of
ASME RTP-1.

nent futilizing that resin.

5.2.2 Reinforcements shall be visually inspected, as
they|are dispersed, for imperfections (such as holes,
cuts,|thin spots, and separations) and contaminants
(such as dirt, oil, grease, and foreign objects) under
adeqpate overhead lighting. Dimensions, weights, and
identifying numbers shall be recorded on Log Sheets
(Formhs M1A-1, M1B-1, M1C-1, and M1D-1).

5.3 Component Fabrication

ThE following data shall be recorded on the Component
Data| Sheet, Form NM6-2 (copy attached), prior to
assetpbly.

5.3.1 As components are fabricated, the identification
numlbers of the materials used are recorded.

5.3.2 The lamination sequence of a particular compo-
nent |shall be recorded and verified to be correct.

5.3.3 On machine-made components, pertinent
macHine settings shall be recorded.

5.3.4 Curingagentsystem and amountutilized for each
component shall be recorded.

5.3.5 Barcol readings of fabricated‘eomponents shall
en and recorded.

3.4 Assembly cutout or trim area is available.

The .followmg data shallberecorded on the Inspection 6.4.2 Laminate proof tests on a cutout or ef
Checklist, Form NM7-2:Fhroughout the assembly proce- .
dure) proper sequernces; materials, and dimensions shall from the shell shall be done in accordance w
s e\ ' D638, ASTM D3039, or ASTM D5083. Values

) shall be equal to or greater than those sped
i used in design calculations.

SECTION .6 FINISHED EQUIPMENT INSPECTION &

ThE follolving data shall be recorded on the Inspection ~ 6-3 Equipment Pressure Tests
CheckHsttopmNMI2

6.2 Dimensions and Laminate Thickness

6.2.1 Thicknesses of all components arid,ove
be checked in accordance with para. 6-920.0f AS}
Thicknesses can be verified by measuring actus
where possible, or employing an“dltrasonic or

gage.

[lays shall
ME RTP-1.
| cutouts,
magnetic

6.2.2 All dimensions @nd locations shall b¢ checked
against the equipment-dtawing and recorded.
6.2.3 All repairs'to correct a nonconformity shall be

made in accordance with Mandatory Appendjix M-7 of
ASME RTP-1.

6.3 Visual Imperfections

6.3.Y The entire fabrication shall be checked
imperfections as described in Table 6-1 of ASN
The equipment shall comply with the Visual I
Level that has been specified.

for visual
(E RTP-1.
hspection

6.3.2 All repairs to correct an imperfection shall be
made in accordance with Mandatory Appendjix M-7 of
ASME RTP-1.

6.4 Physical Property Tests

6.4.1 Reinforcement-to-resin ratio is esfablished
through loss by ignition testing in accordance with
ASTM D2584. Each component shall be tgsted if a

1d sample
ith ASTM
obtained
ified and

6.1 Resin Cure

6.1.1 Surface hardness shall be checked in accordance
with ASTM D2583. Random readings shall be taken on all
parts and overlays. Certain corrosion barriers and cure
systems may result in lower than typical hardness. If
this is anticipated, an adjusted Barcol hardness value
shall be established with the User prior to fabrication.
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0.9.1 >eepara. 6-I5U 0T ASME RTF-1Torreq irements
on pressure tests.

6.5.2 It is company safety policy that

(a) a relief valve set at 2 psig to 3 psig above the
maximum test pressure be installed at the top of all
vessels to be hydrotested under positive pressure

(b) prior to applying pressure, all air shall be displaced
by water on vessels to receive a hydrotest at a positive
pressure
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(c) all vacuum tests shall be conducted outside the
shop, behind substantial safety barriers

(d) the Quality Control Manager shall review and
approve all test setups for safety prior to applying pres-
sure or vacuum

SECTION 7 RECORD RETENTION AND CONTROLS

7.4.2 For incoming inspection, records shall be subdi-
vided according to part number or alphabetically
according to the name of the supplier.

7.4.3 Serialized items for shipment to a customer shall
be filed sequentially. A separate file shall be maintained to
show dates of shipments of individual items or groups of
serialized items.

7.1 Scope 7.4.4 Records of shipped items shall show part name,
. M : P b= shall
7‘1.1 FhlS rocedure Shall ensure that the records pdal'UITUIITUCT, dITU SET1d1 llu-IIIUEl U.l UIC Pprouuct. T '
; p . be followed by a record of inspections, tests, etc;, thgt will
retained fre complete and reliable. . e .
verify that the product conformed to specificdtion af time
7.1.2 |Inspection and testing records shall, as a of shipment.
minimuny, indicate the nature and number of observations . .
. 7.4.5 Records shall form a basis 6f analysi{ and
made, and the number and type of nonconformities found. . . .
management action regardingthe Quality Coptrol
7.1.3 Records shall be available for review as one of the Program.
principal forms of objective evidence of the Quality Assur-
ance Program. Appendix #1 —="Ferims or Tables
Form or Effdctive
7.2 Application and Retention Table Déscription Date
7921 ) ds shall b ined by th M2E-1 Resin Log Sheet XX /KX /XX
Q lt Clntgelngra i I;ecort $ shall be retained by the M2E-2  Curing Agents Log Sheet XX/KX/XX
uali bntrol Department.
Y p M1A-1 Veiland Mat Reinforcement Log Sheet XX/KX/XX
7.2.2 [These records shall be used basically to verify M1B-1 , <Roving Reinforcement Log Sheet Xx/kx/xx
product fonformance. They shall indicate the accept- M1C-1. ™ Fabric Reinforcement Log Sheet XX/ Kx /XX
a.bility .ofwork or pI‘Odl:l(EtS and the action taken in connec- M~ Milled Fiber Reinforcement Log Sheet o
tion with|nonconformities. M2F-1 Common Additives Log Sheet XX /KX /XX
7.3 Record Retention NM6-1 Mixing Data Sheet XX /KX /XX
) NM6-2 Component Data Sheet XX /KX /XX
The Quplity Control Department shall maintain inspéc- NM6-3  Document Control Sheet Xx/Kx/xX
tion and te.st records of complete assembled units or NM6-4  Document Distribution List xx/ e/ xx
su-basserr blies. These records shall be stored andmain- NM6-5  Document Preparation and Distribution  xx/kx/xx
tained fof 5 yr. Responsibility
. NM6-6 Nonconformity Correction Report (2 XX /KX /XX
7.4 Progedure for Record Handling pages)
7.4.1 Records shallbe filed primarilyaccording to Shop NM6-7  QC Manual Master Revision List XX/RX /%X
Order number. NM7-2 Inspection Checklist for RTP Equipment (3 xx/kx/xx
pages)
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