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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 prd
life ahd property, and to provide a margin for deterioration in service so as to give a reasonably long\safe

usefy

ThE rules established by the Committee are not to be interpreted as approving, recommending; or endg
proptietary 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
bited. This Standard is not a design handbook and cannot replace education, experience, and the use of engineering
berienced

proh

judgmnent. The phrase engineering judgmentrefers to technical judgments made byknowledgeable designers ex

in the
such

Th
rules
parti
from

Pr

Iness. Advancements in design and material and the evidence of experience are recognized.

of construction that conforms to the rules of this Standard.

application of this Standard. Engineering judgments must be consistent with the philosophy of this Stan
e Committee meets regularly to consider requests for interpretations and revisions of the rules, and to dey
Culars in order to receive consideration and a written interpretation. Proposed revisions to this Standard

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

3

han o 1o i = rdinatlhaic i £ 1ot ba el thao Caonaaits Bnaidar ba de f
when-qrestions-ariseregarding-theirintenttiformlating-the- riles-the-Committee-considers-the-needs of users,

tection of
period of

rsing any
gn or any

s Standard contains mandatory requirements, specific prohibitions, and nonmandatory guidance for materials,

does not

bnsidered

dard, and

judgments must never be used to overrule mandatory requirements or specific prohibitions of this Standard.
relop new
as dictated by technological development. Inquiries must be addyessed to the Secretary in writing and mugt give full

resulting

tandards

Instifute and published at http://cstools.asme.org/csconnect/PublicReviewPage.cfm to invite comments from all inter-

ested
this §

months after such date of issuance.

Th
toth
Re
Amel

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 requit

e first edition of this Standard was issued enh December 31, 1989. The 2021 edition of this Standard containg
b 2019 edition. The 2021 edition was approved by the American National Standards Institute on October
Huests for interpretations or suggestions for revision should be sent to the Secretary, RTP Standards Comn
ican Society of Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990.

Xi

pdates to
ements 6

revisions
26,2021.
ittee, The
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE

CERTIFICATION MARK AND CODE AUTHORIZATION IN
ADVERTISING

ASME Has established procedures to authorize qualified organizations to perform various activities in accordancsg
the requifements of the ASME Codes and Standards. It is the aim of the Society to provide recognition of organizatig
authorized. An organization holding authorization to perform various activities in accordance with the requireme
the Code§ and Standards may state this capability in its advertising literature.

Organifations that are authorized to use the ASME Single Certification Mark for marking items/ox construction
have been constructed and inspected in compliance with ASME Codes and Standards are issued.Certificates of A
rization. It is the aim of the Society to maintain the standing of the ASME Single Certification\Mark for the benefit
users, thq enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with
quiremeryts.

Based ¢n these objectives, the following policy has been established on the usage‘in advertising of facsimiles
ASME Single Certification Mark, Certificates of Authorization, and references te’Codes or Standards construction
American Society of Mechanical Engineers does not “approve,” “certify,” “rate;” or “endorse” any item, constructi
activity, and there shall be no statements or implications that might so indicate. An organization holding the ASME §
Certificatlon Mark and/or a Certificate of Authorization may state in advertising literature that items, constructio
activities[“are built (produced or performed) or activities conducted in"accordance with the requirements of th
plicable ASME Code or Standard.” An ASME corporate logo shall\not'be used by any organization other than A

The ASME Single Certification Mark shall be used only for stamping and nameplates as specifically provided in the
or Standafd. However, facsimiles may be used for the purpose ef fostering the use of such construction. Such usage m
by an asspciation or a society, or by a holder of the ASME-Single Certification Mark who may also use the facsim
advertising to show that clearly specified items will carby the ASME Single Certification Mark.

STATEMENT OF POLICY. ON THE USE OF ASME MARKING 1
IDENTIFY MANUFACTURED ITEMS

The ASME Codes and Standards provide rules for the construction of various items. These include requiremen
materials| design, fabricdtion, examination, inspection, and stamping. Items constructed in accordance with all
applicable rules of ASME are identified with the ASME Single Certification Mark described in the governing Co
Standard

Markinjgs suchias””ASME,” “ASME Standard,” or any other marking including “ASME” or the ASME Single Certifig
Mark shall notbéused on any item thatis not constructed in accordance with all of the applicable requirements of the
or Standdrd,

with
ns so
hts of
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Code
ay be
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Code

Items shallnotbe described on ASME Data Report Forms nor on similar forms referring to ASME that tend to imply that
all requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully complying
with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME 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 cle
stampings, labels, or nameplate markings by inclusion of the words:
Certified by

(Manufacturer)

Xii
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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
concé¢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)
manfpifactured 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 sityt on a mandrel or mold bythe Fabricator during fabri-
catioh of RTP equipment cemponents. Each Fabricator, as
part ¢f his or her shop guialification to this Standard, must
demgnstrate capability to produce laminates meeting the
requijrements of the)laminate specifications.

Asgembly of<scomponents such as shells, heads, and
nozz|es requirés joining by secondary bonding. This
operatiomrinvolves fit-up, surface preparation, and over-
wrappitigwith alaminate of composition equivalent to the

included in this Standard. Consideration is\gjven both
to ultimate strength and to limiting strain. Time and
temperature dependence of RTP laniinate properties
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 lalbor-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 quai-
ified individually by the procedures detailed in
Mandatory Appendix M-5.

XV

Hrits vatues—€onversiom of umitsstatt-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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FOllOWil’lf approval hy the ASME RTP-1 Committee and ASME _and after public review ASMERTP-1-2021 wasapp

ASME RTP-1-2021
SUMMARY OF CHANGES
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by the Aj

ASME RT
tables, an|
figure, ta

Page
2
7
7
13
14
19
22
25
26
27
29
31
37

37
57
59

61

67
72

123

nerican National Standards Institute on October 26, 2021.

P-1-2021 includes the following changes identified by a margin note, (21). In addition, many of; the fig
d forms have been editorially redesignated. For the user’s convenience, a table listing the former and current

ures,

h

Ing

ted

124
129
135
143
148
153

158

ble, and form designations follows this Summary of Changes.

Location Change

Form 1-1 Pages 3 and 4 revised

1-310 Final paragraph revised and redesignated as (c)

1-400 Last three paragraphs revised in, their entirety

2-310 In subpara. (b)(5), cross-réference revised

2-320 Former subpara. (e) editorially reformatted as last paragraph

Subpart 2C Revised in its entirety

3A-130 Former subpara, (¢) editorially reformatted as last paragrap

Figure 3-1 Former Figur& 4-1 editorially redesignated

Figure 3-2 Former Figure 3-1 editorially redesignated

3A-261 Subpardgraphs (a) and (c) revised

Figure 3-3 Former Figure 4-7 editorially redesignated

Figure 3-4 Former Figure 3-2 editorially redesignated

Part 4 Former Figures 4-1 and 4-7 relocated to Part 3 and remain

Part 4 figures editorially redesignated

4-100 Revised in its entirety

6-900 In subpara. (a)(8), cross-reference revised

6-930 (1) Subparagraph (d)(2) revised in its entirety
(2) Subparagraph (e) added and former subpara. (e) redesigna

as (f)

Table 6-1 (1) Column head over third through eighth columns revised
(2) General Notes redesignated as Notes (1), (2), and (4)
(3) Note (3) added

75620 Subparagraphs (e) and (f) revised

8-850 Subparagraphs (a)(9)(-a) and (a)(9)(-b) revised

FEorm M5-1 In General Note (b} cross-reference revised

Form M5-2 In General Note (b), cross-references revised

M6-400 Subparagraphs (c) and (e) revised

Figure M6-1 Revised

Mandatory Appendix M-8
Mandatory Appendix M-10

Mandatory Appendix M-12,
Article B

Table M12B-3

Revised in its entirety
ASTM 1067 added

Forms editorially redesignated

Former Table M12B-4 editorially redesignated

XVi
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Page Location Change

158 M12B-614.4 Subparagraph (d)(1) revised in its entirety

168 M12D-400 Second paragraph added

176 M12D-850 Title editorially revised

181 Figure M12G-1 Revised

187 Mandatory Appendix M-12, Article] Definition of peel strength test revised

219 Form NM2-1 Former Figure NM2-1 and subsequent figures editorially
redesignated

24p NM4-500 Added and subsequent sections redesignated

246 Figure NM4-6 Added

248 NM4-630 Added

249 NM5-230 Revised

258 NM5-300 First paragraph revised

271 Form NM6-4 Former Table NM6-4 editorially redesignated

27p Form NM6-5 Former Table NM6-5 editorially. tedesignated

29b Nonmandatory Appendix NM-12  Title revised

29b NM12-100 Revised

xvii
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ASME RTP-1-2021

Part 1
General Requirements

1-1013 INTRODUCTION

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

1-11¢0 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
conngctions or fittings

2) the vessel attachment joint when an attachment
is mgde to either the external or ifitérnal surface of the
vessql
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
equipment 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 and temperatiire limits:

(a) Maximum Internal Pressiire"

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

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

(b) Maximum External 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).

{¢) Temperature Limits. The design temperafture shall
be limited to a value for which mechanical propefties 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

! Refer to para. 6-930(d) for Proof Test requirements.
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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 firm name
User’s FZent firm name
Title of lequipment
User’s dlesignation no.
Installation location (name and address)
UBRS pfepared by (User or User’s Agent):
Name Phone no. Date |
Addres
1. quipment description (equipment sketch and nozzle schedule must be attached):
2. dditional Fabricator responsibiljties:

] Special requirements
[1 Acoustic emissiop-testing
[1 Inspection or testing requirements not listed in the Standard

[
[
] Userwaives visual inspection prior to application of final exterior coat: [] Yes [T No
] \Vistal inspection acceptance level (refer to Table 6-1 of ASME RTP-1): [] Levell [] Level2

Tantity timitations for gaseous air bubbies or btisters
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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.

w

&

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 Users 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 per6-910(b)(3) and 6-910(b)(4) |
[1 Lift lugs: []RTP [ ] Carbon steel [ ] Other
[1 Hold-down lugs: [] RTP [ ] Carbon steel [] Other

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

4.1 Description of process function and process sequence:

4.2 Contents:
Concentration

Chemical Name Max. % Min. % Exposure Time
4.3 pH range: max. min.
Design
5.1 Design,conditions:
Operating (for reference only) Design

Internal pressure

External pressure

Temperature

Specific gravity

Normal (used for seismic design only) Maximum

Liquid level
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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)

Basic wind speed _ MPH (m/s) Classification category Exposure
Elevation above grade ft (m) Topographic factors
Latitude Longitude Seismic Risk Category
Snow load psf (kPa)
Capacities: Operating gal (L) Flooded 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-lb (N-m)
Horsepower hp (W)
Impeller speed RPM  Impeller diameter in. (mmp)
Number of impellers Foot bearing: [] Yes [1 No
5.3 Heating and cooling:
[1 Electric panels
[1 Steam coil
[1 Steam sparger
[1 Heat exchanger
[] 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 vessel draining)
[1 Vacuum from cool down
[1 Other
5.5 Corrosion barrier excluded from~structural calculations:
[1 Yes
[T No
5.6 Declaration of critical’service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):
[1 Yes
[1 No
5.7 Operation-and Environmental Factor (must be greater than or equal to 1.0):
5.8 Hydrogtatictest gaskets
[ 1€8pecified service gasket
[\ “Fabricator's standard
I'1 Other
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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 4 of 4
RTP Edition No.
UBRS Revision No.

Approval of UBRS
6.1 Authorized User’s representative:
Name Title

Signature Date.

6.2 Authorized Fabricator’s representative:
Name Title

Signature Date

Hditional requirements:

NERAL NOTE: This form may.be reproduced and used without written permission from ASME if used for purposes other than republication.
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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 should 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) Crifical service should be declared when the oper-
ating enyironment complies with all of the following

exceeds

(2) Yessel is located in close proximity to.areas
frequente¢d by personnel on a regular basis 'such that
abrupt fafilure of the vessel would be likely to 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-an-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 that a very Small amount of the gas or of the vapor
ofthe liqyid hi%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, fabyicated} 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 atléast 125% of those gpeci-
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). M. 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
used dn“critical service is optional.
(5) Postcure of critical service vessels is optiongl but
should be given consideration. Postcure of RTP lamiphates
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

of the substance in contact with the body may be absorbed
and cause a toxic reaction that is dangerous to life. By
insidious is meant the substance is of such nature that
exposure to the substance might result in a discomfort
level not sufficient to warn of potentially severe and 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
achie i tfe:

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
shown to decrease service life.

(b} The operation and environmental factor is a multi-
plier [that is applied to design factors and strength ratios
for the physical strength properties of the laminate. This
factof is in addition to any increase in design factors and
strength ratios for the physical strength due to critical
service. For example, an environmental factor of 1.33
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
r than or equal to 1.0.

It shall be the responsibility of the User or the User’s
ated Agentto declare an environmental factorinthe

This Standard does not provide guidelines for

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 in-
dividual (other than the Useér 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
shall prepare a Fabricator’s Design Report, which includes

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

The ASME RTP-1 Qualified Designer is the person(s) in
direct charge of performing the engineering design of an
ASME RTP-1-certified tank and shall be experienced in the
use of this Standard. The qualifications and experience
required of the ASME RTP-1 Qualified Designer will
depend on the complexity and criticality of the system

indivi ! ience. As a
minimum the individual shall have all of the [following
qualifications:

(a) Completion of an engineering degree; accredited by
an independent agency [such as ABET. (U.S. andl interna-
tional), NBA (India), CTI (France), and CNAH (Chile)],
requiring the equivalent of at least 4 yr of sfudy that
provides exposure to fundamental subject mattefr relevant
to the design of tanks ‘and pressure vessels, plus a
minimum of 5 yr of eéxperience in the design pf related
tanks and pressure véssels including design cajculations
for pressure, sustained and occasional loads, angl cyclic or
thermal loading conditions.

(b) Professional Engineering registration jn one or
more of the states of the United States or prqvinces of
Canadaror alternatively recognized by a jugisdiction
outside the United States or Canada.

(c) Atleast5yrdirectexperience with designpnd fabri-
cation including materials selection of RTP tianks and
vessels using the ASME RTP-1 Standard; ASME Boiler
and Pressure Vessel Code, Section X; or EN {13121 or
other recognized international fiberglass vess¢l or tank
code or standard.

1-400 INSPECTION

This Standard requires that specific inspeftions be
carried out by Inspection Personnel experienged 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 Individ-
ual(s) (uppercase “CI”).

The Certified Individual is an employee of the Habricator
authorized by ASME to use its marks. The Certi{ed Indiv-

idual’s principal responsibility is to protect the ASME
mark by carrying out the duties described in

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

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

para. 1-410. The Certified Individual may also be the
Inspector. (Refer to Nonmandatory Appendix NM-10,
para. NM10-500.)

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

(21)
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The inspector is an employee of the Fabricator engaged
in the daily inspection activities during the course of fabri-
cation. Such activities include, but are not limited to, thick-
ness verifications, visual inspections, dimensional
verifications, ply sequence verification, and resin cure.
The inspector may be the Inspector but shall not be
the Certified Individual.

1-410 Duties of the Certified Individual

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

1-440 Access for the Inspector

The Inspector shall be permitted free access, at all times

The Ceftified Individual shall

(a) pefform an annual audit to verify that the Fabrica-
tor’s Qualfity Assurance Program is current and in effective
operatio

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

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

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

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

(f) verljfy 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
subsequent to completion of all inspections by the
Inspecton

1-420 Qualifications of the Certified-Individual

The Cefttified Individual shall meet(the following quali-
fications:

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

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

(c) satfsfactoryexpertise and experience according to
the compllexity“of the assignment

(d) knpwledge of ASME RTP-1

(e) knbwleds
Program and shop procedure

(f) knowledge and ability to evaluate and monitor
procedures and performance

(g) knowledge of keeping and maintaining records

1-430 Inspector’s Duty

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

while work on the vessel is being performed, to all,parts of
the Fabricator’s shop that concern the fabrication ¢f the
vessel and to the site of field fabrication or egection during
the period of field fabrication, erection, and testing. The
Fabricator shall keep the Inspectorjiniformed df the
progress of the work and shall notify’ the Inspector in
advance when the vessel or matetials will be ready for
any required tests or inspectiof,

1-500 FABRICATOR’S QUALITY CONTROL
PROGRAM

A written deseription of the Quality Control Program,
that explains which documents and procedures the §abri-
cator will use.to produce equipment to this Standard|shall
be available’for review. The Quality Control Program|shall
be in_dccordance with the requirements of Mandptory
Appendix M-4. See Nonmandatory Appendix NM-6 for
anexample of 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 comglying
with all the requirements of this Standard and the BRS.
The Fabricator also has the responsibility of certifying that
any work done by others complies with all the require-
ments of this Standard. This responsibility includes
providing the Inspector with all required informption
and assuring that the detailed examinations and [tests
are performed at the stages of fabrication that pgrmit
them to be meaningful.

b e e C TSUDSE pletion
of all inspections by the Inspector (see Part 6), shall
complete and sign the Fabricator’s Data Report or Fabri-
cator’s Partial Data Report as applicable. See Forms 1-2
and 1-3. An original document of such Data Reports shall
be 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).
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(c) Thelnspector shall sign the Inspector’s Certification (d) Vessels may also be registered by filing the Fabri-
on the Fabricator’s Data Report (or Partial Data Report) cator’s Data Report with the National Board of Boiler and
only when the Inspector is satisfied that all requirements Pressure Vessel Inspectors, 1055 Crupper Avenue,
of this Standard have been met. 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:

(name and address)

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

8. Falricated for the following: Contents specific gravity:

Maximum allowable working pressure (specify units):

NDE: Liner visual acceptance level:

(AE or other)

Quantity limitations for gaseous air bubbles or blisters:

If yes, results reviewed and accepted:

(yes/no)

Maximum allowable external working pressure (specify units):

(Table 6-1, Level 1 or 2)

at maximum_ temp. (specify units):
at maximumrtemp. (specify units):

Struct. visual acceptance level:

(Table 6-1, Level 1 or

=

(specify veil, sequence, or type of thermoplastic and thk

(min. and max. measured)

9. Shgll: Type: Nom. thk.: Liner:
(type |, type II, type X) (structural only)
Dia.: Length: Barcol hardness:
(specify units) (specify units)
10. Hegds: Type: Liner:

(type |, type II, type X)

Location
(top, bottom, ends)

(1

(specify yeil, sequence, or type of thermoplastic and thk.)

Nominal Thickness,

(structural only)

(specify units)

(2)

(specify units)

11. Sa

12. Inspection openings:

ety relief or atmospheric vent size.and location:

Barcol Hardness
(min. and max. measured)

Shape
(ASME F&D, 2:1 elliptical, flat

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

13. Vegsel fabricated for storage of:

(describe size, quantity, and general location)

Declaration, of critical service:

14. Supports?

(briefly describe chemicals to be contained or stored)

Remarks:

(yesorno)

(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 manufacturer

Other (explain)

Resin (specific nomenclature & cure system):

Fabricator

End User

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 been designed and fabricateq in
accordance with all requirements of ASME RTP-1 and the User’s Basic Requirements Specifi¢ation.
ASMERTP-1-—__ No.
(Certificate of Authorization and expiration date)
Date
(month / day / year) (Fabricator’s name) (signature of Certified Individual)
(print or type name)
(address of fabricatiom 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 requjfemeénts of ASME RTP-1. By signing this certificate, neither the Inspector nor his/her
employer (if other than the Fabricator) makes any warranty, expressed or implied, concerning performance of the vessel.

Date

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

(print or type name)

i)

ENERAL NOTES:

) Thedollowing 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

FABRICATOR’S' PARTIAL DATA REPORT

We certify the information in this Partial Data Report to be correct and that the part(s) is designed and fabricated in
accordance with all requirements of ASME RTP-1.

ASME RTP-1-

Description of part fabricated and inspected

Dat,
(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

hae inspected the part(s) described in this Fabricator’s Partial Data Report and b€lieve that the Fabricator has constructed

sugh in accordance with the requirements of ASME RTP-1. By signing this certificate, neither the Inspector nor his/her

’

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

Date

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

(print or type name)

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

(1] applicable design data signed and stamped by-the Qualified Designer
(2) drawings

(3] copies of all quality control forms usedhin the Fabricator’s Quality Control Program during the course of fabrication

(b) Thfs form may be reproduced and usedwithout written permission from ASME if used for purposes other than

NOTE;:

(1)

republication.

THe Fabricator referred to in this Partial Data Report is that Fabricator who constructed the part or portion of the vessel
cqvered 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

Thie 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 laminates. 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 oflami-
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 ,common 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 duringdfabrication as used in the design basis lami-
nateqand lsamihation 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‘used. Prop-
erties established through testing at ambiénttemperature
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 UBRS, the flampe spread
rating shall be determined by.the resin manufacturer
according to ASTM E84 using ‘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 opnly on flat
laminate panels, ¥erification 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 svnergists shall be
L Y =]

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 F, 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 rpinforcements shall be in compliance with the
following| references for each material type:

(a) fiberglass 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) fibg¢rglass woven roving fabric, fiberglass unidirec-
tional fabtic, and fiberglass nonwoven multifabric — Man-
datory Appendix M-1, Article C

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

With t}
inforcem

e exception of surfacing veils, all fiberglass re-
bnt 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 the design. Design basis lami-
para. 2A-300 are.required.

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 3_dz/ft*
(900 g/m?). These plies shall be layers of ¢hopped
strand mat and/or chopped roving. Each ply-of mat or
pass of chopped roving shall be well rolled, to thoroighly
wet out reinforcement and remove entrapped 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/ofthe structural layer shall not alter the
corrosion-resistant barrier.

(b) The first ply of the structural layer of the lamlinate
shall be,onhe 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 adjacent
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 intefrup-
tion for gel and exotherm shall be 0.75 oz/ft* (225 g/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 e acetone test per ASTM €582, para.
9.2.2. This outer surface coat shall be applied either
over the final mat ply of the structural layer or over
an additional resin-rich layer when required by (b).

(b) When the UBRS indicates the outer surface will be
subjected to spillage or a corrosive environment, a resin-
rich layer, in accordance with para. 2A-221, shall be
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) vV M M M M M . V, 5M
0.27 (6.9) %4 M M M M M M Vv, 6M
0.31 (7.9) vV M M M M M M M .. Vv, 7M
0.35 (8.9) vV M M M M M M M M v, 8M
40 (10.2) %4 M M M M M M M M M Vv, OM
44 (11.2) 14 M M M M M M M M M M Vv, 10M
48 (12.2) 14 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 M M vV, 14M
.66 (16.8) 14 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) Sfructural lay-up may be interrupted at intervals long enough to exothieym in accordance with Fabricator’s procedure.
(e) Alweight-equivalent layer or layers of chopped strand glass or matumay be used in place of layers of 1.5 oz/ft* (450 g/m?) mat.
NOTES$:
(1) Npminal thickness is calculated as follows:
V =[10 mil surface mat (veil) - 0.010 in./ply (0.25 mm/ply)
M 5 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 noetreflect 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, screeninhgagents, 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 laminate 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

ine thick-
n shall be
addition,
following

for each combination of resin and glass to detern
ness and glass content. Straight line interpolatid
used to determine values not tested directly. In
the Fabricator shall choose one or more of the
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.

15

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 MR RMRM .. .. . e e e e VO 2M, 2(MR)M
0.37 (9.4) VM M MR MR M R M .. i i e e e V,2M, 3(MR)M
0.41 (14.4) VM MMPBRMZPRMEPERMM V, 2M, 3(MR)M, M
0.49 (12.5) VM MM~RMI BRMMIRBRMM R M . . . . w w . V2M3MRMMRM
0.56 (14.2) VMMMP RMEPRMPRMM R M R M . . . w .. V2M3MRM2MRM
0.64 (14.3) VMMMPRMEPRMMEPRMMPR M R M R M . V, 2M.3(MR)M, 3(MRIM
0.68 (11.3) VMM MMA®BRMA BRMMIRBRMM R M R M R M M . . VVW2M3MRM, 3(MRIM, M
0.76 (19.3) VMM MM~RMI BRMMIRBRMM R M R M R M M R M,V,2M3MRM, 3(MRIM,

MRM

GENERAL IJOTES:

(a) Thicknpsses above 0.76 in. (19.3 mm) nominal can be used following pattern established for 0.76ih. (19.3 mm) thick laminate.
(b) Actual fhickness and glass content of each sequence of plies shall be established by each Fabricaterbased on his or her design basis lanpinate.
(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” pli€s.{frequired by fabrication procedure, location of

exothel'm 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\in place 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 laminates made today. Laminates made today are often thinner and have a

higher glass content than noted in the Table. The Table shouldbe used for establishing minimum glass plies per nominal laminate thidkness.

Ply thigknesses should be based on design basis laminates.

Table 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) I 12.0 x 103(82.7) 1.30 x 10° (8.96) 19.0 x 103 (131) 0.80 x 10° (5.5R)
0.29 (7.4) 11 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) fnd above 11 15.0 x 10% (103) 1.50 x 10° (10.3) 22.0 x 10° (152) 1.00 x 10° (6.9p)

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

NOTES:
(1) ASTM

D638-at 73°F (23°C), ASTM D3039 at 77°F (25°C), or ASTM D5083 at 73°F (23°C).

rease.

(2) ASTM

D7907at 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 1], 0.49 in. (12.5 mm) nominal thick-  data on the most available laminating materials.

ness

e (-6) Type1l, 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 offelasticity
(-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.another strain range better

(-b) When the corrosion barrier is excluded from represents the flat portion of the curve. Ahy strain
the dpsign as a contributor to the structural strength of the range other than 400_and 1,300 microstrain shall be
laminate 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
laminates, 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 resin’s HDT,
whichever is lower. Where laminates are fabricated for
use gt design temperatures above 180°F (82°C) or up
to 33°F (19°C) below the HDT, cettification of strength
and fmodulus per paras. 2A-400(a) and 2A-400(b) shall
be sypplied at or above the specified 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
described in (a){2). Six thickness and glass content
(weight percent) 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 fromr tite middie of the tamimnate:
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
shallkbe determined by ASTM D790. The moldgd 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
the use of these instruments, a digital magnetig
instrument or an ultrasonic thickness gage fo
accurate when measuring vessel cutouts shall

(f) When required, thermal conductivity
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
not allow
intensity
ind to be
be used.

shall be

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: The¢ 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 Type [ and/or Type II control laminate data.

Where the laminate is intended for special applications,
requires gpecial handling, or has known limitations or
susceptibility 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|l and/or Type II, as outlined in para.
2A-300(d)(2). Examples of representative field experi-
ences shquld 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
Committeq will request additional data.

SUBPART 2B

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

2B-100 | AMINATE COMPOSITION

Lamindtes developed under Subpart 2B are designated
as Type X|laminates’ Laminates developed under Subpart
2B are nopstandard 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

. : C : 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 specific
gravity are measured onya fully cured 0.125-in. (3mm)
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
iamination 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
THICKNESS VARIATION

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

2C-200 TOLERANCE FOR THICKNESS OF A MAJOR
PART

Refer to para. 6-920(f)(2)(-b) for the prescribed method
of determining the average thickness of a major part. The
acceptable average thickness shall be 100% up to 135% of
design. For average thickness greater than 135%, see para.
2C-300.

2C-300-EXCERTHONS-AND-ADJUSTMENTS

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

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

0 TOLERANCE FOR AVERAGE SPOT
THICKNESS

Refer to para. 6-920(f)(2)(-a) for the prescribed method
of deftermining the average thickness of a small area or
component. The thinnest value (of six) shall be 90% of
the design thickness. The acceptable average thickness
shallpe 100% up to 135% of design. For average thickness
greatler than 135%, see para. 2C-300.

2C-

Fabricators may add additional materialtp,a¢hieve the
design thickness. All such additions shallbe)in a¢cordance
with the repeating design ply sequence, THe averjage thick-
ness of the corrosion-resistant barrier and gtructural
layers shall meet the requiremeénts of Subpart|2C. Over-
thickness up to 140% is permis$ible for corrosiop barriers
with a design of 0.200 in¢[5,0 mm). At no time{shall any
overthickness of the bartier be used as part of the struc-
tural thickness. Ovesthickness greater than the stated
tolerances is permissible when accepted by the| Qualified
Designer andUser and reflected in the Design| Report.
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Part 3
Design

3-100 SLOPE

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

(b) Subpart 3A or Subpart 3B methods may be used at
the discrdtion 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

The fol
ment:

(a) Th
contact ny

NERAL

owing parameters are common to all RTP équip-

e heads of RTP vessels shall be fabricated by
olded laminates.

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

(c) Conmtact 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 Subpart 3B.

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

(e) Ultjmate tensile strength and modulus values of all

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 atmospheric vessel has 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 anticipated at the top of the vessel. The design
sure is specified by the User on the UBRS as a bas
design.

pres-
pres-
s for

design temperature: the highest anticipated temperpture
to which major components will be exposed 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

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

(f) The average thickness of any pressure-containing
part of a vessel shall not be less than 0.22 in. (5.6
mm). The procedure to determine the thickness of
such a part is specified in para. 6-920(f)(2). The permis-
sible thickness tolerance of such a part is specified in
Subpart 2C.
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(h] thermalIoads 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.
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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 MAEWP shall not exceed the
external design pressure unless additional calculations
and applicable tests show that all other requirements
of this Standard are met at a higher external pressure
differe €. 'Ol VESSCT d O i i d
the MIAEWP shall not exceed 15.0 psig (103 kPag).

um allowable working pressure (MAWP): the

DTV W Crard

max

its absence, the highest point on the vessel~The
um liquid level is used as a basis for design for
all cqlculations other than for external pressufe calcula-
tions| except that a lower normal liquid levél miay be used
for sg¢ismic design calculations.

NOTH: The contents of a vessel may exceedithe maximum liquid
level for hydrostatic testing. In this case;-stresses resulting from
hydrdstatic testing must be considered in the design.

normial liquid level: aliquidlevel that has a low probability
of exfeedance and is uséd as the basis for seismic design.
The pormal liquid level, if different from the maximum
liquidl level, shall (be)specified by the User in the UBRS.

overflow: an opening or system of piping connected at the
maximum liquid level of the vessel, and/or with its highest
invert atthe' maximum liquid level of the vessel, capable of
freely aecommodating all simultaneous liquid in flows to

(e) other gravityloads 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

(h) loads due to unbalanced pressure (e.g., flexible
joints, process flow, internal design pressure acting

I contrac-

(j) any other sustained load specified(in ‘thg UBRS
All nonexclusive combinations of the above lpads shall
be considered to establish the maximum (teysile) and
minimum (compressive) sustained load on anly compo-
nent. In addition to other combinations,|a vessel
subject to external pressdre shall be evaluatpd empty

of liquid contents.

SUBPART 3A
DESIGN BY RULES

3A-100. LOADINGS

As™a minimum, the loadings to be considered in
designing RTP vessels shall include the 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, subliquld surface
jets

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

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

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

3A-110 Design Acceptability

bry, other

the vessel and conducting them by gravity to a disposal or
containment facility.

sustained loads: continuous loads including, but not
limited to

(a) internal design pressure

(b) external design pressure

(c) hydrostatic pressure due to weight of liquid
contents

(d) loads at supports
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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.

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

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

3A-120 Other Formulas

= 5 for intermittent loads
F10 = design factor
= 10 for sustained loads
Sy = ultimate flexural strength, psi (MPa)
S: = ultimate tensile strength, psi (MPa)
oy = calculated maximum sustained flexural stress,
psi (MPa)
on = calculated maximum intermittent flexural
stress, psi (MPa)

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| Laminate Types. Other recognized engineering
formulas|are applicable to Type I or Type II laminates,
laminated in accordance with Subpart 2B, or combinations
of Types [l and II. Other combinations, e.g., Type Il with
laminateq in accordance with Subpart 2B, require addi-
tional corfsideration. Laminate design strengths are appli-
cable to reinforcement patterns continuing in the plane of
the membrane.

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

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

3A-124{ Laminate Strengths. Laminate tensile stiength
and flexural strength are as established in Subpart 2A.
Ultimate [secondary bond shear stress is ¢onsidered to
be 2,000 psi (13.79 MPa). Ultimate peel strength is consid-
ered to be 500 Ib/in. (88 N/mm).

3A-123 Filament Wound Laniinates. For design in
accordanfe with this section,.the)ultimate hoop tensile
strength|of filament wound laminates wound at an
angle of $4 deg or higher)to'the mandrel may be deter-
mined by[testing or taken‘to be 0.01 times the calculated
hoop tengile modulus-Axial tensile and flexural strength of
filament yound laminates shall be established by testing.

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

Omec — Catcutatedmmax o sustatmed e rane
stress, psi (MPa)
Omi = calculated maximum intermittent(nembrane
stress, psi (MPa)

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

3A-130 Maximum Corrosion-Resistant Barrie
Strain

—

In additien'to the stress criteria listed above, the t¢nsile
strain in the corrosion-resistant barrier shall be limited to
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/mm).

It is not necessary to apply the corrosion barrier gtrain
limitsin (a) or (b) to Type I or Type Il laminates. The gtress
criteria in Subpart 3A are adequate to limit the corrpsion
barrier strains to acceptable values in Type I and Type II
laminates.

3A-140 Maximum Compressive Stress Stabil(ty

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

o, 0 1
_mc+i<

and

where
Fs = design factor

3A-150 Conservative Design

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

(21)
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3A-200 DESIGN FOR TOTAL INTERNAL PRESSURE b= M4, fa PP
. . i n(D/2)*(S,/F)  nD(Sy/F)  4(S,/F)
3A-210 Calculation of Minimum Thickness of
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,
295 /F  ° Si/F bR
h P = internal pressure, psi (MPa)
whene ) . S, = ultimate axial tensile strength, psi{(MPa)
D = inside diameter, in. (mm)
F= de_51gn factor = 1(_) . (c) For shells under combined ,axial tengile loads
N, = axial force per circumferential inch of shell, . . . . .
. resulting from design loads, inclading 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
S} = 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
tp = total wall thickness, in. (mm), for circumferential F = desigh factor = 5
stress Fp = axdialtensile 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 = Si/F (a) Shells under external pressure shall mept the re-
quirements of para. 3A-310.
or (b) For shells under combined axial conjpressive
design loads, t shall be the greater of t; or t, ¢alculated
. PDF L Ny as follows:
h= s, 4T (s, y = 1Myl |Eal B
x(D/2)(S,/F)  mD(Si/F)  4(S/fFy)
NOTH: Corrosion-resistant baryier.strain shall not exceed limits 0.5
in paga. 3A-130. t—2 = ﬂ + @ @ M
11(1)/2)2 nD 4 0.3Eq¢
wherfe
En|= hoop tensilednodulus, psi (MPa) where
ThE shell thiekness shall be the greater of t,, or t;, at the b= ms.lde diameter, in. (mm)-
. . . Eqr = axial flexural modulus, psi (MPa)
pointl considered by the calculation. ; 0.5
Eeff - (EafEht)
3A-220 Design of Cylindrical Shells Under Ene = hoop tensile modulus, psi (MPa) e
. . F; = axial cCOmpressive force resutting from design
Combined Axial Loads loads, Ib (N)
3A-221 Tensile Loads. The thickness of shells under F; = design factor = 10
combined axial tensile loads shall be equal to the F, = design factor = 5
largest value for t as calculated below: M, = bending moment resulting from design loads,
(a) Shells under internal pressure shall meet the re- in.-lb (N-mm)
quirements of para. 3A-210. P, = external pressure, psi (MPa)
(b) For shells under combined axial tensile design S, = ultimate axial tensile strength, psi (MPa)

loads, t shall be calculated as follows:

23
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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, a, not greater than 60 deg shall
be calculated as follows:
The thickness of the conical portion, ¢t,, of a toriconical

_ [My| + [Mp| [F4| + |Fp| BD alp o on

1 2D/ 22(S,/F) | (S, /F) | 4(S,/Fy) h.ead, where the knuckle radius is at least 6% of tbe inside
05 diameter of the shell and not less than three times the

oo IMy| + |Mg| + |Eal + |Fgl + BD | Fy(D/2) knuckle thickness, shall be

2 (D /2)? 9)) 4 | 03E.g

. ___
where ©7 2cos 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 calculqted as follows:
,_ MPR,
2(S,/F)

M = K3+ (Ro/1)*’]
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 3-1,/8Kketch (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 contrib-
utes to the knuckle reinforcement. For torispherical heads
not subjeftto-internal loading, see Figure 3-1, sketch (b).

where

D, = inside diameter of the conical portion of a tori-
conical head at the point of tangency tp the
knuckle, measured perpendicular to the akis of
the cone (see Figure3<2), in. (mm)
D; - 2r(1 - cos a)

D; = inside diameter ‘Of'hiead skirt (see Figure 3-2), in.
(mm)
r = inside knuckle radius, in. (mm)
a = one-halfofthe included (apex) angle of the cgne at

the_centerline of the head

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

0.SMPR,

tp= —-F
S,/F

where

M = 0253+ (R./r)
R. = D./(2 cos a)

and r 2 3t A larger knuckle radius may be usdd, or
Subpart 3B calculations may be applied to demongtrate
adequacy of knuckle design.

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

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

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

L = Dityr

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

4
Ycosa

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

(c) Fortoriconical heads subjectto internalloading, the
knuckle radius shall be externally reinforced in accor-
dance with Figure 3-2. The total reinforced knuckle thick-
ness, ti,, shall be calculated in accordance with the rule in
(a). The thickness of ajoint overlay near the knuckle radius
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Figure 3-1 Torispherical Heads
Taper to head Taper to head

Full reinforcement
thickness

Full reinforcement
thickness

/

Joint line

Jointed Head Nonjointed
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 3-2 Toriconical Head Dimensions

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

tangent line of a toriconical head contributes to the
knuckle rleinforcement.

(d) When Subpart 3A design rules are used, the
secondarly bond overlays shall be in accordance with
para. 4-3R0.

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

3A-260

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

(1) 0.27 in. (6.9 mm) for jnside diameters <72 in.
(1830 mp)

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

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

(4) $ee (c) fer“diameters over 144 in. (3660 mm)

(b) The minimum thickness for fully supported flat-
bottom heads-using Type Il laminates, subject to hydro-

Minimum Thickness of Flat-Bottom'Heads

vessetstattotbetessthamr 0+ (25 uuu) iftirediameter
is 48 in. (1220 mm) or less, and 1.5 in. (38-mn}) for
diameters exceeding 48 in. (1 220 mm). The ' minimum
thickness of the radius section shall be equal tp the
combined thickness of the shell wall.and the boftom.
The reinforcement of the knucklé ¥adius area [shall
taper so that it is tangent witl the flat botton] and
shall not extend beyond the tangent line onto the|tank
bottom. The knuckle reinforced area shall extend [for a
minimum distance of 8.0 (200 mm) from the ipside
tank bottom up the vertical wall for tanks up tg and
including 48 in. (1 220 mm) in diameter, and 120 in.
(300 mm) for tanks over 48 in. (1 220 mm) in dianpeter.
The reinforcement shall then taper into the side wall for an
additional léngth of 4.0 in. (100 mm) (see Figure 4-3). The
perimetérof the tank bottom shall be a flat plane, and the
bottonrshall not have any projections that exceed 0.R5 in.
(6.0amm) and that will prevent uniform contact withja flat
support surface when the tank is filled with liquid. While
Figure 4-3, sketches (a) and (d), show a joint ling} it is
permissible to fabricate the head integral with the
shell (no joint required). This method of manufafture
requires reinforcement of the knuckle radius arga as
described above [see Figure 4-3, sketch (c)].

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

(f) The design of flat heads that are supported| by a
foundation over the entire flat surface and are ldaded
by internal pressure requires the use of hold-down
lugs to prevent the vessel from lifting. The lugg and
the knuckle shall be designed to withstand the
moments induced because of uplift in addition tp the
other loads. The design factor for RTP components
shall be 10 for pressure loading or 5 for pregsure

static pressure only, shall be as follows:

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

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

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

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

26

combimed with witd, Selsmic, anmd 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.
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3A-261 Flat-Bottom Knuckle Design

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

(b) When the Fabricator elects to use a knuckle detail
that differs from Figure 4-3, the 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)| For tanks greater than 16 ft (4.9 m) in diameter, the
bottdm knuckle must be designed by calculation.

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

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

3A-270 Minimum Thickness of Hemisphericat
Heads

For hemispherical heads under intermal'pressure,
compute the minimum thickness, t, as follows:

t = PRy/2S,

wherle
P|= design internal pressure, psi (MPa)

R |= inside radius of head; in. (mm)
Sq|= allowable stress,psi (MPa)
3A-300 DESIGN.FOR EXTERNAL PRESSURE

3A-310 Cylindrical Shells

The miaximum allowable external pressure between
stiffeping elements is computed by the following:

jullLLiUllb for—vessels—withrcome—or conical
heads, if there are no stiffening rings

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

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

(e) thedistance from the firststiffenjngringin
the cylinder to the cone-to-cylinder jiinction
allowable external pressure, psi (MP3)
wall thickness, in. (mm) (nominal)
E;?f/ZE;t/z
——— (1~ tntha

/2
AN\ Eazf

(D,/2)t

reduction factor developed to better|correlate
theoretical predictions and test resulfs
=1-0.001Z, if Z, < 100
= 09if Z, > 100
van = flexural Poisson’s ratio in the axial djrection =
-Ss54/S44, where Ss4 and S44 are terps in the
inverted form of the laminate ABD|stiffness
matrix, S;; (see Mandatory Appendix M-3,
para. M3-520)
Vhe = flexural Poisson’s ratio in the hoop d

=S45/S55

rection =

NOTES:
(1) For design without calculating the Poisson’s
following apply:

(a) TypelLaminates.For an all Type I laminate, §he flexural
and in-plane Poisson’s ratios for axial and hoop ar¢ identical.
Setting these to zero produces about a 9% reduction i allowable
pressure.

ratios, the

KD(O.853);/E}“}/ 4pl/4S/2

P =
T - ¥ *L(D,/2)>2Fs
where

D, = outside diameter of shell, in. (mm)
E4r = axial flexural modulus, psi (MPa)
E,; = axial tensile modulus, psi (MPa)
Epr = hoop flexural modulus, psi (MPa)
FS = design factor of safety = 5
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(D) Typetitaminates- Forait Type i famimateswith no liner,
the flexural and in-plane Poisson’s ratios are slightly different
due to the 5/4 weave. Setting these to zero produces abouta 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.

moment of inertia, in.* (mm‘*), of stiffener and

Ll
no

-~
1]

P, = 0.36<Ef/F)(t/Ro)2

For torfispherical heads, compute the minimum thick-
ness, t, a§ follows:

t= RU(PPd/o.séEf)O'S

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

B, = 0.36(E/F)(t/K,Dpp)

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

05
t = K,Dyp(FRy/0.36Ey )

D,n = putside diameter of head, in. (mm)

Ef = flexural modulus of elasticity for head, psi (MPa)
K, = factor depending on ellipsoidal head propor>
Lions 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, = pllowable external pressure, psi (MPa)
P; = Hesign external pressure, psi (MPa)
R, = putside\erown radius of head, in. (mm)

3A-330 Btiffening Rings

shell shall not be greater than the length of
the shell under the ring plus no more, thap the
length of the bending boundary, layer (BBL) in
the shell where the stresses are 50% df the
peak values on each side of the centroid ¢f the
ring. See Nonmandatory Appendix NM-1|7 for
the BBL formulation. Portions of shell sha]l not
be considered as contributing to more|than
one stiffening ring:
Ly = one-half of the distance from the centerline pf the
stiffening ringito the next line of support onh one
side, plus.@ne-half ofthe centerline distance o the
next Jine.of support on the other side of the stif-
fening'ring, both measured parallel to the akis of
thercylinder, in. (mm). A line of support is
(a) a stiffening ring that meets the reduire-
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)

€6 - 1 1 A T & W o) £6 : 1 1
CIITTUVE TCITEUT UL SIITIL - TIIT TIITULIVE ltl%_ﬂ Of

See Figure 3-3 for stiffener details and Nonmandptory
Appendix NM-17 for example calculations. Other stiffener
profiles meeting the required moment of inertia mpy be
used.

3A-340 Top Head Loads

The top head, regardless of shape, shall be desigrjed to
supporta 250 1b (1.11 kN) load on a 16 in.” (10 300 jnm?)
compact area without damage and with a maximum
deflection of 0.5% of the shell diameter, or 0.50 in. (13
mm), whichever is less. For torispherical heads] this
requirement can be satisfied by using the mgthod
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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Figure 3-3 Stiffener Details for Half-Round, Trapezoidal, and Filament Wound Band Configurations

Taper no steeper
than 1:6 (not
included in

calculations)

A ] | tandE

<~ R ——>

Wes=2BBL + 4R

(a) Half-Round Configuration

GENE
(@ S
(b) ¢

A
Taper no steeper
than 1:6 (not
included in
calculations)
C
tsand Eg
ta3d E
| )
B -~ D —>
w,

tand E

RAL NOTES:

es

(b) Trapezoidal\Configuration

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

1>

w,

es

Wes=2BBL + w

(c) Filament Wound Band Configuration

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

= stiffener thickness, in. (mm), and is not limited to alternating layers of mat and woven roving with a final mat layer.
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(b) 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.

3A-350 Toriconical Heads

(a) Foj
<60 deg,
between §

Also ch

R. = D./(2 cos a)

r = inside knuckle radius (see Figure 3-2), in. (mm)
(6% minimum and at least three times the
knuckle thickness)

S, = ultimate tensile strength, psi (MPa)

t. = cone thickness (see Figure 3-2), in. (mm)

tr = knuckle thickness (see Figure 3-2), in. (mm)

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

sections (see Figure 3-2), deg

toriconical heads whose half apex angle, «, is
the maximum allowable external pressure
tiffening elements is computed by the following:

b K(E,./F)(D,/L)[(t; cosa)/D,]*>
‘ 1 — 0.45[(t, cos a)/D,>>

eck for stress in the cone, S, as follows:
PiD.
S, = d
2t . cosa

The stresf, S., must not exceed S, /F.
For torficonical heads, compute the knuckle reinforce-

ment len

The th

rth, L., as follows:

Le

Dity,
\ cos a

ckness of the knuckle, t;, shall be
0.SMP;R,
= —2%°<
S,/F

D; — 2r(1 - cos a), in. (mm)

nside diameter of the conigal portion of a tori-
fonical head at the.point of tangency to the
knuckle, measured.perpendicular to the axis
bf the cone (seeFigure 3-2), in. (mm)
maximum outside diameter at the large end of
he conicaksegment between stiffening elements
see Figure’3-2), in. (mm)

gxial-tensile modulus for the cone, psi (MPa)
hoop:-tensile modulus for the cone, psi (MPa)

(b) When the half apex angle a exceeds 60 deg; the
conical head shall be designed in accordance
Subpart 3B.

(c) For toriconical heads subject to,external pres
the knuckle radius shall be externally réinforced in 4§
dance with Figure 3-2. The total reinforced knuckle {
ness t,- shall be calculated in aeordance with the r
(). The thickness of ajoint overlay near the knuckler
tangent line of a toriconical head contributes t
knuckle reinforcement.

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

3A-360Stiffening Rings

Theréquired moment of inertia, I, of a circumfer
stiffening ring for conical shells under external pre
shall not be less than that determined by the folld
formula:

| _ BiLD, /cosa) F

S

24Ey;
where
Ens = hoop tensile modulus for the stiffening rinl
(MPa)
Ls; = one-half of the conical segment slant dis

from the centerline of the stiffening ri
the next line of support on one side, plus
half of the conical segment slant dist
from the centerline of the stiffening ri
the next line of support on the other sidd
Figure 3-4), in. (mm). A line of support is|

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

tori-
with

sure,
ccor-
hick-
ile in
ndius
b the

, the
with

ential
ssure
wing

o, psi

rance
hg to
one-
ance
hg to
(see

uire-

(b) a toriconical head-to-cylinder junct

esuttant modutusforthecome, psi{MPa)
(Eathc)O.S

design factor = 5

4-0.75(E,/1,000,000) for U.S. Customary units
4 - 0.75(E,./6900) for SI units

conical segment slant height (see Figure 3-2), in.
(mm)

0.25(3 + JR./r)

allowable external pressure, psi (MPa)
design external pressure, psi (MPa)
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{c] apex of a toriconical head

3A-400 SEISMIC, WIND, AND SNOW LOADINGS

3A-410 Design Loadings

The loadings to be considered in designing vessels shall
include seismic loads, wind loads, and snow loads, deter-
mined by vessel installation, location, and customer
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Figure 3-4 Toriconical Head Dimensions for External Pressure

D

> |

[}

specification as defined in the UBRS. The effects of liquid
sloshling in large vessels shall be considered. The ‘design
shall|be certified by a Qualified Designer experienced in
the design of reinforced plastics.

3A-420 Specifying Design Loadings

The magnitude and orientation ofthe forces enumer-
ated |n para. 3A-410 shall be as-specified by the UBRS (see
para1-200). Examples of codes and design calculations
are shown in Nonmandatory Appendix NM-3.

3A-4

ThE vessel desigitshall be analyzed under the following
loadihg compinations:

(a) sustainéd loads plus seismic load

(b] sustained loads plus snow load

(c)-sustainedtoadsplas—wind-load

(d) wind loads on an empty vessel

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 logds. 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

A ang P 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
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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 4-1. Nonmandatory Appendix NM-4 suggests a
minimum dimension of 0.50 in. (13 mm) between the
datum plane and the bottom of the hold-down lug.

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 4-7 and 4-8. Required patterns of reinforcement
placement are shown in Figure 4-10.

(b) Only circular openings whose diameter does not

exceed one-half of the vessel diameter are covered by

(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 phot 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
laminatg¢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 exceeding allowable stresses
both in fhe attachments“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 opehings
whose diameter exceeds one-half of the vessel diameter
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 no-longer than two times
the largest dimension along the.axis*90 deg to the firgt axis
are covered by these rules, These dimensions shall 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, = actual structural wall thickness, in. (mm)
=Cwall thickness obtained after fabricatiorn], 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)

M = 1 for Type I or Type Il laminates

=
1

be accom modated l‘\y reinforcementofthe shell Invessels

larger than 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
= Y, for external pressure

o = hoop tensile ultimate strength for cylinders, psi

(MPa)

<t s
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 4-10. 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

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

SUBPART 3B
DESIGN BY STRESS ANALYSIS

3B-100 INTRODUCTION

Either vessel or vessel part'may 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‘shall 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 d

(a) the design shall be such that'the stress
exceed the limits described inithe stress c
para. 3B-500

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

esign are
shall not
riteria in

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
failureN\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 diirectional
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 aif
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
to-shell and body-flange-to-shell junctions, and
between shells of different diameters or thick

(b) Load Stress.Aload stress is a stress that results from
the application of a load, such as internal pressyire or the

alysisare

tructural
sification
e and has
battern or

are head-
junctions
hesses.

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
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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 dis-
tributed 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 fTre: 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) Nonimal Force Resultant. The normal force resultant
is the requltant force of the normal stresses in all the
lamina af| the section under consideration.

(g) Nofmal 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
distributgd and equal to the average value of the stress
across th¢ lamina of the section under consideration, and
the other] of which varies with the location across the
lamina.

(h) OfftAxis Coordinates. The off-axis coordinates are
coordindtes chosen by the engineer. They coincide
with the pessel coordinates (see Figure M3-4).

(i) On-Uxis 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 law$_ 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 Mandatory Appendix
M-3, 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.

component of stress tangent to the plane of refer

(n) Secondary Stress. A secondary stress_is\@ngrmal
stress or a shear stress developed by the constrajnt of
adjacent parts or by self-constraint of a structurel The
basic characteristic of a secondary stress is that it is
self-limiting. Local inelastic deférmation and minor
distortions can satisfy the conditions that causp the
stress to occur.

Examples of secondary ‘stress are

(1) general thermal(stress
(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
at a point cauld'be multiplied so that the multiplied gtress
state wouldrviolate 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-
ture or by adjoining parts with different thermal doeffi-
cients of expansion. Thermal stress is developed in afsolid
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 alor
intersection of the reference surface and a section U
consideration, the twisting moment resultant i
moment of the shear stress about the point
Figure M3-1).

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

g the
nder
5 the
(see

3B-300 LOADING

All vessels shall be designed to resist the hydro
load. Top heads, or other surfaces where persgnnel
mighf walk <shall be dpcignpd to support a 2 b0 1b

static

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 dis-
tributed live loads
(2) the bending stress in the central portion of a flat
head due to pressure
(k) Reference Surface. The reference surface is a surface
that is parallel to the lowermost surface of the laminate.
The distance from the lowermost surface is chosen by the
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(1.11 kN) load on a 16 in.? (10 300 mm?) compact
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 thle 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.

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

~

3B-400 DESIGN

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

The stress components from different types of loads
that jay be applied simultane6usly are summed algebra-
ically}

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

3B-500 STRESS CRITERIA

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

vessets ot eriticat service ammd—2-forvesselsiin critical
service.

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

Individual layers 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 strength 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 must recognize 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 layers 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]fing 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.

35

shall satisfy the criteria of para. 3B-500. In addition, to
ensure elastic stability, the calculated buckling pressure
of the vessel shall be at least five times the design external
pressure. For dished heads and cylindrical shells fabri-
cated of Type I or Type 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.

36
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Part 4
Fabrication

(21) 4-10b SCOPE

Paft 4 sets forth fabrication details that are used in
conjynction with the design rules and procedures of
Part B. Relevant Part 4 figures and tables may be used
withput further design justification, so long as the
design and fabrication requirements defined in the
resppctive details are satisfied. Alternative styles,
metHods, or details may be used, provided they are
not dtherwise specifically prohibited elsewhere by this
Standard. Alternative styles shall be designed in accor-
dancp with the design criteria given in Subpart 3A or
Subpprt 3B. Where complete details are not given, the
Fabricator shall provide details of design and construction
that ghall be as safe as those provided by the rules of this
Standard.

4-110 Fabrication Requirements

Alll fabrication shall satisfy all requirements of thé
User’s Basic Requirements Specification and the Fabrica-
tor’s |Design Report using the fabrication proceduires of
Part f and drawings certified by the Qualified-Designer
priof to application of the ASME Certification Mark
with |RTP Designator.

4-115 Overlay Taper Length

ThE edges of all overlays shall*have a minimum taper
length of 4 times the thickpess-

4-12p Large Diametér Fabrication Details

For vessels over-16.ft (4.9 m) inside diameter, the fabri-
catioh details giyvenin Part4 may be modified aslong as the
design loadings,and stresses meet the requirements of
Subpprt 3B:-The tolerances given in Part 4 shall be modi-
fied psfollows: Maximum out-of-roundness shown in
Figu

A-1 shall not exceed +19% of the inner diameter

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

4-200 LARGE DIAMETER BODY FLANGES

Body flanges shall be flat and true to a required toler-
ance given in Table 4-1. If mac¢hining of the flarge face is
required, the machined surface shall have the original
corrosion barrier restored and sealed with [resin. All
bolt holes shall be back spot-faced for ASME|B18.21.1
Type A Narrowwashers. Bolt holes and spjot facing
shall be resifi, coated. Overall machine facipg of the
back of flanges in lieu of spot facing is permitted] provided
the hub is(not undercut.

4-300 SHELL JOINTS

4-310 Shell-to-Shell Joints

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

4-320 Typeland Type Il Secondary Bond Qverlays

Secondary bond overlays shall comply with (q) 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 1] 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
[ laminate joints.

for diameters up to and including 16 ft (4.9 m). For
diameters greater than 16 ft (4.9 m), the maximum toler-
ance shall be +1% of the radius. In no case shall the toler-
ance exceed 2 in. (50 mm) on the radius, unless agreed to
by the purchaser in the UBRS. Offset joints shall be ground
or filled with reinforced resin putty and/or mat to a
minimum taper of 4:1. Maximum putty thickness shall
not exceed % in. (13 mm). Joint width shall be increased
by the width of the putty, if used. Oblated shell sections

(c) The joint overlay to Type I contact molded lami-
nates shall consist of chopped strand mat plies only.
The number of plies shall be not less than the number
of structural plies for the structural portion of the thickest
laminate being joined or 0.22 in. (5.6 mm) minimum. The
first ply shall have a minimum width of 3 in. (75 mm). Each
successive ply shall overlap the preceding ply by % in. (8
mm) minimum on each side.

(21)
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Figure 4-1 Fabrication Tolerances

th

)

See Note (1)

—

Tangent
/ line

{13 mm)

1.9 nattao aveaod o 1/

7

T

Datum plane for lug-supported
vessels = 1/, in. (6 mm)

Be-aring surface of each

lug level = /45 in. (1.5 mm
1

I

h 0Ll

I.D. + 1%

* 1/2 in.
(13 mm)

l/"

’I/zd

§

Wall taper not to exceed

eg per side

T
Tolerance including
out-of-roundness

. v I
N—T

tS
SeedNote (1)

=

j» Manway

—

D

+1/,in. (6 mm)

+ 1/, in. (6 mm)

The maximum offset

between shell sections
being joined shall be
1/4 in. (6 mm) or 2t/3,

N whichever is less,

where t is the

thickness of the thinner
part being joined.
Maximum gap shall

not exceed 3/g in. (10 mm)

Tank bottom must be flat

!

v Datum plane for skirt

See Note (1) Tangent
] \ [ line
Z M=H= === === s T
=== T " = \
Datum plane for \ \
flat‘bottom vessels gk + 1/, in. (13 mm)

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.

\ or leg-supported vessels

1
\4— Squareness 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 hei

38

ght [Note (2)]
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Table 4-1 Flange Flatness Tolerance

Inside Diameter, in. (mm) Tolerance, in. (mm)

2 to 84 (50 to 2100) +%5 (0.8)
over 84 to 108 (2100 to 2700) +Y16 (1.5)
over 108 to 144 (2700 to 3600) +%, (2.4)

(d) The joint overlay for Type II contact molded lami-

minimum exterior structural joint overlay thickness shall
be 0.22 in. (5.6 mm).

CAUTION: The potential for chemical attack must be consid-
ered by the designer when a portion of the structural over-
lays are included in the interior overlay.

(d) The structural thickness of the joint shall satisfy the
design conditions and shall be sufficient to withstand the
stresses incurred by the joint, including but not limited to
stresses from occasional loads such as wind, earthquake,

nateqamdforfitament-woumnd - tamimates shattconsistof
alterpate plies of mat and woven roving equivalent to
the structural portion of the thickest Type Il laminate
being joined or 0.22 in. (5.6 mm) minimum. Minimum
ply width shall be 3 in. (75 mm). The woven roving
shall|not be greater in width than the layer of chopped
strarjd mat it follows. Each successive mat ply shall
extend % in. (13 mm) minimum beyond each side of
the greceding mat ply.

(e)] The corrosion-resistant overlay shall consist of a
minifnum of three plies, each of 1.5 oz/ft* (450 g/m?)
chopped strand glass mat, with a minimum of one ply
of sufrfacing veil on the surface exposed to the process
envifonment. The minimum ply width shall be 3 in.
(75 mm), with each successive layer of mat extending

Y, iy. (13 mm) minimum beyond each side of the
precgding ply, followed by the surfacing veil extending
% inl (13 mm) minimum beyond each side of the last
ply of 1.5 oz/ft* oz (450 g/m?) mat.

(f)| Following gel and peak exotherm of the overlay;-a
paraffinated top coat of resin shall be applied over, the
ing veil and the adjacent roughened surface:

The overlay width and thickness that.result from

or lifting and handling. Consideration shall be.gifven to the
effect of the joint design on the stability. of| the shell.

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

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

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

(h) The minimuim axial and hoop tensile sti
the overlay shall*be 9,000 psi (62 MPa).

(i) The layer adjacent to the bond surface
minimurivof 0.75-0z/ft* (225-g/m?) mat or
chopped-glass.

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

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

engths of

thall be a
fandomly

, shall be
randomly
randomly

4-400 FLANGED NOZZLES

4-410 Fabricating Flanged Nozzles

the hand
['ypell, or
re 4-5(a)
lled per
f nozzle
shall be

All flanged nozzle necks may be fabricated by
lay-up or filament wound methods using Type |,
Type X laminates and in accordance with Figy
[Figure 4-5(b)] and Figure 4-6 and insta
Figures 4-7 through 4-10. The thickness
necks given in Figure 4-5(a) [Figure 4-5(b)]
the minimum thickness for all types of laminate|construc-
tion used. In addition, if a filament wound laminate is used
to fabricate the nozzle neck, the laminate propefties shall
be at least equivalent to those of a Type II hapd lay-up
laminate of equal thickness in both the hoop [and axial

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

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

39

directions Nozzie ftangessiattonty befabricated by
the hand lay-up method using Type I or Type Il laminates
and in accordance with Figure 4-5(a) [Figure 4-5(b)] and
Figure 4-6. The nozzle shall extend 6 in. (150 mm) from the
outside diameter of the shell to the nozzle-flange face
unless otherwise specified. Nozzles up to and including
NPS 4 (DN 100) shall be gusseted per Figure 4-11.

Other gasket materials or flange dimensions than those
given in Figure 4-5(a) [Figure 4-5(b)] are permissible
provided the following are met:
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Figure 4-2 Joint Arrangement

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

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

4:1 min. taper
1y in. rr'1in. (40 mm)

3 in. max. (75 mm) .
First ply of mat
z '

3/gin. (10 mm) max. gap —|

Resin putty ¢

3/gin. (10 mm) max. s;l«’:lp—T 7l Bell thickness to be
1/4in. (6 mm) min. or
Maximum offset between upper t max.
and lower sections of joint shall
be 1/, in. (6 mm) or 2t/3,
whichever is less

\—4:1 min. taper

——>/J«——t = thickness of thinrigr part
T being joined

(a) Tolerances for Bell and Spigot Joints

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

Interior overlay

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

Resin putty

Y
3/gin. (10 mm) maXx. gap —T

Maximum offset 4,

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

«—— t = thickness of thinner part
being joined

FF—h———=
Feeeeeeeeeee— ===

JE—
— g

(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.

40
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Figure 4-4 Support Skirt Attachment Detail

/\/

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

— Tangent line

D
Fill with milled fiber resin putty /

tOI —

Optional /4 in.
(6\tam) overlay,
[Note (1)]

Legend:
td = thickness of skirt-to-shell overlay bond
ts thickness of skirt

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

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

+1/5in. (13 mm)

A _giin. |
C
T
' I Flange face flatness
ZHYZ | per Table 4-1.
F | ! F T L At F, spot face for
| | washers. See below.
Min. radius . ! 2
1/4in. (6 mm) |
J\/I t
|_>| h,
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- Diani- Bolt Washer ft-1b
Size [Npte |[Notes Laminates, Laminates, ment, Min.t, Min. No. of eter,.” Diameter, Size [Note
(NPS) (D1 (2)-(4)] in. in. h,, in. in.  Lin. Bolts %in in. (0.D),in. | (5)]
2 600 4.75 0.63 0.56 0.25 025 263 4 %, A 1% 25
750 6.00 0.63 0.56 0.28 025 2.88 ) %, A 1356 25
4  9po 750 0.81 0.69 0.31 025 325 8 A % 1536 25
6 1100  9.50 0.94 0.69 0.31 025 387 8 A A 1Y%, 25
8 1350 11.75 1.13 0.81 0.38 025~ 4.38 8 A % 1% 25
10 1600 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 1Y% 1 2 30
18 2500 2275 1.63 1.25 0.75 038 550 16 1Y, 1Y% 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—+f

aRnaas

ing;of-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 onte 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 [ 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.
bzle neck thicknesses given are based on a Type 11 or equivalent strength filament wound Type X laminate with a design factor
ultimatetensile strength and are the minimum thicknesses that may be used in all types of laminate construction. If Type l 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 4-5(b) Nozzle Flange Dimensions for Class 150 Bolting (SI Units)

+1/5in. (13 mm)

A _0Qin. |
c
T
' I Flange face flatness
ZHYZ | 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
|_>| h,
ASME
Bolt B18.21{1
Holé Type A
Nomi Min. Min. Diamn- Narrow Bolt
nal T, T, eter, Bolt Washer Torque,
Pipe] A, mm C, mm Type I Type II 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 ¢t 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 %, % 1556 34
4| 230 1905 21 17 8 6 83 8 % % 136 34
6 280 241.3 24 17 8 6 97 8 A A 1%, 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 11/3 1 2 41
16 595 539.8 40 30 18 8 129 16 1% 1 2 41
18| 635 5779 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 thick.full-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 stress using Nonmandatory Appendix NM-2 or Nonmandatory Appendix NM-12 and shall meet all the requirem¢nts of para.
44410.

(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

(e) Dimensions generally comparable to Class 150 welding-neck flanges.

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

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

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

laminates are utitized; The nozzle Neck thicknesses shall be increased for nominal pipe sizes 10 1M, and up.
(d) The rating of all nozzle necks and flanges for all sizes given in this Table is 345 kPa.

(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 4-5(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 4-6 Flanged Nozzle Lay-Up Method

Three full-face plies of mat

T2 plus one ply surface mat T/2
[Note (1)] —| |[<— [Note (1)
|
‘ T T
! 1/, in. (6 mm) radius (min.)

‘ L L

€

Flange e
| | |
| |

—> N f—1
NN
(a) Flange on Pipe Type (b) Integral Type

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

d
|
| ! |
[ I [
I | I
| I |
|
| | |
Shell reinforcement |
Style A 0.26 in. (6.6 mm I hy—>
min. ‘ : 0.26 in. Shgtll Ireigforcemen'(
(6.6 mm) yle
> : min. \ \ 7
<—t h, | t, C ‘< | Iy
- RN | A
4{1 min. taper he r : iy ¥ t h,
\ N S
|
77 S/ EEENNN SANNNY
7 7 | X
t | — s
° Loy Note (1) <= 5
~—— h; ——> h;
dl'
Legehd:
d = nozzle diameter
d} = cutout reinforcement diameter, measured on the vesselsutface (greater of 2d or d + 6; see para. 3A-720)
h} = inside shear bond length (see Table 4-3)
h] = outside shear bond length (see Table 4-3)
h} = total shear bond length (see Table 4-3)

= h; + h,

= fillet radius [% in. (10 mm) min.]

t} = inside installation laminate thickness

= t, - t, [minimum ¢; = 0.14 in. (3,6-mm) (3M, V)]

t] = minimum nozzle stub thickness. {see Figure 4-5(a) [Figure 4-5(b)] and Table 4-2}
t] = outside installation laminate thickness

= t, - t; [minimum ¢, = 0.26_in} (6.6 mm) (6M)]

t} = cutout reinforcement lamihate thickness (see para. 3A-730)

t§ = shell thickness

t4 = total installationdaminate thickness [minimum ¢, = 0.40 in. (10.2 mm)]
= greater of t, of 2¢, for Style A

= lesser of ¢, or 2t, for Style B

t§ = reinforcement base thickness

= t,/2 (Style B reinforcement)

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

NOTEL (X) Nozzle wall may also butt up against the shell or head exterior surface,
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Figure 4-8 Penetrating Nozzle Installation

d
|
|
|
| | |
|
|
RN i
Shell reinforcement |
Style A 0.26 in. (6.6 mm | h,—>
min. l9.26 in. Shell reinforcement
‘ : (6.6 mm) Style B7
- | min </}
|
t
J t,— t, | o
4:1 min. r
taper ho \ : hi
\ s ] |
: | ]
i | 2
[ V |
N 7 | L
| t
h Lt | )
ok
|
|
|
|
h; I
dl’

d = npzzle diameter
d, = cfitout reinforcement diameter, measured on.thevessel surface (greater of 2d or d + 6; see para. 3A-720)
h; = inside 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)
= h} + h,
I, = pgnetration length [2 in. (50 mm)/min.]
r = fillet radius [% in. (10 mm) min.]
t; = ifside installation laminate_thickness

= t} - t, [minimum ¢; =0:14 in. (3.6 mm) (3M, V)]
t, = njinimum nozzle stuly thickness {see Figure 4-5(a) [Figure 4-5(b)] and Table 4-2}
t, = optside installation Jaminate thickness
= t}, - t; [minimum®™, = 0.26 in. (6.6 mm) (6M)]
t. = cfitout reinforeement laminate thickness (see para. 3A-730)
t; = shell thickness
t, = total installation laminate thickness [minimum ¢, = 0.40 in. (10.2 mm)]

= gfeater of ¢, or 2t, for Style A

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

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

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

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

Taper (typ.)

~
o h, Plate gusset
h &
i t;
/\ / /
oh I~ h; ~ }
! — d
(1
I, T >=
S
t,
dor3in.
(75 mm)
min.
I 2h, 1
(a) Flush Drain
\/\ Exterior overlay [see para. 4-320(c) or 4-320(d)]
Interior overlay [see para. 4-320(e)l Apply all joint reinforcement
before installing nozzle
/ Taper (typ.)
e t
0] ho
tr Plate gusset
h%
2h; 4
ey |
L — d
L) S .
N
PERSRR |

dor3in. (75 mm) min.J
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 4-7 for definitions of nomenclature, such as h,, h;, t,, etc.)
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Figure 4-10 Nozzle Installation and Cutout Reinforcement Location Alternate

\—\ === |j\————1 Cone attachment o
‘ overlay l ‘

g | —g L | " i
s s —— | \ 1\ a—
‘L ' \ \ — Type I laminate —/ \_ :

Corrosian barrier Corrosion

Corrosion barrier

. . barrier
All Exterior Balanced All Interior
Flush-Type Nozzle
____I —_-—— R
i Cone attachment |
J . overlay \Y__
1
1
; |
I Corrosion barrier ‘ |
- 2o sroudexen | Lezin §f
- - . (50 mm) !
\ End seal  COrrosion barrier \ overlay End seal
needs to protect End seal
Corrosion barrier penetrating nozzle
needs to protect structure
penetrating nozzle
structure
All Exterior Balanced All Interior [Notes (1), (2)]

Penetrating-Type Nozzle

] ]

Outside joint
— Reinforcement \ N
igi 2] ] \_?
Inside joint

Reinforcements

A

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

Four reinforced
plastic gussets —-

in. (40 mm)

il

Attachment of gusset !
to back of flange is
optional

1/4in. (6 mm)

Four reinforced
plastic gussets —>

iN

115 In. (40 mm) —>|

Fill voids with
filled resin

|<—

— Three plies of

mat overlay

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

————— Iz DI

cone

NOTES:
1 G
rdquired on nozzles over NPS 4 (DN 100).
(2 ¢

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

(b)] The flange satisfies‘the requirements of Nonman-
datofy Appendix NM-2,";Nonmandatory Appendix NM-12,
or Sybpart 3B.

1.5 oz/ft? (450 g/m?)

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

Split conical gusset to allow
exterior nozzle attachment
overlay |

Four plies of 1.5 oz/ft? (450 g/fn?) i T 10 ¢

mat min. by min. 3 in,

(75 mm) wide

Yain. (6 mm) dia.‘drain
hole at low paint of \

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

11/2;”. (4C||||||;‘V| ‘Z
/ Three pli€s of

Fill voids with 1.5 o#ft2 (450

2
. : )
filled resin mat overlay

g/m

NF-—=———————|-

ssets are to be evenly spaced around nozzle. Gussets are to be added after complete assembly of nozzle on shell. Gussets are npot normally

nical gusset attachment to the shell ordead shall be made after the installation of the external structural nozzle attachment overlay.

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 [|or Type II
laminates in accordance with Figures 4-7 thrqugh 4-10
(see also Tables 4-2 and 4-3).

(c)| If the noZzle will be subjected to pressures greater T .
than |50 psig.(345 kPag), in addition to (b) above, the (a) If the vessel section is of filament wound|construc-
nozzle neck'thickness shall be the greater of the thickness tion, the .remforcement laminate shall be of p Type II
in Figure-4-5(a) [Figure 4-5(b)] or that resulting from construction. L .
(h) 1fthe vessel sectionis of filament swound construc-
=7

design by Subpart 3B or Nonmandatory Appendix NM-12Z.

4-420 Bolt Holes

All bolt holes shall be back spot-faced for washers in
accordance with Figure 4-5(a) [Figure 4-5(b)]. Bolt
holes and spot facing shall be resin coated. Overall
machine facing of the back of flanges in lieu of spot
facing is permitted, provided the hub is not undercut.
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tion, the attachment laminate shall be of a Type II
construction for nozzles NPS 6 (DN 150) and above in
size. For nozzles below NPS 6 (DN 150) in size that
are gusseted in accordance with Figure 4-11, the attach-
ment laminate may be of Type I or Type Il construction for
any type of vessel section laminate where the nozzle is
located.
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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 %
24 32.00 (815) 1.25 (32) 0.38 (10) 29.50 (749.3) 20 A
Manway -t 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 v
24 32.00 (815) 0.38 (10) 0.25 (6) 29.50 (749.3) 20 A
GENERAL NOTES:
(a) Bolt sige 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 (3) maximum gap of % in. (10 mm) for nozzle$ NPS
Minimum Shear 24 (DN 600)'and greater .
Minimum [Nominal Overlay Thickness, Length, h,, (e) Where necessary to meet the required tolerance,
in. (mm) in. (mm) [Note (1)] additienal laminate shall be applied to the nozzle|neck
Y, (6) 3 (75) outside diameter, prior to assembly.
%6 (8) 3 (75) (f) Corners in rectangular openings and extprior
% (10) 3 (75) corners of rectangular nozzles shall have a minimum
8 . . .
. 1 radius of three times the nozzle neck thickness.
76 (11) 37 (90) . . !
Y (13 4 (100 (g) All openings shall be cut with a smooth proffile to
2 (13) (100) avoid stress concentrations (cuts, square corners, efc.) in
6 (14) 4% (@19) i :
the perimeter of the opening.
%% (16) 5 (125)
e (17) $Y; (140) 4-500 MANWAYS
% (19) 6 (150)
" (22) 7 (175) 4-510 Diameter
1 (25 8 (200 - .
(25) (200) Manways shall have a minimum size of NS 20
GENERAL NOTE: When internal oveplay serves only as a corrosion (DN 500) Manway dimensional requirements are as
barrier, the|total shear length shall*‘be placed on the exterior overlay. shown in Table 4-2.
NOTE: (1) |hs is total sheak length (h, + h;). See Figures 4-7 and 4-8. .
4-520 Installation
The installation of a manway shall comply with tle re-
. . uirements given for nozzles.
(c) Whefe-plate gussets are installed in accordance q &
with Figure#d=11;attrozzieTeinforcenentand attachmment 4-530 Bolt Holes

laminates shall be installed before the installation of the
gussets.

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

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

(2) maximum gap of %, in. (6 mm) for nozzles greater
than NPS 12 (DN 300) and smaller than NPS 24 (DN 600).

52

All manway flange bolt holes shall be back spot-faced for
ASME B18.21.1 Type A narrow washers. Bolt holes and
spot facing shall be resin coated. Overall machining of
the back of manway flanges in lieu of spot facing is
permitted, provided the hub is not undercut.
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Figure 4-12 Flange Tolerances

~————~—— —~——+

tory Appendix M-13. The following applies to fabrication
with balsa wood cored plates:

(a) Minimum laminate thickness per side of balsa wood
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, between the balsa
wood core and the structural laminate, to ensure proper
bond.

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

Flange waviness
(a)

See Table 4-1

‘ - 1]
\ 1 ]!

J \ =

1

Flange Drawback
(c)

=

Reverse Drawback
(b)

4-6(10 REINFORCEMENT OF CUTOUTS

When reinforcing materials are cut to facilitate*place-
mentlaround an installed nozzle, joints in successive rein-
forcing layers shall be staggered to avoid overlapping and,
on cyflindrical shells, shall not be placed so that the joints

are pgarallel to the axis of the cylinder:

4-700 TOLERANCES

Re
Figu
Flan
exces

quired fabrication tolerances are given in
es 4-1; 4-2; and 4<12, sketches (a) through (c).
be face drawback*and/or waviness shall not
d the values/listed in Table 4-1 as measured at or
inside the bolt\circle. Reverse drawback shall be
limitpd to Y44in. (0.4 mm), measured at the inside of
the flange wsing the outside of the flange as a reference
point.

CUIC,

(d) Corethicknesses greater than 2 in. (50,mm) shall be
layered in up to 2-in. (50 mm) incrementswith af least one
layer of 1.5 oz/ft* (450 g/m?) chopped stfand mat
between balsa wood layers to_ensure proper bond
between layers, with the following exceptipn: For a
tapered sloped bottom thatlis. greater than|2 in. (50
mm) thick, a single machined layer of full-thickness
balsa may be used.

(e) A typical flat coréd bottom knuckle detai
in Figure 4-13.

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

is shown

Figure 4-13 Flat Cored Bottom Knuckle Detail

\

R

N

4-800 BALSA WOOD CORED PLATES

Balsa wood cored plates shall be limited to flat panel
designs fabricated using Type I, TypeIl, or Type Xlaminate
with balsa wood that meets the requirements of Manda-

53

L

45 deg

Grain
direction

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

5-100 BL\SIS FOR DESIGN

5-110 Atmospheric Tanks

(a) Athospherictanks shall be directly vented to atmo-
sphere thfough 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
areas of inlets or outlets, whichever is greater.

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

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

5-120 Excessive Pressure

In view of the relatively low mechanical properties of
RTP compared with metals, careful consideration must be
given to ¢xcessive internal or external pressure.

5-130 Operating Characteristics

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

5-200 PROTECTION AGAINST OVERPRESSURE

All vespels within the,scape of this Standard shall be
provided with protectionagainst internal and/or external
pressure exceedingsmaXimum allowable pressures. This
shall be the respousibility of the User.

The siZe andlocation of all nozzles used for overpres-

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

54

5-400 LOCATION OF OVERPRESSURE
PROTECTION DEVICES

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

Overflows for vertical vessels shall be on or below the
top head tangent line. Overflows for horizontal v¢ssels
shall be located in the head- or shell below the tpp of
the shell.

The User shall notaise free vents as liquid overflows.

5-500 INSTALLATION PRACTICES

Unsecured. (not locked or sealed open) block vplves
shall notbeinstalled between the vessel and any relipving
device!

5-600 OVERPRESSURE DEVICE SET PRESSURE

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

5-700 RELIEF DEVICE SIZING

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

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

5-720 Sizing of Vents and Overflows

Vents and overflows that discharge freely into the 3tmo-
sphere shall be sized sufficiently to handle the flowy dis-

rcementofattcombinedintetandoutte without
creating any pressure above the vessel’'s MAWP or any
external pressure higher than the vessel’s MAEWP.

5-800 DISCHARGELINES 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
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place of discharge. The size of the discharge lines shall be
such that any pressure that may exist or develop will not
reduce the relieving capacity of the relieving device below
that required to protect the vessel properly.

5-900 RESPONSIBILITY FOR DESIGN AND
SELECTION

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

6-100 SCOPE

This P4rt covers inspection and testing of RTP corro-
sion-residtant vessels. Itis intended to ensure that a vessel
has been designed and fabricated in accordance with the
requiren]ents of the latest revision of the design, the
approved drawings, and this Standard.

This P4rt does not cover specifications, instructions,
and inspgctions referred to in the User’s Basic Require-
ments Spgcification (UBRS), which may be more restric-
tive than| the requirements of this Standard and may
require additional verification by the User’s inspector.
Nonmandatory Appendix NM-7 covers User’s inspection.

6-200 |

See pa

6-300 INSPECTION AND RESPONSIBILITY

(a) The Fabricator of a vessel has the responsibility to
comply with all the requirements of this Standard, the
design, and the UBRS. The Fabricator is additionally
responsible for assuring that any RTP subassemblies
or compgnents fabricated by a Subcontractor*that will
become h portion of the vessel and are\part of the
scope of|[ASME RTP-1 (see paras. 14110 and 1-120)
shall be fabricated by an ASME RTP+1 certified shop
and are t¢ be in full compliance with all the requirements
of ASME RTP-1. Partial Data Reports shall accompany any
such subassembly or componentand shall be signed by the
Subcontractor’s Certified-Individual.

(b) Any subcontracted or outsourced subassembly or
componeft to be furnished with a vessel by a Fabricator
that will jecome@peortion of the vessel, or a load-bearing
accessory thattwill be attached to the vessel (i.e., a
support)| shall also be inspected by the Fabricator’s

(d) A copy of the Fabricator’s Quality Control ' Manual
shall be made available to the Inspector on réquést. The
Fabricator’s Quality Control Manual may contain prqprie-
tary information and procedures. No copies of the Fabri-
cator’s Quality Control Manual shall bedemoved from the
Fabricator’s premises without th€.Fabricator’s pefmis-
sion. This security protection/however, is not to apply
to quality control forms and\checklists that may|be a
portion of the Quality Control Manual but are necefsary
to be used during fabrication to check and contrgl the
fabrication process.

(e) The Certified' Individual’s responsibility is to yerify
that the Fabriecator’s Quality Control Program is in gffec-
tive operation via an annual audit as requirg¢d in
para. 1-410(a) and to additionally make such sppcific
inspections and tests as are required by this Stanjdard.
The<nspector shall provide a complete report inclfding
all\data as required in paras. 6-910 through 6-960}

(f) Prior to the start of fabrication, the Fabricator
make available to the Inspector such records pertaining to
the vessel as required to permit the Inspector to pejform
the inspections. These shall include drawings, magerial
test results, the UBRS, the Fabricator’s Design Rgport,
and any other reports or records as required. The Habri-
cator shall provide for Inspector’s hold points and|veri-
fications of satisfactory completion. Fabrication shall not
proceed beyond a hold point until specified inspedtions
have been made.

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

(h) The Fabricator shall make available to the Inspector
any and all necessary tools and test equipment sp the
Inspector may conduct all inspections required by this
Standard.

(i) Final acceptance of the vessel by the Certified|Indi-
vidual shall be obtained by the Fabricator prior tp the

shall

inspector:
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.

D | | 1 H o £
TTOCCOOT CS—anrt gtTrCTdar TCqUIT CIITCITeS— 10T

56

appli\,atiuu of-theofficial ASME—C€ertificationrMark' with
RTP Designator. The Certified Individual shall sign the
Fabricator’s Certificate of Compliance on the Fabricator’s
Data Report only when the Certified Individual is satisfied
that all requirements of this Standard have been met [see
paras. 6-900(d) and 6-900(e)].
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6-400 CONDITIONS FOR INSPECTION

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

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

(c) The Fabricator shall provide reasonable and safe
means, such as ladders and/or platforms, to permit the

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
fabrication to check and verify compliance with this Stan-

Inspéctor to safely inspect accessible inner and outer
surfaces of the vessel.

(d)] The User’s inspector should be familiar with the
poss]ble hazards and safety requirements associated
with| the use of all RTP materials and fabrication
methjods. The User’s inspector should observe safety re-
quirgments set up by the Fabricator and should be alert to
fabrifating shop hazards that might be associated with
hydrestatic testing of equipment.

6-500 EQUIPMENT DESIGN

The Inspector shall examine the Fabricator’s design
recollds and reports and verify that the vessel conforms
to th¢ latest revision of approved drawings and the UBRS,
and that the Fabricator’s Design Report has been certified
by a [Qualified Designer.

6-600 MATERIALS

Th Inspector shall verify that materials used in fabri-
catioh of a vessel comply with the requirements ‘efthis
Standard and the UBRS.

6-700 FABRICATION

ThE Inspector shall establish holdpeints and make peri-
odic [nspections and measurements-of the vessel as are
required by this Standard to yerify that fabrication is in
accolidance with the requiremerits of this Standard and the
UBRY.

At|the completion.afieach hold point inspection, the
Inspgctor shall report results on forms provided in the
Fabrijcator’s Quality’Control Program, and highlight any
discrepancies_requiring corrective action.

6-8(10 FABRICATOR’S QUALITY ASSURANCE

dard and the design
(4) any copies of Fabricator’s Partial Datd Reports,
with signed Certificates of Compliancef applicaple to the
finished fabrication (see Form 1-3)
(5) copies of all inspectiorffeports made by any
inspector/Inspector during the ceurse of fabrifation
(6) completed original document of the Fapricator’s
Data Report, applicable toith€ vessel to be inspefted, with
the Certificate of Compliance signed and dated by the
authorized representative of the Fabricqdtor (see
Form 1-2)
(7) copy_of the final revision of the Falbricator’s
Design Report
(8). the nameplate that is to be applied to the vessel,
so that'the Inspector may verify that the nameplate meets
the,requirements of the UBRS and para. 8-85(

(b) Design drawings shall show design thicknlesses and
the laminate reinforcing sequence for every dection or
member. If, during the course of fabrication, itf was nec-
essary to add repeatable units to the lamipate [see
para. 6-920(f)(4)], this change shall be noted pnd high-
lighted on the drawings provided to the Inspegctor.

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

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

(e) When the Inspector has completed the inspections
and found the results to be within required tolerpnces, the
Inspector shall present his/her inspection regort along
with any findings to the Certified Individual. Th¢ Certified
Individual shall sign and date the Certificate of Cgmpliance
prior to returning it to the Fabricator with the ihspection
rnpnrt

The Inspector shall make such checks as are necessary
to verify that the Fabricator’s Quality Assurance Program
is in effective operation. In addition, the Certified Individ-
ual shall perform an annual audit of the Fabricator’s
Quality Assurance Program.

Any discrepancies shall be promptly brought to the
Fabricator’s attention for discussion and resolution.
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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

(21)
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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 as heads;shettsectiorrs; hcad/bhcﬂ Gistey bhcﬂ/’bhcu
juncture |overlays, nozzle and manway necks NPS 18
(DN 450) diameter and larger, and manway covers and
blind flarjges.

Additidnally, the following external surfaces shall be
tested tq verify proper resin cure: head/shell and
shell/shelll juncture overlays, and nozzle and manway
juncture pverlays. Testing shall be as follows:

(1) Surface hardness shall be determined in accor-
dance with ASTM D2583, except ASTM D2583 paras. 6.1,
8.1, 8.2, dnd 10.1. Allowable surface temperature range
shall be p0°F to 90°F (10°C to 32°C). Readings shall
not be talfen on pits, heavy mold release, or other irregu-
larities that may affect the readings. Only dense resin-rich
surfaces ghall be tested. The Barcol reading will be the
average pf five impressions taken at various points
broadly distributed about the component or joint so as
to providg a representative hardness.

(2) If low Barcol readings are encountered on wax
top-coated surfaces, retest after removing the wax by light
sanding dr scraping.
arcol test data shall verify that the surface hard-
inates with glass surfacing veil or carbon surfa-

and durirg use using thefest discs and procedure recom-
mended by the manufacturer of the Barcol instrument.

(6) TheInspectorshall confirm that minimum Barcol
hardnessfvalues have been established, the test values are
within adceptable limits, and the Barcol instrument has
been calibrated.

(a) During the course of fabrication, the Fabricator
shall make checks to ensure that dimensions and laminate
thicknesses are within the requirements of this’Sta)ydard
and the design. The Fabricator’s Quality Control Program
shallinclude procedures and forms, tobe tised throughout
fabrication, to control the ongoing process of checkipg all
dimensions and laminate thicknesses (to ensure thaf they
are within required tolerances) ptior to the final inspec-
tion.

(b) Refer to Figure 4z4for mandatory dimensfional
tolerances. The Inspector shall verify that all these dimen-
sions are within tolerances.

(c) Refer to_Eigures 3-1, 3-3, 4-2, 4-3, 4-5(a) [4{5(b)]
through 4-8, 4€10, and 4-11 for details and tolerances on
overlay, flange, nozzle, and manway designs] The
Inspector'shall select and check several of these dé¢tails.

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

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

(f) Laminate Thickness and Tolerances

(1) The nature of existing practical RTP fabridation
methods leads to nonparallel and somewhat irregular
surfaces of a laminate. Consequently, a single thickness
measurement at one point is not sufficient to characterize
a laminate thickness at that area of a laminate. Addjtion-
ally, the thickness measurement of one small area oflami-
nate on a part of the equipment (such as a shell or hepd) is
notsufficient to characterize the laminate thickness df that
part. For purposes of characterizing the thickness offlami-
nates, this shall be referred to as laminate thickness \taria-
tion.

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

eter-

(7) Theimspectorshatt vertfy thatattpotemntiatair=
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
1300 mm?) area, which is rubbed slightly until the
acetone has evaporated. Tackiness or softness indicates
unacceptable cure of the surface resin.

58

(-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


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

(21)

ASME RTP-1-2021

circle. (A hole may occupy a portion of the area of the circle
marked, such as on a flange face or at a point where a
nozzle will penetrate a vessel wall.) Avoid selection of
a spot to be measured that straddles an overlaid joint.
Average the six readings taken; this is the average
spot thickness of the small area or small component.
Record all six measurements in the inspection report.
(-b) Determining the Average Thickness of a Major
Part of a Piece oquuzpment [Such as a Head Shell Nozzle
(or

meaqured at what appears to be the thinnest portion
of thle part and a second area at what appears to be
the thickest portion of the part. Avoid selection of
spot{ falling over joints (overlays).
The other two areas shall be located so as to
achiqve a representative distribution over the area of
the part.
Average the four average spot thicknesses; this is
the qverage thickness of the major part. Record all
meadqurement data in the inspection report.
(-c) Special Measurement Practices. Cylindrical
shell$ designed with tapered walls or stepped thickness
wallg require treatment as a multiplicity of parts, where
each jpart to be measured shall represent a wall thickness
zone|as designated in the design.
The measurement of nozzle or manway cutouts,
each [to represent one average spot thickness, is a conve-
nient means to arrive at the average thickness of\a vessel
head|or shell.
[3) Referto Subpart 2C for permissible tolerances on
lamingate thickness variation.
[4) Variations in thickness may be caused by factors
such ps resin viscosity, mat or chop.density, wetout, fabri-
catioh technique, etc. Refer to.Mandatory Appendix M-7,
paral] M7-640, for requirements and procedures to
compensate for these vartiations.
(g) The Inspector7shall include results of dimensional
and laminate thickness tests in the inspection report.
(h) Balsa Wood-Core Laminates. Balsa wood core lami-
nateq shall be'Subject to the same average spot thickness
rules|as outlined in (f). Average thickness records shall be
taken onrthe interior and exterior laminate in accordance

forcing sequence and minimum reinforcing content as
established in Subpart 2A and/or Subpart 2B.

(b) During the course of fabrication, the Fabricator
shall ensure that laminate reinforcing and mechanical
properties are controlled and 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
required

tolerances prior to the final 1nspect10r1
All such ongoing checks and/or tests(dorie fo ensure
quality control, but not including Proof Tests as flescribed
in (d), may be done by either the Fabricator of an inde-
pendent testing laboratory andfequire certification only
by the individual who conductéd-or supervised the testing.
(c) The Inspector shall ¢isually inspect all npzzle and
manway cutouts. Atleast.ohe such cutout from epch major
component (or fabricated section if a component is fabri-
cated in more than ofe section) that has a cutoyt shall be
used to verify thereinforcing sequence in accordance with
the design drawings. The Inspector shall note thgresults in
the inspection report. With certain laminate reinforcing
designs.and some resins, it may not be pdssible to
verifyreinforcing sequence through visual ifspection.
In@Such cases, the Inspector shall require the Habricator
te conduct sufficientlaminate burnout tests, in a¢cordance
with ASTM D2584, using samples taken from thie cutouts,
to verify reinforcing sequence through count|after the
burnout test. For each such test made, the rginforcing
content weight percent shall also be determjined and
recorded in the inspection report.
(d) Laminate Proof Tests are mandatory for ll vessels
built to this Standard having a MAWP or MAEWP equal to
or exceeding 2.0 psig (13.8 kPa). Additionally, |Laminate
Proof Tests are required on all vessels that are fjeld fabri-
cated and all vessels with an inside diameter efjual to or
greater than 16 ft (4.9 m).
(1) Fabricators shall verify through Proof [Tests that
the laminate mechanical property data, the re¢inforcing
sequence, and reinforcing content weight perjcent data
ofthe as-constructed head or cylindrical shell ar¢ in accor-
dance with

(-a) the proof test values required in

shall meet or exceed design values.
(-b) the laminate sequence as specified in the

[3) or (4)

with ()

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 Subpart 2A and/or Subpart
2B. Laminates shall also be in accordance with the rein-

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 test results shall be accepted, provided either the lab-
oratory maintains ISO Certification that includes internal
self-audits and third-party audits or the laboratory is ac-
credited by the American Association for Laboratory
Accreditation to conduct tests. If the laboratory
conducting the tests is not accredited or certified to
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conduct the tests, the laboratory shall maintain annually This may be conveniently accomplished by placing
calibrated testing equipment and the testing procedures a piece of release film on (or within) the corrosion barrier
shall be reviewed by the Fabricator. The Fabricator shall during lamination of the shell, at manway cutout location,
specify and document in the UBRS acceptable parties to or on an extended length of shell near the mandrel end.

review and approve the written procedures unless the  cAyTION: Mark the release film location prominently! A
review and approval are conducted by aregistered profes- failure to completely remove material covering release
sional engineer. In all cases, the test results shall be film could cause delamination during service.

reviewed by a registered professional engineer to deter-

Test les shall then b dfi terial
mine whether they meet the design requirements. estsampies sha Mien be prepared irom materia

taken from the release film location.

(e) The Fabricator shall proof test a sample plate for
vessels with proof test requirements and nd material
available for proof testing. The sample plate’shall use
the same method of fabrication, lamihate sequpnce,
and material lot numbers used to fabricate the vessel.
The Laminator(s) fabricating the-vessel shall pre¢pare
the sample plate simultaneously during fabricdtion.
The Laminator(s) shall construct the sample pldte in
the same area as the vessel'to ensure environmental
factors are the same as the“vessel.

(f) The Inspector shall include copies of all mechgnical
property and reinforcing content Proof Test reports |n the
inspection repott:

(3) ﬁUl VCDDC} bllc‘llb CUIISUI uLLUC{ Ufldlllilldl,tfb CO5CII=
tially isotfopic in the hoop and axial directions (e.g., Type |
or Type Illaminates), at least one set of mechanical prop-
erty tests(ASTM D638, ASTM D3039, or ASTM D5083) and
one reinforcing content weight percent test (ASTM
D2584) ghall be carried out using laminate samples
taken fr nozzle, shell end trim, or manway cutouts.
Data obtdined from the tests shall be the tensile strength
and tensile modulus of elasticity, the reinforcing content
weight pércent, and the reinforcing sequence.

(4) Yor cylindrical shells constructed of anisotropic
laminateq (e.g., filament wound laminates), the following
mechanidal property tests are required: flexural strength
and modilus in the hoop and axial directions (corrosion

barrier infcompression; ASTM D790), and tensile strength 6-940 Laminate Imperfections — Visual
and modylus in the axial direction (ASTM D638). The rein-

forcing cpntent weight percent (ASTM D2584) and the Inspection
reinforcinjg sequence shall also be determined. (a)»During the course of fabrication, the Fabricator
(5) §pecimen requirements shall be as follows: shall make all such checks necessary to ensure that|lami-
(-4) Test specimens shall not be machined on the hate imperfections (as defined in Table 6-1) are withjn the
inner or puter surface. requirements of this Standard and the Visual Inspgction

(-8) Specimens prepared from cylinder cutouts for Acceptance Level as specified in the UBRS. The Falprica-
isotropic [laminates as defined above shall be cut in‘the tor’s Quality Control Program shall include procedlures
axial direftion of the cylinder to minimize surface\curva- and forms to be used to control the ongoing procgss of
ture. laminate fabrication so as to ensure that imperfedtions

(-4) Specimens prepared from «lat laminates are within required tolerances prior to the final inspec-
containing woven roving shall have theif long axis parallel tion.
to the wdrp of the woven roving. (b) Prior to making a visual examination, the Inspector

(-4) When the design requires that all or a portion shall review the UBRS to determine which Visual Inspec-
of the coryosion barrier is to be.ex¢luded as a contributor tion Acceptance Level has been specified.

to the strfictural strength of alaminate, then tests of lami- (c) The Inspector shall visually check interior arld ex-
nates as flabricated wouldnet yield correct data. In such terior surfaces. (Inspection may be made with the aifd of a
cases, thaf portion to bé excluded as a contributor to struc- light placed behind the section to detect air voids, |dela-

tural strepgth shall be-removed from test specimens prior mination, lack of fiber wetting, and other imperfectigns as
to testing. By se<doing, tensile strength and tensile described in Table 6-1.)
modulus|test.data produced may be compared with (d) Visual inspection shall be made before an exferior

the actuall Strurctural design values used and the thick- ell or
nesses of Structural portions of lamninates that were Speci- ; D 3 sula-
fied in the design. tion has been specified, the Fabricator, User, and Inspector

must discuss and agree on visual inspection methods and
arrange for closely timed and scheduled inspections.

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

(f) Balsa Wood Core Laminates

(1) Visual inspection of the component shall be

required from the interior side of the laminate to
check for delamination of the balsa wood core.
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(2) Laminates that are to have a balsa wood core
applied over them after resin saturation and prior to
curing shall be visually inspected prior to applying the
balsa wood core.

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

6-950 Pressure Tests and Acoustic Emission Tests

provided the vacuum test pressure is held for the 2-hr
minimum. (This may require continuous connection to
the vacuum source.) Subsequent to all pressure testing,
the vessel shall pass a visual inspection per
para. 6-940. During pressure testing, vessels shall be
supported similar to the way they will be supported in
service (so that the loads imposed on the vessel and
the supports are similar to those of the expected
service loads). If the pressure test generates an

(a) A water fill hydrostatic test shall be performed on
all vesselg with MAWP above 0.50 psig (3.4 kPa). The test
pressure fat the top of the vessel shall be 110% to 120% of
the desigh pressure.

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

(c) Vegselswith 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 digmeter with MAEWP less than or equal to 1.0 in.
(25 mm) |of water, are exempt from vacuum testing. All
other vespels designed for vacuum service shall be evac-
uated to fhe MAEWP.

WARNING: Suitable precautionary measures shall be taken
to protect personnel and property from a catastrophic
implosion failure during the test.

d be noted that attainment of full vacuum is not
practical.|When 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 [12 psig external pressure. Suchhagreement
shall be reached prior to the start of fabrication and
shall be dpcumented in the UBRS and pressure testinspec-
tion repogt.

(d) Th¢ Fabricator shall have written procedures for
pressure[testing. The test pressure shall be held for a
minimum of 2 hr. No yisible leakage is permissible
during the 2-hr hold on an internal pressure test.
Some ledkage is permissible during a vacuum test,

It shou

udelL‘l fUl g, d‘ll dllLllUl :JU‘ILD blldl‘l btf SCLUI Ed. ‘V’ Llcal
vessels may be hydrotested in the horizontal positjon if
agreed upon by the User or User’s Agent and(Fabri¢ator,
and indicated in the UBRS. The pressure atithe highest
point of the vessel in the test position,shall be equal to
110% to 120% of the total pressure(hydrostatid plus
design) at the lowest point in the’design position, The
User is cautioned that the hofizontal test of a veftical
vessel will not simulate all«ef the loading conditigns of
its final installed position:
(e) When it is not practical to conduct a pressurg test
until the equipment has been installed in service pogition,
the test may be.cohducted at the installation site.
(f) The Inspector shall witness all pressure tests, yerify
the test results,'and record results of the test in the inspec-
tion report.
(g) Wacoustic emission tests are required by the JBRS
or aremandatory under design provisions of this Stagdard
[see para. 3B-500(c)], the Inspector shall witness theftests
and verify that the procedures used were in accordance
with Mandatory Appendix M-8.
6-960 Procedures for Rectifying Nonconformjities
or Imperfections

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

Mandatory documentation requirements for rectifying
nonconformities or imperfections are outlingd 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

SCOPE

7-10t)

Thjs Part covers the requirements a Fabricator shall
meet] in order to qualify capability in accordance with
this Jtandard. Included are the Fabricator’s facilities, per-
sonnkl, Quality Control Program, and required demon-
stratfon of capability.

7-200 GENERAL

A Habricator shall seek to fabricate vessels according to
the rifiles of this Standard only in the general size range for
which the shop has experience.

7-21
Fa

D Shop Survey

bricators who desire a shop location to be certified
accoilding to the rules of this Standard shall be surveyed by
an AJME survey team. The survey team shall verify that all
requirements of Parts 7 and 8 are met.

7-30L FABRICATOR'’S FACILITIES AND
EQUIPMENT

The shop area and field site shall hdve designated
for
1) storage of resin, catalyst, promoter, solvent, and
chemicals
2) resin mixing and dispensing
3) bulk reinforcement-and core material storage
4) tools and mainteharnce materials
Head molds (otherthan cone shapes or flat covers)
be as follows:
1) ASME terispherical flanged and dished heads, a
2:1 spmielliptical head, or a hemispherical head
2) flanged flat head molds that will produce heads
that $atisfyypara. 3A-260 and Figure 4-3
(c)| Laboratory equipment shall be available for the

(a

areas

othe

(b)
shall

(a) Design and Drafting. As an alternative, thif function
may be performed by outside qualified ehgine¢ring per-
sonnel. Design and drafting will be in accordande with re-
quirements in Parts 1, 3, 4, and 6_of this Stanglard.

(b) Quality Control. See Mandatory Appendikx M-4.

(c) Material Control and Isstie. This will inclufe mixing
and testing of resins, and ihspection and cutting of rein-
forcement. See Mandatery~Appendices M-1 anl M-2.

(d) Fabrication

(e) Laminatorsand Secondary Bonders. Lamirlators and
Secondary Bondérs'shall be qualified in accordpance with
Mandatory Appendix M-5.
7-500.QUALITY CONTROL PROGRAM, DOCUMENT
HANDLING, AND RECORD SYSTEM

(a) The Fabricator shall establish and mafintain an
effective Quality Control Program throughout all
phases of the fabricating process to ensure thaf all appli-
cable requirements of this Standard are met| Refer to
Part 6, Mandatory Appendix M-4, and Nonmjandatory
Appendix NM-6.

(b) The Fabricator shall have a procedure that ensures
only the most current revision of the latest and /pr correct
drawings, specifications, purchase orders, and quality
control procedures are used for procurement, fabrication,
and inspection purposes.

(c) A record keeping system satisfying the
ments of this Standard shall be in use and av3
audit by the Certified Individual, the Inspecto
User’s representative.

require-
ilable for
r, and the

7-600 DEMONSTRATION OF CAPABILITY]
(DEMONSTRATION LAMINATES)

(a) Each Fabricator’s shop shall demonsjtrate the
ability to fabricate laminates as required by [the rules

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:

65

of this Standard. This initial demonstration qualifies
the Fabricator to produce laminates by those specific
processes qualified for a maximum period of 5 yr.

(b) Each Fabricator’s shop must redemonstrate the
ability to fabricate laminates, as required by the rules
of this Standard, at no greater intervals than 5 yr. The
Fabricator may redemonstrate the ability to fabricate a
laminate using either of the following methods:
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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 | 0.48 (12.2) 0.25 (6.4) 1 polyester or 1,2 All resins, all
1 vinyl ester thicknesses
Type I 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
wound tvir-ester thiekresses
GENERAL IIIOTES:
(a) A Fabrjcator shall qualify all fabrication processes to be used to construct vessels to this Standard.
(b) For inifial certification, see Mandatory Appendix M-6, para. M6-200(b).
NOTES:
(1) Designptes laminate reinforcement type.
(2) For redemonstration laminates, the fabrication process for Types I and II laminates may be 1 or 2.
(3) Generig classes of resins required for qualification.
(4) Procesf employed to produce the laminate:
1 — Har(d lay-up.
2 — Spray-up using a chopper gun device.
3 — See|para. 7-620(b).

(1) produce acceptable demonstration laminates as (g) AFabricator’s shop is qualified to produce a specific
required py the rules of this Standard for initial qualifica- type of laniihate by a specific process provided the ferti-
tion fied test réport indicates that the demonstration laminate

(2) provide acceptable Proof Tests for a specific type meets @b exceeds the requirements of this Standard (see

of laminate and specific process per para. 6-930(d) [all
requiren]ents of paras. 7-600 through 7-620 are met
with the fompletion of a successful Proof Test]

(c) Sulbppart 2A and/or Subpart 2B provides specifie
rules governing all laminates and refers to design basis
laminatels that a Fabricator is required to make in
order to [establish values for strength, thickhess, and
glass corftent. The demonstration laminates required
by this Paftare for the purpose of qualifyingthe Fabricator
and shop|procedures. They may also-be_used to qualify
Laminatoys (see Mandatory Appendix-M-5). Demonstra-
tion laminjates and design basis laminates are not the same
in purposg; hence requirements,in'terms of configuration,
quantity fo be produced, and\tests may differ.

(d) Initial demonstration‘laminates and the redemon-
stration df the Fabricator’s ability to fabricate laminates
are required for eachitype of laminate and each laminating
process the Fabricator shall use on vessels fabricated to
this Standlard;-sefer to Table 7-1 [see (b)(2)].

(e) EaTh demonstration laminate shall be identified

para..7-700).
(h) Upon the successful completion of a Demonstrjation
Eaminate Test Program, Fabricators shall complete a
document of “Demonstration Laminate Certificafion.”
This document is to be maintained within the Fabricator’s
quality control files and a copy shall be made available to
the User, User’s Agent, or Inspector on request. In this
document, the Fabricator shall certify, via the dated gigna-
ture of the Fabricator’s authorized agent, the following:
(1) The demonstration laminate samples were
constructed according to all requirements of this Stan-
dard.
(2) Tests were conducted on the demonstrption
laminates according to all requirements of this Stanidard.
(3) The test data have been carefully examin¢d by
the Fabricator, and the results are in accordance|with
all requirements of this Standard.
(4) The next required date for demonstrati
capability via demonstration laminates shall be indi¢ated.
(5) Test reports from the independent testing|labo-

bn of

and labeled by the Fabricator in accordance with
para. 7-900.

(f) Demonstration laminates shall be tested in accor-
dance with this Standard by an independent testing lab-
oratory. The independent testing laboratory shall return
the remains of the demonstration laminate and specimens
with a certified written report. The report shall state the
results of the tests.
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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.
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Table 7-2 Dimensional Requirements for Hand Lay-Up
and Spray-Up Demonstration Laminates

It is possible to qualify more than one of the above vari-
ables in a single demonstration laminate, as long as the
resulting laminating process shall routinely be employed

Req.
No. Requirements to produce vessels to this Standard.
(1) A demonstration laminate shall be square within +0.3 deg, (C) Demonstration laminates shall have a Type [ hand
measuring 24 in. £ %4 in. (600 mm + 1.50 mm) on each side. lay-up or spray-up liner over which the structural filament
(2)  The peak deviation from flatness of the inner surface shall not wound layer is applied. This liner shall exotherm and cool
3 : “ . .
exceed 76 in. (4.5 mm) before the structural filament wound layer is applied.
3) The average spot thickness of a demonstration laminate shall be (d) A minimum of one p]y of 0.75-OZ/ft2 (225-g/m2)
determined by procedures outlined in para. 6-920 and shall be 1 1 1 S rvht by the
within tolerances established in Subpart 2C. L;UPPC; Sttt m‘;lt :j“ ;“llclt)‘lmvm?l:jwms ! h }1
4) Edges of a demonstration laminate shall be smooth and not C oppe_ spray metho S_ a € gpp led gycx|the liner
jagged. Edge indentation or chips shall not exceed %; in. (0.80 immediately before starting the filament\wound struc-
mm) in depth. tural layer.
(5) | Fordemonstrationlaminates made by the spray-up process, a 24 (e) A filament wound demonstration laminate shall be
in. x 24 in. (600 mm x 600 mm) test sample shall be cut from 24 in. + 2 in. (600 mm + 50 mm) and may be|a round/
the center of an approximately 30 in. x 30 in. (750 mm x 750 lliptical t 1 ti tf h
mm) laminate. e IP 1cal or square/rec angu_ar SEC.IO-H cu IjO n a noop,
which wound on a mandrel'with a minimum diameter of 8
ft (2.4 m) to minimize the\effects of curvature ¢n sample
) ) testing. The width of thelhoop shall be greater than 24 in.
(b) Fabricators who plan to produce laminates by the (500 mm) by a margii sufficient to avoid turnaround areas
spray-up (chopper gun) process shall also produce and  j, the 24 in. x 24 . (600 mm x 600 mm) cut sedtion from

qualify spray-up Types I and II laminates in accordance
with [requirements in Tables 7-1 through 7-3.

(c)| After fabrication, the Fabricator shall identify each
demgnstration laminate in accordance with the instruc-
tions|in para. 7-900.

(d) The quality control records shall contain a descrip-
tion pf the fabrication procedure used to produce each
demgnstration laminate.

(e)] The mechanical properties of each demonstration
lamipate shall be determined in accordance'with
para|7-1000.

7-620 Filament Wound Demonstration.Laminates

(a) Fabricators who plan to produee laminates by the
filament winding process shall produce and qualify fila-
ment wound laminates in accordance with the require-
men{s in Table 7-1. Qualification for filament winding
shall|be in addition to gualification for Type I or Type
I lampinates.

NOTH: Both qualificatiens-are required for Fabricators planning
to corfstruct filamentwound vessels to this Standard, as Type I or
Type [l laminates\are required for the fabrication of heads or
when|joining‘the/subassemblies of vessels together.

(b} Since there are many process variations employed
to prjodiice filament wound laminates, each requiring

which test samiples shall be taken.

(f) The'thickness of the demonstration lamipate shall
be 0.37in. (9.4 mm) minimum [0.25 in. (6 mm) fpr redem-
onstkation], but may be increased up to 0.63 in. (16 mm) to
allow for variations in winding or laminating Jequences
that require thicknesses over 0.37 in. (9.4 mm) to
complete.

(g) Filament wound demonstration laminatgs shall be
tested in accordance with para. 7-1000. Tensil¢ strength
and tensile modulus per para. 7-1000(c) shall bg obtained
in the axial direction only. Also, disregard para.
7-1000(a)(2).

(h) Refer to para. 7-900(a)(4). Fabricatprs shall
provide a comprehensive description of the| filament
wound laminate sequence.

7-700 MINIMUM TEST VALUES FROM
DEMONSTRATION LAMINATES

(a) Type I or Type Il Demonstration Laminages
(1) Dimensions shall be within tolerances dutlined in
Table 7-2.
(2) Barcol hardness readings shall show thiat 80% of
the readings meet or exceed 90% of the resin|manufac-
turer’s published casting hardness data.

£2) Toancilactrangth andeancila oo di e vsd

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)

67

{3)Fensiestrength-andtensilemodulusvalues shall

meet or exceed the values given in Table 2A-3.
(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

Nominal Thickness, in. (mm) Liner Plies

Structural Plies

Laminate Type [Notes (1), (2)] 1 2 3 4 5 6 7 8 9 10 11 12 13
Type I 0.48 (12.2) v M M M M M M M M M M M
Type II 0.49 (12.4) v M M M R M R M R M M R M

GENERAL NOTES:

(a) Actual thickness and glass content of each sequence of plies shall be established by each Fabricator based on the Fabricator’s design basis

laminate.
(b) Corros

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

(c) Structy
exothe
(d) One or
NOTES:
(1) Nominl thickness shall be calculated as follows:
V = 10 n}il surface mat (veil) - 0.010 in./ply (0.25 mm/ply)
M = 1.5 ¢z/ft* mat - 0.043 in./ply (450 g/mz mat - 1.1 mm/ply)
R = 24 of/yd? woven roving - 0.033 in./ply (810 g/m2 woven roving - 0.84 mm/ply)
(2) Thisin
higher
Ply thifknesses should be based on design basis laminates.

7-800 DEMONSTRATION VESSEL

Fabricgtors shall design, fabricate, and satisfactorily
test a defnonstration vessel in accordance with instruc-
tions confained in Mandatory Appendix M-6.

The design and fabrication of the demonstration vessel
requires 4 comprehensive understanding of this Standard.
It involve a full demonstration of the Fabricator’s ability
to design| execute drawings, qualify demonstration lamj-
nates, establish design values from design basis laminates,
qualify Lgminators and Secondary Bonders, and fabricate
under effective overview of the Fabricator{s Quality
Control Program, all in full accordance with the require-
ments of [this Standard.

No Fabricator shall claim qualification/to fabricate to
this Standlard until having satisfactorily completed and
tested th¢ demonstration vessel-in.accordance with the
instructidns in Mandatory Appendix M-6.

ENTIFYING DEMONSTRATION
MINATES

ntificatiow Report. A complete identification
report sHall accompany each demonstration laminate.
This shal] inelude the following:

7-900 |
L

(a) 1dd

ormation is based on historical data and may not reflect all laminates made today. Laminates made today are often thinner and
Blass content than noted in the Table. The Table should be used for establishing minimum glass(lies per nominal laminate thidkness.

ral lay-up may be interrupted long enough to exotherm between adjacent “MM” plies. If required by fabrication procedure, location of
'm plies may be changed by shifting ply 10 within the laminate body or by splitting an “M” ply into weight-equivalént la
more weight-equivalent layers of chopped strand glass or mat may be used in place of layers of 1.5-0z/ft* (450-g/in”) npat.

rer(s).

have a

(-c) reinforcement manufacturer’s name(s) and
designation, fot reinforcement(s)
(b) Labeling. The Fabricator shall clearly label
demonstration laminate with the following:
(1)”name of the Fabricator’s shop and identifidation
of person who fabricated the laminate
(2) date laminate was completed
(3) typeoflaminate (Typel, Typel], filament wqund)
(4) inner surface and outer surface shall be identtified
(5) the two warp strand edges on Type Il laminates,
and hoop and axial directions on filament wound [lami-
nates, shall be identified
(6) resinand reinforcement manufacturers and;
Manufacturer’s Specific Product Identifications (M

each

their
PI)

7-1000 LABORATORY TEST AND TEST REPORT
REQUIREMENTS FOR DEMONSTRATION
LAMINATES

The demonstration laminate specimen shall be t¢
and information recorded and reported, in accorg
with the following requirements:

(a) Dimensional Measurements of the Demonstration
Laminate

(1) The length and width of the demonstration

sted,
ance

lami-

(1) Fabricator'sshop mame, address, phone marmmber
(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
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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
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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)

dem IS clLiUll ldlllilldLE illllCl SUl rst.' ill dCLUI L‘ldllLC (’-u’) Ltfllbi‘ltf SUI UllsL}l Uf Udhll bptf(,illlﬁll, Sl (Mpa)
with|para. 6-910(b), and all Barcol readings shall be (-e) tensile modulus of elasticity of each.$pecimen,
recorded. psi (GPa)

2) 80% of the Barcol hardness readings taken shall (-f) average tensile strength, psi|(MPa)
meetjor exceed 90% of the resin manufacturer’s published (-g) average tensile modulus, psi (GPa)
hardness data. (d) Glass Content and Reinforcing Sequence

[3) An acetone sensitivity test shall be conducted in (1) The glass content weight percent shall{be deter-
accofdance with para. 6-910(b)(7). mined by the method giver in' ASTM D2584.

[4) The testing report shall summarize the Barcol (2) A 1-in. (25-mm).wide strip shall be cut from the
hardness measurements and the results of the acetone demonstration laminate) This strip shall be cut |nto three
sensitivity test, and state compliance or nonconformance 1-in. (25-mm) long Specimens.
with [the requirements of this Standard. (3) The testing report shall include the following

(c)| Tensile Strength and Tensile Modulus of Elasticity data and shall state compliance or nonconformance

1) Tensile strength and tensile modulus of elasticity
shall|be determined using the method given in ASTM
D634, ASTM D3039, or ASTM D5083.

2) Test specimens shall be taken from equally
d areas on the demonstration laminate. Specimens
be cut parallel to the edge of the laminate and the
dure must not chip, tear, or degrade the specimenss
Typelll test specimens shall be cut parallel to the labeled
warp|strand edge. The thickness of the specimens shall be
the flull thickness of the laminate and must not be
maclined on the inner or outer surfaces.;Both hoop
and gxial test coupons are required for anisotropic lami-
nateq.

space
shall
proce

with the requirements of this Standard (see parp. 7-700):
(~a) pyrolysis temperature.
{-b) specimen weight before ignition, g
(-c) weight of specimen plus crucible, bg
tion and after ignition, g.
(-d) reinforcing sequence identificatipn in the
general form of Table 2A-2; report in draftinlg symbol
style (by visual inspection). This identification is not
required for Type I laminates.
(-e) ignition loss for each specimen, g.
(-f) resin content of each specimen and

fore igni-

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

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. (67 mm)———>

4.5in. (115 mm)

Grip distance

9.7 in. (246 mm)

Minimum length
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Part 8
Certification

8-10b SCOPE

Part 8 provides rules for certification of Fabricators of
RTP pessels.

8-200 GENERAL

A gertified Fabricator is one who holds a valid ASME
RTP-|L Certificate of Authorization. The Certificate of Au-
thorigation permits the Fabricator to stamp the vessel
with [the ASME Certification Mark with RTP Designator,
certifying that the vessel complies with all requirements
of thls Standard and ASME CA-1.

Thie responsibilities set forth herein relate only to
comjjliance with this Standard and are not to be construed
as inpolving contractual or legal liabilities.

8-300 CERTIFICATION PROCESS

8-31p Application

(a) Application for ASME RTP-1 Certification and’the
Certiffication Mark stamp shall be in accordanee with
ASME CA-1, para. 2.1.

(b] When requested by the applicant on-forms desig-
nated by ASME, ASME will arrange for,ah.evaluation of the
applikant’s Quality Control Programiand shop qualifica-

Quality Control Program

The Quality Contro] Rregram shall meet the require-
ments of para. 1-500, para. 8-325, and ASME CA-1, paras.
2.2 apd 2.3.

8-325 Changes to Quality Control Program. If the
Certfficate-Holder wishes to make changes to the
Qualjty. Control Program, the Certificate Holder shall
submitthe proposed 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 fef)a Certificate of Authoriza-
tion shall have its shop(s) surveyed by an ASME-approved
survey team to ensure thatall requirements of|the Stan-
dard are met.

8-400 ASME RTP-1 CERTIFICATE OF
AUTHORIZATION HOLDER

A Fabricator shall obtain a valid Certificate of Authoriza-
tion imaccordance 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 manulfacturers,
and suppliers of parts and subcontracted sefvices, in
accordance with Mandatory Appendix M-4
(b) establishing and maintaining a Quality Control
Program in accordance with Mandatory Appendix M-4
(c) preparing and filing a Quality Control{Program
manual per ASME CA-1, para. 2.3.4 and Table |1
(d) furnishing the User or User’s Agent with the appro-
priate Fabricator’s Data Report(s)
(e) capability of testing per para. 6-950
(f) ability to meet the requirements of ASME CA-1,
paras. 2.1, 5.2, and 5.3

8-420 Subcontracting

The Fabricator completing any vessel to be mTked with
the ASME Certification Mark with RTP Designatpr has 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.

RTP

8-560 Renewal of Certification
The requirements of ASME CA-1, para. 2.6 shall apply.

8-570 Syispension of Certification
The requirements of ASME CA-1, para. 2.7 shall apply.

8-580 Withdrawal of Certification
The requirements of ASME CA-1, para. 2.8 shall apply.

8-600 DESIGNATED OVERSIGHT
The requirements of ASME CA-1, Section 3 shall apply.

8-700 DATA REPORTS

The requirements of paras. 1-520 and 8-410(d) shall
apply.

8-800 ASME RTP CERTIFIED MARK AND

ERTIFIED DESIGNATOR

8-810 Marking Items With the ASME Certification

ark and the RTP Certification Designator

(a) The official ASME Certification Mark with RTP
Designatgr (as shown in Figuxe 8-1) shall be applied to
a vessel Huilt according to)all' provisions of this Standard
and ASME CA-1, para/5yh

(b) Thp Fabricaterswho completes a vessel, and has
held thropghoutits design and fabrication a valid Certi-
ficate of Autherization, and having the acceptance of the
Certified [ndividual [see para. 6-300(i)], may then apply

8-830 Control
The requirements of ASME CA-1, para. 53| shall dpply.

8-840 RTP Requirements for Nameplate
Construction and Attachment

(a) The method for identifying a vessel built t¢ this
Standard shall be a nameplate not less than 4 if. x 6
in. in size. The nameplate,shall be permanently attached
to the vessel or to a cerrosion-resistant bracket pgrma-
nently attached to-the’vessel as follows:

(1) Paper nameplates shall be laminated to the yessel
surface or to an RTP bracket using resin-wetted laygrs of
fiberglass surfacing veil.

(2) €ast, etched, embossed, engraved, or stafnped
nameplates shall be permanently attached to a metal
or, RTP bracket. Easily removable fasteners su¢h as
serews, bolts, and drive pins are not acceptable aftach-
ment methods.

(3) Inthe case ofaninsulated vessel, the brackefshall
have a standoff height of at least 1 in. (25 mm) mor¢g than
the insulation thickness.

(b) Thenameplate shall be marked with all informpation
as required by para. 8-850.

(c) After attachment to the vessel or bracket, all data
shall be visible and legible.

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

(e) In addition to the nameplate, Fabricators mayf affix
or attach any such proprietary or User logos, or|data
plates, as desired, with no limitation on defign,

the ASME-€ertifieationMark-with RFPPesignator-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:

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 Y 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.

Level23

[8) for vessels defined as “Atmospheric” in the UBRS
hlso para. 3-300), the words

(-a) “Design Pressure — Atmospheric”

(-b) “Maximum Temperature”

[9) for other vessels

(-a) “Maximum Allowable Working Pressure at
Maximum Temperature” (may be abbreviated “MAWP
at Mgx. Temp.”)

(-b) “Maximum Allowable External Working Pres-
at Maximum Temperature” (may be abbreviated
WP at Max. Temp.”)

[10) design basis specific gravity of contents
[11) the designation “Critical Service” if applicable

Spegcified pressures shall be gage pressures given in
unity as specified in the UBRS. Temperatures shall be
in units specified in the UBRS.

(b) If the vessel is optionally registered, the National
Boarfl Mark and Registration Number shall be stamped
on the nameplate. The legend “National Board Registrax
tion Number” is optional.

(see

sure
“MAH

(2) All markings shall be black, highlyvisible and
readable, on a white background.
(3) Markings, including the ASME Certification Mark
with RTP Designator, shall be made infindelible ipk of such
nature as not to be water or resifd soluble.
(b) Cast, Etched, Embossed,"\Engraved, or
Nameplates

(1) Material shall be’300 series stainlesf steel or
other suitable corrosion-resistant material.

(2) Thickness shall be sufficient to resist
due to the application of the marking, but in no
be less than 0:020 in. (0.5 mm)

(3) Markings including the RTP Designatqr may be
producedby casting, etching, embossing, stamping, or
engraving. The ASME Certification Mark|shall be
stamped. All stamps for applying the ASME Certification
shall be obtained from ASME.

Stamped

Histortion
case shall
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MANDATORY APPENDIX M-1
REINFORCEMENT MATERIALS RECEIVING PROCEDURES

M1-100

All insq
to be per
dent test

INTRODUCTION

ections and tests specified in this Appendix are
formed by Fabricator personnel or an indepen-
ng laboratory.

ARTICLE A
LASS SURFACING VEIL, ORGANIC FIBER
CING VEIL, CARBON FIBER VEIL, AND
BERGLASS CHOPPED STRAND MAT

FIBER
SURF
FI

INTRODUCTION

'ticle specifies the minimum inspections and

shall be performed on the rolls of fiberglass
surfacing|veil, organic fiber surfacing veil, and fiberglass
chopped $trand mat that shall be used to fabricate equip-
ment to this Standard.

M1A-10¢

This A
tests that

ACCEPTANCE INSPECTION

nce inspection shall include inspection of-all
oper packaging and identification, and-contam-
is acceptance inspection is to be conducted on

Form M1A-1, or a similar form that contains the provi-
sions to record the«estlts of these required inspections
and certiffcations,if applicable, shall be used by the Fabri-
cator and shall'be retained in the inspection records. A
separate form-shall be used for each mat manufacturer,

M1A-300 EQUIPMENT AND MEASURING TOQLS

REQUIRED
M1A-310 Inspection Table and Lights

Aninspection table and adequate overhead lighting that
are suitable for the inspection and¢testing of the mat are
required. The equipment yS€d must not introduce
contamination to the mat during inspection and tepting.

M1A-320 Linear Measuring Tools

A standard lineaizmeasuring tool (longer than the yidth
of the rolls) that measures the roll widths with minimum
accuracy of #% in. (#3 mm) is required. A 12 in. + %} in. x
12 in. # 4,40t (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 rqu;red.

M1A-400 PROCEDURES AND ACCEPTANCELI

M1A-410 Roll Identification and Package
Inspection

ITS

The mat shall be packaged as shipped from th¢ mat
manufacturer’s factory. If repackaging is required, the
Fabricator shall ensure that a material Certificqte of
Compliance traceable to the original material is proyided.
The original labels can be modified in regards to number
and width of rolls only. All other documentation |shall
remain unchanged. Verify and enter in the inspejction
record that the mat rolls as identified by the mat manu-
facturer have the same nomenclature as the mat spefified
to produce the laminate by Subparts 2A and 2B} and
examine the packaging of the mat for damage| that
renders the mat unusable. Indicate acceptable rolls by

mat nomenelataremat-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.

74

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 file no. Mat weight [Note (2)]
1 2 3 4 5 6 7 8
Roll Reinforcement Lot No. Packaging Width Weight of Property Visual
0. Production Date [Note (1)] Inspection ft2 (m2) Inspection Inspectio
(if Given) Sample (Cols. 5 and _6)
By Date By Date By Date

C¢mments on visual and packaging inspection (indicate which roll):
GENERAL NOTE:  This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
NPTES:
(1) Lot, batch, product‘cede, or other label identification.
(2 Manufacturer's_labet-weight.

75
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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 defecfs. Contaminants do not include white or light
gray binder spots.

NOTE: Exgmples of imperfections are holes, cuts, thin spots, or
delaminatfions, i.e., separating into layers during unrolling.
Examples|of contaminants are dirt, oil, grease, and foreign
objects.

(c) Rolllshaving any of the following defects shall not be
used in lagminates made to this Standard:

(1) et spots
(2) yater contamination
(3) bar marks
(4) lengthwise wrinkles exceeding 5 ft (1.5 m) in
length
M1A-430 Unit Weight of Mat
From the leading edge of each roll of mat that will be

tested as
(0.1-m?)
specified
in. (300

adjust the
tool spec
ment sha
material 1
balance r
mat to th

per para. M1A-200, cut a 1-ft* (0.01-m?) [10-ft*
for surfacing veil] sample using the template
in para. M1A-320. If the roll is less than 12
mm) wide, use the full width of the roll, (but
length of the sample (use the linear measuring
fied in para. M1A-320). Any property\measure-
1 be conducted by unrolling only the quantity of
equired to conduct the test. Usingtthe laboratory
bquired by para. M1A-330, weigh the sample of
e nearest 0.1 g. Convert the gfams to ounces, if
needed, By multiplying grams by,'0:0352. If the sample
from a ro]l falls outside the matymanufacturer’s specified
weight range, the roll of mat shall be rejected. Enter the
values of|weighed samples-for acceptable and unaccept-
able rollsjin the inspection form in Form M1A-1, column 6.
Note the 1fejected rolls with the word “rejected” next to the
recorded [weight\in“column 6.

conducted during use of roving balls. Acceptance require-
ments and limits are as defined in paras. M1B-420 and
M1B-430.
Form M1B-1, or a similar form that contains the provi-
sions to record the results of inspections, shall be usgd by
the Fabricator and shall be retajned in the inspection
records. A separate form shall-besused for each rpving
manufacturer, roving nomenélatire, and roving yigld.
In lieu of performing th€-above inspections, measure-
ments, and documentation; the Fabricator shall prpvide
the User or User’s Agent with a Certificate of Complfiance
from the material manufacturer. This Certificate |shall
ensure that materials were manufactured, inspdcted,
and tested per the material supplier’s specificatior]s.

M1B-300" EQUIPMENT AND MEASURING TOdQ
M1B-310 Wrap Reel

A device may be used that provides a minimum of
(5.5 m) sample measured and cut under sufficient tehsion
to keep the strand taut. Equipment such as standard 36-in.
or 54-in. (900-mm or 1 350-mm) yarn reel with adjugtable
transverse, four skein capacity is suggested.

LS

h 6 yd

M1B-320 Laboratory Balance
Alaboratory balance that measures to 0.1 g is rquliIred.

M1B-400 PROCEDURES AND ACCEPTANCELI

M1B-410 Roving Identification and Package
Inspection

ITS

The roving shall be packaged as shipped from the mpanu-
facturer’s factory. The roving shall not be repackaged in
the distribution of the material after the manufacturgr has
shipped the roving. Verify that the roving balls as identi-
fied by the manufacturer have the same nomenclatilre as

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.
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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

Roving manufacturer

Address Roving nomenclature
Roving yield
QC file no
1 2 3 4 5 6 7
Hall Reinforcement Lot No. Packaging Yield Property Visual
0. Production Date [Note (1)] Inspection Inspection Inspectio
(if Given) (Column 5)
By Date By Date By Date

Ce¢mments on visual and packaging inspection (indicate which roll):

=Z o

DTE:

—

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

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

77
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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) anypackage that exhibij ig a a
dirt, oil, grease, waste glass fiber, or beads of glass such
that it wopld detract from the performance or appearance
of the finjshed product

Measurement of Roving Yield

From ohe roving ball per shipment, obtain a minimum of
a 6 yd (5.p m) sample (length A) of roving as required by
para. M1B-310. Roving shall be pulled from the same side
of the pagkage as used in the Fabricator’s process. If the
roving is pulled from the outside of the package, sufficient
material [shall be removed and discarded so that the
sample will be taken from undisturbed material.
Remove fthe sample from the wrap reel. Double the
sample s¢veral times and tie with a single knot. Using
the balapce required by para. M1B-320, weigh the
sample tp the nearest 0.1 g. Convert grams to ounces
by multiplying grams by 0.0352. Two specimens from
each pa¢kage shall be measured and the average

computed. Record as weight A.
Calculafte the yield, yd/lb, using the following formula:
16 0z/Ib X length A
yield, yd/lp= 00%/10 X length 4~ 96
weight A, oz weight A, 0z

Calculafte the yield, km/g, using the following formula:
length A, m

ield, km/g =
" & 1000 m/km (X weight A, g

Calculate the TEX, g/km, using the following formula:
1000°m/km X weight A, g

TEX, g/km =
length A, m

Enter the yield\of’acceptable and unacceptable balls of
roving in [Fortn-M1B-1, column 5. If the yield of the ball of
roving is|outside the manufacturer’s specification, the

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
. S L . bric,

to be

WwWove DETrL1d U U C Olla

Q

OVIITE DTTT,
5

and fiberglass nonwoven biaxial fabric that are
used to fabricate equipment to this Standard.

M1C-200 ACCEPTANCE INSPECTIONS

Acceptance inspections shall include inspection Jof all
fabric rolls for proper packaging and identification, and
contamination. This acceptanc€e inspection is fo be
conducted on the unopened roll. Acceptance require-
ments and limits are as defined in para. M1C-410. Accep-
tance inspection shallHnclude inspection of selected rolls
for measurement of unit weight and verificatipn of
construction of\fabric per ASQ Z1.4 criteria. Inspection
for manufactaring imperfections shall be conducted
during uséyof rolled goods. Acceptance requirerTlents
and limits are as defined in paras. M1C-420 thrpough
M1C450.

Form M1C-1, or a similar form that contains the
sions to record the results of these required inspec
shall be used by the Fabricator and shall be retained
inspection records. A separate form shall be used for
fabric manufacturer, fabric nomenclature, fabrid
weight [0z/yd* (g/m?)], and fabric construction.

In lieu of performing the above inspections, measure-
ments, and documentation, the Fabricator shall prpvide
the User or User’s Agent with a Certificate of Complfiance
from the material manufacturer. This Certificate |shall
ensure that materials were manufactured, inspdcted,
and tested per the material supplier’s specification

rovi-
rions,
n the
each
unit

w

M1C-300 EQUIPMENT AND MEASURING TOd
REQUIRED

MI1C-310 Inspection Table and Lights

Aninspection table and adequate overhead lighting that
are suitable for the inspection and testing of the fabrjc are

LS

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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Tequired. I i€ equipment used shall not introduce contam-
ination to the fabric during inspection and testing.

M1C-320 Linear Measuring, Marking, and Cutting
Tools

(a) A standard linear measuring tool (longer than
width of roll) that measures the roll widths with
minimum accuracy of % in. (¢3 mm) is required.

(b) A3in.+%,in. (76 mm + 0.80 mm) square template
is required.
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Form M1C-1 Fabric Reinforcement Log Sheet

Fabricator’s name

Fabric manufacturer

Address Fabric nomenclature
Fabric weight
Q{‘ fila no Eabhric conctruction
Il 2 3 4 5 6 7 8 9
Rpll Reinforcement Lot No. Packaging Width  Weight  Construction Property Visual
No. Production [Note (1)] Inspection Inspection Inspectign
Date (Cols. 546,
(if Given) and 73
By Date By Date By Date

4

q

[§

Cdmments on visual and packaging inspectian (indicate which roll):

=)

DTE:

—~

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

1) Lot, batch, produet code, or other label identification.

79
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(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

M1C-410 Roll Identification and Package
Inspection

(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-
tions and/or contaminations shall be removed from
the fabric by making two parallel cuts across the width
of the fabric and discarding the rectangular sections of
fabric containing the following defects:

The falric shall be packaged as shipped from the manu-
facturer’dfactory. The fabric shall not be repackaged in the
distribution of the material after the manufacturer has
shipped the fabric. Verify that the fabric rolls as identified
by the mgnufacturer have the same nomenclature as the
fabricrequired by Part 2, and examine the packaging of the
fabric forldamage that renders the fabric unusable. Indi-
cate acceptable rolls by recording the date and name of the
person performing the examination in Form M1C-1,
column

For pagkaged rolls that are found to be acceptable for
further irJspection and tests, enter the fabric production
date and [lot number in Form M1C-1, columns 2 and 3.

M1C-42Q Visual Inspection of Fabric

(a) Asfabric is used, it shall be visually inspected for
imperfections and contaminations by the Fabricator.
Record date and name of inspector in Form M1C-1,
column 9 If a roll is rejected, record the reason under
the comnpents section in Form M1C-1.

(b) Fapric shall be uniform in color, texture, and
appearanke. The following imperfections and/or contam-
inations ghall be removed from fiberglass woven roving
and fiberglass nonwoven biaxial fabric by making two
parallel cpits across the width of the fabrictand discarding
the rectajgular sections of 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 defin€d as all foreign matter,
dirt, greape spots, etc.)

(2) missing ends\for more than 2 consecutive feet
(600 congecutive millimeters) in length

(3) fuzzclumpsorloops greater than 1 in. (25 mm) in
height frqm the'surface

(c) Fibgrglass woven and fiberglass nonwoven biaxial

(1] dirt SpPOCs [2 16 Tto & 11T, (4.5 T to—19 ul'[n) in
diameter] in excess of one per 10 lineal feet~(3\lineal
meters) (dirt spots are defined as all foreign“matter,
dirt, grease spots, etc.).

(2) missing ends in any direction.less than ong per
lineal foot (300 lineal millimeters),

(3) areas ofthe fabricless than/6.in. x 6 in. (150
150 mm) where rovings are disoriented or loopec
than 1 in. (25 mm) in height from the surface| The
number of these areas ‘shall not exceed two per 5
lineal yards (4.6 lineal meters) of fabric. If so, the roll
shall not be used for(laminates made to this Standard.

(4) weft tails'€xceeding 1 in. (25 mm) or less thian %
in. (3 mm) in/length.

(5) bias.exceeding +10 deg from 0 deg/180 deg in a
warp (machine direction) product or from 90 deg/27)0 deg
in a weft (fill direction) product.

(e)\Fiberglass unidirectional fabric rolls having
thefollowing defects shall not be used for laminates
to this Standard:

(1) dirt spots in excess of %, in. (19 mm) in diatheter
(dirt spots are defined as all foreign matter, dirt, gfease
spots, etc.)

(2) missing ends in any direction more than onle per
lineal foot (meter) of fabric

(3) areas of the fabric greater than 6 in. x 6 in.{(150
mm x 150 mm) where rovings are disoriented or ldoped
less than 1 in. in height from the surface

(4) areas of the fabric where rovings are disori¢nted
or looped greater than 1 in. (25 mm) in height fromn the
surface

(5) rolls that have been contaminated by water or
other substances

mm x
less

ny of
made

M1C-430 Width Measure of Fabric

With the linear measuring tool given in para. M1G-320,
measure the width of the fabricatleast 1 yd (1 m) from the

fabric having any of the following defects shall not be used
for laminates made to this Standard:

(1) dirt spots in excess of ¥, in. (19 mm) in diameter
(dirt spots are defined as all foreign matter, dirt, grease
spots, etc.)

(2) more than 11 missing ends, either individual
picks or any combination of individual and multiple (2,
3, 4, or 5) ends in any consecutive 100 lineal feet
(30.5 lineal meters)

80

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 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.
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Record the date and name of the person performing the
width, weight, and construction measurements in column
8.

NOTE: Due to the methods of manufacturing fabrics, there are
different ways of describing widths of fabrics.

M1C-440 Unit Weight of Fabric

Unroll the fabric on the inspection table and lay flat. Pull

picks per inch (per 25 millimeters) in the warp and fill
of acceptable and unacceptable rolls to the nearest 0.1
picks in Form M1C-1, column 7.

ARTICLE D
FIBERGLASS MILLED FIBERS

M1D-100 INTRODUCTION

one fittpiekfromthe-sampleor-markatineacross—the
width of the fabric. Measure from the pulled pick or
line @ising a 36-in. (915-mm) rule meeting the accuracy
requjrements 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 thp fabric using scissors. Measure the width of the
fabrif according to para. M1C-430. Weigh the sample
to the nearest 0.1 g. Convert grams to ounces by multi-
plyirlg grams by 0.0352. Calculate the unit weight in

ouncps per square yard using the following formula:
weight,oz  36in. _ sample weight, oz

yd*

yd2 sample width, in.

Ca
the f

culate the weight in grams per square meter using
llowing formula:

weight, g sample weight, g

m?2 T 0915m X sample width, m

Rolls whose weight per square yard (square meter) are
outsife the manufacturer’s specification shall not be:used
for laminates made to this Standard. Enter the weight per
square yard (square meter) of acceptable and*unaccept-
able folls in the inspection report shown.in"Form M1C-1.
Notelthe rejected rolls with the word “rejected” next to the
weight in column 6.

M1C+450 Construction

Unjroll the fabric on the\inspection table and lay flat.
Perfqrm the verification.'of construction in an area at
leas{ 1 yd (1 m) frfom the beginning of the roll and
one-fenth of the width from the edge of the fabric. For
exaniple, on 60NN (1500 mm) material start at least 6
in. (1p0 mm)\froem one edge and 1 yd (1 m) from the begin-
ning|of €he fabric. Using the template required by
para] M1€-320, measure a 3-in. (76-mm) square and

tests thatare to be performed on the packages of fiberglass
milled fiber that are to be used to fabricate’equ
this Standard.

This Article specifies the minimum inspecFons and

pment to

M1D-200 ACCEPTANCE INSPECTIONS

Acceptance inspections<hall include inspect]
milled fiber for proper. packaging and identification, and
visual inspection for.comtamination. Acceptancg require-
ments and limitscare defined in paras. M1DF410 and
M1D-420(a).

Form M1DB-1, or a similar form that contains the provi-
sions to record the results of these required ingpections,
shall belused by the Fabricator and shall be retaiped in the
inspection records. A separate form shall be usef for each
milled fiber manufacturer, milled fiber nomenclature, and
milled fiber length.

In lieu of performing the above inspections,
ments, and documentation, the Fabricator sha
the User or User’s Agent with a Certificate of Cq
from the material manufacturer. This Certifi
ensure that materials were manufactured, i
and tested per the material supplier’s specific

on of the

measure-
1 provide
mpliance
rate shall
hspected,
htions.

M1D-300 EQUIPMENT REQUIRED

Aninspection table and adequate overhead lighting that
are suitable for the inspection of the milled|fiber are
required. The equipment used must not iptroduce
contamination to the milled fiber during inspdction.

M1D-400 PROCEDURES AND ACCEPTANCELIMITS

M1D-410 Package Identification and Inspection

The milled fiber shall be packaged as shipped from the
manufacturer’s factory. The milled fiber sh3all not be

count the number of warp strands (if applicable) to
the nearest half strand in the section. Repeat this three
times diagonally across the fabric. Add the total warp
strands counted in the three 3-in. (76-mm) squares
and divide by nine. This will give picks per inch (per
25 millimeters) in the warp of the fabric. Repeat for
the fill (weft) strands if applicable. Rolls whose picks
per inch (per 25 millimeters) in either warp or fill are
outside the manufacturer’s specification shall not be
used for laminates made to this Standard. Enter the

81

Tepackaged in the distribution of the materiat after the
manufacturer has shipped the milled fiber. Verify that
the milled fiber as identified by the manufacturer has
the same nomenclature as the milled fiber required by
Part 2, and examine each package of milled fiber for
damage that renders it unusable. Indicate acceptable
milled fibers by recording date and name of the
person performing the examination in Form M1D-1,
column 4.
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Form M1D-1 Milled Fiber Reinforcement Log Sheet

Fabricator’'s name

Address

Fiber length

Fiber manufacturer

Fiber nomenclature

QC file no

2

Packagg Reinforcement Production Date

(if Given)

3

Lot No.
[Note (1)]

4 5

Packaging Visual
Inspection Inspection

By

Date By

Date

Comme

hts on visual and packaging inspection (indicate-which package):

GENERA
NOTE:
(1) Lot

batch, product codesernother label identification.

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

82
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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) Asmilled fiber is used, it shall be visually inspected
for contamination by the Fabricator. Record the date and
the inspector’s name in Form M1D-1, column 5.

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

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

83
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MANDATORY APPENDIX M-2
MATRIX MATERIALS RECEIVING PROCEDURES

M2-100 INTRODUCTION

This Appendix’s Articles A (Visual Inspection Require-
ments), B (Specific Gravity), C (Viscosity, Brookfield
Method),|]and D (Room Temperature Gel Time) specify
the minimum requirements for the inspections and
tests that[shall be performed by the Fabricator or an inde-
pendent festing laboratory on resins and curing agents
(curing dgents include accelerators, promoters, and
peroxideg as required for specific resins systems).

The Fgbricator may use a Certificate of Analysis
prepared|by the manufacturer as a means of satisfying
the requlirements of this paragraph and Articles A
through I} in lieu of inspections and tests being performed
by the Fabricator or an independent testing laboratory on
resins angl curing agents, under the following conditions:

(a) The product is accompanied by a manufacturer’s
prepared| Certificate of Analysis, which states the test
methods|and procedures were followed to obtain the
results.

(b) The Fabricator accepts the Certificate of Analysis.

(c) The Fabricator determines the products arefthe
ones thatf were ordered and they meet the labeling re-
quiremerts of Article A with the following exceptions:

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

(2) M2A-200(a)(4): specific gravity, viscosity, and
room tempperature gel time may be determined by test
methods ¢stablished and performed by the manufacturer.

(3) M2A-200(a)(5): results of specific tests need not
be recorfled on the Resin Log Sheet (Form M2E-1),
provided|the Certificate’of Analysis is noted in the Log
Sheet by|a traceablé identification and is available for
review by coneerned parties

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
are damaged, then the contents of each damaged container
shall be inspected according to the procedures of this

84

11 be
s for

section. The requirements of this Appendix.shg
completed prior to use of resins and curing agén
fabrication of equipment to this Standard.

M2-200 SAFETY

See Safety Data Sheets (SDS),fof.materials to be used.

ARTICLE A
VISUAL INSPECTION REQUIREMENTS

M2A-100 INTRODUCTION

This Article specifies the steps that shall be follpwed
when inspecting resins and curing agents that gre to
be used’jto fabricate vessels to this Standard.

M2A-200 REQUIREMENTS

(a) Resins, before use, shall comply with the following:
(1) They shall be checked to ensure they arg the
products ordered.
(2) They shall have proper labeling for the spefified
product, including the manufacturer’s product namg and
identifying number.
(3) A sample shall be of normal color and clarity for

the specific resin, free from solid or gelled particlep and
dirt as determined by visual examination.
(4) They shall be within the manufacturer’s sgecifi-
cation limits for specific gravity, viscosity, and room
temperature gel time as determined by the|test
methods of Articles B through D, unless the Fabricator
has developed and implemented written test mgthod
procedures documented in their Quality Control
program that develops the data required to be docu-
mented on the Resm Log Sheet

S 0 d-specifid tests
shall be recorded on the Resm Log Sheet Form M2E-1.
(b) Curing agents, before use, shall comply with the

following:

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

(2) They shall have proper labeling for the specified
product, including the manufacturer’s product name and
identifying number.
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(3) They shall have no layering or separation into
two or more phases.

CAUTION: 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/gal — welg (o) cup g are welg g

by thie Fabricator’s process and/or manufacturer’s spec-
ificatjon, as determined by the room temperature gel time

test (see Article D).

[6) Results of visual examination and gel time testing
be recorded on the Curing Agents Log Sheet,
M2E-2.

shall
Forni

M2A-300 ACCEPTANCE CRITERIA

Mdterials failing visual inspection criteria or failing to
meet{the manufacturer’s specifications in any prescribed
test ghall not be used unless

(a) in consultation with the manufacturer’s QC contact
(shoyvn on log sheet), corrective sampling procedures are
undgrtaken that result in the material passing visual
examjination

(b) test result differences are shown, by retest, to be
causé¢d by procedural differences in testing rather than
by diffferences in quality of materials

ARTICLE B
SPECIFIC GRAVITY

M2B-100 INTRODUCTION

This Article specifies the procedurethat shall be used to
deteimine the specific gravity. This-is accomplished by
weighing a standard volume of liquid at a specific
templerature and convertingthisweight to specific gravity.

M2B-200 APPARATUS

ThE following.dpparatus is required:

(aj) laboratefybalance (0.1 g sensitivity)

(b) weighitper gallon cup (water capacity 83.3 ml) with
lid (Gardfier catalog No. CG 9652 or equivalent)

(c)| thermometer (ASTM No. 17C)

1U

density, Ib/gal

specific gravity = o33

(51 Units)

weight of full cup, g — tare weight, g

83.3mL
density, g/mL

0:9982 g/mL

density, g/mL =
specific gravity =

M2B-500 REPORT

Record specific gravity on the Resin L
Form M2E=1.

g Sheet,

ARTICLE C
VISCOSITY, BROOKFIELD METHOD

M2C-100 INTRODUCTION

The Brookfield method determines the visdosity and
thixotropic index of a resin using a Brookfield viscometer.
It is applicable for both thixotropic and nonthixotropic
resins. However, close control of resin temperature
and careful maintenance of the Brookfield viscometer
are required to obtain accurate viscosity valugs.

w

M2C-200 APPARATUS

The following apparatus is required:

(a) viscometer suitable for measuring Brookfield vis-
cosity (calibrated via manufacturer’s directiong)

(b) 250 ml polypropylene beakers

(c) constant temperature water bath at 7
(25°C + 0.5°C)

(d) thermometer (ASTM No. 17C)

(e) stirring rod or spatula that will not absorp resin or

/°F = 1°F

43
aUuaTcrveS

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.

85

(f) timer, reading in 0.1 min

M2C-300 PROCEDURE FOR TEMPERATURE
ADJUSTMENT

(a) Fill beaker with material to be tested.

(b) Immerse covered beaker in agitated 77°F (25°C)
water bath and allow to come to temperature, 77°F *
1°F (25°C # 0.5°C). The temperature adjustment may
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be hastened by spatula agitation of the sample (avoid air
entrapment).

(c) Check temperature using ASTM No. 17C thermo-
meter.

M2C-400 PROCEDURE FOR THIXOTROPIC RESINS

(a) Vigorously agitate the resin with a spatula until it is
thoroughly mixed minimizing entrapment of air, replace
cover on heaker_and retnrn to water hath 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 jor until all visible entrapped air is gone.

(b) Leyel Brookfield viscometer, and attach spindle and
guard as [designated by resin manufacturer.

(c) Remove beaker from bath, place open beaker in
position pnder Brookfield viscometer, and center and
immerse [spindle to middle of the notch.

(d) Seflspeed to 6 rpm, and start Brookfield viscometer
and timei|. After 1 min, increase speed to 60 rpm. At 2 min
on timer,[stop viscometer, and read. Reduce speed to 6
rpm, and take final reading 1 min after restarting.
Record the 60 rpm and 6 rpm values.

(e) Repeat steps (a) through (d) above for second
reading at each spindle speed.

M2C-500 PROCEDURE FOR NONTHIXOTROPIC
RESINS

(a) Leyel Brookfield viscometer, and attach spindle and
guard as [designated by resin manufacturer.

(b) Remove beaker from bath, place open beaker in
position pnder Brookfield viscometer, and center and
immerse [spindle to middle of the notch.

(c) Run viscosity at 60 rpm for 1 min with a\spihdle
chosen sq that the Brookfield pointer falls approximately
in the midrange of the recording dial. Alternatively, run at
rpm and [spindle recommended by resin inanufacturer.
Record the value.

(d) Repeat steps (a) through fc).above for second
result.

M2C-600 CALCULATIONS

(a) Deftermine viscosity by multiplying the values
obtained |n paras.M2C*400 and M2C-500 with the Brook-
field congtant foftith€ particular spindle number and rpm
used to optain-the value.

(b) Ifthe\two results for a particular spindle and speed

determine the room temperature 77°F (25°C) gehtime of
resins that have been properly mixed with‘coriectly
proportioned amounts of accelerator, promoter} and
peroxide curing agents.

M2D-200 APPARATUS

The following apparatus is, fequired:

(a) constant temperature-water bath at 77°F
(25°C + 0.5°C)

(b) polypropylene graduated beaker, 8.45 oz (25
minimum

(c) stirringrodsor spatulas that willnotabsorbre
additives

(d) laboratory timer, calibrated in units of 0.1 min

(e) laboratory balance (0.1 g) sensitivity

(f) .graduated syringes, delivery 0.003 oz to 0.1 o
ml t0:3.0 ml)

{g) thermometer (ASTM No. 17C)

F 1°F
ml),

5in or

7 (0.1

M2D-300 PROCEDURE

(a) Place 100 g of resin to be tested into a clean 250 ml
polypropylene beaker. Place charged beaker ip the
constant temperature bath previously set at 77°F § 2°F
(25°C £ 0.5°C) for a minimum of 20 min until the [resin
in the beaker is stabilized throughout at 77°F § 2°F
(25°C % 1°0C).

(b) Add controlled promotersand/or accelerators
vidually, stirring with the metal spatula between
addition until they are thoroughly dispersed (1 m
each addition). The quantities and precisid
amounts are to be as specified by the resin suppli

indi-
each
n for
n of
¢

NOTE: Itis recommended that wooden tongue depressors hot be

used, since they will absorb curing components and maj also
leach undesirable contaminants into the resin solution.

(c) After addition of the promoters and accelerators,

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

86

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
remalfining resin to the constant temperature bath. Peri-
odicdlly probe the resin solution with the spatula until
such| time that the resin turns very thick and will

”

“snap” or break evenly when the probe is lifted from
the rlesin. When the snap occurs, stop the timer and
recolld the time lapse as “gel time.”

M2D-400 REPORT

Reford the room temperature 77°F (25°C) gel time on
the Resin Log Sheet, Form M2E-1.

ARTICLE E
RESIN AND CURING AGENTS LOG SHEETS

Se¢ Forms M2E-1 and M2E-2 for the Resin and Curing
Agenfs Log Sheets.

ARTICLE F
COMMON ADDITIVES

M2FF100 INTRODUCTION

Thjs Article specifies the minimum.inspections by the
Fabricator that must be performed gripr to the acceptance
and yise of any of the common additives in the resin.

M2F;200 DEFINITION AND LIMITS

M2F210 Thixotropic:Agents

Th)
that

xotropic agents are flame-processed silicon dioxides
re used tosadjust the resin flow characteristics. The

laminating resin shall contain not more than 1.5 parts per
partS-resin by weight.

100

M2F-22¢

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

87

layer may contain the ultraviolet light absorbdr.

M2F-240 Pigments

Pigments are compounds that provide coloration and/
or opacity. Only the outer surfate resin-rich layer may
contain pigment.

M2F-300 ACCEPTANCE.INSPECTION

(a) The package foreach of the common addi
be inspected at thé.time of delivery. Acceptanc
ments are defined in para. M2F-400.

(b) Formd M2F-1, or a similar form that cor
provisions'to record the results of these require
tions, shall be used by the Fabricator and shall b
in the inspection records.

rives shall
P require-

tains the
d inspec-
P retained

M2F-400 ACCEPTANCE CRITERIA

(a) The primary package shall be clearly labejed by the
additive manufacturer to identify the containefl product
by manufacturer, name, and lot number.

The primary container shall be free fron] damage
(breakage, tear, or puncture). There shall be o visible
sign that any part of the primary container wall has at
any time been saturated with a liquid such as|water.

(b) For additives found to be acceptable, the Fabricator
must list the manufacturer’s name, product namg, product
lot number, and purpose of additive on the ihspection
form. In the space next to “As Received,” the jinspector
will sign his/her name and record the date.

M2F-500 INSPECTION IN USE

At the time of use, additives shall be visually
for contamination. Solid contaminants may be
and discarded. Any portion of a product that

inspected
removed
has been
asale 3 y H : taminant
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°0) L Gravity Visual
Dat Lot No. (Minutes) @ 60 rpm @ 6 rpm @ 77°F (25°C) Examination

Manufacturer’s Specification:

GENERAL NOTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Form M2E-2 Curing Agents Log Sheet

Manufacturer QC contact
Curing agent Address
Standard resin Telephone no.

Emergency telephone no.

Date Lot Na GelTime @ 77°F (25°0) (Minutes) \isual Examination

GENERAL*NQTE: This form may be reproduced and used without written permission from ASME if used for purposes other than republication.
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Form M2F-1 Common Additives Log Sheet

Raw Materials Inspection Inspector

Date

Manufacturer As Received

In Use Quality Problems

Product Name

Lot NeHaber

Addifive Purpose

As Recei
Manyfacturer s Received

In Use Quality Problems

Prodiict Name

Lot Number

Addifive Purpose

Manyfacturer As Received

In Use Quality Problems

Prod{ict Name

Lot Number

Addifive Purpose

As Received

Manyfacturer
In Use Quality Problems

Prod{ict Name

Lot Number

Addifive Purpose

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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MANDATORY APPENDIX M-3

CALCULATIONS USING THE CLASSICAL LAMINATION THEORY

(CLT) ANALYSIS METHOD

M3-100 SCOPE

Th|

s Appendix sets forth the micromechanics and classical lamination theory (CLT) analysisimethod to He used to

calcullate the laminate properties needed for design and analysis in Subpart 3A and the stress, stfain, and strength analysis

for S

Th|
each
equa

ibpart 3B. The geometric and lamina notations used are defined in Figures M3-1 through M3-4.

or agplied deformations.

Dii

p CLT method consists of integrating through the thickness of a laminate the physiealland mechanical prdperties of
lamina of a laminate to determine the physical and mechanical properties of the:total laminate. The copstitutive
ions thus formed (the ABD matrix) allow calculations of stresses and strains on,aply-per-ply basis for applied loads

ect calculation of laminate properties according to para. M3-400 is required for Subpart 3B design. However, the

exter]sive calculations required for Subpart 3B are not necessary for Subpart 34, and they would limit its usefulness. For

Subp
may

hrt 3A design, the minimum properties in Table 2A-3 or the propertiés from demonstration/qualificati

bn testing

be used. Paragraphs M3-200 (physical properties), M3-300 (miicromechanics theory), M3-310 (unidjrectional

composites), and M3-320 (random-oriented fibers) present a shorter method for determining lamina elastic groperties

that
Th

may be used with Subpart 3A design rules instead of the'équations in paras. M3-400 and M3-600.
P equations defining the theory of failure for use with Subpart 3B design are given in para. M3-500. They giv|

erules for

calcullating the strength ratio, R, at a point from the stiffness coefficients and the resultant forces and moments at that

poing.
e elastic properties of oriented and random glass-fiber-reinforced laminas have been calculated from the theory of

Th

composite micromechanics. Per para. 2-320, only glass fibers are allowed for structural fiber reinforcement, an

simp

ified micromechanics equations are based on isotropic fibers and isotropic resins. The micromechanics

pres¢nted for oriented fiber composites arelbased on the work of Z. Hashin as modified by R. M. Christiansen an

in MI
Ency

Clopedia are also acceptable, as therésults are nearly identical. The mechanical properties of randomly rei

plang composites are computed by'‘integrating the calculated oriented fiber properties of a fictitious laminat
samg resin and fiber properties but'at volume fraction of the random lamina over all directions between 0 de

deg.
Th|

e properties of eachdamina calculated as described above are used to assemble the CLT matrices and us|

subs¢quent laminate ealeulations.

Figure M3-1 Moment Resultants

i thus, the
pquations
l are used

[L-HDBK-17-3F. The equations attributed originally to Halpin-Tsai as presented in the Delaware Composijes Design

forced in-
e with the
b and 180

ed for the

M M
e, M
) I

-

M

X

GENERAL NOTE: Units are in.-lb/in. (N-mm/mm).
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Figure M3-2 Force Resultants

= '
N
y
| A,
/ Ny
X Ny
GENERAL Il\OTE: Units are lb/in. (N/mm).
Figure M3-3 Geometry and Notation of an n-Layered Laminate
tn
tn -2
T ]
hy r > z
o l é . Reference plane Re) 1
T . Neutral axis >
)] b
. %
_+_ < V >
t

Figure M3-4 Coordinate Systems

y

N ™\
S

Legend:
x-y = vessel coordinates
1-2 = material coordinates
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Alimitation of basic CLT is thatall calculations are performed about the midthickness of the laminate, and thus, itis only
valid for balanced (equal numbers of lamina of each orientation above and below the midthickness) and symmetric (the
laminate sequences are mirror images about the midthickness) laminates. In other words, the neutral axis of the laminate
for bending in both in-plane directions must be at the midthickness 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, itis needed to determine the neutral axes in bending for the two structural directions. A
simplified approach is shown in the design example in para. M3-610. Paragraph M3-620 demonstrates advanced laminate
analysis techniques. The strain limits used for predicting strength have not been changed from ASME RTP-1-2007.

cal axes),
ate,and 3
ommonly

ns of the
nandyas

lled theta,

Aqlyisalamina of the total laminate lay-up. A cover is defined as a layer of a plus-minus laminate or one layei of a hoop
filament winding.
When CLT analysis is applied to thin wall shells, the usual notation for\the structural directions are R (ifadial) for
throygh the thickness, Z for the axial direction, and 0 for the angle between the axial direction of the shell and the fiber
direction. The 1, 2, and 6 conventions defined above are typically usedfor the laminas that comprise the shell/laminate.
Figures M3-1 through M3-4 show the notation conventions. Note'that N, = N, and M, = M,,.. N, is the in-plane shear
resultant, and M,, produces a saddle-type deformation with the¢diagonal corners moving equally up and down but in
oppokite directions. The in-plane force resultants have units of pounds per unit width, and the moment resultants have

units| of inch-pound per unit width, as is conventional jiplate and shell theory.

M3-200 PRELIMINARY CALCULATIONS FOR THE CLT METHOD

Typically, the weight per area of the fiber reinforcement, density of the fiber, and density of the resin for a gomposite
lamina are known. The thickness is then theinknown variable that defines each lamina. If the laminate physicglly exists,
the ldyer thicknesses can be measured microscopically from the edge of a sample. If the laminate does not physifally exist
for tgsting purposes, then either the glass content or thickness is assumed for each lamina and the corresponding value
calcullated. The volume fraction of glass fiber or the thickness for each lamina of the laminate are calculated|using the
micr¢mechanics in the equations.ih para. M3-300.

Allllaminates designed on.thelbasis of this initial assumption (thickness or volume fraction) must be che¢ked after
fabrigation to confirm the.assumed value is reasonable and based on testing or published data.

The equations in the folloewing example can be used to calculate the preliminary physical and mechanical prdperties of
each Jamina or ply. The numerical material properties are for the resin and fibers used for the filament wound portion of
the designs for thle examples in paras. M3-610 and M3-620.

(U.S. |[Custom@uy Units)
Thickness:"¢t= 0.021 in.
Weightperarea of fiber reinforcement: W= 1.5081b/ft* for the entire laminate, where the weights for the compgnents are
as foHews:

W = 0.0938 Ib/ft* for chopped strand mat (CSM)
6.90 x 1073lb/ft for c-veil
0.142 lb/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 0.0741 Ib/ft® in the
weft direction

Specific gravity of resin: SG, = 1.2964
Density of resin: p,, = SG, x 0.0361 lb/in.> = 0.0468 Ib/in.*
Density of fiber: py = 0.0943 1b/in.?
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Fiber volume per unit area: = vy = W/py= 1.508 in.3/ft?
Resin volume per unit area: v, = 144t - vy = 1.545 in.3 /ft?
vf
l)f + 0,
Vf/)f
Vf/)f +(1- Vf)/)m
Density of composite: p. = pm(1 - Vg + p/r=0.0703 Ib/in.?

Volume fraction fiber: Vf = = 0.495

Weight fraction fiber: Wy = = 0.664

(SI Units)

Thickness$: t = 0.53 mm
Weight p¢r area of fiber reinforcement: W = 7.363 kg/m? for the entire laminate, where the weights for the celnipo
are as follows:
W = 0}458 kg/m? for chopped strand mat (CSM)
0]034 kg/m? for c-veil
01694 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? in the
direction

Specific gravity of resin: SG, = 1.2964

Density df resin: p,, = SG, x 1000 = 1296 kg/m?

Density df fiber: py= 2610 kg/m?

Fiber volime per unit area: vp = W/pr= 2.660 x 107™* m3/m?)

Resin volhme per unit area: v, = t/1000 - vy = 2.725 x 107* m3/m?

V.

Volume ffaction fiber: V= L 0.495
vf 0,

Vipy + (1=Vpp,

Density df composite: p. = p,(1 = V) + pVy = 1946 kg/m?

Weight frfaction fiber: Wy = = 0.664

The malterial properties at the design temperature.of the fiber and resin are generally known, and some typical pr]
ties are shown below.

(U.S. Custpmary Units)

Volume ffaction fiber: V= 0.495

Volume ffaction matrix: V,, = 1 - V= 0.505

Modulus pf matrix: E,, = 4.000 x 107 psi

Poisson’s|ratio of matrix: v,, = 0.35

Shear mddulus of matrix (assuined isotropic): G,,, = _Em 1481 x 10° psi
2(1+y,)

Modulus pf fiber: Ef = 10:5°% 10°

Poisson’s|ratio of fiberTvy = 0.22

hents

weft

bper-

E
Shear mddulus offiber (assumed isotropic): Gf = i A 4303 x 10° psi
2( 1+ yf)
(SI Units)
Volume fractiom fiberr V;="0495
Volume fraction matrix: V,,, = 1 - Vy= 0.505
Modulus of matrix: E,, = 2760 MPa
Poisson’s ratio of matrix: v,,, = 0.35
E
Shear modulus of matrix (assumed isotropic): G, = Z(Tm) = 1020 MPa
Vm
Modulus of fiber: Er= 72400 MPa
Poisson’s ratio of fiber: vy = 0.22
E
Shear modulus of fiber (assumed isotropic): Gf = i 29700 MPa
2(1 + L/f)
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The glass fiber volume fraction, orientation, and resin modulus at the operating temperature are then used to deter-
mine the mechanical properties of each lamina or layer from the appropriate equations in paras. M3-310 (unidirectional
lamina) and M3-320 (random-oriented lamina). The effective properties, such as thermal expansion and moisture absor-
bance expansion, and transport properties, such as thermal conductivity, can also be determined but are considered out of
the scope of this Standard.

M3-300 MICROMECHANICS EQUATIONS FOR A UNIDIRECTIONAL LAMINA

Notation is that used by MIL-HDBK-17-3F. The subscript frefers to fiber, and m refers to matrix. The subscript 1 refers
to thefiber direction,and subscript 2 refersto the transverse to the fiber direction, Vrefers to volume fraction, and v refers
to Pqisson’s ratio.

Plang strain bulk modulus for isotropic fibers:

Plang strain bulk modulus for isotropic matrix:

K, = m >
2(1 — Uy — 20, )

Plang strain bulk modulus, psi (MPa):
Kn(Kf + G) X Vi + KK Gy) X Vg

kstar =
(Kf + G) X Vi + (¥ Gp) X Vy

Modylus in the fiber direction, psi (MPa):
4(vf = D) X Vi X Vy

Ey=E, XV, + Ef X'V +
1 m m f f v, 7 1

K Ky Gy

Majof Poisson’s ratio:

(vr — v,,) X L _lixvy xv
f m K, m f

Vv, Vs
Km

V12 TV X Vi + 0p X Vi +

- 4+
Ky

1
4+ —
G

A three-phase concentrie. cylinder model produces a quadratic equation for G,, which is G,3 in laminate theory:
G > G

Al=2| +2B=2|+C=0
Gm Gm

where
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A = 3Vpx V2 X (y - 1)(7/ + nf> + [(7) X My + Nl = (7 X 1, — nf)Vf3]
x [VfﬂmX(V—l)—(VXﬂm+1)]

B = —3Vf><Vm2><(y—1)(y+nf>+%[y><nm+(y—1)fo+1]
X [(nm - 1)<y+ nf) - 2(}/ X n, — nf)XVf3]...

+gx(nm+1)(}'—I)X[7+’7f+<yxnm_nf>vf3l

C = 3foVm2x(y—1)<y+r]f>+[y><r]m+(y—I)Vf+1]x[y><77f+(anm—nf)Vf3]

Gr
TG,
7’]f = 3_4Uf

or
G
= 1+22
Ky

Solving for the positive root of G, produces the following:
Transver$e shear modulus, psi (MPa):

1
~Gy| (4B% — 44C)? + 2B
2= 24
Transverge Young’s modulus, psi (MPa):
E, = 4kstar>< G2
, = s 72
kstar =+ m X Gy
where
4k tar X 1)122
m=1+— 2=
E
In-plane $hear modulus, psi (MPa):
i
Gl = Gm + 1 Vv
+ m

Note thatl G; is also referred to as G;, in laminate theory.
Transver$e Poisson’s-ratio:

Kstar — m X Gy
kstar + m X G2

023 =

Modulus of elasticity in normal direction, psi (MPa):
E33=Ep
Minor Poisson’s ratio:

V12
Uy = E2 X E_
1
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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,
Vs and vy, are from the equations in para. M3-200.

Plane strain bulk modulus for isotropic fibers:

Ey

=— = 7684 x 10° psi (53000 MPa)
2(1 - vf — 2062)

Ky

Plang strain bulk modulus for isotropic matrix:

_ Em _ s
K,, = = 4938 x 10° psi (34100 MPa)
2(1 = vy = 20,,°)

Plang strain bulk modulus for the lamina, K7 = kggar:

Kn(Kf + G) X Vi + Kp(Kyy + Gp) X Vg )
= 1.028 x 10°psi (70 900 MPa)

kstar =

(Kf + Gu) X Vi + (Kyy + Gp) X Vj

K = 1.028 x 10° psi (70 900 MPa)

Younig’s modulus in the fiber direction:

4(l)f - l)m)2 XV, X Vf

— _ 6 .

Ey = Eyy X Vi + Ef X Vy + TR = 5.400 x 10° psi (37200 MPa)
Kf K, Gy,
Note|that E; is also referred to as E;; in laminate theory.
Poisdon’s ratio for load in the fiber directions:

(vf = vm)[é - KLf) X Vi X V¢

V12 = Uy X Vi + 0p X V¢ + = 0.28

Trangverse shear modulus;

Gyl (4B% — 44C)? + 2B

=)
IS
Il

= 3.943 X 10°psi (2720 MPa)
24

where
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A = 3Vpx V2% (y - 1)(y+ nf) + [(y) Xty + 51y = (y X 1, — nf) x Vf]
+ [}V % [Vialy = 1) = (¢ xn, + D]

B = 3V x VX (= Dy +ny) + Sy %+ = vy +1]
X [(nm - 1)(;/ + ’7f) - 2(;/ X1, — ’7f) X st}...

+% X (1, + D(r = 1)><[7+’7f+ <7X'7m_'7f)vf3]

C = 3VfXVm2><(}’_1)(7+’7f)+[7X’7m+(7_1)vf+1]x[7+’7f+<7X’7m_’1f>Vf3]
9
Gm
ng = 3 — 4vp = 2.120
or
G
= 1+2—f=2.120
Kf
Ny, = 3 —4u,

Transverse to the fiber direction Young’s modulus:

4K X G
Ey = — =2 — 1.122 x 10% psi (7740 MPa)
Ky + mGy
where
mo= 14 4I<TX1/122
£y
E; = 5400 x 16%psi (37200 MPa)
Vip = 0.28
In-plane ghear modulus:
v 5
Gi = Gy o= = 4.025 x 10° psi (2780 MPa)
+ "

G =Gy 26,
Poisson’s|ratios:

X —2 = 0.058
v = .
12 E

V21 =
1
Ey
1)23 = E—1=0.42

2

or

— Kstar = MGy = 042
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 G,3 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 arandom 1.5-0z/ft* (450-g/m?) chopped strand mat (CSM) material can be defined

as follows:
Reduced stiffness:

1 f% 1T
QCSM=;/0 T=lQr"do

Inverse transformation matrix:

m2 n2 2mn
T = n2 m2 —2mn

2 2
—mn mn m- —n

Trangpose of the inverse of the transformation matrix:

2 2
- m n —mn
T = n2 m2 mn
2mn —2mn m2 - n2

These matrix equations can be expanded to yield the following:

1 V3

Qicsm = ;[/O [qll x cos(0)* + 2(‘112 + 2q66) x sin(Q) X cos(0) + D X sin(9)4]d9]
1 T

Qacsm = ;[A [(qu + 4y — 4‘166) x sin(0)%X cos(0) + 4y X (sin(9)4 + coS(9)4)]d9]

b2 2
Qegcsy = %l fo [(qu + a4y, — 2afg) X sin(6)” X cos(6)” + qgg x (cos(0)” — sin(6)?) }d&}

wherje the stiffnesses of the CSM are as follows:

E
qll 1- U1y X U1
g = V1g X Ez
12 1 - U1y X Uy
Ey
922

_1—1)12Xl)21

66 = G2

These equations are integrated and reduce to the following:

3 1 1 3
Q11CSM—gxqu"'zx‘hz"'gxqéé"'gxqzz
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1 1 3
QuCSM—gxq11+_x‘122_gx‘166+zx‘112

8

1
— X

1 1 1
Q66CSM:gXCh1+8 o~ 7 X T2t 5 X es

4

By definition, the properties of an isotropic material (E, G, and v) are as follows:

E
Qicsm = 2

iting into the integrated equations produces the following:

Xi
1—1)12)(1)21

1
— - x ———=——— XX G+ =X
1—012)(1)21

1 1
—+—X———X—+—XG12
1—1)12X1)21 2

g A =1 - vy x Uy results in the following three equations:

vE
Qiacsm = 2

Qsscsm = G

vy X E 1 3 E
— 77 +—XG12+—X—2
4 1—1)12X1)21 2 8 1—1)12X1)21

E, | 3 via X By
8 1-1}12)(1)21 2 4 1-1)12)(1)21

E2 1 1)12E2
1—1)12X1)21 4 1—1)12X1)21

1 vy X E 1 E
LomXt Lo 322 1)
4 A 2
1 E 1 vy X E
—X—Z——XG12+§XM (2)
8 A 2 4 A
E 1 v X E 1
X—Z——X(M)+—XG12 (3)
A 4 A 2

(2) ds-for 1.5-0z/ft* (450-g/m?) chopped strand mat using the fiber and resin properties from para. M3-200.

n\(3), for G, is uncoupled from the first two equations. Solving for v and E completes the calculations.

_E1+E2—4G12XA+6X012XE2

3Ey + 3E] + 2013 X Ey + 4G12 X A

E_E22+2E2XE1+4E2XG12XA+E12+4E1XG12XA—41)122XE22+81)12XE2XG12XA
(3E2+3E1+2012XE2+4G12XA) X A
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M3-330 Micromechanics of Unidirectional Fiber Composites

The following example shows random reinforcement micromechanics calculations with weight reinforcement W =
0.09375 Ib/ft* (0.458 kg/m?).

(U.S. Customary Units)

Input and Preliminary Calculations for 1.5 oz/ft* CSM
Thickness: t = 0.043 in.

Specific gravity of resin: SG, = 1.296

Density of resin: p,, = SG, x 0.0361 Ib/in.> = 0.0468 Ib/in.?
Densfty of Tiber: p; = U.0943 16/,

Fiber| volume per unit area: vy = W o 0.9942 in.3/ft?

¥
Resir} volume per unit area: v, = 144t - vy = 5.198 in.3/ft?
[
Voluine fraction fiber: V= o 0.161
l)f + v,
Vf/)f

Weight fraction fiber: Wy = = 0.278

prf + (1 - Vf) X P
Densjty of composite: p. = p(1 = Vg + pV/y= 0.0545 Ib/in.?

Fiber|and Matrix Properties

VoluI:e fraction fiber: Vy = 0.161

Volume fraction matrix: V,, = 1 - V= 0.840
Modilus of matrix: E,, = 4.000 x 10° psi
Modglus of fiber: Er= 10.5 x 10° psi
Poisgon’s ratio of fiber: vy = 0.22

Poisdon’s ratio of matrix: v,, = 0.35

E
Sheaf modulus of matrix (assumed isotropic): G,, = —=7—— = 1.481 X 10%psi
204 1,

Ef

6 .
o7 = 4.303 X 10
2(1+ L/f) pst

Shear modulus of fiber (assumed isotropic): Gf =

(SI Upits)

Inpuf and Preliminary Calculations for, 450 g/m* CSM
Thickness: t = 1.09 mm

Specffic gravity of resin: SG, = 1,296

Densjty of resin: p,, = SG, x 1L000-= 1296 kg/m>
Densjty of fiber: ps= 2610 kg/m>

Fiber| volume per unit afea: vy = W = 1754 x 107 m?3/m?
¥
Resir} volume per unit-area: vy = t/1000 - vs = 9.169 x 107* m3/m?

Volumme fraction=fiber: Vf = =0.161

l)f + 0,
Vipp + (1= V) xp,,
Density of composite: p. = p(1 = Vy) + pp= 1507 kg/m>

= 0.278

Weight fraction fiber: Wy =

Fiber and Matrix Properties

Volume fraction fiber: V= 0.161

Volume fraction matrix: V,, = 1 - V= 0.840
Modulus of matrix: E,, = 2760 MPa
Modulus of fiber: Er= 72400 MPa

Poisson’s ratio of fiber: vy = 0.22

Poisson’s ratio of matrix: v,, = 0.35

E
Shear modulus of matrix (assumed isotropic): G,, = ———— = 1020 MPa
2(1+y,)
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E
Shear modulus of fiber (assumed isotropic): Gf = 2 L 29700 MPa

1+ l/f)
Micromechanics for a unidirectional composite based on the random reinforcement properties given above are as
follows:
Plane strain bulk modulus for isotropic fibers:

E
Ky = 7684 x 109psi (53000 MPa)
2(1 -y -2 2)
f f

Plane strain bulk modulus for isotropic matrix:

E
K, = m = 4.938 X 10°psi (3410 MPa)

m
2(1 = b = 24

Plane strain bulk modulus for the lamina:

Kn(Kf + G) X Vi + Kp(Kyy + G) X Vg S
= 6.048 X 10° psi (4170 MPa)

Kr = kgtar =
(Kf + G )Vin + (Ko + Go)Vy

Young’s thodulus in the fiber direction:
4(vf = Up)® X Vi X V§

V. V,
my Sy

1 = 2.023'X 10° psi (14000 MPa)
F7R Ao

E1=EmXVm+EfXVf+

Poisson’s|ratio for load in the fiber direction:

U12=UmXVm+I/fXVf+ =032

Transver$e shear modulus:

G| (487 — 44C)? + 2B

= 1.922 X 10°psi (1330 MPa)

D
N
I

2A

where
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A = 3VfVm2 X (y - 1)(7 + 'If) + [(7) X My + gy = (7 X 1, — 'If)Vf3]
X [anmx(}'— 1) = (rxmn,+ 1)]

B = 3V;X V2 x (y— 1)<y+17f) +%[y><11m+(y— 1) X Vi + 1]
X [(nm - 1)(;/ + ’7f> - z(y X1, — nf)xvf3]...

+ L X O+ DG = 0 x[r o+ (0 = 1)V

C = 3Vf><Vm2><(y—1)(y+r]f>+[y><r]m+(y—l)fo+1]x[y+71f+<er]m—nf)XVf
G,

.

o= 3= dvp = 2120

Gr
= 1+ 2— =2120

Ky
N, = 3 —4u,

tverse Young’'s modulus:

4K X G
, = —L 272 — 5663 x 10° psi{3900 MPa)

K + mGy

c

2
L 1+ ARy X vy~
E
= 2,023 X 10° psi (14000 MPa)
= 0.32

that E; is also referred to as E;; in laminate theory.
strain bulk modulus for the lamina:

kstar = Ky ™+ 1 V,,

+
Kf—Ky  Ky+ Gy

hne shear modulus:

G1=Gm+

Poisgon’s-ratios:
L ot — 1 1o 2 =000
E
E,
1)23 = — —1=047

2G,

or

— kstar — mGy = 047

kstar +mGy

Micromechanics of random composites that are isotropic in-plane for the CSM material are as follows:
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Young’s modulus:

E112 + 4E11 X G12 X A+ 2E11 X E22 + 81)12 X E22

2 2 2
XGip X A — 4vp” X E + 4Ey); X G X A+ E
F= 1 2~ 2 2 22— 1.025 x 10%psi (7070 MPa)
A(3E11 + 2019 X Eyy + 3E9y + 4Gy X A)

where
Enn = Ey
Eyp = Ep
G2 = 1
A = 1—U12XU21=0.97
In-plane $hear modulus:
E{1 — 2019 X E5y + E5y + 4G5 X A
G=_1_T127 70" 72 12 = 3.863 X 10°psi (2660 MPa)
8A
In-plane Poisson’s ratio:
_ Ei  + 61)12 X Eyy + E9y — 4G12 X A — 033
3Ej; + 2013 X Egp + 3By + 4Gy 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 us¢ of the CLT analysis equations do not require any sophisticated or complex mathematical calculations, biit the
enormityjofthe arithmetic for mostlaminates generally requires using a computer program for speed and accuracy. There
are a nurhber of commercial programs available.
Other vialid statements of lamination analysis may be used\in place of the equations herein, but it is the responsibility of
the Qualified Designer to show that they are mathematigally and physically consistent with the equations hergin.
The bafic constitutive equations for laminate theory are shown in the matrix below.
[ Ne| (A AL, As By B Big| [l
N 11 12 16 11 12 16 x0
Y A1 Ap Ae By Bay By €yo
Ny | 61 Ae2 Aes Bor B Bes | |Toyo
Mz Bi1 Bip Big D11 D1z Dig Kx
M, By1 Byy Bye D1 Dyp Dog Ky
My, | |Ber Bez Bss De1 Dea Des| | Ky |
Ny, N,, and N, are the force resultants [Ib/in. (N/mm)]. M, M,, and M,, are the moment resultants [in.-lb/in. (Njmm/
mm)]. &4 €,0, and g,,4 are the midplane strains, and k,, k,, and x,, are the curvatures.
Explicit expansion-of the above matrix:
- Ny q >A11 X &, + Ajp X Eyo + A X J/xyo + Bj; X K, + By X K'y + B16 X ny—
Ny Ay X &y + App X Eyo + Ay X ]/xyo + By Xk, + By X Ky + Byg X ny
Ny AL X Exg T AG2 X Tyo T 766 X Tyyg T D61 X Kx T D62 X Ky T Dg6 X Kyy
Mx - Bllxgxo + Blzx.eyo + Bléxyxyo + DIIXKx + D12XKy + D16Xny
My B21 X & + 322 X Syo + B26 X }/xyo + D21 X K, + D22 X K)’ + D26 X ny
7Mx)’_ Bg1 X &, + Bgy X €y + Bgg X Tayo + Dg1 Xk, + Dgy X Ky + Dgg X Ky
where
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n

Aj= ) [Qbarijk[(hk) - (hk—1)]]
k=1

B = %él [Qbarijk[(hk)z - (hk_l)z]]

The Qbar equations are as follows:

= sine of the ang]p between material and structural axes per F'ignrp M3-4

n

by = ékz [Qbarijk[(hk)3 - (’“k—l)sﬂ

=1

the vectorial distance from the geometric reference midplane of the laminate (defined-as z = 0) to
surface of the nth lamina. The neutral axes in the x and y directions may be different from the

the upper
nidplane,

depending on the laminate sequence. Any dimension below the midplane is négative, and any dimension

above the midplane is positive. hy is then the distance from the midplane to’the bottom of the
and is negative (see Figure M3-3).

1,2,6

total number of plies

4 4 2 2
Qbarj; = QX m' 4+ Qpy X 1" + 2(Qp+2Qg) X m” X 1
_ 4 4 2, 2
Qbaryy = Q) X 1" 4+ Qyy X m, +(Qy + 2Qgg) X 2m” X n
_ 2. 2 4 4
Qbaryy = (Qqy + Q352 4Qgq) X m* X 1 + Quy(m* + n*)
_ 3 3 2 2
Qbarjg = —m Xu® X Qyy + m” X n X Qp; — mn(m —n )(2Q66 + le)

Qbarsg="m X > X Qpp — m> X n X Qy, + mn(m2 - n2) X (2Qg6 + Qpp)

2
Qbargg = (Q; + Qyy — 2Q;,) X m® x n® + Qéé(m2 - n2)

cosine

laminate

Qss =
A =

(4P XE2 DZIXEI

T Q= =

A A

1 - vq2 x Upg

Ei, E3, G12, and Gy, are from test data or the micromechanics calculations performed above in para. M3-300.
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Typically, the force and moment resultants are known, and it is necessary to invert the 6 x 6 ABD matrix in the
matrix to solve for the midplane strains and curvatures.
The compliance equations are shown in the matrix below.

[exo] |S11 S12 S13 Si4 S1s Sie Ny
€yo S21 S22 23 Sa4 Sz Sy Ny
Tyo| _|S31 S32 S33 S34 S3s Sse| | M
Ky Sa1 Saz Saz Saa Sas Sue M,
Ky Ss1 Ss2 Ss3 Ssa Sss Sse M,
[T [Se1 Se2 563 S64 S65 Se6] | My

The miglplane strains and curvatures are then used to calculate stresses and strains in the structural directions foy
lamina.

first

each

The strpin vector with the midplane strains and curvatures and the ABD matrix have been calculated; thus, the leftfhand

side of the first matrix is determined, and the stress strain equations for a laminate are as follows:

Ex Exo K | [ O Qbary; Qbarpy Qbarg €x
Ey|=|%0|+2 % | |%| =|Qbarj; Qbaryy Qbaryg| X |&
Yay Yxyo K| [%],  |Qbarg Qbarys Qbargs L Ly

Transformhation of the material strains to the structural strains:

£ e
ex rn2 n2 —2mn 51
B I ) 2 2
1 n” m 2mn 1
2 xy mn —mn m* — n> 27/6_
Transformpation of the structural strains to the material strains:
e e ]
81 m2 n2 2mn Sx
21| 2 2 y
1 n m —2mn ||
75},6 Fn mn mE — n? zyxy
Transformpation of the structural stresses to thé material stresses:
o1 m*  n? 2mn Ox
— (o}
2= m® —2mn y
o, o,
76 —mn 2mn m2 - nz_ s
Transformhation of the material stresses to the structural stresses:
[ Ox m>  n* 2mn o]
o, | _
Y =1 w2 m®  —2mn |02
Oxy 2 2%
L —mn 2mn m- —n

NOTE: The engineering shear strain, v,,, is not a tensorial quantity as it doesn’t rotate per the transformation equations. The ten
1
shear stralT 15 defied a5 €,= 75V, 11€ Shear SIresses a0 rans{orT a5 tensoral quantites.

Effective material properties in the structural axes are calculated from the following:

2
oL _AuXdy—4p
X thll tXA22
1 Ay X Ayy — Apy 2
B — _ A X4y —Ap
Y tXSzz tXAll
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1 Ags

G = -
A tXS33 t

oo = 512 _ A
oy = =
N A

wherethe Q.',' termsare fromthe rnmplinnr‘p matrix the A.‘,‘ termsare from the stiffnessmatrix and tisthe totalthickness of

the 14

NOTH
bendif
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IOO THE QUADRATIC INTERACTION CRITERION

Tsai-Wu version of stress ratios are, calculated using the quadratic interaction equation shown below.

iminate.

: These are only valid for balanced and symmetric laminates; all the B;; terms are 0, and there is no coupling &f‘exter
hg loads.

10 Notation and Equations

beneral, a plate lamina has five independent uniaxial ultimate strengths: tensile-ahd compressive streng
ipal direction of greater strength, tensile and compressive strengths in the diréction of lesser strength,

oth with respect to a pure shear stress in the principal directions. Type I laminates are treated as isotropic
irection can be considered as a principal direction. In Type II, laminates are modeled as two orthog
" Type X laminates, the principal direction of greater strength is aligned with continuous roving, and the
tion of lesser strength is perpendicular to the roving. Further, the five strength values may be unequal. The
hction criterion defines the interactions between the five strengths'in cases when more than one componen
plied to the lamina, and it defines allowable stress statesin terms of the strengths.

e criteria in para. 3B-500 are applied to each lamina separately, and if one or more lamina fail the cr]
sponding load on the vessel is not allowed. The predictign of resin failure does not constitute failure as the|
verse fibers in that load direction to protect in any further deformation. Advanced techniques, such as py
e analyses, are allowed if performed by the Qualified Designer with the caveat that any resin failure in the
er may likely lead to premature failure of the\wvessel.

p strength ratio is the ratio of the stress capacity to a calculated stress for a particular layer. The allowa
b are given in para. 3B-500. This strength theory defines a failure envelope for combined stresses acting con

2
RY(Eey X 0% + 2By X0, X 0, + By X 0%y + By X ) + R(E X 0 + Fyx ) =1 =0

e strength ratio for each lamina is then given by the following:

_ —H+VH* +4G

R =
2G

[¢)

B 2 2 2
F Fox x 620+ 2F,, x 0 X 0, + F), x 07, + Fgg x 07

Fy xox+ F, x o,

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.

Th

p strength coefficients are calculated based on the tested strengths of each lamina or the strain limits giv]

en below:

1
2
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1
XXX,
1
Fy == B X By
11
F,=— — —
Y IC
1
F. =
P yxy,

NOTE: Th¢ F,, term is a biaxial term and is assumed to be equal to the equation given above.

where

e ultimate in-plane shear strength

e ultimate tensile strength in the fiber direction

e ultimate compressive strength in the fiber direction

e ultimate tensile strength transverse to the fiber direction

e ultimate compressive strength transverse to the fiber direction

~ &% e
I
~+ =+ =+ =+ =+

Thelaypr strengths may be determined from test data for each lamina‘ermay be calculated from the strain limits below.

S = €xy X Gy,
X =¢6y XE,
K. = € X E,
Y=ey xE,
YC=€yC><Ey

where E,|in the fiber difgction, E, transverse to the fiber direction, and G,, in-plane are the elastic moduli thgt are
determingd by testinglorithe micromechanics equations in para. M3-300. It is assumed that the tensile and comprgssive
moduli afe equal,

The allpwable'strain limits can be measured from testing, or the following strain limits may be used (thesg are
unchangdd from ASME RTP-1-2007):

tayerType RamrdonrFiber Orfemted-Fiber
e 0.0150 0.0200
Exe 0.0200 0.0120
£y 0.0150 0.0015
Eye 0.0200 0.0080
£y 0.0268 0.0268

Caution should be used where the resin strain-to-failure properties at the worst-case design temperature are less than
the strains listed above.
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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:
REX Fy X 6% + RXE, X 0, — 1 =0
Matrix failure:
R*(E,, X 0y* + EgX 0>) + RX F, X 0, = 1 =0

This is referred to in the literature as the Hahn, Erikson, and Tsai failure theory.

strengths

M3-5%20 Calculation of Layer Strains and Stresses

ThE stresses and strains are calculated per the procedures in para. M3-400.

M3-530 Calculation of Strength Ratios

ThE strength ratio, which is the ratio of the stress capacity of a single layer relative to the stress generated by §
loadihg condition, is calculated using the stresses from para. M3-400 and the appropriate quadratic interaction
in para. M3-510.

M3-600 DESIGN EXAMPLE CALCULATIONS

Tolillustrate the CLT method, assume a cylinder laminate construction of VMM\(+54 deg); MRM. The layer of]
veil, ¥, is 0.11-0z/ft? (34-g/m?) glass fiber veil 0.013 in. (0.33 mm) thick, andthe mat layers, M, are 1.5-o0z/ft* (4

napplied
equation

surfacing
50-g/m?)

chopped strand mat 0.043 in. (1.09 mm) thick. The filament wound layers\(£54)3 consist of three wind pattern closures

with p wind angle of 54 deg relative to the mandrel axis, using 225-yard,/1b.(2 200-Tex) roving and with aroving
8 strgnds per inch (3.1 strands per centimeter) of band width with a total thickness of 0.127 in. (3.23 mm) [0.02
mm) per ply or 0.042 in. (1.08 mm) per layer or cover]. The woven¥ovinglayer, R, consists of 24-0z/yd? (810-g/
with p 5 x 4 weave style, with the warp fibers [5 rovings per in¢h'(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 adénsity, 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 temperatute is 400,000 psi (2 760 MPa), and the resin Poisson’s raf
The fotal thickness of the laminate is 0.351 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 cylinder radius'to the cylinder thickness is sufficiently large that membrane theory is 3
This fis typically given as R/t > 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 calculated about the midthickness 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 dehave linearly elastically.

(e)] In general, this lay-up and properties cannot be used for evaluating any local loads on the cylinder, su
suppprts or platform clips.

ThE followingloads can be applied to the cylinder and converted to membrane loads for a cylinder of radius R;
the axial(direction, and 6 refers to the hoop direction:
Membpraite Cylinder Loads

spacing of
1in. (0.53
?) fabric
ction, and
f0.039 in.
modulus

m®). The
io is 0.35.

pplicable.

not affect

th as pipe

V. refers to

= 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, 1b (N)

Ty = torque, in.-lb (N-mm)

T T >
11
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Table M3-1 Properties for Materials in the Design Example

Ply Number Thickness a,
Material Eqq E», G2 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 3.532 x 10° psi  7.476 x 10° psi ~ 2.688 x 10° psi  0.30 0.022 in. 1 0.022 in. 0
Filament woumnd 5398 % 103t 22X 10° st 77025 X 10~ 3t 028 0021 1m. 9] 01271 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 4 437 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 mm).
Equivalerft Membrane Loads Applied to the Laminate
Axial loaq, Ib/in. (N/mm):
PR A M
NZ=—+ —+ — (1)
2 2nR 7K
Hoop loafl, Ib/in. (N/mm):
NT = PR%~HR (2
In-plane $hear load, lb/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 corresponding tensile modulus in the x and y directions, in-plane shear modulus, and Poisson’s rati¢gs are
obtained from the appropriate equationsin paras. M3-310 and M3-320 for all the layers in the laminate. This results n the
properties for each of the materials)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)
5076 X 10° 2425 X 105 0.000
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 10> 0.000 |N/mm
0.000 0000  4.496 x 10*

where the determinant 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 % 107° —8.689 x 1077 0.000
~8.689 % 1077 1.819 x 107° 0.000 |in./Ib
0.000 0.000 3.896 x 10~°
(SI Upits)
1362 X 107> —4.962 x 10~° 0.000
—4962 x 107°  1.039 x 107° 0000 |mm/N
0.000 0.000 2225 x 1073

ThE effective mechanical and physical properties for use in Subpart 3A design are as, follows:

M3-620 Advanced Design Example Calculations

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° pst 5040 MPa
v-0Z 0.48 0.48
v-Z26 0.36 0.36
Values
Effective Physical U.S. Customary SI Units
Properties Units
Density 0.0608 Ib/in.? 1683 kg/m?
Glass volume fraetion 0.294 0.294
Glass weight fraction 0.456 0.456

Thjs CLT calculation includes-the effects of the unbalanced laminate sequence. The hoop and axial extensiorjal moduli
are iffluenced by the couplingeffects in the B;; matrix. The hoop and axial moduli in flexure are based on bendingabout the

neutral axes in the x (axial) and y (hoop) directions.

Th reductions of Several or more plies to three plies that represents the actual in-plane and bending responsgs can also

be rdferred to as 'smeared properties or “macros.”

The wovensoving layer is modeled as three unidirectional layers oriented at 0 deg and 90 deg. The thicknegs of these
layerg is propertioned with respect to the weave style (5/9 for axial and 4/9 for hoop). However, the distance  between

the reference plane and the centroid of this layer is taken to the center of the total layer to prevent an

u;rbalanced

calcullation of the flexural properties. The neutral axes in bending in the x and y directions are equal for this macro.

Paragraph M3-640 demonstrates the macro formulation.
The filament wound layers are also input into the CLT equations as a balanced and symmetric laminate with three

layers, and the resultant effective properties are then used in the subsequent CLT analysis as these layers with the

calculated “smeared” properties. The neutral axes in bending in the x and y directions are equal for this macro.
The lamina input (developed from 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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Table M3-2 Lamina Input for CLT Calculations

Thickness, t

Material E, E, Viz G2 [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 weouwnd—roving 5400 x 10° psi 1122 « 10° psi 0.28 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* mat 1.025 x 10° psi 1.025 x 10° psi 0.33 3.863 x 10° psi 0.043 in. Raridont
24-0z/yd? foven 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 inf 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? Inat 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? fnat 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? fat 7070 MPa 7070 MRa 0.33 2660 MPa 1.09 mm Random

NOTE: (1) |Total thickness for all layers in the design exaniple laminate = 0.351 in. (8.92 mm).
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The following are the classical laminate theory calculations for the ABD matrices from para. M3-400:

(U.S. Customary Units)

Midsur-
face
Mechanical ABD, lb/in,, b, in.-lb Strain Thermal Moisture
N, = 5076 x10° 2425x 10° 0.000 -5.720 x 10®* 1.810 x 10®*  0.000 X &, ~— Ny Ny
N, =  2425x10° 6657 x10°  0.000 1.810 x 10°  -2.079 x 10* 0.000 x g, - Ny - N
Ny, [= 0000 0.000 2567 x 100 0.000 0.000 T77T x 100 X V9o - Not|] - Ngm
M, = -5.720 x 10®> 1.810 x 10>  0.000 4658 x 10> 1.399 x 10°  91.10 x ke - (Mg| - Mg
M, [ = 1810x10° -2.079x10® 0.000 1.399 x 10°  4.744 x 10° 1736 x K, AVYOM] - M,
My, | =  0.000 0.000 1.771 x 10*  91.10 173.6 1461 x 10> x Ky N = Mgl - Mym
Midplane
Straip and
Curviture ABD Inverse, (Ib/in.)™%, Ib™%, (in.-Ib)~* Mechanical Thermal Moisture
Exo = 2464 x 107 -9.169 x 1077 -3.217 x 107*° 4.153 x 10™® -2.568 x 10™® 4.6627%)107° x Ny + Nk + Ny
& | = -9169x1077 1.849 x 107® 5.041 x 107'°-2.405 x 10°® 1.872 x 10° -7307 x 10°®* x N, + e+ Ny
Yivo = -3217 x 107'° 5.041 x 107 3.929 x 107® 4.421 x 107® 1.624 x 1077 “4.784 x 10® x Ny, + N}, + Ngnm
Ky = 4.153 x 107 -2.405 x 107 4421 x 10® 2431 x 107 -7.409 x/20,% -6.408 x 10°° x M, + M, + Mgy,
K, = -2568x107° 1.872x 107° 1.624 x 1077 -7.409 x 10° 2.35F¥ 107 -2.354x10° x M, + M, + M,
Ky | = 4662 x107° -7.307 x 10° -4.784 x 10™® -6.408 x 107® -2.352x 107° 6.935x 10" x M, + My, + My,
(51 Units)
Midsurface
Mechhnical ABD, N/mm, N, N\mm Strain Thernmpal Moisture
N, = 8.889 x 10*  4.247 x 10*  0.000 =2.544 x 10*  8.051 x 10®*  0.000 x &0 - MNMe - Ngn
N, = 4247 x 10* 1166 x 10°  0.000 8.051 x 10° -9.248 x 10°  0.000 X g, - ¢ = Ny
Ny | = 0.000 0.000 4496 %10  0.000 0.000 7878 x 10°  x  yyo - N - 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«k - My - Mgy
M, = 8.051 x 10° -9.248 x 10° 10.000 1.581 x 10° 5360 x 10° 1.961 x 10*  x K, - M, - My
My | = 0.000 0.000 7.878 x 10°  1.029 x 10* 1961 x 10* 1.651x 10° x kg, - M, - My,
Midplane
Straih and
Curviature ABD Inverse, (N/mm)~%, N™%, (N-mm)~* Mechanical Thermal Moisture
£x0 = 1.407 x10=5 -5.236 x 107° -1.837 x 10™° 9.336 x 1077 5773 x 1077 1.048 x 10° N, + Ny + Ny,
&0 | = -5236xJ10° 1.056x 107 2.878 x 107 -5.407 x 1077 4208 x 1077 -1.643x10° x N, + e+ Ny
Yo = 2837 x107° 2878 x107° 2244 x10™° 9939 x 10™° 3.651 x 10™® -1.075 x 10™® Ny + N, + Ny,
Ky = 9.336 x 1077 -5.407 x 1077 9.939 x 10™° 2.152 x 10™® -6.558 x 1077 -5.672 x 107° x M, + My, + Mgy,
K, =7)-5.773 x 1077 4208 x 1077 3.651 x 107® -6.558 x 1077 2.083 x 10 -2.083x 1077 x M, + M, + M,
Ky = 1.048 x 1078 —1.643 x 107® -1.075 x 107° -5672 x 1078 -2.083 x 1077 6138 x 107% x M + My, + Myn
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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.,, 1b, in.-1b

5.076 x 10° 2.425 x 10° 0.000 0.000 4.542 x 10° 0.000

S 25— 6765702 8:000 45—t S0~ 8:000
0.000 0.000 2.567 x 10° 0.000 0.000 4.665 x 10°
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 103 4.781 x 10° 173.6
0.000 0.000 4.664 x 10° 91.10 173.6 1.533,%)10°

(S1 Units)

ABD, N/mm, N, N-mm

8.889 x 10* 4247 x 10* 0.000 0.000 2.020 % 10* 0.000

4.247 x 10* 1.166 x 10° 0.000 2.020 x 10* 2411 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* 2.411 x 10* 0.000 1.661 x 10° 5.402 x 10° 1.961 x 10*
0.000 0.000 2.075 x 10* 1.029 x.10* 1.961 x 10* 1.732 x 10°

ABD Matfix From Bending y Worksheet

(U.S. Custpmary 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 10° 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 103
-2937 x 103 2.372 x 103 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°

(51 Units)

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
3646 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 x 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:

wher
(a)
N, py
(b
N, py
(c)
NOTH
(1)

deter
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630 Stresses, Strains, and Strength Ratios Example

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
Vyy, flexural 0.30 0.30
vyx flexural 0.31 0.31
D, flexural 4.550 x 103 Ib-in. 5.141 x 10° N-mm
D, flexural 4.701 x 10> Ib-in. 5311 x 10° N-mm

5.723 x 107 N-mm
7.472 x 107 N-mm

5.065 x 10° Ib-in.
6.613 x 10° Ib-in.

E, extensional

E,, extensional

Midthickness 0.176 in. 4.47 mm
Neutral axis x 0.164 in. 4.17 mm
Neutral axis y 0.172 in. 4.37 mm

e the following assumptions have been made:
Extension E, and v,, and flexural E, and v, are calculated based.on the neutral x axis, such that an extens|
oduces no curvature in the x direction, and an M, bendingload produces no x-direction extension.
Extensional E, and v, and flexural E, and v, are calculated based on the neutral y axis, such that an extens
oduces no curvature in the y direction, and an M, bending load produces no y-direction extension.
In-plane G,, is assumed to be the average of the Gy calculated using the x and y neutral axes.
S:
These are one-dimensional values, and the full ABD matrix needs to be used for laminates that have B;; terms
mine the actual response of the laminate because of the additional coupling terms.
These predicted material properties using thé advanced CLT are within a few percent of those calculated using the
L example in para. M3-610 for the E, (E;) and E, (Ey) values.

ng the simplified design calculation example in para. M3-610 and assuming a biaxial pressure of 10.0 ps
MPa) and an inside diameter of 120 in. (3050 mm), the stresses, strains, and strength ratios are calculate
hown Table M3-3.
omparison of the €alculated R values shows that there is close agreement between the four strength

M3-

Repin crazing\is allowed in the laminate, except for the liner materials. Filament wound, unidirectional, a
rovirlg matetials can produce an artificially low R value due to loads transverse to the fiber directions. T
trangverseto the fiber direction may be protected due to the adjacent transverse fibers. The strength of
is nof cempromised, provided there is no fiber failure.

40 Macro or 'Smeared Property Formulation

jonal load

ional load

present to

simplified

ig (6.89 x
d; results

theories.

hd woven
hen, load

tihe macro

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 E3», psi Vi G2, psi t, in. psi psi psi psi psi

24-0z/yd? woven 2345 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,
Laypr Ei1, MPa E5,, MPa Viz G2, MPa t, mm MPa MPa MPa MPa MPa

810-g/m? Woven 16200 14000 0.11 1870 0.99 3234 167.6 279.4 111.8 50.15

roving, smeared

The eff¢ct of this formulation is similar to a progressive failure analysis where the transverse properties are assunjed to
be diminifhed in the original model. This is a conservative approach, as there may be no resin crazingfor the design loads.

This af

proach also applies to unidirectional axial plies with hoop winds.

116


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

Table M3-3 Strains, Stresses, and Strength Ratios

1.5-02/ft2 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 107™* 1.90 x 107* 1.90 x 107™* 1.90 x 107*
£ 830 x 107* 8.30 x 107* 8.30 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 8.30 x 107™* 8.30 x 107* 8.30 x 107™* 8.30 x 107* 4.10 x A0
£ 0.00 0.00 0.00 0.00 6.10x 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)
o 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) 8912 (6.145) 3,483 (24.01)
a, 557.0 (3.840) 1,026 (7.074) 346.1 (2.386) 678.0 (4.675) 665.4 (4.588)
Oy 0.000 0.000 0.000 0.000 243.6 (1.680)
Strength Calculations
X7, psi (MPa) 8,238 (56.80) 15,380 (106.0) 72,860 (502:4) 70,650 (487.1) 108,000 (744.6)
X;, psj (MPa) 10,980 (75.70) 20,510 (141.3) 43,710(301.4) 42,390 (292.3) 64,800 (446.8)
Yr, psi (MPa) 8,238 (56.80) 15,380 (106.0) 1,146°(7.901) 1,121 (7.730) 1,682 (11.60)
Yc psj (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 107 (7.024 x 107%) (3.006 x 107
Fy, 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 1073) (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 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%) (2358 x 1073) (1.028 x 107H) (1.051 x 107H) (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 107" 4.829 x 107" 2.998 x 107"
Strength Ratios
R, Compcyt 15.3 15.5 3.77 1.69 2.73
R,Ad anced CLT 14 6 149 369 174 272
R, Trilam 16.7 16.0 4.04 1.73 2.85
R fiber 27.8 28.8 233 79.3 31.0
R matrix 14.8 15.0 3.31 1.65 2.52
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MANDATORY APPENDIX M-4
QUALITY CONTROL PROGRAM

M4-100 |GENERAL

(a) The Fabricator shall have and maintain a Quality
Control Program that will ensure that all of the require-
ments of|this Standard and any other applicable docu-
ments, ag 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
Fabricatgr’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 necessary
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

, inspection, and quality control is required to
actual organization. This Standard does not

M4-300 DOCUMENTATION

(a) The Quality Control Program shall(ineludg 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 fabrication, inspection, and tepting.

(c) Records shall bewretained 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 tha will
become part of the finished vessel.

(b) in-process inspection of resin mixing, raw material
dispersion, component fabrication, and assembly proce-
dures, including verification of reinforcing 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. 1-400, 1-430, 1-440, and 6-300. Typical inspgction
events are given in Forms 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 o be
recorded shall be date of correction, specific locption
on the vessel, description of nonconformity or impé¢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. 8-850.

An example of a Fabricator’s Quality Control Program is
included in Nonmandatory Appendix NM-6.
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MANDATORY APPENDIX M-5
QUALIFICATION OF LAMINATORS AND SECONDARY BONDERS

M5-100
(a) Th

GENERAL REQUIREMENTS

s 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 Secondary 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 and 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 of/precurement or
inspection.

M5-200

It is th
qualify Lz

RESPONSIBILITY

e responsibility of\the Fabricator to train and
Jminators and Seécondary Bonders.

M5-300
(a) La

time a F3

QUALIFICATION OF LAMINATORS

minators may qualify their capabilities at the
bricator produces a demonstration laminate

(d) Laminators shall be requalified if inactive [for 6
months.

(e) The Certified Individual may require requalifiq
of a Laminator at any time if there is cause te questig
Laminator’s ability to produce laminates in accord

with the requirements of this Stafhdatd.

ation
n the
lance

M5-400 QUALIFICATION.OF SECONDARY
BONDERS

(a) Secondary Bonders must qualify their capab
in accordance with the procedures describg
paras. M5-410-through M5-440.

(b) 1t is the<responsibility of the Fabricator’'s Q
Control Manager to

(1), ensure compliance with procedures as ouf
for the preparation and machining of test samples

(2) make or supervise the making of circumfe
measurements.

(3) make, sign, and date a Secondary Bonder Quali-
fication Report; see Form M5-2. Attached to the Seconpdary
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.

lities
d in

hality
lined

fence

M5-410 Making Pipe Test Pieces

(a) Three pipe test pieces shall be made by a qua
Laminator utilizing brightly pigmented polyester or
ester resin.

(b) The resin must be one that the Fabricator has
ified through the production of a demonstration lam

(c) Refer to Figure M5-1 for dimensions of pip
pieces.

(d) The Laminator shall apply a nonpigmented,

lified
vinyl
qual-

nate.
b test

araf-

for the p

(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.

£ al 1.6 des
I'pusStT UL S1TUP Yyudllitdtiull.
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finated top coat to the pipe exterior.

(e) After lamination, application of paraffinated top
coat, and cure, the pipe test pieces must be aged at
70°F (21°C) to 80°F (27°C) for at least 72 hr before
the Secondary Bonder may begin to make overlays.
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Form M5-1 Laminator Qualification Report

Data by Fabricator:

Fabricator Laminator

Address Last qualification date

Lamination date

Quality Control Manager

Fdbrication process Resin type

—

minate type Catalyst type

Dpta by Test Laboratory:

Tdst laboratory Test report no.
Ldb technician Testing date
Specimen Specimen Specimen
Number Thickness Width Test Speed Peak Load Sx Sy, Ex E,
1
2
3
4
5
Average
Type Il laminates require properties in the warp direction only.

Tdst laboratory representative Date

(signature)

[x)

rtification:

—

e Laminator whose name appears above is qualified under the provisions of ASME RTP-1, Part 7 and Mandatory Appendix M-5.

Q}uality Control Managetk Date

(signature)

Ldminator Date

(signature)

GENERAL)NOTES:

(@ This form may be reproduced and used without written permission from ASME if used for purposes other than republicafi

(b)Attach copies of Form NMé&-2 (Component Data Sheef) and [aboratory 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
Quality qontrol Manager Test laboratory

Qualified Laminator

Pipe fabfication date

Data by fabricator:

Lab technician

Testing date

Pipe Circumferences

Sgecimen Number C, G, C,
He = Lo = Dg
P L .
Sy = —— [minimium allowable = 2,000 psi (13.8 MPa)]
CG Hﬂ
Data by [est Laboratory:
Test labdratory representative Date
(signature)
Shear Collar Height Relief Bore Depth Shear Shear
Spedimen Height | Peak Load | Strength
Numpber Ly L, Ls L, D, D, Dy D, Hq P Sh
The following certify that they have.executed their responsibilities and tests in accordance with the requirements of ASME RTP-1,

para. M§-400:

Secondafy Bonder

Date

Quality qontrol Manager

(signature)

Date

Secondal'y Bonder

[ is qualified

(signature)

[ 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 Form NM6-2 (Component Data Sheet) to this Secondary Bonder Qualification Report. One Component Sheet is
to apply to the pipe test piece per Figure M5-1; the other is to apply to the overlay per Figure M5-2. Identify each Component Data

Sheet accordingly.
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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 1Y, in.

(25 mm to 32 mm) Measurement locations
(typical) | |
Approx. 3/, in. Approx. 3/, in.
(19 mm) (19 mm)
/l
\

I.D. 3'in..x 1/54
(76.mm £ 0.4p mm)

=]

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

Secondary 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 4-320(d)]
———— 9in. £ Ygin. ———— >
(230 mm = 3 mm)
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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.

(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

M5-440 Testing Secondary Bond Test Specimens
and Calculating Secondary Bond Shear
Strength

(a) When machining is complete, five secondary bond
test specimens must be tested by an independent testing
laboratory.

(b) Prior to testing, the average engagement height of
the shear collar must be determined for each secondary

chnacinan

(c) Aftpr preparation for overlay, the circumference of
the area to be overlayed shall be measured using a metal
tape measure at the points indicated in Figure M5-1. This
must be done for each of the three pipe test pieces to be
overlayed. Measurements must be made in accordance
with parg. M5-400(b)(2). Measurement accuracy shall
be +Y¢ ih. (#1.5 mm) and rounded to the nearest Yie
in. (1.5 njm).

(d) Fof each of three pipe test pieces, the two circum-
ference nleasurements shall be recorded in the Secondary
Bonder Qualification Report. When recording measure-
ments, eypress the values as the decimal equivalents of
the measjurements taken. Calculate the average of the
two circymference measurements and round it off to
the neargst hundredth of an inch (0.2 millimeter); this
value is [,. The value of C, shall be recorded in the
report aiid also marked in “-in. to %,-in. (13-mm to
19-mm) fize numerals, with a black indelible marker,
ateachend ofapipe testpiece. See Figure M5-1 for approx-
imate locptions where the average circumference value,
C, is to Be marked on each pipe test piece.

(e) Th¢ Secondary Bonder shall then overlay the three
pipe test pieces, following instructions in paras,4-320(b)
through $#-320(d), so as to make secondary bond test
assemblipes as shown in Figure M5-2. Nonpigmented
resin is tp be used.

M5-430 [Making and Measuring Secondary Bond

Test Specimens

(a) After the overlay is cured, and cure is verified per
the instryctions in para(6-910, machine the secondary
bond test|assemblies.to make secondary bond test speci-
mens in 3ccordanee with Figure M5-3.

(b) Eath secondary bond test assembly makes two
secondary bofid test specimens when cut on the centerline
of the overlay.

DOTHE—cEST5peet:

(c) Measurements and calculations to determin
average engagement height of the shear collar imu
done at the independent testing laboratory, wher
test specimens are to be tested.

(d) To determine the average engagement heigh
for each test specimen, proceed asS.follows:

(1) Refer to Figure M5-3.

(2) Using a vernier caliper, make three mea
ments of the shear collak-height, L, at approxim
120-deg intervals and record the measurements i
Secondary Bonder Qualification Report. The avera
the three measuréments, L, shall be calculated
value shall be-teunded off to the nearest hundred
an inch (0.2 millimeter), recorded in the reportj and
also marked on each test specimen in approximiately
the area shown in Figure M5-3. Refer to para.
M5:420(d) for marking requirements. Measurementpccu-
racy shall be +0.010 in. (0.25 mm).

(3) Using a vernier caliper with a depth slide,
three measurements of the relief bore depth, D, at apy
mately 120-deg intervals. Follow the same general p
dures as in (2) for recording measurements; aver
and rounding data to arrive at the average relief
depth, D,; and marking the specimen. Measurement
racy shall be #0.010 in. (0.25 mm).

(4) Calculate the engagement height, H,, for eac
specimen as follows:

e the
st be
e the

t’ Ha!

sure-
ately
h the
ge of
; the
th of

make
roxi-
roce-
hging
bore
Accu-

h test
H,=L,- D,

Record the values of H, in the Secondary Bonder
fication Report and mark them on the test specime
accordance with previous instructions. Testing of s
mens may now commence.

(e) Specimens must be tested in compression in
oratory testing machine such that the secondary
area under the shear collar fails in shear. The cross

Duali-
ns in
peci-

h lab-
bond
head

(c) A minimum of five secondary bond test specimens
are required to be made for testing.

(d) Machining operations may be done by the Fabri-
cator, at another firm or location, or at an independent
testing laboratory.

126

speed strattbe 005/ it 13T/ T
(f) Peak load, P, is to be recorded for each specimen,
rounded off to the nearest 200 Ib (890 N).
(g) Secondary bond shear strength, Sg, is to be calcu-
lated for each test specimen as follows:

_r lb/in.z(MPa)
C, X H

a a

Sg =

where
C, = average circumference of test specimen, in. (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~

-

GENE

NOTE}:

(1) L
(2) P

plunge cut
[see Note (2)]

| I

1 T |

| Cy= ———-1

| |

Approximate location and [ I

aonoral arrancerment forall | a |

J ~ . I

measurement markings to be | D - |

placed on each test specimen : a= 8,

|

8in.to9in. 4 |
(200 mm to 230 mm) :
1/8 in. to 3/15in. I :

(3 mm to 4.5 mm) |

|

|

|

|

I

|

11l ==
7 b T EN

in. (25 mm) min:
11/46in. (26.5 mm)

Relief bore D [see Note (3)] L > A

[see Note (4)]

max. Split Shear Collar and Pipe
Shear collar
1fg in. (3 mm) max.———|
Section A-A 1/32in. (0.80 mm) min.

[see Note (5)]

RAL NOTE: v indi€ates machine lathe finish.

ck of parallelism may reduce test values.
unge cutwith squared nose parting tool to depth sufficient to expose pigmented laminate a full 360 deg and over total surface

(3) M

chine away internal surface of shear collar to be outboard of pipe external surface 7, in. (2.5 mm) minimum, a fu
4 hi i 1 surf: f sh 11 b board of pi 1 surface %, in. (2.5 ini full 36

aching back pipe Y, in. (6 mm) minimum, % in. (8 mm) maximum.

root of slot.

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, = average engagement height, in. (mm)
P = peak load at failure, 1b (N)
(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

bond shear strength 0f2,000 psi (13.8 MPa), a complete lot
of six new samples must be made and five of these tested,
so that all five retest samples achieve 2,000 psi (13.8 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

(a) Thesecondary bond shear strength of all specimens
tested myist be greater than or equal to 2,000 psi (13.8
MPa). Shduld any sample tested fail to achieve a secondary

1 L 1 0l 1 . A
DUIIUS TIT dLTUTULIITE WILIT UIT TEYUITTIITIILS UT UIIS Stan-

dard.
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MANDATORY APPENDIX M-6
DEMONSTRATION VESSEL

M6-100 GENERAL

Fapricators shall design, fabricate, and satisfactorily
test p demonstration vessel in accordance with the
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,
quallfy demonstration laminates, establish design
valugs from design basis laminates, qualify Laminators
and $econdary Bonders, and fabricate under effective
overyiew of the Fabricator’s Quality Control Program,
all in|full accordance with the requirements of this Stan-
dard

No| Fabricator shall claim qualification to fabricate to
this $tandard until having satisfactorily completed and
testefl the demonstration vessel in accordance with the
instrfictions herein.

M6-200 PRELIMINARY REQUIREMENTS

Prior to designing or constructing the demonstration
vessgl, the Fabricator shall complete all of the following
requirements:

(a) The Fabricator shall have dewveloped a written
Quality Control Program in full aceordance with the re-
quirgments of Mandatory Appendix M-4. Demonstration
of th¢ effectiveness of the program is suggested on several
jobs in the shop prior to construction of the demonstration
vessdgl.

(b} The Fabricatgr-shall have constructed and shall
have|successfully, completed testing of demonstration
laminates and design basis laminates of those laminate
typed and that'vésin specified by the UBRS for the demon-
stratjon véssel (see Part 7 for requirements of demonstra-
tion Jaminates).

M6-300 DESIGN, FABRICATION, AND TESTING OF
THE DEMONSTRATION VESSEL

Design and drafting requirements, shall b¢ demon-
strated by the Fabricator in full ac€ordance with|this Stan-
dard.

Allinstructions for fabrication and testing of the demon-
stration vessel are contdinted in the UBRS idepntified as
Table M6-1 (see Figure-M6-1).

M6-400 REQUIREMENTS SUBSEQUENT TO
TESTING

(a) Subsequent to completion of successful t¢sting, the
Fabricator shall section (cut) the demonstratior vessel to
revealdetails and the integrity of laminates and §econdary
befds. Instructions for sectioning are included in the
UBRS (see Figure M6-2). The Fabricator may|polish or
grind the cut edges, but no resin, resin puttly, or any
other material is to be applied to such cut edges.

(b) The quadrant sectioned from the demdnstration
vessel may be retained or disposed of by the Fpbricator,
at the Fabricator’s option.

(c) The three-quarter section from the demqgnstration
vessel shall be placed on display at the Fabricator’s shop
for viewing by the ASME Certification Audit Team. No
paints, coloration, or pigmentation shall be gpplied to
the demonstration vessel. The Fabricaton has the
option to retain or dispose of the vessel after injitial issu-
ance of an ASME RTP-1 Certificate number.

(d) Subsequent to the completion of successful testing,
the Fabricator shall execute a Fabricator’s Dafa Report
(see Form 1-2). Attached to the Data Report shall be
all information required by the Data Report] plus the
following additional items:

(1) a copy of the Witness of Hydrotest form (see
Figure M6-3)

(c) The Fabricator shall have trained and qualified
those Laminators and Secondary Bonders who will
construct the demonstration vessel (see Mandatory
Appendix M-5).

(2) certified test reports of all required demonstra-
tion and design basis laminates [see para. M6-200(b)]

(3) certified test reports covering the qualification of
Laminators and Secondary Bonders [see para. M6-200(c)
and Mandatory Appendix M-3]

(4) a photograph of the sectioned demonstration
vessel

All of the above shall be organized and bound as a single

document. The Fabricator may reproduce as many copies
of this document as desired.
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(e) Atleast one copy of the document described in (d)
shall be available for review as long as the Fabricator holds
an RTP Certificate of Authorization.
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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 A1

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/B/02
AHdress
1 Equipment description (equipment sketch and, fiozzle schedule must be attached):

Storage vessel

2 Additional Fabricator responsibilities:
[ 1 Special requirements
[ 1 Acoustic emission testing
[x] Inspectien or testing requirements not listed in the Standard _ A special hydrotest shall be performed,
fully/flooded (all air vented off). Water shall be ambient temperature. An acceptable Hydrostatic Proof
test shall be in the range of 44.0 psig—46.0 psig (303 kPa — 317 kPa). Test shall be witnessed by a Qualified Designer.
The Witness of Hydrotest form (Figure M6-3) shall be completed.

[1]
[1]
[ T 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. aterial 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 Users specifications/standards, codes, ordinances, FDA requirements,‘etc. (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 [ ] 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 pH range: max. min.

5. Design
5.1 DeSign 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 kPa)
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)

ASCE 7

Basic wind speed 0

ft (m)

Elevation above grade
=4

MPH (m/s) Classification Category

Topographic factors
e e

Exposure

Seismic zone

etc.)

Site-specific seismic

information (soil type, ground motion _coefficients,

Snow load 0
Capacities: Operating
Mechanical agitator: [ ] Required
Dead load
Static bending moment

psf (kPa)
Flooded
[ 1 Not required
b (N)

5.2

Dynamic bending moment ft-lb (N-m)

Torque

hp (W)
RPM

Horsepower

Impeller speed

Number of impellers
Heating and cooling:
[]
[1]
1]

5.3
Electric panels

Steam coil

Steam sparger

[ 1 Heat exchanger

[x] Other Not applicable

gal (L) Flooded

ft-lb (N-m)

ft-lb (N-m)

By Fabricator gal (b

Impeller diameter ih. (mm)

[] Yes [1No

Foot bearing:

Mechanical and other forces:
[1]
[1]
[1]
[1]
[1]
[1]
[ 1 Vacuum from cool down
[x] Other Not applicahle

5.4
Violent chemical reaction

Subsurface introduction of gas or vapor
Subsurface introduction of steam

Transmitted mechanical load/forece

Impact due to introduction of(solids

Vacuum from pump down (or vessel draining)

Corrosion barrier excluded from structural calculations:
[1]
(x]

5.5
Yes
No
5.6
[1]
(x]

Ye$s
No

Desigriation of Inspector (Review paras. 1-400, 1-430, and 1-440 of

d“major portion of the fabrication interval.). Inspector shall be:

Declarationvoficritical service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):

establishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throu

ASME RTP-1. It shall be recognized that ASME RTP-1
thout

X
[]
[]

FabMCators Quality Lontrot princrpat
User’s representative
Other

133


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

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 Fitle

Signature Date |

Additiopal requirements: _Dimensional tolerances per Figure NM7-1 are specified as mandatory.

All gaskets to be full faced, Y in. Bmm) Neoprene at 60 ¢ 5 Shore A durometer.

All bplts to be B8 or B7 studs, or A307 Grade B bolts.

GENERAL NOJE: 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

€ RTP support legs,
equally spaced —

GENE

UBRS].

Type | laminate C, NPS 2 (DN.50)'nozzle
1
! B, NPS 3 (DN 80
ASME flanged and dished head tangen'(cial noz)zle

Tangent line

Type Il or filament

wound Iaminate\
- €
| 5
RTP pipe leg supports, 218
four required, v A
equally spaced c|E -
_\ Slg
r £18
| 3t 6in. (1070 mm) I.D. (min.) ! e
| 4ft6in. (1370 mm) L.D. (max.) |

Tangent\ A, NPS 18 (DN 450)

D, NPS 2 (DN 50) nozzle

\ line nozzle with cover
/ i 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

Ve
7.
7
7
Nozzle centerline //
Ve
b4
Ve
7/
b
7 . .
7% . ~<—Vertical centerline
»¢ Cut Ilne\
. 7
Section above > Nameplate
gusset line \\ and bracket
N
| AN

/PR
SR T

Legend:

Nozzle centerline

This Section for Display

D = distance from centerline to cut [ine to be held to a practical minimum so as to clear the body and edge of the gusset with the cut

136


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

Figure M6-3 Witness of Hydrotest of ASME RTP-1 Demonstration Vessel (Attachment No. 3)

Witness of Hydrotest
ASME RTP-1 Demonstration Vessel

On this date the following parties do certify by their signatures
(month/day/year)

that they have witnessed a hydrostatic test of the RTP demonstration vessel as constructed
by

Fabricator’s name

Address

and that this vessel did successfully contain the hydrostatic test pressure of 45.0 psig
(310 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)

(c) Fabricator’s authorized agent

GENERAL NOTES:

(a) This form‘may be reproduced and used without written permission from ASME if used for purposes other than republicat
(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
sequence 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 laminate.

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 Ingpector. 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 inthis Appendi
(a) all imperfections within the . inner surfage or
interior layer as defined by Table“6-1
(b) low Barcol hardness t€véls, provided they are
correctable by postcuring
(c) acetone sensitivity of 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
(g) nonconformities that result in leakage during the
hydrostatic test
A hydrostatic test is required after the correctipn of
nonconformities described in (d) through (g). Additional
hydrostatic testing of vessels previously tested per|para.
6-950(b) is not required for repairs above the dpsign
liquid level.

4]

M7-310 Unrepairable Nonconformities

The following nonconformities shall not be considered
repairable by procedures outlined in this Appendix. A
vessel that has any one of the following 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

A]l nnnnnnnnnn tobha raincnne tad bhutha Tncnactar 0
eparsSare-to-neremspecteasytehS pector—+o6

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 4-1

(f) low Barcol hardness levels uncorrectable by post-
curing

(g) vessel dimensions such as diameter, height, head
radius, etc., that are not in compliance with the basic
vessel design calculations and the UBRS
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M7-400 CLASSIFICATION OF REPAIRS

Vessel repairs shall be classified into the following
types:

(a) Type 1 — inner surface repairs

(b) Type 2 — interior layer repairs

(c) Type 3 — structural layer repairs

(d) Type 4 — dimensional nonconformance repairs

(e) Type 5 — miscellaneous general repairs due to

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

acetone sensitivity or low Barcol readings ; A L .
R . proccaurc Siidil DT Tepcdicu just prior to dpf
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 o_f 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 wd
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 Acceptance’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
inne
remd
or aiy
thec
cator
M7
samg
to fal
shall

M7-613 Repair Personnel. Repairs shall be made by
qualified Secondary Bonders.

10 Type 1 — Inner Surface Repairs

-611 General. Repairs shall involve removing thé

surface (surfacing veil) by grinding in order-to
ve nonconformities such as pits, inclusions, blisters,
voids. Repairs may be accomplished by adding back
rrectinner surface material as specified'inthe Fabri-
s design drawings.

-612 Materials. Repairs shalltbe' made with the
type of resin and reinforeement materials used
ricate the original vesseLlinnet 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 areéasto be repaired shall be determined. The
ntage of repair area shall not exceed the limitations
inyTable 6-1.
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lying the

ecified in
lying the
tted with

hnd prop-
n shall be

red areas
shall meet the requirements of Table 6-1.

After allowingthe paraffinated topcoat to
Barcol hatdness and acetone sensitivity
checked."Postcuring of the repaired area is a
to achieve the required Barcol hardness.

cure, the
shall be
cceptable

M7-620 Type 2 — Interior Layer Repairs

M7-621 General. Repairs shall require remg
inner surface and interior layer laminate by g
order to remove nonconformities such as entrgapped air,
blisters, inclusions, cracks, dry spots, etc. Repaifs may be
accomplished by adding back the correctinner surface and
interior layer laminate as specified in the Fapricator’s
design drawings.

M7-622 Materials. Repairs shall be made
same type of resin and reinforcement mater
to fabricate the original vessel inner surface an
layer. All laminate shall be in accordance with|

ving both
"inding in

with the
ials used
d interior
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‘lyiug theew ldluiuaw, the BT ouTTdarea
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 allowing 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

M7-63]
tural ma
repair wil
tion, and
ified Des
considers

M7-63
same typ
to fabrica
lay-up la1
vessels (S
dance wi

M7-63]
qualified

Type 3 — Structural Layer Repairs

General. Repairs shall involve removing struc-
erial by grinding. However, the approach to
| vary depending on type of nonconformity, loca-
elationship to nozzles, supports, etc. The Qual-
gner shall specify any special precautions or
tions needed for a particular repair.

P Materials. Repairs shall be made with thé
e of resin and reinforcement materials.used
te the original vessel structural layers. Hand
ninate shall be used to repair filament wound
ee para. M7-634). All laminate shall be in accor-
h Part 2.

B Repair Personnel. Repairs shall be made by
Secondary Bonders.
M7-63:

(a) Th
area and
(b) An

} Repair Specification

e Qualified. Designer shall specify the surface
shape of-atea to be disturbed for repair.

 extra matérial required to effecta proper repair
above thdt removed by grinding will be determined and
specified py\the Qualified Designer. The required laminate

‘IJUllL‘liIlg.
(2) The grinding dust from the ground surface{shall
be removed using a clean brush. If secondary bondjng 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 allvéquired laminate has been applied, g
inspected, and accepted, the area shall be lightly sand
remove sharp projections and feather edges. The rep
area shall be topcoated with paraffinated resin.

ured,
edto
hired

M7-636 Acceptance Inspection. Structural re
shall meet the requirements of Table 6-1.

After allowing the paraffinated topcoat to curg
Barcol hardness and acetone sensitivity sha
checked. Postcuring of the repaired area is accep
to achieve the required Barcol hardness.

pairs

, the
1]l be
table

M7-640 Type 4 — Dimensional Nonconform
Repairs

ance

M7-641 General. Repairs due to dimensional no
formance shall include underthickness of shells or h
nozzles, flanges, secondary bonds, etc. Repairs sh
done by adding additional laminate of the co
sequence specified in the Fabricator’s design draw

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 lamlinate
shall be used to repair both filament wound and
contact molded vessels. The Qualified Designer |shall

lcon-
eads,
all be
rrect
ings.

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.
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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
moved using a clean brush. If secondary bonding is
tarted soon after brushing the surface clean, the
ing procedure shall be repeated just prior to applying
ppair laminate.

Hand lay-up laminate shall be applied in the correct
late sequence specified in the Fabricator’s design
ings and as specified by the Qualified Designer.
aminate sequence shall be started by wetting the
hd surface with catalyzed resin. The first layer of
hminate shall be 1.5 oz/ft* (450 g/m?) chopped
d mat.

After all required laminate has been applied, cured,
cted, and accepted, the area shall be lightly sanded to
ve sharp projections and feather edges. The repaired
shall be topcoated with paraffinated resin.

be r¢
not {
clean
the r

(d)
lamiy
draw
The |
grou
the 1
stran

(e)
inspd
remao
area

M7
shall

Aff
Bard
checl
to ac|

-645 Acceptance Inspection. The repaired area
meet the requirements of Table 6-1,

er allowing the paraffinated topceatto cure, the
ol hardness and acetone sensitivity shall be
xed. Postcuring of the repaired)area is acceptable
hieve the required Barcol hardness.

M7-650 Type 5 — Undercured Laminate Repairs

M7-651 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 thdt has low
Barcol readings is within the limits of repairability 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 sen
acetone shall be lightly-sanded to remove sha
tions and feather,edges and previously applie
nated resin.

(b) Next, the sanded area shall be re-topco
paraffinated catalyzed resin. If the sanding
any part ofithe surfacing veil, an additional ply of
veil shall also be applied along with the topcoa
finated catalyzed resin. Care shall be taken dur
€ation of the topcoat to minimize the coverage o
unsanded areas.

sitivity to
p projec-
d paraffi-

hted with
removes
surfacing
of paraf-
ing appli-
f adjacent

M7-657 Acceptance Inspection. After allg
paraffinated topcoat to cure, the acetone s
shall be checked. If the repaired area remain
sensitive, it is unacceptable.

wing the
ensitivity
5 acetone

M7-660 Type 6 — User’s Dimensional
Nonconformance Repairs

Ance with
lacement
bf nozzles

M7-661 General. Repairs due to nonconform|
the dimensional requirements include the misy
of nozzles or attachments and the incorrect size
or attachments.

lect User’s
lirements
ent mate-
rther, the

M7-662 Materials. All materials used to cory
nonconformance with User’s dimensional req
shall be the same type of resin and reinforcem
rials used to fabricate the original vessel. Fu
construction of new nozzles or attachmepts shall
follow the specifications given in the original Fapricator’s

h ll H | N P ) dex £ £E6; Fapags | -
sha crepareawitir tne same type ot patratitiratearestir

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
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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

M8-100 SCOPE

Thiis Appendix states the criteria that a vessel shall
satisfy to pass an acoustic emission examination. Acoustic
emisgion examination shall be in accordance with ASTM
E1067.

NOTH: Additional background information concerning acoustic
emisqion testing is contained in Recommended Practice for
Acousttic Emission Testing of Fiberglass Tanks/Vessels, published
by The Society of the Plastics Industry, Inc.

M8-200 GENERAL

(a] Discontinuities located with acoustic emission
exanjination shall be evaluated by other techniques,
e.g., Yisual, ultrasonic, dye penetrant, etc., and shall be
repaired and retested as appropriate.

Table ‘M8-1 Acceptance Criteria per Channel

(b) A vessel for which an acoustic emission

examina-

tion is specified in the UBRS shall satisfy the ¢riteria of

Table M8-1. If the vessel does not, it is not in cd
with the requirements of this Standard.
(c) The acoustic emission¢examination

mpliance

shall be

witnessed by the Inspector,and he or she shpll accept

the acoustic emission examination report.

M8-300 WRITTEN REPORT OF RESULTS

The results of anacoustic emission examinatiq

nshall be

documented according to the reporting requirgments of
ASTM E1067.A copy of the report shall be provifled to the

Inspector:

n

Crjterion First Loading Subsequent Loadings Significance of Criterid
Emissions during Not greater than 5 event§/min beyond 2 min No events beyond 2 min with an  Measure of continuing permanent
hold with an amplitude greater than 4y amplitude greater than Ay
[Note (1)] [Note (1)]
Felicity ratio Not applicable Greater than 0.95 Measure of severity of previously
damage
Cumulhptive Less than Np. Less than Np/2 Measure of overall damage during
durdtion, Np
[Nofe (2)]
High amplitude Less than or equal to 10 Less than or equal to 5 Measure of high energy microstruct]

hits|[Note (3)]

This criterion is often associate
breakage.

damage

nduced

a load cycle

liral failures.
with fiber

GENERAL.NOTE: An acceptable vessel shall meet all the criteria listed above. Background noise shall be properly discounted wh|

accepfance criteria

NOTES:
(1) Ay is the decibel level defined in ASTM E1067, para. A2.5.

(2) Cumulative duration value Np is defined in ASTM E1067, para. A2.5.
(3) Highamplitude hits are those having amplitude equal to or greater than the reference amplitude threshold defined in ASTM E1067, para. A2.3.
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MANDATORY APPENDIX M-9
GLOSSARY

acceleratgr: a material added to the resin to increase the
rate of pglymerization (curing).

audit: a systematic review to assess the implementation of
prescribed procedures, specifications, or standards.

axial: in the direction of the axis (lengthwise centerline) of
the equigment.

Barcol hafdness test: test to determine the surface inden-
tation haildness of the resin, which is directly related to the
degree of cure. The Barcol Impressor is the instrument

used for measuring polyester and vinyl ester resin hard- ) (
ness (ASTM D2583) corrosion layer (bdrrier): see paras. 2A-221 and 2A
binder: dhemical treatment applied to the random coverage: in hogp filament winding, the complete cov|
arrangen]ent of glass fibers to give integrity to mats. Spe- of the mandre.l surface l?y a 51r.1glej layer of glass reinf
cific binders are utilized to promote chemical compat- ~ Mment and.resin. In helical winding, two layers my
ibility with the various laminating resins used. applied;to achieve one coverage.
blister: ra|sed spot on the surface of alaminate causedbya ~ ¢74Zitg: the formation of tiny hairline cracks in va
subsurfade air void. degrees throughout the resin matrix, particulay
resin-rich areas.
bonding: Joining of two or more parts by adhesive forces. o .
} critical service: see para. 1-210(c).

bond strepgth: force per unit area necessary to rupture'a ] ) o
bond in ihterlaminar shear. curing agents: materials used to initiate the polym

) . ( tion ofaresin. The catalystis the primary agent. Prom
burned areas: areas '?f lamlnellte showing eVIQence of and accelerators are secondary or assisting agents
decomposition (e.g., discoloration and/or ¢racking) due ) ) i
to excess|ve resin exotherm cut edge: end of a laminate resulting from cutting t

not protected by a corrosion barrier.

burn out|(burn off): thermal decomposition of organic o ] i
materials|(resins and binders) frofn a‘laminate specimen dela.mmatlo.n: physical separation orloss of bond bet
in order tp determine the weight\percent of resin and glass laminate plies.
reinforcdment (synthetic reinforcements decompose dished end: radiused end closure for a cylindrical vess
together vith the resin and binder). opposed to a flat or coned end.
catalyst: dn organic peroxide material used to activate the dry spot: an area where the reinforcement fibers hay
polymeritation reaction of a resin, causing it to harden been sufficiently wetted with resin.
(polymerjzation tnitiator). edge sealing: application of reinforcement and res
certify: tolattest) by signature and date, to conformance to resin alone, to seal cut edges and provide a corro
procedures,Specifications, or standards. Where certifica- resistant barrier. The final layer of resin shall be pd

catalyzed resin spray is deposited simultaneous
the mold. When intersperse layers are provided' i
ment winding, the resin spray is often not used.

y on
fila-

contact molding: process for molding RTP in which|rein-
forcement and resin are placed in o6x on a mold. Ciire is
either at room temperature using-a catalyst-promoter
system or by heat in an overtdncludes both hand lay-
up and spray-up. For the pufposes of this Standard, lami-
nates manufactured with,a-process other than filament
winding are contact molded.

-222.

ering
orce-
st be

rying
ly in

briza-
oters
hat is
wveen
el, as
e not

n, or
sion-
raffi-

tion is required by a Qualified Designer, certification shall
include application of the PE stamp.

chopped strand mat: reinforcement made from randomly
oriented glass strands that are held together in mat form
using a binder. Each strand has a sizing.

chopper gun: a machine that is used to cut continuous
fiberglass roving to predetermined lengths [usually %
in. (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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nated.

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.
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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-

gel: the initial 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.

merization reaction. The word exotherm is often used
however, to designate the maximum temperature hand Igy-up: a method of .contac.t molding wherein the
reacHed during the polymerization process. glass fiber reinforcement is applied to the .mcld, in the
form of chopped strand mat or wovemraving} by hand
exotHerm ply: that ply of chopped strand mat at which the or from a reel. The resin matrix isjapplied by various
lamipation process is stopped to allow gelation and methods including brush, roller, orspray gun. (onsolida-
exotherm of the existing laminate. tion of the composite laminate”is by rolling.
extetlior layer: outer surface layer of a laminate; see heat deflection temperature:temperature at whi¢h a speci-
para, 2A-224. fied bar specimen defletts/0.010 in. (0.25 mm) when
Fabricator: producer of RTP equipment. The Fabricator loaded as a simple béam to a constant 264 |psi (1.82
combines resin and reinforcing fibers to produce the MPa) (see ASTM D648, Test Method for Dieflection
final [product. Temperature of Plastics Under Flexural Load). Usually
fiber{glass): a fine solid thread of glass. refers to a re§in casting, not a laminate.
fiberglass roving: a number of strands or filaments of glass helical' winding: filament winding where the feinforce-
fibers gathered together with little or no twist. ment is.placed at some angle (other than 0 deg or 90
. . . deg)«torthe axis of rotation.
fiberglass woven roving: heavy fabric woven from glass
fiber |rovings. hotpatch: several small fiberglass mat tabs, saturated with
highly catalyzed resin, used to hold butted or jolned parts
fiber wetting: coating (wetting) of the fiberglass with resin or components in preparation for bonding.
by mleans of roll-out or immersion. ) ] )
hydrostatic test: pressure test of equipment using water as
filament: see fiber. the test medium.
filament winding: a process for forming RTP parts by independent testing laboratory: the laboratory cpnducting
wipc ing either dry or re_sin-saturated sprtinuous the tests required by ASME RTP-1 must be an erjtity sepa-
rovig strands onto a rotating mandrel. rate organizationally, legally, and financially|from the
fillerp: inert materials that are added-\to the resin to Fabricator and User or User’s Agent. Additignally, no
increase density, increase viscosity, improve abrasion commercial, financial, or individual relationships shall
resisfance, enhance resin applicatioh properties, decrease exist between the parties that might conjpromise
resin| shrinkage, reduce cost, ‘et¢. efforts to produce and report accurate test results. It is
fill plcks: the rovings in @ Woven roving that run in the expected, however, that a commercial purchgse order,

verse direction«of'the fabric, i.e., across the roll
) of the fabric,

trang
widtl

fit-up
comy]

: the match.between joining parts, elements, or
onents,

flam¢q retardant resin: halogenated resins that can be used

with fpfiwithout additives to provide a laminate having a

contract, or agreement will be employed by the parties
to arrange for testing services. The independe}nt testing
laboratory must be equipped and staffed with the neces-
sary skilled personnel to conduct the tests in a¢cordance
with the requirements of the Standard.

initiator: see catalyst.

inner curfnr‘p- see para 2A-221

reduced ftame spread as Measured 1T accordance witlt
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
in accordance with NFPA 255, Standard Method of Surface
Burning Characteristics of Building Materials (UL723,
ASTM E84).

gap filling: the filling of voids between joined parts,
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.

Joint 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.

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.

laminate ]PmPnI:' 2 par'r nf Lhe qtr?m‘tnm] Iavpr. ala filas over Iuy. famimatesusedoverbase RTPstructurestosgcure

ment woynd laminate that is described by the wind angle, a joint, seal a seam, attach a nozzle, etc.

number df coverages with supplementary reinforcement ) ) ) o

(if used),|and the required sequence. paraffinated resin: resin containing a small\amouynt of
] dissolved paraffin (usually 0.1% to 0.5%).Polymerization

laminate structure (Type I, hand lay-up): see Table 2A-1. of polyesters is inhibited by contact with the atmosphere.

laminate ftructure (Type I, hand lay-up): see Table 2A-2. During cure, the paraffin migrates to'the'surface, sealing it

laminate ftructure (Type X): see Subpart 2A. against atmospheric exposure.

laminatipn analysis: procedure by which, given the parting agents: als_o Falled "fOId release agents.

amount gnd properties of the resin and the properties Compounds that assist ii-releasing an RTP part|from

and oriemtation of the reinforcement, it is possible to its mold.

calculate [the elastic properties of the individual layers peroxide catalyst: se€ _catalyst.

and the tptal laminate. pit: small crateéryin the surface of the laminate| (see

layout: the arrangement and location of parts, elements, Table 6-1).

and/or cgmponents that reflect the design of a product. polyester;resin: resin produced by the polycondensat{on of

leno strards: a pair of warp ends at each edge of a woven dihydroxy-derivatives and dibasic organic acids or #nhy-

fiberglasq fabric. dridesS;Wherein at least one component contributes fethy-

liner: see|paras. 2A-221 and 2A-222. lenicunsaturation yielding resins that can be compounded
o ) Wwith styryl monomers and reacted to give highly dross-

longitudinal: see axial. linked thermoset resins.

lot, resin: presin lot is a quantity of resin that is formulated postcuring: process of applying heat [180°F (82°C) to

to its finpl composition in a single vessel, teste.d and 200°F (93°C)] to an RTP part, following the exotherm

a;sign;ed f unique number, and covered by a certificate cycle. Proper postcuring will shorten the time to totaljcure.

oF anaysys: profile: the roughness (smoothness) of the surface

mandrel: mold around which alaminate is formed to fabri-

cate a cylindrical section. promoter: a material that activates the catalyst that fures

) ] the resin (also see accelerator).

Manufacturers: producers of materials of construction, o ) )

e.g, resin} reinforcement fibers,catalysts, common addi- PVA: abbreviation for polyvinyl alcohol, a parting ggent.

tives, etc. quality assurance: the program by which the Fabricator

manway/ large nozzle of*opening in a vessel for the provides evide.nce that the qu.ality control system has

purpose §f entry by personnel. been followed in the construction of the product.

materials| ingredients*(reinforcements, resins, catalysts, quality control: the program a Fabricator uses to fabficate

and common additives) that are used to fabricate the
equipment.

matrix: r¢sin phase of a fiberglass resin composite.

the equipment in compliance with this Standard.

stab-
on of

referee samples: laminate specimens submitted to ¢
lish a level of quality for judging acceptance/rejecti

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 mil to 5 mil
(Mylar: Rm, Types A, S, or D; or Melinex 11®, Types S, O, 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

Resir
dure
ques

lil,llllt'bb ib LllC IEDUIL Uf illlpl opclh wel=out proce=
as well as inadequate or improper roll-out techni-
or drainage.

roll-dut: densification of the laminate by working rein-
forcgment into the resin and the air out of the resin
using a roller (a serrated metal or thermoplastic roller

is often used for this purpose).
roug
wise
surfa

i profile: the result of sanding, machining, or other-
pbrading a laminate surface to produce a roughened
ce for bonding.

rovinlg: a plurality of strands or filaments gathered
together with little or no twist in a package known as
a rovling ball.

RTP:

secon
ratel

reinforced thermoset plastic.

dary bond strength: adhesive force that holds a sepa-
y cured laminate to the basic substrate laminate.

sizing
impr

: surface treatment or coating applied to filaments to
bve the filament-to-resin bond.

slugs

spray
chop
are d

unfiberized beads of glass.

-up: method of contact molding wherein resin and
ped strands of continuous filament glass\fiber roving

eposited on the mold directly from a‘chopper gun.
strain: elongation per unit length.

stra
bond

Stress

d: a plurality of filaments gathered together and
ed with sizing.

: load per unit area.

struc|
prov

fural layer: the portion of the laminate construction
ding the primafy mechanical strength.

surfa
othel
cond
appli

ce preparation: the act of roughening, priming, or
wise treating laminate surfaces to achieve surface
tionsthatare conducive to adhesion of subsequently
ed laminate bonds.

unidirectional rovings: continuous parallel rFoviy
of glass fibers held together with periodic\cros|

g strands
5 strands.

User: organization for which the equipment is bg
cated.

ing fabri-

UV absorber: compounds that are added to [resins to

enhance their ultraviolet resistance.
veil: see surfacing velil.

unsatura-
s that can
ed to give

vinyl ester resin: resincharacterized by reactive
tion located predominately in terminal position|
be compounded with styryl monomers and react
highly cross-linked thermoset copolymers.

visual accéptance criteria: see para. 6-940.

voids:unfilled space caused by air or gas in the refsin mix or
bycentrapment of such gases during lay-up of Individual
plies of glass. Excessive voids reduce the strgngth and
chemical resistance of the laminate, particulgrly if the
voids are at the resin-glass interface.

ns in the
b the roll

warp ends: the roving in a woven roving that r
longitudinal direction of the fabric, i.e., alon
length of the fabric.

which the
t winding

wind angle: angle from the axis of rotation at
reinforcement strands are placed in the filamen
process.

wind cycle: in filament winding, one traversi
carriage to the end of the mandrel and ret

original position. Depending on bandwidth, part
and wind angle, one or more wind cycles will be
achieve one coverage.

g of the
rn to the
diameter,
heeded to

yield: linear density of roving, expressed in j
pound.

Fards 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 Standard 650, Welded Steel Tanks for Oil Storage
Publishel: American Petroleum Institute (API), 1220 L
Street, [NW, Washington, DC 20005 (www.api.org)

ASCE 7, Mlinimum Design Loads for Buildings and Other
Structures

Publishel: American Society of Civil Engineers (ASCE),
1801 Alexander Bell Drive, Reston, VA 20191
(www.asce.org)

ASME B1p.5, Pipe Flanges and Flanged Fittings

ASME B18.21.1, Washers: Helical Spring-Lock, Tooth Lock,
and Plgin Washers (Inch Series)

ASME B3|1.3, Process Piping

ASME BPNVC Section II — Materials

ASME BP|VC, Section V — Nondestructive Examination,
Subsection A, Article 11, Acoustic Emission’ Examina-
tion of|Fiber-Reinforced Plastic

ASME BPYC Section VIII — Rules for Gonstruction of Pres-
sure V¢ssels

ASME CA}1, Conformity Assessfnént Requirements

Publisher}: The American Society of Mechanical Engineers
(ASME), Two Park Aventie; New York, NY 10016-5990
(www.asme.org)

ASQ Z1.4|Sampling,Procedures and Tables for Inspection
by Attifibutes

Publisherl: Ameérican Society for Quality (ASQ), P.O. Box
3005, Milwaukee, WI 53201 (www.asqg.org)

ASTM D638, Standard Test Method for Tensile Propérties
of Plastics
ASTM D648, Standard Test Method for!/Pefle¢tion
Temperature of Plastics Under Flexural Load ip the
Edgewise Position
ASTM D696, Standard Test Method for Coefficignt of
Linear Thermal Expansion ef Plastics Between 130°C
and 30°C With a Vitreous.Silica Dilatometer
ASTM D790, Standard TestMethods for Flexural Prpper-
ties of Unreinforced and Reinforced Plastics and|Elec-
trical Insulating Materials
ASTM D792, Standdrd Test Methods for Density and Spe-
cific Gravity«(Relative Density) of Plastics by Displace-
ment
ASTM D883;"Standard Terminology Relating to Plastics
ASTM D1248, Standard Specification for Polyeth}lene
Plastics Extrusion Materials for Wire and Cable
ASTM D1593, Standard Specification for Nonrigid [Vinyl
Chloride Plastic Film and Sheeting
ASTM D1599, Standard Test Method for Resistanice to
Short-Time Hydraulic Pressure of Plastic Pipe,
Tubing, and Fittings
ASTM D1781, Standard Test Method for Climbing Prum
Peel for Adhesives
ASTM D1784, Standard Specification for Rigid Poly ([Vinyl
Chloride) (PVC) Compounds and Chlorinated|Poly
(Vinyl Chloride) (CPVC) Compounds
ASTM D1785, Standard Specification for Poly (Vinyl
Chloride) (PVC) Plastic Pipe, Schedules 40, 80, ang¢l 120
ASTM D2241, Standard Specification for Poly (Vinyl
Chloride) (PVC) Pressure-Rated Pipe (SDR Serief)
ASTM D2583, Standard Test Method for Indentation Hard-
ness of Rigid Plastics by Means of a Barcol Impressor
ASTM D2584, Standard Test Method for Ignition L¢ss of
Cured Reinforced Resins
ASTM D3039, Standard Test Method for Tensile Prpper-

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 Pul_yuu:l Matrix-Composite Mater 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
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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., Mechanics of Composite Materials,
Dover Publications, Mineola, NY (2005)

Christensen, R. M., and Lo, K. H., Solutions for Effective
Shear Properties in Three Phase Sphere and Cylinder
Models, Journal of the Mechanics and Physics of Solids,
Vol. 27, 315-330 (1979)

EN 1991, Eurocode 1, Actions on structures

EN 1998, Eurocode 8, Design of structures for earthquake

EN 13121, GRP tanks and vessels for use above ground
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Stilength of Reinforced Plastics (CEN), Avenue Marnix 17, B-1000, Brussels, Belgium
ASTM D4101, Standard Specification for Polypropylene (www.cen.eu)
Injection and Extrusion Materials ] ] . . ] )
ASTNI D4285, Standard Test Method for Indicating Oil or Hashin, Z., Analysis of Properties of Fiber Compofites With
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[ D4444, Standard Test Methods for Laboratory Stan-

Fdization and Calibration of Hand-Held Moisture
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[ D4895, Standard Specification for Polytetrafluor-

hylene (PTFE) Resin Produced From Dispersion

[ D5083, Standard Test Method for Tensile Proper-

s of Reinforced Thermosetting Plastics Using

aight-Sided Specimens

1 D5162, Standard Practice for Discontinuity

oliday) Testing of Nonconductive Protective

hting on Metallic Substrates

[ D5575, Standard Classification Systems for Copo-

hers of Vinylidene Fluoride (VDF) With Other Fluori-

nated Materials

ASTM E84, Standard Test Method for Surface Burning
Ch:Eracteristics of Building Materials

ASTNI E1067, Standard Practice for AcousticcEmission
Exhmination of Fiberglass Reinforced/Plastic Resin
(FRP) Tanks/Vessels

Publisher: American Society for Testing and Materials
(APTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohoekén, PA 19428-2959
(www.astm.org)
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B2.4, Specificatign _for Welding Procedure and
-formance Qualification for Thermoplastics

D1.1, Structural. Welding Code — Steel

G1.10M, Guide for the Evaluation of Thermoplastic
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eet, No. 130, Miami, FL 33166 (www.aws.org)
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Standard Building Code
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Publisher: Internatignal Code Council (ICC),
Jersey Avenue, NW, Washington, D
(www.iccsdfe.org)
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ISO 14130, Fibre-reinforced plastic composites
mindtion of apparent interlaminar shear st
short-beam method

Publisher: International Organization for Stand4
(ISO), Central Secretariat, Chemin de Blandonj
Postale 401, 1214 Vernier, Geneva, Sw
(www.iso.org)

rdization
et 8, Case
tzerland

s, Second
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Jones, R. M., Mechanics of Composite Material
Edition, Taylor and Francis, Philadelphia (1

Manual de Disefio de Obras Civiles

Publisher: Comision Federal de Electricidad, Refi
Col. Juarez, Cuauhtémoc, Mexico (www.cfe.g

pbrma 164,
pb.mx)

MIL-HDBK-17-3F, Composite Materials Handbo
Polymer Matrix Composites Materials Usag
and Analysis

Publisher: U.S. Army Research Laboratory, We3
Materials Research Directorate, Aberdeer
Ground, MD 21005-5069 (www.arl.army.mi

ok, Vol. 3:
e, Design,

pons and
Proving

)

NASA, SP-8007, Buckling of Thin-Walled Circular Cylin-
ders
Publisher: NASA Langley Research Center, Han
23681 (www.sti.nasa.gov)

hpton, VA

Barbero, E. ., Introduction to Composite Materials Design,
Taylor and Francis, Boca Raton, FL (1998)

BS 4994, Specification for Design and Construction of
Vessels and Tanks in Reinforced Plastics

BS 6399-2, Loading for Buildings, Code of Practice for
Wind Loads

Publisher: British Standards Institution, Inc. (BSI), 12950
Worldgate Drive, Suite 800, Herndon, VA 20170
(www.bsigroup.com)
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National Building Code

Publisher: American Insurance Association (AIA), 2101 L
Street, NW, Suite 400, Washington, DC 20037
(www.aiadc.org)

National Building Code of Canada

Publisher: National Research Council Canada, 1200
Montreal Road, Ottawa, Ontario, K1A-OR6, Canada
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Recommended Practice for Acoustic Emission Testing of
Fiberglass Tanks/Vessels

Publisher: Plastics Industry Association, 142 K Street, NW,
Washington, DC 20005 (www.plasticsindustry.org)

Publisher: Underwriters Laboratories, Inc. (UL), 333
Pfingsten Road, Northbrook, IL 60062-2096; Order
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of Buil@ling Materials
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MANDATORY APPENDIX M-11
SUBMITTAL OF TECHNICAL INQUIRIES TO THE REINFORCED
THERMOSET PLASTIC CORROSION-RESISTANT EQUIPMENT

M11-
(a)

Resis
and {

100 INTRODUCTION

The ASME Reinforced Thermoset Plastic Corrosion-
tant Equipment Committee and its subcommittees
ask groups meet regularly to consider revisions of
the rfiles, new rules as dictated by technological develop-
ment Cases, and interpretations. This Appendix provides
gnce to users for submitting technical inquiries to the
ittee. Technical inquiries include requests for revi-
sionq or additions to the rules, requests for Cases, and
requests for interpretations.

(b) Cases may be issued by the Committee when the
need|is urgent. Cases clarify the intent of existing require-
ments or provide alternative requirements. Cases are
written as a Question and a Reply, and are usually intended
to belincorporated into the Standard at a later date. Inters
pretdtions provide the meaning of or the intent of existing
rules|in the Standard and are also presented as a Question
and g Reply. Both Cases and interpretations are(puiblished
by the Committee.

(c)| The rules, Cases, and interpretations established by
the Cpmmittee are not to be considered.as approving, rec-

ittee-meetings.
(e)| Inquiries that do not comply with the provisions of

COMMITTEE

(3) Case or
(4) interpretation
(b) Background. Provide the information ngeded for
the Committee’s understdnding of the inquiry, being
sure to include referernce.to the applicable edition, para-
graphs, figures, and‘tables. Preferably, provide|a copy of
the specific referenced portions of the Standard.
(c) Presentdtions. The inquirer may desire o1 be asked
to attend almeeting of the Committee to makd a formal
presentation or to answer questions from the Committee
members with regard to the inquiry. Attendpnce at a
committee meeting shall be at the expense of the¢ inquirer.
The inquirer’s attendance or lack of attendpnce at a
meeting shall not be a basis for acceptance or|rejection
of the inquiry by the Committee.

M11-300 REVISIONS OR ADDITIONS

Requests for revisions or additions shall pr
following:

(a) Proposed Revision(s) or Addition(s). For
identify the rules of the Standard that requirg
and submit a copy of the appropriate rule
appear in the Standard, marked up with the prop
sion. For additions, provide the recommended
referenced to the existing rules.

(b) Statementof Need.Provide abrief explana
need for the revision(s) or addition(s).

(c) Background Information. Provide ba
information to support the revision(s) or ad|
including any data or changes in technology
the basis for the request that will allow the Committee
to adequately evaluate the proposed revision(d) or addi-

ovide the

revisions,
revision
5 as they
psed revi-
wording

tion of the
kground

dition(s),
that 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)

151

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 M11-300(c), respectively, for revi-
sions 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.

(¢) 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-

INTERPRETATIONS

sts for interpretations shall provide the

M11-500

Reque
following

(a) Prq
superfluo
compose
possibly
should beg

(b) Pr
concisely
should beg

vide a condensed and precise Question, omitting
us background information and, when possible,
 in such a way that a “yes” or a “no” Reply,
with brief provisos, is acceptable. The Question
technically and editorially correct.

vide a proposed Reply that will clearly and
answer the Question. Preferably, the Reply
“yes” or “no,” possibly with brief provisos.

written inquiries will also be considered. They [shall
include the name, address, telephone number, and fax
number, if available, of the inquirer and be mailed to
the following address:
Secretary, RTP Standards Committee
The American Society of Mechanical Engineer$
Two Park Avenue
New York, NY 10016-5990
(b) Response. The Secretary of the Committee [shall
acknowledge receipt of ‘each properly prepared infuiry
and shall provide aswritten response to the inquirer
upon completior of the requested action by the
Committee.
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MANDATORY APPENDIX M-12
DUAL LAMINATE VESSELS

M12:100 INTRODUCTION

Thjs Appendix includes the following:
Artficle A General Requirements
Article B Materials

Article C Design

Article D Fabrication

Arficle E Inspection and Test

Article F Shipping and Handling
Artficle G Shop Qualification

Arficle H Qualification of Welders
Article 1 Glossary

ARTICLE A
GENERAL REQUIREMENTS

M12A-100 SCOPE

(a) This Appendix describes fabrications that utilizea
structural member that shall be fabricated in accordance
with ASME RTP-1 and is lined with thermoplastic as'speci-
fied in the UBRS. The thermoplastic sheet linerserves as
the grimary corrosion barrier and eithef replaces or
augnjents the corrosion-resistant barrier: For calculation
purppses, the thermoplastic liner shall. net be considered
in stfuctural design of the fabrication.

(b} Equipment composed oftathermoplastic lining
insidp an RTP structural member is commonly called a
dual Jaminate structure.

(c)| This Appendix spécifies rules for the fabrication of a
dual Jaminate whereise of a thermoplasticlining material
is selected for spécial applications, e.g., containment of
aggrdssive corrosives, of ultra-pure fluids such as deio-
nized water, or of pharmaceutical chemicals, and/or
for aprasive service.

(d) Special bonding materials and preparation proce-

M12A-200 APPLICATION LIMITATIONS

Thermoplastic lined vessels certifiedthy-the Habricator
as conforming to this Standard shall\be'lined pnly with
those thermoplastics described i{n’ Table M12B-1. Note
that the ASTM specificationsin\Table M12B-1 provide
the minimum material specifications.

ARTICLE B
MATERIALS

M12B-100SCOPE

This\Article defines the thermoplastic lining [materials
thatiare used to fabricate dual laminate equipment,
including the joining or welding materialg and the
bonding materials to bond the thermoplastid lining to
the RTP structure. Bond strength requirements are
also included. The RTP structural layer shall bg in accor-
dance with Part 2 of this Standard.

M12B-200 THERMOPLASTIC LINING MATERIALS

Thermoplastics are used as corrosion-resistgnt linings
in dual laminate constructions. These matgrials are
described in Tables M12B-1 and M12B-2. Table
M12B-1 contains the ASTM specifications for [materials
used in this Standard. Table M12B-2 containps typical
physical and mechanical properties for general] compar-
isons. For purposes of design and selection, the¢ thermo-
plastic manufacturer’s property data shall|be used.
Although most thermoplastic sheet materials ar¢ supplied
as individual flat sheets, some sheet materials may be
supplied as rolls. In this standard, sheet mpterial is
intended to mean both flat sheets and sheets| supplied
as rolls. Thermoplastics used to construct [the liner
shall not contain rpgrinr‘l Thickness shall be ak follows:

duresare required to ensure satstactory 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 resultin
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.

(21)
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Table M12B-1 ASTM Specifications for Thermoplastic

M12B-500 FILLER MATERIALS, PIGMENTS,
PROCESSING AIDS, AND CONDUCTIVE
MATERIALS

(a) The thermoplastic manufacturer shall be agreed on
by the Owner/User. The Fabricator shall provide manu-
facturer’s data and certification documentation.

(b) Thermoplastic sheet incorporating stabilizers shall
be provided if required by the UBRS or other User’s spec-

Polymers
Applicable ASTM Material
Material Specifications

PP D4101 Group 1, Class 1, Grade 1; Group 1,
Class 1, Grade 2; or Group 1, Class 2,
Grade 0

PP copolymer D4101

pPVvC D1784 Cell Class 12454, D1593, D1927,
D251, dII0 U17060

CPVC D1784 Cell Class 23447, 24446, and 24448

PVDF homjopolymer D3222

PVDF copglymer D5575

ECTFE D3275

ETFE D3159

FEP D3368

TFE D1457, D4895, D3293, and D3294

PFA F3307

HDPE D1248 and D3350

(2) linings over 0.20 in. (5.0 mm) may be used, but
special design calculations shall be performed [see
para. M12C-500(a)].

(b) The thickness of a thermoplastic material with a
fiber bag¢king is defined as the thickness from the
process dide to the beginning of the impressed fibers,
i.e,, the fiper-free thickness.

(c) Theérmoplastic shapes used as components welded
to dual lapninate vessels include pipes, ducts, rectangular
tubes, angles, flange faces, reinforcement pads, abrasion
pads, etc.[The thickness of shapes shall not be less than the
liner thickness. As in sheet, fiber backed shapethickness is
defined af the fiber-free thickness.

M12B-300 FIBER BACKING MATERIALS

(a) Fibers embedded in the back of the thermoplastic
provide d suitable bondingnechanism. Typically these
fibers arg partially embedded in the back of the thermo-
plastic, wjth the balangeof the fibers protruding from the
surface. Examples of\fiber backing materials are glass
fibers, polymer fib€rs, and carbon fibers.

(b) Foymed parts such as knuckle radii, flanged and
dished hg¢ads,-and nozzle flares shall not be restrained

THCTeroTT

(c) Plasticizer, including those used as a processing aid,
shall be disclosed by the thermoplastic materials stupplier.
This information shall be used to assess chemieal copat-
ibility and potential for contamination from the sheet
lining.

(d) Conductive materials for high voltage spark tgsting
targets shall be suitable to proyide‘a conductive path for
leak detection. Typically this\will consist of powdered
carbon or flake graphitetmixed into the RTP resfin or
of conductive carbon, conductive graphite, or modlified
conductive polyester'eil in the resin applied ngxt to
the thermoplastic\lining.

M12B-600: MATERIALS RECEIVING PROCEDURES

(a) AN inspections and tests specifield in
parassxM12B-610, M12B-620, M12B-630, M12B}640,
and M12B-650 shall be performed by the Fabrigator,
thie Manufacturer, or an independent testing laboratory.

(b) Inspections involving visual observations, a
suitable inspection environment and adequate lighting
for inspection shall be provided. The equipment|used
shall not introduce contamination to the material
during inspection and testing.

(c) For inspections requiring linear measuring tdols, a
standard linear tool (longer than the length o be
measured) should be used. The tool shall hdve a
minimum accuracy of +0.06 in. (¥1.5 mm).

(d) In lieu of performing the above manufactpiring
inspections, measurements, and documentatior], the
Fabricator shall provide the User or User’s Agent|with
a Certificate of Compliance from the material marufac-
turer. This Certificate shall verify that materials were
manufactured, inspected, and tested per the maferial
supplier’s specifications. This does not apply to inspec-
tions required in M12B-614.2(b).

by the bdekingfabrie

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) Foifm M12B-1, or a similar form that contains the
provisions to record the results of these required inspec-
tions, shpuld be used by the Fabricator and shall be
retained|in the inspection records. A separate form
shall be fised for each sheet/roll manufacturer, sheet
nomencldture, backing material, and unit thickness.

MIZB-I13 Equipment and Measuring Tools Required

M12

(a) As
+0.001 in
allow thi
in from t

(b) Alt
or a micr
that meag
the sheet.
+0.001 in|
strate thi
rial being

(c) In
sheet usi
fiber-bacl

NOTE: A t
plane is st

-613.1 Thickness Measuring Tools

tandard micrometer with minimum accuracy of
. (#0.025 mm) is required. The throat should
ckness measurements at least 1 in. (25 mm)
e edge of the sheet.
brnative tools are an ultrasonic thickness tester
scope equipped with a calibrated filar eyepiece
ures across a properly prepared cross section of
These measuring tools shall have an accuracy of
(£0.025 mm) and shall be calibrated to demon-
accuracy with the specific thermoplastic mate-
measured.
rder to measure the thickness of a fiber-backed
ng a micrometer, the embedded fibers oy 'the
xed side of the sheet shall be removed.

bol such as an appropriate hand scraper-or a wood
ggested.

M12
para. M1
the lengt
the Fabri

B-613.2 Linear Measuring Tools. See
2B-600(c). For rolls ef\thermoplastic sheet,
h measurement may-be made if desired by
Cator.

M12B-613.3 Bond Strength Measuring Tools

(a) The testingdmachine shall measure the load within
1% accurfcy ofithe.applied load. The testing range shall be
selected 4o thabthe maximum load on the specimen falls
between [15% and 85% of full scale capacity according to

MIZB-614.1 Sheet fdentification and Pac
Inspection

kage

rroll
men-
land
le the
sheet
date
pn in

(a) Verify onthe inspection record that thie)sheet g
as identified by the manufacturer has the.same no
clature as the sheet specified, and is thé same materig
ASTM specification as listed in Table, M 2B-1. Examir
packaging of the sheet for damage‘that renders the
unusable. Indicate acceptable sheet by recording thg
and name of the person pérforming the examinati
Form M12B-1, column 4.

(b) For packaged sheets that are acceptable for fu
inspection and tests, enter the sheet production dat
lot number in.Form M12B-1, columns 2 and 3.

rther
e and

M12B-614.2 Visual Inspection of Thermoplastic
Sheet or'Roll

(a). The thermoplastic material shall be vis
inspected for imperfections and contamination pr
use by the Fabricator. The defects and criteria list
Table M12B-3 will be used.

(b) Fiber backing shall be visually inspecte
adequate embedding, mechanical damage, dryness
contamination. The damage or removal of a protg
film shall be noted. Sheet backing that contains moi
shall be dried and used only if the backing is polyes
acrylic fiber; all other fibers that show evidence of h
moisture shall be cause for rejection of the thermop
sheet. Any sheet backing that has been exposed t
other contaminants shall be rejected.

(c) The date and inspector’s name shall be recq
after inspection in Form M12B-1, column 7. All dg
found that are cause for rejection shall be reco
The reason for the rejection shall be recorded y
the comments section in Form M12B-1.

(d) Areas of sheets that have defects greater
allowed in Table M12B-3 shall not be repaired

ually
or to
ed in

d for
, and
ctive
sture
er or
hving
lastic

any

rded
fects
rded.
nder

than
and

hall + 1 |
Strarr ToT oCt—asSCtar

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

156

M12B-614.3 Sheet Thickness

(a) Sheet thickness shall be measured at a minimum
every 6 in. (150 mm) across the width of the sheet
edge. Measurements should be made using a caliper
micrometer or ultrasonic thickness tester, or using
a microscope and measuring across a cross section
using a filar eyepiece. Any measurement not within
the requirements of (c) is cause for rejection.
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Form M12B-1 Thermoplastic Sheet or Roll Receiving Log

Fabricator's name

Manufacturer

Address

Nomenclature

Backing material and type of weave or felt

Sfropordero:

MiaimutaCturer S 1duct llliLl\llt‘bb

1 2 3

4 5 6 7 8 9
Yample 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

bmments on visual and packaging inspection (iffidicate which sheet or roll):

(2]

NERAL NOTE: This form may bereproduced and used without written permission from ASME if used for purposes other than republication.
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Table M12B-3 Thermoplastic Sheet Visual Inspection Acceptance Criteria

Imperfection Name

Definition of Imperfection

Maximum Size or Amount of Imperfection
Allowed

Foreign inclusions
backing composition

Surface pits

JALL

Scratches

Dents, chips

out of surface thickness
Blisters (ifternal) Pores within sheet None
Wrinkles Uneven surface from distortion of the sheet None
Cracks Linear fissures None
Orange pefl Surface texture resembling the surface of oranges None
Burned pdrticles, lumps, delaminations None

Color

Damage tq fiber backing Snags, tears, knots

Small crater or hole in the surface of the sheet

caused by mechanical damage

Impressions from impact or small pieces broken

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

.........

deep a—0-00 —0- nor
more than 4 in. (100 mm) long

-

None deeper than one-tenth of the isheg

Uniform_ta_the eye

Noné

The minimum/maximum measurement shall be entered
in Form M12B-1, column 5. After other dimensions are
entered, the inspector shall enter the date and his/her
name in dolumn 6 if all measurements are within the re-
quiremerts of this Standard.

(b) Sufficient measurements should be made to ensure
that all of the material used is within thickness require-
ments. Mgasurements across two widths at each end and
at least epery 50 ft (15 m) of length shall be made./and
recorded

(c) Th¢
+10% of

sheet’s measured fiber-free thickness_shall be
the specified nominal fiber-free thickness.

M12B-614.4 Bond Strength Requirements

(a) Bo
producti
lining in

hd strength tests must be,conducted on each
n run of thermoplastic)material intended for
dual laminates. The/bonded sample will be
made usihg the RTP resin‘specified and the laminating
technique to be used-in the vessel to be fabricated.
The thickness of the.RTP laminate structure will be
that thickhess compatible with the selected bond strength
test method.

(b) WHen.a-bonding resin is used, the bonding resin

for the bending of the adherend by subtracting the t
required, to;bend the adherend.

(2)._for the lap shear test under ASTM D3846
4994-B-10, the bond shear strength must be at
1,015 psi (7 MPa).

(e) Separaterecordswill be kept for each bond str
test accomplished. Results will be maintained i
Quality Control Log and the test operator will
his/her initials and the date the test was ma
Form M12B-1, column 8. Test results lower tha
values in (d) will be entered in Form M12B-1 i
comments section and will be cause for rejecti
that material.

rque

br BS
least

ength
h the
bnter
e in
h the
h the
bn of

M12B-614.5 Disposition of Nonconforming Mate-
rial. Sheets with defective areas may be cut, routgd, or
sheared to remove and discard the defective areas.
Care must be used in handling cracked or crazed
sheets, as mechanical treatments may cause the frack
to propagate. After eliminating areas with defects, the
remaining material may be used.

M12B-620 Welding Consumables
M12B-621 Introduction. This section describels the

used to generate bond testsampleswill be the same
bonding resin used to fabricate the vessel.
(c) Bond strength tests must be performed with the
conductive target in place over the entire test sample.
(d) The minimum bond strength results (excluding
nozzle necks) are as follows:

(1) for the climbing drum test under ASTM D1781,
the bond strength must be at least 50 in.-lb/in.
(220 N-mm/mm). Under ASTM D1781, para. 9, two
options for calculating the force exist: paras. 9.1.1 and
9.1.2.Fabricators must use para.9.1.2, which compensates
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minimum inspections, tests, and acceptance criteria to
be performed on thermoplastic welding consumables
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.


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

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
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.

(4) There will be no porosity or bubbles.
(5) Surface will be smooth with uniform appearance.
(c) After visual inspection, record the date and the
inspector’s name in Form M12B-2, column 5. If any
defect is found that is cause for rejection, record the
reason in Form M12B-2, column 7.

M12B-624.3 Dimensions Inspection

(a) The diameter of each rod or coiled welding “wire”

(c)] Form M12B-2, or a similar form that contains the
provisions to record the results of these required inspec-
tions| will be used by the Fabricator and will be retained in
the ipspection records. A separate form will be used for
eachkind of weld material and for each manufacturer.

MI12B-623 Equipment and Measuring Tools Required

12B-623.1 Inspection Table and Lights. See
para|M12B-600(b).

12B-623.2 Dimensional Measuring Tools. A stan-
icrometer or caliper capable of measuring with an
accuffacy of at least £0.001 in. (#0.025 mm) is required.

MI12B-624 Procedures and Acceptance Limits

12B-624.1 Welding Material Identification and

Packpge Inspection

(a
durin
factu
inspe
by th
mate}

The welding materials will not be repackaged
g the distribution of the materials after the manu¢
Fer has shipped the materials. Verify and enter on the
ction record that the welding materials as identified
e manufacturer have the same nomenclature as the
rials specified to produce the equipment. For cap
strip$, indicate in Form M12B-2, column I~Wwhether the
strig has a fiber backing and the kind of backing.
Exanmine the packaging of the welding materials for
damdge that renders the materials unusable. Indicate ac-
ceptdble welding materials byjrecording the date and
namg of the person performing the inspection in Form
M12B-2, column 4.

(b) For welding material lots found acceptable, enter
the material’s pfoduction date and lot number in
M12B-2,«celimns 2 and 3.

12B<624.2 Visual Inspection of Welding Consum-

(a
imperfections and contamination prior to use by the
Fabricator.

(b) The limits of imperfections found are as follows:

(1) No foreign materials, including water, other
fluids, or particles, are allowed.

(2) Color of all welding materials in a given lot will be
uniform.

(3) There will be no bends or other irregularities in
shape, including variations in cross section.
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and the widths and thicknesses of other shapps will be
measured. The results of these measurements will be
entered in Form M12B-2.

(b) The inspector performing dimension
ments will enter his/her initials and the iy
date in Form M12B-2.

measure-
spection

M12B-630 Bonding Resin

M12B-631 Introduction. The bonding
bonding PVC or CPVE to the RTP structure is applied
to the thermoplastic, which promotes a chemjfical bond
to both the thermoplastic and the RTP overlay.

resin for

M12B-632" Acceptance Inspection

on of the
1ging and
resin or
rontainer
h. Accep-
in paras.

(a)~Acceptance inspections include inspect
coptainers of bonding resin for proper packa
identification, for evidence of damage to the
its container, verifying that the label on the
is correct, and the testing for bonding strengt
tance requirements and limits are defined
M12B-634.1 and M12B-634.2.

(b) Form M12B-3, or a similar form that co1
provisions to record the results of these require
tions, shall be used by the Fabricator and shall b
inthe inspection records. A separate form shall b
each lot of bonding resin received.

(c) The bonding resin shall be tested for bond strength
in accordance with para. M12B-634.2.

ntains the
d inspec-
b retained
e used for

M12B-633 Equipmentand Measuring Tools
See para. M12B-600(b) for inspection table an

n'tts
Packaging

Required.
d lights.

M12B-634 Procedures and Acceptance Li

M12B-634.1 Resin Identification and
Inspection

from the
; e repack-
aged in the distribution of the materials after the resin
manufacturer has shipped the resin. Verify and enter
in the inspection record that the resin as identified by
the resin manufacturer has the same nomenclature as
the resin specified to bond the thermoplastic as specified
in 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

(a) The resin will be packaged as shipped
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Form M12B-2 Welding Material Receiving Log

Fabricator's name

Address

Manufacturer

Nomenclature

Material shape

Nominal dimensions

2 3

4 5 6

v

Weld
Mate

No

ng Production
ial Date

Lot, Batch, or
Production Run

Packaging Visual
Inspection

Dimensions
Inspection

Date By Date

Cemments

10

11

12

13

14

GENER

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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Form M12B-3 Bonding Resin Receiving Log

Fabricator's name

Manufacturer
Address Nomenclature
1 2 3 4 5 6
Number Production Lot, Batch, or Packaging Bond Strength Comments|
Date Production Run Inspection Test Results
[Note (1)]
By Date By Date

OTE: (1) ndicate test used: C = climbing drum, P = peel test, L = lap shear test.

ENERAL NOZTE; This form may be reproduced and used without written permission from ASME if used for purposes other than republication.

161


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

person performing the examination in Form M12B-3,
column 4.

(b) For lots of resin that are found to be acceptable for
further inspection and tests, enter the resin production
date and lot number in Form M12B-3, columns 2 and 3.

M12B-634.2 Bond Strength Measurement. The
bonding 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

M12B-643 Equipment and Measuring Tools Required

M12B-643.1 Inspection Table and Lights. See
para. M12B-600(b).

M12B-643.2 Small Scale Resin Mixing Area. A table
or other adequate space will be allocated to the prepara-
tion of asample 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

performdd for each lot of bonding resin received. The
results will be entered in Form M12B-3, column 5.
Lots of regin that fail to meet the acceptance requirements
will not bp used and a comment noting the failure to meet
the accegtance limits will be entered in Form M12B-3,

0 Conductive Spark Test Targets

41 Introduction. Conductive material is used
an electrically conductive layer behind the ther-
lining and behind the weld joints in order to
allow valid high voltage spark tests to evaluate the integ-
rity of the weld joints and the thermoplastic sheet.
Conductive materials for high voltage spark testing
targets wjll consist of powdered carbon or flake graphite
mixed intp the RTP resin, or of conductive carbon, conduc-
tive graplite, or modified conductive polyester veil in the
resin, appllied next to the thermoplasticlining. If powder is
used, it isfmixed in the resin in sufficient quantity so that
the cured resin is conductive enough for spark testing.
This resin} mixture is then applied directly to the thermo=
plastic anld entrapped air is removed. The fiber forms of
carbon oy polyester are laid into resin already applied to
the back df the weld or sheet. The conductive fibermixture
is then rofled, or otherwise treated, to remove entrapped
air bubblps.

CAUTION{ Some carbon and graphite materials can inhibit

resin cur (a) A sample of the conductive material is mixed
the resin to be used in the RTP structure. The sampl
M12B-642 Acceptance Inspection have the same content of conductive material as W
(a) Acgeptance inspeetion will include inspection of the used in the fal.)rlcatlon of targets on the fabrl-cated N
packaging and identificdtion, and measurement of elec- The sample_wﬂl be cast or f9rmed by appropr.late meq
trical confluctivitylef samples of resin mixed with a specific about 0'0,6 in. (1.5 mm) thick and at least 8 in. (200
amount df carbow or graphite, or samples of resin and long. All air bubbles will be removed; then the sampl
conductiye.polyester mixtures, used to generate the be cured. . .
conductivle farget (b) The conductivity of the sample will be test

1 TR : e OO e e
SAIIIPIT (O d SITdIT SId0 dppPTOXIIrately U000 1L (1.0 mm)

thick.

M12B-643.3 Electric Conductivity'Measuring
Device. A high voltage spark tester with adjusfable
voltage is required. See para. M12D<500 for detdjils of
this test method.

M12B-644 Procedures and‘Acceptance Limits

M12B-644.1 Conductive‘Material Identification and
Package Inspection

td as
I not
after

(a) The condugctive materials will be packag
shipped from the manufacturer’s factory. They wi
be repackagedin’the distribution of the material
the manufacturer has shipped the material. Verifyf that
the matérial as identified by the manufacturer has the
same n@menclature as the material required by the BRS.

(b)>The conductive material packaging will be gxam-
irted for damage that renders the material unusable |Indi-
eate acceptable lots by recording the date and name ¢f the
person performing the inspection in Form M1}2B-4,
column 4.

(c) Forpackagedlotsthatare found to be acceptab
further inspection and test, enter the material prody
date and lot number in Form M12B-4, columns 2 4

le for
ction
nd 3.

M12B-644.2 Conductivity of Resin-Condugtive

Material Samples

with
e will
ill be
essel.
nsto
mm)
e will

ed by

(b) Form M12B-4, or a similar form that contains the
provisions to record the results of these required inspec-
tions, will be used by the Fabricator and will be retained in
the inspection records. A separate form will be used for
each carbon, graphite, or polyester manufacturer and for
each carbon, graphite, or polyester nomenclature.

162

using a high voltage spark tester at the same voltage
as will be used on the welded thermoplastic in the finished
vessel. The conductive sample will be tested directly by
exposing the high voltage probe over the sample. Alter-
natively, the sample may be placed under the joint
between two pieces of the thermoplastic sheet, also at
least 8 in. (200 mm) long, which are butted up to one
another with a very tight fit and clamped so the three
pieces are immobile. The high voltage test will then be
made on the top of the thermoplastic using the
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Form M12B-4 Conductive Material Receiving Log

Fabricator's name

Carbon/graphite manufacturer

Address Powder nomenclature
Fabric type nomenclature
1 2 3 4 5 6
Conductive Production Lot Number Packaging Conductivity Commgnts
Material No. Date Inspection Test
By Date By Date

/4

q
1
1
1
13
14
Cqdmments @nlvisual 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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pointed probe and using the voltage required for the thick-
ness of thermoplastic used.

(c) The test must produce a bright spark distance
nearly the same distance as a test to an excellent
ground. In the case that the high voltage test does not
produce the normal audible sound or nearly the same
spark distance as to a good ground, the sample will be
deemed as not having adequate conductivity and that
lot of conductive material will be rejected.

shapes specified to produce the vessel, examine the packa-
ging of the shapes for damage that renders the shapes
unusable, and indicate acceptable shapes by recording
the date and name of the person performing the examina-
tion in Form M12B-5, column 4.

(b) For shapes that are found to be acceptable for
further inspection and tests, the Fabricator shall
record the date of receipt and lot number in
Form M12B-5, columns 2 and 3.

M12B-630 Thermoplastic Shapes for Vessel
Components

51 Introduction. This section specifies the
inspections and tests that are to be performed
plastic shapes that become part of the fabri-
cated vessel that is to be fabricated to this Standard. Ther-
moplastid shapes include pipe, duct, plate, angle, rod, or
rectangulpr tubes and other thermoplastic materials that
are intenfled to become part of the vessel. These shapes
could be¢ome nozzle necks, baffles, baffle braces, dip
tubes, supports for internal components, etc.

Adhesjon to nozzles, piping, and fittings may be
achieved |by alternate surface treatments.

52 Acceptance Inspections

(a) Acg¢eptance inspections shall include inspection of
the shapgs for proper packaging and identification,
inspectidn for imperfections and contamination, and
dimensional measurements. Acceptance requirements
and limifs are defined in paras. M12B-654.1 through
M12B-654.3.

(b) Fofm M12B-5, or a similar form that contains the
provisions to record the results of inspections;-shall be
used by the Fabricator and shall be retained'in the inspec-
tion recoyds. A separate form shall be uséd for each shape
manufactpirer and for each different(size and shape.
se inspections may be Waived if the materials
an ISO-certified mantfacturing facility and are
ied by a manufacturer’s material certificate.

53 Equipment<@nd Measuring Tools

-653.1 Inspection Table and Lights. See
B-600¢bY.

M12B-653.2 Linear Measuring Tools. See
para. M1RB<600(c). A standard caliper or micrometer

M12B-654.2 Visual Inspection of Thermopl]astic
Shapes

(a) Shapes shall be visually inspected upon rece
when the shapes are used. This inspection shall b
imperfections and contaminationt The date an
name of the person performing “wisual inspection
be recorded by the Fabricater in Form M12
column 6. If any shape is.rejected, the reason sh
recorded under the comments section in Form M1

(b) Thermoplastic shapes having any of the follg
defects shall not be used for components of vessels
to this Standard:

(1) visible’ contaminants, either inside the shape or
embedded jnrthe surface, 0.06 in. (1.5 mm) or larger in size

(2) *surface dents other than surface deprespions
with depth more than 10% of thickness

(3) scratches and sharp indentations

{c) Surface defects may be repaired to conform fjo the
above requirements, as long as thickness limitations are
not exceeded.

pt or
e for
l the
shall
B-5,
1l be
PB-5.
wing
made

M12B-654.3 Measurement of Thermoplastic S
Dimensions

hape

in at
% of

(a) Thickness of each shape shall be measured
least two places. Thickness shall be within 10
the nominal dimensions.

(b) Shape dimensions other than thickness sh:
measured, and all shall be less than +0.06 in.
mm) of the nominal dimensions.

(c) The Fabricator shall record all measurement
indicate in Form M12B-5, column 5 the date and the
of the person performing the measurements.

M12B-654.4 Weldability. The Fabricator shall y
weldability of thermoplastic shapes prior to u
welding the shape to the sheet and evaluating viqually

11 be
+1.5

5 and
hame

rerify
e by

accurate to +0.001 in. (x0.025 mm) is required to
measure the thickness of thermoplastic shapes.

M12B-654 Procedures and Acceptance Limits

M12B-654.1 Shape ldentification 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

164

£ 1 - h b e Lanl] h . - b 1 1l - .

TOT HTeCiamnicdr HItegrity. 11e rapl1cator sitalt 111 icate
in Form M12B-5 that a weldability test has been
performed.
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Form M12B-5 Thermoplastic Shape Receiving Log

Fabricator's name Manufacturer
Address Nomenclature
Description
1 2 3 4 5 6 7 8
Shape Production Lot, Batch, or Packaging Dimensions Visual Weldability Commients
Date Production Run Inspection Measured Inspection
By Date By Date By Date By Date

C¢mments on visual and packaging inspection (indicate’which shape):

(2]

NERAL NOTE: This form may be reproduced 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 the -

This Article contains special requirements for sheet
layout, for forming the thermoplastic sheet, for internal
attachmepts, for nozzle attachments, and for management
of thermdl stresses, and guidelines for material selection.

M12C-200 MATERIAL SELECTION

The following factors will be considered for proper
material $election for a lining application:

(a) chdgmicalresistance atthe temperature of operation
and at mpximum design temperatures.

(b) th¢ potential for environmental stress cracking,
consideripg

(1) the fluids contacted including cleaning and other
incidenta| fluids

(2) glesign conditions including the residual and
operatioral stresses and the exposure temperature.

(c) thigkness. The lining will be thick enough so that
permeatipn will be low to minimize chemical exposure
to the RTP structure. However, the lining will not be
so thick that anticipated forming processes during fabri-
cation will cause damaging stresses and possible failure.

(d) tethperature-creep limitations for the bonding
resin. A guideline limit is that the HDT [66 psi’(0.455
MPa)] of the bonding resin will be at least 36°F (20°C)
greater than the maximum design temperature of the
vessel.

(e) thelneed for stress relief in the case of high residual
stresses from forming or welding; which could cause
cracking pr other failure mode)in service.

(f) residual stresses in the\received sheet and the need
for stresq relief prior tofabrication.

M12C-300 SHEET MAP AND WELD PLACEMENT

(a) Pripr tofabrication, a sheet map will be generated
showing thelining in detail. All sheet sizes will be identi-

(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.

- 1ds in
para. M12C-400(e).

M12C-400 WALL ATTACHMENTS

(a) During design stages, every effort will be made to
support all internal appurtenancesby-the RTP strugture.
Internal attachments to the inside ‘of a vessel will not be
attached solely to the thermoplastic lining.

(b) As a last resort, if the‘thermoplastic lining [must
provide support for an internal attachment, the follqwing
types of conditions mustbe analyzed and designed tojmeet
the following limitations:

(1) the opérating stresses imposed on the lining will
not exceed 10% of the ultimate strength of the liner mate-
rial at desigh temperature

(2), the operating stresses on the lining-RTP |bond
willMiot exceed 10% of the ultimate shear stregs for
the lining-RTP bond

(3) long-term weld factors will be used in all calcula-
tions; strength and degradation of welds over time at pper-
ating temperatures will be considered.

(c) Baffles and dip pipe supports are typical a:ltach-
ments requiring welding to the thermoplastic lining.
These and other appurtenances attached only tp the
lining will be designed separately and the results will
be set forth on separate drawings showing stress calcula-
tions; attachment details, including supports and byaces;
and weld details.

(d) In designing attachments, the strength of theliner
material at operating temperature, the reduced str¢ngth
of welds due to the long-term weld factor, and the [pres-
ence of high alternating stresses will be considereg.

(e) Ledges will be designed with the support strength
from the RTP structure under the lining. Circumfergntial
welds will be located so that they are not part of the hends
required in forming ledges (see Figure M12C-1).

(F) Reinforcement pqﬂc will be used [cnn hara.

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.

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

i’ 2 in. (50 mm) $2in. (60 mm)
T, in. (13 mm) min. radius 'fn':;] ‘r"';d'i'L’S“)

l’ 2 in. (60 mm)

(a)

(b) Residual stresses from forming or welding can be
minimized by post-stress relieving or annealing.

(c)] Thermal stresses in the lining from process fluids
must be considered. These stresses will be analyzed;
becatise differential coefficients of expansion can cause
high [bond stresses and debonding. Bond stresses'\from
therrpal stresses must not exceed 100 psi (0.Z\MPa) in
sheaf. Ifthe bond shear strength at operatingtémperature
is knpwn, thermal stresses must not exceed”10% of this
bond|shear strength except that thermalstresses will in no
case gxceed 100 psi (0.7 MPa). In addition, thermal gradi-
ents fan promote diffusion beyond €xpected levels. One
techrjique to reduce thermal gfadients across the lining is
to usg external thermal insulation. Analysis of the amount
ofrequction in gradientsis necessary to evaluate the bene-
fits of the use of insulation. Another technique to reduce
thesq high delamination stresses is to use a flexible resin

(2 in, (50 (nm)

(b)

M12C-600 HEATING AND COOLING DESIGNS

(a) The heating system for the contents of a ¢lual lami-
nate vessel will be designed to avoid any damage to the
vessel. The preferred heating design is to use ap external
heat exchanger with inlet and outlet nozzles on the vessel.
Internal heating coils and the inlet from the ext¢rnal heat
exchanger must be carefully designed so that the vessel
nozzles are not overheated. The heating pipe pgnetrating
the vessel should pass through special flanges of f material
that can withstand the highest temperature pxpected.
These flanges will be installed in an oversize pozzle. In
addition, the support ofthe internal coils mustbg designed
carefully to avoid high wall stresses due to interpal inertia
from agitated contents, as well as thermal stresges due to
differential thermal expansion.

(b) Cooling of the contents of a dual lamingte vessel
may cause damage due to cold temperature embrittlement
of the plastic.

(c) Freeze protection from low ambient temperatures
may be provided by wall heaters that are designed to avoid
damage from high temperatures.

(d)-Ebrming of sheets into vessel shapes can-introduce
high internal stresses, which can cause cracking, warping,
and possibly environmental stress cracking in service.
Thermoforming above the softening temperature will
reduce these residual stresses. Post-stress relieving
(annealing) may be required. Cold forming may be
used, especially for thin linings, but the resulting high

internal stresses will be considered.

167

(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-

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.

fied by the-regquirements-of-the-thermoplasticlining-are
presented. The general provisions of Part 4 of this Stan- ~ M12D-400 WELDING
dard do 4pply.

This Article covers the forming and welding of the vessel
lining wdlls and ends; the installation and fabrication
details fdr nozzles, manways, and other attachments;
and the RTP modifications where changes from Part 4
are necespary due to the lining fabrication requirements.

Fabricdtion options are as follows:

(a) The thermoplastic lining will be fabricated before
the RTP laminate is overlaid.

(b) The vessel lining is fabricated by formed (thermo-
forming dr cold forming) components and welding them
together.

(c) The¢ end closure (or vessel head) linings may be
fabricated separately from the shell lining. The RTP struc-
ture may be laid up on the separate parts or after the entire
vessel linfng is assembled.

M12D-200 MACHINING OF THE THERMOPLASTIC
LINING

plates, edges of heads, and other parts (inteinal
ojections of nozzles, manway necks, etc.)may be
ape and size by mechanical means.such as
g, drilling, shearing, sawing, grinding, or by
other prgcesses that are not detrimentalto the lining
material. [After machining, all burrs,flashing, and other
loose material will be removed prior to further fabrication
or use. Excessive stresses may be)jinduced by machining
processeq and stress relief may be required.

Sheets,
ends or pi
cut to sh
machinin

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.

168

This section sets forth rules and guidelinesfor the flision
welding of thermoplastic linings to generate the viessel
lining configuration. Included are welds to assemble
shells, end closures, nozzles, manways; and wall aftach-
ments.

Areas for welding thermoplastigc liners shall have
sions for controlling dust,-ventilation, cleanliness
temperature.

The types of weldirig allowed for this Standard

(a) hot gas welding

(b) extrusionrwelding [but see para. M12D-421(b) for
limitations]

(c) hot plate welding

(d) flow-fusion welding

All svelds will be full penetration welds.

M12D-410 Welder Qualification

All welds will be made by a Welder qualified in thaf type
of welding and using that type of thermoplastic material.
Procedures for Welder qualification are set forfth in
Article H.

rovi-
and

are

M12D-420 Welding Procedures

(a) The gap between lining material before wellding
shall be no more than 0.06 in. (1.5 mm) at any location.
For assembly of large components [over 6 ft (1.8 n) in
diameter], the gap shall not exceed 0.13 in. (3.0|/mm)
at any location. For assembly after RTP overlay, the
maximum gap between lining material shall He no
more than 0.13 in. (3.0 mm).

(b) Misalignment of all butt welds shall be no mor¢ than
20% of the thickness of the thermoplastic material. For
lining material of different thicknesses)| see
Figure M12D-1.

smaterial 2 3 o acking
adjacent to the hot gas weld shall be removed a maximum
distance equal to the lining material thickness from the
weld bead. Fiber backing inside weld bead is not accept-
able. For hot plate and flow fusion butt welding, the
amount of backing removed shall not exceed 0.06 in.
(1.5 mm) from the weld centerline.

(d) The Welder shall initial a copy of the lining mate-
rial/weld map placement showing the welds he/she has
made by the end of each day.
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Figure M12D-1 Maximum Offset Allowed for Joints
Between Sheets With Different Thicknesses

' ‘

Offset max. 0.2T

(j) The hot gas welds will be visually inspected and will
meet the requirements of Table M12D-1 as well as the
following requirements:

(1) Weld Bead
(-a) Shape. Shape will be relaxed, indicating
proper flow of material; elongation or stretching indicates
excessive pressure or unacceptably high speed (see
Figure M12D-2).
(-b) Stretch Marks or Fractures. None allowed.

(e)] The gap between the lining material and nozzles
will e limited to the thickness of the lining material.

MI12D-421 Hot Gas and Extrusion Welding

(a) The basic principles of extrusion welding and hot
gas Welding are similar, except that the extrusion welding
rod ip hot extruded using an extrusion screw.

(b} Extrusion welding will not be used on materials
equal to or less than 0.13 in. (3.0 mm) in thickness.

(c)| Extruder temperatures and operating conditions
will e as recommended by the material manufacturer.
The Welder will verify that temperature settings on
the gxtruder machine are appropriate for the material
to bg welded.

(d) Before extrusion welding, the Welder will visually
inspqct extrudate for contamination.

(e)] Weld filler materials will be compatible with the
sheet to be welded. In particular, the melt flow character-
isticgwill be compatible and the manufacturer of thesheet
will dpecify the appropriate requirements for weld filler
matefials to be used.

(f)| When required by the material manufacturer, rod or
parept material will be sanded or scraped to remove
oxiddtion.

(g] For hot gas welding, the gasised will be clean and
dry. The gas will be tested dajly.for contamination. The test
proc¢dures will be those described in ASTM D4285 using
sorbent collectortdescribed in para. 3.1 of ASTM
5. Any deposits;including foreign particles, indicate
he gas is cofitaminated and unacceptable.

(h) Drynitrogen, inertgas, or air will be used for hot gas
and g¢xtrusion‘welding as recommended by the material
manyfacturer.

(i)| Forhot gas and extrusion welding, all joints must be

~

Fhesemdicate that thre Tod-was toocotdorirdicpte exces-
sive pressure or speed during welding.

(-c) Undercut. None allowed. Thése'ing
too small for area prepared or stretching of r
welding (see Figure M12D-2).

(-d) Bridging. None allowed. Bridgin
caused by improper tempetature or pressu
starts and stops, relaxing of the rod pressu
welding, or improperly.cléaning the V beve
welding.

(-e) Lack of Fusion. None allow
Figure M12D-2).

(2) Flow Lines Evenness. Both sides of the
must show)continuous flow of molten material
of the Weld bead (see Figure M12D-3).

(3) Heat-Affected Zone. Not all plastics
visual heat-affected zone (see Figure M12D-4)

(k) Extruded weld visual inspection will me
quirements of Table M12D-1 as well as the fo

(1) Free of porosity. One cause of porosity
sive heat during extrusion.

(2) Nolack of fusion. Low temperature can
lack of fusion.

(3) An even bead showing no lumps, b
excessive irregularities.

(4) Some surface gloss showing the existen
affected zones will be visible.

(1) Safety

(1) The welding process involves more thd
handling of hot equipment and plastic. When in
nitrogen is used to melt the thermoplastic, spe
tion to ventilation is required. In addition, some plastics
may emit fumes that can affect workers. Thes¢ possible
safety hazards must be considered prior to weldiing. Many
welding procedures are performed inside tanks pr on-site.
These require special safety procedures.

(2) Normal safety practices will be followed with

icate rod
bd during

b may be
'e during
‘e during
prior to

ed (see

veld bead
It the side

exhibit a
et the re-
lowing:
is exces-
cause this
umps, or
e of heat-
n just the

ert gas or
rial atten-

beveled toa Vor doubte VShape prior to wetding. For
sheets up to 0.16 in. (4.0 mm) thick, a V bevel is recom-
mended; for 0.16 in. (4.0 mm) thickness and above, a
double V bevel is recommended. Typical bevel angles
are 30 deg to 35 deg (60 deg to 70 deg total) for butt
welds. Typical bevel angles for T welds are 45 deg to
60 deg. Exceptions are FEP and PFA welds, where V
bevels for butt welds will be 15 deg to 20 deg (30 deg
to 40 deg total).
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Spectal conmsideration to tite fact tirat welding guns
exceed the flash point of most solvents.

(3) Prior to welding, the Fabricator will establish a
safety procedure and include it in the Fabricator’s Proce-
dures Manual (see para. M12G-540).

M12D-422 Hot Plate Fusion Welds

(a) In hot plate fusion welding, no filler rod is used. A
heated plate is used to apply heat, and a machine is used to
control pressure and alignment.
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Table M12D-1 Visual Weld Defects

(b) Prior to welding, the welding machine will be
inspected and the following verified:

Imperfection Allowable .
(1) proper plate temperature according to thermo-
Cracks None . , .
) plastic manufacturer’s recommendations
Blisters (2) proper heat-up pressure and time
within the thermoplastic liner None (3) proper transfer rate
betw.een the liner and the RTP None (4) proper weld pressure and time
lamma_te _ (c) Prior to welding, verify that the two pieces to be
dleigglrldmg of the thermoplastic None welded have been properly aligned and that the weld
rdl,Cb dl'c blldpEL‘l propcl l_y.
All Welds (d) After welding, accelerated cooling will not,be used.
Flow lines Uniform on both sides of weld (e) Weld bead visual inspection will meet the'require-
Undercut None ments of Table M12D-1 as well as the following require-
Heat-affect¢d zone heat pattern Same width on both sides of weld ments:
Hot Gas Welds (1) no porosity or air bubblespresent
Contaminafion evidence by None (2) bead “roll over” is notéexcessive (see Flgure
discoloration or contaminants M12D-5)
in the fldqw lines . v
Crown or dverbead Relaxed and no more than half the M12D-423 Flow Fusion‘Welding. Flow fusion invjolves
sheet thickness above the sheet clamping each material to-be joined in a special mafhine
surface and then using heat tocause them to fuse together ynder
Misalignment Maximum one-fifth of sheet the pressure caused by expansion of the material. Special-
thickness ized custom eq@ipment is used for this type of welding.
Bridging over at starts and stops None The fabricator’s equipment, procedure, and the| past
Discolorati¢n testing of welds will be reviewed to ensure viabiljty of
charring dr burning None the process used. Welds will be visually inspg¢cted
brown from use of air at high None using-the applicable criteria from Table M12D-1.
temperature . .
Hot Plate Butt Fusion Welds M12D-424 Cap Strip Welding
Flow lines Height of flow line extrusions (a) Cap strip welding is similar to hot gas welding,
does not exceed thickness of except that a flat strip of the same thermoplastic material
the plastic sheet is applied over an existing weld. The flat strip may|have
Voids in fuion zone None fiber backing impressed on the face to be bonded to the
Thickness ¢f sheet allowed Minimum 0.09 in. (2.3nm) RTP overlay. The cap strip with a fiber backing proyides
Misalignment Maximum one;ténth ‘of sheet continuity of bond between the thermoplastic lining and
thickness the RTP structural overlay.
Extrusion Welds (b) Inspections will show that the requirements of
Crown or dverbead Maxinfim+% in. (3.0 mm) above Table M12D-1 as well as the following are met:
shegt thickness (1) Preparation. For fabric-backed sheet, whenfa cap
Cap Strip Welds strip is applied over welds, the fabric must be removed
Flow lines Uniform on both sides of weld; no from the sheet in the weld area at least as wide as thle cap
larger than % in. (1.5 mm) strip.
Distortion gfter weld In accordance with UBRS (2) Excessoverbead mustbe removed to offer apear-
Voids None flat surface for the cap strip. Care will be taken to fivoid
Discoloratign No brown color cutting into the base sheet material and to avoid excgssive
Spark test fortsoot weld Special test required before cap surface scratches.
Strip. qppliad (21 After nroducina g flat surfacethe prepared area
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=7
must be fully inspected and spark tested prior to applica-

tion of the cap strip.

(4) Warpage. The cap strip weld must be flat and
relaxed, indicating consistent fusion and the lack of brid-
ging or air voids under the strip. See Table M12D-1.

e PpProe T Sar i ee
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Figure M12D-2 Visual Features of Hot Gas Welds

/ Flow lines
N e N

(a) Acceptable Relaxed (b) Unacceptable Unrelaxed
Weld Overbead Weld Overbead
(c) Unacceptable (d),Unacceptable
Undercut Lack of Fusion

Figure M12D-3 Illustrations of Flow Lines

/ Flow lines

(a) Acceptable Relaxed (b) Unacceptable Excessive
Weld Bead Flow Lines

(c) Unacceptable Uneven
Flow Lines
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Figure M12D-4 Heat-Affected Zone Patterns

\/

Figure M

|

Heat-affected zone
Weld bead
Heat-affected zone

—~

(a) Acceptable

12D-5 Butt Fusion Welds Showing-Melt Flow
Lines

Unacceptable
Acceptable E

N

v \

> ZAN

o
©
©
o
he}
o [}
= c
o
N
o o
£ 2
[&]
> 2
b=
2 P
© b
& 5
& T
W
©
©
T

(b) Unacceptable

172



https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

M12D-500 TESTS FOR DEFECTS IN WELDS
M12D-510 High Voltage Spark Test

All welds with adequate access will be tested with a high
voltage spark tester to find flaws or imperfections in the
weld. Welds will be tested before application of the RTP
overlay and after application of the RTP overlay but before
shipment. Other plastic areas may also be tested, aslong as
properly functioning targets are present behind the area.

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.

M12D-520-GasPenetrant Fests—————

The Habricator will have written test procedures including
calibration procedures. When the finished weld has a cap For welds where accessibility prevents @) high voltage
stripfroot welds are to be spark tested after flatteningthe  spark test, a helium or halide leak test is reguired. This test
root weld bead and before the cap strip is applied [see  must be done before the RTP overlayis applied| Care will
paral M12D-424(b)]. Spark testing after welding on a  be taken to avoid damage to the lifier from oveifpressure.
cap gtrip may be accomplished if desired for added  An advantage of this test is that all defects that penetrate
secutfity. through the sheet, including welds, can be foulnd.

(a) Voltage. To ensure proper voltage levels during
inspdction of athermoplastic weld using a spark test appa- M12D-600 FLANGES,"NOZZLES, AND MANWAYS

ratus
AC vq
the sj

three components should be considered: the level of
ltage, frequency of the spark tester, and travel rate of
ark tester along the weld. Each of these three compo-
nenty, independently and together, will impact the overall
resulks of a spark test, as well as the amount of voltage
receijed by the sheet lining. The recommended rate of
travel for spark testing is 1 ft/sec (300 mm/s)
minifnum, and do nothold a probe in a stationary position.
The jecommended starting voltage should be set to 5 kV
for edch millimeter of material thickness. The reduction of
the vpltage by 10% with each subsequent pass is optional;
it shdll be agreed upon between the User or User’s Agent
and Kabricator. Defects and repairs shall be recorded on
the project weld map. Final spark test paramet€rs'shall be
agregd upon between the User or User’s Agent-and Fabri-
cator} recognizing that each polymer type‘and sheet lining
thickhess might require a unique set of-spark test param-
eters
(b)
pern
any
will
grou

Grounding. Grounding strips will be applied on a
anent or temporary basis on all weld areas and
ther area to be spark‘tésted. The ground material
have consistent ‘tohductivity and permanent
1ds will not inhibitbond strength. Acceptable perma-
nent|ground materials are thoroughly mixed carbon or
graphite/resin putty (33% to 40% by weight carbon or
graphite), carbon veil, carbon fiber tape, or conductive
polyeéstetfiber. The conductivity and continuity of the
grouhd/material will be tested before application of

M12D-610 Fabrication Options

Linings for{nozzle necks and manway rounds may be
fabricated.from pipe or from sheet stock wrapped and
welded to, form the required tube shape. Lipings for
flange‘faces may be cut from sheet stock anfd welded
to,the neck, flued from sheet stock, or flafed from
tbing using thermoforming tools. The shell lining can
be flued to join the neck lining or the tubing may be
flared to join the shell at a short distance [from the
nozzle. This section will present some of thes¢ designs,
with rules and recommendations.

M12D-620 Shell-Neck and Neck-Flange

(a) Figures M12D-6 and M12D-7 show a¢ceptable
constructions for nozzle and manway linings. The thick-
ness of the lining for the necks and flange faces must be at
least as thick as the lining of the shell. The thickrjess of the
lining for nozzle necks will not be more than twoltimes the
nominal thickness of the sheet used for construction of the
vessel shell. Welding on both sides of all T|joints is
preferred because of the increased strength and balanced
residual weld stresses. In case access to both sides of a T
joint is not possible, welding from one side of th¢ T joint is
acceptable as long as full penetration is achiev¢d. Nozzle
and manway constructions other than those shown in
Figures M12D-6 and M12D-7 will be agreed [to by the

Designs

the RTP laminate by using the test procedure outlined
in para. M12B-644.2.

(c) Procedure. The recommended spark testing proce-
dure will be as outlined in ASTM D5162 Test Method B.
The vessel will be thoroughly cleaned and dried. The tester
will be in continuous motion, as dwelling in one place
could rapidly cause penetration and failure. A speed of
about 1 ft/sec (300 mm/s) is recommended. Periodically
(at least every 5 min) touch the tip to the conductive
substrate to ensure proper operation and good electrical
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USET belore fabrication starts.

(b) Figure M12D-8 shows typical designs for bottom
nozzles.

(c) All welds 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
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Figure M12D-6 Nozzle Construction for Penetrating Nozzle

0.D.
B.C.
1.D. .
Alternative
Weld design for Weld Design
pipe nozzle (not
=T able to be flared) .
[ \ i
‘?7 | * | T
L f

(;U—b

|
|
|
|
— Sdia i 3/g in. (9.5 mm) radius
Shell ' | ] H,
|

reinforcement — Ty Shell
Style A T reinforcement
n - Style B
To —
. 4:1 taper min. 1 Ho
4:1 taper min. —T, | H, 4:1 taper min

Note (1)
Y% in. (13 mm) min. A
I [Note (21]

T e
SN

i r 1
/ T ! _Lf \ Ts_f
41 taper min. - l=— % in. (13 mm) min. [Note (2)] - 4:1 taper min.

X min. G, X min.
D;= G, +2X

|———————————
&

Legend:
G, = oftside perimeter of grind block
X = gleater 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).

installing[the target and before the.remainder of the RTP preferred alternative approach for baffles and some pther

overlay ig applied. attachments is to cut out the attachment locally to adcom-
(d) The RTP structural pverlay may be applied to the modate the weld overbead.
nozzle/manway neck and flange before attachment to the (c) Reinforcement pads are required for all attach-

shell or ¢nd closure, (Alternatively, if the lining can be ments to the liner. A small drain hole may be proyided
supportefl suitably,sthe RTP structural overlay may be on the bottom of each pad. For applications involvingsani-
applied after weld\attachment of these appurtenances. tary conditions, such as food or pure water, this drain hole
will not be installed.

M12D-7Q0'INTERNAL ATTACHMENTS

(a) Internal attachments include baffles, dip pipes, M12D-800 REPAIR PROCEDURES

spargers, and others. Since these are ordinarily supported M12D-810 Scope
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 shell
weld or an end closure weld, the weld overbead will be
mechanically removed before installing the attachment. A

This section sets forth general criteria and repair proce-
dures that are to be used to correct nonconformities in
liners in dual laminate vessels before they may be
accepted as complying with this Standard. Where
repair involves removal and replacement of any of the
RTP structural laminate, the procedures of Mandatory
Appendix M-7 will also apply.
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Figure M12D-7 Nozzle and Manway Construction and Installation

0.D

B.C

I.D.

Flared flange face

_\

,_,,,”,. T in (13 mm) 'A
min.
P *
3/g in. (9.5 mm) radius
— H
Shell . " Shell
reinforcement —— T, reinforcemént
Style A
Pe jt— '
4:1 taper min.
4:1 taper min. 7 /_ Note (1) ‘
5 % in. (13-mm) |5
min.
[Note (2)]

4:1 taper ni

4:1 taper min.

X min.

Flued nozzle-to-shell _/

flared nozzle

4:1 taper min.

G,

X min.

D,=G,+2X 1
(a) Shell Lining.Flued

4:1 taper

=]

O.D.
| B.C. |
1.D.
e Flared nozzle neck \
r | & NnEg
n’ % in. (13 mm) 7 | T
4 min.
' L
3/gin. (9.5 mm) radius
Shell - H,
reinforcement T | Shell
P Style A - T reinforcement
e n - Style B
— |
41 taper H
0 w1
Note (1) —\ \Ho i /
\ R
I

4:1 taper min.—

X min.

Flued nozzle-to-shell
flared nozzle

|—’| L_ \—4!1 taper m

Y% in. (13 mm) min.

[Note (2)]

>

Legend:

G, = outside perimeter of grind block

Dy= G, +2X

! X min.

(b) Nozzle Neck Flared
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X = greater of 3 in. (75 mm) or .D./2

ot

n.
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Figure M12D-7 Nozzle and Manway Construction and Installation (Cont’d)

(1) Fill with laminate per para. 2-200.
(2) Where fabric-backed lining is used, follow requirements of para. M12D-420(c).

M12D-820 General Conditions

Ingene
damaged
the repair
physical s
original Iz
be record
part of th
Other gen
M-7 appr

M12D-83

Vesseld

iner,bond, or related RTP laminate are repaired,
will ensure that the final area will have the same
trength and chemical resistance as the specified
pminate. All defects and completed repairs must
ed in writing in a repair log, which will become
e quality assurance documents for that vessel.
eral conditions outlined in Mandatory Appendix
ppriate to dual laminate repairs also apply.

b0 Nonconformities

fabricated to this Standard may be repaired to

correct ponconformities prior to certification and

stamping
are met:
(a) Th
M-7,para
are met.
(b) Th
limitation
(c) The
able as in
(d) Th
dures for
(e) Th
replacing
not exce
(0.3 m?),
(f) Thq
the RTP
length of
replaced
(99 W
Welder q
in accord
dures an

, provided that all the following conditions

b general requirements of Mandatory Appendix
M7-210 as they apply to repair of dual laminates

e thermoplastic manufacturer’s procedures and
s on rewelding are followed.
nonconformities must be classified as repair-
dicated in para. M12D-840.
e Fabricator will provide detailed written.proce-
each kind of repair that will be made:
b total amount of area repaired by patching or
lining after the RTP has béen* applied will
bd 2% of the total inside (iner area or 3 ft?
whichever is greater.
total length of weld joints that are repaired after
verlay is applied will.not exceed 2% of the total
welds in the therma@plastic liner. All welds can be
prior to application of the RTP overlay.
ld repairs-are accomplished by a qualified
ualified. ‘el the same material as the liner and
ance-with the Fabricator’s qualification proce-
with’ this Standard.

(e) liner surface nonconformities contained in

become too thin (see Table M12B-3).

(f) stress relief not accomplished when required.

(g) weld defects detected in the final inspection by
voltage spark test when the vessel hagleSs than 1% o
weld length plus 12 in. (300 mm)

M12D-850 Unrepairable Nonconformities

—'FGHG—WM—SGH*Q%S—H‘W—W — - g t aped
ral, when the nonconformities in the defective or out, except that the thickness of the sheet Wwill not

high
total

The following nonconformities will not be considered

repairable. A vessel that has any one of these noncg
mities will not be certified as being fabricated in 3
dance with this/Standard.

(a) Incorrect material: sheet, filler rod, strip, etd.

(b) Weld.defects detected during final inspecti
high voltage spark test that exceed the following:
(1992% of total weld length plus 12 in. (300
prior.to hydrotest
(2) 1% oftotal weld length plus 12 in. (300 mm
hydrotest (rehydrotest not required)
(c) Liner is thinner than lower tolerance on thick
(d) Thermoformed components are less than spe
thickness.
(e) Ground strip for spark test target omitted or
ficiently conductive.

M12D-900 APPLICATION OF THE RTP OVER
M12D-910 Application of Spark Test Targets|

Prior to application of the RTP overlay, all of the co

nfor-
ccor-
n by
mm)
after

ness.

rified

nsuf-

LAY

hduc-

tive spark test targets must be applied. As a minimujn, all

welds will have a conductive target on the exterior sy
of the liner prior to application of the RTP overlay
para. M12D-500).

M12D-920 Testing Bond Strength Between L
and RTP Overlay

M12D-840 Repairable Nonconformities

Repairable nonconformities are

(a) all

weld defects in Table M12D-1.

(b) debonded areas.
(c) blisters.

(d) inc
nozzle is

orrect location of nozzles only when the correct
relocated far enough away so that reinforcing

pads do not overlap.

176

rface
(see

ner

The Fabricator will ensure adequate bond strength by
performing the tests required in para. M12B-614.4. In
addition, for dual laminate vessels with PVC or CPVC
liners, these tests shall be performed on each bonding

resin batch and on each lot of liner material used

. The

bond strength test results shall be documented and
shall meet the minimum requirements of para.

M12B-614.4.

(21)
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Figure M12D-8 Bottom Nozzle Construction and Installation

P
e -— T,
4:1 taper min. _ X min.
Shell Reinforcement
Style B
3/gin. .
—=i T _—7 4:1 taper min.
(9.5 mm)
radius /1
H Ho A
o Tk er D, =G,+2X
[\ k__‘¥,
‘ L . pa Y2 in. (13 mm)
0.D. B.C. |.p. —— 4:1taper min. - min. No;? (1) l
i vy . [Note (2)] o
7 7 ] =5 Vi
Ts

A sr. i
: ia. T,
_+— Y% in. (13 mm) min. T, 4:1 taper min.
T—>|I<— H, [Note (2)] X min.

T =
Pe
Xmi 4:1 taper min.
— X min.
Dr =Gr+2X 7 Shell
Reinforcement

Style A ,

Tr ~—T

Ty T, [ |
- 1

% in. (13 mm) T .
min. [Note (2)] ~ _ ’ L_Tn

- — L|LD. B.C. O.D.
/Gr Note (1) |<—I L —=
4 - ?
4:1 taper min.— g
[ ormm
4:1 taper min—" H, r i ]
3/qi e —
| gin.
(9.5 mm) _’I T l‘_
Vortex breaker X min. radius
(optional) * Shell
! Reinforcement
| = Style B

/ 4:1 taper min.

Legend:
G, = 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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M12D-1000 INSPECTION

In addition to the requirements of Article E, the
Inspector will visually check the interior and exterior
surfaces of the lining before the RTP overlay is applied
and the exterior surface of the RTP overlay after it is
applied. All the visual requirements of Tables M12D-1
and M12E-1 will be met. In particular, this inspection
will ensure that cap strips and conductive targets are

M12E-220 Lining Imperfections: Visual Inspection

(a) During fabrication, the Fabricator will make all
checks necessary to ensure that the lining and the
lining-RTP bond meet the requirements of this Standard,
particularly the requirements of Tables M12B-3, M12D-1,
and M12E-1. The Fabricator’s Quality Control Program
will include procedures and forms to be used to
control the ongoing process of lining fabrication and

installed properly (see para. M12E-220) lining=RTP bond fabrication so as to ensure that imper-
fections are within required tolerances prior ito|final
inspection.
ARTICLE E (b) The Inspector will visually check intérior suiffaces
INSPECTION AND TEST of the lining and the exterior surface of the RTP overlay.
The Inspector will ensure that all visual requirements of
M12E-100 SCOPE Tables M12B-3 and M12E-1 are met:
This A(]ticle covers inspections and tests required on a . (¢) Thefinalvisualinspectiopwillbe made afterthela§t
dual lam]nate vessel. It is intended to ensure that the hlg,h YOlta%’e spark test, the fiydrotest, and the acqustic
. . . emission (if used) tests aré-completed.
completed vessel has been designed and fabricated in i ) .
accordange with the requirements of the latest revisions (d) As provided in paya: 6_,940((3)_’ th'e Inspecto* V.VIH
of the degign, of the approved drawings, of the UBRS, and record the results of thevisual inspection in the inspgction
of this Standard. report.
This Article is in addition to the inspection and testing of
the RTP sfructural laminate of dual laminate vessels that is ARTICLE F
provided jn Part 6 of this Standard. However, some inspec- SHIPPING AND HANDLING
tions and fests of the lining, the bond, and the RTP laminate
should o1} may be accomplished at the same time.
When the corrosion barrier of the RTP laminate is M32F-100 SCOPE
replaced| by a thermoplastic lining, the testing for This Article covers special requirements for shipping
quality df the lining as provided in this Article will and handling dual laminate vessels at low temperatures.
replace those requirements for the corrosion barrier in
Part 6. M12F-200 PRECAUTIONS TO PREVENT
MECHANICAL DAMAGE
M12E-2Q0 FINAL INSPECTION
(a) Since many of the thermoplastics used for linefs are
(a) Infaddition to the documents the“Fabricator is  brittle and become more sensitive to mechanical shqck as
required|to provide the Inspector in accordance with temperatures decrease, precautions must be taken in
para. 6-900(a), the following doguments related to  handlingand storing to ensure thatimpact or high stresses
dual laminate inspection will be provided: are avoided. In particular, polypropylene, PVC, CPV(, and
(1) Welder qualification/records for individual ~ PVDF homopolymer should be shipped and stored gbove
Welders who made welds in' the vessel 32°F (0°C). Special precautions to avoid mechanical $hock
(2) qurrent weldmap and sheet placement are required, especially if ambient temperaturef are
(3) high voltage-spark test records below these limits.
(4) materialllogs for all materials used (b) Thermal stresses due to sudden changps in
(b) Payagraphs M12E-210 and M12E-220 describe the  temperature will be avoided, as these can cause cratking
minimun] basie’tests relating to the thermoplastic lining  of the thermoplastic liner. An example is moving a yessel
that mustbemade—withessed—orreviewe dby—the

Sott—Oo0T—T¢

Inspector prior to or at the time of the final inspection.
M12E-210 High Voltage Spark Test

The Inspector will witness the last high voltage spark
test performed. This last test will normally be after the
hydrotest. Any spark test indication of a defect will be
cause for rejection until the defect is repaired and retested
with satisfactory results.
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M12F-300 INSPECTION AFTER SHIPMENT AND
INSTALLATION

When a vessel arrives at the User’s facility and before
unloading from the transport vehicle, a visual inspection
(internal and external) is recommended to detect any
damage that may have occurred during shipping. After
installation of a vessel at the User’s facility, a high
voltage spark test is recommended to detect any
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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 [Note (1)]
Debonding Lack of bond between lining and None [Note (1)]
RTP structure
Foreign inclusions Particles in the lining that are not None [Note (1)]
of the plastic composition
Denfs, pits, grooves Surface irregularities in the lining Maximum depth 10% of sheet [Note (1)]
thickness, maximum size % in.
(3 mm) diameter or 1 in.
(25 mm) long
Blisters (internal) Pores within plastic sheet None [Note (1)]

NOTE
proceglures are received and approved.

defedts in the liner that may have occurred during ship-
ping,|handling, and installation.

ARTICLE G
SHOP QUALIFICATION

M12G-100 SCOPE

Thjs Article covers requirements a Fabricator will meet
in ordler to qualify capability for fabricating dual laminaté
vessdls in accordance with this Standard. These require-
ments are in addition to those set forth in Part %

M12G-200 GENERAL

In pddition to the requirements of para. 7-210 for the
shop|survey, the ASME survey team will verify that the
requijrements of this Article are metx

M12G-300 FABRICATOR’S, FACILITIES AND
EQUIPMENT

In hddition to thedacilities specified in para. 7-300, the
folloying facilities and equipment will be available for
qualification during the shop survey:

(a) areas‘déesignated for storage of plastic sheet, weld
rod, aindcothér plastic shapes

(b] areas designated for storage of semifinished . ere
components of dual laminate vessels g-taf 3

(c) separate shop fabrication areas for assembling
thermoplastic liners with special provisions for control-
ling dust, proper ventilation, cleanliness, and temperature

(d) equipment for thermoplastic welding including
appropriate gas supply [see paras. M12D-421(g) and
M12D-421(h)]

(e) temperature-measuring instruments capable of
measuring welding and thermoforming temperatures
with accuracy of #3.5°F (£2.0°C)

(1) These imperfections may be repaired if approved by the Inspector and the Fabricator’s Quality AsSurance Manager, ind written

(f) equipment for.thermoforming plastic s¢ctions of
vessels including flaring and fluing for nozzle aftachment
[see para. 7-300(b)]

(g) laboratory equipment for evaluation off welds in
accordance ‘with para. M12H-400, except that tensile
test services may be obtained from a qualified oytside lab-
oratory

th) inspection equipment for determining the quality
of welds, including high voltage spark tester

(i) equipment (internal or at an external facility) for
determining the bond strength between the thermoplastic
liner and the RTP overlay (see para. M12B-61f.4)

M12G-400 PERSONNEL

The Fabricator’s organization shall include spgcific per-
sonnel designated and qualified for the following func-
tions:

(a) welding thermoplastic parts, and trainingand eval-
uating Welders (see Article H).

(b) designing thermoplastic lined vessels, including
knowledge of the technology of welding thernjoplastics.
As authorized in para. 7-400, for RTP vessels this function
may be performed by outside qualified engineer{ng design
personnel.

M12G-500 DEMONSTRATION OF CAPABILITY

Each Fabricator’s shop shall demonstrate the ability to
fabricate thermoplastic liners, including welding, to
required quality levels. A Welder qualification record
(see para. M12H-100) shall be maintained showing
Welder capability to weld thermoplastic parts. The
records shall clearly show qualification records for all
the following:

(a) type of welding; i.e., hot gas butt welding, nozzle-to-
shell welding, cap strip welding, etc.
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(b) specific thermoplastic material

(c) specific Welder’s name

(d) certification for each separate combination of (a),
(b), and (c)

M12G-520 Bonding Capability

Each Fabricator’s shop shall demonstrate capability to
bond the RTP overlay to thermoplastic liners with suffi-
cient strength to satisfy the requirements of

(4) The vessel shall be high voltage spark tested and
will not show any defects.

(5) The demonstration vessel shall be cross-
sectioned in accordance with Figure M12G-2 to show
the weld quality, the amount of liner thinning in thermo-
formed knuckles and flares for nozzles, flange construc-
tion and quality, bond between the liner and the RTP
overlay, and the spark test targets. All of these areas
shall meet the requirements of this Appendix.

para. M1PB-614.4. The shop survey team shall verify
bond strength test records and shall determine that
the Fabrifator has the equipment and trained personnel
to deternjine bond strength.

M12G-530 Demonstration Vessel

(a) Thle Fabricator shall produce a demonstration
vessel, which shall be inspected by the ASME shop
survey team. For the purposes of this qualification demon-
stration viessel, the lining system shall be divided into the

following|lining classes:
Lining Demonstration Vessel Demonstration Vessel
Classificatjon Top Half Bottom Half
A [Note (1]] Fabric bonded lining Chemically bonded lining
B [Note (2]] Fabric bonded lining Fabric bonded lining
C [Note (3)] Chemically bonded Chemically bonded lining
lining
NOTES:
(1) Fabridand chemically bonded thermoplastic linings.
(2) Fabrid bonded thermoplastic linings only.
(3) Chemikally bonded thermoplastic linings only.
A Fabricator selects the appropriate lining classification
and buildp a demonstration vessel accordingly. The Fabri-

catorisre
only that
demonsti
procedur

(b) Thle demonstrationessel shall be fabricated
according to Figure M12G=t"and Table M12G-1.

(c) A Habricator who~is not certified to fabricate solid
RTP vessgls may qualifyfor a restricted certificate for dual
laminate [vessels, érily.

M12G-
ments

stricted to fabricating vessels tothis Standard in
Class of lined vessels for whic¢h he/she has built a
ation vessel that has passed the qualification

h

b31-Demonstration Vessel Quality Require-

bove
fabri-
essel.
rma-

.

(l,jj Fdilul C LU IIICCL dlly Ufl,lltf I ELluil CIIICIILS ill (d) q
shall cause the Fabricator to fail for qualification, to
cate to ASME standards that class of dual laminaté v

(c) The vessel shall be sectioned and placed on pe
nent display in the same manner as the, RTP vessg

M12G-540 Procedures

The Fabricator shall havetie following procedures
clearly defined and established:

(a) spark testing

(b) welding

(c) forming

(d) safety

(e) stress felieving

M12G-550’ Fabricator Certification

A’Eabricator 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.

dual
htion
wing

bndix
ed in

iner
uire-

inate
ts of

ARTICLE H
QUALIFICATION OF WELDERS

M12H-100 GENERAL REQUIREMENTS

(a) This Article specifies the rules for qualifying per-

(a) The demonstration vessel shall be inspected by the
ASME shop survey team and shall meet the following re-
quirements:

(1) The vessel shall meet all visual inspection re-
quirements of this Appendix.

(2) The layout of thermoplastic sheets and the weld
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.
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sonnel to weld thermoplastic parts together. Thermo-
plastic linings will be assembled only by personnel
who have been qualified in accordance with the require-
ments of this Article.

(b) A Welder is an individual who joins thermoplastic
parts together using fusion bonding processes.

(c) The Fabricator will maintain up-to-date records
relating to qualification of each Welder. These records
will document the date of last qualification, and will
include all calculations and test or inspection reports
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Figure M12G-1 Dual Laminate Demonstration Vessel

45 deg

Affix nameplate to
S bracket located in
o this general area

Q RTP support legs,
equally spaced

Gusset

Type |

laminate
NPS 2 (DN 50) nozzle B

ASME flanged and dished head
or 2:1 elliptical head

_\ Tangent line

<—|.D.3ft6in. (1070 mm) Mmin., >
2in.x 2 in. (60 mm x 50 mm)

4 ft 6 in. (1370 mm)*max. :
integral support ledge ——

Type Il or filament I I

wound laminate )
A

' AN <E
Integral body . ,é':r IS
flange ¢ ’écgu £ g
c
RTP pipe leg supports; f‘ﬂ NPS 3 (DN 80) Y oeL gr"’ =
four required, N !"} tangential nozzle A ¢ TES N
equally spaced | SENS
(T ; Q
Tangent line - @

\ASME flanged and dished head

or 2:1 elliptical head

(760 mm)

2 ft, 6 in. —

NPS 2 (DN 50) nozzle C

Type Il laminate

GENERAL NOUTES:
(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

Title of]

User’s

f\gent firm name Not applicable

equipment ASME RTP-1 dual laminate demonstration vessel

Hesignation no. ASME RTP-1 al

Installation location (name and address) Fabricator's shop

UBRS ¢

Name

repared by (User or User's Agent):

Mandatory Appendix M-12, ASME RTP-1 Phone™mo. _ Not applicable Date

Addresp

b

Fquipment description (equipment sketch and nozzle' schedule shall be attached):

Pdditional 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 requireménts, 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 water 100 100 Continuous
4.3 pH\range: max. min.
5 Desigh
5.1 Design conditions:
Operating Design

Ttermat pressure T O pSig(96.5 KPag) 15.0 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
RTP Edition No.
UBRS Revision No.

4

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

Basic wind speed 0 MPH (m/s)

ASCE 7

Classification category Exposure

Elevation above grade ft

Seismic zone

Topographic factors

Site-specific seismic information (soil type, ground motion coefficient

0
Operating

Snow load
Capacities:

psf (kPa)
Flooded

etc.)

gal (L) Flooded By Fabricator galA(l)

5.2 Mechanical agitator: [ ] Required

Dead load

[ 1 Not required

b (N)

Static bending moment

ft-Ib (N-m)

Dynamic bending moment

ft-lb (N-m)

Torque

ft-lb (N-m)

Horsepower

hp (W)

Impeller speed

RPM  Impeller diameter in. (mn

Number of impellers

Foot bearing: [].Yes [1No

5.3 Heating and cooling:
(1
[1]

[]

Electric panels
Steam coil
Steam sparger
[ 1 Heat exchanger
[ 1 Other

5.4 Mechanical and other forces:
[1]
[1]
[1]
[1]
[1]
[1]
[1]

(]

Violent chemical reaction

Subsurface introduction of steam
Transmitted mechanical load/force
Impact due to introduction of solids
Vacuum from pump down (or essel
Vacuum from cool down

Other _ Not applicable

Subsurface introduction of gas or vapor

draining)

5.5
Yes
No

]

[1]
5.6
Yes
No

[1]
x]

Corrosion barrier excluded from structural calculations:

Declaration ofegritical service (only by User or User's Agent; refer to para. 1-210 of ASME RTP-1):

Designation of Inspector (Review paras. 1-400, 1-
bstablishes numerous duties for the Inspector, which necessitates that the Inspector be present in the fabrication shop throughout

430, and 1-440 of ASME RTP-1. It shall be recognized that ASME RTP-1

hall b

]
[1]
[1]

Fabricator's Quality Control principal
User’s representative
Other

i ki £+ falor ' HYS IR s
o rpotfaoft-ormerapftatoi—thtevar —HSPector-Srar

e
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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

bl

Hditional requirements: _Requires Witness of Hydrotest form (Figure M6-3)s

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

from internal and independent laboratory testing
programs used in the process of qualification. These
records are subject to review on request by all parties
engaged in the process of procurement or inspection.

M12H-200 RESPONSIBILITY

It is the responsibility of the Fabricator to train and
qualify thermoplastic Welders. Safety is also the respon-
sibility of the Fabricator [see para, M12D-421(1)]

Cut lines

Section above
gusset

T

M12H-300 QUALIFICATION OF WELDERS

(a) Welders may qualify their capabilities 4t the t
Fabricator qualifies for shop qualificationrunder Arti
(b) Welder and welding operator’performance q
cations shall be in accordance with@WS B2.4. The q
of polymeric weld joints depends on the qualificati
the Welders and welding operators, the suitability
equipment used, environmental influences, and a
ence to the applicable<Welding Procedure Specifig
(WPS). Welders and welding operators shall be tr
and possess a valid qualification certificate.
(c) It is the/reSponsibility of the Fabricator’s Quality
Control Manager to
(1) document the Welding Procedure Specifid
(WRS)<and Performance Qualification Test Re
(PQTR) as outlined in AWS B2.4 for the prepard
machining, and testing of welder and welding ope
qualification samples
(2) supervise or conduct the visual inspecti
welds made for qualification in accordance with
G1.10M
(3) verify that weld samples are tested in accord
with AWS B2.4
(4) sign and date the certification process PQ
(d) Welders shall qualify separately for each the
plastic material (TPM) and for each weld process per
B2.4.

M12H-310 Making Weld Test Samples
M12H-311 Butt Welds

(a) Welds shall be made in accordance with AWS
In addition to the requirements of AWS B2.4, whef
plicable, each weld sample shall contain a weld start
weld stop.

L) T

me a
cle G.
nalifi-
hality
on of
f the
Hher-
ation
hined

ation
cord
tion,
rator

bn of
AWS

lance

TR
rmo-
AWS

B2.4.
e ap-
and a
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07T 11 be
used for all sheet thicknessesunder 0.16 in. (4.0 mm) and a
double Vbevel 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.

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

lo ot 1d : 1 A9 AN ) 1 1l cla
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Table M12H-1 Weld Strength Requirements

Short-Term Minimum Weld Factor
Hot Plate Butt

Thermoplastic Flow Flow Fusion

she is required to requalify prior to making welds on
linings under this Standard.

M12H-600 WELDING PROCEDURE

PP 0.9 0.9
PVC 09 NA QUALIFICATION
CPVC 0.8 NA Welding procedures shall be qualified in accordance
PVDF 0.9 0.9 with AWS B2.4. A WPS shall be provided for each
ECTFE 0.9 0.9 polymer and process being used. Environmental condition
FEP 59 59 recommendations shall be included in the VA/PS.
TFE (PFA filler) NA NA
PFA 0.9 0.9 ARTICLE |
GLOSSARY

. . acoustic emission test: a technique for finding flaws in

weld[shall be appropriately skived or ground off before the e sound

cap dtrip weld is applied.

M]2H-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 digmeter and another NPS 4 (DN 100) to NPS 8 (DN200)
in dipmeter. Thicknesses shall represent those thick-
ness¢s expected for that material. If pipe is used, the
pipe [wall thickness will be in the range expected to be
used] Evaluation shall be by visual inspection only. The
nozzles shall be cut in half to aid in visual inspection.

1-400 EVALUATING WELD SAMPLES

Visual inspection of all welds shall be accomplished
by an inspector experienced in the material and ‘weld
ess being evaluated in accordance with AWS
DM. Each weld inspector shall be desighated in
ing by the Fabricator’s Quality Control Manager.

2|

PQTR shall be provided for each
polymer and process being used. Environmental condition
recommendations shall be included in the WPS.

M12H-500 REQUALIFICATION

Requalification shall be for each TPM and each weld
process. In any case, Welders shall requalify at least
every year. If a Welder has not made a weld using that
specific material and process in the past 6 months, he/

187

materials by using transducers to detect t
energy emitted when flaws,grow under an int
applied stress.

entionally

annealing: heat treatment after processing tp remove
internal stresses incurred during fabrication pirocesses.

backing: a fibrous component, either woven or npnwoven,
embedded.into'a thermoplastic lining to allow 3 mechan-
ical bondbetween the lining and the structural|laminate;
usually.a' knit woven product.

backing strip: a thin strip of plastic of the same nmjaterial as
the base plastic sheet fused to the back of fusipn welds,
often used to replace the fiber to assist bonding that was
removed in order to accomplish the weld.

bridging: a weld defect in which the weld bead d¢es not fill
the prepared groove between two pieces of thermoplastic
to be welded.

butt fusion weld: a weld accomplished by heatin
surfaces to be joined, then forcing the surfaces t
accomplish a fusion weld.

g the two
gether to

cap strip: a thin strip of plastic of the same matefial as the
base plastic sheet liner that is heat welded over fusion
welds. When the cap strip is applied on the|backside
of aweld, it contains fiber embedding to ensure ¢ontinuity
of bonding where fiber had been intentionally rgmoved to
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).

crown: that part of a hot gas fusion weld that stands above
the surfaces of the base plastic sheets.

CTFE: chlorotrifluoroethylene.

dual laminate: a two-ply laminate consisting of a chemi-
cally resistant thermoplastic liner bonded to an RTP struc-
tural laminate.

ECTFE: ethylene chlorotrifluoroethylene.

(21)
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environmental stress crack: stress cracking requiring a
specific environment or atmosphere in order to cause
the crack to occur. See stress crack.

etching: a surface effect that results in a roughened surface
from chemical reaction.

extrusion weld: a weld formed between two thermoplastic
materials by a hot thermoplastic strip extruded into the
weld joint at a temperature high enough to form a fusion
bond.

such tests are the climbing drum test (ASTM D1781), the
peel test (BS 4994), and the floating roller peel test (ASTM
D3167).

PFA: Teflon® PFA or perfluoroalkoxy fluoropolymer.
PP: polypropylene.
PTFE: see TFE.

purge material: a different thermoplastic, such as PP, used
to clean out remaining weld filler material from a weld

le test: a tensile test to determine the bond
pf a lining on a structural material by pulling
apart using only tensile forces (ISO 14130).

face tens
strength
the bond

FEP: fluo
flaring: a
thermofo
end.

rinated ethylene propylene.

chaping process in which the end of a cylinder is
fmed (flared) over a pattern to form a flanged

flow lineg
small ext
fluing: a
sheet is
with a ndg

: the melted material that flows out, forming
rusions on both sides of the weld bead.

bhaping process in which a flat, or nearly flat,
pierced with a round tool to generate a hole
ck in the sheet.

ground: ajmaterial on the back of a weld (or any other part
of a thermoplastic liner) that has sufficient electric
conductiyvity to allow high voltage spark testing to
detect ﬂa[i/s in the weld.

ground st|
or bonde

HDPE: high density polyethylene.

heat-affedted zone (HAZ): the areas adjacent to both'sides
of the completed weld bead that became heated during
welding gnd became shiny in appearance.

rip: a ground in the form of a strip placed against
1l onto the back of weld bead.

hot air weld: a fusion weld normally inade by hand in
which th¢ base thermoplastic and filler rod are heated
by hot aif.
Id: a fusion weld madeby hand in which the base
hstic and filler rod are heated by a hot gas.

hotgas we
thermopl

hot plate|weld: see butt-fusion weld.

lap shear
between
laminate.

test: a shear-test to determine the bond strength
A thermoplastic lining and the RTP structural

MFA: methylfluoroalkoxy fluoropolymer.

tool, such as an extruder, to prevent difficulty in, cqntin-
uing welding after cooling the tool.

PVC: polyvinylchloride.
PVDF: polyvinylidene fluoride.

lastic
hsses
ound

spark test: a high voltage test for deteeting flaws in p
by emitting a loud crack sound‘when a spark p
through a flaw in the plastictd the conductive gr
or target.

filler
othe
than
h one

speed welding: a hand fusion weld process where thej
rod is fed to the weld using hand force through a tube
weld bead; this process is more efficient and rapid
hand welding, where the filler rod is held separately i
hand.

stress crackr an external or internal rupture in a p|
causedby tensile stresses less than its short-time me
icalsstrength.

lastic
than-

stress relief: a heat treatment given

(a) to received materials before fabrication to re
residual internal stresses incurred during thermop
processing steps or

(b) to welded parts to remove or reduce int
stresses from fabrication steps such as welding or
moforming

move
lastic

brnal
ther-

terial
ation
5 and
from
ctive

surface contamination: any undesired foreign ma
adhering to the surfaces of material used in the fabrig
of dual laminate products. Examples are lubricant
other processing aids; dirt, oil, and foreign matter
the environment; residual adhesive from prote
films; solvent and any other cleaning residues; etc

d the
bpark

target: conductive material behind a weld or behin|
liner itself that becomes a ground for high voltage
testing.

TFE: tetrafluoroethylene; also used to indicate PTFE,
tetrafluoroethylene.

poly-

notch: see undercut.

orange peel: an irregularity in surface topology that
visually resembles an orange peel.

overbead: see crown.
PE: polyethylene.

peel strength test: a test that peels the lining off of a dual
laminate composed of a thermoplastic lining and an RTP
structural laminate to determine the bond strength. Three

188

thermal cycle test: a test using ten thermal cycles to qualify
the bond strength; no debonding indicates satisfactory
bond strength. The temperature extremes are usually
boiling water and a dry-ice-acetone bath, -108°F (-78°C).

thermoforming: a process for shaping sheet material by
deforming at elevated temperature to allow shaping
with low forces and less danger of cracking.
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undercut: a groove in a weld extending below the surface
of the base thermoplastic sheets and usually located at the
edge of the weld bead.

virgin material: material (sheet, rod, or strip) thathas been
manufactured from new, not recycled, plastic and that has
not been used earlier in any other service.

weld bead: the material in the weld comprised of plastic
from the applied welding rod and melted plastic from the

base sheet material

weld factor: the average tensile strength of welded
samples divided by the average tensile strength of the
unwelded sheet material. The resulting number is
often expressed in percent. Short-term weld factor is a
weld factor from tensile strength tests done in a short
time, i.e., minutes. Long-term weld factor is a weld
factor based on tensile creep strength of weld samples
compared to unwelded sheet material.

welding: a process for joining by using heat or other form

of energy to fuse together two pieces of material.
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MANDATORY APPENDIX M-13
BALSA WOOD RECEIVING AND INSPECTION PROCEDURES

M13-100

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
contamir
conducte
and limit

(b) Fo
provision
tions, sha

(c) Ing
documen
User’s ag
material
that mat
tested pe

M13-300

A moig
required
range of

ACCEPTANCE INSPECTION

eptance inspection shall include inspection of all
I proper packaging and identification, and
jlation. This acceptance inspection is to be
1 on unopened boxes. Acceptance requirements
b are as defined in para. M13-410.

m M13-1, or a similar form that contains the
s to record the results of these required inspec-
Il 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, inspected, 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 thé 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
FormyMH13-1, 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

ng 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 having any 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 —comtamimation
(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

QC 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 Comhments
No. Production Date [Note (1)] Inspection Inspection Inspection Check

(if Given) By Date By Date By Date By Date

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

NOTE: (1) Lot, pallet, product code, or other label identification.
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NONMANDATORY APPENDIX NM-1
DESIGN EXAMPLES

NM1-10({ INTRODUCTION

The ASME RTP-1 Standard provides for design by rules
(Subpart [3A) and for design by stress analysis (Subpart
3B). This Appendix presents two example designs, one by
Subpart 3B rules, and one by combined Subparts 3A and
3B rules.|They are intended to illustrate Part 3 and are
correct dpplications of the Standard but are not the
only desipns 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 head may be designed according/to Subpart 3A
rules, buf the lower head has a larger semiapex angle
than alloyed by Subpart 3A. The lewer part of the sidewall
and the lgwer head must therefore 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 Jower 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 atrial design, Subpart 3A rules were used to finjd the
thickness of the sidewall
PD
2(X/R)
O (10)(%6)
T (2)(12,000/10)
= 0.40in.

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 | 13M
for a thickness of 0.57 in., and the sidewall laminatg 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 cifjcum-

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
R =

)1/2

(0'12 — 010y + 0'22 + 3(762


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

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 o = 0. X = ultimate strength, psi
Therefore Y = specific weight of the contents, lb/in.?
1/ 6 = circumferential angle, measured from the top
X _ (012 — o105 + 022) 2 _ 12,000 _ 1,200 psi meridian of the vessel, deg
R 10 0, = normal stress in the meridional direction, psi
This is the criterion for the inside surface of the lower part % _ nor;nalt)l Sttress in the c1r(l:1t1mfer§ntlal c:;lre}cltlocrll, ps;
ofthe vessel. The criterion for the outer has the same form. ¢ = ?Ef\fesievlvzi?sagzgma capointontheheadan
The term under the square root, the stress intensity, was £ = shear stress in’ the plane of the laminate, psi
plotted as a function of the meridional distance and ’
comparefl to the allowable stress. The initial design .
was l[()werstressed in the knuckle. A second design wi%h NM1-310 Loading on the Vessel
a joint overlay twice the thickness of the first was The combined hydrostatic and design pressurg at a
tried. Fi bure NM1-2 is a graph of stress intensity point on the surface of the vessel is given by
versus mleridional distance for the second design. The = po + 7(R. — R cost®) )
dashed Horizontal line is at 1,200 psi, the allowable P =P T 7%
stress. The figure shows that all stresses satisfy the See Figure NM1-4. The radius t6.a point on the cylinfler is
criterion fand that the design conforms to the Standard. . ’ S
Table NM1-1 lists the thicknesses and laminations of simply R; and the pressure on t.he c.yllndrlcal vessel parts
the succepsful design as a function of meridional distance not under the support saddle is given by
from the [bottom of the vessel. P = Ppk YR(1 — cos 0) )
Asthe gxample shows, a vessel thatlies outside the rules
of Subparft 3A because one vessel part is notincluded may ~ The radius to alpgint on the crown is
use Subpgrt 3A rules for most of the vessel and Subpart 3B R =Ry sin¢ 3)
for the excluded part.
and to a point on the knuckle is
NM1-300 EXAMPLE 2: HORIZONTAL VESSEL BY R'= R, — R; + Rysinp = R, — R(1 — sin ¢h) (4)
SUBPART 3B RULES
The UBRS calls for a horizontal vessel with 10 ft inside Thus, the pressures on the crown and the knu.ckle are
diameter|20 ft between head-shell junctures, and suppoxt computed from egs. (5) and (6) below, respectively
saddles 7 ft in from the junctures and 18 in. wide, The p=py + r(R — Ry sin ¢ cos 0) ()
heads wi|ll 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 1t-with a super- P=rt y{RC = [Re = Ri(1 = sin ¢ Jeos 9} ©)
imposed [design pressure of 15 psig,The vessel will be .
construcfed of Type I laminate with”ultimate tensile .The saddle supports are modelled by r.eplacmg them
strength|of 16,000 psi. The vessel will be examined with the pressure t}_ley exert against their c_ontact area
using acdustic emission according to the requirements on the vessel shell. Itis assumed that the reaction prepsure
of Mand4tory Appendix M8Yand thus, the allowable from the saddle varies as cos 0 on the lower half of thg shell
stress rafio, by para. 38-500, is eight. Figure NM1-3 and is zero on the upper half. It is shown in Figure NM1-5
contains h sketch of the essel. that for equilibrium the variation is
Nomeniclature used in this example is as follows: = cos O (7a)
p = tptal pressure acting at a point on the inside 7R,
sprface)of the vessel, positive outward, psi
ps = Hréssure exerted by the support saddle, positive ~ for 90 deg < 6 < 270 deg, and
outward, psi p=0 (7b)
Do = pressure superimposed above the hydrostatic
pressure, psi for 0 < 8 <90 deg and 270 deg < 6 < 360 deg.
R = radius to a point on the surface, in. Note that egs. (7a) and (7b) give negative values, since
R. = radius of the cylindrical portion of the vessel, in. the saddle pressure is inward. Thus, the net pressure on
R, = crown radius, in. the portion of the shell between 24 in. and 42 in. from the
Rj = knuckle radius, in. head-shell juncture is the superposition of the hydro-
R; = stress ratio static, design, and saddle reaction pressures
S = stress intensity, psi
w = weight of the vessel and its contents, 1b
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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
669 +69 30 Lo
7p.19 0.44 v, 10M R = X

s 1/ (13)

2 2 2)/2
o) — oyo, + o5 + 37
)
=p, + yR.(1 — cos ) + cos @ . ) ) )
A=k ¢ 7R.L (8) Equation (13) defines an allowablesstress intensity
(14)

for 90 deg < 6 < 270 deg.

In this fxample, py = 15 psig, y = 0.0397 Ib/in.?, R. = 60
in, R, = 1R0in., Ry =7.2in,, L =18 in.,, and w= 118,906 1b.
Then the|pressure on the crown becomes

p = 17382 — 4.764 cos 0 sin ¢ 9)

for 0 < ¢p|< 27.91 deg.
On the|knuckle

p = 17.382 — 0.0397[60 — 7.2(1 — sin¢)]cos @  (10)

for 27.91|deg < ¢ < 90 deg.
On the|sidewall away from the saddles

p = 17.382 — 2.382 cos f (11)

On the|shell sections above the saddles

p = 17.382 — 2.382 cos § (12a)

for 0 < 0|< 90 deg and 270 deg < 0 < 360vdeg, and
p = 17.382 + 32.663 cos (12b)

for 90 deg < 6 < 270 deg.

NM1-32

The thrjust of the example'is to illustrate computing the
input required by any finite element or finite difference
computel| program aiid using the stress output to deter-
mine whether the design satisfies the Standard. For this
particulaf example, the BOSOR4 program was used, but
thatis incjdental to the example. BOSOR4 calculates stress

Computer Stress Analysis

1
S=X/Rs= (692 — 0o F GZZ + 312)/2

In this case, X = 16,000 psi.and R, = 8. Thus, S = 2,000 psi.
The stresses computed:by BOSOR4 were substituted into
eq. (14) and compared to the allowable intensity [for a
large number of points on the vessel.

The first tfy’ was with thickness computed from the
formulas of Subpart 3A for a vertical vessel with a prepsure
equal to the’pressure at the bottom of the horizontal|tank,
19.76psig. The resulting head thicknessis 1.16 in. (u$ing a
design factor of 10), and the sidewall thickness is 0.6% in. It
issobvious that these are too thin, especially at the sadldles,
but by starting too thin and increasing selected thick-
nesses with each iteration, one arrives at a reasohable
design. The joint and knuckle reinforcement useld for
this trial were the standard designs.

Figures NM1-6 through NM1-10 give the stress inten-
sity distributions along a number of vessel meridians for
the initial trial. The abscissa of the graphs is the arc 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 givien in
Table NM1-2 were obtained. They result in the gtress
distributions graphed in Figures NM1-11 thrpugh
NM1-15, which show that the allowable stresses are patis-

and deformation in axisymmetric thin-walled shell struc-
tures. Because of symmetry, only the left half of the vessel
needed to be modeled.

The boundary conditions come from symmetry. Since
the vessel and the loading are both symmetrical about a
plane normal to the centerline of the vessel, and halfway
between the tangent lines, there will be no displacement
normal to the plane; i.e., the meridional displacements
vanish at the plane.

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=p,+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, + Yy {R; - [R. —Rk(1 - sin ¢)] cos 6}.
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Figure NM1-5 Saddle Reaction

Saddle pressure
= kcos@ forg =0= 37”

=0 elsewhere

0
/ dF = kR cos 0 do

de
P6)
dF cos 6 dF
d reaction from the saddle is given by
3z 3

2 2
F=L/chos()=kLRf cos? 0d0
b Eo

2 2
3

2
butF = Kand[ cos>0do) = 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 v, 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
116726 0765 V15N
186.26 0.65 V, 15M
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NONMANDATORY APPENDIX NM-2
DESIGN OF INTEGRAL BODY FLANGES

NM2-100 SCOPE e = shape factor
Thjs Appendix provic_le?s a procedure for the design of F ; fﬁgge factor (from Figure NM2-1)
flat-face flanges that utilize full-fgce _gas_kets. _ f = hub stress correction factor (fropn Figure
(a Fgr e.ach of 14 flanges ranging in size from 24 in. to NM2-2); for calculated values less than 1,
144 |n. inside diameter, a specific bolt size, number of use f= 1
boltyg, bolt circle, and 'out51.de diameter are set forth. G = diameter at location'of gasket load rdaction, in.
Each|of these geometries will cover pressure up to 30 (mm)
psig ¥ 3 psig with no change other than flange thickness go = thickness 6Fhub at small end, in. (fim)
and hub height. All bolt Flrcles are suflelently large to g1 = thickness\Of hub at back of flange, in. (mm)
preclude encroachment into the hub reinforcement by = go + 172
back|spot facing for ﬂange bolting washers. . H = tofal hydrostatic end force, Ib (N)
(b) For the convenience of the users of this Standard, —-0.7854G2P
atgb e is provided wherein the variables ofsh_ell thickness Hy=hydrostatic end force on area inside|of flange,
(thickness of hub at small end g,), flange thickness, and Ib (N)
hub 'elnfor'cement height are set forth for'each of the Hg = gasket load, operating
14 ﬂ.mge sizes .for pressure ranges'of 0 psig to 5 psig, H. = compression load required to seht gasket
5 psig tq 12 psig, 12 psig to 1.9 psig * 3_p51g, 19 psig & outside G diameter
to 24 psig i 3 psig, and 24 psig to 30 psig * 3 psig. A Hp = total joint-contact-surface comprespion load,
table| covering recommended body flange bolt torquelis Ib (N)
also provided. = 2bnGmp = H - Hp
(c) Anomenclatu.resec'tion, design procedureguidance Hp = total adjusted joint-contact-surface [compres-
sheet, body flange dimension t_able (Table NM2:1; see a_lso sion for full-face gasketed flange, Ib| (N)
Tabl¢s NM2-2 and NM2-3), figures and tables covering _ ,
varigus design f i = (ha/h)Hp
gn factors, and a design example of a . .
typichl flange are provided. Hr = difference between. total hydrostatic e.nd. force
and the hydrostatic end force arealinside of
NM2-200 NOMENCLATURE i ga?g;';b (N)
Th following symbols-are used in the formulas for h = hub length, in. (mm)
the Hesign of flat-face’ body flanges (see Form hp = radial distance from bolt circle to th¢ circle on
NM211): which Hp acts, in. (mm)
A = outsidé diameter of flange, in. (mm) h¢e = bolt circle on which Hg acts, in. (min)
Ap = cross:sectional area of bolts using the root h¢ = radial distance from bolt circle to th¢ circle on
didmeter of the thread or diameter of which HgG acts, in. (mm)
unthreaded portion, whichever is less, in.2 h¢ = lever arm
(mm?) hr = radial distance from bolt circle to th¢ circle on
m = total required cross-sectional area of bolfts, which Hr acts, in. (mm)
in. (mm?)? hy = shape factor, in. (mm)
a = nominal bolt diameter, in. (mm) = (Bgo) "2
B = inside diameter of flange, in. (mm) K = ratio of outside diameter of flange to inside
b = effective gasket orjoint-contact surface seating diameter of flange
width, in. (mm) = A/B (see Figure NM2-3)
C = bolt-circle diameter, in. (mm) L = shape factor
d = shape factor = [(te + 1)/t] + £/d
= (U/V)(ho)(90)® M = unit load, operating, 1b (N)
d; = bolt hole diameter, in. (mm) = My/B
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= component of moment due to Hp, in.-lb (N-m)

= Hphp

= component of moment due to Hg operating,
in.-1b (N-m)

= Hghg

= total moment acting upon flange, for the oper-
ating conditions, in.-1lb (N-m)

= component of moment due to Hr, in.-lb (N-m)

= H thy

3/4 in.
41/2 in.
= 64
17/16 in.

9o
h
n

t

Calculate bolt, flange, and hub stresses
hg = (C - B)/4 = (77 — 72)/4 = 1.250in.

4~ gasKet ractor

4 shape factor

4 %te+1

4 number of bolts

g design pressure, psi (kPa)

4 radial distance from bolt circle to point of inter-
section of hub and back of flange, in. (mm)

4 allowable bolt stress at atmospheric tempera-
ture, psi (kPa)

4 allowable bolt stress at design temperature, psi
(kPa)

4 allowable design stress for flange material at
design temperature, psi (kPa)

4 calculated longitudinal stress in hub, psi (kPa)
4 calculated radial stress in flange, psi (kPa)

g calculated radial stress at bolt circle due to
reverse moment, psi (kPa)

4 calculated tangential stress in flange, psi (kPa)
4 shape factor involving K (see Figure NM2-3)
g flange thickness, in. (mm)

4 shape factor involving K (see Figure NM2-3)
4 shape factor (see Figure NM2-4)

g4 average flange bolt load, 1b (N)

4 required boltload, operating conditions;1b (N)
3 required bolt load, gasket seating; Ib (N)

4 shape factor involving K (see Eigure NM2-3)
4 gasket or joint-contact surface unit seating
load, psi (kPa)

4 shape factor involving K (see Figure NM2-3)

NM2-300 EXAMPLE CALCULATION

Check ptresses for a72-in. full-face flange, given the
following| (see FigurexNM2-5):

< S vaowx

Assume

Ap =
Sa
Sp
Sk
d1 =

hg=(A—-C)/4=(78.5—77)/4 = 0375 i

G = C — 2hg =77 — (2)(1.250) = 74.S in.

b = 025(C — B) = 025(77,— 72) = 1.25in.

Hy, = (hg/hE)(bGy)
= (1€25/0.375)(1.25 X & X 74.5 X 50)

=748,7601b
Wn, = baGy + Hy,
= (1.25)(7)(74.5)(50) + 48,760
= 63,3881b

H, = 2bxGmP = (2)(1.25)(n)(74.5)(0.5)(30) = 8,7771b

Hy, = Hy(hg/hg) = 8,777(1.25/0.375) = 29,2571

—_

H = 0.7854G*P = 0.7854 x (74.5)* X 30 = 130,7731b

W,, = H+H,+ H,

212

78Y, in. 1 P P
_ . = 130,775 + 8,777 + 29,257
= 7P in,
= 7V in. = 168,8091b
= 3B-0-psi
0.50 A, equals greater of Wm,/S,or Wmy/S,, as follows:
50 psi
P 63,388/25,000 = 2.536 < 168,809/25,000 = 6.752 in.>
8.06 in.?
25,000 psi Ag = (64) 1/2 in. diameter bolts
25,000 psi )
! = (64)(0.126) = 8.064 in.
3,000 psi (64)(0.126) +in
5/8 in.
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<
|

= 0.5(4,, + Ap)S,
(0.5)(6.752 + 8.064)(25,000) = 185,2001b

g = (t/2) + g, = (14375/2) + 0.75 = 1.469in.

Hp) = 0.7854B>P = 0.7854 x (72)% x 30 = 122,145 b

1 1
hg = (Bgo)/2 = (72 x 0.75)/2 = 7.348
h/hg = 4.5/7.348 = 0.612

F = 0.808(from Figure NM2-1)

Hp = H — Hp = 130,775 — 122,145 = 8,6301b

ip = R + 0.5g = 1.031 + (0.5)(1.469) = 1.766 in.

0.5(R + g + hg)
0.5(1.031 + 1.469 + 1.25) = 1.875in.

hr

Mp = Hphp = (122,145)(1.766) = 215,647 in.-Ib

Mg = Hrhy = (8,630)(1.875) = 16,181 in-Ib

Mp = Mp + My = 215,647 + 16, 181 = 231,828 in.-Ib

Hg = W — H = 185,200 — 130,775 = 54;4251b

G = (hghg)/(hg + hg)
(1.25 x 0.375)/(1.25 +-0.375) = 0.2885in.

Mg = Hghé = (54425)(0.2885) = 15,702 in.-Ib

K'=A/B = 78.5/72 = 1.090

V = 0.208 (from Figure NM2-4)

f = 1.0 (min.; from Figure NM2-2)

e = F/hy = 0.808/7.348 = 0.110

U
Il

(U/Vhigy

M = Mp/B = 231,828/72 = 3, 220
Approximation of Required Thickness t

t

0.29(MY/Sf0)1/2

1
(0.29)(3,220 x 22.44/3,000)/2
= 1.423in. (use 1.437Sin.)

N = %te + 1 =(1.33)(1.4375)(0.110) + 1 =

L = [(te+1)/T] + t3/d
= [(1.4375 x 0.110 + 1)/1.88] + (1.4375
= 0.622

Stress Calculations
(a) longitudinal stress in hub

(24:66/0.208) X 7.348 X (0.750)% = 4

90.0

1.210

3 /490

T—="188<from Figure NM2-3or Table NM2=)

Z = 11.63 (from Figure NM2-3 or Table NM2-4)
Y = 22.44 (from Figure NM2-3 or Table NM2-4)
U = 24.66 (from Figure NM2-3 or Table NM2-4)

§/8y = 1469/0.75 = 1.9587

)
V7T,

(1 X 3,220)/[0.622 X (1.469)%]
2,399 psi < 3,000 psi

SH —

(b) radial stress in flange

Sg = NM/Lt?

3,031 psi > 3,000 psi

213

(121 X 3,220)/[0.622 X (1.4375)]
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(c) tangential stress in flange (e) radial stress at bolt circle
- 2 _ 6Mg
ST = YM/t ZSR SRAD -
t (ﬂc - Tldl)

(22.44)(3,220)/(1.4375)2 — (11.63)(3,031)
—283 psi < 3,000 psi = . (6)(15,702) = 225psi
(1.4375)° (X 77 — 64 X 0.625)

(d) greater of 0.5(Sy + Sg) or 0.5(Sy + S7)

0.5(2,399 + 3,031) = 2,715 psi
>0.5(2,399 + 283) = 1,341 psi

2,71S psi < 3,000 psi

Table NM2-1 Typical Body Flange Dimensions and Recommended Bolt Torque Values{for RTP Body Flandes
Minimum Minimum Design Design Sealing Bolt
Inside Outside Bolt Circle Pressure Bolt Hole Pressure Bolt Hole Torque
Diameter,|B, Diameter, A, Diameter, C, in. 5 psi to 20 psi Diameter, in. 25 psi to 30 psi {Diameter, in. Number Requjred,
in. in. [Notes (1), (2)] Bolt Size, in. [Note (3)] Bolt Size, in. [Note (3)] of Bolts ft-1b
24 29%, 28 V2 % Y % 20
30 35%, 34 A A 7 A 28 1
36 41%, 40 Y % P % 32 1
42 47% 46 P % Y % 40 14
48 54 52Y, A A Y A 44 1
54 60 58% Y, % Y % 48 1
60 66 64" P % P % 52 1
72 78Y%, 77 Y, % % A 64 2
84 91 89% Y % % A 76 2
96 104% 102% % A Y4 A 84 3
108 117 115 % A A s 9 39
120 129% 127%, % A A A 104 4
132 142 140 % A A A 116 4
144 155 152% %, A A 1 120 6

GENERAL NOTES:

(a) The abpve torque values were calculated using well lubricated low alloy carbon steel bolts with a maximum recommended stud stfess of
18,800|psi and a maximufhut or friction factor of 0.15. The torque values were calculated to be sufficient to seal gaskets with m and y palues
given ip Note (a) in Tables NM2-2 and NM2-3.

(b) For flapges having surface irregularities and requiring higher torque values to effect sealing, torques can be increased to 25 ft-1b fof % in.
diameter bolts,«5@ ft-1b for % in. diameter bolts, and 83 ft-Ib for %, in. diameter bolts without incurring flange damage.

(c) Lower [torques;ean be used for lower pressure applications.

(d) These dimensions were used in designing the flanges shown in Table NM2-2. Alternate flange geometries can be considered using the flesign
method illustrated in this Appendix. Also, see Table NM2-3.

(e) Ifhighertorques are required to seal harder gaskets, the methods of this Appendix or Nonmandatory Appendix NM-12 shall be used to design
the flange.

NOTES:

(1) # 0.06 in. (ASME B16.5).

(2) +0.06
(3) +0.03

in. eccentricity between bolt circle and center of shell.
in. center to center of adjacent bolt holes (ASME B16.5).

214
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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 0.875 0313 30 1438 0.75
30 5 0.5 0.25 84 5 1.25 0.25
10 0.563 0.25 10 1.375 0.375
15 0.688 0.25 15 1.438 0.438
20 0.813 0.313 20 1.438 0.563
25 0.875 0.313 25 1.563 0.75
30 0.938 0.375 30 1.625 0.875
36 5 0.5 0.25 96 5 1.563 0.25
10 0.625 0.25 10 1.625 0.438
15 0.813 0.25 15 1.688 0.5
20 0.875 0.313 20 1.625 0.688
25 0.938 0.375 25 1.813 0.813
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 0.375
15 0.938 0.25 15 1.875 0.563
20 0.938 0.3%5 20 1.813 0.75
25 1.0 0.375 25 1.938 0.875
30 1.063 0.5 30 2.125 1.125
48 5 0.625 0.25 120 5 2.125 0.25
10 0,938 0.25 10 2.0 0.438
15 1.0 0.375 15 2.0 0.625
20 1.0 0.375 20 2.0 0.813
25 1.125 0.5 25 2.125 1.0
30 1.375 0.5 30 2.313 1.25
54 5 0.688 0.25 132 5 2.438 0.313
10 1.0 0.25 10 2.125 0.5
15 1.125 0.375 15 2.188 0.813
20 1.063 0.375 20 2.125 0.875
25 1.188 0.5 25 2.313 1.125
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= gaskn_t_\mjj_sf;lfina load (assumed Y. = 50 psi)
maximurh flange and hub stress = 3,000 psi (based on use of mat/woven roving reinforcement, Type Il laminate)
maximurh bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
maximurh design temperature = 180°F
(b) This T4ble is referenced in Table NM2-1.

216
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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 *28 1.625 1.0
30 1.063 0.438 *30 1.75 1.25
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 1.563 0.75
20 1.0 0.375 20 1.688 1.0
25 1.063 0.438 *25 1.813 1.188
30 1.125 0.5 *30 1.938 1.313
36 5 0.625 0.25 96 5 1.75 0.313
10 0.875 0.25 10 1.813 0.563
15 0.938 0.375 15 1.813 0.813
20 1.0 0.438 20 2.0 1.125
25 1.125 0.5 *25 2.125 1.375
30 1.188 0.625 *30 2.25 1.625
42 5 0.688 0.25 108 5 2.0 0.313
10 0.938 0.25 10 1.938 0.625
15 1.0 0.375 15 1.938 0.938
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 1.813
48 5 0.875 0.25 120 5 2.125 0.375
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 1.375
25 1.375 0.688 *25 2.563 1.688
30 1.438 0.813 *30 2.625 2.0
54 5 0.938 0.25 132 5 2.25 0.375
10 1.063 0.313 10 2.313 0.75
15 1.188 0.5 15 2.313 1.125
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. = 3t
m = gasket factor (assumed m = 0.5)
Y= gaskn_t_\mjj_sf;lfina load (assumed Y. = 50 psi)
maximun
maximun

h flange and hub stress = 1,800 psi (based on use of mat reinforcement, Type I laminate)

h bolt stress = 18,800 psi (which is recommended for any low alloy carbon steel bolting or alloy bolting used)
maximurh design temperature = 180°F

(b) This T4ble is referenced in Table NM2-1.

NOTE: (1) Sizes preceded by an asterisk should be used with SAE steel washers to minimize interference with thechub.

218
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Form 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 = psi Lever C-B . A-C .
hg = — = in.|hg = — = in.
Design temperature, T = °F arms 4
Atmos. temperature, T = °F|G = C-2hg = in.|b =0.25(C-B = in.
Flange material: Hgy = (hs/h) (bnGy) = b
olting material: Wm, = bwGy + Hy, = b
asket material: H, = 2bmGmP = b
Flange Design :
¢ temp. S = psi|Hp = H, (he/h) = b
Allowable Design
Stresses ) temp. Sy = psi|H = 0.7854G°P = lb
Bolting
Atmos.
temp. Sq = psi|Wmy = H+ H,+ H, = b
Gasket Factors An = greater of M or M = in.2
Sa Sp
= psi m = AB = in.z
W = 0.5(An + APS, = b
Flange Loads Lever Arms Flange Moments (Design Cond.)
b = 0.7854B°P = lb|hy = R+0.5g; = in}|'Mp = Hphp = in.-lb
r=H-Hp = lb|{h; = 0.5(R+ gy + hg) = in.| My = Hthy = in.-lb
Mo = Mp + My = in.-lb
Reverse Hg=W-H= b |hy = e in.| Mg = Hehg = in-lb
moment hg + hg
Allowable
st Stress Calculations Shape Constants
ress
2 .
{0 = Long hub Sy, = M/Lg; = psi|k = A/B =
$o = Radial flg. Sg = NyM/LE? = psi|T = |z = |Y = |U =
o = Tang. flg. St = (YM/t?) - ZS¢ = psi|gi/go =
hy = (590)1/2 =
35 = Greater of 0.5(Sy + Sg) or 0.5(Sy + S7) = psi hihy =
0 =
Radial stress at bolt circle F=
$0 = Seap = _ Mg - psi|V =
t2(wC - ndy) f= min.)
e = Flhy =
Si 3 — %= U
ope 1:3 max.
—G,= d=- hogg =
1
1 l— R= ped (g, =1 +g,)
h= , 5o M=My/B =
b f Approximation of required thickness
t | | Hp 12
' t = 0.20/MY
h f G= Sfo
4 G I (n) bolts
h's—] P = in
T dia. bolts .
_ 4 -
I Jalil (d ) hol N =terl =
G T
A= o terl £
== =
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Figure NM2-1 Values of F (Integral Flange Factors)
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Figure NM2-2 Values of f (Hub Stress Correction Factors)
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Figure NM2-3 Values of T, U, Y, and Z (Terms Involving K)
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Figure NM2-4 Values of V (Integral Flange Factors)
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Figure NM2-5 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
Desi , P =30 i L = - - 55—
esign pressure 3 psi ever .= C_B _ 77-72 — 125 in. 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 = (hg/he) (bnGy) = (1.25/0.375) (1.25) 7 (74.5) (50) = 48,760 b
Bolting-material-C.S(193.87) Witag = by e = (1.25) 5 (74.5) (S0) w 48,760 = £3.388 ]
Gasket] material: Neoprene Hp = 2bwGmP = (2) (1.25) = (74.5) (0.5) (30) = 8,777 l
Fl Design
ange temp. | S0 =3,000 psi|Hp = Hy (hg/hg) = 8,777 (1.25/0.375) = 29,257 |
Allofvable Design
Strgsses temp. | Se = 25,000 psi|H = 0.7854G*P = 0.7854 (74.5)* (30) = 130,775 |
Bolting
Atmos.
temp. Sa = 25,000 psi|Wmy = H+H,+ H, = 130,775 + 8,777 + 29,257 = 168,809 l
Wm Wm 168,809 .
Gasket Factors = “Zor—1L = d = 2
A, = greater of S, or S, 25.000 6.752 in.
y=5 psi m=0.5 Ag = (64) Y, in. dia. bolts = (64) (0.126) = 8.064 inj
W = 0.5(A, + Ap)S, = 0.5 (6.752 + 8.064) (25,000) = 185,200 l
Flange Loads Lever Arms Flange Moments (Design Cond.)
Hp = .7854B%P = 122,145 lb|hp = R+ 0.5g; = 1.7655 in. | Mp.=Hphp = 215,647 in.-l
Hr = §f = Hp = 8,630 lb|hr = 0.5(R + g1 + hg) = 1.875 in. /Mr\& Hrhr = 16,181 in.-l
Mo = Mp + My = 231,828 in.-l
everse He = W-H = 54,425 Ib|he = "GhG, = 0.2885 fn. | Mg = Hghs = 15,702 in.-l
homent he + hg
Allowable
st Stress Calculations Shape Constants
ress
S = $,000 Long hub Sy = fM/Lg? = 2,399 psi|K = A/B = 78.5/72 = 1.0902
S = B,000 Radial flg. Sg = NyM/Lt2 = 3,031 psi|T=1.88 |Z=11.63 |Y = 2244 |U = 24.66
S = B,000 Tang. flg. St = (YM/t?) — Z5¢ = —283 psi| g1/go = 1.469/0.75 = 1.959
he = (Bgo)"? = [(72) (0.75)]'? = 7.348
Sr, = B,000 Greater of 0.5(Sy + Sg) or 0.5(Sy + Sp) = 2,715 psi hiho = 4.5/7.348 = 0.6124
Radial stress at bolt circle F = 0.808
— M —
S, = $,000 Seo = = Mg _ 225 psi| V = 0.208
t*(wC — ndy) f=10 @ min|
e = F/hy = 0.808/7.348 = 0.110
| [ %=075in. d = Y hog? = (24.66/0.208)(7.348) (0.75)° = 490
Slope)i:3 max.— . 4
| —9,=1469in.
_ M = Mo /B = 231,828/72 = 3,220
) <A< 1.031 (9,=Y2+g9)
h=45in. h B=72in. Approximation of required thickness
D 1 | «——— 1
H, t = 0.29| M—Y
{ | ' | ° TS
G=745in. 1/2
7 " ? 64 (n)bolts = 029 x| &2 Q248 |, g in
he— . He 3,000
T 1jpin.  dia. bolts "
— N, = Y te+1 = (1.33) (1.43) (0.110) + 1 = 1.21
H'g [e——C=77in. 5/gin. (d,) holes
A_78E in — L te+l £ (1.43)(0.110) + 1 (1.43)3 .
T Td 1.88 490 7
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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 1.91 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 1091 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 1.90 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
1.00f 191 143.36 274.11 301.30| 1.052 1.89 19.74 37.96 41.73| 1.097 1.88 10.83 20.9 22.97
1.00 191 125.50 23995 263.75| 1.053  1.89 19.38 37.27 40.96| 1.098 1.88 10.73 20.7 22.75
1.00p 191 111.61 21342 234.42| 1.054 1.89 19.03 36.60 40.23| 1.099 1.88 10.62 20.5 22.39
1.01 191 100.50 192.19 211.19| 1.055 1.89 18.69 35.96 39.64| 1.100 1.88 10,52 20.3 22.18
1.01} 191 9141 17483 192.13| 1.056 1.89 18.38 35.34 38.84| 1.101  1.88 10.43 20.1 22.12
1.012 1091 83.84 160.38 176.25| 1.057 1.89 18.06 34.74 38.19| 1.102 188 10.33 19.94 21.92
1.01 1.91 77.43 148.06 162.81| 1.058 1.89 17.76 34.17 37.56| 1.103_ \\1:88 10.23 19.7 21.72
1.01¢ 191 7193 137.69 151.30| 1.059 1.89 17.47 33.62 36.95| 1.104~" 1.88 10.14 19.5 21.52
1.01py 191 67.17 128.61 141.33| 1.060 1.89 17.18 33.04 36.34|,1.105 1.88 10.05 19.3 21.30
1.01 1.90 63.00 120.56 132.49| 1.061 1.89 16.91 32.55 35.78|71.106  1.88 9.96 19.3 21.14
1.01f 190 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
1.01 1.90 56.06 107.36 118.00( 1.063  1.89 16.40 31.55 34.68| 1.108  1.87 9.78 18.9 20.77
1.01p 190 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
1.02 1.90 50.51 96.73 106.30| 1.065 1.89 15.90 30.61 33.65| 1.110  1.87 9.62 18.5 20.38
1.02) 190 48.12 92.21 101.33| 1.066 1.89 15.67 30.17 33.17| 1.111 187 9.54 18.4 20.25
1.022  1.90 45.96 88.04 96.75| 1.067  1.89 1545 29.74 32.69| 1.112 187 9.46 18.27 20.08
1.02 1.90 43.98 84.30 92.64| 1.068  1.89 15.22 29.32 32.22| 1113 1.87 9.38 18.1 19.91
1.02¢ 1.90 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
1.02p 190 40.51 77.61 85.29| 1.070 ~'1:89 14.80 28.51 31.34| 1.115 187 9.22 17.8 19.55
1.02 1.90 38.97 74.70 82.09| 1.077 1.89 14.61 28.13 3092| 1.116  1.87 9.15 17.6 19.43
1.02f 1.90 37.54 71.97 79.08),1.072  1.89 14.41 27.76 30.51| 1.117  1.87 9.07 17.54 19.27
1.02 1.90 36.22 69.43 7630/ 1.073  1.89 14.22 27.39 30.11| 1.118  1.87 9.00 17.4 19.12
1.02p 190 34.99 67.11 738.75| 1.074  1.88 14.04 27.04 29.72| 1.119 187 8.94 17.2 18.98
1.03 1.90 33.84 64.91 71.33| 1.075 1.88 13.85 26.69 29.34| 1.120 187 8.86 17.1 18.80
1.031 190 32.76 62.85 69.06| 1.076  1.88 13.68 26.36 28.98| 1.121 187 8.79 17.0 18.68
1.03 190 31.76 60.92 66.94| 1.077 1.88 13.56 26.03 28.69| 1.122 187 8.72 16.8 18.54
1.03 1.90 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
1.03¢ 1.90 2992 57.41 63.08| 1.079 1.88 13.18 25.40 27.92| 1.124 187 8.59 16.6 18.26
1.03p 1.90 29.08 55.80 61.32| 1.080 1.88 13.02 25.10 27.59| 1.125 187 8.53 16.4 18.11
1.03¢ _ 190 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
1.03¢_£1.90 27.54 52.85 58.08| 1.082 1.88 12.72 24.52 2695| 1.127 1.87 8.40 16.2 17.86
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 1.90 25.51 48.97 53.82| 1.085 1.88 12.29 23.69 26.05( 1.130  1.87 8.22 1591 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  1.90 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  1.90 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 1.90 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
1136 186 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
1139 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
1.142 .86 7.57 14.66 16.11| 1.187 1.85 5.89 11.42 12.54| 1.232  1.83 4.86 9.43 10.36
1.143 .86 7.53 14.57 16.01| 1.188 1.85 5.86 11.36 12.49| 1.233 1.83 4.84 9:39 10.32
1.144 .86 7.48 14.48 1591| 1.189 1.85 5.83 11.31 12.43| 1.234 1.83 4.83 9.36 10.28
1.145 .86 7.43 14.39 15.83| 1.190 1.84 5.81 11.26 12.37| 1.235 1.83 4.81 9.32 10.24
1.146 .86 7.38 14.29 15.71| 1.191 1.84 5.78 11.20 12.31| 1.236  1.82 4.%9 9.29 10.20
1.147 .86 7.34 14.20 15.61| 1.192 1.84 5.75 11.15 12.25| 1.237 1.82 4.77 9.25 10.17
1.148 .86 7.29 14.12 15.51| 1.193 1.84 5.73 11.10 12.20| 1.238  1.82 4.76 9.22 10.13
1.149 .86 7.25 14.03 15.42| 1.194 1.84 5.70 11.05 12.14| 1.239 (182 4.74 9.18 10.09
1.150 .86 7.20 13.95 15.34| 1.195 1.84 5.67 11.00 12.08| 1.240 ' 1.82 4.72 9.15 10.05
1.151 .86 7.16 13.86 15.23| 1.196 1.84 5.65 10.95 12.03/1.241 1.82 4.70 9.12 10.02
1.152 .86 7.11 13.77 15.14| 1.197 1.84 5.62 10.90 11.97|)1.242  1.82 4.69 9.08 9.98
1.153 .86 7.07 13.69 15.05| 1.198 1.84 5.60 10.85 1192| 1.243  1.82 4.67 9.05 9.95
1.154 .86 7.03 13.61 1496| 1.199 1.84 5.57 10.80 11.87| 1.244 182 4.65 9.02 9.91
1.155 .86 6.99 13.54 14.87| 1.200 1.84 5.55 10.75 11.81| 1.245 1.82 4.64 8.99 9.87
1.156 .86 6.95 13.45 14.78| 1.201 1.84 5.52 10.70 11.76| 1.246  1.82 4.62 8.95 9.84
1.157 .86 6.91 13.37 14.70| 1.202  1.84 5.50 10.65 11.71| 1.247 1.82 4.60 8.92 9.81
1.158 .86 6.87 13.30 14.61| 1.203 1.84 547 10.61 11.66| 1.248 1.82 4.59 8.89 9.77
1.159 .86 6.83 13.22 14.53| 1.204 1.84 5.45 10.56 11.61| 1.249  1.82 4.57 8.86 9.74
1.160 .86 6.79 13.15 14.45| 1.205 1.84 5.42 10.52 11.56| 1.250 1.82 4.56 8.83 9.70
1.161 .85 6.75 13.07 14.36| 1.206 \ 184 5.40 10.47 11.51| 1.251 1.82 4.54 8.80 9.67
1.162 .85 6.71 13.00 14.28| 1.207 + 1.84 5.38 10.43 11.46| 1.252  1.82 4.52 8.77 9.64
1.163 .85 6.67 12.92 14.20 1208 1.84 5.35 10.38 11.41| 1.253 1.82 4.51 8.74 9.60
1.164 .85 6.64 12.85 1412y 1.209 1.84 5.33 10.34 11.36| 1.254 1.82 4.49 8.71 9.57
1.165 .85 6.60 12.78 1404| 1.210 1.84 5.31 10.30 11.32| 1.255 1.82 4.48 8.68 9.54
1.166 .85 6.56 12.74 13.97| 1.211  1.83 5.29 10.25 11.27| 1.256  1.82 4.46 8.65 9.51
1.167 .85 6.53 12:64 13.89| 1.212  1.83 5.27 10.21 11.22| 1.257 1.82 4.45 8.62 9.47
1.168 .85 6.49 12.58 13.82| 1.213  1.83 5.24 10.16 11.17| 1.258 181 4.43 8.59 9.44
1.169 .85 646 12.51 13.74| 1.214 1.83 5.22 10.12 11.12| 1.259 181 4.42 8.56 9.41
1.170 .85 6.42 12.43 13.66| 1.215 1.83 5.20 10.09 11.09| 1.260  1.81 4.40 8.53 9.38
1.171 .85 6.39 12.38 13.60| 1.216  1.83 5.18 10.04 11.03| 1.261 1.81 4.39 8.51 9.35
1.172 .85 6.35 12.31 1353 1.217 1.83 5.16 10.00 10.99] 1.262 1.81 4.37 8.49 9.32
1173 1.85 6.32 12.25 13.46| 1.218 1.83 5.14 9.96 10.94| 1.263 1.81 4.36 8.45 9.28
1174 185 6.29 12.18 13.39| 1.219 1.83 5.12 9.92 10.90| 1.264 1.81 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
1179 185 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 12.96| 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 1.77 3.35 6.45 7.09
1.272 181 4.24 8.21 9.02| 1.317 179 3.72 7.20 792 1362 1.77 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| 1.319 179 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| 1.320 179 3.69 7.14 7.85| 1.365 1.77 3.32 6.39 7.03
1.276___1.81 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
1.27f 181 4.17 8.08 8.88| 1.322 1.79 3.67 7.10 7.81| 1.367 1.77 3.30 6.3 7.00
1.27 1.81 4.16 8.05 8.85| 1.323  1.79 3.67 7.09 7.79| 1.368  1.77 3.30 6.3 6.98
1.279 181 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
1.28 1.81 4.13 8.01 8.79| 1.325 1.79 3.65 7.05 7.75| 1.370  1.77 3,28 6.3 6.95
1.28] 181 4.12 7.98 8.77| 1.326  1.79 3.64 7.03 7.73| 1.371  1.77 3.27 6.3 6.93
1.282 181 4.11 7.96 8.74| 1.327 1.79 3.63 7.01 7.71| 1.372 277 3.27 6.3 6.91
1.28 1.80 4.10 7.93 8.71| 1.328 1.78 3.62 7.00 7.69| 1.373_ \\1\77 3.26 6.2 6.90
1.28¢ 1.80 4.08 7.91 8.69| 1.329 1.78 3.61 6.98 7.67| 1.374~" 1.77 3.25 6.27 6.89
1.285 180 4.07 7.89 8.66| 1.330 1.78 3.60 6.96 7.65|.1.375 1.77 3.25 6.2 6.87
1.28 1.80 4.06 7.86 8.64| 1.331 1.78 3.59 6.94 76371376 1.77 3.24 6.24 6.86
1.28f 1.80 4.05 7.84 8.61| 1.332 1.78 3.58 6.92 7.61| 1.377 1.77 3.23 6.2 6.84
1.28 1.80 4.04 7.81 8.59| 1.333 1.78 3.57 6.91 7.59| 1.378 1.76 3.22 6.2 6.82
1.28p 1.80 4.02 7.79 8.56| 1.334 1.78 3.57 6.89 7.57| 1.379  1.76 3.22 6.1 6.81
1.29 1.80 4.01 7.77 8.53| 1.335 1.78 3.56 6.87 7.55| 1.380  1.76 3.21 6.1 6.80
1.291 180 4.00 7.75 8.51| 1.336  1.78 3.55 6.85 7.53| 1.381 1.76 3.20 6.1 6.79
1.292 1.80 3.99 7.72 8.48| 1.337 1.78 3.54 6.84 7.51| 1.382  1.76 3.20 6.1 6.77
1.29 1.80 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
1.29¢ 1.80 3.97 7.68 8.43| 1.339 178 3.52 6.81 7.48| 1.384 1.76 3.18 6.1 6.74
1.29% 180 3.95 7.66 8.41| 1.340 ~'1.78 3.51 6.79 7.46| 1.385 1.76 3.18 6.1 6.73
1.29 1.80 3.94 7.63 8.39| 1.347 1.78 3.51 6.77 7.44| 1.386  1.76 3.17 6.1 6.72
1.29Y 1.80 3.93 7.61 8.36\, 1.342 1.78 3.50 6.76 7.42| 1.387 1.76 3.16 6.1 6.70
1.29 1.80 3.92 7.59 8:33[ 1.343 1.78 3.49 6.74 7.41| 1.388 1.76 3.16 6.0 6.68
1.299 180 391 7.57 8.31| 1.344 1.78 3.48 6.72 7.39] 1.389 1.76 3.15 6.0 6.67
1.30 1.80 3.90 7.55 8.29| 1.345 1.78 3.47 6.71 7.37| 1.390 1.76 3.15 6.0 6.66
1.30p 180 3.89 7.53 8.27| 1.346  1.78 3.46 6.69 7.35| 1.391  1.76 3.14 6.0 6.64
1.30p 180 3.88 7.50 8.24| 1.347 1.78 3.46 6.68 7.33| 1.392 1.76 3.13 6.04 6.63
1.30 1.80 3-87 7.48 8.22| 1.348 1.78 3.45 6.66 7.32] 1.393 176 3.13 6.0 6.61
1.30¢ 1.80 3786 7.46 8.20( 1.349 1.78 3.44 6.65 7.30| 1.394 1.76 3.12 6.0 6.60
1.30p 1.80 3.84 7.44 8.18| 1.350 1.78 3.43 6.63 7.28| 1.395 1.76 3.11 6.0 6.59
1.30¢ _ 180 3.83 7.42 8.16| 1.351 1.78 3.42 6.61 7.27| 1.396 1.76 3.11 5.9 6.58
1.30¢_£1.80 3.82 7.40 813] 1352 1.78 3.42 6.60 7.25] 1.397 1.76 3.10 5.9 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
1310 1.79 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| 1.401 175 3.08 5.93 6.50
1312 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
1313 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 1.79 3.75 7.26 798| 1.359 177 3.36 6.49 7.12| 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 1.75 3.05 5.88 6.45
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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
1406 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
1.408 175 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 1.73 2.80 5.36 5.89( 1499 171 2.60 4.97 5.46
1410 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] 1.456  1.73 2.79 5.34 5.87] 1.501 1.71 2.60 4.95 5.44
1.412 .75 3.01 5.80 6.37| 1.457 1.73 2.78 5.33 5.86| 1.502 1.71 2.59 4.94 5.43
1.413 .75 3.01 5.78 6.35| 1.458 1.73 2.78 5.32 5.85| 1.503 1.71 2.59 494 5.43
1.414 .75 3.00 5.77 6.34| 1.459 1.73 2.77 5.31 5.84| 1.504 1.71 2.58 4.93 5.42
1.415 .75 3.00 5.76 6.33| 1460 1.73 2.77 5.30 5.83| 1.505 1.71 2.58 4.92 5.41
1.416 .75 2.99 5.75 6.32] 1461 1.73 2.76 5.29 5.82| 1.506 1.71 2.58 4.91 5.40
1.417 .75 2.98 5.74 6.31| 1462 173 2.76 5.28 5.80| 1.507 1.71 2.57 4.90 5.39
1.418 .75 2.98 5.72 6.29| 1.463 1.73 2.75 5.27 5.79] 1.508 1.71 2.57 4.90 5.39
1.419 .75 2.97 5.71 6.28| 1.464 1.73 2.75 5.26 5.78| 1.509 Q1 2.57 4.89 5.38
1.420 .75 2.97 5.70 6.27| 1.465 1.73 2.74 5.25 5.77| 1.510 (1.71 2.56 4.88 5.37
1.421 .75 2.96 5.69 6.26| 1.466  1.73 2.74 5.24 5761511 1.71 2.56 4.87 5.36
1.422 75 2.96 5.68 6.25| 1.467 1.73 2.74 5.23 574|)1.512 171 2.56 4.86 5.35
1.423 .75 2.95 5.67 6.23| 1.468 1.72 2.73 5.22 573] 1.513 1.71 2.55 4.86 5.35
1.424 74 2.95 5.66 6.221 1469 1.72 2.73 5.21 5.72| 1.514 171 2.55 4.85 5.34
1.425 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
1.426 74 2.94 5.64 6.20( 1.471 1.72 2.72 5.19 5.70| 1.516 1.71 2.54 4.83 5.32
1.427 74 2.93 5.63 6.19| 1.472 1.72 271 5.18 5.69| 1.517 171 2.54 4.82 5.31
1.428 74 2.92 5.62 6.17| 1.473 1.72 271 5.18 5.68| 1.518 1.71 2.53 4.82 5.31
1.429 74 2.92 5.61 6.16| 1.474 1.72 2.71 5.17 5.67| 1.519 170 2.53 4.81 5.30
1.430 74 291 5.60 6.15| 1.475 1.72 2.70 5.16 5.66| 1.520 1.70 2.53 4.80 5.29
1.431 74 291 5.59 6.14| 1.476 \ 172 2.70 5.15 5.65| 1.521 1.70 2.52 4.79 5.28
1.432 74 2.90 5.58 6.13| 1.4%7 + 1.72 2.69 5.14 5.64| 1.522 170 2.52 4.79 5.27
1.433 74 2.90 5.57 6.11 1478  1.72 2.69 5.14 5.63| 1.523 1.70 2.52 4.78 5.27
1.434 74 2.89 5.56 6.10(y1.479 1.72 2.68 5.13 5.62| 1.524 1.70 2.51 4.78 5.26
1.435 74 2.89 5.55 609 1480 1.72 2.68 5.12 5.61| 1.525 1.70 2.51 4.77 5.25
1.436 74 2.88 5.54 6.08] 1.481 1.72 2.68 5.11 5.60| 1.526  1.70 2.51 4.77 5.24
1.437 74 2.88 5:53 6.07| 1.482 1.72 2.67 5.10 5.59| 1.527 1.70 2.50 4.76 5.23
1.438 74 2.87 5.52 6.05| 1.483 1.72 2.67 5.10 5.59| 1.528 1.70 2.50 4.76 5.23
1.439 74 2.87 5.51 6.04| 1.484 1.72 2.66 5.09 5.58| 1.529 1.70 2.49 4.75 5.22
1.440 74 2.86 5.50 6.03| 1.485 1.72 2.66 5.08 5.57| 1.530 170 2.49 4.74 5.21
1.441 74 2.86 5.49 6.02| 1486 1.72 2.66 5.07 5.56| 1.531 1.70 2.49 4.73 5.20
1.442 74 2.85 5.48 6.01]1.487 1.72 2.65 5.06 5.55[1.532 1.70 2.48 4.72 5.19
1443 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 174 2.84 5.46 599| 1489 1.72 2.64 5.05 5.54| 1.534 1.70 2.48 4.71 5.18
1445 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
1448 173 2.82 5.42 595| 1493 171 2.63 5.02 5.51| 1.538  1.69 2.46 4.68 5.15
1449 173 2.82 5.41 594 1494 1.71 2.62 5.01 5.50( 1.539 1.69 2.46 4.67 5.14
1450 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 VA 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 4.91
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 4.99| 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
1.54f 169 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
1.54 1.69 2.43 4.62 5.07| 1.563 1.68 2.39 4.52 497| 1.578 1.68 2.34 4.4 4.87
1.54p 1.69 2.43 4.61 5.06| 1.564 1.68 2.38 4.51 496| 1.579  1.68 2.34 4.4 4.86
1.55 1.69 2.43 4.60 5.05| 1.565 1.68 2.38 4.51 495| 1.580 1.68 2,34 4.4 4.86
1.550 1.69 2.42 4.60 5.05| 1.566  1.68 2.38 4.50 495] ...
1.55¢  1.69 2.42 4.59 5.04| 1.567 1.68 2.37 4.50 494 ...

1.55 1.69 2.42 4.58 5.03| 1.568 1.68 2.37 4.49 4.93] ...
1.55¢ 1.69 2.41 4.58 5.03| 1.569 1.68 2.37 4.48 4.92] ...
1.55p  1.69 241 4.57 5.02| 1.570 1.68 2.37 4.48 4.92|...
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NONMANDATORY APPENDIX NM-3
SEISMIC, WIND, AND SNOW LOADINGS

NM3-10J) TYPICAL CODES

The Uspr/Purchaser shall be responsible for the spec-
ification pf the appropriate code to be used. The code
specifies|to the designer the magnitude and direction
of the sdismic, wind, and snow loads acting on the
vessel. THe designer shall use recognized stress analysis
methods [to compute the stresses resulting from these
loads.

The following is alist of examples of international codes,
standardp, and manuals that may serve to determine
seismic, wind, and snow loads acting on the vessel:

(a) Unjform Building Code, published by International
Code Council

(b) Nafional Building Code, published by American
Insurancg¢ Association

(c) Mihimum Design Loads for Buildings and Other
Structurdgs, ASCE 7, published by American Society of
Civil Engineers

(d) Intprnational Building Code, published by Interna-
tional Co¢le Council

(i) Eurpcode 8, Part 1-5, Design Provisions for Earth-
quake Refistance of Structures

(j) Megican Code, Manual de Disefio de Obras Civiles de
la Comisipn Federal de-Electricidad

(k) National Building Code of Canada

NOTE: The¢ Qualified Designer who certifies the Fabricator’s
Design Report per requirements of para. 1-300 of this Standard
should verlify'that the Code given in UBRS is used. If Code (e.g

E = tensile modulus of elasticity, psi
F = design factor
F., = allowable axial stress (buckling)
F., = allowable flexural stress (bucklihg)
F.. = allowable shear stress (buckling)
F, = allowable hoop tensile stress (ultimate)
f. = axial stress
f» = flexural stress
fera = critical axial buckling stress
ferp = critical flexuralbuckling stress
fery = critical shearybuckling stress
fn = hoop tehsile stress
f» = shearystress
H = vessel height, ft
I = m(lment of inertia of vessel shell cross seftion,
in.
My,= bending moment due to wind load, ft-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 onjslab)
(2) suspendedvessel empty (ring or skirt suppdrted)
(3) cantilevered vessel at design conditions

(4) suspended vessel at design conditions
(b) Snow Load on Empty Vessel. The snow load exqmple
below assumes that the detailed design of the top head has
been done such that the snow load is transfdrred

IBC) is not specified in UBRS, the Qualified Designer or Fabri-
cator, should make a request that User/Purchaser specifies Code
in writing.

NM3-200 NOMENCLATURE

C = distance of neutral axis, in.
nominal vessel diameter, ft
D; = inside diameter, in.
D, = outside diameter, in.

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 Ib.

Case (b) is a vented tank 9 ft in diameter and 18 ft long
from tangent line to tangent line. It has torispherical heads
on both ends and it is supported by a ring 6 ft from the top
ofthe shell. Asin case (a), itis located outdoors in St. Louis,
Missouri, and contains a liquid with a specific gravity of
1.2. The vesselis constructed of Type [ laminate, which has
S.=9,000 psi according to Table 2A-3. Paragraph 3A-230

tance of any type of laminate to biaxial stress;
howgver, the calculations are complicated. For Type I
laminates, a conservative approximation to these provi-
siong is

F2 = ff, +fF + 2252 < (S,/F)

For 1
parag

ype Il laminates, a conservative approximation to
. 3B-300 and M3-530 is

f, = IS,/Fl andf, =1S,/F|

if the

appr
morq

shear stress is less than 200 psi (1.38 MPa). These
ximations are used in this Appendix instead of the
exact procedure in paras. 3B-300 and M3-530.
Accofding to para. 3B-500, the design factor F = 10 for
sust@ined loads, and F = 10/1.2 = 8.33 for wind,
seisnpic, or snow loads, or for a combination of sustained

ing thick-

. 1 1 1 1 11 1 £l
TEQUITES Uldl UIT DULLUIIT IIE4U TIdVE UIC TUITIUOW

ness:

t

0.885 FPR_/S,,

(10)(0.885)(18)(12)(0.03613)(1.2)(108)
0.995 in.

(9,000)

(Use 1.00 in. nominal thickness, per Table 2A-2
head thickness would be governed by the “footp
specified by para. 3A-340. Nonmandatory 4
NM-11 gives a meghoed for designing for
which in this case gives a thickness of 0.3
shell thickness just above the ring is given
3A-210 as follows:

t =<FPD,/2S,

(10)(6)(12)(0.03613)(1.2)(108)/(2)(9
0.187 in.

) The top
rint” load
Appendix
his load,
b in. The
by para.

000)

loadg and wind, seismic, or snow loads. However, para. 3-200(f) and Table 2A-1, taken|together,
(b) The interaction criterion for buckling is require that the thickness of the shell be at leagt 0.23 in.
2 Similarly, the shell thickness 12 ft from the top is found
\faF/fcra‘ + \be/fcrb‘ + (va/fcrv) <1 from
This pquation applies only to compressive ngrmal stress. t = FPD;/28,
In allfcases, the design factor F = 5 for buckling. The buck- = (10)(12)(12)(0.03613)(1.2)(108)/(2)(4,000)
ling driterion is the same as in Equation 9.93, page 1006, of = 0.375in.
the American Society of Civil EngineersStructural Plastics . . 0o
Design Manual, ASCE Manuals andReports on Engineering or, rour.ldmg up to a standard lamlnate, t = 0.40 in. The
Practice No. 63. 1984 shell thickness 18 ft from the top is found the $ame way
t = FPD;/2S,
NM3-320 Design for Sustained Loads = (10)(18)(12)(0.03613)(1.2)(108)/(2)(4,000)
Case (a) is a vented, tank with a flat-bottom head and a = 0.562in.
torispherical top head. The tank is constructed of Type II . . ) o
lamirate, bolted-toxconcrete pad, 12 ftin diameter and 24 which rounds up to 0.57 in. The total weight of the liquid is
ft high, and contains a liquid with a specific gravity of 1.2. found from
The fank.iSiJocated outdoors in St. Louis, Missouri. weight = (3.1416)(4.5)2(18)(62.4)(1.2) = 85,7461b
Patagraph 3A-210 requires a shell thickness given by
t — bPD/Zbu Th\, VK,DQL,II VVb;shD Cl}l}}l UA;lllat\,]l)/ 2,900 }b' th\,l ’\fore, the
1 . . . .
= (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 Il 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

231

The thickness required to resist the axial load is given by
para. 3A-210

t

EN,/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
(UBC) rules, the wind pressure zone for St. Louis is 30.
From UBC Table 23-F, the design wind pressure for
zone 30 is 25 psf. The shape factor per UBC Table

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

fcm

0.3Et/R

(0.3)<1.s X 106)(0.64)/72

23-G is SF = 0.8. Then the wind load is
U =|(SF)gD = (0.8)(25)(12) = 2401b/ft of height

The bending moment at the base of the vessel is

Yhun?

(0.5)(240)(24)>
69,120 ft-Ib = 829,440 in.-Ib

M

w

btal lateral force is
W = UH = (240)(24) = 5,7601b

and the t

The tot
bottom is
shellatth
the base

a7

hl vessel weightis 4,159 1b and the weight of the
340 Ib; thus, the weight transmitted through the
b baseis 4,159 - 340=3,8191b. The axial stress at
s then

3,819/(3.1416)(144)(0.64) = — 13.2 psi

where th
stress on
wind mo

e negative sign denotes compression. The axial
he downwind side of the base resulting from the
ment is given by

fy = — M,C/I

The monjent of inertia is calculated from

I

(3.1416)(Dg — Djf) /64

(3.1416/64) (145083 — 144%)

760,525 in.*

and C = 7
o

The total pxialstress is then f, + f;, = =92.4 psi. The tank is
built of Type-Il laminate, for which §, = 15,000 psi.

2.64 in. Thus
— (829,440)(72.64)/(760,525) = — 79.2 psi

4,000 psi

The critical stress for buckling from bending.indqr the

wind moment is
fp = 1.3f,,, = 5,200 fsi

For shear, the critical buckling stress for thin-walled tube
of circular cross section is giveén’by

ferw 0.695E(t/R)5/4(R/H)1/2

S 1
0.695<1.5 X 106)(0.64/72) /4(72/288)/2
1;423/psi

The buckling interaction equation from para. NM3-310 is

o F | + G E /| + (va/fm)z <1

Inserting values for this example gives

[(13.2)(5)/4,000] + [(79.2)(5)/5,200] + [(19.9)(5)/1,423]*

=0.098 <1

23]

which shows that the empty tank will not fail by bug
under the design wind load. If the strength and bud
conditions had not been satisfied, then the shell thic
would have to have been increased.

NM3-322 Empty Ring Supported Vessel Under
Load. This is a continuation of case (b) in para. NM3}
As before, the wind pressure is 25 psfand the shape f
is 0.8. The wind load U is

U = (SF)qD
(0.8)(25)(9) = 1801b/ft

kling
kling
kness

Wind
-320.
actor

The total force above the ring is (180)(6) = 1,080 14, and
the corresponding bending moment is % (1,080)(6) =

However, F = 8:33and the alfowable 3tress 15 15,0007
8.33 = 1,800 psi. The shear stress is

f, =5,760/(3.1416)(144)(0.64) = 19.9psi

Since f, < 200 psi, the criterion for Type Il laminates stated
in para. NM3-310 applies. It is

lfa n fb| = 92.4 < 1,800 psi

232

3,240 ft-lb. The total force below the ring is (180)(12)
= 2,160 lb, and the corresponding moment is 1/2(2,160)
(12) = 12,960 ft-lb. This is the largest bending moment
in the vessel. Thus, M,, = 12,960 ft-lb = 155,520 in.-1b.
Check the stress in the vessel just below the support ring.

(a) Axial. The weight of the shell below the support plus
the weight of the bottom head is 1,300 Ib. The axial stress
from the weight is then
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f, = (1,300)/(3.1416)(108)(0.40)
9.58 psi

(b) Bending Below the Support
f, = M,,C/I

1(5)(42.3)/2,889| + [(5)(15.9)/925]2 =0081<1

which is satisfied.

Both strength and buckling criteria are fulfilled, and the
design is acceptable for withstanding wind loads while the
vessel is empty.

NM3-323 Flat-Bottomed Vessel Under Design Condi-
tions With Wind Load. The hoop stress due to hydrostatic
pressure mustbe combined with the axial stress caused by

I = (3.1416/64)(D5‘—D,-4)
= (3.1416/64)(108.8% — 108%)
= 200,084in.*

C=544 in.
f, = (155,520)(54.4)/200,084
= 423 psi
(c)| Shear
f, = 2,160/(3.1416)(108)(0.40)

15.9 psi

The §trength criterion for Type I laminates is
2 2 2 2
fi = ff + 5+ 22567 < (S,/F)

The gxial stress is the sum of the stresses from weight and
bendjng: f, = 9.58 + 42.3 = 51.9 psi. The hoop stress, fi,
vanighes and f, = 15.9 psi. We insert these valués in the
critefion

3,262 < (9;000/8.33)
1.17 x10°

(51.9)% + 2.25(15.9)

which is satisfied. The axial stress from the weight is
tensile and, therefore, doesnot’enter into the check for
buckling. The critical bedding stress for buckling is

fp = (L3)(O3)Et/R

(1.3)(0.3)(1.0 X 106)(0.4)/54
2,889 psi

The ¢ritical shear buckling stress is

wind and weight, using a design factor of F=10/|..2 =8.33.
f = PR/t

where P is the sum of hydrostatic and, design pressures.
fi, = (24)(12)(0.03613)(1.2)(72)/0.64 = 1,495 psi

From para. NM3-321, thedending stress is 79J2 psi, the
axial weight stress is 13.2'psi, and thus the ovgrall axial
stress is 79.2 + 13.2 = 924 psi. The shear stress is 19.9 psi,
which is less than 200 psi, so the simplified criterion for
Type Il laminate§ applies

1
il

which are both acceptable.

92.4 < 15,000/8.33 = 1,800 psi

1,405 < 15,000/8.33 = 1,800 psi

NM3-324 Ring Supported Vessel Under Qperating
Conditions and Wind Load. In this case, the hoop
stress and axial stresses caused by the hydrostatic load
must be superposed on the weight and wind stresses
computed in para. NM3-322. The governing lpcation is
just under the ring, and the hoop stress there i§ given by

fn = (6)(12)(0.03613)(1.2)(54)/0.40
= 421psi

Axial stresses are from the weight of the confents, the
weight of the vessel, and the wind moment. Th¢ contents
weight is (3.1416)(4.5)(18)(62.4)(1.2) = 85,746 Ib. The
weight of the vessel below the supportis 1,300 1b. Then the
axial stress from weight is

L = (85,746 + 1,300)/(3.1416)(108)(0.40)
= 641psi

The stress from the wind moment is 42.3 psi, angl the total

Ferw 0.695E(t/R)b/4(R/H)l/z

(0.695) ( 1.0 X 106) (0.40/54)5/4 (54/ 144)1/2
925 psi

The buckling interaction formula is
2
VaF/fcra‘ + VbF/fcrb’ + (j;/F/fcrv) <1

With the current values in place

axial Stress becomes 641 F 42:3=683.3 psi. From above,
the shear stress is 15.9 psi. The strength criterion is

f2 =+ S+ 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 Ib, 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) = 11 psi

The allowable stress for strength is 15,000/8.33 = 1,800
psi, and the critical axial buckling stress was calculated in
para. NMB-321 as 4,000 psi. Thus, the allowable stress to
ensure elgstic stability is 4,000/5 = 800 psi. Both allowable
stresses dre much greater than 11 psi, the applied stress.

NOTE: If the vessel must withstand external pressure, the
external pfessure exerted by the snow must be added to the
design exfernal pressure for calculating the head thickness.
Thus, if thg vessel has a torispherical head, the head thickness
is calculat¢d by the equation in para. 3A-320, and the term P, is
the sum of|the design external pressure and the snow pressure.
This combjnation of loads may govern, the “footprint” load re-
quirements in para. 3A-340 may govern, or internal pressure
may govern.

NM3-326 SeismicLoadingon Vessels. A vessel experi-
encing a deismic event has its base accelerated both later-
ally and yertically by strong ground motion. The vessel
shell, int¢rnals, and any contents respond dynamically
to this bpse excitation depending on their mass and
natural frequency. The vessel and contents may-be
analyzed|dynamically or statically using an eguivalent
loading nagnitude that depends on the seismic area
and impprtance factor. This paragraph\presents a
method fgr the calculation of seismic loadsbased on spec-
tral acceleration and probabilistic gfound motion. This
based on API 650-200Q0 ,(Section E.3), ASCE
7-02 (Secfions 2.4.1 and 9.14.17(3.8), and the USGS Earth-
quake Hagzards Program.

In larg¢ fluid-filled tanks;the total mass is considered
either “figed” or “sloshing.” Fixed mass includes the mass
of the tank structurerand that part of the contents that
moves in phase with the tank shell at its natural frequency.
Sloshing nass.iSthat part of the contents thatrespondsina
“sloshingmode;” whose frequency is a function of the tank

tratacceteratios (SA) acper Todsof 62 STC, Ss, a1 Sec,
S1.Thevalues of S;and S, obtained from the USGS website,
are based on 5% of critical damping and a_given prob-
ability of exceedance (PE) in 50 yr. Unless’othefwise
given in the UBRS, the S and S; values for 5¢% PE
should be used.

In order to obtain a Response Spectrum for a given|loca-
tion and soil type, S; and S; are first converted to|[their
maximum considered mapped values, S,,s and S,};, by
multiplying them by Site-Factors F, and F,. F, apd F,
depend on the type af soil (Site Class) and the vplues
of S; and S;. If detailed information on the site is not avail-
able, Site Class D-sHould be assumed. The spectral design
parameters, S#.3,'Sm1, Sas Sq1, and T for vessel loading, and
Site D valués for F, and F, are given below.

diameter land hnighf 'T‘a"’ slender tanks have more fixed

contents than those that are lower and wider. Variations in
process design, available space, and custom internals lead
to wide variations in aspect ratio as well as the amount of
fixed mass other than that of the fluid contents. It will be
seen that the base shear and moment contribution for
sloshing mass depend on the sloshing period, but the
fixed mass contributions do not.

Ss Fq S1 F,
<0:25 1.6 <0.10 2.4
0.6 1.4 0.20 2.
0.75 1.2 0.30 1.4
1.0 1.1 0.40 1.4
>1.25 1.0 >0.50 1.5
S S
ms a” T00
8, = F, x —L
ml v 100
2
Sds = g X Sins
2
Sd1 = 3% Sm1

S
T, sec = 2dl
Sds

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
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mass, and their centroids, plus the sloshing period. All are
functions of the aspect ratio, « = 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,/
W. is the sloshing mass fraction. The centroidal positions
of each type of mass are referenced to H..
(a) Sloshing Period

T sec = 0.578 D

H H,
My = (0.7)(12)(0.245(151)(14/;;,; + WH + ch]

For T, < T, < 4.0,
Vi = (02484 (Wy, + Wj, + ch)

- Jtan h(3.67/a)

(b) Fixed Mass Fraction

ch
—— =1 — 0.218a for a < 1.333

c

% tan h(0.866a)

= ———fora > 1.333
W, 0.866a
(c)| Sloshing Mass Fraction
Wy -1 ch
W We

(d)} Fixed Mass Centroid

H.
i = 0.5 — 0.094a for a < 1.333
c

ch
? = 0.375fora > 1.333

c

(e)| Sloshing Mass Centroid

- _
[ 5¢ — 1 — [cos h(ﬁ) - 1”3'67 sin h[—3'67 )]
H, a a a

NM3-329 Base Shear.and Moment. For an atmo-
sphefric storage vessel' with full contents, the fixed
masg consists of thesshell, Wy, and head, W), plus the
fixed portion, ef-the contents, Wy. For T, < T, Wx is
taker) equale/the total contents weight, W..

Th base'shear, V,,, and base moment, M}, depend on an
impojrtance factor, I; the ratio, Ty; the short period design

L

1

Vi = (0.7) (Vi + Vo)

H
My = (0.7)(12)[(0.245451)(1/\/;;1? + W,H + W'fCH c)
+ VbsHsc]

For T, > 4:0;

be = (0.24Sd51)(14/5h + Wy, + ch)

TW,

sTUsC

Vs = 0.7lSdSI( 3.375 ]

Tc2

V= (0.7) (Vg + Vi)

H
My, = (0.7)(12)[(0.248,151)(1/\/5;,? + WipH + WiH C)
+ Vthsc]

If the vessel has N hold-down lugs, the maxinpum hold-
down force, Fp, is given below, where R is the vegsel radius
ininches, and F,, is any uplift. Note thatif F, < 0, thelugs are
unloaded and also that the contents cannot be used to
reduce F, since they are supported by the base pad.

value—S—and-the—sloshingperiod—F—In—this—easethe
vessel height, H, and contents height, H,, are equal.
Following ASCE 7-02, in an allowable stress design,
both V, and M, are multiplied by the factor 0.7. M, is
then multiplied by 12 to convert the base moment to
in.-1b.

For T, < T,

Vi = (0.7)(0.24840) (W, + Wy, + W)

235

_ L.695M}, — 1.46(Wy, + Wi)R K

£y, +
NR N

The above shear and moment expressions may be
extended to include the effect of internals or other
fixed masses supported above the vessel base. It is
also possible to include a base skirt, in which case the
contents’ weight, fully supported above the base, will
act to unload the lugs.
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NM3-330 Hold-Downs for Seismic Loading

It is necessary to evaluate the capacity of the hold-
downs to handle both pullout and lateral shear. The
design of various types of hold-downs for pullout is
addressed in Nonmandatory Appendix NM-4. Although
the vessel designer does calculate the forces and stresses
in the hold-downs, it is typically the responsibility of a
licensed civil or structural engineer to calculate the capac-
ity of the hold-down embedments in the support slab

2
Si1 = g(0.423) =0.282

Most clvil/structural specifications will not allow the
use of thp 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
resist latgral shear or that some other means must be
provided] Where high lateral shear exists, consideration
may be giyen to grouting againsta shear lip thatis castinto
the pad. Another method is to grout between the vessel
and a cirqumferential angle attached to the pad, as long as
care is taken to prevent fluid retention, which could
present cprrosion problems for the vessel bottom.

NM3-331 Example. Calculate the base shear, base
moment,|and maximum hold-down force for an 8 ft x
13 ft tank with eight hold-down lugs and full contents
whose specific gravity is 1.2. The weight of the shell is
750 1b anfl that of the head is 175 Ib. The tank is at a loca-
tion whode zip code is 98226. No detailed geotechnicinfor-
mation dn the site is available. The owner or user’s
insurancg company has specified that an importance
factor off 1.25 be used and that the design seismie
event haye only a 5% chance of being exceeded in 50
yr. From [the USGS website for zip code 98226 and,; 5%
PE, the vlalue of S; = 64.59% and S; = 21.46%> Since
no geotethnic information is available, Site Class D is
assumed.

(a) Spectral Parameters

F, =134
E,=\197

64.59
ShaZ 1.34] /22 | = 0.866
i ( 100 ]

0.282
T, = —=—= = 0489
0.577
(b) Sloshing Period
8
a=— = 0.615

13

0.578

1., sec = > J8 =1.635

Jtan h(3.67/0.615)

(c) Weight and Mass Fractions
W, b= 0.785(8)%(13)(624)(1.2) = 48,906

ch
W £,1 = 0.218(0.615) = 0.866

(4

W, b = (0.866)(48,906) = 42,353

Wee _ _
—£ =1 - 0.866 = 0.134
W,

[

W, Ib = (0.134)(48,906) = 6,553

(d) Centroidal Locations for Fixed and Sloshing Mass

ch
? = 0.5 — 0.094(0.615) = 0.442

(4

Hy, ft= (0442)(13.0) = 5.7

He _ g _ cosh(ﬁ) 1 ﬂsmh(ﬂ
H, 0.615 0.615 0.615
3

)

21.46
S, 1 =197 2222 | = 0423
ml [ 100 )

2
Sgs = g(0.866) =0.577

H,,, ft = (0.833)(13.0) = 10.83

(e) Base Shear and Moment
T, = 0489 < T. = 1.635 < 4.0
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Vor = (024)(0.577)(1.25)(750 + 175 + 42,353) = 7,491 (f) Hold-Down Force
(1.695)(441,643) — (1.46)(750 + 175)(48)
Fplb =
075 (8)(48)
Vi, Ib = (0.8)(0.577)(1.25)(1'6?](0.489)(6,553) = 848 = 1,781

Vp, Ib = (0.7)(7, 491 + 848) = 5,837

=

[,in-Ib = (0.7)(12){(0.24)(0.577)(1.25)

1
[750 (73) + 175(13) + 42,353(5.75)

+848(10.83)}
441,643

237
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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 wound-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
recommended. If wound-on lugs are used in continuous
loading, shich 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 tensileimodulus of elasticity, psi
e ¥ load eccéntricity, in. (see Figures NM4-1,
NM4-2A, and NM4-2B)
F ¥ total\load or reaction at lug, Ib
Fy ¥ fofce in horizontal direction (radial), 1b
G £_wind pressure pcf

M, = bending moment due to wind load,-ft-lb
N = number of lugs
P = total radial load due to moment,/lb
P* = unit load, Ib/in.
P; = wind uplift coefficient, ditmensionless| (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 for«ylindrical 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
Wiax = 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
S 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 ofllocal

H = height of vessel straight side, ft
Hp = depth of top head, ft
h = height of lug, in.
hNpin = 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)

bending is presumed to occur. Typically, a major
portion of the total stress in both the longitudinal and
circumferential directions is due to this bending. In actu-
ality, hold-down lugs are normally located in the rein-
forced regions adjacent to the shell-to-bottom-head
junction.

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
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Figure NM4-1 Wound-On Hold-Down Lug
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Figure NM4-2A Secondary Bonded Hold-Down Lug, Type A

240
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Figure NM4-2B Secondary Bonded Hold-Down Lug, Type B
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Figure NM4-3 Moment Coefficient, M,
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overwind as shown. The lug itself must be checked for
bending stress.

[tis necessary to determine the lug force, F, from known
loading conditions and statics. Based on an assumed over-
wind force distribution, the overwind tension, T, and
compressive heel reaction, P, may be determined. The
average tensile stress in the overwind and shear in the
vessel wall are then calculated. The necessary parameters
are given in Flgures NM4-1 and NM4-5.

TheTrex e e e
stress in the vessel wall due to the local load, P and
vessgl operating pressure. This is done by first calculating
the ayerage radial loading on the shell due to the lug width,
w, and then evaluating the longitudinal bending moment
that yould be present in a similar shell under a ringload 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 pgeak values of hoop stress at the inner and outer
surfaces of the vessel wall.

A thore exact determination of the local effects is given
in the work of Bijlaard as summarized in Welding
Research Council Bulletin WRC-107 or its, earlier
version given in the Department of Commencé Report
PB131987 on local loading in thin shells.cHowever, the

Lugs may be attached by means of secondary bonding. It
is re¢ommended that such)attachments be designed for
shear loading on the.basis of a 200 psi allowable shear
strenigth in the secendary 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 ineal inch tension_  If tensile perimeter load is

6D, WeM;,

5 &
NS, tic

1
2
min —

The lug must then be checked for shear. The minimum
required overlay area of secondary bond shall be

A, = W/200N

where A, is the minimum requlred area, in square inches,

o 01 the shell.
If the size of the lug must be increased signiffcantly to
provide sufficient height to reduce the momient reaction
or provide adequate area for the attachment of Jecondary
bonding overlays, then additional lugs or a diff¢rent type
lug and attachment should be corisidered.
(a) Lug Reactions
MA =0
Winaxh
)
2 3
Whax = 3—I;e,lb/in.
FH =0
Winaxh
p=2
2
(b) Overwind Tension
T = PR,,/w,lb
m= T
o =T/t psi
(c) Shear Across Vessel Wall

higher than 50 1lb/in., in this case we have the option
to use Type B lugs. These loads are normal to the
overlay along that portion of the perimeter of the lug
or clip that is actually subjected to tensile loading (see
Figures NM4-2A, NM4-2B, and NM4-5).

Lugs are eccentrically loaded, resulting in a localized
moment applied to the vessel shell. The minimum
height of the lug shall be calculated based on the following:

243

T,, = D/ 1w, pst
(d) Local Bending in Vessel Wall

11/4

3(1 - 1)2)
2,2
Ripti
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Figure NM4-5 Recommended Hold-Down Clip

Width of clip shall be greater than or equal
to width of tank lug and positioned
on the same radial ¢

e —» Alternate
Design

Thickness of clip
shall be a minimum of
1.5 times the thickness
of the tank lug
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Assuming v = 0.3,

oo -1
B = 128/(R,ty)?, in.

P*=P/w, Ib/in.

(e) Bending Moments Due to Lug

M, = P*/48, in.-Ib/in.

i

(9]

)

D hp

2)

)-hp

Mhp = vM,,., in-Ib/in.

Loads Due to Pressure, p

Ny = pR,,/2, Ib/in.

th = pR,,, Ib/in.

Combined Stresses

Ogx = Nax/tk * 6Max/tk2

Ohp = th/tk =+ 6M],,p/t]%

Allowable stresses for intermittent loading

b.x = 0.002 x axial tensile modulus

= 0.002 x hoop tensile modulus
For continuous loading

b.x = 0.001 x axial tensile modulus

= 0.001 x hoop tensile modulus

(21) NM4-500 SHEAR LEDGE DESIGN

Lu
bond
Figun

Ad

Ay

e N

bs may be attached to a sheaxlédge that is secondary
ed to the shell near the bottom of the vessel. See

M4-6.

contact area bétween shear ledge and each lug,
in.?

wp X t;

secondary bond shear area between vessel and
sheardedge at each lug, in.?

h(wy, + bs)/2

base width of secondary bond shear area

t; = thickness of shear ledge in contact with dog clip,
in.
= 1 in. min.
U = net uplift, Ibf
w;, = width of anchor lug, in.
= 3 in. min.
NMZ-600  EXAMPLES

NM4-610 Wound Lug Example

12 ft x 24 ft straight height
specific gravity = 1.2
hydro head = (24)(0.433)(12)= 12.5 psig
Lower course

t, = PD;/2S, = (12:5)(144)/(2)(1,500) = 0.60 in.

Use 0.64 in. nominal/

t, = 0.37 in.

t = 0.64 +40.37 = 1.01; use 1.00 in.
Approximate vessel weight as follows:

top head = 275 1b

shelly= 3,500 b

bottom = 340 lb

total vessel = 4,115 1b

Calculate wind uplift on roof of vessel.

U = A4(PgG)
where
A, = plan area of vessel top, ft*
G = wind pressure = 25 psf
P = uplift coefficient
U = (m/4)(D?)(0.88)(25) = 2,488 Ib uplift

Calculate the wind overturning moment.
My = 058;GDH* + 0.25GDHp(H + Hp)/3)

= (0.5)(0.7)(25)(12)(24)?
+(0.25)(25)(12)(2) (24 + ¥5)

= 60,480 + 3,700
= 64,180 ft-Ib

betweemr vessetamt strear tedgeateach tug; 12
wy + 2h;

height of shear ledge, in.

4 in. min.

number of lugs

compressive stress in shear ledge under lug, psi
U/(N x A)

secondary bond shear stress between vessel and
shear ledge at lug, psi

U/(N x A)

Neaoit Life

INCU Ml}lllL IS

Upet = U— W+ 4Mq/D
= 2,488 — 4,115 + (4)(64,180)/12 = 19,766 1b

Assume eight lugs. Then load per lug is
F = 19,766/8 = 2,4711b/lug
Assume lug configuration. Assume a 12-in. high angle

with a 4-in. projection and 6-in. width. Assume the load
eccentricity e = 2% in. from the vessel wall to the
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Figure NM4-6 Shear Ledge

Wi

GENERAL NOTES:

(a) The shpar ledge shall be constructed of hoop filament winding with interspersed layers of wet chop or contact molded Type I or Type II
laminafes. The first layer of filament winding shall be‘embedded in wet chop.

(b) Flat-bgttom knuckles shall be manufactured in accordance with Figure 4-3 prior to the attachment of the shear ledge.

(c) Overlap between secondary bond shear areas is hot recommended. Further analysis shall be completed if overlapping secondary bond shear
areas dannot be avoided.

(d) Penetrfitions through the secondary bond shear area are not allowed, and penetrations through the shear ledge in areas outside|of the
secondpry bond shear area are discouraged. In all cases, 1 in. min. in the top 50% of the total height and 25% of the total shear ledge height
shall bp continuous around the entiretank (i.e., uninterrupted by penetrations).

(e) The anfchor design shall consider\resisting horizontal forces as the anchor ledge is for resisting uplift forces only.

(f) The tepsile load in the anchox 'will be greater than the uplift at the shear ledge due to the lever effect.

centerling of the ahchor bolt or to the point of load appli- Use % in. thick lug.
cation by|a hold-down clip. Unit radial load on overwrap
The lug mustbe checked for simple bending, which will
establish lits{minimum thickness
M = bending moment
= Fe = (2,471)(2.5) = 6,177.5 in.-lb

Winax = 3Fe/h*
3(2,471)(2.5)/(12)* = 1291b/in.

M/Z = bending stress Radial load due to moment
S = allowable bending = 20,000 psi P = Wyh/2
Z = section modulus = bd*/6 = wt),/6 (129)(12)/2 = 774 b

w = 6 in.
Zmin = minimum required section modulus
= M/S = 6,177.5/20,000 = 0.309 in.?

fue = (67 )l = 1(6)(03009) /612 = 0.55in.
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Hoop overwind load

Assume overwrap thickness t; = 0.38 in. Hoop overwind

Tiot = PRy /w
= (774)(72)/6 = 9,288 Ib

tensile stress is

o =t/lt; = 9,288/(11)(0.38) = 2,222 psi
< 40,000/5 = 8,000 psi allowable (OK)

NM4-620 Secondary Bonded Lug Example

Using the same example problem as in para. NM4-610,
assume a lug attached by secondary bonding is elected for
use.

Again assume eight lugs with an uplift load of 2,471 b/
lug x 8 = 19,768 b total.

Assume the same lug geometry as before, and check the
required minimum lug height. Lug width to vessel
diameter ratio w/D, = 6/145.6 = 0,041, From Figure

Shear across vessel wall

Co

B

7, = P/tiw = 774/(1.00)(6) = 129 psi
< 3,000/2 = 1,500 psi allowable (OK)

pfficient of bending in the vessel wall

S 1.28/(Rmtk)1/2 = 1.28/[(72)(1.00)]1/2 = 0.151in.”

Unjit radial loading is

Ax

Ax

Ho
sphe
Ho

wher

Ax

P* = P/w = 774/6 = 1291b/in.

al and hoop bending loads
M, = P¥/4p = 129/(4)(0.151) = 213.6in.-Ib/in.

My, = vMg, = (0.3)(213.6) = 64 in. -Ib/in.
al load due to pressure

Ny = pRy/2

[ic vessel). Therefore, N,y = 0.
op load due to pressure

Nip = PRy

e
= 12.5 psig hydrostatic (hoop direction)

Nyp= (12.5)(72) = 900 Ib/in.

1

wever, p = 0 for no pressure above thé liquid (atmo-

NM4-3, assuming eight lugs, M, = 0.024.

1
L= |snaweny ] h

NSt

1
| (6)(145.6)(194788)(2.5)(0.024) h
B (8)(2,500)(1.0)%
9.28 in; (min.)

For simplicity ahd to permit comparison, agdin use 12
in. high lug, &in.~wide.

As before, check the lug for simple bending td establish
its minimum thickness.

Unitradial load on overwrap

Wiy = 3Fe/h* = (3)(2,471)(2.5)/(12)* = 129 Ib/in.

Total radial load due to lug moment
P = Wyh/2 = (129)(12)/2 = 7741b

Next calculate the tensile perimeter
2h; +w = (2)(11) + 6 = 28in.

The tensile perimeter load = P/tensile perimeter =774/
28 = 27.6 Ib/in. < 50 lb/in.
The minimum required area of secondary RTP bond
overlay on the vessel wall, or the area of oyerlay on
the upstanding leg of the lug below the retainer bar
required for shear, shall be not less than

Ag = W/200N = 19,768/(200)(8) = 12.4inf /lug

Proceeding as before, the overlay hoop load is
Tt = PR,/w = (774)(72)/6 = 9,2881b

al andthoop stresses
S N/t 4 6M. /2 The overlay hoop tensile stress, assuming overlay thick-
* e N Ness I; = 03871, 15
= 0+ (6)(213.6)/(100)" = 1,281.6 psi 6 = T/t = 9,288/(11)(0.38)
= 2,222 psi < 3,000 psi
opp = Npp/tp + 6Mhp/t13 Shear across vessel wall

900/1.00 + (6)(64)/(1.00)* = 1,284 psi

7, = P/tiw = 774/(1.0)(6) = 129 psi
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Coefficient of bending in vessel wall

P

1.28/(Rmtk)1/2 = 128/[(72)(1.0)]1/2
0.151 in.”!

Unit radial loading
p" =P/w=774/6 = 129 Ib/in.

[t can thus be seen that the required overlay thickness is
approximately equal to the vessel wall at the bottom
knuckle region. The use of more hold-down lugs would
reduce the load per lug. This may not be cost effective,
however, since more anchor bolts are required.

NM4-630 Shear Ledge Example

Using the same example problem as in para. NM4-610,

Bending loads assume a shear ledge is elected for use with the following
M, [E P*/48 = 129/(4)(0.151) = 213.6 in-Ib/in. par}?meter?:
. = 8in.
N =28
t, = 1 in.
My = vMyy = (0.3)(213.6) = 64 in.-Ib/in. U = 19,768 Ibf
wy = 6 in.
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.

Bendinfg stresses

0y F 6M,, /5 = (6)(213.6)/(0.38)% = 8, 875 psi

opg = 6My,/tf = (6)(64)/(038)* = 2,659 psi

Since thes
overwrap

e stresses are much too high, the thickness of the
must be increased. Try 1.0 in.

Oy F 6My, /2 = (6)(213.6)/(1.0)* = 1,281.6psi

p = 6My,/tf = (6)(64)/(1.0)* = 384 psi

Q

If we sdt a stress limit of S,, for loads dueto uplift, we can

solve dirdctly for the overlay thicknesst;. Use the greater
of
Hmin = 6Mx/Sa
or

Amin = \/6Mhp/sa

Calculate the contact area bettveen the shear ledgp and
each lug.

AC=WLXfL=6X1=6in.2

thear
h lug.

Calculate the 'bhase width of the secondary bond
area between the vessel and the shear ledge at eac

bSZWL+2hL=6+2X8=22in.

Calculate the secondary bond shear area between the
veéssel and the shear ledge at each lug.

A=y x (wp + b)/2=8x (6 +22)/2 = 112

I

Calculate the compressive stress in the shear
under one lug.

edge

S, = U/(NxA,) =19,768 /(8 X 6) = 412 psi

< 15,000/5 = 3,000 psi (OK)

Calculate the secondary bond shear stress betwegn the
vessel and the shear ledge at one lug.

SS

.

U/(N x Ag) = 19,768 /(8 x 112) = 22.1 pp
< 2,000/5 = 400 psi (OK)
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NONMANDATORY APPENDIX NM-5
RING SUPPORT OF VESSELS

NM35-100 SCOPE

Thjs Appendix provides methods for the design and
checking of metallic support rings for vertical vessels.
It is fecommended that continuous loads be handled
by njetallic bands or double rings. These procedures
cover lugs attached to thin bands and double rings.

The band is proportioned to fully resist the bending
monjents applied by the support lugs. No credit is
taken) for the buckling strength of the RTP shell, a conser-
vativp assumption.

Diameter, in. Band Thiekness] in.

Less than 48 A
49 to 60 %
61 to 84 A
85 to 96 A
97 to 120 %

Determine the requiréd height of the lug baged on the
following:
1

NM5-200 BAND WITH LUGS _ 6DWEM, €Y
The thin band design utilizes a band height that is two SNtbz
timeg the height of the lug for dissipation of the stresses .
induded by the reaction of the lug (see Figure NM5-1). If the lug .helg.ht becomes unFeasonable, e.g. 8r ater than
about 12 in. high, or the required band thicknesg becomes
NM5-210 Nomenclature excessive, a double ring or rolled structura| channel
H = spacing between lug gussets, in. should be considered (see para. NM5-300).
I = outside diameter of vessel, in. .
d = Iug projection, in. NM5-230 Split-Ring Flanges
H = load eccentricity, in. Bands may be split and flanged for ease of jassembly
hf = height of lug, in. around the vessel, or where corrosion of supportelements
M) = moment coefficient at lug, dimenSionless (see  may require their replacement. End flanges at the split
Figure NM5-2) must be bolted face to face without inducing|stress in
M = number of lugs the RTP shell. Flanges must be designed to develop the
4 = allowable stress of band, psi* full structural capacity of the ring (see para. NM5-500
S, = allowable stress of luig) psi® and Figure NM5-3).
S = allowable stress.ef.rings or section, psi1
S) = yield stress of ring, psii NM5-240 Thickness of Gussets and Baseplate
5 _ th%ckness ofband, in. (7 m minimum) The required minimum thicknesses of the gyssets and
t] = thickness of ‘shear collar, in. X .
o . . baseplate shall be notless than the largest of the following:
t] = thickness of lug gusset or bearing plate, in. (a) Shear
W = maximum supported vessel weight, Ib (larger of
operating or hydrotest weight) te = 0.625W/hySpeN )
7] £>¥equired section modulus of radial rings, in.
(b} —Bemding
NM5-220 Design Procedure t = 2WE /NS ®3)
Assume a band thickness. The following band thick-
nesses are recommended as a starting point (based on (c) Compression
specific gravity of 1.0). Vessels with a height-to-diameter ty = 0.5W/dS, N 4)
ratio greater than 1.25 will require a band thickness
greater than the following: (d) Lateral Stability
tg =d/16 )

L All stress values per ASME Boiler and Pressure Vessel Code, Section II,
Part D.
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Figure NM5-1 Lugs on Band
/— Overlay

tc = tb + 3/8 in.
Tank shell /
3in. min.

N —

Shear collar
t, 2 in. min.
tb <—
Band
/_
Mat-resin J
2h, filler hg
(optional)
I
L]

( |

g in. gap 4 |
| |
! E | h /2
>
| |
|
|
|
-

N\
x Resin putty

\ Band support
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Figure NM5-2 Moment Coefficient, M,

0.16
~
~_|
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0.14 ]
\\\ N=2
—
B
0.12
\\
0.10 =
~
—
S 008 —
\\\ N=3
B
0.06 — —
—
0.04 =T
\l= 8 ] —
I ——
0.02 - _
o
\\\\\
[ —
0 [
0.00 0.05 0.10 0.15 0.20 0.25
b/D

< Z

angle of b/ D expressed in radians

1[N(cos(7‘+ﬂsin9) (sinﬂ) (1 b
= -|—(————) - (—) = [ =cot=
202 T 2 2 N

= number oflugs
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Figure NM5-3 Split-Ring Flange

Fabrication Options

L Flange weld

must be

—— full penetration

Cen
sh

NOTE: (1)

¢ = bolt hole diameter

/7 Minimum

le—

t: (3/g in. min.)

t — 1.6¢
I'“—’|
|
|
|
|
|
er of :
RN gh fINote (1
\Ar\ _‘_\T:)_ [Note (1)] I N
| ' h
|
|
|
| r
|
1 I

If f exceeds 8\in7add an additional bolt at midspan to stabilize the flange. Do not include in number of bolts, N,
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ty shall be a minimum of 1/4 in., excluding corrosion
allowance.

1.4t

t. = thickness of shear collar, in.

Shea

NM

ty = thickness of gusset, in.
The minimum leg size of the continuous fillet welds t, = thickness of ring, in.
attaching the gussets and base to the band shall equal t,, = thickness of web, in.
W = total load supported by ring, 1b
Zp = bending section modulus, in2
NM5-250 Shear Collar Z, = required section modulus of each ring, in.?
Shear collar height shown in Figure NM5-1 is minimum. Z; = torsional .sectlf)n rpodulus, in?
Actual shear and compressive stresses shall be calculated. @ = angle C‘l_emfed in F gure NM5'15’ rad
- collar heights and thicknesses shall be compared to O 7 TUTINGURAERESTHESS, TITIEISIUINESS
minijums shown and increased as necessary. Ob = bendm_g stress, psi ] ]
oym = Von-Mises stress defined below, \psi
T = torsional stress, psi
-300 DOUBLE-RING SUPPORT ¢ = angle defined in Figure NM5-5, rad

Dduble-ring supports are a method of providing
suppprts 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
Figufe NM5-4). This support ring is proportioned to
resist all bending and torsional loads without introducing
any dignificant local loads into the RTP shell.

Thjis paragraph provides a method for checking the
stresp in a support ring of a vertical vessel. The procedure
is linjited to thin ring beams with three or more evenly
spacgd lugs. Thin rings are those whose thickness in the
radiall direction is less than one-tenth their radius.

Dofuble rings support the vessel by means of a shear
collaf.

NM5-310 Nomenclature

NM5-320 Design Procedute-for Double Rings on a
Band

A double-ring suppértjmay be fabricated by a
rings to a steel band/The vessel is supported 4
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 an
spacing, Since the vessel diameter, support ec
weight,*and desired number of support p

ding two
y a shear
1 support

d gusset
Centricity,
bints are

knewn, an approximate section modulus fo1 the ring
€an be calculated
DWeM,
=L 6)
NhS

r

This is the estimated minimum section modulus for

p = spacing between lug gussets, in. each of two rings mounted on a steel band. The resulting
b = outside diameter of vessel, in. double ring must be checked for bending and|torsional
| = radial projection of ring or channelfrom web or stresses as follows.
band, in. Step 2: Determine the location of the center of shear, e*.
¥ = load eccentricity from centerline web to center-  Thjs must be added to the projection of the lug, , from the
line anchor bolt, in. centerline of the bolt hole to the centerline of the web to
p = eccentricity of support reaction force, in. (see  obtain the total eccentricity, e, for the double-rinf support.
Figure NM5-4) For double rings on a band [see Figure NM5}4, sketch
e[* = location of centér,of torsional shear from center- (@]
line of web~or'band, in. ) )
@ = height of Tihg section, in. o = d“(h — t,)"t, 7
h}, = height-ef band, in. 41
= h +¢
I = moment of inertia of ring section about a
céntroid axis in the plane of the ring, in# e=¢ + E
J—=torstomat-stiffressconstantof ring-section; frrt
M, = bending moment at a section of ring, in.-lb Step 3: Determine the ratio e/R.
M, = moment coefficient at lugs, dimensionless Step 4: Calculate Z,. For double rings on a band [see
M, = twisting moment at a section of ring, in.-lb Figure NM5-4, sketch (a)]
N = number of lugs 3 3
R = inside radius of double-ring support, in. _ tb(hg) * d[h — (-2 ] ©)
S, = allowable stress of ring or section,” psi b 6hy,
t, = thickness of band, in. (% in. minimum)

2Manual of Steel Construction, American Institute of Steel

Construction, 1 East Wacker Drive, Chicago, IL 60601.
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Figure NM5-4 Ring Support of Vessels

h =3d
“\/ “\/
t, =t,+3gin. to = tw+gin.
d
3in. min.
Shear
collar
A t
t, (typical)
te 2 in. min. Center of r
torsional
Centpr of l shear
torfsional 4
'
shear l R T
R I
L Y -
z‘I‘
| d (typical) |
|
|
IS . : R A
# /] h Projection | h
) of band = I
| tb “+ 1/2 in. :
/g in. gap :
| |
| ' '
| h R g in. gap —} | !
| |
| l 1 IS i
| |
| D | | |
| extension : | \
| |
! Mat-resin filler —— I LLug
| ! (optional) : I extenjsion
L e* ! :
! | : Ring/band : !
| e : support : ¥ E :
I >l
I ! | e :
1 1
! |
I

(a) Double Rings
on a Band
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Figure NM5-6 Ring Design Chart for Three Lugs

3.5
e/R
. 050
/ 0.450
2.5 B / / 0.400
/ 0135
‘3 pd / /, 0.30
2 2o / <
§ ///// 0.25
% 1|5 / A 0.20
5 / / ] 0.15
] 1lo P / / — 1 —1 —|
P / 0.0
L —
% %?;/// 0.05
ols
—— 1 —] I ———o00
———————
——
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Step 5:| For double rings on a band per Figure/NM5-4,
sketch (a

3 t3(h
_ b (2d) 4 i (hp) (9)

J 3 3

Step 6:] Calculate Z.

Zy=J/ty

Step 7:| Calculate the.ratio Z,/Z.

Step 8:|Use Figures NM5-6 through NM5-8 for the ap-
plicable jumber of 'support points and determine &.

Step 9:

Bending Modulus / Torsion Modulus, Z,/Z;

With a rolled structural channel, the shear collar ¢f the
vessel rests directly on the top flange [see Figure NM5-4,
sketch (b)].

NM5-410 Stress in Ring

The bending and twisting moments at a point A (see
Figure NM5-5) in the ring are given by

My = —WR [¢c0sa

— 1 — ﬂ i — 11
27 | sing ! R sin(¢ a)] (o

Frem' this, calculate the maximum combined M, = @{qﬁsina - ﬂcos((]ﬁ 3 a)} 12)
stress dup to bending and torsion, the Von-Mises stress 27 | sing R
vm /% where
Step 10: Check gusset thickness per para. NM5-240. ¢ = n/N
NM5-400 DESIGN PROCEDURE FOR A The bending stress is then given by
FABRICATED OR ROLLED STRUCTURAL oy = My/Z (13)
CHANNEL DOUBLE-RING SUPPORT )
and the torsional stress by
A double-ring support can also be in the form of a fabri- r=M,/Z, (14)

cated or rolled structural channel.
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Figure NM5-7 Ring Design Chart for Four Lugs

2.50
e/R
2.25 0.500
/ 0.450
2.00 -
/ 0.400
175 <
/ 0.350
[
> 1.50 e /
p / // 0.300
3
§ 125 // P — 0.250
LE //
; 1.00 0.200
P4 / / //
075 / 0.150
0.50
/ s — | |o.050
028 //// //
4/
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20J0
Bending Modulu§/,Torsion Modulus, Z,/Z;
They can be combined in the Von-Mises-stress NM5-430 Section Proportions
= (o2 4 322 1/2 (15) Rings are often built from plate and welded tqgether so
Ovm = (Ub + 3 ) that the cross sections are not standard structun

The |
allow

To
is ne
(valu
been
E R,
any 1

on-Mises stress intensity mustbe no greater than the
able stress intensity at-every point on the ring.
use eqs. (11) through+(15) to check the ring design, it
cessary to calculate'6,,, at a number of locations
es of @) to bedsure that the maximum stress has
considered! Depending on the relative values of
and thering section, the maximum may occur at
pcation

NM5|-420 Design Charts

It is important that nonstandard shapes be ¢
stable under loadings that para. NM5-410
NM5-420 allow. For this reason, the section pr
should satisfy section 1.5.1.4 of the AISC Spec

NM5-500 SPLIT-RING CONSTRUCTION

In many cases, rings are fabricated in two sej
parts that are bolted around the vessel; thus, thg
splices in the ring. These splices must be strong

al shapes.
lastically
or para.
pportions
fication.?

nicircular
re will be
enough to

develop the full strength of the ring in both be

nding and

Paragraph NM5-410 provides a basis for a computer
procedure for ring design, but is tedious to use for
hand computation. A set of charts that are derived

from

the equations in para. NM5-410 and cover most

cases of interest is provided (see Figures NM5-6
through NM5-8).

Procedure. Use the procedure of para. NM5-320, substi-
tuting h for hy,.

Twisting.

NM5-510 Nomenclature

A, = area of one bolt, in.2
a = radial distance from band to bolt hol
Figure NM5-3)
b = effective width of flange, in.
= 3¢
¢ = bolt hole diameter, in.
e = eccentricity or lug reaction force, in.
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e, in. (see
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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
T
o a7 /
g // / 0.30p
[}
& ad.6 / /
k5 // 0.25p
= d5 /
: e / = 0.20p
R / / /
0.15p
q3 /] il _—]
/ /
0.10p
IR P /// I
5 —
/ /
i} / /4 | | 0.05D
// _//—/_
_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;
=|vertical distance between bolts, in. My, = W(-0.0176R + 0.0884¢) (16)
M, =|moment in ring due to bending,tin.-lb
My =|moment on flange due to bolt-lead, in.-Ib
M, =|moment in ring due to torsion; in.-lb M; = 0.0884We a7
N, =[number of bolts = 2 (see Figure NM5-3) ) .
r =|distance from ring cefiter’of shear to bolt hole For eight support points
(see Figure NM5-3] My, = W(—0.00417R + 0.0239¢) (18)
S, =|allowable stressypsi
tr =|thickness of flahge, in.
Zpmin =|minimum section modulus of effective width of M; = 0.0557We (19)
flange, ins
NM5-521 Procedure
NM5-52p [Design Procedure Step 1: Determine the maximum bending and torgional

Equations (11) and (12) of para. NM5-410 provide the
bending and torsional moments for any point on the ring.
On the basis of duplicate ring sections and simplified
design, it is recommended that splice flanges be
located midway between support points.

When splice flanges are located midway between the
support points, the above-referenced equations are
reduced to the following simplified formulas:

For four support points
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moments in the ring at the location of the flanged split.

Step 2: Develop an assumed flange configuration (see
Figure NM5-3).

Step 3: Assume a bolt location.

Step 4: Size the bolts based on bending (tension) or
torsion (shear), whichever controls (minimum bolt size
shall be %-in. nominal diameter).
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Figure NM5-9 Example Cross Section

0.75 (typical)
3.75 i P

» |

(23)

Stdp 5: Calculate the flange thickness based on the
bendjng (tensile) bolt load (calculated as a cantilevered
bean] of width 3c and loaded-at the end by the tensile bolt
load due to bending of ‘the’ ring).

NM5-522 Bolt Sizing
(a) Bending

bolt load (tensile) = M;/f, Ib (20)

Bolt stress = (7)(hn]1‘ lnnd)l/N‘,rAb psi< ASME Boiler and

Therefore

t/(min.) = (2Zmin/c)1/2 > 3dih. (24)

NM5-530 Welding

All welding shall be continusus. All butt weld
full penetration. Welding\shall conform to AW|

s shall be
S D1.1.

NM5-600 EXAMPLES
NM5-610 Double-Ring Support

Considép a-10-ft diameter vessel containing 1
ofliquidwith eightlugs having an eccentricity of]
6.2 iny.and a lug projection of 6 in. The candid
section is shown in Figure NM5-9. The ring is t
cated of steel with an allowable ASME Code
25,000 psi.

Step 1: N=8

Step 2: e/R=6.2/61=0.1

Step 3: Z, = 58.5 in.%; Z, = 3.94 in%; Z,/Z, 3

Step 4: From the chart for eight lugs, o = 0,

Step 5: Assuming that the vessel itself would
as much as the contents, the entire supported
132,400 1b.

Oym

26,000 1b
4.5in., e=
ate cross
be fabri-
stress of

14.8
18
weigh 5%
weight is

= WRG/Z,

= (132,400)(61)(0.18)/58.5 = 24,85( psi

Thus, the stress intensity is less than the allowable

stress and the section chosen is adequate.
Step 6: Using para. NM5-240, calculate the

minimum gusset thickness. Equation (5)

maximum value of t; = 6/16 = % in.

required
rives the

NM5-620 Band With Lugs

Pressure Vessel Code allowable (Section VIII, Division 1).
(b) Torsion
bolt load (shear) = M;/r, Ib (21)
Bolt stress = bolt load/N4,, psi < 0.5 ASME Boiler and
Pressure Vessel Code allowable (Section VIII, Division 1).
(c) Flange thickness on cantilevered flange

My = bolt load(tensile) X a (22)
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AssUImEe a to-fratameter < tO-ftstraight-side vessel. Use
aspecificgravity of 1.2 and alugload eccentricity, E, of 3 in.
Assume eight lugs (see Figure NM5-10). The lower head is
ASME flanged and dished. The flooded weight of the vessel
is approximately 67,000 lb.

Try a band with lugs, similar to Figure NM5-1. For the
10-ft diameter, the band will be 34 in. thick.

Calculate the required lug height. Assume b = 6 in. Then
b/D = 6/122 = 0.05. M, = 0.022.
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Figure NM5-10 Lug

|
S
l b
: ’-—1 in. min.
|
|
|
I \\ ] ] -
|
|
|
|
|
|
|
t

: g
l
l
|
l hy
l
|
l
l ty
|
|
l
|
| | |
| | |
| | |
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| | |
| R | ]

T T
| | |
l l I
! d ! ‘ — g ¢
| |

Tl
| E
I |
1/2 Referencing Figure NM5-3, assume
6DWEM], _ :
hy = [—2] a = 1.875 in.
SNtj, ¢ = 0.625 in.
1/2 f =14 in.
_ (6)(122)(67,000)(3)(0.022) r= 7Y in
(12,700)(8)(0.75)*
=\752 in. (a) Determine Moments
. (1) Moment due to bending
Use 8 in. fhigh-lugs on a 16 in. high x 7, in. thick band. M, = W(—0.00417R + 0.0239%)

NM5-630 Split-Ring Flange

Develop a flange for splitting the ring in the previous

67,000(—0.2544 + 0.090)
= —11, 015in-Ib

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
w

3 in.
3.75 in.
61 in.
67,000 1b

260



https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

bolt load = M /f = 11,015/14 = 786.8 Ib(tension)

(2) Moment due to torsion s, . .2
Assume 7 in. bolt; 4, = 0.202 in.” Then

L= 07s( 13.5)3

+2(7.5 — 0.375)%(3.75)(0.75) = 439.3in.* bolt stress (tension) = (2)(786.8)/(2)(0.202) = 3,895psi
13 <25,000 psi for B7 bolts
1 | . (2) Torsion
3 3 3
J= 5(3.75)(0.75) + 3(13'5)(0'75) + 5(3.75)(0.75) bolt load =M, /r = 14,497/7.25 = 2,000 Ib (shear)
F2.95 1n.A

bolt stress =2,000/(2)(0.202) = 4,950 psi < _25,000/2 psi

Zy = %953 = 58.5in> (3) Flange thickness on cantilevered flange
Mf = bolt load (tensil€) X a
= (786.8)(1.875) = 1,475in.-1b
Z, = Z:—jz = 3.94in.>

Zoin = V475/12,700 = 0.116in.>

M; = 0.0577We
= (0.0577)(67,000)(3.75)

= 14,497 in-Ib ty = [(2)(0.116)/ 0.62511/2

(b} Bolt Sizing 0.609 in. (use 11/16 in. minimum)

1) Bending

261
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NONMANDATORY APPENDIX NM-6
EXAMPLE OF A FABRICATOR’S QUALITY CONTROL PROGRAM

This Appendix shows one example of a Fabricator’s

Quality Control Program. It is written with mandatory
language|[to illustrate the proper terminology for such
a prograrp.
NOTE: Reffer to Mandatory Appendices M-1 and M-2 and
Nonmandgtory Appendix NM-7 for forms that are referenced
here.
Table of Contents
Sectipn Title
1 Quality Control Policy
2 Quality Control Organization
3 Documentation
4 Inspection of Received Goods
5 In-Process Inspection
6 Finished Equipment Inspection
7 Record Retention and Controls
SECTION 1 QUALITY CONTROL POLICY
1.1 Scope
This pdlicy establishes the requirements;systems, and

procedurgs for the Quality Assurance Program.

1.2 Purpose

1.3 Laboratory Standards

main-
quip-

1.3.1 A laboratory standards program shall’be 1
tained for the calibration of the measuring:and test ¢
ment.

1.3.2 The program shall provide confidence ip the

accuracy of the measuring and test equipment.

1.4 Test Methods

Specific written inspection and test procedures sh
followed for all inspection and test operations.

all be

1.5 Operating Procedures

1.5.1 [Rarts shall be made in the sequence and b
conditiens specified in the Fabricator’s operating p
dures,

y the
roce-

lable
as to

1.5.2 These production procedures shall be ava
to Quality Control personnel during their audits so
confirm adherence to them.

1.6 Documentation

1.6.1 Inspection results shall be documented and kept
on file for 5 yr or as specified by contractual requirenjents,
whichever is longer.

1.6.2 Inspection documentation shall be by refe
to shop order number, part number, or in any manne|

rence
I that

I the
such
loces-

oved

f l’ll‘he pufposes of the Quality Assiirance Program are as will link inspection results with a specific part.
ollows.
. 1.6.3 Only approved forms shall be used fo
1.2.1 Ensure adherence-to the rules and requirements entering of inspection results, as well as for
of ASME RTP-1 through ¢orrect and thorough processing related items as the purchasing of raw materials, pi
of purchdse ordeps,"drawings, specifications, and other sing orders, and subcontracting work on orders
documents. ' '
. . ) . 1.6.4 Any change in documentation shall be appt
1.2.2 Establish an inspection system to monitor the by QC Management
variability-ef-werkmanshipprecesses—and-materials—in :

cHHAHSTHPS

order to produce a consistent, uniform product.

1.2.3 Establish and monitor the quality requirements
related to materials and services of Vendors or Subcon-
tractors based on surveillance and performance analysis.

1.2.4 Provide a system for the detection of defect
trends and institute corrective measures.

262

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

.3 The determination shall include
manufacturing and processing procedures
purchase orders

results of tests

1.7
(a
(b)
(c)
1.7
QCM

appr
ASMJ

.4 Thereportshallbereviewed and approved by the
anager, who shall also secure all other reviews and
bvals as required by Mandatory Appendix M-7 of
. RTP-1.

1.8

1.8
the (

1.8
copy

19

1.9
QCM
Mand

1.9
upda

1.9
upon
parts

1.9
of all

Distribution of QC Manual

.1 The manual shall be distributed, as necessary, by
C Manager.

.2 Distribution of these manuals is limited, and each
shall be numbered.

NC Manual Revision

.1 The manual shall be revised, as necessary, by the
Anager, subject to review and approval of the General
ger.

.2 The manual index shall also be periodically
ted by the QC Manager.

.3 Manual updating shall be done by all holders
receipt of a revised section,.and the superseded
shall be destroyed.

.4 The QC Manager shall maintain a master record
manual revisions (see_Form NM6-7).

1.10

1.10.1 Initiator shall notify all responsible parties in
writihg or verbally with written confirmation, depending
on thHe impact of the change.

1.10.2 -Changes require Engineering approval before

implémentation:

Notification of‘in-Process Changes

the estab-
y Control

2.2.1 General Managementisresponsible for
lishment and maintenance of an adequate Quali
Program.

2.2.2 Additional personnel outside of the Q]
ment may be assigned to act in various qualif
functions.

C Depart-
y control

ersonnel,
e periodi-

2.2.3 Where inspectionds’done by non-QC
audits of the effectiveness*of their work shall b
cally performed by QC:

2.3 Organizational Functions

ses many
f QA per-

5.

2.3.1 The/total quality function encompas
activities and personnel, but it is the function d
sonnel‘to ensure conformance to specification

These functions include

(a) design review of applicable drawings

(b) inspection of incoming raw materials an
nents

(c) providing control at various stages of p|
and fabricating

(d) determining product release or rejection

d compo-

rocessing

ion deci-
changes

2.3.2 QC Management shall analyze rejec
sions. It may finalize the decision or make
under permitted repair procedures.

2.4 Organization Chart
See Figure NM6-1.

SECTION 3 DOCUMENTATION

3.1 Scope and Purpose

locumen-
ication of

3.1.1 This Section establishes the minimum
tation required for quality control during fabr
RTP equipment.

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:

263

3.1.2 Adequate and meticulous documentation is the
foundation of a good Quality Control Program.

3.2 Minimum Documentation

See Document Distribution List, Form NM6-4.

3.3 Document Preparation Responsibility

See Documentation Preparation and Distribution
Responsibility, Form NM6-5 (copy attached).
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SECTION 4 INSPECTION OF RECEIVED GOODS

4.1 Resin

The results of the following shall be recorded on the
Resin Log Sheet, Form M2E-1, prior to use in fabrication.

4.1.1 The resin shall be checked to ensure it is the
product ordered.

4.1.2 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
compliance 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 1 . 1 1 1 1
CITCTRKEU USIITg tIe test medroa oudred 11 1v andatory

Appendix M-2, Article E, of ASME RTP-1.

ents shall
mmenda-

4.3.5 The storage environment of cliring ag
be in compliance with the manufactirer’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 fto ensure

integrity.

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.
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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.


https://asmenormdoc.com/api2/?name=ASME RTP-1 2021.pdf

ASME RTP-1-2021

5.1.3 Mixing Data Sheets are also filled out for each
batch and kept in a separate log with reference to the par-
ticular 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 utiliging that resin. 6.2 Dimensions and Laminate Thickness
5.2.2 [Reinforcements shall be visually inspected, as 6.2.1 Thicknesses ofall components and overlaydshall
they are|dispersed, for imperfections (such as holes, be checked in accordance with para. 6-920 of ASME RTP-1.
cuts, thin spots, and separations) and contaminants Thicknesses can be verified by measuring actual cutouts,
(such as|dirt, oil, grease, and foreign objects) under where possible, or employing an ultrasonic or magnetic
adequate] overhead lighting. Dimensions, weights, and gage.
identifying numbers shall be recorded on Log Sheets 6.2.2 All dimensions and«ocations shall be ch¢cked
(Forms M1A-1, M1B-1, M1C-1, and M1D-1). : . .
against the equipment drawing and recorded.
5.3 Conjponent Fabrication 6.2.3 All repairs to, cqrrect a nonconformity shall be
The following data shall be recorded on the Component made in accordance@tth Mandatory Appendix M-7 of
Data Shget, Form NM6-2 (copy attached), prior to ASME RTP-1.
assembly 6.3 Visual Imperfections
nufr)r.i.:r;:)sfct(})ll:ll););tzr;;c;zrssfeaén;;:;it::é;?;elgentlflcatlon 6.3.1 ‘The entire fabrication shall be checked for yisual
' imperfections as described in Table 6-1 of ASME RITP-1.
5.3.2 The lamination sequence of a particular compo- The“equipment shall comply with the Visual Inspdction
nent shal] be recorded and verified to be correct. Level that has been specified.
5.3.3 |On machine-made components, pertinent 6.3.2 All repairs to correct an imperfection shall be
machine pettings shall be recorded. made in accordance with Mandatory Appendix M-7 of
5.3.4 (uringagentsystemand amountutilized.fotr each ASME RTP-1.
componefpt shall be recorded. 6.4 Physical Property Tests
5.3.5 PBarcol readings of fabricated compornents shall 6.4.1 Reinforcement-to-resin ratio is established
be taken nd recorded. through loss by ignition testing in accordance|with
5.4 Assémbly ASTM D25$4. Each component shall be tested if a
cutout or trim area is available.
The .fOl owing data shall be récorded on the Inspection 6.4.2 Laminate proof tests on a cutout or end sgmple
Checklist) Form NM7-2: Thraughout the assembly proce- . .
dure. prober sequences naterials. and dimensions shall from the shell shall be done in accordance with ASTM
N A ' ' D638, ASTM D3039, or ASTM D5083. Values obthined
' shall be equal to or greater than those specified and
used in design calculations.
SECTION 6 FINISHED EQUIPMENT INSPECTION &
The following data shall be recorded on the Inspection ~ 6-3 Equipment Pressure Tests
Checklist/ FermAM7—2- 6.5.1 Seepara. 6-950 of ASME RTP-Tforrequirements

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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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,
711 This procedure shall ensure that the records parc uuulbcl, amdsertat llu-lllbtl U.f thre PT oductiThis shgll
; . be followed by a record of inspections, tests; etc, that will
retaihed are complete and reliable. . Y P .
verify that the product conformed to specificatipn at time
7.1.2 Inspection and testing records shall, as a of shipment.
minifnum, indicate the nature and number of observations . .
o 7.4.5 Records shall form a<pasis of analysis and
madg, and the number and type of nonconformities found. . . .
management action regarding the Quality Control
7.1.3 Records shall be available for review as one of the Program.
prindipal forms of objective evidence of the Quality Assur-
ance [Program. Appendix.#1-+— Forms or Tables
Effective
7.2 Application and Retention Form Description Date
741 ) ds shall b ined by th M2E-1 Resin Log Sheet XX /XX /XX
Q e Clntgelngra' rtecort s shall be retained by the  \op»  curigAgents Log Sheet XX/XX/XX
ua ontrol Department.
Y p M1A-1 Veil and Mat Reinforcement Log Sheet XX/XX /XX
7.2.2 These records shall be used basically to verify M1B-1 <‘Roving Reinforcement Log Sheet XX /XX /XX
product conformance. They shall indicate the accept- M1C-1 Fabric Reinforcement Log Sheet XX/ XX /XX
a.bili .ofwork or pI‘Odl.l(EtS and the action taken in connec- MiD-1 Milled Fiber Reinforcement Log Sheet XX /XK /XX
tion ith nonconformities. M2F-1 Common Additives Log Sheet XX /XX /XX
. NM6-1 Mixing Data Sheet
7.3 Record Retention xing Bata Shee /e xx
NM6-2 Component Data Sheet XX /XX /XX
ThE Quality Control Department shall maintain inspec- NM6-3 Document Control Sheet XX/ XX /XX
tion pnd te§t records of complete assembled units -or NM6-4 Document Distribution List XX/ XX/ XX
su-ba semblies. These records shall be stored and main- NM6-5 Document Preparation and Distribution XK /XK /XK
tainef for 5 yr. Responsibility
5 NM6-6 Nonconformity Correction Report (2 pages) | xx/xx/xx
7.4 Procedure for Record Handlmg NM6-7 QC Manual Master Revision List XX/XX /XX
7.4.1 Recordsshallbe filed primarily according to Shop NM7-2 Inspection Checklist for RTP Equipment (3 XX /XX /XX
Ordef number. pages)
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ASME RTP-1-2021

Form NMé6-1 Mixing Data Sheet

Resin Shop order no.
Batch Customer
Viscosity Gel time

To be used for (circle one):

1) Spray-up and/or shell production
2) Finishing and assembly
3) Hand lay-up

4) Paraffinated top coat

Formul:

Documpnts:

GENERAL NOTE: Thisfofm may be reproduced and used without written permission from ASME if used for purposes other than republication.
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ASME RTP-1-2021

Form NMé6-2 Component Data Sheet

Lay-up date:

Shop order no.:

Component identification:

Resin nomenclature: Lot no.:
Cliring agent system:
Curing Agent Amount By %
CPBALT: [] Octoate ( % active)
[ 1 Naphthenate ( % active)

DMA

MEKP

CHP

BPO ( % active)
Ldminate sequence:
Veil type: Manufacturér:
Pfoduct code/lot no.: Prod. date:
Mat type: Manufacturer:
Ptoduct code/lot no.: Prod. date:
Fabric type: Manufacturer:
Pfoduct code/lot no.: Prod. date:
Rpving type: Manufacturer:
Pfoduct code/lot no.: Prod. date:

Machine settings [Note (1)]:

Bprcol hardness readings\[Note (2)]:

Afetone sensitivity[Note (3)]: [ ] Compliance

[ 1 Noncompliance

tHan\republication.

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

NOTES:

(1) On machine-made components, pertinent machine settings must be recorded.
(2) Test to be conducted in accordance with para. 6-910(b)(1) of ASME RTP-1.
(3) Test to be conducted in accordance with para. 6-910(b)(2) of ASME RTP-1.
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