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Markings such as “ASME,” “ASME Standard,” or any other marking including “ASME,” ASME logos, 
or the ASME Single Cer�fica�on Mark shall not be used on any item that is not constructed in 
accordance with all of the applicable requirements of the Code or Standard. Use of  of the ASME 
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Items produced by par�es not formally possessing an ASME Cer�ficate may not be described, 
either explicitly or implicitly, as ASME cer�fied or approved in any code forms or other document.
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SECTIONS
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• Part A — Ferrous Material Specifications
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• Division 3— Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level

Radioactive Material
• Division 5 — High Temperature Reactors

IV Rules for Construction of Heating Boilers

V Nondestructive Examination

VI Recommended Rules for the Care and Operation of Heating Boilers

VII Recommended Guidelines for the Care of Power Boilers

VIII Rules for Construction of Pressure Vessels
• Division 1
• Division 2 — Alternative Rules
• Division 3 — Alternative Rules for Construction of High Pressure Vessels

IX Welding, Brazing, and Fusing Qualifications

X Fiber-Reinforced Plastic Pressure Vessels
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* In the 2021 Edition, Subsections NC and ND have been incorporated into one publication, Subsection NCD (BPVC.III.1.NCD), Class 2 and Class 3
Components.
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INTERPRETATIONS

Interpretations are issued in real time in ASME’s Interpretations Database at http://go.asme.org/Interpretations.
Historical BPVC interpretations may also be found in the Database.

CODE CASES

The Boiler and Pressure Vessel Code committees meet regularly to consider proposed additions and revisions to the
Code and to formulate Cases to clarify the intent of existing requirements or provide, when the need is urgent, rules for
materials or constructions not covered by existing Code rules. Those Cases that have been adopted will appear in the
appropriate 2021 Code Cases book: “Boilers and Pressure Vessels” or “Nuclear Components.” Each Code Cases book is
updatedwith seven Supplements. Supplementswill be sent ormade available automatically to thepurchasers of theCode
Cases books up to the publication of the 2023 Code. Annulments of Code Cases become effective sixmonths after the first
announcementof theannulment inaCodeCaseSupplementorEditionof theappropriateCodeCasebook.CodeCaseusers
can check the current status of any Code Case at http://go.asme.org/BPVCCDatabase. Code Case users can also view an
indexof the complete list of Boiler andPressureVessel CodeCases andNuclear CodeCases at http://go.asme.org/BPVCC.
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ð21ÞFOREWORD*

In 1911, The American Society of Mechanical Engineers established the Boiler and Pressure Vessel Committee to
formulate standardrules for the constructionof steamboilersandotherpressurevessels. In2009, theBoiler andPressure
Vessel Committee was superseded by the following committees:
(a) Committee on Power Boilers (I)
(b) Committee on Materials (II)
(c) Committee on Construction of Nuclear Facility Components (III)
(d) Committee on Heating Boilers (IV)
(e) Committee on Nondestructive Examination (V)
(f) Committee on Pressure Vessels (VIII)
(g) Committee on Welding, Brazing, and Fusing (IX)
(h) Committee on Fiber-Reinforced Plastic Pressure Vessels (X)
(i) Committee on Nuclear Inservice Inspection (XI)
(j) Committee on Transport Tanks (XII)
(k) Committee on Overpressure Protection (XIII)
(l) Technical Oversight Management Committee (TOMC)
Where reference is made to “the Committee” in this Foreword, each of these committees is included individually and

collectively.
TheCommittee’s function is toestablish rulesof safety relating topressure integrity,whichgovern the construction** of

boilers, pressure vessels, transport tanks, and nuclear components, and the inservice inspection of nuclear components
and transport tanks. Fornuclear itemsother thanpressure-retaining components, theCommittee alsoestablishes rulesof
safety related to structural integrity. The Committee also interprets these rules when questions arise regarding their
intent. The technical consistency of the Sections of the Code and coordination of standards development activities of the
Committees is supported and guided by the Technical Oversight Management Committee. This Code does not address
other safety issues relating to the constructionof boilers, pressure vessels, transport tanks, or nuclear components, or the
inservice inspection of nuclear components or transport tanks. Users of the Code should refer to the pertinent codes,
standards, laws, regulations, or other relevant documents for safety issues other than those relating to pressure integrity
and, for nuclear items other than pressure-retaining components, structural integrity. Except for Sections XI and XII, and
with a few other exceptions, the rules do not, of practical necessity, reflect the likelihood and consequences of deteriora-
tion in service related to specific service fluids or external operating environments. In formulating the rules, the
Committee considers the needs of users, manufacturers, and inspectors of components addressed by the Code. The
objective of the rules is to afford reasonably certain protection of life and property, and to provide amargin for deteriora-
tion in service to give a reasonably long, safe period of usefulness. Advancements in design andmaterials and evidence of
experience have been recognized.

This Code contains mandatory requirements, specific prohibitions, and nonmandatory guidance for construction
activities and inservice inspection and testing activities. The Code does not address all aspects of these activities
and those aspects that are not specifically addressed should not be considered prohibited. The Code is not a handbook
and cannot replace education, experience, and the use of engineering judgment. The phrase engineering judgment refers
to technical judgments made by knowledgeable engineers experienced in the application of the Code. Engineering judg-
ments must be consistent with Code philosophy, and such judgments must never be used to overrule mandatory re-
quirements or specific prohibitions of the Code.

The Committee recognizes that tools and techniques used for design and analysis change as technology progresses and
expects engineers to use good judgment in the application of these tools. The designer is responsible for complying with
Code rules and demonstrating compliance with Code equations when such equations are mandatory. The Code neither
requires nor prohibits the use of computers for the design or analysis of components constructed to the requirements of
the Code. However, designers and engineers using computer programs for design or analysis are cautioned that they are

* The information contained in this Foreword is not part of this American National Standard (ANS) and has not been processed in accordance with
ANSI's requirements for an ANS. Therefore, this Forewordmay containmaterial that has not been subjected to public reviewor a consensus process. In
addition, it does not contain requirements necessary for conformance to the Code.

** Construction, as used in this Foreword, is an all-inclusive term comprisingmaterials, design, fabrication, examination, inspection, testing, certifica-
tion, and overpressure protection.
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responsible for all technical assumptions inherent in theprograms theyuse and the applicationof theseprograms to their
design.

The rules established by the Committee are not to be interpreted as approving, recommending, or endorsing any
proprietaryor specificdesign, or as limiting inanyway themanufacturer’s freedomtochooseanymethodofdesignorany
form of construction that conforms to the Code rules.

The Committeemeets regularly to consider revisions of the rules, new rules as dictated by technological development,
Code Cases, and requests for interpretations. Only the Committee has the authority to provide official interpretations of
this Code. Requests for revisions, new rules, Code Cases, or interpretations shall be addressed to the Secretary inwriting
and shall give full particulars in order to receive consideration and action (see Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards Committees). Proposed revisions to the Code resulting from inquiries will be
presented to theCommittee forappropriateaction.Theactionof theCommitteebecomeseffectiveonlyafter confirmation
by ballot of the Committee and approval by ASME. Proposed revisions to the Code approved by the Committee are
submitted to the AmericanNational Standards Institute (ANSI) and published at http://go.asme.org/BPVCPublicReview
to invite comments fromall interestedpersons.Afterpublic reviewand final approval byASME, revisionsarepublishedat
regular intervals in Editions of the Code.

The Committee does not rule on whether a component shall or shall not be constructed to the provisions of the Code.
The scope of each Section has been established to identify the components and parameters considered by the Committee
in formulating the Code rules.

Questions or issues regarding compliance of a specific component with the Code rules are to be directed to the ASME
Certificate Holder (Manufacturer). Inquiries concerning the interpretation of the Code are to be directed to the
Committee. ASME is to be notified should questions arise concerning improper use of the ASME Single Certification
Mark.

Whenrequiredbycontext in this Section, thesingular shall be interpretedas theplural, andviceversa, and the feminine,
masculine, or neuter gender shall be treated as such other gender as appropriate.

The words “shall,” “should,” and “may” are used in this Standard as follows:
– Shall is used to denote a requirement.
– Should is used to denote a recommendation.
– May is used to denote permission, neither a requirement nor a recommendation.

xii
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STATEMENT OF POLICY ON THE USE OF THE ASME SINGLE
CERTIFICATION MARK AND CODE AUTHORIZATION IN

ADVERTISING

ASMEhas establishedprocedures to authorize qualified organizations to performvarious activities in accordancewith
the requirements of the ASME Boiler and Pressure Vessel Code. It is the aim of the Society to provide recognition of
organizations so authorized. An organization holding authorization to perform various activities in accordance with the
requirements of the Code may state this capability in its advertising literature.

Organizations that are authorized to use the ASME Single Certification Mark for marking items or constructions that
havebeenconstructedand inspected in compliancewith theASMEBoilerandPressureVesselCodeare issuedCertificates
ofAuthorization. It is theaimof theSociety tomaintain thestandingof theASMESingleCertificationMark for thebenefitof
the users, the enforcement jurisdictions, and the holders of the ASME Single Certification Mark who comply with all
requirements.

Based on these objectives, the following policy has been established on the usage in advertising of facsimiles of the
ASMESingleCertificationMark,CertificatesofAuthorization, andreference toCodeconstruction.TheAmericanSocietyof
Mechanical Engineers does not “approve,” “certify,” “rate,” or “endorse” any item, construction, or activity and there shall
be no statements or implications thatmight so indicate. An organization holding theASMESingle CertificationMark and/
or a Certificate of Authorization may state in advertising literature that items, constructions, or activities “are built
(produced or performed) or activities conducted in accordance with the requirements of the ASME Boiler and Pressure
Vessel Code,” or “meet the requirements of the ASMEBoiler and Pressure Vessel Code.”An ASME corporate logo shall not
be used by any organization other than ASME.

TheASMESingleCertificationMarkshall beusedonly for stampingandnameplates as specificallyprovided in theCode.
However, facsimiles may be used for the purpose of fostering the use of such construction. Such usage may be by an
association or a society, or by a holder of theASMESingle CertificationMarkwhomayalso use the facsimile in advertising
to show that clearly specified items will carry the ASME Single Certification Mark.

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

The ASMEBoiler and Pressure Vessel Code provides rules for the construction of boilers, pressure vessels, and nuclear
components. This includes requirements formaterials, design, fabrication, examination, inspection, and stamping. Items
constructed in accordance with all of the applicable rules of the Code are identified with the ASME Single Certification
Mark described in the governing Section of the Code.

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

Items shall not bedescribedonASMEDataReport Formsnoron similar forms referring toASME that tend to imply that
all Code requirements have been met when, in fact, they have not been. Data Report Forms covering items not fully
complying with ASME requirements should not refer to ASME or they should clearly identify all exceptions to the ASME
requirements.

xiii
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ð21Þ SUBMITTAL OF TECHNICAL INQUIRIES TO THE BOILER AND
PRESSURE VESSEL STANDARDS COMMITTEES

1 INTRODUCTION

(a) The following information provides guidance to Code users for submitting technical inquiries to the applicable
Boiler and Pressure Vessel (BPV) Standards Committee (hereinafter referred to as the Committee). See the guidelines on
approval of new materials under the ASME Boiler and Pressure Vessel Code in Section II, Part D for requirements for
requests that involve adding new materials to the Code. See the guidelines on approval of new welding and brazing
materials in Section II, Part C for requirements for requests that involve adding new welding and brazing materials
(“consumables”) to the Code.

Technical inquiries can include requests for revisions or additions to the Code requirements, requests for Code Cases,
or requests for Code Interpretations, as described below:

(1) Code Revisions. Code revisions are considered to accommodate technological developments, to address admin-
istrative requirements, to incorporate Code Cases, or to clarify Code intent.

(2) CodeCases. CodeCases representalternativesor additions toexistingCoderequirements. CodeCasesarewritten
as a Question and Reply, and are usually intended to be incorporated into the Code at a later date.When used, Code Cases
prescribe mandatory requirements in the same sense as the text of the Code. However, users are cautioned that not all
regulators, jurisdictions, or Owners automatically accept Code Cases. Themost common applications for Code Cases are
as follows:

(-a) to permit early implementation of an approved Code revision based on an urgent need
(-b) to permit use of a new material for Code construction
(-c) to gain experience with new materials or alternative requirements prior to incorporation directly into the

Code
(3) Code Interpretations
(-a) Code Interpretations provide clarification of the meaning of existing requirements in the Code and are

presented in Inquiry and Reply format. Interpretations do not introduce new requirements.
(-b) Interpretationswill be issued only if existing Code text is ambiguous or conveys conflicting requirements. If a

revision of the requirements is required to support the Interpretation, an Intent Interpretation will be issued in parallel
with a revision to the Code.
(b) Code requirements, CodeCases, andCode Interpretations establishedby theCommittee arenot tobe consideredas

approving, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom of manufacturers, constructors, or Owners to choose any method of design or any form of construction
that conforms to the Code requirements.
(c) Inquiries that do not comply with the following guidance or that do not provide sufficient information for the

Committee’s full understanding may result in the request being returned to the Inquirer with no action.

2 INQUIRY FORMAT

Submittals to the Committee should include the following information:
(a) Purpose. Specify one of the following:
(1) request for revision of present Code requirements
(2) request for new or additional Code requirements
(3) request for Code Case
(4) request for Code Interpretation

(b) Background. The Inquirer should provide the information needed for the Committee’s understanding of the
Inquiry, being sure to include reference to the applicable Code Section, Division, Edition, Addenda (if applicable), para-
graphs, figures, and tables. This information should include a statement indicating why the included paragraphs, figures,
or tables are ambiguous or convey conflicting requirements. Preferably, the Inquirer should provide a copyof, or relevant
extracts from, the specific referenced portions of the Code.

xiv

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


(c) Presentations.The Inquirermaydesire to attend or be asked to attend ameeting of the Committee tomake a formal
presentation or to answer questions from the Committee members with regard to the Inquiry. Attendance at a BPV
Standards Committeemeeting shall be at the expense of the Inquirer. The Inquirer’s attendance or lack of attendance at a
meetingwill notbeusedby theCommitteeasabasis foracceptanceor rejectionof the Inquiryby theCommittee.However,
if the Inquirer’s request is unclear, attendance by the Inquirer or a representativemay be necessary for the Committee to
understand the request sufficiently to be able to provide an Interpretation. If the Inquirer desires tomake a presentation
at a Committee meeting, the Inquirer should provide advance notice to the Committee Secretary, to ensure time will be
allotted for the presentation in the meeting agenda. The Inquirer should consider the need for additional audiovisual
equipment that might not otherwise be provided by the Committee. With sufficient advance notice to the Committee
Secretary, such equipment may be made available.

3 CODE REVISIONS OR ADDITIONS

Requests for Code revisions or additions should include the following information:
(a) Requested Revisions or Additions. For requested revisions, the Inquirer should identify those requirements of the

Code that they believe should be revised, and should submit a copy of, or relevant extracts from, the appropriate re-
quirements as they appear in the Code, marked up with the requested revision. For requested additions to the Code, the
Inquirer should provide the recommendedwording and should clearly indicate where they believe the additions should
be located in the Code requirements.
(b) Statement of Need. The Inquirer should provide a brief explanation of the need for the revision or addition.
(c) Background Information.The Inquirer should provide background information to support the revision or addition,

including any data or changes in technology that form the basis for the request, that will allow the Committee to
adequately evaluate the requested revision or addition. Sketches, tables, figures, and graphs should be submitted,
as appropriate. The Inquirer should identify any pertinent portions of the Code that would be affected by the revision
or addition and any portions of the Code that reference the requested revised or added paragraphs.

4 CODE CASES

Requests for Code Cases should be accompanied by a statement of need and background information similar to that
described in 3(b) and 3(c), respectively, for Code revisions or additions. The urgency of the Code Case (e.g., project
underway or imminent, newprocedure) should be described. In addition, it is important that the request is in connection
with equipment that will bear the ASME Single Certification Mark, with the exception of Section XI applications. The
proposedCodeCase should identify the Code Section andDivision, and should bewritten as aQuestion and aReply, in the
same format as existing Code Cases. Requests for Code Cases should also indicate the applicable Code Editions and
Addenda (if applicable) to which the requested Code Case applies.

5 CODE INTERPRETATIONS

(a) Requests for Code Interpretations should be accompanied by the following information:
(1) Inquiry. The Inquirer should propose a condensed and precise Inquiry, omitting superfluous background infor-

mation and, when possible, composing the Inquiry in such a way that a “yes” or a “no” Reply, with brief limitations or
conditions, if needed, can be provided by the Committee. The proposed question should be technically and editorially
correct.

(2) Reply. The Inquirer should propose a Reply that clearly and concisely answers the proposed Inquiry question.
Preferably, the Reply should be “yes” or “no,” with brief limitations or conditions, if needed.

(3) Background Information. The Inquirer should include a statement indicating why the included paragraphs,
figures, or tables areambiguousor conveyconflicting requirements. The Inquirer shouldprovideanyneedorbackground
information, such as described in 3(b) and 3(c), respectively, for Code revisions or additions, that will assist the
Committee in understanding the proposed Inquiry and Reply.

If the Inquirer believes a revision of theCode requirementswould behelpful to support the Interpretation, the Inquirer
may propose such a revision for consideration by the Committee. In most cases, such a proposal is not necessary.
(b) Requests for Code Interpretations should be limited to an Interpretation of a particular requirement in the Code or

in aCodeCase. Exceptwith regard to interpreting a specific Code requirement, theCommittee is notpermitted to consider
consulting-type requests such as the following:

(1) a review of calculations, design drawings, welding qualifications, or descriptions of equipment or parts to
determine compliance with Code requirements
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(2) a request for assistance in performing any Code-prescribed functions relating to, but not limited to, material
selection, designs, calculations, fabrication, inspection, pressure testing, or installation

(3) a request seeking the rationale for Code requirements

6 SUBMITTALS

(a) Submittal. Requests for Code Interpretation should preferably be submitted through the online Interpretation
Submittal Form. The form is accessible at http://go.asme.org/InterpretationRequest. Upon submittal of the form, the
Inquirer will receive an automatic e-mail confirming receipt. If the Inquirer is unable to use the online form, the Inquirer
may mail the request to the following address:

Secretary
ASME Boiler and Pressure Vessel Committee
Two Park Avenue
New York, NY 10016-5990

All other Inquiries should bemailed to the Secretary of the BPV Committee at the address above. Inquiries are unlikely
to receive a response if they are not written in clear, legible English. Theymust also include the name of the Inquirer and
the company they represent or are employed by, if applicable, and the Inquirer’s address, telephone number, fax number,
and e-mail address, if available.
(b) Response. The Secretary of the appropriate Committee will provide a written response, via letter or e-mail, as

appropriate, to the Inquirer, upon completion of the requested action by the Committee. Inquirersmay track the status of
their Interpretation Request at http://go.asme.org/Interpretations.
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D. D. Raimander, Secretary
M. Agostini
T. Aldo
F. Bresciani
G. Campos
N. Caputo
M. Colombo
F. Ferrarese
E. Ferrari

M. A. Grimoldi
G. Luoni
O. Oldani
U. Papponetti
P. Pedersoli
A. Veroni
M. Zambon
V. Calo, Contributing Member
G. Gobbi, Contributing Member
G. Pontiggia, Contributing Member

COMMITTEE ON PRESSURE VESSELS (BPV VIII)

S. C. Roberts, Chair
M. D. Lower, Vice Chair
J. Oh, Staff Secretary
S. J. Rossi, Staff Secretary
G. Aurioles, Sr.
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J. D. Fritz, Contributing Member
M. Katcher, Contributing Member
W. M. Lundy, Contributing Member
J. A.McMaster, ContributingMember
J. Penso, Contributing Member
B. Pletcher, Contributing Member
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K. Xu, Chair
T. Halligan, Vice Chair
N. Carter
C. S. Hinson
W. S. Jacobs
S. Kilambi
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D. A. Swanson
J. P. Swezy, Jr.
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S. A. Jones, Contributing Member
S. Raghunathan, Contributing
Member

M. J. Stanko, Contributing Member
P. L. Van Fosson, Contributing
Member

R. K. Brown, Jr., Honorary Member
M. L. Carpenter, Honorary Member
B. R. Newmark, Honorary Member
S. D. Reynolds, Jr., HonoraryMember

Subgroup on Brazing (BPV IX)

S. A. Marks, Chair
E. W. Beckman
A. F. Garbolevsky
N. Mohr

A. R. Nywening
M. J. Pischke
J. P. Swezy, Jr.

Subgroup on General Requirements (BPV IX)

P. L. Sturgill, Chair
N. Carter, Vice Chair
S. A. Marks, Secretary
J. P. Bell
D. A. Bowers
P. Gilston
M. Heinrichs
A. Howard
R. M. Jessee

D. K. Peetz
H. B. Porter
J. P. Swezy, Jr.
E. W. Woelfel
E. Molina, Delegate
E. W. Beckman, Contributing
Member

B. R. Newmark, Honorary Member

Subgroup on Materials (BPV IX)

M. Bernasek, Chair
T. Anderson
E. Cutlip
M. Denault
S. E. Gingrich
L. S. Harbison
M. James
R. M. Jessee
T. Melfi
S. D. Nelson

M. J. Pischke
A. Roza
C. E. Sainz
P. L. Sturgill
C. Zanfir
V. G. V. Giunto, Delegate
D. J. Kotecki, Contributing Member
B. Krueger, Contributing Member
W. J. Sperko, Contributing Member
M. J. Stanko, Contributing Member

Subgroup on Plastic Fusing (BPV IX)

E. W. Woelfel, Chair
D. Burwell
K. L. Hayes
R. M. Jessee
J. Johnston, Jr.
J. E. O’Sullivan

E. G. Reichelt
M. J. Rice
S. Schuessler
M. Troughton
C. Violand
J. Wright

Subgroup on Strength of Weldments (BPV II and IX)

G. W. Galanes, Chair
K. L. Hayes, Vice Chair
S. H. Bowes, Secretary
K. K. Coleman
M. Denault
J. R. Foulds
D. W. Gandy
M. Ghahremani
J. Henry
W. F. Newell, Jr.

J. Penso
D. W. Rahoi
B. Roberts
W. J. Sperko
J. P. Swezy, Jr.
M. Ueyama
A. A. Amiri, Contributing Member
P. D. Flenner, Contributing Member
J. J. Sanchez-Hanton, Contributing
Member
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Subgroup on Welding Qualifications (BPV IX)

M. J. Rice, Chair
J. S. Lee, Vice Chair
K. L. Hayes, Secretary
M. Bernasek
M. A. Boring
D. A. Bowers
R. Campbell
R. B. Corbit
P. D. Flenner
L. S. Harbison
M. Heinrichs
W. M. Lundy
D. W. Mann
T. Melfi
W. F. Newell, Jr.

B. R. Newton
E. G. Reichelt
M. B. Sims
W. J. Sperko
S. A. Sprague
P. L. Sturgill
J. P. Swezy, Jr.
C. Violand
A. D. Wilson
D. Chandiramani, Contributing
Member

M. Consonni, Contributing Member
M. Dehghan, Contributing Member
T. C. Wiesner, Contributing Member

Argentina International Working Group (BPV IX)

A. Burgueno, Chair
E. Lawson, Staff Secretary
B. Bardott
L. F. Boccanera
M. Favareto
C. A. Garibotti

J. A. Herrera
M. D. Kuhn
M. A. Mendez
A. E. Pastor
G. Telleria
M. M. C. Tocco

Germany International Working Group (BPV IX)

P. Chavdarov, Chair
A. Spangenberg, Vice Chair
E. Lawson, Staff Secretary
P. Thiebo, Secretary
J. Daldrup
B. Daume
J. Fleischfresser
E. Floer

S. Krebs
T. Ludwig
G. Naumann
A. Roza
K.-G. Toelle
S. Wegener
F. Wodke
R. Helmholdt

Italy International Working Group (BPV IX)

D. D. Raimander, Chair
M. Bernasek
A. Camanni
P. L. Dinelli
F. Ferrarese
M. Mandina
A. S. Monastra

L. Moracchioli
P. Pacor
G. Pontiggia
P. Siboni
A. Volpi
V. Calo, Contributing Member
G. Gobbi, Contributing Member

Spain International Working Group (BPV IX)

F. J. Q. Pandelo, Chair
F. L. Villabrille, Vice Chair
E. Lawson, Staff Secretary
F. R. Hermida, Secretary
C. A. Celimendiz
M. A. F. Garcia
R. G. Garcia

F. Manas
B. B. Miguel
A. D. G. Munoz
A. B. Pascual
S. Sevil
G. Gobbi, Contributing Member

COMMITTEE ON FIBER-REINFORCED PLASTIC PRESSURE VESSELS
(BPV X)

B. Linnemann, Chair
B. F. Shelley, Vice Chair
P. D. Stumpf, Staff Secretary
A. L. Beckwith
F. L. Brown
J. L. Bustillos
B. R. Colley
T. W. Cowley
I. L. Dinovo
D. Eisberg
M. R. Gorman
B. Hebb

L. E. Hunt
D. L. Keeler
D. H. McCauley
N. L. Newhouse
G. Ramirez
J. R. Richter
S. L. Wagner
D. O. Yancey, Jr.
P. H. Ziehl
D. H. Hodgkinson, Contributing
Member

COMMITTEE ON NUCLEAR INSERVICE INSPECTION (BPV XI)

R. W. Swayne, Chair
S. D. Kulat, Vice Chair
D. W. Lamond, Vice Chair
D. Miro-Quesada, Staff Secretary
J. F. Ball
W. H. Bamford
J. M. Boughman
C. Brown
S. B. Brown
T. L. Chan
R. C. Cipolla
D. R. Cordes
H. Do
E. V. Farrell, Jr.
M. J. Ferlisi
P. D. Fisher
T. J. Griesbach
J. Hakii
M. L. Hall
D. O. Henry
W. C. Holston
J. T. Lindberg
G. A. Lofthus
H. Malikowski
S. L. McCracken
S. A. Norman
C. A. Nove
T. Nuoffer
J. Nygaard
J. E. O’Sullivan

N. A. Palm
G. C. Park
A. T. Roberts III
D. A. Scarth
F. J. Schaaf, Jr.
S. Takaya
D. Vetter
T. V. Vo
D. E. Waskey
J. G. Weicks
M. Weis
Y.-K. Chung, Delegate
C. Ye, Delegate
M. L. Benson, Alternate
J. K. Loy, Alternate
R. O. McGill, Alternate
D. J. Shim, Alternate
A. Udyawar, Alternate
E. B. Gerlach, Contributing Member
B. R. Newton, Contributing Member
C. D. Cowfer, Honorary Member
D. D. Davis, Honorary Member
R. E. Gimple, Honorary Member
F. E. Gregor, Honorary Member
O. F. Hedden, Honorary Member
R. D. Kerr, Honorary Member
P. C. Riccardella, Honorary Member
R. A. West, Honorary Member
C. J. Wirtz, Honorary Member
R. A. Yonekawa, Honorary Member

Executive Committee (BPV XI)

S. D. Kulat, Chair
R. W. Swayne, Vice Chair
D. Miro-Quesada, Staff Secretary
W. H. Bamford
M. J. Ferlisi
D. W. Lamond
J. T. Lindberg

S. L. McCracken
C. A. Nove
T. Nuoffer
N. A. Palm
G. C. Park
A. T. Roberts III
M. L. Benson, Alternate
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Argentina International Working Group (BPV XI)

F. M. Schroeter, Chair
O. Martinez, Staff Secretary
D. A. Cipolla
A. Claus
D. Costa
D. P. Delfino
D. N. Dell’Erba
A. Dominguez
S. A. Echeverria
E. P. Fresquet
M. M. Gamizo
I. M. Guerreiro
F. Llorente

R. J. Lopez
M. Magliocchi
L. R. Miño
J. Monte
M. D. Pereda
A. Politi
C. G. Real
F. J. Schaaf, Jr.
G. J. Scian
M. J. Solari
P. N. Torano
P. Yamamoto

China International Working Group (BPV XI)

J. H. Liu, Chair
Y. Nie, Vice Chair
C. Ye, Vice Chair
M. W. Zhou, Secretary
J. F. Cai
H. Chen
H. D. Chen
Y. Cheng
Y. B. Guo
Y. Hongqi
D. R. Horn
Y. Hou
S. X. Lin
W. N. Pei
L. Shiwei

S. Shuo
Y. Sixin
Y. X. Sun
G. X. Tang
Q. Wang
Q. W. Wang
Z. S. Wang
L. Xing
F. Xu
S. X. Xu
Q. Yin
K. Zhang
Y. Zhe
Z. M. Zhong

German International Working Group (BPV XI)

R. Döring, Chair
R. Trieglaff, Vice Chair
R. Piel, Secretary
A. Casse
S. Dugan
C. G. Frantescu
M. Hagenbruch
E. Iacopetta
S. D. Kulat
H.-W. Lange

N. Legl
T. Ludwig
X. Pitoiset
M. Reichert
L. Sybertz
I. Tewes
R. Tiete
J. Wendt
S. Zickler

India International Working Group (BPV XI)

S. B. Parkash, Chair
D. Narain, Vice Chair
K. K. Rai, Secretary
Z. M. Mansuri
M. R. Nadgouda

N. Palm
D. Rawal
R. Sahai
R. K. Sharma

Special Working Group on Editing and Review (BPV XI)

R. W. Swayne, Chair
M. Orihuela

K. R. Rao

Task Group on Inspectability (BPV XI)

J. T. Lindberg, Chair
E. Henry, Secretary
A. Cardillo
D. R. Cordes
M. J. Ferlisi
P. Gionta
D. O. Henry
J. Honcharik
R. Klein
C. Latiolais

G. A. Lofthus
S. Matsumoto
D. E. Matthews
P. J. O’Regan
J. B. Ossmann
S. A. Sabo
P. Sullivan
C. Thomas
J. Tucker

Task Group on ISI of Spent Nuclear Fuel Storage and Transportation
Containment Systems (BPV XI)

K. Hunter, Chair
M. Orihuela, Secretary
D. J. Ammerman
W. H. Borter
J. Broussard
S. Brown
C. R. Bryan
T. Carraher
S. Corcoran
D. Dunn
N. Fales
R. C. Folley
G. Grant
B. Gutherman
M. W. Joseph
M. Keene

M. Liu
K. Mauskar
R. M. Meyer
B. L. Montgomery
R. M. Pace
E. L. Pleins
M. A. Richter
B. Sarno
R. Sindelar
M. Staley
J. Wellwood
X. J. Zhai
P.-S. Lam, Alternate
G. White, Alternate
J. Wise, Alternate
H. Smith, Contributing Member

Subgroup on Evaluation Standards (SG-ES) (BPV XI)

W. H. Bamford, Chair
N. A. Palm, Secretary
M. Brumovsky
H. D. Chung
R. C. Cipolla
C. M. Faidy
M. M. Farooq
B. R. Ganta
T. J. Griesbach
K. Hasegawa
K. Hojo
D. N. Hopkins
D. R. Lee
Y. S. Li

R. O. McGill
H. S. Mehta
K. Miyazaki
R. M. Pace
J. C. Poehler
S. Ranganath
D. A. Scarth
D. J. Shim
G. L. Stevens
A. Udyawar
T. V. Vo
G. M. Wilkowski
S. X. Xu
M. L. Benson, Alternate

Task Group on Evaluation of Beyond Design Basis Events
(SG-ES) (BPV XI)

R. M. Pace, Chair
S. X. Xu, Secretary
F. G. Abatt
G. A. Antaki
P. R. Donavin
R. G. Gilada
T. J. Griesbach

M. Hayashi
K. Hojo
S. A. Kleinsmith
H. S. Mehta
T. V. Vo
G. M. Wilkowski
T. Weaver, Contributing Member
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Working Group on Flaw Evaluation (SG-ES) (BPV XI)

R. C. Cipolla, Chair
S. X. Xu, Secretary
W. H. Bamford
M. L. Benson
M. Brumovsky
H. D. Chung
M. A. Erickson
C. M. Faidy
M. M. Farooq
B. R. Ganta
R. G. Gilada
F. D. Hayes
P. H. Hoang
K. Hojo
D. N. Hopkins
S. Kalyanam
Y. Kim
V. Lacroix
D. R. Lee
Y. S. Li

C. Liu
M. Liu
H. S. Mehta
G. A. A. Miessi
K. Miyazaki
S. Noronha
R. K. Qashu
S. Ranganath
P. J. Rush
D. A. Scarth
W. L. Server
D. J. Shim
S. Smith
M. Uddin
A. Udyawar
T. V. Vo
K. Wang
B. Wasiluk
G. M. Wilkowski

Working Group on Flaw Evaluation Reference Curves (BPV XI)

G. L. Stevens, Chair
A. Udyawar, Secretary
W. H. Bamford
M. L. Benson
F. W. Brust
R. C. Cipolla
M. M. Farooq
A. E. Freed
P. Gill
K. Hasegawa
K. Hojo
R. Janowiak

A. Jenks
V. Lacroix
H. S. Mehta
K. Miyazaki
B. Pellereau
S. Ranganath
D. A. Scarth
D. J. Shim
S. Smith
T. V. Vo
S. X. Xu

Working Group on Operating Plant Criteria (SG-ES) (BPV XI)

N. A. Palm, Chair
A. E. Freed, Secretary
K. R. Baker
W. H. Bamford
M. Brumovsky
M. A. Erickson
T. J. Griesbach
M. Hayashi
R. Janowiak
M. Kirk
S. A. Kleinsmith

H. Kobayashi
H. S. Mehta
A. D. Odell
R. M. Pace
J. C. Poehler
S. Ranganath
W. L. Server
C. A. Tomes
A. Udyawar
T. V. Vo
H. Q. Xu

Task Group on Appendix L (WG-OPC) (BPV XI)

N. Glunt, Chair
R. M. Pace, Secretary
A. E. Freed
M. A. Gray
T. J. Griesbach
H. Nam
A. Nana
A. D. Odell

C.-S. Oh
H. Park
S. Ranganath
D. J. Shim
S. Smith
G. L. Stevens
A. Udyawar

Working Group on Pipe Flaw Evaluation (SG-ES) (BPV XI)

D. A. Scarth, Chair
G. M. Wilkowski, Secretary
K. Azuma
M. L. Benson
M. Brumovsky
F. W. Brust
H. D. Chung
R. C. Cipolla
N. G. Cofie
C. M. Faidy
M. M. Farooq
B. R. Ganta
S. R. Gosselin
C. E. Guzman-Leong
K. Hasegawa
P. H. Hoang
K. Hojo
D. N. Hopkins
E. J. Houston
R. Janowiak

S. Kalyanam
K. Kashima
V. Lacroix
Y. S. Li
R. O. McGill
H. S. Mehta
G. A. A. Miessi
K. Miyazaki
S. H. Pellet
P. J. Rush
C. J. Sallaberry
W. L. Server
D. J. Shim
S. Smith
M. F. Uddin
A. Udyawar
T. V. Vo
K. Wang
B. Wasiluk
S. X. Xu

Task Group on Code Case N-513 (WG-PFE) (BPV XI)

R. O. McGill, Chair
E. J. Houston, Secretary
G. A. Antaki
R. C. Cipolla
M. M. Farooq
R. Janowiak

S. M. Parker
D. Rudland
P. J. Rush
D. A. Scarth
S. X. Xu

Task Group on Evaluation Procedures for Degraded Buried Pipe
(WG-PFE) (BPV XI)

R. O. McGill, Chair
S. X. Xu, Secretary
F. G. Abatt
G. A. Antaki
R. C. Cipolla
R. G. Gilada
K. Hasegawa
K. M. Hoffman
R. Janowiak

M. Kassar
M. Moenssens
D. P. Munson
R. M. Pace
S. H. Pellet
D. Rudland
P. J. Rush
D. A. Scarth

Task Group on Flaw Evaluation for HDPE Pipe (WG-PFE) (BPV XI)

P. J. Rush, Chair
P. Krishnaswamy
M. Moenssens
D. P. Munson
D. A. Scarth

D. J. Shim
M. Troughton
J. Wright
S. X. Xu

Subgroup on Nondestructive Examination (SG-NDE) (BPV XI)

J. T. Lindberg, Chair
D. R. Cordes, Secretary
M. Briley
C. Brown
T. L. Chan
T. Cinson
S. E. Cumblidge
K. J. Hacker

J. Harrison
D. O. Henry
G. A. Lofthus
S. A. Sabo
F. J. Schaaf, Jr.
R. V. Swain
C. A. Nove, Alternate
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Working Group on Personnel Qualification and Surface Visual and
Eddy Current Examination (SG-NDE) (BPV XI)

C. Brown, Chair
T. Cinson, Secretary
J. E. Aycock
J. Bennett
S. E. Cumblidge
A. Diaz
N. Farenbaugh

D. O. Henry
J. T. Lindberg
C. Shinsky
R. Tedder
T. Thulien
J. T. Timm

WorkingGroup on ProcedureQualification andVolumetric Examination
(SG-NDE) (BPV XI)

G. A. Lofthus, Chair
J. Harrison, Secretary
M. Briley
A. Bushmire
D. R. Cordes
S. R. Doctor
K. J. Hacker
W. A. Jensen

D. A. Kull
C. Latiolais
C. A. Nove
S. A. Sabo
R. V. Swain
D. Van Allen
D. K. Zimmerman
B. Lin, Alternate

Subgroup on Repair/Replacement Activities (SG-RRA) (BPV XI)

S. L. McCracken, Chair
E. V. Farrell, Jr., Secretary
J. F. Ball
M. Brandes
S. B. Brown
R. Clow
P. D. Fisher
M. L. Hall
W. C. Holston
J. Honcharik
A. B. Meichler

B. R. Newton
S. A. Norman
J. E. O’Sullivan
G. C. Park
R. R. Stevenson
R. W. Swayne
D. J. Tilly
D. E. Waskey
J. G. Weicks
B. Lin, Alternate
J. K. Loy, Alternate

Working Group on Welding and Special Repair Processes
(SG-RRA) (BPV XI)

J. G. Weicks, Chair
D. Barborak
S. J. Findlan
P. D. Fisher
R. C. Folley
M. L. Hall
W. C. Holston
J. Honcharik
C. C. Kim

M. Kris
S. E. Marlette
S. L. McCracken
B. R. Newton
J. E. O’Sullivan
D. J. Tilly
D. E. Waskey
J. K. Loy, Alternate

Task Group on Temper Bead Welding (BPV XI)

S. J. Findlan, Chair
D. Barborak
M. L. Hall
S. L. McCracken
N. Mohr
B. R. Newton
G. Olson

J. E. O’Sullivan
A. Patel
J. Tatman
D. J. Tilly
D. E. Waskey
J. G. Weicks

Task Group on Weld Overlay (BPV XI)

S. L. McCracken, Chair
D. Barborak
S. J. Findlan
M. L. Hall
W. C. Holston
S. Hunter
C. Lohse
S. E. Marlette

B. R. Newton
G. Olson
A. Patel
P. Raynaud
D. W. Sandusky
D. E. Waskey
J. G. Weicks

Working Group on Non-Metals Repair/Replacement Activities
(SG-RRA) (BPV XI)

J. E. O'Sullivan, Chair
S. Schuessler, Secretary
M. Brandes
D. R. Dechene
J. Johnston, Jr.
B. Lin

M. P. Marohl
T. M. Musto
S. Patterson
A. Pridmore
F. J. Schaaf, Jr.
R. Stakenborghs

Task Group on HDPE Piping for Low Safety Significance Systems
(WG-NMRRA) (BPV XI)

M. Brandes, Chair
J. E. O'Sullivan, Secretary
M. Golliet
B. Lin

T. M. Musto
F. J. Schaaf, Jr.
S. Schuessler
R. Stakenborghs

Task Group on Repair by Carbon Fiber Composites (WGN-MRR) (BPV XI)

J. E. O'Sullivan, Chair
S. F. Arnold
S. W. Choi
D. R. Dechene
M. Golliet
L. S. Gordon
M. Kuntz
H. Lu
M. P. Marohl
L. Nadeau
C. A. Nove

R. P. Ojdrovic
A. Pridmore
P. Raynaud
S. Rios
C. W. Rowley
J. Sealey
R. Stakenborghs
N. Stoeva
M. F. Uddin
J. Wen
B. Davenport, Alternate

Working Group on Design and Programs (SG-RRA) (BPV XI)

S. B. Brown, Chair
A. B. Meichler, Secretary
O. Bhatty
R. Clow
R. R. Croft
E. V. Farrell, Jr.

B. Lin
H. Malikowski
G. C. Park
M. A. Pyne
R. R. Stevenson
R. W. Swayne

TaskGrouponRepairandReplacementOptimization (WG-D&P) (BPVXI)

S. L. McCracken, Chair
T. Basso
R. Clow
K. Dietrich
E. V. Farrell, Jr.
R. C. Folley
M. L. Hall
W. C. Holston

D. Jacobs
H. Malikowski
T. Nuoffer
G. C. Park
A. Patel
R. R. Stevenson
R. G. Weicks
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Subgroup on Water-Cooled Systems (SG-WCS) (BPV XI)

M. J. Ferlisi, Chair
J. Nygaard, Secretary
J. M. Boughman
S. B. Brown
S. T. Chesworth
H. Q. Do
K. W. Hall
P. J. Hennessey
K. M. Hoffman
A. E. Keyser

S. D. Kulat
D. W. Lamond
T. Nomura
T. Nuoffer
M. A. Pyne
H. M. Stephens, Jr.
R. Thames
M. Weis
M. J. Homiack, Alternate

Task Group on High Strength Nickel Alloys Issues (SG-WCS) (BPV XI)

H. Malikowski, Chair
K. Dietrich, Secretary
W. H. Bamford
T. Cinson
P. R. Donavin
K. M. Hoffman
H. Kobayashi
C. Lohse

S. E. Marlette
B. L. Montgomery
G. C. Park
W. Sims
D. E. Waskey
C. Wax
K. A. Whitney

Working Group on Containment (SG-WCS) (BPV XI)

M. J. Ferlisi, Chair
R. Thames, Secretary
P. S. Ghosal
H. T. Hill
A. E. Keyser
B. Lehman
P. Leininger

J. A. Munshi
M. Sircar
P. C. Smith
S. Walden
M. Weis
S. G. Brown, Alternate

Working Group on Inspection of Systems and Components
(SG-WCS) (BPV XI)

H. Q. Do, Chair
M. Weis, Secretary
R. W. Blyde
K. Caver
C. Cueto-Felgueroso
M. J. Ferlisi
M. L. Garcia Heras
K. W. Hall
K. M. Hoffman

J. Howard
A. Keller
S. D. Kulat
E. Lantz
A. Maekawa
T. Nomura
J. C. Nygaard
S. Orita

Working Group on Pressure Testing (SG-WCS) (BPV XI)

J. M. Boughman, Chair
S. A. Norman, Secretary
T. Anselmi
B. Casey
Y.-K. Chung
M. J. Homiack
A. E. Keyser

D. W. Lamond
J. K. McClanahan
T. P. McClure
B. L. Montgomery
M. Moenssens
R. A. Nettles
C. Thomas

Working Group on Risk-Informed Activities (SG-WCS) (BPV XI)

M. A. Pyne, Chair
S. T. Chesworth, Secretary
G. Brouette
C. Cueto-Felgueroso
R. Haessler
J. Hakii
K. W. Hall
M. J. Homiack

S. D. Kulat
D. W. Lamond
G. J. Navratil
P. J. O’Regan
N. A. Palm
D. Vetter
J. C. Younger

Working Group on General Requirements (BPV XI)

T. Nuoffer, Chair
J. Mayo, Secretary
J. F. Ball
T. L. Chan
P. J. Hennessey
K. A. Kavanagh
T. N. Rezk

A. T. Roberts III
S. R. Scott
D. Vetter
S. E. Woolf
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THE AMERICAN CONCRETE INSTITUTE

The American Concrete Institute was organized in 1905 to provide industry standards in the field of concrete usage.
The organization, which was formed as a result of meetings begun during the Engineering Congress at the Louisiana
PurchaseExposition inSt. Louis in1904,was initially entitled theNationalAssociationofCementUsers. In1913, thename
of the Societywas changed to theAmericanConcrete Institute to better fit the actual scope of its activities and aims,which
are to further engineering education, scientific investigation, and scientific research by organizing the efforts of its
members for a nonprofit, public service in gathering, correlating, and disseminating information for the improvement
of the design, construction, manufacture, use, and maintenance of concrete products and structures.

The day-to-day operation of ACI is administered by anExecutive Director, under general supervision of its 18-member
BoardofDirection,which assigns a part of its administrative duties to standing committees, theACI StandardsBoard, and
various technical committees.

ACI — TECHNICAL ACTIVITIES COMMITTEE

The Technical Activities Committee, which is appointed by the Board of Direction, is responsible for Institute technical
publications, review of standards, the technical program at conventions, and continuing studies of technical committees,
fromwhich arise recommendations for the activities, and the formation or discharge of these groups. TAC members are
selected by the ACI Board to represent ACI’s varied interests.

ACI — STANDARDS BOARD

The Standards Board, also appointed by the Board of Direction, is responsible for matters of policy, procedure, and
appeal pertaining to ACI Standards. All proposed new standards or revisions to existing standards, including minority
reports from sponsoring technical committees, are forwarded to the Standards Board through the Technical Activities
Committee. On release by the Standards Board, these are published, and after ratification by letter ballot of the ACI
membership at large are then available for public use. The primary functions of the Standards Board are to verify that
proper standardization procedures have been followed and to rule on matters of policy as related to standards.

ACI — TECHNICAL AND EDUCATIONAL COMMITTEES

Much of the important work of the American Concrete Institute is performed by technical committees that prepare
committee reports and standards. Technical committees, composed of volunteer personnel, develop ACI recommen-
dations in their respective fields. Their work, subject to review and approval by the Board of Direction through the
Technical Activities Committee and the Standards Board, forms the basis for Institute Standards.

Educational committees, also composed of volunteer personnel, develop seminars,workshops, curriculumguides, and
student manuals to further ACI’s involvement in education. Their work, subject to review and approval by the ACI
Educational Activities Committee, forms the basis for Institute manuals and training programs.
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INTRODUCTION TO SECTION III, DIVISION 2

This document has been prepared by the Joint ACI-ASME Technical Committee on Concrete Pressure Components for
Nuclear Service under the sponsorship of the American Concrete Institute and the American Society of Mechanical
Engineers. The two Societies have agreed that it will be published as Section III, Division 2, of the ASME Boiler
and Pressure Vessel Code. Any changes to it shall be subject to the standardization procedures of the two sponsoring
Societies.

Thebasicmaterials for this documentwere providedby two committee reports, one byACI and the other byASME. The
ACI Committee 349, Criteria forNuclear Containment Vessels, and theASMEBoiler andPressure Vessel Code Committee,
Section III, Division 2, Subgroup on Concrete Components, submitted their completed committee reports in September
1971 to ACI and ASME, respectively.

These two documentsweremelded into a single document dated January 17, 1972, and entitled Proposed Standard—
Code forConcreteReactorVessels andContainments.A seconddraftwaspublishedAugust1, 1972, that includednewand
revised technical material plus administrative agreements reached by the two Societies. Finally, after approval was
received from the two Societies, a third and final draft was published in April 1973 for public “trial use and
comment” for a period of about one year. During that year numerous public comments and suggestions were received
from different segments of industry and regulatory agencies. In addition, two public hearings were held on the Code: the
first on October 10, 1973, in Ottawa, Canada, the second onNovember 28, 1973, in Atlanta, Georgia. The consideration of
all comments received as of November 28, 1973, resulted in a series of six Committee Addendawhichwere incorporated
in the Code. The results of these three years of effort by the Committee have culminated in the present document.

The Joint Committee, whose membership includes individuals from both ACI and ASME and many others actively
involved in the field, was formed in September 1971. The three primary goals established for the Committee are
(a) to establish rules in the form of a code for the design, construction, inspection, and testing of reinforced and

prestressed concrete containments, including metallic liner, for nuclear power reactors
(b) to interpret these rules when questions arise regarding their intent
(c) to periodically update code provisions, making full use of the expedited procedure for revision of standards as

necessary
It is expected that comments anddiscussionswill continue tobe receivedby the Joint Committee for review. Comments

shall state clearly which area andwording of the Code is being discussed. Suggested revisions shall beworded as parallel
text, giving both the present wording and showing how the proposed changed paragraphs should read, and shall be
accompanied by a commentary (including references where appropriate) to support the proposed recommendations.
Discussions, commentaries, and committee actions will be printed in the publications of the two Societies. Discussions
may be sent to either the ACI or ASME headquarters marked to the attention of the Joint ACI-ASME Committee.

xxxix

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


ð21Þ ORGANIZATION OF SECTION III

1 GENERAL
Section III consists of Division 1, Division 2, Division 3, and Division 5. These Divisions are broken down into Subsec-

tions and are designated by capital letters preceded by the letter “N” for Division 1, by the letter “C” for Division 2, by the
letter “W” forDivision3, andby the letter “H” forDivision5. Each Subsection is published separately,with the exceptionof
those listed for Divisions 2, 3, and 5.

• Subsection NCA — General Requirements for Division 1 and Division 2
• Appendices
• Division 1

– Subsection NB — Class 1 Components
– Subsection NCD — Class 2 and Class 3 Components*
– Subsection NE — Class MC Components
– Subsection NF — Supports
– Subsection NG — Core Support Structures

• Division 2 — Code for Concrete Containments
– Subsection CC — Concrete Containments

• Division 3 — Containment Systems for Transportation and Storage of Spent Nuclear Fuel and High-Level
Radioactive Material
– Subsection WA — General Requirements for Division 3
– Subsection WB — Class TC Transportation Containments
– Subsection WC — Class SC Storage Containments
– Subsection WD — Class ISS Internal Support Structures

• Division 5 — High Temperature Reactors
– Subsection HA — General Requirements

Subpart A — Metallic Materials
Subpart B — Graphite Materials
Subpart C — Composite Materials

– Subsection HB — Class A Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HC — Class B Metallic Pressure Boundary Components
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HF — Class A and B Metallic Supports
Subpart A — Low Temperature Service

– Subsection HG — Class SM Metallic Core Support Structures
Subpart A — Low Temperature Service
Subpart B — Elevated Temperature Service

– Subsection HH — Class SN Nonmetallic Core Components
Subpart A — Graphite Materials
Subpart B — Composite Materials

* In the 2021 Edition, Subsections NC and ND have been incorporated into one publication, Subsection NCD (BPVC.III.1.NCD), Class 2 and Class 3
Components.
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2 SUBSECTIONS
Subsections are divided into Articles, subarticles, paragraphs, and, where necessary, subparagraphs and

subsubparagraphs.

3 ARTICLES
Articles are designated by the applicable letters indicated above for the Subsections followed by Arabic numbers, such

as NB-1000.Where possible, Articles dealing with the same topics are given the same number in each Subsection, except
NCA, in accordance with the following general scheme:

Article Number Title
1000 Introduction or Scope
2000 Material
3000 Design
4000 Fabrication and Installation
5000 Examination
6000 Testing
7000 Overpressure Protection
8000 Nameplates, StampingWithCertificationMark, andReports

The numbering of Articles and thematerial contained in the Articles may not, however, be consecutive. Due to the fact
that the complete outline may cover phases not applicable to a particular Subsection or Article, the rules have been
prepared with some gaps in the numbering.

4 SUBARTICLES
Subarticles are numbered in units of 100, such as NB-1100.

5 SUBSUBARTICLES
Subsubarticles are numbered in units of 10, such as NB-2130, and generally have no text. When a number such as NB-

1110 is followed by text, it is considered a paragraph.

6 PARAGRAPHS
Paragraphs are numbered in units of 1, such as NB-2121.

7 SUBPARAGRAPHS
Subparagraphs, when they aremajor subdivisions of a paragraph, are designated by adding a decimal followed by one

or more digits to the paragraph number, such as NB-1132.1. When they areminor subdivisions of a paragraph, subpar-
agraphs may be designated by lowercase letters in parentheses, such as NB-2121(a).

8 SUBSUBPARAGRAPHS
Subsubparagraphs are designated by adding lowercase letters in parentheses to the major subparagraph numbers,

such as NB-1132.1(a). When further subdivisions of minor subparagraphs are necessary, subsubparagraphs are desig-
nated by adding Arabic numerals in parentheses to the subparagraph designation, such as NB-2121(a)(1).
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9 REFERENCES
References used within Section III generally fall into one of the following four categories:
(a) References to Other Portions of Section III.When a reference ismade to another Article, subarticle, or paragraph, all

numbers subsidiary to that reference shall be included. For example, reference toArticleNB-3000 includes allmaterial in
Article NB-3000; reference to NB-3100 includes all material in subarticle NB-3100; reference to NB-3110 includes all
paragraphs, NB-3111 through NB-3113.
(b) References to Other Sections. Other Sections referred to in Section III are the following:
(1) Section II, Materials.When a requirement for amaterial, or for the examination or testing of amaterial, is to be in

accordancewith a specification such as SA-105, SA-370, or SB-160, the reference is tomaterial specifications in Section II.
These references begin with the letter “S.”

(2) Section V, Nondestructive Examination. Section V references begin with the letter “T” and relate to the non-
destructive examination of material or welds.

(3) Section IX, Welding and Brazing Qualifications. Section IX references begin with the letter “Q” and relate to
welding and brazing requirements.

(4) Section XI, Rules for Inservice Inspection of Nuclear Power Plant Components.When a reference is made to inser-
vice inspection, the rules of Section XI shall apply.
(c) Reference to Specifications and Standards Other Than Published in Code Sections
(1) Specifications for examination methods and acceptance standards to be used in connection with them are

published by the American Society for Testing and Materials (ASTM). At the time of publication of Section III,
some such specifications were not included in Section II of this Code. A reference to ASTM E94 refers to the specification
so designated by and published by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

(2) Dimensional standards covering products such as valves, flanges, and fittings are sponsored and published by
The American Society of Mechanical Engineers and approved by the American National Standards Institute.** When a
product is to conform to such a standard, for example ASME B16.5, the standard is approved by the American National
Standards Institute. The applicable year of issue is that suffixed to its numerical designation in Table NCA-7100-1, for
example ASME B16.5-2003. Standards published by The American Society of Mechanical Engineers are available from
ASME (https://www.asme.org/).

(3) Dimensional and other types of standards covering products such as valves, flanges, and fittings are also
published by the Manufacturers Standardization Society of the Valve and Fittings Industry and are known as Standard
Practices. When a product is required by these rules to conform to a Standard Practice, for example MSS SP-100, the
Standard Practice referred to is published by the Manufacturers Standardization Society of the Valve and Fittings
Industry, Inc. (MSS), 127 Park Street, NE, Vienna, VA 22180. The applicable year of issue of such a Standard Practice
is that suffixed to its numerical designation in Table NCA-7100-1, for example MSS SP-58-2009.

(4) Specifications for welding and brazing materials are published by the American Welding Society (AWS), 8669
NW36 Street, No. 130,Miami, FL 33166. Specifications of this type are incorporated in Section II and are identified by the
AWS designation with the prefix “SF,” for example SFA-5.1.

(5) Standards applicable to the design and construction of tanks and flanges are published by the American Petro-
leum Institute and have designations such as API-605. When documents so designated are referred to in Section III, for
example API-605–1988, they are standards published by the American Petroleum Institute and are listed in Table
NCA-7100-1.
(d) References to Appendices. Section III uses two types of appendices that are designated as either Section III Appen-

dices or Subsection Appendices. Either of these appendices is further designated as either Mandatory or Nonmandatory
for use. Mandatory Appendices are referred to in the Section III rules and contain requirements that must be followed in
construction. Nonmandatory Appendices provide additional information or guidance when using Section III.

(1) Section III Appendices are contained in a separate book titled “Appendices.” These appendices have the potential
formultiple subsection applicability. Mandatory Appendices are designated by a Roman numeral followed, when appro-
priate, by Arabic numerals to indicate various articles, subarticles, and paragraphs of the appendix, such as II-1500 or
XIII-1210. Nonmandatory Appendices are designated by a capital letter followed, when appropriate, by Arabic numerals
to indicate various articles, subarticles, and paragraphs of the appendix, such as D-1200 or Y-1440.

** The American National Standards Institute (ANSI) was formerly known as the American Standards Association. Standards approved by the
Association were designated by the prefix “ASA” followed by the number of the standard and the year of publication. More recently, the
American National Standards Institute was known as the United States of America Standards Institute. Standards were designated by the prefix
“USAS” followed by the number of the standard and the year of publication. While the letters of the prefix have changed with the name of the
organization, the numbers of the standards have remained unchanged.
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(2) Subsection Appendices are specifically applicable to just one subsection and are contained within that subsec-
tion. Subsection-specific mandatory and nonmandatory appendices are numbered in the same manner as Section III
Appendices, but with a subsection identifier (e.g., NF, NH, D2, etc.) preceding either the Roman numeral or the capital
letter for a unique designation. For example, NF-II-1100 or NF-A-1200 would be part of a Subsection NF mandatory or
nonmandatory appendix, respectively. For Subsection CC, D2-IV-1120 or D2-D-1330 would be part of a Subsection CC
mandatory or nonmandatory appendix, respectively.

(3) It is the intent of this Section that the information provided in both Mandatory and Nonmandatory Appendices
may be used to meet the rules of any Division or Subsection. In case of conflict between Appendix rules and Division/
Subsection rules, the requirements contained in the Division/Subsection shall govern. Additional guidance on Appendix
usage is provided in the front matter of Section III Appendices.
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SUMMARY OF CHANGES

Errata to the BPV Code may be posted on the ASME website to provide corrections to incorrectly published items, or to
correct typographical or grammatical errors in the BPV Code. Such Errata shall be used on the date posted.

Information regarding Special Notices and Errata is published by ASME at http://go.asme.org/BPVCerrata.

Changes given below are identified on the pages by a margin note, (21), placed next to the affected area.

Page Location Change
ix List of Sections (1) Listing for Section III updated

(2) Section XIII added
(3) Code Case information updated

xi Foreword (1) Subparagraph (k) added and subsequent subparagraph redesignated
(2) Second footnote revised
(3) Last paragraph added

xiv Submittal of Technical Inquiries to the
Boiler and Pressure Vessel Standards
Committees

Paragraphs 1(a)(3)(-b), 2(b), and 5(a)(3) revised

xvii Personnel Updated
xl Organization of Section III (1) In para. 1, Division 1 listing updated

(2) In para. 9(c)(3), “MSS SP-89-2003” corrected by errata to
“MSS SP-58-2009”

2 CC-2121 Endnote 1 incorporated into subpara. (c) and deleted from Endnotes
3 CC-2131.3.1 Revised
3 CC-2131.3.2 Subparagraph (d) added and subsequent subparagraphs redesignated
5 CC-2221.2 Second sentence revised
5 CC-2221.3 Added and subsequent paragraphs redesignated
6 CC-2224.3 Revised
6 CC-2230 Title and CC-2231.1, CC-2231.2, and CC-2231.3.1 revised
7 Table CC-2231-1 Revised
9 Table CC-2231.7.2-1 Revised
10 Table CC-2231.7.3-1 Note (1) revised
8 CC-2232 (1) CC-2232.3 revised

(2) CC-2232.4 deleted
15 CC-2310 Subparagraph (a) revised
16 CC-2421 Endnote 2 deleted
16 CC-2431 (1) First sentence revised

(2) In first sentence, “past” corrected by errata to “paste”
18 CC-2438.4.1 First sentence revised
19 CC-2438.4.2 Revised
20 CC-2442.3.1 Subparagraph (d) revised
21 CC-2453 Third sentence revised
24 CC-2521.1 Endnotes 3 and 4 incorporated into subpara. (h) and deleted from Endnotes
25 CC-2524.1 Endnotes 5 and 6 incorporated into subparas. (a)(1) and (b), respectively, and

deleted from Endnotes
30 CC-2526 Endnote 7 incorporated into paragraph and deleted from Endnotes
32 CC-2535.1.1 Endnote 8 added as a paragraph and deleted from Endnotes
35 CC-2537.3.2 Endnote 9 incorporated into subpara. (d) and deleted from Endnotes
39 CC-2613.1 Subparagraph (c) revised
40 CC-2621.4 Endnote 10 incorporated into paragraph and deleted from Endnotes

xliv
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Page Location Change
43 CC-2623.2.2 First sentence revised
45 Table CC-2623.2-1 Revised in its entirety
43 CC-2710 Revised
45 CC-2732 (1) Revised

(2) Endnote 11 deleted
47 CC-3121 First sentence revised
48 CC-3136.1 Endnote 12 deleted
54 CC-3421.5.2 In eq. (10), “vc” corrected by errata to “Vc”
60 CC-3433 Endnote 13 incorporated into subpara. (b) and deleted from Endnotes
62 CC-3521.1.2 Subparagraphs (b) and (c) revised
64 CC-3532 (1) In subpara. (b), first sentence revised

(2) In subpara. (b), “0.69 MPa” corrected by errata to “8.3 MPa”
64 CC-3532.1.2 Subparagraphs (h)(3), (i)(1)(-a), and (i)(1)(-b) revised
66 CC-3532.2.2 Last sentence revised
66 CC-3532.3 In subparas. (c)(1) through (c)(3), first sentence revised
67 CC-3532.4 Subparagraphs (b)(2) and (d) revised
68 CC-3534.1 In subpara. (a), in-text table revised
74 CC-3921.2 Endnote 14 deleted
76 CC-4121.1 First sentence revised
82 CC-4333.2.3 After subpara. (c), in-text note added
83 Table CC-4333.2.3-1 First column revised
87 CC-4432.5 (1) Subparagraphs (a) and (a)(1) revised

(2) Subparagraph (a)(4) added
104 Figure CC-4542.2-6 Note (1) added
114 CC-5122.1 Endnotes 15 through 17 incorporated into subpara. (a) and deleted from

Endnotes
116 CC-5211 Endnote 18 incorporated into paragraph and deleted from Endnotes
116 CC-5221.1 Revised
117 Table CC-5200-1 Concrete requirements, test methods, and frequencies revised
120 CC-5232 Subparagraph (a) revised
120 CC-5232.1.1 Revised
138 Table D2-I-2.2 (1) Title revised

(2) Note (2) added
140 Table D2-I-2.3 (1) Heading of first column revised

(2) Entry for ASTM A490 revised to ASTM F3125, Grade A490
141 Article D2-II-1000 (1) Endnote 19 incorporated into definition of membrane stress and deleted

from Endnotes
(2) Definitions of prestressing element and tension tie member added

143 Article D2-II-2000 Endnote 20 incorporated into definition of Rr and deleted from Endnotes
163 Table D2-VIII-1430-1 Second column revised
166 Table D2-VIII-1620-1 First column revised
168 D2-B-1110 Endnote 21 incorporated into paragraph and deleted from Endnotes
168 D2-B-1211 Endnote 22 incorporated into second paragraph and deleted from Endnotes
184 D2-F-1220 Revised
185 Figure D2-F-1220-1 Title and General Notes (c) and (d) revised
184 D2-F-1230 Revised
188 Figure D2-F-1230-1 Title and General Note (a) revised

xlv
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LIST OF CHANGES IN RECORD NUMBER ORDER

DELETED

xlvi

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


CROSS-REFERENCING AND STYLISTIC CHANGES IN THE BOILER
AND PRESSURE VESSEL CODE

There have been structural and stylistic changes to BPVC, starting with the 2011 Addenda, that should be noted to aid
navigating the contents. The following is an overview of the changes:

Subparagraph Breakdowns/Nested Lists Hierarchy

• First-level breakdowns are designated as (a), (b), (c), etc., as in the past.
• Second-level breakdowns are designated as (1), (2), (3), etc., as in the past.
• Third-level breakdowns are now designated as (-a), (-b), (-c), etc.
• Fourth-level breakdowns are now designated as (-1), (-2), (-3), etc.
• Fifth-level breakdowns are now designated as (+a), (+b), (+c), etc.
• Sixth-level breakdowns are now designated as (+1), (+2), etc.

Footnotes

With the exception of those included in the front matter (roman-numbered pages), all footnotes are treated as
endnotes. The endnotes are referenced in numeric order and appear at the end of each BPVC section/subsection.

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees

Submittal of Technical Inquiries to the Boiler and Pressure Vessel Standards Committees has been moved to the front
matter. This information now appears in all Boiler Code Sections (except for Code Case books).

Cross-References

It is our intention to establish cross-reference link functionality in the current edition andmoving forward. To facilitate
this, cross-referencestylehaschanged.Cross-referenceswithinasubsectionor subarticlewill not include thedesignator/
identifier of that subsection/subarticle. Examples follow:
• (Sub-)Paragraph Cross-References. The cross-references to subparagraph breakdowns will follow the hierarchy of

the designators under which the breakdown appears.
– If subparagraph (-a) appears in X.1(c)(1) and is referenced in X.1(c)(1), it will be referenced as (-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(c)(2), it will be referenced as (1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.1(e)(1), it will be referenced as (c)(1)(-a).
– If subparagraph (-a) appears in X.1(c)(1) but is referenced in X.2(c)(2), it will be referenced as X.1(c)(1)(-a).

• Equation Cross-References. The cross-references to equations will follow the same logic. For example, if eq. (1)
appears in X.1(a)(1) but is referenced in X.1(b), it will be referenced as eq. (a)(1)(1). If eq. (1) appears in
X.1(a)(1) but is referenced in a different subsection/subarticle/paragraph, it will be referenced as eq. X.1(a)(1)(1).

xlvii
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SUBSECTION CC
CONCRETE CONTAINMENTS (PRESTRESSED

OR REINFORCED)

ARTICLE CC-1000
INTRODUCTION

CC-1100 SCOPE AND GENERAL
REQUIREMENTS

CC-1110 SCOPE

Subsection CC establishes rules for material, design,
fabrication, construction, examination, testing, marking,
stamping, and preparation of reports for prestressed
and reinforced concrete containments. The containments
covered by this Subsection shall include the following:
(a) structural concrete pressure resisting shells and

shell components
(b) shell metallic liners
(c) penetration liners extending the containment liner

through the surrounding shell concrete

CC-1120 GENERAL REQUIREMENTS

The rules of Division 1 shall apply as required in this
Subsection for parts and appurtenances not backed by
structural concrete for load carrying purposes. Those
parts or appurtenances stamped in accordance with Divi-

sion 2 shall meet the requirements of Subsection NCA,
Articles CC-1000, CC-6000, CC-7000, and CC-8000 in
lieu of the corresponding requirements of Division 1.
Those parts or appurtenances stamped in accordance
with Division 1 shall meet all the requirements of Division
1 and NCA‐2134(e).

CC-1130 RULES FOR CONCRETE CONTAINMENTS

Containments having a Design Pressure greater than
5 psi (35 kPa) that are classified as Subsection CC contain-
ments shall be constructed in accordancewith the rules of
this Subsection.

CC-1140 BOUNDARIES OF JURISDICTION

(a) The jurisdiction of this Subsection for the contain-
ment shall conform to the requirements of NCA‐3254.2
supplemented by the provisions below.
(b) When a structural concrete support is constructed

as an integral part of the containment, it shall be included
within the jurisdiction of these criteria.

ASME BPVC.III.2-2021
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ARTICLE CC-2000
MATERIAL

CC-2100 GENERAL REQUIREMENTS FOR
MATERIAL

CC-2110 SCOPE

CC-2111 Terms

(a) The term material as used in this Subsection is
defined in Article NCA-9000 and discussed in NCA‐1220.
(b) The term Material Organization (Metallic) is

defined in Article NCA-9000 with Quality System
Program requirements being defined in NCA‐3800.
(c) The terms Nonmetallic Material Manufacturer and

Nonmetallic Material Constituent Supplier are defined in
Article NCA-9000 with Quality System Program require-
ments being defined in NCA‐3900.
(d) The terms pressure-retaining and load-bearing

materials apply to items such as concrete, reinforcing
material, prestressing material, liners, attachments to
liners and embedment anchors.
(e) The requirements of this Article make reference to

the term thickness. For thepurpose intended, the following
definitions of nominal thickness apply:

(1) plate: the thickness is the dimension of the short
transverse direction.

(2) forgings: the thickness is the dimension defined
as follows:

(-a) hollow forgings: the nominal thickness is
measured between the inside and outside surfaces
(radial thickness).

(-b) disk forgings: (axial length less than the
outside diameter) the nominal thickness is the axial
length.

(-c) flat ring forgings: (axial length less than the
radial thickness) for axial length ≤2 in. (50 mm), the
axial length is the nominal thickness; for axial length
>2 in. (50 mm), the radial thickness is the nominal thick-
ness.

(-d) rectangular solid forgings: the least rectan-
gular dimension is the nominal thickness.

(3) castings: the thickness shall be as defined in SA-
613.

CC-2112 Special Rules

Metallic material for parts and appurtenances that are
not backed by concrete for load carrying purposes shall
meet the requirements of Division 1. Material for attach-

ments to parts meeting the requirements of Division 1
shall meet the requirements of this Article.

CC-2120 PRESSURE-RETAINING AND
LOAD-BEARING MATERIAL

CC-2121 ð21ÞPermitted Material Specifications

(a) Concrete constituents and concrete shall conform
to the requirementsofCC-2200.Metallicmaterial forpres-
sure-retaining and load-bearing purposes shall conform
to the requirementsof oneof the specifications included in
this Article or in Table D2-I-1.2, Table D2-I-2.2, and Table
D2-I-2.3, and to all the special requirements of this Article
that apply to the product form in which the material is
used.
(b) Metallic or nonmetallic material and constituents

other than those described in (a) above shall not be
used until the requirements of Mandatory Appendix
D2-III have been met.
(c) The requirements of this Article apply only to items

associated with the pressure-retaining or load-bearing
function of a component. This Article also provides re-
quirements for corrosion prevention materials in
CC-2438. Construction equipment or apparatus such as
forms, tie wires, chairs, supports, form ties, grease and
grout fittings, retaining caps, seals, packing, and
gaskets are not covered by this Article.
(d) Welding and brazing materials used in the manu-

facture of items shall comply with an SFA specification,
except as otherwise permitted in Section IX, and shall
also comply with the applicable requirements of this
Article.

CC-2122 Special Requirements

CC-2122.1 Metallic Materials. The special require-
ments stipulated in this Article shall apply in lieu of
the requirements of the material specifications wherever
these special requirements conflictwith thematerial spec-
ification requirements. Where the special requirements
include an examination, test, or treatment that is also
required by the material specification, the examination,
test, or treatment need be performed only once. All
required examinations, tests, and treatments shall be
performed as specified for each metallic product in
this Article and may be performed by either the Metallic

ASME BPVC.III.2-2021
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Material Organization, Fabricator, or Constructor, as
provided in CC-4121.

CC-2122.2 Nonmetallic Materials and Constituents.
All required examinations, tests, and treatments shall
be performed as specified in this Article and may be
performed by either the organization providing concrete
constituents, the Nonmetallic Material Manufacturer, or
the applicable Fabricator or Constructor, as provided
in CC-4121.

CC-2122.3 Authorized Inspector. Reports of all
required examinations, tests, and treatments shall be
made available to the Authorized Inspector of the appli-
cable Fabricator or Constructor and provisions made for
inspections as required by the Authorized Inspector.

CC-2123 Size Ranges of Metallic Material

Metallic material outside the limits of size or thickness
given in any specification allowed by this Division may be
used if the material is in compliance with the other re-
quirements of the specification and no size limitation
is given in the rules for construction. In those specifica-
tions in which chemical composition and mechanical
properties are indicated to vary with size or thickness,
any material outside the specification range shall be
required to conform to the composition and mechanical
properties shown for the nearest specified range.

CC-2130 CERTIFICATION OF MATERIAL

CC-2131 Introduction

A CertifiedMaterial Test Report (CMTR) or a Certificate
of Compliance shall be provided for all metallic materials,
nonmetallicmaterials, and concrete constituents in accor-
dance with the following subparagraphs.

CC-2131.1 Certified Material Test Reports. Certified
Material Test Reports (CMTR) shall be provided for
concrete constituents, plastic concrete, reinforcing
systemmaterial, prestressing systemmaterial, linermate-
rial, other load-bearing and pressure-retaining material,
and welding and brazing material, and shall include the
following:
(a) certified reports of the actual results of all required

chemical analyses, physical tests, mechanical tests, exam-
inations (including radiographic film), repairs, and heat
treatments (including times and temperatures)
performed on the material
(b) a statement listing any chemical analyses, tests,

examinations, and heat treatment required by the mate-
rial specification, which were not performed
(c) a statement giving themanner inwhich thematerial

is identified, including specific marking
(d) theManufacturer of plastic concrete shall provide a

Certified Material Test Report consisting of a batch ticket
with each individual batch of concrete. The informationon

the batch ticket shall include the weight or volume of
constituents as provided in CC-4222.2

CC-2131.2 Certificate of Compliance. A Material Orga-
nization's Certificate of Compliance with the material
specification, grade, class, and heat treatment condition,
as applicable, may be provided in lieu of a Certified Mate-
rial Test Report for metallic material 3∕4 in. (20 mm)
nominal pipe size and less (pipe, tube, flanges, and
fittings), and bolting 1 in. (25 mm) nominal diameter
and less. The Certificate of Compliance shall contain a
description of the marking of the material.

CC-2131.3 Concrete Constituents.

CC-2131.3.1 ð21ÞLaboratory Accreditation. The tests
required by CC-2200 shall be performed by an accredited
laboratory that complieswith ASTMC1077. Required lab-
oratory inspections may be provided by the Cement and
Concrete Reference Laboratory of theNational Institute of
Standards and Technology, with accreditation programs
provided by the National Voluntary Laboratory Accredi-
tation Program, American Association for Laboratory
Accreditation, and Construction Materials Engineering
Council.

CC-2131.3.2 ð21ÞCertified Material Test Reports. The
Certified Material Test Reports (CMTR) for concrete
constituents shall meet the following requirements:
(a) The CMTR for aggregate shall certify that the aggre-

gates are from the same source (natural deposit) as the
aggregate qualified in accordance with CC-2222.
(b) The CMTR for portland cement shall include the

standard chemical and physical test results in accordance
with ASTM C150/C150M. Sampling and testing frequen-
cies shall meet the requirements of ASTM C183.
(c) The CMTR for blended hydraulic cement shall

include the standard chemical and physical test results
in accordance with ASTM C595/C595M and any optional
requirements in the Construction Specification. Sampling
and testing frequencies shall meet the requirements of
ASTM C183.
(d) TheCMTR for hydraulic cements qualified based on

performance characteristics shall include the standard
and optional (where appropriate) physical test results
in accordancewith ASTMC1157 and a report of the chem-
ical composition. Sampling and testing frequencies shall
meet the requirements of ASTM C183.
(e) The CMTR for air-entraining admixtures shall

include infrared spectrophotometry traces, percent
solids, percent chlorides, and pH of each manufacturing
lot. A statement shall be included to certify that these tests
or other included tests have established equivalence with
admixtures tested in accordance with ASTM C260.
(f) The CMTR for fly ash and natural pozzolan shall

include the standard chemical and physical test results
in accordance with ASTM C618 and any requirements
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in the Construction Specification. Sampling and testing
frequencies shall meet the requirements of ASTM C311.
(g) The CMTR for ground-granulated, blast-furnace

slag shall include the standard chemical and physical
test results in accordance with ASTM C989 and any re-
quirements of the Construction Specification. Sampling
and testing frequencies shall meet the requirements of
ASTM C989.
(h) The CMTR for silica fume shall include the standard

chemical and physical test results in accordance with
ASTM C1240. Sampling and testing frequencies shall
meet the requirements of ASTM C1240.
(i) The CMTR for chemical admixtures shall include

infrared spectrophotometry traces, percent solids, and
percent chlorides of each manufacturing lot. A statement
shall be included to certify that these tests or other
included tests have established equivalence with admix-
tures tested in accordance with ASTM C494/C494M or
ASTM C1017/C1017M.
(j) A CMTR for water and ice is not required.

CC-2131.4 PersonnelQualification.Laboratory testing
personnel performing tests required by Article CC-2000
shall bequalifiedusing appropriate industry or laboratory
standards such asACI LaboratoryTechnicianCertification
Programs,TechnicianLevels1and2.Thequalificationand
certification rules of Mandatory Appendix D2-V are not
mandatory for personnel performing tests required in
CC-2200.

CC-2132 Certification byFabricator or Constructor

The Fabricator or Constructor shall provide a Certified
Material Test Report for all operations performed by him
or his subcontractors. The Fabricator or Constructor shall
certify that the contents of his report are correct and accu-
rate and that all operations performed by him or his
subcontractors are in compliance with the requirements
of the material specification and this Subsection. Alterna-
tively, the Fabricator or Constructor shall provide a Certi-
fied Material Test Report for those operations he
performed and a Certified Material Test Report from
each of his subcontractors for operations they performed.
Material identification, including any marking code, shall
be described in the Certified Material Test Report.

CC-2140 DETERIORATION OF MATERIAL AND
COATINGS DURING SERVICE

Consideration of deterioration of material caused by
service is outside the scope of this Subsection. It is the
responsibility of the Owner to select material suitable
for the conditions stated in the Design Specifications
(NCA‐3250), with specific attention being given to the
effects of service conditions upon the properties of the
material.

CC-2150 HEAT TREATMENT TO ENHANCE
MECHANICAL PROPERTIES OF
METALLIC MATERIAL

CC-2151 Carbon and Low Alloy Steels

Carbon and low alloy steels may be heat treated by
quenching and tempering to enhance notch toughness.
Postweld heat treatment of the material at a temperature
of not less than 1,100°F (595°C) may be considered to be
the tempering phase of the heat treatmentwhen postweld
heat treatment is a requirement of CC-4500.

CC-2152 Procedures for Heat Treatment of
Material

When heat treating temperature or time is required by
the material specification and the rules of the Subsection,
the heat treating shall be performed in temperature‐
surveyed and ‐calibrated furnaces or shall be performed
with thermocouples in contact with the material or
attached to blocks in contact with the material. Heat
treating shall be performed under furnace loading condi-
tions such that the heat treatment is in accordance with
thematerial specification and the rules of this Subsection.

CC-2153 Steels for Prestressing

Wire, strand, or bars for prestressing systems may be
heat treated, as in stress relieving, under load to enhance
stress relaxation properties. Quenching and tempering
treatments to produce specific mechanical properties
are not permitted.

CC-2160 DIMENSIONAL STANDARDS

Dimensions of standard items for pipe, tube, fittings,
valves, flanges, and gaskets shall comply with the stan-
dards and specifications listed in Table NCA‐7100‐1,
unless otherwise specified in the Construction Specifica-
tion or designated in the Design Drawings.

CC-2200 CONCRETE AND CONCRETE
CONSTITUENTS

CC-2210 INTRODUCTION

This subarticle establishes qualification requirements
for concrete constituents and plastic concrete. Testing
to establish conformance to the requirements shall be
performed prior to use. The required tests in CC-2200
may be performed by the organizations providing
concrete constituents, the Nonmetallic Material Manufac-
turer, or applicable Fabricator or Constructor. The quality
control tests described in CC-5200 shall be performed by
the Nonmetallic Material Manufacturer, or applicable
Fabricator or Constructor.
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CC-2211 General Requirements

(a) Consideration shall be given to minimizing the
temperature rise in concrete due to heat of hydration,
and to proper strength developmentwith respect to form-
work removal, construction stresses, and application of
prestress.
(b) The concrete and its constituents shall be suffi-

ciently investigated prior to use to ensure acceptable
creep and other properties under the environmental con-
ditions and the long‐term requirements described in the
Construction Specification.
(c) The water–cement ratio is the ratio of the weight of

water to the weight of cement. Where other cementitious
materials are used, the weight of these materials shall be
added to the weight of cement to determine the water–
cementitious material ratio.

CC-2212 Substitutions

When an alternate constituentmust be substituted for a
previously qualified constituent as an alternative to a
complete requalification in accordance with CC-2200,
the following requirements apply:
(a) The alternate concrete constituent shall meet the

requirements of qualification tests required by CC-2220.
(b) Prior to use, the Designer shall confirm the simi-

larity and compatibility of the alternate constituent
with the other previously qualified constituents.
(c) Prior touse, theDesigner shall establish theneed for

and extent of testing required by CC-2230.

CC-2220 CONCRETE CONSTITUENTS

CC-2221 Cementitious Materials

CC-2221.1 Portland Cement. Portland cement shall
conform to the requirements of ASTM C150/C150M,
Type I, Type II, Type IV, or Type V.

CC-2221.2ð21Þ Blended Hydraulic Cement. Blended
hydraulic cement shall conform to the requirements of
ASTM C595/C595M. Type IS/IT (≥70) blended cement
shall not be used.

CC-2221.3ð21Þ Performance-Graded Cement. Hydraulic
cements shall conform to the requirements of ASTM
C1157/C1157M to be accepted based on physical perfor-
mance characteristics.

CC-2221.4 Fly Ash Class F. Fly ash Class F shall
conform to the requirements of ASTM C618.

CC-2221.5 Slag Cement. Slag cement shall conform to
ASTM C989/C989M.

CC-2221.6 SilicaFume.Silica fumeshall conformto the
requirements of ASTM C1240.

CC-2222 Aggregates

CC-2222.1 General.Aggregates shall conformto the re-
quirements of ASTM C33/C33M with the following addi-
tional requirements:
(a) Gradation may be adjusted in the Construction

Specification provided the requirements of CC-2231.1
are met. Coarse aggregate gradations must require at
least two separate gradation sizes if aggregate larger
than 1 in. is specified.
(b) Coarse and fine aggregate for normal weight

concrete, placed by the preplaced aggregate method,
shall meet the gradation requirements specified in ACI
304R.
(c) Coarse aggregate shall be rounded or cubical and

shall contain less than 15% (byweight) flat and elongated
particles as determined by ASTM D4791.
NOTE: A flat particle is defined as one having a ratio of width to
thickness greater than three; an elongated particle is defined as
one having a ratio of length to width greater than three.

(d) A petrographic examination in accordance with
ASTM C295 shall be performed. Alkali-silica reactive
materials shall not exceed limits in Table CC-2222.1-1.
Aggregates identified as having the potential for alkali-
carbonate reactivity shall not be used.
(e) Thewater-soluble chloride content of the aggregate

shall be established by the methods described in ASTM
D1411.
(f) For reinforced concrete containment designed in

accordance with CC-3521.1.1, the maximum loss of
weight of the coarse aggregate, when tested in accordance
with ASTM C131, shall not exceed 40%.
(g) The maximum size of coarse aggregate shall not be

larger than one‐fifth of the narrowest dimension of the
finished wall or slab, nor larger than three‐fourths of
the minimum clear spacing between individual reinfor-
cing bars or wires, bundles of bars, or prestressing
ducts, or embedments.

Table CC-2222.1-1
Required Limits of Alkali-Silica Reactive Materials in

Concrete Aggregates

Reactive Material
Maximum Percentage

[Note (1)]
Optically strained, microfractured, or

microcrystalline quartz
5.0

Chert or chalcedony 3.0
Tridymite or cristobalite 1.0
Opal 0.5
Natural volcanic glass 3.0

NOTE: (1) Percentage as determined by ASTM C295.
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CC-2222.2 Heavy Weight Aggregates. Heavy aggre-
gates required for concrete denser than 160 lb/
ft3 (2 600 kg/m3) shall conform to one of the following:
(a) ASTM C637
(b) requirements as provided in theConstruction Spec-

ification for steel punchings, sheared reinforcing steel,
iron shot, or materials containing boron used as concrete
aggregate.

CC-2223 Mixing Water

CC-2223.1 Requirements. Mixing water or ice
comprised of potable water is permitted to be used
without testing. Nonpotable water or ice shall be
tested for conformance to all requirements of Tables 1
and 2 given in ASTM C1602/C1602M, except that total
solids shall not exceed 2,000 ppm. Table 1 of ASTM
C1602/C1602M specifies that compressive strength of
concrete specimens made with test water shall achieve
at least 90% of the strength of companion specimens
made with distilled or potable water and that concrete
time of set using test water shall not deviate from that
using distilled or potable water by more than –1 hr or
+1.5 hr. Table 2 of ASTM C1602/C1602M specifies that
chloride shall not exceed 500 ppm for prestressed
concrete and 1,000 ppm for other reinforced concrete,
sulfate shall not exceed 3,000 ppm, and alkalies shall
not exceed 600 ppm.

CC-2224 Admixtures

CC-2224.1 General Requirements for Admixtures.
When admixtures are to be used, the Construction Spec-
ificationshall specify the type, quantity, andanyadditional
limitations. Admixtures containing more than 1%, by
weight, of chloride ions shall not be used for prestressed
containments.

CC-2224.2 Air‐Entraining Admixtures. Air‐entraining
admixtures shall conform to the requirements of ASTM
C260.

CC-2224.3ð21Þ Chemical Admixtures. Chemical admix-
tures shall conform to the requirements of ASTM
C494/C494M. Chemical admixtures used to produce
self-consolidating concrete shall also conform to ASTM
C1017/C1017M.

CC-2224.4 Special Grouting Admixtures, Including
Grout Fluidifier. When special grouting admixtures,
including grout fluidifier, are used, the Construction Spec-
ification shall specify the type and any additional limita-
tions, such as a maximum permitted amount of available
alkalies and/or chloride ions. In thepreparationof cement
grout, other types of admixtures, including those
containing gels or gelling agents for the purpose of
controlling loss of water from the grout, may be used,
if permitted in the Construction Specification.

CC-2224.5 Grout Fluidifier. Grout fluidifier for use
with preplaced aggregate concrete shall conform to the
requirements of ASTM C937.

CC-2224.6 Chemical Admixtures for Use in Producing
Flowing Concrete. Chemical admixtures for use in produ-
cing flowing concrete shall conformto the requirementsof
ASTM C1017/C1017M.

CC-2230 ð21ÞCONCRETE MIXTURE PROPERTIES

CC-2231 Concrete Properties

CC-2231.1 General Requirements. The properties of
concrete which influence the design of the containment
shall be established in the Construction Specification.
Concrete proportions will normally be established on
the basis of strength, workability limits, and heat rise.

CC-2231.2 Chloride Content. The water-soluble
chloride content of the concrete shall not exceed
0.15% by mass of total cementitious materials for rein-
forced concrete containments and prestressed concrete
containments where the prestressing tendons are
placed in ducts andprotected by cement grout or a perma-
nent corrosion prevention coating in accordance with
CC-2438.4.1. The water-soluble chloride content of the
concrete shall not exceed 0.06% by mass of total cemen-
titious materials for concrete that will be placed in direct
contact with prestressing steel. Water-soluble chloride
shall be determined per ASTM C1218/C1218M. For the
purposes of calculating water-soluble chloride limits,
the mass of supplementary cementitious materials
shall not exceed the mass of cement.

CC-2231.3 Resisting Alkali-Silica Attack.

(a) Total alkalies (equivalent sodiumoxides) in cemen-
titious materials shall not exceed 0.6%.
(b) All concrete mixtures shall contain one or more of

the cementitious materials given in Table CC-2231.3-1 at
the minimum levels indicated. Blended hydraulic cement

Table CC-2231.3-1
Required Minimum Levels of Cementitious Materials

Cementitious Material
Minimum Percentage by Mass of
Total Cementitious Materials

FlyashClassF (conforming to
ASTM C618)

20

Slag cement (conforming to
ASTM C989/C989M)

25

Silica fume (conforming to
ASTM C1240)

5

GENERAL NOTE: Where combinations of the above materials are
employed, the combined minimum percentage shall be the largest
individual value assigned to any of thematerials used in the combina-
tion.
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containing cementitious materials meeting the minimum
percentages given in Table CC-2231.3-1may also be used.

CC-2231.3.1 Testing for Reactivity. Materials and
proportions selected for concretemixtures shall be tested
for reactivity per ASTM C1567 or ASTM C1293. ASTM
C1567 expansion at 16 days shall not exceed 0.10%.
ASTM C1293 expansion at 24 months shall not exceed
0.04%. Minimum levels of cementitious materials given
in Table CC-2231.3-1 may need to be increased in
order to achieve the expansion limits specified. ASTM
C1567 and ASTM 1293 shall be used to determine the
minimum pozzolan or slag replacement level needed to
mitigate the risk for alkali-silica reactivity.

CC-2231.4 Specified Properties.

(a) The applicable concrete properties given in
TableCC-2231-1shall bedefined in theConstructionSpec-
ification. For nonprestressed containments, creep testing

of concrete in compression is not required unless such
testing is specified in the Construction Specification.
Testing shall be performed prior to construction with
the exception of creep tests conforming to ASTM C512.
Creep tests shall be completed prior to the start of
prestressing. Alternately, if interim creep test data
confirms that the design basis creep value will not be
exceeded, creep testing may be completed prior to the
start of commercial operationor the start of the first inser-
vice inspection of the post‐tensioned tendons, whichever
is earlier. If evaluation of creep test data indicates that the
design basis creep value may be exceeded, design
adequacy of the containment structure to accommodate
the larger creep value shall be demonstrated. Testing
required as a result of changes in concrete proportions
or constituents shall be performed as soon as the
change is initiated.
(b) TheConstruction Specification shall specify the age,

strength, and temperature atwhich the applicable proper-
ties listed in Table CC-2231-1 shall be obtained and any
environmental or design conditions that apply. If proper-
ties other than those listed in Table CC-2231-1 are
required, they shall be defined in the Construction Spec-
ification.

CC-2231.5 Physical Properties.

(a) Where the Construction Specification includes
maximum allowable creep limits (rate and total), tests
shall be performed at least for the limiting combination
of stress–strength ratios, ages of loading, temperature
levels, and cycles stated in the Construction Specification.
The creep test procedure shall be based on ASTM C512,
with modifications for specimen curing and sealing, and
for testing temperatures as described in the Construction
Specification.
(b) Where the Construction Specification defines an

allowable range of secant moduli of elasticity, Poisson’s
ratios, and loading rates, concrete specimens shall be
tested at those loading rates and the experimental
values determined. The testing procedures and accep-
tance standards shall be based on ASTM C469, with
suitable modifications.

CC-2231.6 Thermal Properties. When required by the
Construction Specification, the effect of thermal cycles on
concrete properties shall be determined by the test stan-
dards described therein.

CC-2231.7 Durability.

CC-2231.7.1 Exposure Categories and Classes.
The Designer shall assign exposure categories and
classes based on the severity of the anticipated exposure
of structural concrete members for each exposure cate-
gory according to Table CC-2231.7.1-1.

Table CC-2231-1
Concrete Propertiesð21Þ

Property Test Method
Slump ASTM C143/C143M
Compressive strength ASTM C39/C39M
Flexural strength ASTM C78/C78M
Splitting tensile strength ASTM C496/C496M
Static modulus of elasticity ASTM C469
Poisson’s ratio ASTM C469

Coefficient of thermal conductivity CRD‐C44
Coefficient of thermal expansion CRD‐C39 or AASHTO T 336
Creep of concrete in compression ASTM C512
Shrinkage (length change of

cement‐mortar and concrete)
ASTM C157/C157M

Density (specific gravity) ASTM C642
Maximum temperature rise in

concrete
CRD‐C36

Water-soluble chloride ASTM C1218/C1218M
Sulfate resistance ASTM C1012/C1012M

SCC specific [Notes (1), (2)]
Slump flow ASTM C1611/C1611M
Static segregation ASTMC1610/C1610M (column

test)
ASTM C1712/C1712 M (rapid

penetration test)
Passing ability ASTM C1621/C1621M

NOTES:
(1) SCC = self-consolidating concrete.
(2) Samples should be fabricated in accordance with ASTM C1758/

1758M.
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CC-2231.7.2 Concrete Requirements. The
maximumwater-cementitious materials ratio of concrete
shall not exceed 0.45. Concrete shall be air-entrained and
meet the requirements of Table CC-2231.7.5-1. Require-
ments of Table CC-2231.7.2-1 for the exposure category
and class assigned to the concrete by the Designer shall be
met. Concrete in contact with soil or exposed to aggregate
fill in contactwith soil shall as aminimumbeproportioned
to meet the requirements of Exposure Class S1 given in
Table CC-2231.7.2-1.

CC-2231.7.3 Limits on Quantity of Pozzolans. The
quantity of pozzolans, including fly ash and silica fume,
and slag in concrete subject to Exposure Class F3 shall
not exceed the limits of Table CC-2231.7.3-1.

CC-2231.7.4 Alternative Cementitious Materials
for Sulfate Exposure.Alternative combinations of cemen-
titious materials to those listed in Table CC-2231.7.2-1
shall be permitted when tested for sulfate resistance
and meeting the criteria in Table CC-2231.7.4-1.

CC-2231.7.5 Air Content. Concrete air content for
mixturescontainingvarioussizesof coarseaggregateshall
be as shown in Table CC-2231.7.5-1, except that for

concrete with a specified compressive strength, f′c, of
5,000 psi (35 MPa) or greater, the air content may be
reduced 1.0%.

CC-2232 ð21ÞSelection of Concrete Proportions

CC-2232.1 Introduction. Proportions of materials for
concrete shall be established to provide
(a) workability and consistency to permit concrete to

be worked readily into forms and around reinforcement
under conditions of placement to be employed, without
segregation or excessive bleeding
(b) resistance to special exposures as required by

CC-2231.7
(c) conformancewith the strength test requirements of

CC-5232.3

CC-2232.2 Different Materials. Where different mate-
rials are to be used for different portions of proposed
work, each combination shall be evaluated.

CC-2232.3 Basis of Selection. Concrete proportions
shall be established on the basis of field experience
and/or trial mixtures with materials to be employed
and as required by CC-2231.7.

Table CC-2231.7.1-1
Exposure Categories and Classes

Category
Class

[Note (1)] Condition

F
Freezing and thawing

F0 Concrete not exposed to freezing and thawing cycles
F1 Concrete exposed to freezing and thawing cycles with limited exposure to water
F2 Concrete exposed to freezing and thawing cycles with frequent exposure to water
F3 Concrete exposed to freezing and thawing cycles with frequent exposure to water and exposure to

deicing chemicals

S
Sulfate

S0 SO4
2− < 0.10 [Note (2)]

SO4
2− ≤ 150 [Note (3)]

S1 0.10 ≤ SO4
2− < 0.20 [Note (2)]

150 ≤ SO4
2− < 1,500 or seawater [Note (3)]

S2 0.20 ≤ SO4
2− ≤ 2.00 [Note (2)]

1,500 ≤ SO4
2− ≤ 10,000 [Note (3)]

S3 SO4
2− > 2.00 [Note (2)]

SO4
2− > 10,000 [Note (3)]

W
In contact with water

W0 Concrete dry in service. Concrete in contact with water where low permeability is not required.
W1 Concrete in contact with water where low permeability is required.

C
Corrosion protection of

reinforcement

C0 Concrete dry or protected from moisture
C1 Concrete exposed to moisture but not to an external sources of chlorides
C2 Concrete exposed to moisture and an external source of chlorides from deicing chemicals, salt,

brackish water, seawater, or spray from these sources

NOTES:
(1) Severity of exposure within each category is defined by classes with increasing numerical values representing increasingly severe exposure

conditions. A classification of “0” is assigned if the exposure severity has negligible effect (is benign) or the exposure category does not apply
to the member.

(2) Water-soluble sulfate (SO4
2−) in soil, percent sulfate by mass of sample as determined by ASTM C1580.

(3) Concentration of dissolved sulfate (SO4
2−) in water, in ppm, as determined by ASTM D516 or ASTM D4130.

ASME BPVC.III.2-2021

8

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


The necessaryworkability of the fresh concrete shall be
considered, based on means of placement, reinforcing
density, and finishing characteristics, when developing
mixture proportions. Self-consolidating concrete (SCC)
may also be considered where conditions make
manual consolidation difficult. Alternative mixture
proportions shall be used only in limited areas of specific
difficulty, and the location, mixture proportioning, and
alterations of the mixture shall be subject to the approval
of the Designer. If an SCC mixture is selected, it must
undergo the same qualification tests as the primary
mixture design. SCCmixtures shall also be subject to addi-

tional considerations, including but not limited to their
resistance to segregation (static and dynamic) and
their ability to pass the specified reinforcement. The
reproportioned (SCC) mixture and the original (non-
SCC)mixturemaybeused in the sameconcreteplacement,
provided that the concreteplaced in thedifficult-to-conso-
lidate area is stillworkable or in a fluid conditionwhen the
non-SCC concrete is placed.

Table CC-2231.7.2-1
Requirements for Concrete by Exposure Class ð21Þ

Exposure Class Max. w/cm Min. f′c, psi Additional Minimum Requirements
W0 N/A 3,000 None
W1 0.45 4,000 None

Exposure Class Max. w/cm
Min.
f′c, psi Air Content Limits on Cementitious Materials

F0 N/A 3,000 N/A N/A
F1 0.45 4,000 Table CC-2231.7.5-1 N/A
F2 0.45 4,500 Table CC-2231.7.5-1 N/A
F3 0.40 5,000 Table CC-2231.7.5-1 Table CC-2231.7.3-1

Exposure Class
Max.
w/cm

Min.
f′c,
psi

Cementitious Materials — Types [Note (1)] Calcium
Chloride
AdmixtureASTM C150/C150M ASTM C595/C595M

ASTM C1157/
C1157M

S0 N/A 3,000 No type restriction No type restriction No type restriction No restriction
S1 0.45 4,000 II [Notes (2), (3)] Types with MS designation MS No restriction
S2 0.45 4,500 V [Note (3)] Types with HS designation HS Not permitted
S3, Option 1 0.45 4,500 V + pozzolan or slag

cement [Note (4)]
Types with HS designation plus

pozzolan or slag cement [Note (4)]
HS plus pozzolan or

slag cement
Not permitted

S3, Option 2 0.40 5,000 V Types with HS designation HS Not permitted

Exposure Class
Max.
w/cm

Min.
f′c, psi

Maximum Water-Soluble Chloride Ion (Cl−) Content in Concrete,
Percentage by Mass of Cementitious Materials [Notes (5), (6)]

Related ProvisionsReinforced Concrete Prestressed Concrete
C0 N/A 3,000 1.00 0.06 None
C1 N/A 3,000 0.30 0.06 None
C2 0.40 5,000 0.15 0.06 CC-3534.1

GENERAL NOTE: MS = moderate sulfate resistance; HS = high sulfate resistance.

NOTES:
(1) Alternative combinations of cementitious materials to those listed shall be permitted when tested for sulfate resistance and meeting the

criteria in Table CC-2231.7.4-1.
(2) For seawater exposure, other types of portland cements with tricalcium aluminate (C3A) contents up to 10%are permitted if thew/cm does

not exceed 0.40.
(3) Type I cement is permitted in Exposure Class S1 or S2 if the C3A contents are less than 8% for Exposure Class S1 or less than 5% for Exposure

Class S2.
(4) The amount of the specific sources of the pozzolan or slag to be used shall not be less than the amount that has been determined by service

record to improve sulfate resistancewhen used in concrete containing Type V cement. Alternatively, the amount of the specific source of the
pozzolan or slag to be used shall not be less than the amount tested in accordance with ASTM C1012/C1012M and meeting the criteria in
Table CC-2231.7.4-1.

(5) Water-soluble chloride ion content that is contributed from the ingredients including water, aggregates, cementitiousmaterials, and admix-
tures shall be determined on the concrete mixture by ASTM C1218/C1218M at an age between 28 days and 42 days.

(6) The mass of supplementary cementitious materials used in determining the chloride content shall not exceed the mass of the portland
cement.
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CC-2233 Proportioning on the Basis of Field
Experience and/or Trial Mixtures

CC-2233.1 Standard Deviation. Standard deviation
shall be calculated using the methods of ACI 214R.

CC-2233.1.1 Test Record Requirements. Where a
concrete production facility has test records not more
than 12 months old, a standard deviation shall be estab-
lished. Test records from which a standard deviation is
calculated shall
(a) represent materials, quality control procedures,

and conditions similar to those expected, and changes
in materials and proportions within the test records
shall not have been more restricted than those for
proposed work
(b) represent concrete produced to meet a specified

strength or strengths f′c within 1,000 psi (7 MPa) of
that specified for proposed work
(c) consist of at least30consecutive tests or twogroups

of consecutive tests totaling at least 30 tests as defined in
CC-5232.3.2(a), except as provided in CC-2233.1.2

CC-2233.1.2 Alternative Test Record Require-
ments. Where a concrete production facility does not
have test records meeting the requirements of
CC-2233.1.1(c), but does have a record not more than
12months old basedon15 to29 consecutive tests, amodi-
fied standard deviationmay be established as the product
of the calculated standard deviation and modification
factor of Table CC-2233.1.2-1. To be acceptable, the
test record must meet requirements CC-2233.1.1(a)
and CC-2233.1.1(b), and represent only a single record
of consecutive tests that span a period of not less than
45 calendar days.

Table CC-2231.7.3-1
Limits on Cementitious Materials for Concrete Assigned to Exposure Class F3ð21Þ

Cementitious Materials
Maximum Percentage of Total

Cementitious Materials by Mass [Note (1)]
Fly ash or other pozzolans conforming to ASTM C618 25
Slag conforming to ASTM C989 50
Silica fume conforming to ASTM C1240 10
Total of fly ash or other pozzolans, slag, and silica fume 50 [Note (2)]
Total of fly ash or other pozzolans and silica fume 35 [Note (2)]

NOTES:
(1) The total cementitious material also includes ASTM C150/C150M, ASTM C595/C595M, and ASTM C1157/C1157M cement.

The maximum percentages above shall include
(a) Fly ash or other pozzolans in Type IP, blended cement, ASTM C595/C595M, or ASTM C1157/C1157M performance-graded cement
(b) Slag used in the manufacture of an IS-blended cement, ASTM C595/C595M, or ASTM C1157/C1157M performance-graded cement
(c) Silica fume, ASTM C1240, present in a blended cement or ASTM C1157/C1157M performance-graded cement

(2) Fly ash or other pozzolans and silica fume shall constitute no more than 25% and 10%, respectively, of the total mass of the cementitious
materials.

Table CC-2231.7.4-1
Requirements for Establishing Suitability of Cementi-
tious Materials Combinations Exposed to Water-Soluble

Sulfate

Exposure Class

Maximum Expansion When Tested Using
ASTM C1012

At 6 months At 12 months At 18 months
S1 0.10% N/A N/A
S2 0.05% 0.10% [Note (1)] N/A
S3 N/A N/A 0.10%

NOTE: (1) The 12-month expansion limit applies only when the
measured expansion exceeds the 6-monthmaximum expansion limit.

Table CC-2231.7.5-1
Total Air Content for Concrete Exposed to Cycles of

Freezing and Thawing

Nominal Maximum
Size of Coarse

Aggregate, in. (mm)

Target Air Content, %
[Notes (1), (2)]

Exposure
Class F1

Exposure Classes
F2 and F3

3∕8 (10) 6 7.5
1∕2 (13) 5.5 7
3∕4 (19) 5 6
1 (25) 4.5 6

11∕2 (40) 4.5 5.5
2 (50) 4 5
3 (75) 3.5 4.5

NOTES:
(1) Air content shall not vary more than 1.5% from the listed value.
(2) These air contents apply to total mix, as per the corresponding

nominal maximum size of coarse aggregate. Concrete containing
aggregates larger than 11∕2 in. (40mm) shall bewet-sieved over a
11∕2 in. (40mm) sieve and the air content determined on the frac-
tion passing through the sieve. Air content of the total mix is
computed from the value determined on the –11∕2 in.
(–40mm) fraction in accordancewith ASTMC173 or ASTMC231.
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CC-2233.2 Required Average Strength.

CC-2233.2.1 Standard Deviation Method.
Required average compressive strength f′cr used as the
basis for selection of concrete proportions shall be deter-
mined us ing appropr ia te equa t ions g iven in
Table CC-2233.2.1-1 and the standard deviation(s) calcu-
lated in accordance with CC-2233.1 or CC-2233.1.2.

CC-2233.2.2 AlternativeMethod.Whenaconcrete
production facility does not have field strength test
records for calculation of standard deviation meeting re-
quirements of CC-2233.1.1 or CC-2233.1.2, required
average strength f′cr shall be determined from Table
CC-2233.2.2-1 and documentation of average strength
shall be in accordance with the requirements of
CC-2233.3.

CC-2233.3 Documentation of Average Strength.Docu-
mentation that proposed concrete proportions will
produce an average compressive strength equal to or
greater than required average compressive strength
(CC-2233.2) may consist of a field strength test record,
several strength test records, or trial mixtures.

CC-2233.3.1 Using Test Records. When test
records are used to demonstrate that proposed concrete
proportions will produce the required average strength
fcr (CC-2233.2), such records shall represent materials
andconditions similar to thoseexpected. Changes inmate-
rials, conditions, and proportions within the test records
shall not have been more restricted than those for
proposed work. For the purpose of documenting
average strength potential, test records consisting of
less than 30 but not less than 10 consecutive tests
may be used provided test records encompass a period
of time not less than 45 days. Required concrete propor-
tions may be established by interpolation between the
strengths and proportions of two or more test records,
each of which meets other requirements of this section.

Table CC-2233.1.2-1
Modification Factor for Standard Deviation When Less

Than 30 Tests Are Available

Number of Tests
[Note (1)]

Modification Factor for
Standard Deviation

[Note (2)]
Less than 15 Use Table CC-2233.2.2-1
15 1.16
20 1.08
25 1.03
30 or more 1.00

NOTES:
(1) Interpolate for intermediate numbers of tests.
(2) Modified standard deviation to be used to determine required

average strength f′cr from CC-2233.2.1.

Table CC-2233.2.1-1
Required Average Compressive Strength When Data Are Available to Establish a Sample Standard Deviation

Specified Compressive
Strength,
psi (MPa)

Required Average
Compressive Strength,

psi (MPa)
f′c ≤ 5,000 (35) Use the larger value computed from eqs. (1) and (2) below

= +f f s1.34cr c
(1)

= +f f s2.33 500 (3.5)cr c
(2)

f′c > 5,000 (35) Use the larger value computed from eqs. (1) and (3) below

= +f f s1.34cr cr
(1)

= +f f s0.90 2.33cr c
(3)

GENERAL NOTE: The variable s is the standard deviation in psi (MPa).

Table CC-2233.2.2-1
Required Average Compressive Strength When Data Are

Not Available to Establish a Standard Deviation

Specified Compressive
Strength

fc, psi (MPa)

Required Average
Compressive Strength

fc, psi (MPa)

Less than 3,000 (21) fc + 1,000 (7)

3,000 (21) to 5,000 (35) fc + 1,200 (8.3)

Over 5,000 (35) 1.10 fc + 700 (5)
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CC-2233.3.2 Using Trial Mixtures. When an ac-
ceptable record of field test results is not available,
concrete proportions may be established based on trial
mixtures made in accordance with ACI 211.1 meeting
the following restrictions:
(a) Combination of materials shall be those for

proposed work.
(b) Trial mixtures having proportions and consisten-

cies required for proposed work shall be made using
at least three different water–cementitious material
ratios or cementitious material contents that will
produce a range of strengths encompassing the required
average strength fcr .
(c) Trialmixtures shall be designed to produce a slump

within ±0.75 in. (±19mm) ofmaximumpermitted, and for
air‐entrained concrete, within ±0.5% of maximum allow-
able air content.
(d) For each water–cementitious material ratio or

cementitiousmaterial content, at least three test cylinders
for each test age shall be made and cured in accordance
with ASTM C192/C192M. Cylinders shall be tested at the
test age designated in the Construction Specification for
determination of fcr .
(e) From the results of cylinder tests, a curve shall be

plotted showing the relationship between water–
cementitious material ratio or cementitious material
content and compressive strength at designated test age.
(f) Maximum water–cementitious material ratio or

minimum cementitious material content for concrete
to be used in proposed work shall be that shown by
the curve to produce the average strength required by
CC-2233.2, unless a lower water–cementitious material
ratio or higher strength is required by CC-2231.7.

CC-2240 CEMENTITIOUS GROUT

The term grout as used in this Article applies to the
following:
(a) grout for general purpose grouting, such as under

base plates or around large penetrations
(b) grout for prestressed tendons
(c) grout for preplaced aggregate concrete.

CC-2241 Constituents for Cementitious Grout

CC-2241.1 Cementitious Materials. Cementitious
materials shall conform to the requirements of CC-2221.

CC-2241.2 Aggregates. Aggregates shall conform to
the requirements of CC-2222.

CC-2241.3 Water. Mixing water shall conform to the
requirements of CC-2223.

CC-2241.4 Admixtures. Admixtures shall conform to
the requirements of CC-2224.

CC-2241.5 Other Material. Other material, such as
aluminum powder of the proper fineness and quality,
may be added to the grout mix, provided adequate
tests are made to demonstrate the suitability of the
mix for the purpose intended.

CC-2242 Cementitious Grout for General Grouting
Purposes

CC-2242.1 General Requirements.

(a) Requirements described herein do not apply to
grout that is used with grouted prestressing systems.
(b) The proportions of constituents for general

purpose grout shall be based upon trial mixes using
the same type and brand of cementitious materials,
fine aggregate, and admixtures as will be used for
construction. Insofar as is practical, the same type of
mixer shall be used in preparing trial mixes as will be
used for construction.

CC-2242.2 Compressive Strength. The compressive
strength of the grout shall be established by 2
in. (50 mm) cubes, molded, cured, and tested in accor-
dancewithASTMC109/C109M, except that, if fluid expan-
sive grout is used, the tests shall be performed in
accordance with ASTM C1107/C1107M.

CC-2242.3 Water. The water content shall be the
minimum quantity necessary for the proper placement
by the groutingmethod employed, dry pack or fluid grout.

CC-2242.4 Prepackaged Cementitious Grout.

CC-2242.4.1 PermittedUses.Prepackaged cemen-
titious grout (product) may be used in lieu of site‐mixed
cementitious grout for general grouting purposes.

CC-2242.4.2 ModificationofProduct.Theproduct
shall be used as received from the supplier, except for the
addition of water or aggregate where required by the
manufacturer’s instructions.

CC-2242.4.3 Approval of Designer. The Designer
shall specify the use and required properties of the
product in the Construction Specification. The Designer
shall consider the effect of the product on the design
strength and its effect on othermaterials based on experi-
ence and test data. The product shall be approved by the
Designer prior to use.

CC-2242.4.4 ConstructionProcedures.All storing,
batching, mixing, conveying, depositing (including pres-
sure assisted placement), consolidating, curing, testing,
and surface preparation shall be in accordance with
the requirements of the Construction Specification.

CC-2242.4.5 Aggregate. Aggregate added to the
product in accordance with the manufacturer’s instruc-
tions shall conform to CC-2222 and be tested in accor-
dance with CC-5223.
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CC-2242.4.6 Water.Water added to the product in
accordance with the manufacturer’s instructions shall
conform to CC-2223 and be tested in accordance with
CC-5224.

CC-2242.4.7 Quality Assurance ProgramRequire-
ments.Theproduct shall bemanufacturedunder aQuality
Assurance Program approved by the Constructor that
includes the following as a minimum:
(a) control of the manufacturing processes that are

performed in the manufacture of the product
(b) document control
(c) handling, storage, and shipping requirements
(d) identification and marking of product containers
(e) establishment of examination, test, inspection, and

report procedures, including proper documentation and
controls related to the product measuring and testing
equipment

CC-2242.4.8 Certified Material Test Reports.
Certified Material Test Reports shall be provided for
each lot or shipment to verify that the product meets
the physical properties specified in the Construction Spec-
ification.

CC-2242.4.9 In‐ProcessTesting.Theproduct shall
be tested in accordancewith the requirements for general
purpose grout in the Construction Specification and
CC-5234.2.

CC-2242.5 Epoxy Grouts and Bonding Agents.

CC-2242.5.1 Permitted Uses. Epoxy grouts
(product) may be used for general purpose grout and
grouting/sealing small or fine cracks in hardened
concrete. Epoxy bonding agents (product) may be used
to improve the bond between hardened concrete and
plastic concrete or grout that is placed thereon.

CC-2242.5.2 Modificationof Product.Theproduct
shall be used as received from the supplier except for the
addition of aggregate where required by the manufac-
turer’s instructions.

CC-2242.5.3 Approval of Designer. The Designer
shall specify the use and required properties of the
product in the Construction Specification. The Designer
shall consider the effect of the product on the design
strength and its effect on othermaterials based on experi-
ence and test data. The effect of high and low temperature,
radiation, moisture, and other conditions to which the
product might be subjected during its service life shall
also be considered. The product shall be approved by
the Designer prior to use.

CC-2242.5.4 ConstructionProcedures.All storing,
batching, mixing, conveying, curing, depositing (including
pressure assisted placement), consolidating, testing, and
surface preparation shall be in accordance with the re-
quirements of the Construction Specification.

CC-2242.5.5 Aggregate. Aggregate added to the
product in accordance with the manufacturer’s instruc-
tions shall conform to CC-2222 and be tested in accor-
dance with CC-5223.

CC-2242.5.6 QualityAssuranceProgramRequire-
ments.Theproduct shall bemanufacturedunder aQuality
Assurance Program approved by the Constructor that
includes the following as a minimum:
(a) control of the manufacturing processes that are

performed in the manufacture of the products
(b) document control
(c) handling, storage, and shipping requirements
(d) identification and marking of product containers
(e) establishment of examination, test, inspection, and

report procedures, including proper documentation and
controls related to the products measuring and testing
equipment

CC-2242.5.7 Certified Material Test Reports.
Certified Material Test Reports shall be provided for
each lot or shipment to verify that the product meets
the physical properties specified in the Construction Spec-
ification.

CC-2242.5.8 In‐ProcessTesting.Epoxy grout shall
be tested as specified in the Construction Specification.

CC-2243 Grout for Grouted Tendon Systems

CC-2243.1 General Requirements. Grout for grouted
tendon systems shall consist of a mixture of cementitious
material(s), water, aggregates, and admixture(s), when
desired. The maximum water-cementitious materials
ratio of grout shall be 0.45.
(a) Grout shall be either batched and mixed using

approved constituent materials and proportions or
shall be prepackaged grout.
(b) Prepackaged grout shall conform to the require-

ments in CC-2242.4 and CC-2243.2.

CC-2243.2 Grout Materials.

CC-2243.2.1 Cementitious Material. Cementitious
material shall conform to CC-2221.

CC-2243.2.2 Admixtures. Admixtures shall
conform to CC-2224.

CC-2243.2.3 Aggregates. When used, aggregates
shall have a maximum size of 0.04 in. (1 mm) to facilitate
movement of the grout through the duct and provide total
encapsulation of the prestressing elements. Aggregates
shall meet all requirements of CC-2222.

CC-2243.2.4 Water. Water shall conform to
CC-2223 and be tested in accordance with CC-5224.
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CC-2243.3 QualityandPerformanceCriteria forGrout.

CC-2243.3 .1 Test ing Cert i f icat ions. The
Contractor shall provide certified test reports for all
testing listed in CC-2243.3.2.

CC-2243.3.2 Grout Testing and Performance
Criteria. Grout mixtures shall be tested for compliance
with the following testing quality limits. Testing shall
be performed by a laboratory that is regularly inspected
by a nationally recognized evaluation authority.
(a) Setting Time. Setting shall be conducted per ASTM

C953. Setting time shall be determined according to the
provisions of ASTM C953 and themeasured value shall be
within the limits set forth in the Construction Specifica-
tion.
(b) Compressive Strength. Compressive strength shall

be determined per ASTM C109, ASTM C942, or ASTM
C1107/C1107M, as applicable. Minimum compressive
strength at 7 days shall be 3,000 psi (21 MPa) and at
28 days shall be 5,000 psi (35 MPa).
(c) Permeability . Permeability testing shall be

conducted per ASTM C1202 with voltage modified to
30 V rather than the standard 60 V. After 6 hr at 30 V,
a value less than 2,500 coulomb shall be achieved
when tested at 28 days.
(d) VolumeChange. Volumechangeshall bedetermined

in accordance with ASTM C1090. Height change at 24 hr
shall be 0.0% to less than +0.1%. Maximum change in
height at 28 days shall be no greater than +0.2%.
(e) Fluidity. Fluidity of nonthixotropic grouts shall be

tested per ASTMC939. Efflux time shall be between 11 sec
and 30 sec immediately after mixing. Efflux time, after
grout sample has been allowed to stand undisturbed
for 30 min, shall be less than 30 sec.

Fluidity of thixotropic grouts shall be tested per ASTM
C939 modified as follows: The flow cone shall be filled to
the top rim of the cone (not the standard level), and efflux
time shall be measured as the time required to fill a one-
liter container. Efflux time shall be 5 sec to 30 sec imme-
diately after mixing. Efflux time, after grout sample has
been allowed to stand undisturbed for 30 min, shall be
less than 30 sec.
(f) Wick-Induced Bleeding. A wick-induced bleed test

shall be conducted using ASTM C940 modified as follows:
(1) Condition dry ingredients, mixing water, a 40 in.

(1000 mm) section of prestressing strand, and test appa-
ratus overnight at 65°F to 75°F (18°C to 24°C).

(2) Mix the conditioned dry ingredients with the
conditioned water, and fill the 40-in. (1000-mm) high
tube with the resulting grout to a height of approximately
35 in. (900 mm). Mark the level of the top of the grout.

(3) Insert a 40-in. (1000-mm) length of conditioned,
cleanedASTMA416/A416M seven-wire strand complete-
ly into the 40-in. (1000-mm) tube. Center and fasten the
strand so it remains essentially parallel to the vertical axis
of the tube. This can be achieved through the use of a

spacer at the top of the tube. Mark the level of the top
of the grout.
NOTE: Wrap the strand with 2-in. (50-mm) wide duct or elec-
trical tape at each end prior to cutting to avoid splaying of the
wires when it is cut. Degrease (with acetone or hexane solvent)
and wire brush to remove any surface rust on the strand before
temperature conditioning.

(4) Store the mixed grout at 65°F to 75°F (18°C to
24°C).

(5) Observe thebleedwater every15min for the first
hour and then hourly afterward for 3 hr, and record and
measure the amount at the endof 3hr using the procedure
outlined in ASTM C940. Express the bleed water as per-
centage of the initial volume of grout. Note if the bleed
water remains above or below the top of the grout.
Note if any bleed water is absorbed.

(6) Calculate thebleedwater, if any, and the resulting
expansionper theprocedures outlined inASTMC940with
the quantity of bleed water expressed as percent of the
initial grout volume.Note if thebleedwater remains above
or below the top of the original grout height. No wick-
induced bleeding is allowed.
(g) Schupack Pressure Bleed Test. Bleed stability of

grout under static pressure shall be tested per ASTM
C1741 . B l e e d t e s t l im i t s s h a l l c o n f o rm t o
Table CC-2243.3.2-1.
(h) Chloride Limits. Water-soluble chloride as Cl– in

grout, determined per ASTM C1218/C1218M, shall not
exceed 0.015% by weight of cementitious materials in
the mixture.
(i) WetDensity Test. A range ofwet density atminimum

and maximum water dosage shall be established for the
optimized grout using amud balance test apparatus or by
determining grout mass per 400 mL per ASTM C185.
(j) Inclined Tube Test. The inclined tube test shall be

performed in accordance with EN 445. Grout bleeding
shall not exceed 0.3% of the initial grout volume.
(k) Temperature. Temperature measurement of grout

mixture shall be conducted per ASTM C1064.
(l) pHValue. Thegrout shall bemaintainedat apHvalue

above 11.6.

Table CC-2243.3.2-1
Schupack Pressure Bleed Test Limits

Vertical Rise,
X, ft (m)

Gelman Pressure,
psi (kPa)

Maximum Bleed,
% (% of Sample

Volume)
0 ≤ X ≤ 2 (0.61) 20 (140) 4
2 (0.61) < X ≤ 6 (1.8) 30 (220) 2
6 (1.8) < X ≤ 20 (6.1) 50 (360) 0
X > 20 (6.1) 100 (720) 0
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CC-2250 MARKING AND IDENTIFICATION OF
CONCRETE CONSTITUENTS

CC-2251 Cementitious Materials

Before leaving the place ofmanufacture, conveyances of
bulk cementitious materials shall be sealed and tagged
showing lot number, controlling specification, date of
manufacture or processing, and type or class. If bag
cementitious materials are used, each shipment shall
be taggedwith the same identification as forbulkmaterial.
All tags and markings shall be maintained with the mate-
rial at site storage.

CC-2252 Aggregates

Aggregates shall be identified to show size, source, and
controlling specification. The identification shall remain
with the aggregate during transit and concrete plant
storage.

CC-2253 Admixtures

All containers of admixtures shall be clearly marked,
showing storage requirements and controlling specifica-
tion. Bulk storage tanks for admixtures at batch plants
shall be identified with the name of the admixture
stored, the controlling specification, and the storage re-
quirements.

CC-2300 MATERIAL FOR REINFORCING
SYSTEMS

CC-2310ð21Þ INTRODUCTION

(a) The material to be used for reinforcing bars for
containments shall conform to ASTM A615 or A706
and the special requirements described in CC-2330.
The bar designations listed in this Division with the
soft metric conversions in parentheses are consistent
with these ASTM standards.

(b) Thematerial to beused for bar‐to‐bar splice sleeves
in reinforcing bars shall conform to ASTM A108, A513,
A519, or A576.
(c) The material to be used for reinforcing bar splice

sleeves attached to liner plates or structural steel shapes
shall be carbon steel conforming to one of the grades of
ASTM A108, A513, A519, or A576 listed in Table D2-I-2.2.
(d) The material to be used for the heads of mechani-

cally headed deformed bars shall conform to ASTM A108,
A513, A519, or A576.
(e) Mechanically headed deformed bar assemblies

shall conform to Figure CC-2310-1.

CC-2311 Mechanical Anchorage Devices

Mechanical anchorage devices shall
(a) be roundor squarewith a smoothouter surface free

of debris or irregularities.
(b) haveaminimumnetbearingareaof4 times thearea

of the bar. The net bearing area is calculated by taking the
gross cross-sectional area of the head minus the nominal
cross-sectional area of the bar.
(c) have a bearing face that consists of a single, nomin-

ally flat surface that lies in a plane perpendicular to the
longitudinal axis of the bar.
(d) not have obstructions or interruptions of the bar

deformation and nonplanar features on the bearing
face that extend more than two nominal bar diameters
from the bearing face and have a diameter greater
than 1.5 t imes the nominal bar diameter , per
Figure CC-2310-1.
(e) be designed in accordance with CC-3532.4.
(f) be tested in accordance with CC-4333.

CC-2320 MATERIAL IDENTIFICATION

Reinforcing systemsmaterial shall be tagged ormarked
to ensure traceability to the CertifiedMaterial Test Report
during production and while in transit and storage.

CC-2330 SPECIAL MATERIAL TESTING

CC-2331 Tensile Tests

CC-2331.1 Number of Tests Required. One full‐
diameter tensile bar of each bar size shall be tensile
tested for each 50 tons (45 Mg), or fraction thereof, of
reinforcing bars produced from each heat of steel. The
tensile testprocedures shall be inaccordancewithSA-370.

CC-2331.2 Acceptance Standards. The acceptance
standards shall be in conformance with the tensile re-
quirements of ASTM A615 or ASTM A706, as applicable.
If a test specimen fails to meet the tensile requirements,
two additional specimens from the same heat and of the
samebar size shall be tested. If either of the two additional
specimens fails to meet the tensile requirements, the
material represented by the tests shall not be accepted.

Figure CC-2310-1
Maximum Dimensions of Obstruction or Interruptions of
BarDeformationsandNonplanarFeatures of theBearing

Face
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ASTM A615 shall be further subject to the following
conditions:
(a) The actual yield strength based on mill tests shall

not exceed fy by more than 18,000 psi (125 MPa).
(b) The ratio of the actual tensile strength to the actual

yield strength shall not be less than 1.25.
(c) For Grade 60 bars, the minimum elongation in 8 in.

(200 mm) shall be at least 14% for bar sizes No. 3 (10)
through No. 6 (19), at least 12% for bar sizes No. 7 (22)
through No. 11 (36), and at least 10% for bar sizes No. 14
(43) and No. 18 (57).
(d) For Grade 75 bars and Grade 80 bars, theminimum

elongation in 8 in. (200 mm) shall be at least 12% for bar
sizes No. 3 (10) through No. 11 (36) and at least 10% for
bar sizes No. 14 (43) and No. 18 (57).

CC-2332 Chemical Analysis

A ladle analysis of each heat of reinforcing bar shall be
made and reported in accordance with ASTM A615 or
ASTM A706, as applicable.

CC-2332.1 Reinforcing Bar Intended for Welding.

(a) ASTM A706 and ASTM A615may be welded by any
of the welding processes listed in D2-VIII-1400.
(b) The ladle analysis of ASTM A615 reinforcing bar

heats intended for welding shall be as follows:
(1) carbon, 0.30% maximum
(2) manganese, 1.50% maximum
(3) sulfur, 0.045% maximum
(4) phosphorus, 0.035% maximum
(5) silicon, 0.50% maximum

An analysis for the following residual elements shall
also be performed and reported: copper, nickel, chro-
mium, molybdenum, vanadium. The carbon equivalent
of such bars shall be computed per D2-VIII-1430 for appli-
cation in Table D2-VIII-1430-1.
(c) The results of the product verification analysis for

ASTMA706 reinforcing bar shall not exceed that specified
in ASTM A706. Product verification analysis for ASTM
A615 reinforcing bar shall not exceed the following:

(1) carbon, 0.33%
(2) manganese, 1.55%
(3) sulfur, 0.053%
(4) phosphorus, 0.043%
(5) silicon, 0.55%

CC-2400 MATERIAL FOR PRESTRESSING
SYSTEMS

CC-2410 INTRODUCTION

This subarticle establishes the requirements for the
material to be used for bonded and unbonded contain-
ment prestressing systems.

CC-2420 PRESTRESSING STEEL

CC-2421 ð21ÞPermitted Material

Prestressing elements are limited to those listed in
Table D2-I-1.2. The materials shall conform to their
respective material specifications and to the additional
requirements described in the following subparagraphs.

CC-2422 Test Specimen Sizes

All mechanical tests on prestressing elements shall be
performed on full‐diameter test pieces.

CC-2423 Tensile Tests

Material produced to an ASTM specification shall be
sampled and tested as required by that specification.
The tensile strength, yield strength, elongation, and
other pertinent data shall be reported on the Certified
Material Test Report.

CC-2424 Stress Relaxation Properties

The stress relaxation properties of the prestressing
elements tested in accordance with ASTM E328 shall
beprovidedby theMaterialOrganization.Reports relating
thereto shall be based upon tests performed on material
previously manufactured to the same ASTM or other ap-
plicable specification, and produced in the same plant
utilizing the same procedures that will be employed to
produce the prestressing elements for the production
tendons.

CC-2424.1 Data to Be Furnished. The following data
shall be furnished:
(a) deviations from ASTM E328 recommended testing
(b) specimen identification
(c) initial and final stress
(d) loss of stress at intervals during test
(e) temperature control limits
(f) predicted stress relaxation design life and basis for

extrapolation

CC-2424.2 Number of Tests. A minimum of three
relaxation tests of 1,000 hr duration shall be performed
and reported to document adequately that the relaxation
losses are in compliance with the Construction Specifica-
tion.

CC-2430 COMPONENT STANDARDS

CC-2431 ð21ÞGeneral

Ensure all connectors, connections, and components of
post-tensioning system hardware are completely sealed
against leakage of cement paste. All hardware, compo-
nents, and connections shall be airtight and watertight
and pass the pressure test requirements herein.
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CC-2432 Anchorage Components

CC-2432.1 Bearing Plates.Materials for bearing plates
shall conform to their respective material specifications.
The dimensions, finish, alignment, and tolerances of the
bearing plates shall be within the limits set forth in the
Construction Specification.

Bearing plates and associated concrete test block shall
be tested in accordance with CC-2441.

For items requiring heat treatment to develop mechan-
ical properties, the alloy and heat treatment shall be
selected to preclude embrittlement.

CC-2432.2 Wedge Plates and Wedges. Wedge plates
and wedges shall meet the requirements of CC-2442.

CC-2432.3 Trumpets. Trumpets associated with
bearing plates shall be made of ferrous metal. The thick-
ness of the trumpet at the duct end shall not be less than
the thickness of the duct. Connections from the trumpet to
theduct and the trumpet to thebearingplate shall have the
same leak tightness requirements as duct-to-duct
couplers.

CC-2432.4 Alignment. Maximum allowable angular
misalignment of bars with respect to the bearing plate
shall be as follows:
(a) for spherical bearing plate/nut applications: ±2 deg

for all live-end anchor nuts, and ±3 deg for all fixed-end
anchor nuts
(b) for nonspherical bearing plate applications: ±1 deg

at live-end and fixed-end anchor nuts

CC-2433 Bar Couplers

High strength bar couplers shall meet the requirements
of ASTM A722 and shall develop 110% of the minimum
ultimate tensile strength, fpu, of the bar when tested in
unbounded state. Test and provide written certification
that the couplers meet these requirements. Couplers
and components shall be enclosed in an enclosure of suffi-
cient length to permit the necessary movements. Tendon
enclosure shall be designed so the complete grouting of all
coupler components is achievable.

CC-2434 Permanent Grout Caps

Use permanent grout caps made from ASTM A240/
A240M, Type 316 stainless steel. Seal the cap to the
bearing plate precision fitted flat gaskets. Place a grout
vent on top of the cap. Grout caps shall be pressure
tested prior to grout injection and certified to a
minimum pressure of 150 psi (1 MPa) by the Post-
Tensioning System (PTS) supplier. Use ASTM F593,
Type 316 stainless steel bolts to attach cap to the ancho-
rage. When stainless steel and/or galvanized ferrous
metal (ASTM A153/A153M) grout caps are supplied,
provide CMTRs documenting the chemical analysis of
the steel.

CC-2435 Ducts

Ducts and their couplers shall be tight enough to
prevent the entrance of cement paste and strong
enough to retain their shape and resist damage during
handling and concrete placement. Duct material shall
not have any adverse chemical reactionwith the concrete,
prestressing element, or grout.

CC-2435.1 Types of Ducts. Ducts shall be made from
ferrous metal.

CC-2435.2 Duct Wall Thickness. The minimum wall
thickness shall be 26 gauge (0.45 mm) for ducts 2.625
in. (67 mm) or less in diameter, and 24 gauge (0.6
mm) for ducts greater than 2.625 in. (67mm) in diameter.

CC-2435.3 Duct Size. The nominal internal cross
sectional area of duct for ungrouted multi-element
tendons shall be at least 2.0 times the net area of the
prestressing steel. For cement-grouted multi-element
tendons, provide the duct with a nominal internal
cross sectional area of at least 1.75 times the net area
of the prestressing steel, and adequacy of this duct
size shall be proven by grout field mock-up testing in
accordance with CC-2454.1. For prestressing bars,
provide the duct with a minimum inside diameter of at
least 1∕2 in. (13 mm) larger than the outside diameter
of the bar, measured across the deformations. For
prestressing bars with couplers, size the duct to be 1∕2 in.
(13 mm) larger than the outside diameter of the bar and/
or coupler.

CC-2436 Mechanical Tests

CC-2436.1 Scope and Extent of Testing. The tendon
Manufacturer shall develop a production test program
designed to ensure that all materials used in the produc-
tionof anchorheadassemblies andwedgeblockswillmeet
the strength and ductility requirements called for by the
parts design and substantiated by the performance test.

As a minimum, the following tests shall be conducted:
(a) Tensile test specimen shall be taken in such loca-

tions and orientations to provide strength and ductility
information reflecting the critical stress–strain direction
in the piece.

For parts heat treated after machining, the tensile test
specimen shall be heat treated together with the furnace
load they represent.

The number of tests shall be set forth in the Construc-
tion Specification. The test shall be conducted in accor-
dance with CC-2436.2
(b) Hardness tests shall be conducted on heat-treated

materials. A minimum 10% random sample of the parts
shall be tested for heat of steel, but not less than one
sample from each furnace load. The tests shall be
conducted in accordance with CC-2436.2.
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(c) Liquid‐dye penetrant or magnetic particle inspec-
tion shall be conducted on 100% of anchorhead assem-
blies andwedgeblocks subject toheat treatment. The tests
shall be conducted in accordance with CC-2436.2.

CC-2436.2 Test Procedures.

(a) Tensile test procedures shall conform to SA-370,
and report tensile strength, yield strength, elongation,
and reduction of area at failure.
(b) Either Rockwell or Brinell Hardness Testing shall

be conducted. Each hardness test shall consist of taking
threemeasurements on each part. The test procedures for
Rockwell Hardness Testing and for Brinell Hardness
Testing shall conform to SA-370.
(c) For wedges, either Knoop or Vickers Indentation

Hardness Testing shall be conducted. The test procedures
for Knoop Hardness Testing and for Vickers Hardness
Testing shall conform to ASTM E384.
(d) Liquid‐dye penetrant testing shall conform to SE-

165. Magnetic particle testing shall conform to SE-109.

CC-2436.3 Acceptance Standards. The results of all
measurements shall be within the limits set forth in
the Construction Specification.

Heat-treated parts, where the liquid‐dye penetrant or
magnetic particle inspection reveals the presence of
cracks, shall be rejected.

CC-2436.4 ReworkandRetests. If thephysical require-
ments are not met by any single part, then all parts of the
heat or the lot shall be tested. For heat‐treatedparts, those
parts failing to meet the physical requirements, may be
rejected or reheat treated once. Parts that are reheat
treated shall be retested in accordance with CC-2436.

CC-2437 Hardness of Wedge Plates, Wedges, and
Anchor Nuts

CC-2437.1 General. Materials for wedge plates,
wedges, and anchor nuts shall conform to their respective
material specifications and the hardness test require-
ments of CC-2437.2. The dimensions, finish, alignment,
and tolerances of the wedge plates, wedges, and
anchor nuts shall be within the limits set forth in the
Construction Specification.

CC-2437.2 Hardness Tests.

CC-2437.2.1 Scope and Extent of Testing. Surface
hardness tests shall be conducted on not less than 5% of
the wedge plates, wedges and anchor nuts from each heat
treatment lot. In addition, core hardness, and for wedges,
case depth tests, shall be conducted on three samples of
each heat treatment lot. The samples shall be taken at
random after heat treatment. Each heat treatment lot
shall consist of material from only one heat of steel.

CC-2437.2.2 Test Procedures.The test procedures
shall be the same as stated in CC-2436.2.

CC-2437.2.3 Acceptance Standards. All measure-
ments shall be within the limits set down in the construc-
tion procedures. Lots not meeting the requirements shall
be rejected.

CC-2438 Corrosion Prevention Material

CC-2438.1 Introduction. This subparagraph describes
therequirements formaterial tobeused for the temporary
and permanent corrosion prevention of prestressing
systems.

CC-2438.2 Temporary Coatings.

CC-2438.2.1 Bonded Systems. Temporary corro-
sion prevention for bonded tendons shall be provided
by environmental control. If any temporary corrosion
preventive coating is used, it shall allow the portland
cement grout to bond uniformly to all parts of the
tendon steel. The temporary coating shall be specified
in the Construction Specification.

CC-2438.2.2 Unbonded Systems. A temporary
corrosion prevention coating shall be applied to all
unbonded tendons during or after fabrication. The
coating material shall be compatible with the permanent
corrosion preventing coating described in CC-2438.4. The
temporary coating shall be specified in the Construction
Specification. It shall bemade tobe easily removable in the
field with the use of nonchlorinated petroleum solvents
for the installation of field attached anchorages.

CC-2438.3 Corrosion Protection for Unbonded
Tendons.

(a) Unbonded prestressing steel shall be encased with
sheathing. The prestressing steel shall be completely
coated, and the sheathing around the prestressing steel
filled with suitable material to inhibit corrosion.
(b) Sheathing shall be watertight and continuous over

entire length to be unbonded.
(c) For applications in corrosive environments, the

sheathing shall be connected to all stressing intermediate
and fixed anchorages in a watertight fashion.
(d) Unbonded single-strand tendons shall be protected

against corrosion in accordance with ACI 423.7 and PTI
M10.2.

CC-2438.4 Permanent Coating Material. The perma-
nent corrosion prevention coating applied to the
tendons shall be a microcrystalline wax (petrolatum)
base material containing additives to enhance the corro-
sion inhibiting, wetting, and moisture displacing proper-
ties, as well as the ability to form a polar bond with the
tendon steel.

CC-2438.4.1 ð21ÞProperties of Permanent Coatings.
The coating Manufacturer shall provide certified test
data verifying that the following properties are met for
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the service life and temperature for evaluation and accep-
tance by the Designer:
(a) freedom from cracking and brittleness
(b) continuous self‐healing film over the coated

surfaces
(c) chemical and physical stability
(d) nonreactivity with the surrounding and adjacent

materials such as concrete, tendons, and ducts
(e) moisture displacing characteristics

ð21Þ CC-2438.4.2 AnalysisofPermanentCoatings.The
coating Manufacturer shall provide certified Qualification
Test Data for the Oil Separation, Salt Spray (Fog), Gamma
Radiation Resistance tests, and Cone Penetration tests.

The coating Manufacturer shall supply with each ship-
ment a certified test report with an analysis of the Flash
Point; Congealing Point; Neutralization Number (TBN);
Specific Gravity; Consistency (Cone Penetration); and
Water-Soluble Chlorides, Nitrates, and Sulfides.

The acceptance criteria and test methods shall conform
to Table CC-2438.4.2-1.

CC-2440 COMPONENT QUALIFICATION TESTS
AND PERFORMANCE REQUIREMENTS

CC-2441 Bearing Plates and Concrete Test Block

CC-2441.1 Testing. Adequacy of bearing plates and
concrete test block shall be establishedby three successful
tests. If one of the three specimens fails to pass the test, a
supplementary test of three additional test specimens is
allowed. The results of three additional test specimens
shall meet all acceptance criteria. Concrete test block,
size, test procedure, and acceptance criteria are specified
in CC-2441.1.1 through CC-2441.1.3

CC-2441.1.1 Concrete Test Block. The concrete
test block shall be a square or rectangle depending on
the shape of the bearing plate and shall contain represen-
tative embedded tendon components including transi-
tions and ducts. The concrete test block shall further
meet the following requirements:
(a) Concrete test block width and depth in each direc-

tion shall be the smaller of
(1) two times the minimum edge distance from the

centerline of bearing place to face of concrete
(2) the minimum center-to-center spacing of the

bearing plate plus 3 in.

Table CC-2438.4.2-1
Analysis Limits of Permanent Coating Material for CRV Prestressing

Test Acceptance Criteria Test Method
Consistency (cone penetration) at 77°F (25°C) 260 max. ASTM D937
Flash point, °F (°C) 400°F min. (205°C min.) ASTM D92
Congealing point, °F (°C) 135°F min. (57°C min.) ASTM D938
Oil separation 3% by weight at 100°F (38°C) max. ASTM D6184 [Note (1)]
Salt spray (fog) 0.5 mil (0.01 mm) coating 200 hr min. ASTM B117 [Note (2)]
Neutralization number (TBN — total base

number)
35 mg KOH/g of sample, min. ASTM D974 (modified) [Note (3)]

Gamma radiation resistance 1 × 106 rad TBN 25 min. must meet all other specification
limits in this Table

...

Water-soluble chlorides, Cl− 10 ppm max. ASTM D512 or ASTM D4327 [Note (4)]
Water-soluble nitrates, NO3

− 10 ppm max. ASTM D3867 or ASTM D4327 [Note (4)]
Water-soluble sulfides, S− 10 ppm max. APHA 4500-S2– [Note (4)]
Specific gravity at 60°F (15°C) 0.88–1.10 ASTM D1298

NOTES:
(1) Nickel cone must be packed until product exudes through screen and then excess wiped off before test is begun.
(2) Test specimens shall consist of steel meeting the requirements of ASTM D609 Type 1B size 3 in. × 6 in. (75 mm × 150 mm), coating film

thickness 0.5mils ± 0.05mils (0.01mm±0.001mm). Failure criteria: ASTMD610Rust Grade8, on twoout of three faces in an area that is 6.4
mm in from all edges or edge of coating.

(3) Heat 10 g sample in a 500mL Erlenmeyer flask. Add 10mL isopropyl alcohol and 5 mL toluene. Heat until sample is solubilized. Add 90mL
distilledwater and 20mL 1N sulfuric acid. Place in steam bath for 1∕2 hr. Stir well. Add phenolphthalein indicator and titrate with 1N sodium
hydroxide. Calculate total base number mg KOH/g of sample [(20) (acid normality) — (mL base) × (base normality)] × 56/g of sample.

(4) The inside (bottom and sides) of a 1L beaker, approximate O.D. 105mm, height 145mm, is thoroughly coatedwith 100 g ± 10 g of the tendon
sheathing filler coatingmaterial. The coated beaker is filledwith approximately 900 cc of distilledwater and heated in an oven at a controlled
temperatureof100°F±2°F (38°C±1°C) for4hr. Thewater extraction is testedby thenoted test procedures for theappropriatewater-soluble
ions. Results are reported as ppm in the extract water.
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(b) The length of a concrete test block containing a
single anchorage and local zone, loaded in a testing
machine, shall be at least two times the larger cross-
sectional concrete test block dimension.
(c) The length of a concrete test block with an ancho-

rageand local zoneoneither end, loadedbystressinga test
tendon, shall be at least four times the larger cross-
sectional concrete test block dimension.
(d) Thereinforcement in the local zones shall represent

the local zone reinforcement required in actual structures.
(e) The concrete strength at time of testing shall not

exceed the minimum strength specified for the system
at time of tensioning nor 85% of the 28-day cylinder
strength.

CC-2441.1.2 Test Procedure. The test force shall
be applied to the wedge plate or anchor nut either in a
testing apparatus or through an oversized tendon. The
force shall be applied in stages to 40% then to 90% of
minimum ultimate tensile strength, fpu. At 40% the
force shall be held for 10 min to allow inspection for
cracks. At 90% the force shall be held for 1 hr, and at
100% of the force for 1 hr. Thereafter, the force shall
be increased to at least 120% of fpu, then to failure or
to the limit of the testing equipment.

CC-2441.1.3 Acceptance Criteria.

(a) For forces up to40%of fpu, thewidthof the concrete
cracks shall not exceed 0.002 in. (0.05 mm).
(b) After holding the force at 90% of fpu for 1 hr, the

width of concrete cracks shall not exceed 0.010 in.
(0.25 mm).
(c) After holding the force at 100% of fpu for 1 hr, the

width of concrete cracks shall not exceed 0.016 in.
(0.40 mm).
(d) The concrete test block shall not fail prior to

reaching 120% of fpu, and the bearing plate shall not
yield or visually distort.

CC-2442 Wedge Plates, Wedges, and Strand-
Wedge Connections

CC-2442.1 General.Wedge plates, wedges, and strand-
wedge connections shall meet the test requirements of
CC-2442.2, CC-2442.3, and CC-2442.4, respectively.

CC-2442.2 Wedge Plate Test Requirements. Adequacy
of wedge plates shall be established by static tests. The
following requirements shall be met:
(a) After loading to 95% of tendon minimum ultimate

tensile strength, fpu, and subsequent force release, the
permanent deflection of the wedge plate’s top surface
shall not be more than 1∕600 of clear span (equal to
bearing plate hole diameter). The load test shall be
performed with the wedge plate support simulating con-
ditions in the anchorage assembly. The force shall be
applied by pulling on a sample tendon using the standard
system wedges.

(b) Wedge plates shall be tested to failure in static load
tests or to the loading capacity of the testing equipment.
The tests shall simulate actual tendon forces applied to the
wedges. The failure force shall be at least 120% of fpu.

CC-2442.3 Wedge Performance Requirements. Manu-
facturing quality control must be adequate to assure
uniform quality of the essential manufacturer specified
wedge properties including
(a) dimension and tolerances
(b) minimum specified surface hardness
(c) minimum depth of surface hardness (case depth)
(d) maximum core hardness

CC-2442.3.1 ð21ÞLot Testing. For each lot of 3,000
wedges (not wedge segments) or for each heat-treatment
batch, whichever is smaller, manufacturers shall perform
the following tests and certify compliance with the
minimum requirements of Article CC-2000 and the
design documents.
(a) Five percent of wedge segments shall be visually

inspected for dimensions and surface defects.
(b) Two percent of wedge segments shall be checked

for surface hardness.
(c) One percent of wedges shall be checked for dimen-

sional compliance.
(d) Three cut and polished wedge segments shall be

tested using microindentation hardness tests made
with Knoop or Vickers indenters as per ASTM E384 to
determine case-hardening depth, case hardness, and
core hardness. Case-hardening depth, case hardness,
and core hardness shall be measured using the same
measurement method as that given in ASTM B934. The
serration profile shall be checked for dimensional compli-
ance.

CC-2442.3.2 Acceptance Criteria.All test samples
mustmeet themanufacturer’s specifiedwedgeproperties.
If any sample fails any of the above specified quality
control tests, then all wedge segments or wedges shall
be inspected, and thosenot in compliance shall be rejected
for use.

CC-2442.4 Strand-Wedge Connection Performance
Requirements. Strand-wedge connections shall be
tested in single strand-wedge tests. Separate tests are
required for each strand and wedge type combination,
considering these variables: wedge properties, strand
size, grade, and manufacturer.
(a) For testing purposes, strand and wedges shall be

installed in wedge plates made from identical material
and shall have identical wedge hole dimensions and
surface finish as the tendon system wedge plates.
(b) The following test requirements shall be met for

single strand-wedge connections: (1) and (3) are applica-
ble for strand-wedge connections used for bonded and
unbonded tendons; (2) applies to strand-wedge connec-
tions used in unbonded systems.
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(1) Under static forces, single strand-wedge connec-
tions shall hold 95% of the actual tensile strength of the
type of strand they will anchor and reach 2% elongation
prior to rupture.

(2) Under dynamic forces, single strand-wedge
connections shall withstand, without causing wire
failure, at least 500,000 force cycles between 60% and
66% of actual strand tensile strength and thereafter 50
force cycles between 40% and 80% of actual strand
tensile strength.

(3) During the tests, none of the wedges shall break
into separate pieces. Surface cracks are permitted.

CC-2443 Bar-Anchor Nut and Bar-Coupler
Connections

CC-2443.1 Performance Requirements. Bar-anchor
nut and bar-coupler connections shall be tested for
each size, type, and grade.
(a) Bar connections shall support 110% of bar fpu or

95% of actual ultimate tensile strength, whichever is
larger.
(b) Anchor nuts shall permit a 5 deg misalignment

between bar and bearing plate and still support 110%
of fpu.

CC-2444 Tendon Assemblies

Tendon assemblies shall be tested in accordance with
CC-2460, and shall meet the requirements in CC-2444.1,
CC-2444.2, and CC-2444.3

CC-2444.1 Anchorages.During static tensile test, a full
capacity straight tendon, complete with anchorages, shall
developanultimate tensile strengthequal to at least 100%
of the minimum specified ultimate tensile strength of the
prestressing steelwithout exceeding the anticipated set of
the anchorage elements. The total elongation under ulti-
mate load of the tendon shall not be less than the 2%
measured inaminimumgage lengthof 100 in. (2500mm).

CC-2444.2 Low Temperature Requirements. The
tendon assembly shall be designed to meet the require-
ments of Article CC-3000 when exposed to the lowest
service temperature as specified in the Construction Spec-
ification.

CC-2444.3 Electrical Isolation. Complete electrical
isolation of the entire tendon shall be provided. Electrical
isolation of the tendon or encapsulation shall be able to be
monitored or inspected at any time.

CC-2450 SYSTEM APPROVAL TESTING

CC-2451 General

All components and system testing shall be witnessed
and verified by an independent inspection and testing
agency. This testing shall be completed prior to submis-
sion of post-tension drawings and other related docu-

ments to the Designer for approval. The operations of
the inspection and testing agency shall be evaluated
for conformance to required procedures by a nationally
recognized evaluation authority.

CC-2452 Grouting Components Assembly
Pressure Test

Assemble anchorage and grout cap with all required
grouting attachments. Seal the opening in the anchorage
where the duct connects. Condition the assembly in
concrete at 150 psi (1 MPa) for 3 hr before conducting
thepressure test. Theassembly shall sustain internalpres-
sure of 150 psi (1MPa) for 5minwith nomore than 15 psi
(103 kPa) reduction in pressure.

CC-2453 ð21ÞDuct Testing

Duct and duct connections installed and cast into
concrete prior to prestressing steel installation shall be
capable of withstanding 10 ft (3 m) of concrete fluid pres-
sure. Duct and duct connections for use with straight
preinstalled prestressing steel, installed prior to
concreting, shall be capable of withstanding 5 ft (1.5
m) of concrete pressure. Duct and duct connections
shall not permanently dent more than 1∕8 in. (3.2 mm)
under 150 lb (0.7 kN) of concentrated force applied
between corrugations, using No. 4 (13) reinforcing bar.
Apply force for 2 min and measure the dent 2 min
after force removal. The duct shall have adequate longi-
tudinal bending stiffness so that a smooth interior ismain-
tained for grout placement.

CC-2454 System Pressure Field Tests

The followingpressure field tests shall beperformed for
all assemblies of the bonded or unbonded post-tension
system in the concrete containment. The post-tensioning
assembly test shall include all components required to
make a tendon from grout cap to grout cap for bonded
tendons or grease cap to grease cap for unbonded
tendons. The assembly of the post-tension system in
concrete shall sustain internal pressure of 75 psi to
105 psi (517 kPa to 724 kPa) for 3 min with no more
than 15 psi (103 kPa) reduction in pressure.

CC-2454.1 Grout Field Mock-Up Testing. Field mock-
up testing shall be conducted to confirm the effectiveness
of the grouting operation. Testing shall employ the
approved grout mixture, mixing and installation proce-
dures, duct materials, and duct configurations that repre-
sent the most critical tendon arrangements (greatest
height change and length) anticipated for the project.
Grouted duct work shall be destructively examined for
a complete encapsulation of tendons and complete
filling of duct cavities per a procedure approved by the
Designer.
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CC-2460 PERFORMANCE TESTS

CC-2461 General Requirements

A series of performance tests shall be conducted to
qualify the tendon system for use in the concrete contain-
ment. The required tests are designed to demonstrate that
the combination of materials for the tendon system is
adequate and to assess the overall strength and integrity
of the tendon system.

The requirements for static tensile test are specified in
CC-2463.1, and the requirements for dynamic tensile tests
are specified in CC-2463.2 and CC-2463.3. These tests of
the tendon system are in addition to the tests of the sepa-
rate tendon system components required by CC-2440.

CC-2462 Material to Be Used for Performance
Tests

The materials to be used for the performance test
tendons shall be those that the tendon Manufacturer
proposes using for production tendons. All of the
actual materials used and the necessary dimensions
shall be documented on a form the same as or similar
to that shown in Figure CC-2462-1.

CC-2463 Type and Number of Performance Tests

CC-2463.1 Static Tensile Test. The Construction Spec-
ification shall specify thenumberof static tensile tests (not
less than two) to be conducted to destruction so that the
following information may be obtained:
(a) yield strength (or proof stress)
(b) ultimate tensile strength
(c) elongation [over 100 in. (2500mm)minimumgage

length]
(d) number of failed wires or strands
The results shall comply with the requirements of

CC-2462.

CC-2463.2 High Cycle Dynamic Tensile Test. One high
cycle dynamic tensile test shall be conducted so that the
tendon shall withstand, without failure, 500,000 cycles of
stress variation from 60% to 66% of the minimum speci-
fied ultimate tensile strength of the tendon. One cycle is
defined as an increase from the lower load to the higher
load and return.

CC-2463.3 Low Cycle Dynamic Tensile Test. One low
cycle dynamic tensile test shall be conducted so that the
tendon shall withstand, without failure, 50 cycles of stress
variation from40% to 80%of theminimum specified ulti-
mate tensile strength of the tendon. One cycle is defined as
an increase from the lower load to the higher load and
return.
NOTE: It is considered satisfactory touse the same test specimen
for performing the tests prescribed in both CC-2463.2 and
CC-2463.3.

CC-2464 Size of Performance Test Specimens

CC-2464.1 Length.The test specimens for static tensile
tests shall have a gage length not less than 100
in. (2500 mm).

CC-2464.2 Number of Prestressing Elements.

CC-2464.2.1 Single Element Tendons. A single
element specimen shall be used for both static and
dynamic tensile tests.

CC-2464.2.2 Multiple Element Tendons.

(a) Static Tensile Tests. All static tensile tests shall be
performed on specimens having the full‐anchorage capac-
ity of the proposed tendons.
(b) DynamicTensileTests. All dynamic tensile tests shall

beperformedon specimenshaving at least 10%of the full‐
size prestressing steel area of the proposed production
tendons.

Figure CC-2462-1
Manufacturer’s Record of Tendon Performance Qualification Tests
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CC-2465 Test Results

The measurements and results obtained from the tests
shall be documented on a form the same as or similar to
that shown in Figure CC-2465-1.

CC-2466 Essential Variables

CC-2466.1 General Requirements. The performance
tests must be completely reconducted when any of the
applicable changes listed below are made to the
tendon system material. Changes other than those
listed below may be made in the tendon system material
without the necessity for repeating the performance tests.

CC-2466.2 Essential Variables in Prestressing
Element Material. Essential variables in prestressing
element material shall be as stipulated in (a) through
(e) below:
(a) a change in the prestressing element material from

one ASTM or ASME specification to another
(b) a change in the tensile grade of the prestressing

element material within the same ASTM or ASME speci-
fication

(c) a change in the heat treatment condition of the
prestressing element material
(d) a change in the prestressing element diameter
(e) in multiple element systems, an increase of more

than 10% in the number of elements in the tendon

CC-2466.3 Essential Variables in Anchorage Items.
Essential variables in anchorage items shall be as stipu-
lated in (a) through (f):
(a) for buttonhead anchorage systems, a change in the

shape or dimensions of the buttonhead
(b) for wedge anchorage systems, a change in the

shape, size, material, or dimensions of the wedge
(c) for threadednut anchorage systems, a change in the

nut, thread size, or material
(d) for swaged systems, a change in the shape, size, or

material of the swaged fitting
(e) a change in the anchor blockmaterial fromone type

to another
(f) a change in the bearing plate material from one P‐

Number to anotherP‐Number fromSection IXor anyother
material

Figure CC-2465-1
Record of Mechanical Test Results Obtained From Tendon Performance Qualification Tests

1 STATIC TENSILE TEST

Effective Yield Tensile Yield Tensile Elongation
Area Load, Load, Strength, Strength, in 100, Number of Failed

Specimen No. in.2 (mm2) lb (kN) lb (kN) psi (MPa) psi (MPa) % Wires/Strands

2 HIGH CYCLE DYNAMIC TENSILE TEST

Effective Low High Low High
Area Load, Load, Stress, Stress, Cycle

Specimen No. in.2 (m2) lb (kN) lb (kN) psi (MPa) psi (MPa) Period

3 LOW CYCLE DYNAMIC TENSILE TEST

Effective Low High Low High
Area Load, Load, Stress, Stress, Cycle

Specimen No. in.2 (m2) lb (kN) lb (kN) psi (MPa) psi (MPa) Period
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CC-2470 MARKING AND IDENTIFICATION OF
PRESTRESSING MATERIAL

Prestressing systemmaterial shall bemarked or tagged
in such a manner as to ensure traceability to the Certified
Material Test Report during production and while in
transit and storage.

CC-2500 MATERIAL FOR LINERS

CC-2510 PERMITTED MATERIAL SPECIFICATIONS

CC-2511 General

Materials to be used for containment liners are listed in
Table D2-I-2.2.

CC-2512 Permitted Stainless Steel Specifications

When the desired type of approved stainless steel is
lacking in the specification covering the applicable
form, the material may be furnished to the general re-
quirementsof anapprovedspecificationwith thechemical
composition and mechanical properties conforming to
those shown in another approved specification for the
desired grade.

CC-2513 Permitted Clad Plate Specifications

(a) Clad plate used in construction in which the design
calculations are based on the total thickness including
cladding shall conform to one of the following specifica-
tions:

(1) SA-263, Corrosion‐Resisting Chromium–Nickel
Clad Plate, Sheet and Strip

(2) SA-264, Corrosion‐Resisting Chromium–Nickel
Steel Clad Plate, Sheet and Strip
(b) Clad plate used in construction in which the design

calculations are based on the clad–plate thickness, exclu-
sive of the thickness of the cladding material, may consist
of any base plate material satisfying the requirements of
CC-2511 and any metallic cladding material of weldable
quality that in the judgment of the user is suitable for the
intended service.
(c) Integrally clad steel plate, in which any part of the

cladding is included in thedesigncalculations, shall showa
minimum shear strength of 20,000 psi (140 MPa) when
tested in the manner described in the plate specification.
One shear test shall be made on each such clad plate as
rolled, and the results shall be reported on the CMTR.
(d) When any part of the cladding thickness is specified

as an allowance for corrosion, such added thickness shall
be removed before mill tension tests are made. When no
part of the cladding thickness is specified as an allowance
for corrosion, the cladding material need not be removed
before testing.

CC-2514 Permanent Structural Attachment
Material

Materials to be used for attachments to liners are listed
in Table D2-I-2.2. In addition to Table D2-I-2.2, any mate-
rial permitted to be attached to the pressure‐retaining
shell under NE‐2190(a) of Class MC containment
vessel may be welded to the Class CC liner. In which
case, the rules of NF‐2000 shall be used for the material,
and the attachment weld shall meet the requirements of
Subsection CC for welding and nondestructive examina-
tion.

Structural steel rolled shapes, which are permitted by
CC-2121 to be furnished with a certificate of compliance,
may be repaired by welding using the welders, documen-
tation, and examination requirements specified in SA-6.

CC-2520 FRACTURE TOUGHNESS
REQUIREMENTS FOR MATERIALS

CC-2521 Materials to Be Impact Tested

CC-2521.1 ð21ÞMaterials for Which Impact Testing Is
Required. Carbon steel and low alloy steel for liners
shall be tested either by drop weight tests or the
Charpy V‐notch impact test. Such tests are not required
for
(a) materials with a nominal section thickness of

5∕8 in. (16 mm) or less where the thickness shall be
taken as defined in (1) through (4)

(1) for liners, use the nominal thickness of the shell
or head as applicable

(2) for nozzles or parts welded to liners, use the
lesser of the liner thickness to which the item is
welded, or the maximum radial thickness of the item
exclusive of integral shell buttwelding projections

(3) for flat heads or flanges, use the maximum shell
thickness associated with the buttwelding hub

(4) for integral fittings used to attach process piping
to the liner (Figure NE‐1120‐1), use the larger nominal
thickness of the pipe connections
(b) studs, attached to the liner, with a nominal size of

1 in. (25 mm) diameter or less
(c) barswithanominal cross‐sectional areawhichdoes

not exceed 1 in.2 (645 mm2)
(d) austenitic stainless steels
(e) all thicknessesofmaterial forpipe, tube, and fittings

with a nominal pipe size of 6 in. (150 mm) and smaller
(f) material for fittings with pipe connections of

5∕8 in. (16 mm) nominal wall thickness and less
(g) bolting, including studs, nuts, and bolts with a

nominal size of 1 in. (25 mm) or less
(h) materials listed in Table CC-2521.1-1 for which the

listed value of TNDT is lower than the expression LSMT−A,
where LSMT is the lowest service metal temperature
specified in the Construction Specification and A is a
temperature increment determined from Figure
CC-2521.1-1. TNDT is the temperature at or above the
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nil-ductility transition temperature (NDT) (ASTM E208),
and TNDT shall be 10°F (6°C) below the temperature at
which at least two material specimens show no-break
performance. The LSMT shall be the lowest temperature
that themetal may experience in servicewhile the plant is
inoperationandshall be establishedbyappropriate calcu-
lations based on atmospheric ambient conditions, the
insulation or enclosure provided, and the minimum
temperature that will be maintained inside the contain-
ment during the plant operation. This exemption does not
apply to either the weld metal impact tests required by
CC-2612 or the welding procedure qualification impact
tests required by CC-4533.5.
(i) material for which the lowest service metal

temperature exceeds 150°F (66°C)
(j) material for embedment anchors when the

maximum stress does not exceed 6,000 psi (40 MPa)
tension or is in compression
(k) rolled structural shapes, when the thickness of a

flange is 5∕8 in. (16 mm) or less

CC-2522 Impact Test Procedures
CC-2522.1 Types of Tests.

CC-2522.1.1 Drop Weight Tests.

(a) The drop weight test, when required, shall be
performed in accordance with ASTM E208.
(b) Type P1, P2, or P3 specimens shall be prepared in

accordance with ASTM E208.

CC-2522.1.2 Charpy V‐Notch Tests. Charpy V‐
notch test (Cv), when required, shall be performed in
accordancewithSA-370. Specimens shall be inaccordance
with SA-370, Figure 11, Type A. A test shall consist of a set
of three full‐size 3∕8 in. × 3∕8 in. (10mm×10mm)specimens.

CC-2523 Test Specimens

CC-2523.1 Location of Test Specimens. Impact test
specimens shall be removed fromadepthwithin themate-
rial that is at least as far from the material surface as that
specified for tensile test specimens in the material spec-
ification. For bolting, the Cv impact test specimens shall be
takenwith the longitudinal axis of the specimen located at
least one‐half radius or 1 in. (25 mm) below the surface
plus the machining allowance per side, whichever is less.
The fracture plane of the specimen shall be at least one
diameter or thickness from the heat-treated end.

CC-2523.2 Orientation of Test Specimens.

(a) Impact test specimens for Charpy V‐notch tests
shall be oriented in accordance with the requirements
given for tensile test specimens in SA-370.
(b) Specimens for drop weight tests may have their

axes oriented in any direction.

CC-2523.3 Structural Shapes. The location and orien-
tation of impact test specimens for structural shapes shall
be as specified in ASTM A673.

CC-2524 Test Requirements and Acceptance
Standards

CC-2524.1 ð21ÞLiner Material Test Method and Tempera-
ture.

(a) Liner material shall be impact tested in accordance
with one of the following test methods:

(1) Charpy V‐notch testing at or below the lowest
service metal temperature (requirements for impact
testing of the heat-affected zone specified in CC-4533.5
may result in reduced impact test temperatures for the
base material)

(2) Drop weight testing to establish a TNDT and
demonstrate that TNDT ≤ (LSMT − A)
(b) In addition, when the Construction Specification

r equ i r e s t h a t t h e pneuma t i c p r e s s u r e t e s t
(Article CC-6000) be performed at a temperature that
is lower than the LSMT, the impact tests for liner material
shall be performed in accordance with (a) above, at or
below the lowest specified test temperature.

As an alternative, a lowest overpressure test metal
temperature shall be specified. The lowest overpressure
test metal temperature shall be the lowest temperature
that the metal may experience during the overpressure
test and shall be established by appropriate calculations
based on atmospheric conditions, the insulation or enclo-
sure provided, and the temperature that will be

Table CC-2521.1-1
Exemptions From Impact Testing Under CC-2521.1(h)

Material [Note (1)]

Material
Condition
[Note (2)]

TNDT, °F (°C)
[Note (3)]

SA-537 Class 1 N −30 (−34)
SA-516 Grade 70 Q & T −10 (−23)
SA-516 Grade 70 N 0 (−18)
SA-508 Class Q & T +10 (−12)
SA-299 [Note (4)] N +20 (−7)
SA-216GradesWCB,WCC Q & T +30 (−1.0)
SA-36 Plate HR +40 (4)

NOTES:
(1) These materials are exempt from toughness testing when A or

LSMT − TNDT is above the curve in Figure CC-2521.1-1 for the
thickness as defined in CC-2524.2.1 or CC-2524.2.2.

(2) Material Condition letters refer to
N = Normalize

Q & T = Quench and Temper
HR = Hot Rolled

(3) These values for TNDT were established from data on heavy
section steel [thickness greater than 21∕2 in. (64 mm)]. Values
for sections less than 21∕2 in. (64 mm) thick are held constant
until additional data are obtained.

(4) Materials made to a fine grain melting practice.

ASME BPVC.III.2-2021

25

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


Figure CC-2521.1-1
Determination of Permissible Lowest Service Metal Temperature
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GENERAL NOTE: Permissible lowest service metal temperature = TNDT + A
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Figure CC-2521.1-1M
Determination of Permissible Lowest Service Metal Temperature
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maintained inside the vessel during the test. In this case,
CharpyV‐notch testing, in addition to the tests requiredby
(a), shall be performed as specified in CC-2522.1.2 at a
temperature 30°F (17°C) or more below the lowest over-
pressure test metal temperature in accordance with
CC-2524.4.

CC-2524.2 Specific Test Methods and Acceptance
Standards for Liner Material for Tests Based on
Lowest Service Metal Temperature.

CC-2524.2.1 Liner Material With 21⁄2 in. (64 mm)
Maximum Thickness.

(a) Except as limited in CC-4533.5, apply one of the
methods of CC-2524.1(a) to test the following:

(1) the base material
(2) the basematerial, the heat-affected zone, and the

weld metal for the weld procedure qualification tests of
CC-4533.5

(3) the weld metal for CC-2612.1
(b) The impact test results shall meet one of the accep-

tance standards applicable to the specified test method.
(1) Charpy V‐Notch Testing for Lateral Expansion

Values. The test results of the three specimens collectively
and singly shall meet the respective requirements of
Table CC-2524.2-1.

(2) Charpy V‐Notch Testing for Absorbed Energy
Values. The test results of the three specimens collectively
and singly shall meet the respective requirements of
Table CC-2524.2-2.

(3) Drop Weight Testing. An acceptance test shall
consist of at least two no‐break specimens as described
in ASTM E208.

CC-2524.2.2 Liner Material With Thickness
Exceeding 21⁄2 in. (64 mm).

(a) The base material and the weld procedure qualifi-
cationweldmetal tests of CC-4533.5 shall be tested by the
drop weight method as specified in CC-2522.1.1 and
CC-2524.1(a)(2).

Table CC-2524.2-1
Required Cv Lateral Expansion Values for Liner Material

Other Than Bolting

Nominal Wall Thickness,
in. (mm)

Lateral Expansion,
mils (mm)

Average of 3
Lowest
1 of 3

5∕8 (16) or less [Note (1)] ... ...
Over 5∕8 to 1 (16 to 25), incl. 20 (0.50) 15 (0.38)
Over 1 to 11∕2 (25 to 38), incl. 25 (0.64) 20 (0.50)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (0.90) 30 (0.76)
Over 21∕2 (64) [Note (2)] 45 (1.14) 40 (1.0)

GENERAL NOTES:
(a) Where weld metal tests of CC-2600 are made to these require-

ments, the impact lateral expansion shall conform to the require-
ments of either of the base materials being joined.

(b) Where two base materials having different required lateral
expansion values are joined, the weld metal lateral expansion
requirements of CC-4533 shall conform to the requirements
of either of the base materials.

NOTES:
(1) No test required.
(2) For use with CC-2524.2.2.

Table CC-2524.2-2
Required Cv Energy Values for Liner Material Other Than Bolting

Nominal Wall
Thickness, in. (mm)

Energy, ft‐lb (J), for Base [Note (1)] Materials for Specified
Minimum Yield Strength, ksi (MPa)

55 ksi (380 MPa) or
Below

Over 55 ksi to 75ksi (Over 380 MPa to
517 MPa), Incl.

Over 75 ksi to 105ksi (Over
520 MPa to 724 MPa), Incl.

Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3 Average of 3 Lowest 1 of 3
5∕8 (16) or less [Note (2)] ... ... ... ... ... ...
Over 5∕8 to 1 (16 to 25), incl. 20 (27) 15 (20) 25 (34) 20 (27) 30 (41) 25 (34)
Over 1 to 11∕2 (25 to 38), incl. 25 (34) 20 (27) 30 (41) 25 (34) 35 (48) 30 (41)
Over 11∕2 to 21∕2 (38 to 64), incl. 35 (48) 30 (41) 40 (54) 35 (48) 45 (61) 40 (54)
Over 21∕2 (64) [Note (3)] 45 (61) 40 (54) 50 (68) 45 (61) 55 (74) 50 (68)

GENERAL NOTE: Where weld metal tests of CC-2600 are made to these requirements, the impact energy shall conform to the requirements of
either of the base materials being joined.

NOTES:
(1) Where two base materials having different required energy values are joined, the weld metal impact energy requirements of the procedure

qualification tests of CC-4533 shall conform to the requirements of either of the base materials.
(2) No test required.
(3) For use with CC-2524.2.2.
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(b) Except as limited in CC-4533.5, apply one of the
methods of CC-2524.1(a) to test the base material and
the heat-affected zone of theweld procedure qualification
tests for CC-4533.5 and the weld metal for CC-2612.1.
(c) The acceptance standards shall be given in

C C - 2 5 2 4 . 2 . 1 ( b ) ( 1 ) , C C - 2 5 2 4 . 2 . 1 ( b ) ( 2 ) , o r
CC-2524.2.1(b)(3), as applicable.

CC-2524.3 Bolting Material. The drop weight test is
not applicable to bolting materials. For bolting material
including nuts, studs, and bolts, a Charpy V‐notch test
shall be performed. Optionally, the test may be performed
at the lowest service metal temperature or at a tempera-
ture 30°F (17°C) or more below the lowest service metal
temperature.
(a) When tested at the lowest service metal tempera-

ture, lateral expansion and absorbed energy values shall
be determined and all three specimens shall meet the re-
quirements of Table CC-2524.3(a)-1.
(b) When tested at 30°F (17°C) or more below the

lowest service metal temperature, lateral expansion
and absorbed energy values shall be determined and
all three specimens shall meet the requirements of
Table CC-2524.3(b)-1.

CC-2524.4 Specific Test Methods and Acceptance
Standards for Liner Material for Tests Based on
Lowest Overpressure Test Metal Temperature.

CC-2524.4.1 Liner Material. Apply the method of
CC-2524.1(a)(1) to test the following:
(a) the base material

(b) the base material, the heat-affected zone, and the
weld metal for the weld procedure qualification tests of
CC-4533.5
(c) the weld metal for CC-2612.1
The impact test results of the three specimens collec-

tively and singly shallmeet the respective requirements of
Table CC-2524.4-1.

CC-2524.4.2 Bolting Material. For bolting mate-
rial including nuts, studs, and bolts, a Charpy V‐notch
test shall be performed. Lateral expansion and absorbed
energy values shall be determined andall three specimens
shall meet the requirements of Table CC-2524.3(b)-1.

CC-2524.5 Data to Be Reported.

(a) When Charpy V‐notch tests are performed to meet
the requirements of CC-2520, the test temperature,
absorbed energy, lateral expansion, and percent shear
shall be reported on the Certified Material Test Report.
(b) When drop weight tests are performed to meet the

requirements of CC-2520, the test temperature and the
results shall be reported on the Certified Material Test
Report.

CC-2525 Number of Impact Tests Required

CC-2525.1 Plate. One test shall be made from each
plate as heat treated. Where plates are furnished in
the nonheat‐treated condition and qualified by heat-
treated test specimens, one test shall be made for each
plate as‐rolled. The term as‐rolled refers to the ingot
plate rolled from a slab or directly from an ingot, not
to its heat-treated condition.

Table CC-2524.3(a)-1
Required Cv Values for Bolting Material Tested in

Accordance With CC-2524.3(a)

Nominal
Diameter,
in. (mm)

Lateral
Expansion,
mils (mm)

Absorbed
Energy,
ft‐lb (J)

1 (25) or less No test required No test required
Over 1 (25) through 4 (100) 25 (0.64) No requirements
Over 4 (100) 25 (0.64) 45 (61)

Table CC-2524.3(b)-1
Required Cv Values for Bolting Material Tested in

Accordance With CC-2524.3(b) and CC-2524.4

Nominal
Diameter,
in. (mm)

Lateral
Expansion,
mils (mm)

Absorbed
Energy,
ft‐lb (J)

1 (25) or less No test required No test required
Over 1 (25) through 4 (100) 15 (0.38) 30 (41)
Over 4 (100) 20 (0.50) 35 (48)

Table CC-2524.4-1
Required Cv Energy Values for Liner Material for the

Overpressure Test

Nominal Wall
Thickness, in. (mm)

Energy, ft‐lb (J), for Base Materials of
Specified Minimum Tensile Strength,

ksi (MPa) [Note (1)]
60 ksi (420 MPa)

or Below
Over 60 ksi
(420 MPa)

Average
of 3

Lowest
1 of 3

Average
of 3

Lowest
1 of 3

5∕8 (16) or less [Note (2)] ... ... ... ...
Over 5∕8 (16) 15 (20) 10 (14) 20 (27) 15 (20)

GENERAL NOTE: Where weld metal tests of CC-2600 are made to
these requirements, the impact energy shall conform to the require-
ments of either of the base materials being joined.

NOTES:
(1) Where two base materials having different required energy

values are joined, the weld metal impact energy requirements
of the procedure qualification tests of CC-4533 shall conform
to the requirements of either of the base materials.

(2) No test required.
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CC-2525.2 Forgings and Castings.When an individual
forging or casting is less than 1,000 lb (450 kg), one test
shall be made to represent each heat in each heat treat-
ment charge.Whenheat treatment is performed in contin-
uous‐type furnaces with suitable temperature controls
andequippedwith recordingpyrometers so that complete
heat treatment records are available, a heat treatment
charge shall be considered as any continuous run not
exceeding 8 hr duration or a total weight, so treated,
not exceeding 2,000 lb (900 kg). One test shall be
made for each forging or casting of 1,000 lb to 10,000
lb (450 kg to 4500 kg) in weight. Ring or disk forgings,
or castings larger than 10,000 lb (4500 kg), shall have two
tests per part for Charpy V‐notch and one test for drop
weight. The location of drop weight or Charpy V‐notch
test specimens shall be selected so that an equal
number of specimens is obtained from positions in the
forgingor casting180deg (3.1 rad)apart.Whenaseparate
forging or casting is used to represent forgings or castings
of any size, one test shall be required.

CC-2525.3 TubularProducts andFittings.Onproducts
that are seamless or welded without filler metal, one test
shall be made from each lot. On products that are welded
with filler metal, one additional test with the specimens
taken from the weld area shall also be made on each lot. A
lot shall be defined as stated in the applicable material
specification, but in no case shall a lot consist of products
frommore than one heat ofmaterial and ofmore than one
diameter, with the nominal thickness of any product
included not exceeding that to be impact tested by
more than 1∕4 in. (6 mm). Such a lot shall be in a single
heat treatment load or in the same continuous run in a
continuous‐type furnace controlled within a 50°F
(28°C) range and equipped with recording pyrometers.

CC-2525.4 BoltingMaterial.One test shall bemade for
each lot of material where a lot is defined as one heat of
material heat treated in one charge or as one continuous
operation, not to exceed the following:

Diameter, in (mm) Weight, lb (kg)
13∕4 (44) and less 1,500 (700)
Over 13∕4 to 21∕2 (44 to 64) 3,000 (1400)
Over 21∕2 to 5 (64 to 125) 6,000 (2700)
Over 5 (125) 10,000 (4500)

CC-2525.5 Bars and Rolled Shapes.

(a) One test shall be made for each lot of bars with a
cross‐sectional area greater than1 in.2 (650mm2)wherea
lot is defined as one heat of material heat treated in one
charge or as one continuous operation, not to exceed
6,000 lb (2700 kg).
(b) For rolled shapes, the frequency of testing shall be

one test (a set of three specimens) for at least each 15
tons (14 000 kg) or each single length of 15 tons

(14000 kg) or more, of the same nominal shape size,
excluding length, for each heat in the as‐rolled condition.
If the shapes are heat treated, one test shall be taken from
each heat of each nominal shape size, excluding length, in
each furnace lot. For shapes heat treated in a continuous
furnace, a lot shall not exceed 15 tons (14000 kg).

CC-2526 ð21ÞTest Coupon Heat Treatment for Ferritic
Material

Where ferritic steelmaterial is subject toheat treatment
during fabrication or installation of a liner, the material
used for the tensile and impact test specimens shall be
heat treated in the same manner as the liner, except
that test coupons and specimens for P‐No. 1 materials
with a nominal thickness of 2 in. (50 mm) or less are
not required to be so heat treated. Any postweld heat
treatment time that is anticipated to be applied to the
ferritic material during fabrication or construction
after completion of manufacture shall be specified in
the Construction Specification. The Material Organization
shall include this time in the total time at temperature
specified to be applied to the test specimens. The Fabri-
cator shall provide the Material Organization with the
temperature and heating and cooling rates to be used.
In the case of postweld heat treatment, the total time
at temperature or temperatures for the test material
shall be at least 80% of the total time at temperature
or temperatures during actual postweld heat treatment
of the material, and the total time at temperature or
temperatures for the test material may be performed
in a single cycle.

CC-2527 Retests
CC-2527.1 Retests for Material Other Than Bolting.

(a) For Charpy V‐notch tests required by CC-2524, one
retest at the same temperature may be conducted
provided

(1) the average value of the test results meets the
ave rage o f t h r ee r equ i r emen t s spe c i f i ed i n
Table CC-2524.2-1, Table CC-2524.2-2, or Table
CC-2524.4-1, as applicable

(2) notmore than one specimen per test is below the
lowest one of three requirements specif ied in
Table CC-2524.2-1, Table CC-2524.2-2, or Table
CC-2524.4-1, as applicable

(3) the specimen not meeting the requirements is
not lower than 5 ft‐lb (7 J) or 5 mils (0.13 mm) below
the lowest one of three requirements specified in
Table CC-2524.2-1, Table CC-2524.2-2, or Table
CC-2524.4-1, as applicable
(b) A retest consists of two additional specimens taken

as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall be equal to or
greater than the average of three requirements specified
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in Table CC-2524.2-1, Table CC-2524.2-2, or Table
CC-2524.4-1, as applicable.

CC-2527.2 Retests for Bolting Material.

(a) For Charpy V‐notch tests required by CC-2524, one
retest at the same temperature may be conducted
provided

(1) notmore than one specimen per test is below the
acceptance requirements

(2) the specimen not meeting the acceptance re-
quirements is not lower than 5 ft‐lb (7J) or 5 mils
(0.13 mm) below the acceptance requirements
(b) A retest consists of two additional specimens taken

as near as practicable to the failed specimens. For accep-
tance of the retests, both specimens shall meet the speci-
fied acceptance requirements.

CC-2528 Calibration of Instruments and
Equipment

Calibration of temperature instruments and Charpy V‐
notch impact testmachines used in impact testing shall be
performed at the following frequency:
(a) Temperature instruments used to control test

temperature of specimens shall be calibrated and the
results recorded to meet the requirements of
NCA‐4258.2 at least once in each 3‐month interval.
(b) Charpy V‐notch impact test machines shall be cali-

brated and the results recorded tomeet the requirements
of NCA‐4258.2. The calibrations shall be performed using
the frequency and methods outlined in ASTM E23 and
employing standard specimens obtained from the
National Institute of Standards and Technology, or any
supplier of subcontracted calibration services accredited
in accordance with the requirements of NCA‐3126 and
NCA‐4255.3(c).

CC-2530 EXAMINATION AND REPAIR OF LINER
MATERIAL

CC-2531 Liner Material

Liner material shall be examined and repaired in accor-
dance with the material specification and as otherwise
required by this Article.

CC-2532 Examination After Quenching and
Tempering

Ferritic steelproducts that areused in thequenchedand
tempered condition shall be examined by the methods
specified in this Article for each product form after the
quenching and tempering phase of the heat treatment.

CC-2533 Examination and Repair of Plate

CC-2533.1 Required Examination. Plates shall be
examined in accordance with the requirements of the
material specification.

CC-2533.2 Time of Examination. Acceptance examina-
tions shall be performed at the following times:
(a) Examinations shall beperformedas requiredby the

material specification.
(b) Radiographic examination of repair welds, when

performed, may be performed prior to or after any
required postweld heat treatment.
(c) Ultrasonic examination shall be performed after

heat treatment.
(d) Magnetic particle or liquid penetrant examination

of repairwelds shall beperformedafter any requiredpost-
weld heat treatment except for P‐No. 1 material, which
may be examined before or after any required postweld
heat treatment.

CC-2533.3 Elimination of Surface Defects. Unaccept-
able surface defects may be removed by grinding or
machining provided
(a) the depression, after defect elimination, is blended

uniformly into the surrounding surface
(b) The remaining thickness of the plate is not less than

that required by Article CC-3000.
(c) elimination of the defect does not reduce the

required section thickness by more than 1∕16 in. (1.5 mm)
(d) if the elimination of the defect reduces the required

thickness of the section bymore than 1∕16 in. (1.5mm), the
product shall be repaired by welding in accordance with
CC-2533.4 or rejected

CC-2533.4 Repair by Welding. The Material Organiza-
tion may repair by welding materials from which defects
have been removed, provided the requirements of the
following subparagraphs are met. Prior approval of the
Certificate of Authorization Holder shall be obtained.

CC-2533.4.1 Defect Removal. The defect shall be
removed or reduced to an acceptable size by suitable
mechanical or thermal cutting or gouging methods,
and the cavity prepared for welding. The area shall be
examined by magnetic particle or liquid penetrant
testing before repair by welding. When thermal cutting
and gouging methods are used, preheating in accordance
with CC-4521.1.1 shall be used.

CC-2533.4.2 Qualification of Welding Procedures
and Welders. The welding procedures and welders or
welding operators shall be qualified in accordance with
CC-4500 and Section IX.

CC-2533.4.3 Blending of Repaired Areas. After
repair, the surface shall be blended uniformly into the
surrounding surface.

CC-2533.4.4 Examination of Repair Welds. Each
repair weld shall be examined by the magnetic particle
method or by the liquid penetrant method. In addition,
when the depth of the repair cavity exceeds the lesser
of 3∕8 in. (10 mm) or 50% of the section thickness, the
weld repair shall be radiographed and evaluated to the
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acceptance standards of CC-5542. The penetrameter and
the acceptance standards for radiographic examination of
repair welds shall be based on the section thickness of the
repair area.

CC-2533.4.5 Heat Treatment After Repairs. The
product shall be heat treated after repair in accordance
with the heat treatment requirements of CC-4554.

CC-2533.4.6 Material Report Describing Defects
and Repairs . Each defect repair exceeding 3 ∕ 8
in. (10 mm) in depth or 50% of the section thickness
shall be described in the CMTR when the repair is
made by the Material Organization. The CMTR for each
piece shall include a chart that shows the location and
size of the prepared cavity, the welding material identi-
fication, the welding procedure, the heat treatment, and a
report of the results of the examinations, including radio-
graphic film.

CC-2534 Examination and Repair of Forgings and
Bars

CC-2534.1 Required Examinations. Forgings and bars
shall be examined visually for the presence of chip marks,
blemishes, or other surface irregularities.

CC-2534.2 Time of Examination.Acceptance examina-
tions shall be performed at the time ofmanufacture and in
accordance with CC-2533.1.

CC-2534.3 Elimination of SurfaceDefects.Elimination
of surface defects shall be made in accordance with
CC-2533.3.

CC-2534.4 Repair by Welding. Repair by welding shall
be made in accordance with CC-2533.4.

CC-2535 Examination and Repair of Seamless and
Welded (Without Filler Metal) Tubular
Products and Fittings

CC-2535.1 Required Examination.

(a) Wrought seamless tubular products and fittings
shall comply with the requirements of CC-2535.1.4,
CC-2535.1.5, and CC-2535.1.6 in addition to the basic
material specification.
(b) Welded (without filler metal) tubular products and

fitt ings shall comply with the requirements of
CC-2535.1.4, CC-2535.1.5, and CC-2535.1.6; in addition,
the welds shall be examined by one of the following
methods:

(1) ultrasonic examination in accordance with
CC-2535.1.1

(2) eddy current examination in accordance with
CC-2535.1.3

(3) radiographic examination in accordance with
CC-2535.1.2

CC-2535.1.1 ð21ÞUltrasonic Examination. The volu-
metric examinations required by this paragraph need
only be conducted from one surface.

CC-2535.1.1.1 Examination Procedure for
Welds in Pipe and Tubing.

(a) Circumferential Direction 63⁄4 in. (171 mm) O.D. and
Smaller.Thewelds in pipe and tubing shall be examined in
two circumferential directions. The procedure for ultra-
sonic examination of pipe and tubing in the circumferen-
tial directions shall be in accordance with SE-213 and the
requirements of this paragraph. The procedure shall
provide a sensitivity that will consistently detect
defects that produce indications equal to or greater
than the indications produced by standard defects
included in the reference specimens specified in
CC-2535.1.1.3.
(b) Pipe and Tubing Larger Than 63⁄4 in. (171 mm) O.D.

The welds in pipe and tubing shall be examined in two
circumferential directions. The procedure for ultrasonic
examination of pipe and tubing larger than 63∕4 in.
(171 mm) O.D. shall be in accordance with the require-
ments of SA-388 for angle beam scanning in the circum-
ferential direction or with the requirements of SE-213.
The reference standard shall be in accordance with
CC-2535.1.1.3.
(c) Acceptance Standards. Products with defects that

produce indications in excess of the indications produced
by the standard defects in the reference specimen are un-
acceptable, unless the defects are eliminated or repaired
in accordance with CC-2535.1.5 or CC-2535.1.6.

CC-2535.1.1.2 Examination Procedure for
Welds in Fittings.

(a) Procedure. The procedure for ultrasonic examina-
tion of welds in fittings shall be in accordance with the
requirements of recommended practice SA-388 for
anglebeamexamination in twocircumferential directions.
(b) Acceptance Standard. Fittings shall be unacceptable

if angle beam examination results show one or more
reflectors that produce indications, exceeding in ampli-
tude, the indications from the calibrated notch.

CC-2535.1.1.3 Reference Specimens.

(a) The reference specimen shall be of the same
nominal diameter and thickness and of the same
nominal composition and heat-treated condition as the
product that is being examined. For circumferential scan-
ning, the standarddefects shall be axial notchesor grooves
on the outside and inside surfaces of the reference
specimen and shall have a length of approximately
1 in. (25 mm) or less, a width not to exceed 1∕16 in.
(1.5 mm) for a square notch or U-notch, a width propor-
tional to the depth for a V-notch, and a depth not greater
than the larger of 0.004 in. (0.10mm)or5%of thenominal
wall thickness.
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(b) The reference specimen shall be long enough to
simulate the handling of the product being examined
through the examination equipment. When more than
one standard defect is placed in a reference specimen,
the defects shall be located so that indications from
eachdefect are separateanddistinctwithoutmutual inter-
ference or amplification. All upset metal and burrs adja-
cent to the reference notches shall be removed.

CC-2535.1.1.4 Checking and Calibration of
Equipment. The proper functioning of the examination
equipment shall be checked and the equipment shall
be calibrated by the use of the reference specimens, as
a minimum:
(a) at the beginning of each production run of a given

size and thickness of a given material.
(b) after each 4 hr or less during the production run.
(c) at the end of the production run.
(d) at any time that malfunctioning is suspected.

If, duringanycheck, it is determined that the testingequip-
ment isnot functioningproperly, all of theproduct thathas
been tested since the last valid equipment calibration shall
be reexamined.

CC-2535.1.2 Radiographic Examination.

(a) General. When radiographic examination is
performed as an alternative for ultrasonic examination
of the entire volume of the material, it shall apply to
the entire volume of the pipe, tube, or fitting material.
Acceptance standards specified for welds shall apply to
the entire volume of material examined.
(b) Examination Procedure. The radiographic examina-

tion shall be performed in accordance with Section V,
Article 2, as modified by CC-5111.
(c) Acceptance Standard. Welds that are shown by

radiography to have any of the following types of discon-
tinuities are unacceptable:

(1) any type of crack or zone of incomplete fusion or
penetration

(2) any other elongated indication that has a length
greater than

(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclu-
sive

(-b) 1∕3t for t from3∕4 in. (19mm) to11∕4 in. (32mm),
inclusive

(-c) 3∕4 in. (19 mm) for t over 11∕4 in. (32 mm)

where t is the thickness of the thinner portion of the weld
(3) any group of aligned indications having an aggre-

gate length greater than t in a length of 12t, unless the
minimum distance between successive indications
exceeds 6L, in which case the aggregate length is unlim-
ited, L being the length of the largest indication

(4) rounded indications in excess of that shown as
acceptable in Section III Appendices, Mandatory
Appendix VI

CC-2535.1.3 Eddy Current Examination. This ex-
amination method is restricted to materials with
uniformmagnetic properties and of sizes forwhichmean-
ingful results can be obtained.

CC-2535.1.3.1 Examination Procedure. The
procedure for eddy current examination shall provide
a sensitivity that will consistently detect defects by
comparison with the standard defects included in the
reference specimen specified in CC-2535.1.1.3. Products
with defects that produce indications in excess of the
reference standards are unacceptable unless the
defects are eliminated or repaired in accordance with
CC-2535.1.5 or CC-2535.1.6, as applicable.

CC-2535.1.3.2 Reference Specimens. The refer-
ence specimen shall be of the same nominal diameter and
thickness and of the same nominal composition and heat-
treated condition as the product that is being examined.
The standard shall contain tangential or circumferential
notches on the outside surface plus a 1∕16 in. (1.5 mm)
diameter hole drilled through the wall. These shall be
used to establish the rejection level for the product to
be tested. The reference notches shall have a depth
not greater than the larger of 0.004 in. (0.10 mm) or
5% of the wall thickness. The width of the notch shall
not exceed 1∕16 in. (1.5 mm). The length shall be approxi-
mately 1 in. (25 mm) or less. The size of reference speci-
mens shall be as specified in CC-2535.1.1.3.

CC-2535.1.3.3 Checking and Calibration of
Equipment. The checking and calibration of examination
equipment shall be the same as in CC-2535.1.1.4.

CC-2535.1.4 Time of Examination.

(a) Products that are quenched and tempered shall be
examined, as required, after the quenching and tempering
heat treatment.
(b) Products that are not quenched and tempered shall

receive the required examinations as follows:
(1) Ultrasonic or eddy current examination, when

required, shall be performed after final heat treatment,
except postweld heat treatment.

(2) Radiographic examination, when required, may
be performed prior to any required postweld heat treat-
ment.

(3) Magnetic particle or liquid penetrant examina-
tion of welds, including repair welds, shall be performed
after final heat treatment, except that the examination
may be performed prior to postweld heat treatment
for P-No. 1 (Section IX of the Code) materials of
2 in. (50 mm) and less nominal thickness.

(4) Forgings and rolled bars that are to be bored,
turned, or both, to form tubular parts or fittings shall
be examined after boring, turning, or both, except for
threading. Fittings shall be examined after final forming.
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(5) When surface examination is required, all
external surfaces and all accessible internal surfaces
shall be examined, except for bolt holes and threads.

CC-2535.1.5 Elimination of Surface Defects.
Surface defects shall be removed by grinding or
machining, provided the requirements of (a) through
(c) below are met.
(a) The depression, after defect elimination, is blended

uniformly into the surrounding surface.
(b) Afterdefect elimination, the area is examinedby the

method that originally disclosed the defect to ensure that
the defect has been removed or reduced to an imperfec-
tion of acceptable size.
(c) If the eliminationof thedefect reduces the thickness

of the section below the minimum required to satisfy the
rules of Article CC-3000, the product shall be repaired in
accordance with CC-2535.1.6.

CC-2535.1.6 Repair by Welding. Repair of defects
shall be in accordance with CC-2533.4.

CC-2536 Examination and Repair of Tubular
Products and Fittings Welded With Filler
Metal

CC-2536.1 Required Examination.

(a) Welded (with fillermetal) tubular products, such as
pipemade inaccordancewithSA-358, SA-671, andSA-691
and fittings made in accordance with the WPW grades of
SA-234, SA-403, and SA-420, which are made by welding
with filler metal, shall be treated as material; however,
inspection by an Inspector and stamping with a Certifica-
tionMarkwithNPTDesignator shall be inaccordancewith
Section III requirements. In addition to the Certification
Mark with NPT Designator, a numeral 2 shall be stamped
below and outside the official Certification Mark.
(b) In addition to the requirements of the material

specification and of this Article, all welds shall be exam-
ined 100% by radiography in accordance with the basic
material specification. When radiographic examination is
not specified in the basic material specification, the welds
shall be examined in accordance with CC-2536.2.
(c) Tubular products and fittings that have been radio-

graphed shall be marked to indicate that radiography has
been performed. The radiographs and a radiographic
report showing exposure locations shall be provided
with the Certified Material Test Report.
(d) The Authorized Inspector shall certify by signing

the Partial Data Report Form NM-1 in accordance with
NCA-5290.

CC-2536.2 Radiographic Examination. The radio-
graphic examination shall be performed in accordance
with the requirements of CC-2535.1.2.

CC-2536.3 Time of Examination. The time of examina-
tion shall be in accordance with the requirements of
CC-2535.1.4.

CC-2536.4 Elimination of Surface Defects. Unaccept-
able surface defects shall be removed in accordance with
the requirements of CC-2535.1.5.

CC-2536.5 Repair by Welding. When permitted by the
basic material specification, basematerial defects shall be
repair welded in accordance with the requirements of
CC-2535.1.6. Repair welding of weld seam defects shall
be in accordance with CC-4545.

CC-2537 Examination and Repair of Statically and
Centrifugally Cast Products

CC-2537.1 Required Examinations. Cast material shall
be examined by either radiographic or ultrasonic
methods, or a combination of the two methods. Castings
or sections of castings that have coarse grains or config-
urations that do not yieldmeaningful results by ultrasonic
examination shall be examined by radiographic methods.

CC-2537.2 Ultrasonic Examination of Ferritic Steel
Castings. The requirements for ultrasonic examination
of statically and centrifugally cast products are given
in the following subparagraphs.

CC-2537.2.1 Straight Beam Method.When ferritic
castings are to be examined ultrasonically, all sections,
regardless of thickness, shall be examined in accordance
with SA-609; however, supplementary angle beam exam-
ination in accordance with CC-2537.2.2 or radiographic
examination in accordance with CC-2537.3 shall be
performed in areas where a back reflection cannot be
maintained during the straight beam examination or
where the angle between the two surfaces of the
casting is more than 15 deg.

CC-2537.2.2 Angle Beam Method. Examinations
shall be conducted in accordance with Section V,
Article 5, T-571.4, except that the acceptance standards
of CC-2537.2.3 apply.

CC-2537.2.3 Acceptance Standards.

(a) The Quality Levels of SA-609 shall apply for the
casting thicknesses indicated in (1) through (3).

(1) QualityLevel1 for thicknessesup to2 in. (50mm)
(2) Quality Level 3 for thicknesses 2 in. (50 mm) to

4 in. (100 mm)
(3) Quality Level 4 for thicknesses greater than 4 in.

(100 mm)
(b) In addition to theQuality Level requirements stated

in (a), the requirements in (1) through (5) shall apply for
both straight beam and angle beam examination.

(1) Areasgiving indicationsexceeding theAmplitude
Reference Line with any dimension longer than those
specified in the following tabulation are unacceptable.
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UT Quality Level
Longest Dimension of Area,

in. (mm)
1 1.5 (38)
2 2.0 (50)
3 2.5 (64)
4 3.0 (75)

GENERAL NOTES:
(a) The area for theUltrasonic Quality Levels in SA-609 refers to

the surface area on the casting overwhich a continuous indi-
cation exceeding the corrected transfer distance amplitude
curve is maintained.

(b) Area is to bemeasured fromdimensions of themovement of
the search unit, using the center of the search unit as the
reference point.

(c) In certain castings, because of very longmetal path distances
or curvature of the examination surfaces, the surface area
over which a given discontinuity is detected may be consid-
erably larger or smaller than the actual area of the discon-
tinuity in the casting; in such cases, other criteria that
incorporate a consideration of beam angles or beam
spread must be used for realistic evaluation of the disconti-
nuity.

(2) Quality Level 1 shall apply for the volume of cast-
ings within 1 in. (25 mm) of the surface regardless of the
overall thickness.

(3) Discontinuities indicated to have a change in
depth equal to or greater than one‐half the wall thickness
or 1 in. (25 mm), whichever is less, are unacceptable.

(4) Two or more indications in the same plane, with
amplitudes exceeding the Amplitude Reference Line and
separated by a distance less than the longest dimension of
the larger of the adjacent indications, are unacceptable if
they cannot be encompassedwithin an area less than that
of the Quality Level specified in (1) above.

(5) Two or more indications greater than permitted
for Quality Level 1 for castings less than 2 in. (50 mm) in
thickness, greater than permitted for Quality Level 2 for
thicknesses 2 in. (50 mm) through 4 in. (100 mm), and
greater than permitted for Quality Level 3 for thicknesses
greater than 4 in. (100 mm), separated by a distance less
than the longest dimension of the larger of the adjacent
indications, are unacceptable if they cannot be encom-
passed in an area less than that of the Quality Level re-
quirements stated in (a) above.

CC-2537.3 Radiographic Examination.

CC-2537.3.1 Extent, Methods, and Acceptance
Standards. Radiographic examination, when required,
shall be performed on castings. The extent of radiographic
coverage shall be of the maximum feasible volume. The
radiographic methods shall be in accordance with ASTM
E94 and shall meet the acceptance requirements of
Severity Level 2 of ASTM E446, ASTM E186, or ASTM
E280, as applicable, for the thickness being radiographed
(except that Category D, E, F, or G defects are not accept-

able). The requirementsofASTME280shall apply for cast-
ings over 12 in. (300 mm) in thickness.
NOTE: The reference radiographs accompanying previous
editions of ASTM E186, E280, and E446 may be used with
later editions of the specification provided the text of the speci-
fied edition is used.

CC-2537.3.2 ð21ÞProcedure. The supplemental re-
quirements of (a) through (d) below apply to the radio-
graphic methods specified by ASTM E94.
(a) Type 4 film is not permitted.
(b) For those areas where relatively uniform thick-

nesses occur, the minimum film density shall be 1.5
for single viewing and 2.0 for composite viewing of
multiple film exposures; each film of a composite set
shal l have a minimum density of 1 .0 , and the
maximum film density permitted shall be 4.0.
(c) For those sections where the thickness varies suffi-

ciently to cause difficulty in meeting the density require-
mentswith onepenetrameter, twopenetrameters shall be
used representing the thinnest and thickest sections in the
area to be interpreted. Densities at or between the densi-
ties on the penetrameters shall be considered acceptable,
except that the minimum density of the penetrameter
image shall be 1.3 for single film viewing and 2.0 for
composite film viewing of multiple film exposures;
each film of a composite set shall have a minimum
density of 1.0.
(d) The radiographic quality level shall be 2 – 4T for

section thicknesses up to and including 3∕4 in. (19 mm)
and 2 – 2T for section thicknesses greater than 3∕4 in.
(19 mm) Radiographic quality is defined in ASTM E94,
Section 6.2.

CC-2537.4 Magnetic Particle Examination.

CC-2537.4.1 Examination Procedure. The proce-
dure for magnetic particle examination shall be in accor-
dance with the methods of Section V, Article 7.

CC-2537.4.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface will be
indicated by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
that are not relevant to the detection of unacceptable
discontinuities.
(b) Any indication in excess of the CC-2537.4.3 accep-

tance standards that is believed to be nonrelevant shall be
regarded as a defect and shall be reexamined to verify
whether or not actual defects are present. Surface condi-
tioningmayprecede the reexamination. Nonrelevant indi-
cations that would mask indications of defects are
unacceptable.
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(c) Relevant indications are those that result from un-
acceptable mechanical discontinuities. Linear indications
are those indications in which the length is more than
three times thewidth.Rounded indicationsare indications
that are circular or ellipticalwith the length less than three
times the width. Indications resulting from nonmetallic
inclusions are not considered relevant indications.

CC-2537.4.3 Acceptance Standards.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant.
(b) The relevant indications of (1) through (4) are un-

acceptable.
(1) any linear indications greater than 1∕16 in.

(1.5 mm) long for material less than 5∕8 in. (16 mm)
thick, greater than 1∕8 in. (3 mm) long for material
f r om 5 ∕ 8 i n . ( 1 6 mm) t h i c k t o u n d e r 2 i n .
(50 mm) thick, and 3∕16 in. (5 mm) long for material 2 in.
(50 mm) thick and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thickness less than 5∕8 in.
(16 mm), and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater

(3) four or more indications in a line separated by
1∕16 in. (1.5 mm) or less edge to edge

(4) ten ormore indications in any 6 in.2 (4 000mm2)
of area whose major dimension is no more than 6 in.
(150 mm), with the dimensions taken in the most unfa-
vorable location relative to the indications being evalu-
ated

CC-2537.5 Liquid Penetrant Examination.

CC-2537.5.1 Examination Procedure. The proce-
dure for liquid penetrant examination shall be in accor-
dance with the methods of Section V, Article 6.

CC-2537.5.2 Evaluation of Indications.

(a) Mechanical discontinuities at the surface will be
indicated by bleeding out of the penetrant; however, loca-
lized surface imperfections such as may occur from
machining marks or surface conditions may produce
similar indications that are not relevant to the detection
of unacceptable discontinuities.
(b) Any indication in excess of the CC-2537.5.3 accep-

tance standards that is believed to be nonrelevant shall be
regarded as a defect and shall be reexamined to verify
whether or not actual defects are present. Surface condi-
tioningmayprecede the reexamination. Nonrelevant indi-
cations and broad areas of pigmentation that would mask
indications of defects are unacceptable.
(c) Relevant indications are those that result from un-

acceptable mechanical discontinuities. Linear indications
are those indications in which the length is more than
three times thewidth.Rounded indicationsare indications
that are circular or ellipticalwith the length less than three
times the width.

CC-2537.5.3 Acceptance Standards.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant.
(b) The relevant indications of (1) through (4) are un-

acceptable.
(1) any linear indications greater than 1∕16 in. (1.5

mm) long for material less than 5∕8 in. (16 mm) thick,
greater than 1∕8 in. (3 mm) long for material from
5∕8 in. (16 mm) thick to under 2 in. (50 mm) thick, and
3∕16 in. (5 mm) long for material 2 in. (50 mm) thick
and greater

(2) rounded indications with dimensions greater
than 1∕8 in. (3 mm) for thicknesses less than 5∕8 in. (16
mm), and greater than 3∕16 in. (5 mm) for thicknesses
5∕8 in. (16 mm) and greater

(3) four or more indications in a line separated by
1∕16 in. (1.5 mm) or less edge to edge

(4) ten ormore indications in any 6 in.2 (4000mm2)
of area whose major dimension is nomore than 6 in. (150
mm) with the dimensions taken in the most unfavorable
location relative to the indications being evaluated

CC-2537.6 Time of Examination. Acceptance examina-
tions, including those for weld repairs, shall be performed
at the time of manufacture as stipulated in the following
subparagraphs.

CC-2537.6.1 Ultrasonic Examination. Ultrasonic
examination, if required, shall be performed at the
stage of manufacture as required for radiography.

CC-2537.6.2 Radiographic Examination. Radio-
graphy, when required, may be performed prior to
heat treatment, and shall be performed at the stage of
manufacture defined in this subparagraph. Castings,
prior to finish machining, shall be radiographed at the
limiting thicknesses stipulated in (a) and (b).
(a) For thicknesses less than 6 in. (150 mm), castings

shall be radiographed within 20% of the finished thick-
ness. The penetrameter shall be based on the final thick-
ness.
(b) For thicknesses6 in. (150mm)andgreater, castings

shall be radiographed within 10% of the finished thick-
ness. The penetrameter shall be based on the final thick-
ness.

CC-2537.6.3 Magnetic Particle or Liquid Pene-
trant Examination. Magnetic particle or liquid penetrant
examination shall be performed after the final heat treat-
ment required by the material specification. Repair weld
areas shall be examined after postweld heat treatment
when a postweld heat treatment is performed, except
that repair welds to P‐No. 1 material 2 in. (50 mm)
nominal thickness and lessmaybe examinedprior topost-
weld heat treatment. For cast products with machined
surfaces, all finished machined surfaces, except threaded
surfaces, shall also be examined by magnetic particle or
liquid penetrant methods.
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CC-2537.7 Elimination of Surface Defects. Elimination
of surface defects shall be in accordance with CC-2533.4.

CC-2537.8 Repair by Welding. The Material Organiza-
tion may repair castings by welding after removing the
material containing unacceptable defects. The depth of
the repair is not limited. A cored hole or access hole
may be closed by the Material Organization by welding
in accordance with the requirements of this paragraph,
provided the hole is closed by filler metal only. If the
hole is closed by welding in a metal insert, the welding
shall be performed by a Certificate Holder in accordance
with the requirements of Article CC-4000.

CC-2537.8.1 Defect Removal. Prior to repair by
welding, material containing unacceptable defects shall
be removed by suitable mechanical or thermal cutting
or gouging methods to sound metal or until any defect
remaining is within the acceptance standards, and the
cavity shall be prepared for welding.

CC-2537.8.2 Qualification of Welding Procedures
and Welders. The welding procedure and welders or
welding operators shall be qualified in accordance with
Article CC-4000 and Section IX.

CC-2537.8.3 Blending of Repaired Areas. After
welding, the surface shall be blended uniformly into
the surrounding surface.

CC-2537.8.4 Examination of Repair Welds. Each
repair weld shall be examined by the magnetic particle
method (CC-2537.4) or by the liquid penetrant method
(CC-2537.5). In addition, when radiography of the
casting is required, repair welds in cavities, the depth
of which exceeds the lesser of 3∕8 in. (10 mm) or 10%
of the section thickness, shall be radiographed in accor-
dance with CC-2537.3. The radiographic method and
acceptance standards of CC-2537.3 shall apply, except
that weld slag, including elongated slag, shall be consid-
ered as an inclusion under Category B of the applicable
reference radiographs. The total area of all inclusions,
including slag inclusions, shall not exceed the limits of
the applicable severity level of Category B of the reference
radiographs.

CC-2537.8.5 Heat Treatment After Weld Repair.
After repair, the casting shall beheat treated inaccordance
with CC-4552, except that the heating and cooling limita-
tions of CC-4552.3 do not apply.

CC-2537.8.6 Material Report Describing Defects
and Repairs. Each repair weld exceeding in depth
either 3∕8 in. (10 mm) or 10% of the section thickness
shall be described in the Certified Material Test
Report. The Certified Material Test Report shall include
a chart for each repaired casting,which shows the location
and size of the repaired cavity, the welding material iden-
tification, the welding procedure, the heat treatment, and
the examination results, including radiographic film.

CC-2540 MATERIAL IDENTIFICATION

The identification of liner material shall meet the re-
quirements of NCA‐4256 except that materials for
leak‐chase systems, embedments, and attachments may
be bundled and taggedwhen permitted by the SAmaterial
specifications.Materials for small itemsshall be controlled
duringmanufacture so that they are identifiable as accept-
able materials at all times. Welding materials shall be
controlled during the repair of material and the manufac-
ture of liners so that they are identifiable as acceptable
until the materials are actually consumed in the
process (CC-4122).

CC-2600 WELDING MATERIAL

CC-2610 WELDING MATERIAL REQUIREMENTS

All welding materials used in the construction and
repair of components or materials, except welding mate-
rials used for hard surfacing, shall conform to the require-
ments of the welding material specification or to the
requirements for other welding materials as permitted
by Section IX. In addition, welding materials shall
conform to the requirements of this subarticle.

CC-2611 Required Tests

(a) The required tests shall be conducted for
(1) each lot of covered, flux cored, or fabricated elec-

trodes
(2) each heat of bare electrodes, rod, or wire for use

with the OFW, GMAW, GTAW, PAW, and EGW (electrogas
welding) processes (QG‐109 of Section IX)

(3) each heat of backing filler metal (consumable
inserts)

(4) each combination of heat of bare electrodes and
lot of submerged arc flux

(5) each combination of lot of fabricated electrodes
and lot of submerged arc flux

(6) each combination of heat of bare electrodes and
lot of electroslag flux
(b) The definitions of SFA-5.01 and the Lot Classes

specified in (1) through (4) below shall apply.
(1) each Lot Class C3 of covered electrodes
(2) eachLotClassT2of tubular-coredelectrodesand

rods (flux cored or fabricated)
(3) each Lot Class S2 of fully metallic solid welding

consumables (bare electrode, rod, wire, or consumable
insert)

(4) each Lot Class S2 of fully metallic solid welding
electrodes or each Lot Class T2 of tubular-cored (fabri-
cated) electrodes and each Lot Class F2 of submerged
arc or electroslag welding flux

In all cases, when metal of controlled chemical compo-
sition (as opposed to heat control) is used, each container
of welding consumable shall be coded for identification
and shall be traceable to the production period, the
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shift, manufacturing line, and the analysis of the steel rod
or strip. Carbon, manganese, silicon, and other intention-
ally added elements shall be identified to ensure that the
material conforms to the SFA or user’s material specifi-
cation. The use of controlled chemical composition is only
permitted for carbon and low alloy steel consumables.
Tests performed on welding material in the qualification
of weld procedures will satisfy the testing requirements
for the lot, heat, or combination of heat and batch of
welding material used, provided the tests required by
CC-4533 and this subarticle are made and the results
conform to the requirements of this Article.

CC-2612 Weld Metal Tests

CC-2612.1 Mechanical Properties Tests. Tensile and
impact tests shall be made for welding material that is
used to join P‐No. 1 base material with the following
exceptions:
(a) austenitic stainless steel welding material used to

join P‐No. 1 base material
(b) consumable inserts (backing filler material)
(c) welding material to be used for the welding of base

material exempted from impact testing by CC-2521.1(a)
throughCC-2521.1(g) shall likewisebeexempted fromthe
impact testing required by this paragraph

CC-2612.1.1 General Test Requirements. The
welding test coupon shall be made in accordance with
the requirements of (a) through (f) for each process
with which the weld material will be used in production
welding.
(a) Test coupons shall be of sufficient size and thick-

ness so that the required test specimens can be removed.
(b) Theweldmetal to be tested for all processes except

electroslagwelding shall be deposited in such amanner as
to substantially eliminate the influence of the base mate-
rial on the results of the tests. Weld metal to be used with
the electroslag process shall be deposited in such a
manner as to conform to one of the applicable Welding
Procedure Specifications (WPS) for production
welding, Section IX. The base material shall conform
with the requirements of Section IX, QW‐403.1 or QW‐
403.4, as applicable.
(c) The welding of the test coupon shall be performed

with the range of preheat and interpass temperatures that
will be used in production welding. Coupons shall be
tested in the as‐welded condition, or, where indicated
by the WPS, they shall be postweld heat treated to the
specified temperatures. The postweld heat treatment
holding time shall be at least 80% of the maximum
time to be applied to the weld metal in production appli-
cation. The total time for postweld heat treatment of the
test coupon may be applied in one heating cycle. The
cooling rate from the postweld heat treatment tempera-
ture shall be of the same order as that applicable to the
weld metal in the component. In addition, weld coupons

forweldmetal to be usedwith the electroslag process that
are tested in the as‐welded condition, or following a post-
weld heat treatment within the holding temperature
ranges of Table CC-4552-1 or Table CC-4552-3, shall
have a thickness within the range of 0.5 to 1.1 times
the thickness of the welds to be made in production. Elec-
troslag weld coupons to be tested following a postweld
heat treatment, which will include heating the coupon
to a temperature above the holding temperature range
of Table CC-4552-1 for the type of material being
tested, shall have a thickness within the range of 0.9 to
1.1 times the thickness of thewelds to bemade in produc-
tion.
(d) The tensile specimens and theCv impact specimens,

where required, shall be located and prepared in accor-
dance with the requirements of SFA-5.1, or the applicable
SFA specification. Drop weight impact test specimens,
where used, shall be oriented so that the longitudinal
axis is transverse to the weld with the notch in the
weld face, or in a plane parallel to the weld face. For
impact specimen preparation and testing, the applicable
parts of CC-2522.1.1 and CC-2522.1.2 shall apply. The lon-
gitudinal axis of the specimens shall be at a minimum
depth of 1∕4t from a surface, where t is the nominal thick-
ness of the test weld.
(e) One all‐weld‐metal tensile specimen shall be tested

and shall meet the specifiedminimum tensile strength re-
quirements of the basematerial specification.Where base
materials of different specifications are to be welded, the
tensile strength requirements shall conform to the speci-
fied minimum tensile strength requirements of either of
the base material specifications.
(f) Impact specimens of the weld metal shall be tested

where impact tests are required for either of the base
materials of the production weld. The weld metal shall
conform to the parts of CC-2524.2.1, CC-2524.2.2, or
CC-2524.4.1, as applicable.

CC-2612.1.2 Standard Test Requirements. In lieu
of the use of the general test requirements specified in
CC-2612.1.1, tensile and impact tests may be made in
accordance with this paragraph where they are required
for mild and low alloy steel covered electrodes. Themate-
rial combinations to requireweldmaterial testing as listed
in CC-2612.1 shall apply for the standard test require-
ments option. The limitations and testing under the stan-
dard testoptionshall be inaccordancewith (a) through(f).
(a) Testing to the requirements of this subparagraph

shall be limited to electrode classifications included in
SFA-5.1 or SFA-5.5.
(b) The test assembly required by SFA-5.1 or SFA-5.5,

as applicable, shall be used for test coupon preparation,
except that it shall be increased in size to obtain the
number of Charpy V‐notch specimens or the drop
weight test specimens required by CC-2524 or
CC-2525, where applicable.
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(c) The welding of the test coupon shall conform to the
requirements of the SFA specification for the classification
of electrodebeing tested. Coupons shall be tested in theas‐
welded condition and also in the postweld heat-treated
condition. The postweld heat treatment temperature
shall be in accordance with Table CC-4552-1 for the ap-
plicable P‐Number equivalent. The time at postweld heat
treatment temperature shall be 8 hr, which qualifies post-
weld heat treatments of 10 hr or less.Where the postweld
heat treatment (PWHT)of theproductionweldexceeds10
hr, or the PWHT temperature is other than that required
above, the general test of CC-2612.1.1 shall be used.
(d) The tensile and Charpy V‐notch specimens shall be

located and prepared in accordance with the require-
ments of SFA-5.1 or SFA-5.5, as applicable. Drop
weight impact test specimens, where required, shall be
located and oriented as specified in CC-2612.1.1(d).
(e) One all‐weld‐metal tensile specimen shall be tested

and shall meet the specified minimum tensile strength
requirement of the SFA specification for the applicable
electrode classification.
(f) The requirements of CC-2612.1.1(f) shall be appli-

cable to the impact testing of the standard test.

CC-2613 Chemical Analysis Test

Chemical analysis of filler metal or weld deposits shall
be made in accordance with CC-2611 and as required by
the following subparagraphs.

CC-2613.1ð21Þ Test Method. The chemical analysis test
shall be performed in accordance with this subparagraph
and Table CC-2613.1-1, and the results shall conform to
CC-2613.2.
(a) A‐No. 8 welding material to be used with gas tung-

sten‐arc welding (GTAW) and plasma‐arc welding (PAW)
processes and any other welding material to be used with
any GTAW, PAW, or GMAW process shall have chemical
analysis performed on either the filler metal or on a weld
deposit made with the filler metal in accordance with (c)
or (d) below.
(b) See (1) and (2) below.
(1) A‐No. 8 welding material to be used with other

than the GTAW and PAW processes and other welding
materials to be used with other than the GTAW, PAW,
or GMAWprocess shall have chemical analysis performed
on a weld deposit of the material or combination of mate-

rials being certified in accordance with (c) and (d) below.
The removal of chemical analysis samples shall be froman
undiluted weld deposit made in accordance with (c)
below.

(2) As an alternative, the deposit shall be made in
accordance with (d) for material that will be used for
corrosion resistant overlay cladding. Where the
Welding Procedure Specification or the welding material
specification specifies percentage composition limits for
analysis, it shall state that the specified limits apply for the
filler metal analysis, the undiluted weld deposit analysis,
or for in situ cladding deposit analysis in conformance
with the above required certification testing.
(c) The preparation of samples for chemical analysis of

undiluted weld deposits shall comply with the method
given in the applicable SFA specification. Where a weld
deposit method is not provided by the SFA specification,
the sample shall be removed from a weld pad, groove, or
other test weld made using the welding process that will
be followed when the welding material or combination of
welding materials being certified is consumed. The weld
for A‐No. 8 material to be used with the GMAW or EGW
process shall bemade using the shielding gas composition
specified in the Welding Procedure Specification that will
be followedwhen thematerial is consumed. The guidance
given in Annex A of SFA-5.9, Specification for Stainless
SteelWelding Electrodes and Rods, shall be used to estab-
lish awelding and samplingmethod for the pad, groove, or
other test weld to ensure that the weld deposit being
sampled will be substantially free of base metal dilution.

The test sample forESWshall be removed fromtheweld
metal of the mechanical properties test coupon. Where a
chemical analysis is required for aweldingmaterial which
does not have amechanical properties test requirement, a
chemical analysis test coupon shall be prepared as
required by CC-2612.1.1(c), except that heat treatment
of the coupon is not required and the weld coupon thick-
ness requirements of CC-2612.1.1(c) do not apply.
(d) The alternative method provided in (b)(2) above

for the preparation of samples for chemical analysis of
welding material to be used for corrosion resistant
overlay cladding shall require a test weld made in accor-
dance with the essential variables of the Welding Proce-
dure Specification that will be followed when the welding
material is consumed. The test weld shall be made in
conformance with the requirements of Section IX, QW‐
214.1. The removal of chemical analysis sample shall
conform with QW‐462 for the minimum thickness for
which theWelding Procedure Specifications are qualified.

CC-2613.2 Requirements for Chemical Analysis. The
chemical elements to be determined, the composition re-
quirements of theweldmetal, and the recording of results
of the chemical analysis shall be in accordance with the
following:

Table CC-2613.1-1
Sampling of Welding Materials for Chemical Analysis

GTAW/PAW GMAW
All Other
Processes

A‐No. 8 filler
metal

Filler metal or
weld deposit

Weld deposit Welddeposit

All other filler
metal

Filler metal or
weld deposit

Filler metal or
weld deposit

Welddeposit
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(a) Welding material of ferrous alloy A‐No. 8 (Section
IX,TableQW-442) shall beanalyzed for theelements listed
in Table CC-2613.2-1 and for any other elements specified
either in the welding material specification referenced by
the Welding Procedure Specification or in the Welding
Procedure Specification.
(b) Thechemical compositionof theweldmetal or filler

metal shall conform to the welding material specification
for elements having specified percentage composition
limits. Where the Welding Procedure Specification
contains a modification of the composition limits of
SFA or other referenced welding material specifications,
or provides limits for additional elements, these composi-
tion limits of the Welding Procedure Specification shall
apply for acceptability.
(c) The results of the chemical analysis shall be

reported in the Certified Material Test Report. Elements
listed in Table CC-2613.2-1, but not specified in the
welding material specification or Welding Procedure
Specification shall be reported for information only.

CC-2613.3 Delta Ferrite Determination. A determina-
tion of delta ferrite shall be performed on A‐No. 8 weld
material (Section IX, Table QW-442), backing filler metal
(consumable inserts), bare electrode, rod, or wire filler
metal, or weld metal, except that delta ferrite determina-
tions are not required for SFA-5.4, Type 16‐8‐2, or A‐No. 8
weld filler metal to be used for weld metal cladding.

CC-2613.3.1 Method. Delta ferrite determinations
ofweldingmaterial, including consumable insertmaterial,
shall bemade using amagneticmeasuring instrument and
weld deposits made in accordance with (b) below. Alter-
natively, the delta ferrite determinations for welding
materials may be performed by the use of chemical
analysis of CC-2613 in conjunction with Figure
CC-2613.3.1-1.
(a) Calibration of magnetic instruments shall conform

to AWS‐A4.2.
(b) The weld deposit for magnetic delta ferrite deter-

mination shall be made in accordance with CC-2613.1(c).
(c) Aminimum of six ferrite readings shall be taken on

the surface of the weld deposit. The readings obtained
shall be averaged to a single Ferrite Number.

CC-2613.3.2 Acceptance Standards. The
minimum acceptable delta ferrite shall be 5FN (Ferrite
Number). The results of the delta ferrite determination
shall be included in the Certified Material Test Report
of CC-2130 or CC-4120.

CC-2614 Storage and Handling of Welding
Material

Suitable storage and handling of electrodes, flux, and
other welding material shall be maintained. Precautions
shall be taken to minimize absorption of moisture by
fluxes and cored, fabricated, and coated electrodes.

CC-2620 STUD WELDING MATERIAL

CC-2621 General Requirements

CC-2621.1 Material Specifications. Stud material shall
conformtoASTMA108,Grades1010, 1015, 1016,1018, or
1020, and to the additional requirements described in this
paragraph.

CC-2621.2 Definitions.

(a) Stud base as used herein shall be considered as the
stud tip at the welding end, including flux and container,
and 1∕8 in. (3mm)of thebodyof the stud adjacent to the tip.
(b) Angle of bend in testing studs as usedherein shall be

measured between the original axis of the base material
and a line passing through the centers of the two ends of
the bent stud.

CC-2621.3 Stud Design. Studs shall be of a design
suitable for arc welding to steel members with automat-
ically timed stud welding equipment. The type, size or
diameter, and length of stud shall be as specified by
theConstructionSpecification.Dimensionsand tolerances
of standard type studs are given in Figure CC-2620-1.

CC-2621.4 ð21ÞSurface Condition. Finished studs shall be
of uniform quality and condition, free of injurious laps,
fins, seams, cracks, twists, bends, or other injurious
defects. Heads of studs are subject to cracks or bursts,
i.e., abrupt interruptions of the periphery of the head
of the stud by radial separation of the metal. Such inter-
ruptions do not adversely affect the structural strength,
corrosion resistance, or other functional requirements of
studs. However, studs with cracks or bursts deeper than
one‐half the distance from the periphery of the head to the
shank shall be cause for rejection.

CC-2622 Stud Base Requirements

CC-2622.1 Arc Shield. An arc shield (ferrule) of heat
resistant ceramic or other suitable material shall be fur-
nished with each stud.

CC-2622.2 Flux. A suitable deoxidizing and arc stabi-
lizing flux for welding shall be furnishedwith each stud of
5∕16 in. (8 mm) diameter or larger. Studs less than 5∕16 in.
(8 mm) diameter may be furnished with or without flux.

CC-2622.3 Base. The stud base shall not be painted,
galvanized, or plated.

Table CC-2613.2-1
Welding Material Chemical Analysis

Materials Elements
Cr–Ni stainless materials C, Cr, Mo, Ni, Mn, Si, Cb
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Figure CC-2613.3.1-1
Delta Ferrite Content

GENERAL NOTES: The actual nitrogen content is preferred. If this is not available, the following applicable nitrogen value shall be used:
(1) GMAW welds — 0.08% (except self-shielding flux-cored electrode GMAW welds — 0.12%)
(2) welds of other processes — 0.6%
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CC-2622.4 Qualification Requirements.

CC-2622.4.1 Introduction.The studbasequalifica-
tion tests described in this subparagraph shall constitute
qualification of stud bases with the same geometry, mate-
rial, flux, and arc shield, of the same diameter and down to
but not including 1∕8 in. (3 mm) and smaller nominal
diameters.

CC-2622.4.2 Duration of Qualification. A size of
stud base with arc shield, once qualified, is considered
qualified until the Manufacturer makes any change in
the stud base geometry, material, flux, or arc shield.

CC-2622.4.3 Preparation of Specimens.

(a) Test specimens shall be preparedbywelding repre-
sentative studs to suitable plates of P‐No. 1material. Tests
for threaded studs shall be on blanks (studs without
threads).
(b) Studs shall be welded with power source, welding

gun, and automatically controlled equipment. Welding
voltage, current, and time shall bemeasured and recorded
for each specimen.

CC-2622.4.4 Number of Test Specimens.

(a) Thirty test specimensshall beweldedconsecutively
with constant optimum time but with current 10% above
optimum.Optimumcurrent and timeshall be themidpoint
range normally recommended for production welding.
(b) Thirty test specimens shall beweldedconsecutively

with constant optimum time but with current 10% below
optimum.

CC-2622.4.5 Tensile Tests.

(a) Number of Tests. Ten of the specimens welded in
accordance with CC-2622.4.4(a) and 10 in accordance
with CC-2622.4.4(b) shall be subjected to a tensile test
in a fixture similar to that shown in Figure CC-2620-2,
except that studs without heads may be gripped on the
unwelded end in the jaws of the tensile testing machine.
(b) Acceptance Standards. A stud base shall be consid-

ered qualified if all test specimens have a tensile strength
equal to or greater than 60.0 ksi (410 MPa).

CC-2622.4.6 Bend Tests.

(a) Number ofTests. Twentyof the specimenswelded in
accordance with CC-2622.4.4(a) and 20 in accordance
with CC-2622.4.4(b) shall be bend tested by being bent
alternately 30 deg in opposite directions until failure
occurs. Studs shall be bent in a bend testing device as
shown in Figure CC-2620-3, except that studs less than
1∕2 in. (13 mm) diameter may be bent using a device as
shown in Figure CC-2620-4.
(b) Acceptance Standards. A stud base shall be consid-

ered qualified if, on all test specimens, fracture occurs in
the shank of the stud or plate material and not in the weld
or heat-affected zone.

CC-2622.4.7 Retests. If failure occurs at less than
the specified minimum tensile strength of the stud during
tensile tests, or in the weld or heat-affected zone during
bend testing, a new test group as specif ied in
CC-2622.4.4(a) or CC-2622.4.4(b) shall be made and
tested. If such failure is repeated, the lot of studs repre-
sented shall not be acceptable.

CC-2622.4.8 Acceptance Standards. For a Manu-
facturer’s stud base and arc shield combination to be qual-
ified, each stud of each group of 30 studs shall, by test or
retest, meet the requirements of CC-2622.4.5 and

Figure CC-2620-1
Dimensions and Tolerances of Standard Studs

Standard Dimensions, in. (mm)

C
Length, L,
Tolerances H T

+ +( )12.70.010
0.000

0.25
0.001

2
+ 1∕16 (1.6)
− 1∕8 (3.2)

1 ± 1∕64
(25 ± 0.4)

9∕32
(7) min.

+ +( )15.90.010
0.000

0.25
0.005

8
+ 1∕16 (1.6)
− 1∕8 (3.2)

11∕4 ± 1∕64
(32 ± 0.4)

9∕32
(7) min.

+ +( )19.00.015
0.000

0.38
0.003

4
+ 1∕16 (1.6)
− 1∕8 (3.2)

11∕4 ± 1∕64
(32 ± 0.4)

3∕8
(10) min.

+ +( )22.20.015
0.000

0.38
0.007

8
+ 1∕16 (1.6)
− 1∕8 (3.2)

13∕8 ± 1∕64
(35 ± 0.4)

3∕8
(10) min.

ASME BPVC.III.2-2021

42

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


CC-2622.4.6. Qualification of a given diameter of stud base
shall be consideredqualification for studbasesof the same
nominal diameter, stud base geometry, material flux, and
arc shield.

CC-2623 Stud Requirements

CC-2623.1 Chemical Analysis. A chemical analysis
shall be made of each heat of stud material. The analysis
shall conform to that required for the material specifica-
tion.

CC-2623.2 Tensile Requirements.

CC-2623.2.1 Tensile Tests. Tensile tests shall be
made on each heat of bar stock after drawing or on
full‐diameter finished studs. Tensile testing shall be
performed in accordance with the applicable paragraphs
of SA-370. When the tensile requirements for shear
connector studs are determined from finished studs,
the tensile tests may be made on studs welded to test
plates of P‐No. 1 material, using a test fixture similar
to that shown in Figure CC-2620-2. When the tensile re-

quirements for studs other than shear connectors are
determined from finished studs, the ends of the studs
may be gripped in the jaws of a tensile testing
machine. Plates of adequate size may be fillet welded
to the unwelded end for studs without heads. If fracture
occurs outside the middle half of the gage length, the test
shall be repeated.

CC-2623.2.2 ð21ÞAcceptance Standards. Studs are
classified into three types according to strength levels.
The tensile test specimens shall conform to the require-
ments of each type as shown in Table CC-2623.2-1.

CC-2624 Documentation Requirements

The following information shall be incorporated into
the Certified Material Test Report (CMTR) in accordance
with CC-2130:
(a) drawings showing shape and dimensions, with

tolerances, of studs, arc shields, and flux (when used)
(b) results of stud base qualification requirements,

including a description of the quantity and type of flux,
and a description of the arc shield
(c) chemical analysis of the bar stock
(d) tensile test results from stud tensile tests
(e) drawing showing shape and dimensions with toler-

ances of studs, arc shields, and flux, when used

CC-2630 IDENTIFICATION OF WELDING
MATERIAL

(a) The identification of welding material (including
stud welding material) shall meet the requirements of
NCA‐4256.4.
(b) Welding material shall be controlled during the

repair of material and the manufacture and installation
of components so that they are identifiable as accepted
material until the material is actually consumed in the
process (CC-4122).

CC-2700 MATERIAL FOR EMBEDMENT
ANCHORS

CC-2710 ð21ÞINTRODUCTION

This subarticle establishes the requirements for load-
bearing steel materials that are embedded in the concrete
containment to perform a containment function or
provide anchorage to items attached to thickened liner
plates. Anchors that are stud welded to thickened liner
plates shall also meet the requirements of CC-2620.
These requirements do not apply to the liner, liner
anchors, or anchor components of prestressing systems.

CC-2711 Permitted Material Specifications

The material to be used for the construction of embed-
mentanchors are listed inTableD2-I-2.3.Material listed in
Table D2-I-2.2 may also be used.

Figure CC-2620-2
Typical Tensile Test Fixture
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Figure CC-2620-3
Bend Testing Device

30 deg 30 deg

2 in. (50 mm) 
  max.

Angle of center
  line of deflected stud
  shall be measured
  at center
  line of plunger

Double-
  acting
  hydraulic
  cylinder

GENERAL NOTE: Fixture holds specimen and stud is bent 30 deg in opposite directions alternately. Load can be applied with hydraulic cylinder
(shown) or fixture adopted for use with tensile test machines.

Figure CC-2620-4
Typical Device for Bend Testing of Small Studs

1/4 in. (6 mm)

2 in. (50 mm) max.

Stud

1/16 in. 

  (1.5 mm)

Specimen plate

Stud diameter

  plus 1/64 in. (0.4 mm)

Pipe

Dimensions

  appropriate for

 size of stud
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CC-2712 Requirements for Nuts and Washers

(a) Material for nuts shall conform to ASTM A563 or to
the requirements for nuts in the specification for the
bolting material which is to be used.
(b) Nuts shall be threaded to Class 2B or finer toler-

ances according to ANSI B1.1. Materials for nuts and
washers shall be selected as follows:

(1) Carbon steel nuts and carbon steel washers may
be used with carbon steel bolts or studs.

(2) Carbon or alloy steel nuts and carbon or alloy
steel washers of approximately the same hardness as
the nuts may be used with alloy steel bolts or studs.
(c) Nuts shall be semifinished, extra heavy, chamfered,

and trimmed.

CC-2720 FRACTURETOUGHNESSREQUIREMENTS
FOR EMBEDMENT ANCHOR MATERIALS

Fracture toughness requirements for embedment
anchor materials shall be in accordance with CC-2520.

CC-2730 EXAMINATION AND REPAIR OF
EMBEDMENT ANCHOR MATERIAL

CC-2731 Examination and Repair of Embedment
Anchor Material Other Than Bolting

(a) Material for embedment anchors shall be examined
in accordance with the material specification. Unaccept-
able defects may be repaired as permitted by thematerial
specification.
(b) Structural steel rolled shapes, which are permitted

by the section to be furnished with a certificate of compli-
ance, may be repaired by welding using welders, docu-
mentation, and examination requirements specified in
SA-6.

CC-2732 ð21ÞExamination of Bolting Material and
Rods

Bolts, partially or fully threaded rods, studs, and nuts
shall be examined in accordancewith the requirements of
the material specification and CC-2733.

CC-2733 Visual Examination

The final surfaces of threads, shanks, and heads of bolts,
studs, and nuts shall be visually examined for workman-
ship, finish, and appearance in accordance with the re-
quirements of ASTM F788 for bolting material and
ASTM F812 for nuts. The visual examination personnel
shall be trained andqualified in accordancewith theMate-
rial Organization’s Quality System Program or the Certi-
ficate Holder’s Quality Assurance Program. These
examinations are not required to be performed either
in accordance with procedures qualified to CC-5112 or
by personnel qualified in accordance with CC-5120.

CC-2734 Repair by Welding

Weld repairs of bolting material and rods are not
permitted.

CC-2740 MARKING OF EMBEDMENT ANCHOR
MATERIAL

CC-2741 Identification

The identification of material requiring Certified Mate-
rial Test Reports shall meet the requirements of NCA‐
4256. Material furnished with Certificates of Compliance
shall be identified by a controlled system meeting the re-
quirements of the applicablematerial specification, grade,
and class. Identification of the material to the Material
Organization's Certificate of Compliance is not required
after the Material Organization that furnishes the embed-
ment anchors as material has verified that the material
meets the requirements of this Section.

Table CC-2623.2-1
Strength Requirements for Studs ð21Þ

Type A [Note (1)] Type B [Note (2)] Type C [Note (3)]
Yield strength, psi (MPa) (minimum) 49,000 (340) 51,000 (350) 70,000 (485)
Tensile strength, psi (MPa) (minimum) 61,000 (420) 65,000 (450) 80,000 (552)
Elongation in 2 in. (50 mm), % (minimum) 17 20 ...
Reduction of area, % (minimum) 50 50 ...

NOTE:
(1) Type A studs shall be general purpose studs of any type (including threaded) and size used for purposes other than shear transfer.
(2) TypeB studs shall be studs that are headed, bent, or of other configuration in 1∕2-in. (12-mm), 5∕8-in. (16-mm), 3∕4-in. (20-mm), 7∕8-in. (22-mm),

or 1-in. (25-mm) diameter used for purposes including shear transfer, such as liner anchors.
(3) Type C studs shall be cold-worked deformed steel bars manufactured in accordance with specification ASTM A1064 Grade 70 having a

nominal diameter equivalent to the diameter of a plain wire having the sameweight per foot as the deformedwire. ASTM A1064 specifies a
maximumdiameterof0.628 in. (16mm).TypeCstuds shall beweldedonly to the thickened linerplate andshall notbeused for shear transfer.
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Materials for small items shall be controlled during the
manufacture of the embedment anchor so that they are
identifiable as acceptable material at all times. Welding
material shall be controlled during the repair of material
and the manufacture and installation of embedment
anchors so that it is identifiable as acceptable material
until the material is actually consumed in the process.

CC-2800 MATERIAL ORGANIZATION’S
QUALITY SYSTEM PROGRAMS

CC-2810 DOCUMENTATION AND MAINTENANCE
OF QUALITY SYSTEM PROGRAMS

CC-2811 General

Material Organizations, Nonmetallic Material Manufac-
turers, and Constituent Suppliers shall document and
maintain Quality System Programs (NCA‐3800, NCA‐
3900).

CC-2812 Manufacturers of Nonmetallic Material
and Constituent Suppliers

Nonmetallic Material Manufacturers and Constituent
Suppliers shall have a Quality System Program that
meets the requirements of NCA‐3900.

CC-2813 Metallic Material Organizations

Material Organizations shall have a Quality System
Program that meets the requirements of NCA‐3800.
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ARTICLE CC-3000
DESIGN

CC-3100 GENERAL DESIGN

CC-3110 CONCRETE CONTAINMENT

(a) These design criteria apply to concrete contain-
ments with steel reinforcement, prestressed tendons or
a combination thereof, and metallic liners.
(b) The requirements for radiation shielding, allowable

leak rate, design life spanof the structure, andquantitative
values of the design loads shall be presented in the Design
Specification.
(c) The metallic liner shall be designed within limits of

stress, strain, and deformation specified in this Article.
(d) The criteria for the containment as demonstrated

by the design calculations shall consider factored as well
as service load conditions. For factored load conditions,
the following requirements shall be met.

(1) Primary forces shall not bring the local section to
a general yield state with respect to any component of
section membrane strain or section flexural curvature.
General yield state is the point beyond which additional
section deformation occurs without increase in section
forces.

(2) Under combined primary and secondary forces
on a section, the development of a general yield state with
respect to thosemembrane strains and/or flexural curva-
tures which correspond to secondary stress components
is acceptable, subject to rebar and concrete strain limits in
CC-3420. The concept of a general yield state is not ap-
plicable to strains associated with radial shear stress.
(e) The design of parts designated to meet the require-

ments for ClassMC and that are not backed up by concrete
for load carrying purposes shall meet the requirements of
NE‐3000 and Subsection NCA.

CC-3120 METALLIC LINER

CC-3121ð21Þ General

The liner shall not be used as a strength element in
combination with the concrete and rebar. Interaction
of the liner with the containment shall be considered
in determining maximum strains.

CC-3122 Liner

The general requirements to be used in the design of
metallic liners are as follows:

(a) The liner shall be designed to withstand the effects
of imposed loads and to accommodate deformation of the
concrete containment without jeopardizing leak‐tight
integrity.
(b) The liner shall be welded using weld details that do

not jeopardize leak‐tight integrity of the containment.
(c) The liner shall be anchored to the concrete contain-

ment. This does not preclude local flexural deformation
between anchor points.

CC-3123 Liner Anchors

(a) The liner anchorage system shall be designed to
accommodate all design loads and deformations
without loss of structural or leak‐tight integrity.
(b) The anchorage system shall be so designed that a

progressive failure of the anchorage system is precluded
in the event of a defective or missing anchor.

CC-3124 Penetration Assemblies

Penetration assemblies, including nozzles, reinforcing
plates, and penetration anchors, shall be designed to
accommodate all design loads and deformations
without loss of structural or leak‐tight integrity. Effects
such as temperature, concrete creep, and shrinkage
shall be considered.

CC-3125 Brackets and Attachments

Temporary or permanent brackets and attachments
shall be designed to resist the design loads without
loss of the liner integrity due to excessive deformation
or load from bracket or attachment loads.

CC-3130 DEFINITION OF TERMS

CC-3131 Service Load Category

Service loads are any loads encountered during
construction and in the normal operation of a nuclear
power plant. Included in such loads are any anticipated
transient or test loads during normal and emergency
startup and shutdown of the nuclear steam supply,
safety, and auxiliary systems. Also included in this cate-
gory are those severe environmental loads which may be
anticipated during the life of the facility.
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CC-3132 Factored Load Category

Factored loads include loads encountered infrequently,
such as severe environmental, extreme environmental,
and abnormal loads.

CC-3133 Serviceability

Serviceability defines behavior for service or factored
load conditions that are not defined by strength or stress
limitations. It includes those items where distortion,
concrete crack size, or strain are limited. Examples are
weathering of concrete, mechanism distortion at
hatches and penetrations, liner leakage, and containment
interaction with adjacent structures.

CC-3134 Reinforced Concrete

Reinforced concrete is concrete containing reinforce-
ment and designed on the assumption that the two mate-
rials act together in resisting forces.

CC-3135 Prestressed Concrete

Prestressed concrete is reinforced concrete in which
there have been introduced internal stresses of such
magnitude and distribution that the stresses resulting
from loads are counteracted to a desired degree.

CC-3136 Stresses and Forces

CC-3136.1ð21Þ Membrane Stress. Membrane stress is the
component of normal stress, hoop or meridional,
which is uniformly distributed and equal to the
average of stress across the thickness of the section
under consideration.

CC-3136.2 Bending Stress. Bending stress is the vari-
able component of normal stress. The variation may or
may not be linear across the thickness.

CC-3136.3 Shear Stress. Shear stress may be radial,
tangential, peripheral (punching), or torsional.
(a) Radial shear stress is a flexural shear stress which

acts perpendicular to the plane of the wall or other
element of the containment structure.
(b) Tangential shear stress is a membrane shear stress

which acts in the plane of the wall or other element of the
containment structure.
(c) Peripheral shear stress is a shear stress around a

punching type shear surface, produced by local externally
applied forces actingperpendicular to theplaneof thewall
or other element.
(d) Torsional shear stress is a stress in the plane of the

wall or other element of the containment structure
produced by components of local externally applied
moments about an axis perpendicular to the wall or
other element.

CC-3136.4 Primary Force. Primary force is a local,
internal force (kip/ft) (N/m) or moment (kip‐ft/ft)
(N·m/m) which is required to equilibrate applied
loads. In some regions of the shell, and for some loadings,
there is a redundancy of internal force systems. In such
cases the primary, load equilibrating force system shall be
justified in the Design Report.

CC-3136.5 Secondary Force. Secondary force is a local,
internal force (kip/ft) (N/m) ormoment (kip‐ft/ft) (N·m/
m) that is not required for equilibrating the applied loads.
Thus, a secondary force may be either:
(a) a local, internal, force, or moment that results from

applied loads, but is not required to equilibrate such loads;
or
(b) a local, internal force, or moment that results from

nonload, volume change effects, such as shrinkage strain
and thermal strain.

CC-3136.6 Classification of Forces. Forces shall be
classified in accordance with Table CC-3136.6-1.

CC-3140 TOLERANCES

The Construction Specification shall delineate the toler-
ance requirements for fabrication and construction. The
Designer shall ensure that the tolerances specified in the
Construction Specification are compatible with the design
assumptions.

CC-3200 LOAD CRITERIA

CC-3210 GENERAL

The containment shall be designed to resist the loads
and load combinations given in this Article and as speci-
fied in the Design Specification (NCA‐3250). The design
shall not be limited to the loads specified herein if any
other loads are applicable to the particular site conditions.

CC-3220 LOAD CATEGORIES

CC-3221 Service Loads

CC-3221.1 Normal Loads. Normal loads are loads
which are encountered during normal plant operation
and shutdown.

D = dead loads, including hydrostatic and permanent
equipment loads

F = loads resulting from the application of prestress
G = loads resulting from relief valve or other high

energy device actuation
L = live loads, including any movable equipment loads

and other loads which vary with intensity and
occurrence, such as soil pressures

Pv = external pressure loads resulting from pressure
variation either inside or outside the containment
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Ro = pipe reactions during normal operating or shut-
down conditions, based on the most critical tran-
sient or steady state condition

To = thermal effects and loads during normal operating
or shutdown conditions, based on themost critical
transient or steady state condition

CC-3221.2 Construction Loads. Construction loads are
loads which are applied to the containment from start to
completion of construction. The definitions forD, L, F, and
To given in CC-3221.1 are applicable but shall be based on
construction conditions.

CC-3221.3 Test Loads. Test loads are loads which are
appliedduring structural integrity or leak rate testing. The
definitions forD,L, andFgiven inCC-3221.1 are applicable
but shall be based on test conditions. In addition, the
following shall also be considered:

Pt = pressure during the structural integrity and leak
rate tests

Tt = thermal effects and loads during the test

CC-3222 Factored Loads

CC-3222.1 Severe Environmental Loads. Severe envi-
ronmental loads are loads that could infrequently be
encountered during the plant life.

Eo = loads generatedby the operating basis earthquake.
Only the actual dead load and existing live load
weights need be considered in evaluating
seismic response forces.

W = loads generated by the design wind specified for
the plant site

CC-3222.2 Extreme Environmental Loads. Extreme
environmental loads are loads which are credible but
are highly improbable.

Ess = loads generated by the safe shutdown earthquake.
Weights considered shall be the same as for Eo.

Wt = tornado loading including the effects of missile
impact. Included in Wt are the following:
Wtm = the tornado generated missile impact

effects. The type of impact, such as
plastic or elastic, together with the
ability of the structure to deform
beyond yield shall be considered in

Table CC-3136.6-1
Classification of Forces in Concrete Containments for Steel Reinforcing and Concrete Allowable Stresses

Location Origin of Loads Type of Force Classification
Regions away from discontinuities External [Note (1)] Membrane Primary

Bending Primary
Shear [Note (2)] Primary

Volume change effects such as creep shrinkage
and thermal strains

Membrane Secondary
Bending Secondary
Shear Primary

Regions at and near gross changes
in shell geometry

External [Note (1)] Membrane Primary
Bending Primary [Note (3)]
Shear Primary

Volume change effects such as creep shrinkage
and thermal strains

Membrane Secondary
Bending Secondary
Shear Primary

Regions near large openings External [Note (1)] Membrane Primary
Bending Primary
Shear Primary

Volume change effects such as creep shrinkage
and thermal strains

Membrane Secondary
Bending Secondary
Shear Primary

GENERAL NOTE: Allowable stresses for concrete may be considered secondary in the region defined in CC-3422.1(c)(3).

NOTES:
(1) Includes prestressing.
(2) Includes both radial and tangential shear force.
(3) For allowable stresses, bending at discontinuities due to external loads is considered primary.
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establishing the structural capacity nec-
essary to resist the impact.

Wtp = the differential pressure loads due to
rapid atmospheric pressure change

Wtq = the loads due to tornado wind pressure

CC-3222.3 Abnormal Loads. Abnormal loads are loads
generated by the design basis accident (DBA).

Ha = load on the containment resulting from internal
flooding, if such an occurrence is defined in the
Design Specification as a design basis event

Pa = Design Pressure load within the containment
generated by the DBA, based upon the calculated
peak pressure with an appropriate margin

Ra = pipe reaction from thermal conditions generated
by the DBA including Ro

Rr = the local effectson the containmentdue to theDBA.
The local effects shall include the following:
Rrj = load on the containment generated by jet

impingement fromarupturedhighenergy
pipe during the postulated event of the
DBA. The time‐dependent nature of the
load and the ability of the containment
to deform beyond yield shall be consid-
ered in establishing the structural capac-
ity necessary to resist the effects of Rrj.

Rrm = the load on the containment resulting
from the impact of a ruptured high
energy pipe during the DBA. The type
of impact , for example, plastic or
elastic, together with the ability of the
containment to deform beyond yield
shall be considered in establishing the
structural capacity necessary to resist
the impact.

Rrr = load on the containment generated by the
reaction of a ruptured high energy pipe
during the postulated event of the DBA.
The time‐dependent nature of the load
and the ability of the containment to
deform beyond yield shall be considered
inestablishing the structural capacitynec-
essary to resist the effects of Rrr.

Ta = thermal effects and loads generated by the DBA
including To

CC-3230 LOAD COMBINATIONS

(a) Table CC-3230-1 lists the load combinations and
applicable load factors for which the containment shall
be designed.
(b) The live load shall be considered to vary from zero

to full value for all load combinations.

(c) Themaximum effects of Pa, Ta, Ra, Rr, and G shall be
combined unless a time–history analysis is performed to
justify lower combined values.

CC-3240 LOAD DEFINITIONS

CC-3241 Static and Seismic Loads

Static loads are defined as those loads that are consid-
ered to remain constantwith respect to timeor that have a
long period of application or rise time relative to the
response period of the containment. This category also
includes seismic loads for which the dynamic effects
have been included in their determination. The following
are examples of loads in this category:
(a) dead load D, live load L, and prestress F
(b) accident pressure Pa
(c) pipe reactions during normal and postulated acci-

dent conditions Ro and Ra
(d) design wind W, tornado wind pressure Wtq, and

differential pressure Wtp
(e) operatingandsafe shutdownearthquake,EoandEss,

except when combined with impulse loading and impact
effects

CC-3242 Impulse Loads

Impulse loads are time dependent and include the
following:
(a) the dynamic effects of accident pressure Pa where

rate of loading affects the response of the structure
(b) the effects of pipe rupture reactions Rrr and jet

impingement loading Rrj
(c) the dynamic effects of valve actuation G such as

steam relief valve or other high energy device actuation
effects where rate of loading affects the response of the
structure

CC-3243 Impact Effects

Impact effects are those that can be specified in terms of
kinetic energy at impact. These include the impact ener-
gies resulting from tornado missiles Wtm, pipe rupture
generatedmissiles Rrm, and any other specific site‐depen-
dent missiles, including the case where a gap exists
between the pipe and its structural restraint.

CC-3300 CONTAINMENT DESIGN ANALYSIS
PROCEDURES

CC-3310 GENERAL

(a) Methods of analysis that are based on accepted
principles of engineering mechanics and that are appro-
priate to the geometry of the containment shall be used. In
the design of local sections, consideration shall be given to
the redistribution of moments and forces in a statically
indeterminate structure because of cracking of the
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concrete, and to the stiffening effect of buttresses or other
integral portions of the containment.
(b) The short‐term as well as the long‐term foundation

soil properties shall be considered. In order to ensure
consideration of the critical condition, a range of
values of soil constants shall be considered.
(c) For prestressed containments, the analytical

methods selected for construction and normal category
load combinations shall account for the creep character-
istics and the thick section geometry that is characteristic
at ring girders and buttresses.

CC-3320 SHELLS

(a) Containments are normally thin shell structures.
Elastic behavior shall be the accepted basis for predicting
internal forces, displacements, and stability of thin shells.
Effects of reduction in shear stiffness and tensile
membrane stiffness due to cracking of the concrete
shal l be considered in methods for predict ing
maximum strains and deformations of the containment.

Equilibrium check of internal forces and external loads
shall be made to ensure consistency of results.
(b) Although shell analysismaybe based onmembrane

theory, additional consideration is required for bending
and shear forces at penetrations, intersection with base
mat, discontinuities, and the stresses and strains caused
by temperature variations.
(c) The stability of the containment shall be verified,

giving consideration to the possible reduction in the buck-
ling capacity causedby largedeflections, creep effects, and
specified construction tolerances.
(d) Model tests may be used instead of the design

analysis if they are conservative and represent the proto-
type containment.
(e) Model tests may be used to check the validity of

assumptions involved in mathematical analysis.

Table CC-3230-1
Load Combinations and Load Factors

Category D
L

[Note (1)] F Pt G Pa Tt To Ta
Eo

[Note (2)] Ess W Wt Ro Ra Rr Pv Ha
Service
Test 1.0 1.0 1.0 1.0 ... ... 1.0 ... ... ... ... ... ... ... ... ... ... ...
Construction 1.0 1.0 1.0 ... ... ... ... 1.0 ... ... ... 1.0 ... ... ... ... ... ...
Normal 1.0 1.0 1.0 ... 1.0 ... ... 1.0 ... ... ... ... ... 1.0 ... ... 1.0 ...

Factored
Severe

environmental
1.0 1.3 1.0 ... 1.0 ... ... 1.0 ... 1.5 ... ... ... 1.0 ... ... 1.0 ...
1.0 1.3 1.0 ... 1.0 ... ... 1.0 ... ... ... 1.5 ... 1.0 ... ... 1.0 ...

Extreme
environmental

1.0 1.0 1.0 ... 1.0 ... ... 1.0 ... ... 1.0 ... ... 1.0 ... ... 1.0 ...
1.0 1.0 1.0 ... 1.0 ... ... 1.0 ... ... ... ... 1.0 1.0 ... ... 1.0 ...

Abnormal 1.0 1.0 1.0 ... 1.0 1.5 ... ... 1.0 ... ... ... ... ... 1.0 ... ... ...
1.0 1.0 1.0 ... 1.0 1.0 ... ... 1.0 ... ... ... ... ... 1.25 ... ... ...
1.0 1.0 1.0 ... 1.25 1.25 ... ... 1.0 ... ... ... ... ... 1.0 ... ... ...

Abnormal/severe
environmental

1.0 1.0 1.0 ... 1.0 1.25 ... ... 1.0 1.25 ... ... ... ... 1.0 ... ... ...
1.0 1.0 1.0 ... 1.0 1.25 ... ... 1.0 ... ... 1.25 ... ... 1.0 ... ... ...
1.0 1.0 1.0 ... 1.0 ... ... 1.0 ... 1.0 ... ... ... ... ... ... ... 1.0
1.0 1.0 1.0 ... 1.0 ... ... 1.0 ... ... ... 1.0 ... ... ... ... ... 1.0

Abnormal/extreme
environmental

1.0 1.0 1.0 ... 1.0 1.0 ... ... 1.0 ... 1.0 ... ... ... 1.0 1.0 ... ...

NOTES:
(1) Includes all temporary construction loading during and after construction of containment.
(2) If the operating basis earthquake (Eo) ground motion is set equal to one-third or less of the safe shutdown earthquake (Ess) ground motion

design response spectra, an explicit analysis or design for load combinations including Eo is not required.
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CC-3330 BASE MAT, FRAMES, BOX‐TYPE
STRUCTURES, AND ASSEMBLIES OF
SLABS

Analyses based on elastic behavior, or other methods
generally accepted in conventional practice, shall be used.
Effects of discontinuities and loading from the foundation
soils shall be considered.

CC-3340 PENETRATIONS AND OPENINGS

(a) Careful attention shall be given to the analysis of the
containment in the vicinity of openings. The effect of an
opening on the overall containment shall be considered
and the containment shall be thickened around the
opening, if necessary, to satisfy allowable stresses and
facilitate concrete placement.
(b) The thermal stresses caused by process piping

passing through the wall shall be considered.

CC-3400 CONCRETE CONTAINMENT
STRUCTURE DESIGN ALLOWABLES

CC-3410 GENERAL

In order to keep the containment basically elastic under
service load conditions and below the range of general
yield under factored primary loads, the allowable stresses
and strains specified in this subarticle shall be used. The
allowable stresses given in CC-3421, CC-3422, CC-3423,
CC-3431, CC-3432, and CC-3433 shall not be exceeded
when the containment is subjected to the loads given
in Table CC-3230-1.

CC-3420 ALLOWABLE STRESS FOR FACTORED
LOADS

CC-3421 Concrete

CC-3421.1 Compression. The allowable stresses for
factored compression loads are summarized in
Figure CC-3421-1. These allowables shall be reduced, if
necessary, to maintain structural stability.

CC-3421.2 Tension. Concrete tensile strength shall not
be relied upon to resist flexural and membrane tension.

Figure CC-3421-1
Allowable Compression Stresses for Factored Loads

NOTES:
(1) The primary portion of this calculated stress shall not exceed the allowable stress applicable when primary stress acts alone.
(2) The membrane portion of this calculated stress shall not exceed the allowable stress applicable when membrane stress acts alone.
(3) The maximum allowable primary‐plus‐secondary membrane and bending compressive stress of 0.85f′c corresponds to a limiting strain of

0.002 in./in. (0.002 mm/mm).
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CC-3421.3 Shear. If the calculated shear is greater than
the allowables given in the following paragraphs, then re-
inforcement or prestressing forces shall be provided in
accordance with CC-3520.

CC-3421.4 Radial Shear. Radial shear is a transverse
shear and is similar to shear in beam analysis. It
occurs in the vicinity of discontinuities in shell flexural
or membrane behavior. An example of radial shear is
the shear caused by self‐constraint of a cylinder and
base mat during pressurization of the containment.
Another example is the shear in the base mat caused
by primary vertical forces in structures supported by
the mat. A third example is the shear resulting from
discontinuity effects that can occur at the perimeter of
penetrations or near other concentrated loads. In this
example, peripheral shear must also be considered.

CC-3421.4.1 Reinforced Concrete.

(a) The nominal shear stress vc shall not exceed the
lesser of:

(U.S. Customary Units)

=v f3.5c c
(1)

(SI Units)

=v f0.3c c

(U.S. Customary Units)

= +
Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑ( )v p f V d M1.9 /0.015 2500 ( / )c c u u (2)

(SI Units)

= +i
k
jjj y

{
zzz

i
k
jjjjj

y
{
zzzzzv f

V d
M

0.16
0.015

17c c
u

u

for ρ < 0.015, and

(U.S. Customary Units)

= +v f V d M1.9 2500 ( / )c c u u (3)

(SI Units)

= +
i
k
jjjjj

y
{
zzzzzv f

V d
M

0.16 17c c
u

u

for ρ ≥ 0.015, where (Vud/Mu) shall not exceed 1.0.
(b) For sections subjected to membrane compression

either eq. (4) or eq. (5) may be used, but vc shall not be
larger than the value given by eq. (6):

(U.S. Customary Units)

= +v f V d M1.9 2500 ( / )c c u (4)

(SI Units)

= +
i
k
jjjj

y
{
zzzzv f

V d
M

0.16 17c c
u

whereM′ =Mu − Nu [(4t − d)/8] thenM′can be less than
Vud. If M′ is negative, use eq. (6).

(U.S. Customary Units)

= +( )v N A f2 1 0.0005 /c u g c
(5)

(SI Units)

= +

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ

i

k
jjjjjj

y

{
zzzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑ
v

N
A

f0.17 1 0.07c
u

g
c

(U.S. Customary Units)

= +v f N A3.5 1 0.002 /c c u g (6)

(SI Units)

= +
i

k
jjjjjj

y

{
zzzzzzv f

N
A

0.29 1 0.29c c
u

g

The units for Nu/Ag are psi (MPa), and Nu is positive for
compression.
(c) For sections subjected tomembrane tension, eq. (7)

shall be used with Nu negative for tension:

(U.S. Customary Units)

= +( )v f N A2.0 1 0.002 /c c u g (7)

When vu ≤ f0.5 c , vc may be taken to equal vu.

(SI Units)

= +

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅ

i

k
jjjjjj

y

{
zzzzzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑ
v f

N
A

0.17 1 0.3c c
u

g

When vu ≤ f0.042 c , vc may be taken to equal vu.
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CC-3421.4.2 Prestressed Concrete. The allowable
shear stress vc shall be the lesser of vci or vcw, as calculated
by eqs. (8) and (9):

(U.S. Customary Units)

= +v f
f

f
3.5 1

3.5cw c
pc

c

(8)

(SI Units)

= +v f
f

f
0.3 1

0.3cw c
pc

c

(U.S. Customary Units)

= +
+( )

v K f
M M V

b dci c
cr i

V
M i (9)

(SI Units)

= +
+

v K f
M M V

b d
0.083

( )
ci c

cr i
V
M i

For ρ ≥ 0.003,K = 1.75 − (0.036/nρ) + 4.0nρ, but not less
than 0.6.

For ρ < 0.003, K shall be taken as zero.

(U.S. Customary Units)

= +( )( )M I y f f6cr t c pc

(SI Units)

= +( )( )M I y f f0.5cr t c pc

and

(U.S. Customary Units)

=n f505 c

(SI Units)

=n
f

41.9

c

(a) Loads shall be applied in their chronological order.
(b) The loads at a particular time shall be divided into

the following two categories:

(1) the applied load or loads
(2) those loads existing prior to application of the

applied load or loads under consideration
(c) If the actual chronological loading order cannot be

determinedbetween twoormore loads, then the loadwith
the leastV/M ratio at the sectionunder consideration shall
be applied first.
(d) If (Mcr − Mi) is not positive in sign, then it shall be

considered as zero.
(e) All existing and applied shear loads shall be taken at

the section under consideration.
(f) All moments and other loads affecting the determi-

nation of Mcr shall be taken at a distance d/2 from the
sectionbeing investigated for shearmeasured in thedirec-
tion of decreasing moment.
(g) If the section under consideration is subjected to

membrane tension, then eq. CC-3421.4.1(c)(7) shall be
used in conjunction with eqs. (8) and (9) with the
lowest value of vc used in the design.
(h) The following definitions shall be used:

fpc = the membrane stress, due to all loads, in the
concrete at the centroid of the section where V
is applied (positive if compression)

I = moment of inertia at the distance d/2 from the
section being investigated for shear, measured
in the direction of decreasing moment

M = the applied moment associated with the applied
shear load

Mcr = the moment necessary to cause cracking (always
positive)

Mi = the existingmoments associatedwith the existing
shear loads (positive if applied in the same direc-
tion as the applied moments)

V = theapplied shear loadat the sectionunder consid-
eration

Vi = the existing shear loads at the section under
consideration (positive if applied in the same
direction as V)

yt = distance from the centroidal axis of gross section,
neglecting the reinforcement, to the extreme fiber
in tension

ρ = As/bd, ratio of bonded tension reinforcement

CC-3421.5 Tangential Shear. Tangential shear is a
membrane shear in the plane of the containment shell
resulting from lateral load such as earthquake, wind,
or tornado loading.

CC-3421.5.1 Reinforced Concrete. No tangential
shear strength shall be considered as provided by the
concrete, i.e.,

=V 0c

CC-3421.5.2 ð21ÞPrestressed Concrete. Where a
minimum prestress as defined in CC-3521.1.2 is present,
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where fm and fh are membrane stresses respectively in
meridional and hoop directions, compression positive,
psi. Thermal membrane stresses shall be included in fm
and fh.

CC-3421.6 Peripheral Shear. Peripheral shear is a
transverse shear and is similar to punching shear in
slab analysis. It is the shear resulting from a concentrated
force or reaction acting transverse to the plane of thewall.
An example of peripheral shear is the transverse shear
associated with a local concentrated load. Another
example of peripheral shear is the transverse shear
which can occur at the perimeter of penetrations. In
this example, radial shear must also be considered.
(a) The value of vc shall be calculated as a weighted

average of vch and vcm: vch is the allowable shear stress
on a failure surface perpendicular to a meridional line,
and vcm is the allowable shear stress on a meridional
failure surface perpendicular to the plane of the shell.
For a circular failure surface, vc is the average of vch
and vcm.
(b) When the membrane stress fh or fm is tensile, the

peripheral or punching shear stress taken by the concrete
on the assumed failure surface at loaded areas that are
circular, square, or rectangular with an aspect ratio βc
less than 2, shall not exceed vc as obtained in (a) above.

(1) For fh/ρ′hfy ≥ (−0.9)

(U.S. Customary Units)

= +( )v f k f f4cm c p h h y

(SI Units)

= +( )v f k f f0.083 4cm c p h h y

(2) For fh/ρ′hfy < (−0.9)

(U.S. Customary Units)

=v f0.5cm c

(SI Units)

=v f0.042cm c

(3) For fm/ρ′mfy ≥ (−0.9)

(U.S. Customary Units)

= +( )v f k f f4ch c p m m y

(SI Units)

= +( )v f k f f0.083 4ch c p m m y

(4) For fm/ρ′mfy < (−0.9)

(U.S. Customary Units)

=v f0.5ch c

(SI Units)

=v f0.042ch c

where

dp = average outside diameter of penetration in
containment wall

fh = concrete membrane stress in hoop direction,
compression positive, psi (MPa)

fm = concrete membrane stress in meridional direc-
tion, compression positive, psi (MPa)

kp = adjustment factor for penetrations
x = 1 + 2.9dp/t (not to exceed 3.9)
t = containment wall thickness
βc = ratio of long side to short side of loaded rectan-

gular area
ρ′h = hoop direction reinforcing ratio based on wall

thickness t
ρ′m = meridional direction reinforcing ratio based on

wall thickness t

When the aspect ratio βc of the loaded rectangular
area is greater than 2, and when vcm or vch is greater
than f f0.5 (0.042 )c c , the values of vcm or vch shall
be reduced by the factor (1∕2 + 1∕βc).
(c) Where the membrane stress fh or fm is compressive

but less than 125 psi, (0.86 MPa), vcm or vch shall be taken
equal to f f4 (0.33 )c c .
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(d) For load conditions where the membrane stress fh
or fm, as defined above, is at least 125 psi (0.86 MPa)
compression, the peripheral or punching shear taken
by the concrete on the assumed failure surface shall
not exceed vc as obtained in (a) above:

(U.S. Customary Units)

= +v f f3.5 0.3cm c h

(SI Units)

= +v f f0.3 0.3cm c h

(U.S. Customary Units)

= +v f f3.5 0.3ch c m

(SI Units)

= +v f f0.3 0.3ch c m

where f′c shall not be taken as greater than 5,000
psi (34.5 MPa) and neither fh nor fm shall be taken
greater than 500 psi (3.5 MPa).

CC-3421.6.1 Critical Section. The failure surface
for peripheral shear shall be perpendicular to the
surface of the containment and located so that its
periphery is at a distance d/2 from the periphery of
the concentrated load or reaction area, except for
impact loads where the critical section is defined in
CC-3931.

CC-3421.7 Torsion. Torsional shear stress is a local, in‐
plane shear stress produced in the containment wall by a
direct external torsional loading applied about an axis
normal to the containmentwall. In the caseof piping pene-
trations normal to and anchored in the containment wall,
theapplicable loading is the torsionalmoment in thepene-
tration. When the penetration is on a skew from the
containment wall, the applicable loading is the sum of
the components, along an axis normal to the containment,
of the internalmoments (torsionandbending) in thepene-
tration. Such a loading and anchorage will produce in‐
plane shear stress in the concrete normal to a radius
from the center line of the penetration.
(a) The shear stress carried by the concrete vct

resulting from a torsional loading shall not exceed vct
as calculated from the eq. (11):

(U.S. Customary Units)

= +
+

+
( )

v f
f f

f

f f

f f
6 1

6 6
ct c

h m

c

m h

c c
2 (11)

(SI Units)

= +
+

+
( )

v f
f f

f

f f

f
0.5 1

0.5 0.5
ct c

h m

c

m h

c
2

but need not be taken less than ( )f f4 0.33c c .
(b) The torsional shear failure surface shall be a cylin-

drical surface perpendicular to the surface of the contain-
ment and located at a distance r from the center line of the
penetration or embedment plate.

Failure surfaces located nearer to the center line than
rmin need not be evaluated.
(c) The following definitions shall be used:

r = the distance measured along a radial line from
the center of a containment piping penetration
or embedded plate to the failure surface

rmin = the distance measured along a radial line from
the center of a containment penetration to the
end of penetration anchors attached normal to
the penetration wall, or the radial distance
from the center line of containment penetration
or embedded plate to the center line of the
furthest anchor, for anchors mounted normal
to the containment surface

CC-3421.8 Brackets and Corbels.

CC-3421.8.1 General.These provisions shall apply
to brackets and corbels with a shear span‐to‐depth ratio
a/d not greater than unity, and subject to a horizontal
tensile force Nuc not larger than Vu. Distance d shall be
measured at face of support.

CC-3421.8.2 Depth. Depth at outside edge of
bearing area shall not be less than 0.5d.

CC-3421.8.3 Design. Section at face of support
shall be designed to resist simultaneously a shear Vu, a
moment [Vua + Nuc(h − d)], and a horizontal tensile
force Nuc.
(a) In all design calculations in accordance with these

provisions, the nominal shear stress vu shall be computed
as

=v
V

bd0.85u
u

where Vu is the factored shear force at the section.
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(1) Design of shear‐friction reinforcement Avf to
resist shear Vu shall be in accordance with CC-3424.

(2) The nominal shear stress vu shall not exceed the
smallest of 0.2f′c, 480 psi (3.3 MPa) + 0.08f′c and 1,600 psi
(11 MPa).
(b) ReinforcementAf toresistmoment [Vua+Nuc(h−d)]

shall be computed in accordance with CC-3500.
(c) Reinforcement An to resist tensile force Nuc shall be

determined fromNuc ≤ 0.85Anfy. Tensile forceNuc shall not
be taken less than 0.2Vu unless special provisions are
made to avoid tensile forces. Tensile force Nuc shall be
regarded as a live load even when tension results from
creep, shrinkage, or temperature change.
(d) Area of primary tension reinforcement A3 shall be

made equal to the greater of (Af + An) or (2Avf/3 + An).

CC-3421.8.4 Stirrups. Closed stirrups or ties
parallel to A3, with a total area Ah not less than 0.5
(A3 − An), shall be uniformly distributed within two‐
thirds of the effective depth adjacent to A3.

CC-3421.8.5 Reinforcement Ratio.Ratio ρ = A3/bd
shall not be less than 0.04(f′c/fy).

CC-3421.8.6 Anchorage.At front face of bracket or
corbel, primary tension reinforcement A3 shall be
anchored by one of the following:
(a) by a structural weld to a transverse bar of at least

equal size; weld to be designed to develop specified yield
strength fy of A3 bars;
(b) by bending primary tension bars A3 back to form a

horizontal loop; or
(c) by some other means of positive anchorage.

CC-3421.8.7 Bearing Area. Bearing area of load on
bracket or corbel shall not project beyond straight portion
of primary tension bars A3, nor project beyond interior
face of transverse anchor bar (if one is provided).

CC-3421.9 Bearing. Bearing stresses shall not exceed
0.6f′c, except as provided below.
(a) When the supporting surface is wider on all sides

than the loaded area or otherwise confined, the permis-
sible bearing stress on the loaded area may be multiplied
by A A2 1 but not by more than 2.
(b) When the supporting surface is sloped or stepped,

A2may be taken as the area of the lower base of the largest
frustum of a right pyramid or cone contained wholly
within the support and having for its upper base the
loaded area, and having side slopes of one vertical to
two horizontal.
(c) This Subsection does not apply to post‐tensioning

anchorages.

CC-3422 Reinforcing Steel
CC-3422.1 Design Strength.

(a) Thedesignyield strengthof reinforcement shall not
exceed 80,000 psi (550 MPa). For shear friction, radial
shear, peripheral shear, torsional and beam shear rein-
forcement, the design yield strength of reinforcement
shall not exceed 60,000 psi (420 MPa).
(b) The allowable stress for load resisting purposes

shall not exceed 0.9fy.
(c) Under the primary forces only, the tensile strain in

reinforcement resisting membrane and flexural compo-
nents of the local section forces (but not the strain in re-
inforcement resisting local section shear forces) may
exceed 0.9ϵy, provided a sufficient number of reinforce-
ment bars remains below 0.9ϵy, such that attainment of a
general yield state isprecludedwith respect toanycompo-
nents of curvature. Reinforcement may be permitted to
exceed 0.9ϵy under the effects of primary forces for the
following conditions only.

(1) Primary Bending Moment. If more than one layer
of reinforcement is provided to resist primary bending
moments, one or more layers of reinforcement may be
permitted to exceed 0.9ϵy, provided the strain at the
centroid of all bars more than h/6 from the center of
the concrete section on the maximum tension side of
the section shall not exceed 0.9ϵy.

(2) Tension Diagonal Reinforcement. The strain in a
tension diagonal reinforcement of a four‐way reinforce-
ment system to primary forcesmay exceed 0.9ϵy. To avoid
the possible buckling of compression diagonal reinforce-
ment, either the diagonal reinforcement shall be enclosed
by at least one layer of hoop reinforcement or the tension
and compression diagonal reinforcement shall be tied at
their intersections.

(3) Adjacent to Large Openings. Themaximum strain
in reinforcement adjacent to large openings may exceed
0.9ϵy provided that, when a section of width one‐half
nominal containment shell thickness h extending from
the opening or 25% of the opening diameter, whichever
is smaller, is analyzed for the total forces and moments
assumed uniformly distributed over the section width, no
reinforcement strain shall exceed 0.9ϵy.
(d) Under combined primary and secondary forces, the

tensile strain in reinforcement may exceed 0.9ϵy.
(e) Calculated tensile strains in any reinforcement due

to primary forces and the major principal membrane
strain due to primary forces shall not exceed 2ϵy. For
analysis purposes, ϵy is defined as the yield stress
divided by Young’s modulus.

CC-3422.2 Compression.

(a) For load resisting purposes, the stress shall not
exceed 0.9fy.
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(b) The strains may exceed yield when acting in
conjunction with the concrete if the concrete requires
strains larger than the reinforcing yield to develop its ca-
pacity.

CC-3423 Tendon System Stresses

The axial tensile capacity of the tendon shall not be
taken as greater than 0.9fpy.

CC-3424 Shear Friction

CC-3424.1 General. The provisions of CC-3424 are to
be applied where it is appropriate to consider shear
transfer across a given plane, such as an
(a) existing or potential crack
(b) interface between dissimilar materials, or
(c) interface between two concretes cast at different

times.

CC-3424.2 Crack Location.A crack shall be assumed to
occur along the shear plane considered. Required area of
shear‐friction reinforcement Avf across the shear plane
may be designed using either CC-3424.3 or any other
shear transfer design methods that result in prediction
of strength in substantial agreement with results of
comprehensive tests.

CC-3424.3 Shear‐Friction Design Method.

CC-3424.3.1 Whenshear‐friction reinforcement is
perpendicular to shear plane, the area of reinforcement
required shall be computed by

=A
V

f0.85vf
u

y

where μ is the coefficient of friction in accordance with
CC-3424.3.3 and Vu is the factored shear force at section.

CC-3424.3.2 When shear‐friction reinforcement
is inclined to shear plane, such that the shear force
produces tension in shear‐friction reinforcement, the
area of reinforcement required shall be computed by

=
+( )

A
V

f0.85 sin cos
vf

u

y f f

where αf is the angle between shear‐friction reinforce-
ment and shear plane. This equation is not valid if αf is
greater than 90 deg.

CC-3424.3.3 Coeff ic ient of fr ict ion μ in
CC-3424.3.1 and CC-3424.3.2 shall be
(a) 1.4 for concrete placed monolithically
(b) 1.0 for concrete placed against hardened concrete

with surface intentionally roughened as specified in
CC-3424.8
(c) 0.6 for concrete placed against hardened concrete

not intentionally roughened

(d) 0.7 for concrete anchored to as‐rolled structural
steel by headed studs or by reinforcing bars (see
CC-3424.9)

CC-3424.4 Maximum Shear. The shear friction provi-
sions of CC-3424 are not applicable if the nominal shear
stress vu exceeds the smallest of 0.2f′c, 480 psi (3.3MPa) +
0.08f′c and 1,600 psi (11MPa) for normal weight concrete
either placed monolithically or placed against hardened
concrete with surface intentionally roughened as speci-
fied in CC-3424.8 or the smallest of 0.2f′c and 800 psi
(5.5 MPa) for all other cases. Where concrete of different
strengthsarecast against eachother, thevalueof fc used to
evaluate vu shall be that of the lower-strength concrete.

CC-3424.5 Strength of Reinforcement. Design yield
strength of shear‐friction reinforcement shall not
exceed 60,000 psi (420 MPa).

CC-3424.6 Tension. Net tension across shear plane
shall be resisted by additional reinforcement. Permanent
net compression across shear planemay be taken as addi-
tive to the force in the shear‐friction reinforcement Avf fy
when calculating required Avf.

CC-3424.7 Anchorage. Shear‐friction reinforcement
shall be appropriately placed along the shear plane
and shall be anchored to develop the specified yield
strength on both sides by embedment, hooks, or
welding to special devices.

CC-3424.8 Concrete‐to‐Concrete Interface. For the
purpose of CC-3424, when concrete is placed against
previously hardened concrete, the interface for shear
transfer shall be clean and free of laitance. The construc-
tion specification shall include requirements for rough-
ening and cleaning the hardened surface. If μ is
assumed equal to 1.0, the interface shall be roughened
to a full amplitude of approximately 1∕4 in.

CC-3424.9 Concrete‐to‐Steel Interface. When shear is
transferred between as‐rolled steel and concrete using
headed studs or welded reinforcing bars, steel shall be
clean and free of paint.

CC-3430 ALLOWABLE STRESSES FOR SERVICE
LOADS

CC-3431 Concrete Stresses

CC-3431.1 Compression. The allowable stresses for
service compression loads are summarized in
Figure CC-3431-1. Compression under the tendon end
anchor bearing plates shall not exceed 0.6fci (A2/A1)

1/3
.

The compression stress shall be calculated by dividing
the initial tendon force at anchoring by the net area of
the bearing plate, but shall not be greater than fci.
These allowables shall be reduced, if necessary, to main-
tain the structural stability.
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CC-3431.2 Tension. Concrete tensile strength
(membrane and flexure) shall not be relied upon to
resist the external loads and moments or the forces
and moments resulting from internal self‐constraint.

CC-3431.3 Shear, Torsion, and Bearing.

(a) The allowable concrete stresses and the limiting
maximum stresses for shear, torsion, and bearing shall
be 50% of the values given for factored loads in
CC-3421.3 through CC-3421.9, except as follows.

(1) In CC-3421.4.1(c) and CC-3421.6(b), the allow-
able concrete stress need not be reduced below

f f0.5 (0.042 )c c

(2) The allowable concrete stress shall be 67%of the
values given for factored loads in load combinations that
include the temporary pressure loads during the test
condition or the temporary loads from prestressing
that will decrease at completion of prestressing.

(3) The allowable concrete stress shall be 67%of the
values given for factored loads when secondary forces,
defined in Table CC-3136.6-1, are combined with other
forces, provided the section thus required is not less

Figure CC-3431-1
Allowable Compression Stresses for Service Loads

NOTES:
(1) The primary portion of this calculated stress shall not exceed the allowable stress applicable when primary stress acts alone.
(2) These allowable stresses may be increased by 0.05f′c for sections with radial tension reinforcement.
(3) At initial prestress.
(4) The membrane portion of this calculated sresss shall not exceed the allowable stress applicable when membrane stress acts alone.
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than that required for thecombinationofother loads in the
loading combination.
(b) The computed membrane stress on the gross

section resulting from service loads shall be multiplied
by 2 and substituted for Nu/Ag, fm, Fh, or fpc, in invoking
the provisions of CC-3421.4.1, CC-3421.4.2, CC-3421.6,
and CC-3421.7, except in those instances listed in (a)
above, where 67% of the values given for factored
loads is specified, in which case a 1.5 multiplier shall
be used.
(c) Reinforcement requirements for brackets and

corbels shall be computed using a factor of 0.5fy
instead of the 0.85fy given in CC-3421.8 and CC-3424.

CC-3432 Reinforcing Steel Stresses and Strains
CC-3432.1 Bar Tension.

(a) The average tensile stress shall not exceed 0.5fy.
(b) The calculated average stress for the reinforcing in

zones which have predicted concrete tension due to
prestressing loads shal l not exceed 0.5 f y . The
maximum load considered need not exceed the initial
force at tendon anchoring. The values given in (a)
above may be increased by 331∕3% when the following
loads are combined with other loads in the load combina-
tion:

(1) the temporary loads from prestressing that will
reduce at completion of prestressing

( 2 ) when s e c o nd a r y f o r c e s , d e f i n e d i n
Table CC-3136.6-1, are combined with other forces,
provided the section thus required is not less than that
required for the combination of other loads in the
loading combination
(c) The values given in (a) above may be increased by

50% when the temporary pressure loads during the test
condition are combined with other loads in the load
combination.

CC-3432.2 Bar Compression.

(a) For load resisting purposes, the stress shall not
exceed 0.5fy.
(b) The stress may exceed that given in (a) above for

compatibility with the concrete but this stress may not be
used for load resistance.
(c) The values given in (a) above may be increased by

331∕3%when the following loads are combinedwith other
loads in the load combination:

(1) the temporary loads from prestressing which
will be reduced at completion of prestressing

(2) the temporary pressure loads during the test
condition

( 3 ) when s e c o nd a r y f o r c e s , d e f i n e d i n
Table CC-3136.6-1, are combined with other forces,
provided the section thus required is not less than that
required for the combination of other loads in the
loading combination

CC-3433 ð21ÞTendon System Stresses

Tensile stress in prestressing steel shall not exceed the
following:
(a) Due to prestressing steel jacking force, the tendon

tensile stress shall not exceed 0.94fpy but not greater than
the lesser of 0.80fpu and the maximum value recommend-
ed by themanufacturer of prestressing steel or anchorage
devices.
(b) Immediately after anchoring, the tension stress at

theanchorpoint shall not exceed0.81fpyor0.73fpu, and the
average tension stress at the anchorage point of the
tendon group after anchoring shall not exceed 0.70fpu.
The tendon group is defined by its geometry and position
in the containment (e.g., vertical, hoop, dome, inverted
“U”).
(c) For the purpose of design, the effective prestress

shall be based on tendon stresses not exceeding those
calculated to occur immediately after anchoring minus
all applicable losses defined in CC-3542.

CC-3440 CONCRETE TEMPERATURES

(a) The following temperature limitations are for
normal operation or any other long‐term period. The
temperatures shall not exceed 150°F (65°C) except for
local areas, such as around a penetration, which are
allowed to have increased temperatures not to exceed
200°F (95°C).
(b) The following temperature limitations are for acci-

dent or any other short‐term period. The temperatures
shall not exceed 350°F (175°C) for the interior surface.
However, local areas are allowed to reach 650°F
(345°C) from steam or water jets in the event of a
pipe failure.
(c) Higher temperatures thangiven in (a) and (b) above

may be allowed in the concrete if tests are provided to
evaluate the reduction in strength and this reduction is
applied to the design allowables. Also, evidence shall
be provided which verifies that the increased tempera-
tures do not cause deterioration of the concrete either
with or without load.

CC-3500 CONTAINMENT DESIGN DETAILS

CC-3510 DESIGNFORFLEXUREANDAXIAL LOADS

CC-3511 Assumptions
CC-3511.1 Factored Load Design.

(a) The design of sections for flexure and membrane
loads shall be based on the assumptions given in this para-
graph and on satisfaction of the applicable conditions of
equilibrium and compatibility of strains.
(b) Strain in the reinforcing steel and concrete shall be

assumed directly proportional to the distance from the
neutral axis.
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(c) Stress in reinforcement below 0.9 of the specified
yield strength for the grade of steel used shall be taken as
Es times the steel strain. For strains greater than that
corresponding to 0.9fy, the stress in the reinforcement
shall be considered independent of strain and equal to
0.9fy.
(d) Tensile strength of the concrete shall be neglected

in flexural calculations of reinforced concrete.
(e) The relationshipbetween theconcrete compressive

stress distribution and the concrete strain used in the
analysis of sectionsmay be assumed to be a triangle, para-
bola, or any other shape that results in prediction of stress
and strains in substantial agreement with the results of
comprehensive tests. The stresses determined shall be
compared to the stress limits of CC-3420 to ensure
design adequacy.

CC-3511.2 Service Load Design. The straight line
theory of stress and strain shall be used and the following
assumptions shall be made.
(a) A section plane before bending remains plane after

bending; strains vary as the distance from the neutral axis.
(b) The stress–strain relation for concrete is a straight

line under service loads within the allowable stresses;
stresses vary as the distance from the neutral axis.
(c) Tensile stress of the concrete shall be neglected in

flexural calculations of reinforced concrete.
(d) The modular ratio, n = Es/Ec, may be taken as the

nearest whole number but not less than 6. In doubly rein-
forcedmembers, an effective modular ratio of 2Es/Ecmay
be used to transform the compression reinforcement for
stress computations.

CC-3520 DESIGN OF SHEAR REINFORCEMENT

CC-3521 Factored Load Design
CC-3521.1 Tangential Shear and Membrane Forces.

CC-3521.1.1 Reinforced Concrete.

(a) Required area of orthogonal (hoop andmeridional)
reinforcement, with or without inclined reinforcement,
provided for combined tangential shear and membrane
strength shall be computed by

+ =
+ +( )

A A
N N V

f0.9sh si
h h u

y

2 2
1

2
(12)

+ =
+ +( )

A A
N N V

f0.9sm si
m m u

y

2 2
1

2
(13)

(b) Any combination of orthogonal and inclined rein-
forcement as required for strength according to
eqs. (a)(12) and (a)(13), and as required to control

shear deformations may be used with the following
limits on maximum shear force.

(1) Tangential shear strength provided by ortho-
gonal reinforcement Vso and computed by

=V V f A0.9so u y si (14)

(U.S. Customary Units)

=V f bt10so c

shall not be greater than the following:

(SI Units)

=V f bt0.83so c

(2) Tangential shear force Vu shall not exceed the
following, where Vso is computed according to eq. (1)(14):

(U.S. Customary Units)

f bt V20 c so

(SI Units)

f bt V1.66 c so

where

Ash = area of bonded reinforcement in the
hoop direction (in.2/ft) (mm2/m)

Asi = area of bonded reinforcement in one
direction of inclined bars at 45 deg to
horizontal [in.2/ft (mm2/m) along a
line perpendicular to the direction of
the bars]. Inclined reinforcement shall
be provided in both directions.

Asm = area of bonded reinforcement in the
meridional direction (in.2/ft) (mm2/m)

Nh and Nm = membrane force in the hoop and meri-
dional direction respectively due to
pressure, prestress, and dead load.
The prestress force shall be the effective
value. Nh and Nm are positive when
tension and negative when compres-
sion.

Nhℓ and Nmℓ = membrane force in the hoop and meri-
dional direction, respectively, from
lateral load such as earthquake, wind,
or tornado loading. When considering
earthquake loading, this force is based
on the square root of the sum of the
squares of the components of the two
horizontal and vertical earthquakes.
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The force is always considered as posi-
tive.

Vc = tangential shear strength provided by
concrete

Vsi = tangential shear strength provided by
inclined reinforcement

Vso = tangential shear strength provided by
orthogonal reinforcement

Vu = the peak membrane tangential shear
force resulting from lateral load such
as earthquake, wind, or tornado
loading. When considering earthquake
loading, this force is based on the
square root of the sum of the squares
of the components of the two horizontal
and vertical earthquakes. The shear
force shall be considered as positive.

All forces and strengths are expressed in kip/ft.
The strain compatibility of the concrete and reinforce-

ment shall be checked to ensure that the strain allowables
in CC-3422 are not exceeded for orthogonal and inclined
reinforcement.

CC-3521.1.2ð21Þ Prestressed Concrete.

(a) A sufficient amount of effective prestress shall be
provided so that Nh and Nm are either negative (compres-
sion) or zero. Thermal membrane forces shall be included
in Nh and Nm for the calculation of effective prestress.
(b) No reinforcement is required for tangential shear

forces if
V V0.85u c (15)

where Vc is calculated according to CC-3421.5.2.
(c) When the section under consideration does not

meet the requirements of either (a) or (b), reinforcement
shall be provided for tangential shear forces according to
the requirements of CC-3521.1.1.

CC-3521.1.3 Strength of Reinforcement. Design
yield strength of tangential shear reinforcement shall
not exceed 80,000 psi (550 MPa). In cases where the
minimum specified concrete strength is less than 4,000
psi (28 MPa), the design yield strength of tangential
shear reinforcement shall not exceed 60,000 psi
(420 MPa).

CC-3521.2 Radial Shear.

CC-3521.2.1 Nominal Shear Stress. The nominal
shear stress vu shall be computed by

=v V bd/0.85u u (16)

where d need not be less than 0.85h for prestressed
members.

CC-3521.2.2 Applied Shear Stress.When the reac-
tion, in thedirectionof applied shear, introduces compres-
sion into the end region of the containment, sections
located less than a distance d from the face of the
supportmay be designed for the same vu as that computed
at a distance d. For prestressed concrete, sections located
at a distance less than t/2 may be designed for the shear
computed at t/2.

CC-3521.2.3 Shear Reinforcement.

(a) When shear reinforcement perpendicular to the
containment surface is used, the required area of shear
reinforcement shall not be less than

=A v v bs f( ) /v u c y (17)

The perpendicular shear reinforcement shall not be
spaced further apart than 0.50d.
(b) When inclined stirrups or bent bars are used as

shear reinforcement in reinforced concrete members,
the following provisions apply.

(1) When inclined stirrups are used, the required
area shall not be less than

=
+( )

A
v v bs

f

( )

sin cos
v

u c

y
(18)

(2) When shear reinforcement consists of a single
bar or a single group of parallel bars, all bent at the
same distance from the support, the required area
shall be not less than

=A
v v bd

f
( )

sinv
u c

y
(19)

in wh ich (vu − v c ) sha l l no t exceed f3 (in.)c
[ ]fSI Units: 0.25 (mm)c .

(3) When shear reinforcement consists of a series of
parallel bent bars or groups of parallel bent bars at
different distances from the support, the required area
shall be not less than that computed by eq. (2)(19).
(c) Only the center three‐fourthsof the inclinedportion

of any bar that is bent shall be considered effective for
shear reinforcement.
(d) Where more than one type of shear reinforcement

is used to reinforce the same portion of the section, the
requiredarea shall be computedas the sum for the various
types separately. In such computations, vc shall be
included only once.
(e) Inclined stirrups and bent bars shall be so spaced

that every 45 deg line extending toward the reaction from
the mid‐depth of the section, 0.50d, to the tension bars
shall be crossedbyat least one lineof shear reinforcement.
(f) The value of (vu − vc) shall not exceed f8 (in.)c

[ ]fSI Units: 0.67 (mm)c .
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CC-3521.3 Peripheral Shear. Shear stress shall be
investigated at the critical section and at successive
sections more distant from the critical section in accor-
dance with the following rules:
(a) The nominal shear stress vu shall be calculated by

=v V bd0.85u u

whereVu and b are taken at the critical section specified in
CC-3421.6.1.
(b) Shear stress vc shall be calculated in accordance

with CC-3421.6. When vu is less than vc, and membrane
steel stresses arenot greater than0.6fy, no additional rein-
forcing is required.
(c) When vu is less than vc, and either of the membrane

steel stresses exceeds 0.6fy, the correspondingmeridional
orhoop reinforcement shall bedesigned to resist 1.0 times
the shear force corresponding to vu in addition to any
membrane forces and in‐plane shear forces. These
forces shall be considered as additional membrane forces.
(d) When vu is greater than vc, the excess shear force

corresponding to (vu − vc) shall be resisted by shear re-
inforcement designed in accordance with CC-3521.2.3.
(vu − vc) shall be determined as follows:

(1) vu shall not exceed the greater of f6 (in.)c
[ ]fSI Units: 0.5 (mm)c or 1.5vc where vc is calculated
in accordance with CC-3421.6.

(2) The shear stress vc carried by the concrete at any
section shall not exceed the greater of f (in.)c
[ ]fSI Units: 0.083 (mm)c or 1∕2vc when vc, calculated in
accordance with CC-3421.6, is greater than or equal to

f (in.)c [ ]fSI Units: 0.083 (mm)c . When vc is less than
f (in.)c [ ]fSI Units: 0.083 (mm)c , the value of vc, calcu-

lated in accordance with CC-3421.6, shall be used.

CC-3521.4 Torsional Shear. Torsional shear stress
shall be investigated at the section where r = rmin and
at successive surfaces more distant until vut, as defined
below, is equal to or less than vct as defined in
CC-3421.7(a).
(a) The nominal torsional shear stress shall be calcu-

lated by:

=
( )

v
T

t r0.85 2
ut

u
2 (20)

where Tu = the maximum factored torsional loading
applied to the containment wall.
(b) When vut is less than or equal to vct, no reinforcing is

required.
(c) Where vut is greater than vct, the entire shear stress

shall be resisted by reinforcing that which is within the
plane of the wall and normal to the failure surface. Such
reinforcing shall be designed by the following equation:

=
( )

A
V r t

f

(2 )
vt

ut

y
(21)

where

t = concrete thickness
μ = a coefficient of friction that shall be taken equal to

1.0 when the failure surface is concrete to concrete
and 0.7 when the failure surface is concrete to steel

(d) Avt [in.2 (mm2)] shall be distributed uniformly
around the failure surface and shall be fully developed
by embedment or mechanical means on either side of
the failure surface. Uniformly distributed shall be
taken as requiring at least eight approximately equally
spaced bars crossing the failure surface.
(e) vut shall not exceed 0.2f′c nor 800 psi (5.5 MPa).

CC-3522 Service Load Design

The same requirements stated in CC-3521 shall be used
in designing shear reinforcement for service loads with
the following modifications:
(a) Equation CC-3521.2.1(16) shall be replaced by

v = V/bd.
(b) The reinforcement steel stress allowable from

CC-3432.1 shall replace fy in eqs. CC-3521.2.3(a)(17)
through CC-3521.2.3(b)(2)(19).
(c) The reinforcing steel stress allowable from

CC-3432.1 shall replace 0.9fy in eqs. CC-3521.1.1(a)(12)
through CC-3521.1.1(b)(1)(14).
(d ) Vu i n eqs . CC -3521 .1 .1 (a ) (12) through

CC-3521.1.1(b)(1)(14) shall be replaced by V.
(e) The maximum tangential shear stress provided by

orthogonal reinforcement and limiting maximum tangen-
tial shear stresses shall be 50% of the values given for
factored loads in CC-3521.1.1(b).
(f) Equation CC-3521.1.2(b)(15) shall be replaced by

v ≤ 0.5vc.
(g) The requirements of CC-3521.3 shall be used for

peripheral shear design for service loads with the
following modifications.

(1) The nominal shear stress shall be calculated by
v = V/bd.

(2) Shear stress vc shall be calculated in accordance
with CC-3431.3.

(3) When v is greater than vc, the excess shear force
corresponding to (v − vc) shall be resisted by shear rein-
forcement designed in accordance with (b) above. (v − vc)
shall be determined as follows:

(-a) v shall not exceed the greater of f3 (in.)c
[ ]fSI Units: 0.25 (mm)c or 1.5vc when vc is calculated
in accordance with CC-3431.3.
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(-b) The shear stress vc carried by the concrete at
any section shall not exceed the greater of f (in.)c
[ ]fSI Units: 0.083 (mm)c or 1∕2vc when vc, calculated in
accordance with CC-3431.3, is greater than or equal to

f (in.)c [ ]fSI Units: 0.083 (mm)c . When v c i s less
than f (in.)c [ ]fSI Units: 0.083 (mm)c , the value of
vc, calculated in accordancewith CC-3431.3, shall be used.
(h) Torsional shear provisions for Service Load Design

shall be as follows:
(1) vct shall be calculated in accordance with

CC-3431.3 and the reinforcement steel stress allowable
from CC-3432.1 shall replace fy in eq. CC-3521.4(c)(21).

(2) In eq. CC-3521.4(a)(20), vt and T shall be substi-
tuted for vut and Tu, respectively.

(3) In eq. CC-3521.4(c)(21), vt shall be substituted
for vut.

(4) The limits on vt shall be calculated in accordance
with CC-3431.3.

CC-3530 REINFORCING STEEL REQUIREMENTS

CC-3531 General

The following requirements shall govern design of the
reinforcing steel:
(a) The reinforcing steel shall be designedwith consid-

erationofplacement tolerances specifiedhereinand in the
Construction Specification.
(b) The following paragraphs relate to all load combi-

nations in Table CC-3230-1.

CC-3532ð21Þ Reinforcing Steel Splicing and
Development

(a) Splices of reinforcement shall be made only as
required or permitted on the Design Drawings or in
the Construction Specification.
(b) Lap splices shall not be used for bars larger thanNo.

11 (36). Lap splices of bundled bars shall be based on the
lap splice length required for individual bars of the same
size as the bars spliced. Individual bar splices within a
bundle shall not overlap. Entire bundles shall not be
lap spliced. Bars spliced by noncontact lap splices in flex-
ural members shall not be spaced transversely farther
apart than one‐fifth the required length of lap nor
more than 6 in. (150 mm).
(c) Where a non‐prestressed reinforcement bar splice

must be located in a regionwhere tension is predicted in a
direction perpendicular to the bar to be spliced, only a
positive mechanical splice or a welded butt splice shall
be used, unless calculations or tests of the selected
splice detail are made to demonstrate that there is an
adequate transfer of force. These provisions do not
apply to nominal temperature reinforcement.
(d) The values of f c shal l not exceed 100

psi (8.3 MPa).

(e) Mechanical splices shall be staggered if the strain
measured over the full length of the splice (at 0.9 yield)
exceeds that of a bar that is not mechanically spliced by
more than 50%. If staggered mechanical splices are
required, no more than 1∕2 of the bars shall be spliced
in one plane normal to the bars, and the mechanical
splices shall be staggered at least 30 in. (760 mm).

CC-3532.1 Tension Splices.

CC-3532.1.1 Classification of Tension Lap Splices.
Theminimum length of lap for tension lap splices shall be
as follows:
(a) Class A splices: 1.0ld
(b) Class B splices: 1.3ld

The tensile development length ld to develop fy is as given
in CC-3532.1.2.

CC-3532.1.2 ð21ÞDevelopment Length.

(a) Reinforcing steel which must terminate in a loca-
tion where biaxial tension is predicted, such as at pene-
trations, shall be anchored by hooks, bends, or by positive
mechanical anchorage in such a manner that the force in
the terminated bar is adequately transferred to other re-
inforcement. Bar development lengths at such locations
shall be increased by at least 25% over those permitted
foruniaxial tension.Mechanical devices for endanchorage
shall be qualified by testing to be capable of developing at
least 125% of the specifiedminimum yield strength of the
bar. Mechanical anchorage devices listed in CC-4331.3(a)
through CC-4331.3(e) are allowed as end anchorage.
These devices shall be in accordance with the provisions
of CC-2310 and shall be qualified by testing per CC-4330.
These special precautions are not required for nominal
temperature reinforcement.
(b) Where bars no longer required to carry load are

terminated in areas of biaxial tension, the bar develop-
ment lengths shall be increased at least 25% over that
required for areas of uniaxial tension, provided that
biaxial tension forces are carried by other reinforcement.
This requirement does not apply to nominal temperature
reinforcement.
(c) The calculated tension in the reinforcement at each

section shall be developed on each side of that section by
embedment length or end anchorage or a combination
thereof. For bars in tension, hooks may be used in devel-
oping the bars. If mechanical devices are used in whole or
in part for end anchorage, the system shall be qualified by
testing to be capable of developing at least 125% of the
specifiedminimumyield strengthof thebar and shall be in
accordance with CC-2310 and CC-4330. Mechanical
anchorage devices for end anchorage are limited to
only the processes listed in CC-4331.3(a) through
CC-4331.3(e).
(d) Tension reinforcement may be anchored by

bending it across the section and either making it contin-
uous with the reinforcement on the opposite face of the
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section, or anchoring it there by any mechanical device
capable of developing at least 125% of the specified
minimum yield strength of reinforcement.
(e) The critical sections for development of reinforce-

ment are at points ofmaximum stress and at points where
adjacent reinforcement terminates or is bent.
(f) Reinforcement shall extend beyond the point at

which it is no longer required to resist flexure for a
distance equal to the effective depth of the section or
12 bar diameters, whichever is greater. The extension
need not exceed 5 ft (1.5 m) if shear reinforcement is
provided in the same area.
(g) Continuing reinforcement shall have an embed-

ment length not less than the development length ld
beyond thepointwherebent or terminated reinforcement
is no longer required to resist flexure or tension.
(h) Reinforcement shall not be terminated in a tension

zone unless one of the following conditions is satisfied.
(1) The shear at the cutoff point shall not exceed two‐

thirds that permitted, including the shear strength of fur-
nished radial reinforcement.

(2) Stirrup area in excess of that required for shear
and torsion is provided along each terminated bar over a
distance from the terminationpoint equal to three‐fourths
the effective depth of the member. The excess stirrups
shall be proportioned such that (Av/bwS) fy is not less
than 60 psi (0.4 MPa). The resulting spacings shall not
exceed d/(8βb), where βb is the ratio of the area of
bars cut off to the total area of bars at the section.

(3) For No. 11 (36) and smaller bars, the continuing
bars provide double the area required for flexure at the
cutoff point and the shear does not exceed three‐fourths
that permitted.
(i) The development length ld, in inches, shall be

computed as the product of the basic development
length of (1) below and the applicable modification
factor or factors of (2) below, but ld shall be not less
than 12 in. (300 mm)

(1) The basic development length shall be as follows:
(-a) For No. 6 (19) and smaller bars
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(-b) For No. 7 (22) and larger bars
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in which the confinement term (Cb + Ktr)/db shall not be
taken greater than 2.5, and

=K
A

sn
U.S. Customary and SI Units

40
( )tr

tr

It is permitted to useKtr = 0 as a design simplification even
if transverse reinforcement is present.

Atr = total cross-sectional area of all transverse rein-
forcement that is within the spacing s and that
crosses the potential plane of splitting through
the reinforcement being developed, in.2 (mm2)

cb = smaller of the distance from center of a bar to
nearest concrete surface or one-half the center-
to-center spacing of bars being developed,
in. (mm)

Ktr = transverse reinforcement index
n = number of bars being spliced or developed along

the plane of splitting
s = maximum center-to-center spacing of transverse

reinforcement within ld, in. (mm)

Development length of individual bars within a
bundle, in tension or compression, shall be that for the
individual bar, increased 20% for a three-bar bundle
and 33% for a four-bar bundle.

For determining the appropriate confinement
term, a unit of bundled bars shall be treated as a
single bar of a diameter derived from the equivalent
total area and having a centroid that coincides with
that of the bundled bars.

(2) For horizontal reinforcement, the basic develop-
ment length shall be multiplied by 1.3 if more than 12
in. (300 mm) of concrete is placed below the reinforce-
ment during the concrete placement that embeds the re-
inforcement in the section. For the purpose of these
requirements, reinforcement is considered to be hori-
zontal if the angle the reinforcement makes with the hori-
zontal plane is 30 deg or less.
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(3) Thebasic development lengthmaybe reducedby
the ratio of (area required) / (area provided), except
where anchorage or development for fy is specifically
required.

CC-3532.1.3 Splices in Region of Maximum
Tensile Stress. Splices in regions of maximum tensile
stress should be avoided. Where such splices must be
used, they shall be mechanically spliced in accordance
with CC-4333, welded butt splice in accordance with
CC-4334, or Class B lap spliced in accordance with
CC-3532.1.1.

CC-3532.1.4 Splices Away From Regions of
Maximum Tensile Stress. Splices away from regions of
maximum tensile stress (maximum computed stress
less than0.5fy) shall bemechanically spliced in accordance
with CC-4333, welded butt spliced in accordance with
CC-4334, or lap spliced in accordance with CC-3532.1
as follows:
(a) if no more than one-half of the bars are lap spliced

within a required lap length — Class A
(b) if more than one-half of the bars are lap spliced

within a required lap length — Class B

CC-3532.1.5 Splices in Tension Tie Members.
Splices shall be made with a welded butt splice in accor-
dance with CC-4334 or a positive mechanical connection
inaccordancewithCC-4333andbestaggeredat least1.3ld.

CC-3532.1.6 Bars of Different Sizes. When bars of
different size are lap spliced in tension, splice length shall
be the tension lap splice length of the larger bar.

CC-3532.1.7 Grade 75 and Grade 80 Reinforce-
ment. Development length, ld, of Grade 75 and Grade
80 reinforcement calculated using CC-3532.1.2(i) shall
be multiplied by a factor of 1.2.

CC-3532.2 Compression Splices.

CC-3532.2.1 General. Splices in compression may
be lap or butt spliced. Lap splices shall meet the require-
ments of CC-3532.2.2 and butt splices (welded ormechan-
ical) shall meet the requirements of CC-4333 or CC-4334.

CC-3532.2.2ð21Þ LapSplices.Theminimum length of a
lap splice in compression shall be the development length
in compression ldc in accordancewith CC-3532.2.3 but not
less, in inches, than 0.0005fydb (in mm, than 0.0725fydb)
for fy of 60,000 psi (420 MPa) or less or (0.0009fy – 24)db
[SI Units: (0.13fy – 24)db] for fy greater than 60,000 psi
(420 MPa) but not less than 12 in. (300 mm). When
bars of different size are lap spliced in compression,
splice length shall be the larger of ldc of the larger bar
and compression lap splice length of the smaller bar.
Lap splices of No. 14 (43) and No. 18 (57) bars to No.
11 (36) and smaller bars shall be permitted.

CC-3532.2.3 Development Length for Bars in
Compression.

(a) The calculated compression in the reinforcement at
eachsection shall bedevelopedoneach sideof that section
by embedment length or end anchorage or a combination
thereof.
(b) The deve lopment length l d c for bars in

compression shall be computed as f d f0.02 (in.)y b cÄ
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑf d fSI Units: 0.25 (mm)y b c but shall be not less than

0.0003fydb (0.044fydb) or 8 in. (200mm). ldcmay bemodi-
fied by a reduction factor equal to (As required)/(As
provided).
(c) Hooks and heads for mechanical devices for end

anchorage shall not be considered effective in developing
bars in compression.

CC-3532.3 ð21ÞDevelopment of Standard Hooks in
Tension.

(a) Development length ldh, in inches, for deformed
bars in tension terminating in a standard hook
(CC-4321) shall be computed from (b) below and the ap-
plicable modification factor or factors of (c) below, but ldh
shall not be less than 8db or 6 in. (150 mm), whichever is
greater.
(b) Development length ldh for a hooked bar shall be

f d f0.02 (in.)y b c
Ä
Ç
ÅÅÅÅÅÅÅ

É
Ö
ÑÑÑÑÑÑÑf d fSI Units: 0.24 (mm)y b c .

(c) Development length ldh shall be multiplied by ap-
plicable factor or factors as follows:

(1) For No. 11 (36) and smaller bars, side cover
(normal to plane of hook) not less than 21∕2 in.
(64 mm), and for 90 deg hook, cover on bar extension
beyond hook not less than 2 in. (50 mm): 0.7.

(2) For 90 deg hooks of No. 11 (36) and smaller bars
that are either enclosed within ties or stirrups perpendic-
ular to the bar being developed, spaced not greater than
3db along ldh or enclosed within ties or stirrups parallel to
thebarbeingdeveloped, spacednot greater than3dbalong
the length of the tail extension of the hook plus bend: 0.8.

(3) For180deghooksofNo. 11 (36) andsmaller bars
that are enclosed within ties or stirrups perpendicular to
thebarbeingdeveloped, spacednot greater than3dbalong
ldh: 0.8.

In (2) and (3) above, db is the diameter of the hooked
bar, and the first tie or stirrup shall enclose the bent
portion of the hook, within 2db of the outside of the bend.

(4) Where anchorage or development for fy is not
specifically required, reinforcement in excess of that
required by analysis: (As required)/(As provided).
(d) For bars being developed by a standard hook at

discontinuous ends of members with both side cover
and top (or bottom) cover over hook less than 21∕2
in. (64 mm), hooked bar shall be enclosed within ties
or stirrup ties spaced along the full development
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length ldh not greater than 3db, where db is diameter of
hooked bar. For this case, factor of (c)(2) and (c)(3)
above shall not apply.
(e) Notation

db = nominal diameter of bar
ldh = development length of standard hook in tension,

measured from critical section to outside end of
hook [straight embedment length between critical
section and start of hook (point of tangency) plus
radius of bend and one bar diameter]

CC-3532.4ð21Þ Development of Mechanically Headed
Deformed Bars In Tension.

(a) Development length for mechanically headed
deformedbars in tension, ldt, shall be determined from (c).
(b) Use of mechanical anchorage devices to develop

deformed bars in tension shall be limited to the following
conditions:

(1) Specifiedyield strengthof the reinforcing steel, fy,
shall not exceed 60,000 psi (420 MPa).

(2) Bar size shall not exceed No. 11 (36).
(3) Concrete shall be normal weight.
(4) Net bearing area of head, Abrg, shall not be less

than 4Ab, where Ab is defined as the nominal area of the
deformed reinforcing bar.

(5) Clear spacing between bars shall not be less than
4db when measured from bar to bar, not including the
head, where db is defined as the nominal bar diameter
of the deformed reinforcing bar.

(6) Clear cover forbar shall not be less than2dbwhen
measured from the bar, not the head.
(c) The development length formechanically anchored

headed deformed bars in tension shall be calculated by

(U.S. Customary Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
l

f

f c
d

0.016
dt

y
b

(SI Units)

=
Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅ

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑ
l

f

f c
d

0.19
dt

y
b

where

ldt = development length in tension of the headed
deformed bar, measured from the critical
section to the bearing face of the head

NOTE: Critical section for development of the mechanically
headed deformed bars is defined in CC-3532.1.2(e).

The value of f’c used to calculate ldt shall not exceed 6,000
psi (40 MPa). Length ldt shall not be less than the larger of
8db and 6 in. (150 mm).
(d) Mechanically anchored headed deformed bars in

sizes No. 14 (43) and No. 18 (57) may be used, provided
that test data is presented indicating that the system is
capable of developing at least 125% of the specified
minimum yield strength of the reinforcing bar. The
Designer shall proportion deformed headed bar concrete
anchorageand investigate theneed for supplemental rein-
forcing steel so the required reinforcing bar force is
reached before either a concrete pullout cone or side
blowout failure occurs. The deformed headed bar shall
be in accordancewithCC-2310.Development of reinforce-
ment shall be permitted to consist of a combination of
mechanical anchorage and additional embedment
length of reinforcement between the critical section
and the mechanical device.

CC-3533 Reinforcing Steel Anchorage
CC-3533.1 Anchorage of Radial Shear Reinforcement.

(a) Radial shear reinforcement shall be carried as close
to the compression and tension surfaces of the section as
cover requirements and the proximity of other steel will
permit. The ends shall be anchored by one of the following
means:

(1) a standard hook plus an effective embedment of
0.5ld; the effective embedment of a stirrup leg shall be
taken as the distance between the mid‐depth of the
member d/2 and the start of the hook (point of tangency)

(2) embedment on the compression side of mid‐
depth d/2 for a full‐development length ld but not less
than 24 bar diameters

(3) bending around the membrane reinforcement
through at least 135 deg (2.36 rad); hooking or
bending stirrups around the membrane reinforcement
shall be considered effective anchorage

(4) a mechanically headed deformed bar per
CC-2311 plus an effective embedment of 0.5ldt in accor-
dance with CC-3532.4; the effective embedment of a
stirrup leg shall be taken as the distance between the
mid-depth of the member d/2 and the bearing face of
the head
(b) Between the anchored ends, each bend in the

continuous portion of a transverse simple U‐ or multiple
U‐stirrup shall enclose a longitudinal bar.
(c) Bars bent to act as section reinforcement shall, in a

region of tension, be continuous with the main reinforce-
ment and in a compression zone shall be anchored on the
compression side of mid‐depth as specified for develop-
ment length inCC-3532.2.3 for that part of fy that is needed
to satisfy eq. CC-3521.2.3(b)(2)(19).
(d) Pairs of U‐stirrups so placed as to form a closed tie

shall be considered properly spliced when the laps are
each 1.3ld.
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CC-3534 Reinforcing Steel Cover and Spacing
Requirements

CC-3534.1ð21Þ Cover.

(a) The following minimum concrete cover shall be
provided for reinforcing bars, prestressing tendons, or
ducts:

Exposure

Minimum
Cover,
in. (mm)

Cast against and permanently exposed to earth 3 (75)
Exposed to earth or weather:
No. 6 (19) through No. 18 (57) bars 2 (50)
No. 5 (16) bars, 5∕8-in. (16-mm) wire and smaller 11∕2 (38)

Not exposed toweather or in contactwith the ground:
Principal reinforcement, ties, and stirrups

11∕2 (38)

Other reinforcement 1 (25)

For bar bundles, the minimum cover shall equal the
equivalent diameter of the bundle but need not be
more than2 in. (50mm)or the tabulatedminimum,which-
ever is greater.
(b) The concrete cover shall be established by consid-

ering the placing tolerances of the formwork and rein-
forcement. The minimum concrete cover specified in
(a) above shall not be reduced by the placing tolerances
of the formwork and reinforcement.

CC-3534.2 Spacing. The clear distance between
parallel bars in a layer shall not be less than the
nominal diameter of the bars, nor 11∕3 times the
maximum size of the coarse aggregate, nor 1 in.
(25 mm). The clear distance between parallel layers
shall not be less than 13∕8 in. (35 mm). The clear distance
limitation between bars shall also apply to the clear
distance between a contact (lap) splice and adjacent
splices or bars.

CC-3535 Concrete Crack Control

(a) Whenanexpectedcrack formation is so located that
critical elements of the containment, such as anchor zone
concrete, buttresses, ring girders, and large opening
edges, may be weakened, bonded nonprestressed rein-
forcement shall be provided to carry the total tensile
force in the concrete.
(b) Nonprestressed reinforcement shall be provided in

the containment shell to control surface and membrane
cracking from the effects of shrinkage, temperature, and
membrane tension.Theareaof suchreinforcement ineach
directionat each faceof the concrete shall beaminimumof
0.0020 times the gross cross‐sectional area of the section.
This requirement may be met in whole or in part by re-
inforcement otherwise required to resist calculated loads.
An integral steel liner, if provided, may be included to
satisfy the requirement for inside face reinforcement.
Reinforcing bars considered as face reinforcement shall

not be more than one‐fifth of the total section thickness
from the concrete face.
(c) Forbasemat structures, the ratio of nonprestressed

reinforcement area to gross concrete cross-sectional area
shall be not less than 0.0018 in each direction, unless the
area of reinforcement provided at each face is at least one-
third greater than that required by analysis.

Nonprestressed reinforcement for crack control shall
not be spaced farther apart than 18 in. (450 mm).
NOTE: Where reinforcement with yield stress exceeding
60,000 psi (420 MPa) is used, specified ratios should be multi-
plied by (60,000 psi/fy) or (420 MPa/fy).

CC-3536 Curved Reinforcement

All forces imposed by curved reinforcement shall be
considered in the design of local areas such as around
penetrations.

CC-3540 PRESTRESSED CONCRETE

CC-3541 General

(a) Provisions in this subarticle apply to structural
members prestressed with high strength steel meeting
the requirements for prestressing material in CC-2400.
(b) The following assumptions shall be made for

purposes of design:
(1) Strains vary linearly with depth through the

entire load range.
(2) At cracked sections, the ability of the concrete to

resist tension is neglected.
(3) In calculations of section properties prior to

bonding of tendons, areas of the open ducts shall be
deducted. The transformed area of reinforcing steel
and bonded tendons may be included.
(c) The effects on the adjoining structure of elastic and

plastic deformations, deflections, changes in length, and
rotations caused by the prestressing shall be provided for.

CC-3542 Prestress Losses

(a) Prestress losses shall be considered in the calcula-
tion of effective prestress in the prestressing steel and
shall include (1) through (6).

(1) prestressing steel seating loss at transfer
(2) elastic shortening of concrete
(3) creep of concrete
(4) shrinkage of concrete
(5) relaxation of prestressing steel
(6) friction loss due to intended or unintended

curvature in the tendons
(b) Calculated friction loss in post-tensioning tendons

shall be based on experimentally determined wobble and
curvature coefficients and shall be verified during stres-
sing operations. The values of coefficients assumed for
design and the acceptable ranges of jacking forces and
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steel elongations shall be specified. Friction losses shall be
calculated as follows:

= +( )P P ex s
Klx p x (22)

Where (Klx + μpαx) is not greater than 0.3, eq. (23) may
be used.

= + +( )P P Kl1x s x p x
1 (23)

(c) Where loss of prestress in a member is anticipated
due to connection of thememberwith adjoining construc-
tion, such loss of prestress shall be included in design
calculations.

CC-3543 Tendon End Anchor Reinforcement

Reinforcement oriented perpendicular to the direction
of applied force shall beprovided to control cracking in the
end anchor zone.
(a) Reinforcement shall be sized to resist a load of at

least 10% of the applied permanent prestressing force.
This reinforcement shall be located starting not more
than 2 in. (50 mm) from the bearing plate and extending
not more than twice the minimum bearing plate width
when measured in the direction of the load. However,
the 2 in. (50 mm) limitation on reinforcement spacing
around tendon anchorage bearing plates may be
waived provided the following conditions are met:

(1) The anchorage is embedded in a reinforced base
mat.

(2) The distance from the center of the bearing plate
to the edge of themat shall be at least 21∕2 times the dimen-
sion of the bearing plate measured along the radius of the
mat.

(3) Base mat reinforcement in each direction is
designed for 10%of the tendon force, to resist the splitting
tensile stress in addition to all concurrent loads.
(b) In lieu of the provisions of (a) above, reinforcement

may be based on the result of tests that show the end
anchor zone can adequately resist a force equivalent to
the design ultimate force of the prestressing tendon.

CC-3544 Curved Tendons

All forces imposed by curved tendons shall be consid-
ered in the design of local areas, such as around penetra-
tions.

CC-3545 Radial Tension Reinforcement

For portions of prestressed containments with single
curvature, radial reinforcement shall be provided to
resist radial tensile forces unless detailed analysis
together with concrete tensile strength characteristics
confirm that such reinforcement is not necessary. The
detailed analysis shall include consideration for curva-
ture, location, size, and placement of tendon ducts,

tendon stressing sequence, discontinuities, stress concen-
tration, and Poisson’s effects. Radial reinforcement shall
be provided to resist radial tensile forces from curved
tendons inportions of the containmentwith double curva-
ture.

The spacing of radial reinforcement shall not be greater
thanhalf the shell thickness or24 in. (600mm),whichever
is smaller. The radial reinforcement shall be developed on
either side of the centroid of the curved tendons in accor-
dance with CC-3530.

CC-3550 SEPARATION OF STRUCTURES

Since the containment will deform under the design
loadings and temperature effects, such deformations
and interactionwith integral, adjacent, and internal struc-
tures and components shall be considered in the design of
the containment; otherwise, the containment shall be
sufficiently separated from adjacent and internal struc-
tures to ensure no contact during deformation.

CC-3560 FOUNDATION REQUIREMENTS

CC-3561 General

(a) The foundation properties used in the design shall
be supportedbyanalysismade from informationprovided
by laboratory or field tests of specimens taken from the
subsurface strata supporting the containment.
(b) The bottom of the foundation shall be placed at a

sufficient distance below finished grade to preclude the
possibility of undermining due to flood or possible future
adjacent construction.
(c) The short‐term as well as the long‐term foundation

soil properties shall be considered. In order to ensure use
of the maximum loading conditions, a range of values of
soil constants shall be used which bracket the expected
values.

CC-3564 Water Table

The design analysis shall include the effect of possible
significant changes in the groundwater table. The effect of
moisture changes upon the soils being loaded shall be
included in the settlement analysis.

CC-3565 Deterioration of Material

The design shall provide due protection against
possible deterioration of the foundation material.

CC-3566 Containment Displacement

Containment movements shall be considered in deter-
mining potential interaction with adjacent or attached
piping or equipment. Long‐term settlements, such as
consolidation of clay or silt layers, shall be given full
consideration. An investigation shall be made to preclude
the founding of a containment on strata subject to lique-
faction under the specified design conditions.
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The load combinations shown in Table CC-3230-1 are
applicable to containment displacement considerations,
except that load factors for all load cases shall be
taken equal to 1.0.

CC-3570 CONTAINMENT EXTERNAL ANCHORS

CC-3571 General

The effects of anchors, embedments, or other attach-
ment details not attached to the steel liner or a load
carrying steel element, that provide anchorage into the
containment concrete from the external surface, shall
be considered. The anchors are, however, not under
the jurisdiction of the Code. The induced effects on the
containment shall be considered in accordance with
this Section.

CC-3572 Loads and Displacements

The resulting loads on the containment shall be consid-
ered in the appropriate load categories and load combina-
t ions as descr ibed in CC-3200 . Conta inment
displacements and their effects shall be considered in
accordance with CC-3550 and CC-3566.

CC-3573 Analysis Methods

The analysis necessary to predict the effects of such
anchors shall be consistent with CC-3300.

CC-3574 Design Allowables

The effects of the anchors shall not cause stresses or
strains, in combination with the other loads on the
containment as determined by CC-3572 and CC-3573,
that exceed the allowables of CC-3400.

CC-3575 Additional Design Requirements

The Design Specification shall contain requirements
that the external anchors are designed to preclude struc-
tural damage to the containment.

CC-3600 LINER DESIGN ANALYSIS
PROCEDURES

CC-3610 GENERAL

(a) An analysis shall be prepared in sufficient detail to
show that each of the design allowables of CC-3700 is
satisfied when the liner, penetrations, brackets, and
attachments are subjected to the loadings of CC-3200.
(b) Experimental results may be used to evaluate the

capacity of components to withstand static or cyclic
loading.

CC-3620 LINER

The liner analysis shall consider deviations in liner
geometry due to the fabrication and erection tolerances,
whichare stated inCC-4522, andanyadditional tolerances
stated in theConstructionSpecification. Since the linerwill
be anchored at relatively close intervals compared to its
diameter, the analysis may be based on plate or beam
theory, provided all assumptions made in the analysis
are conservative.

CC-3630 LINER ANCHORS

The anchors may be analyzed assuming the liner
remains elastic under all conditions; for example, the
liner strains shall be converted to stress using Hooke’s
law with the modulus of elasticity and Poisson’s ratio
below yield. If the liner anchor design relies on liner
yielding to limit the forces applied to the anchors, then
the liner material yield strength may be determined in
accordance with CC-3810(c)(3) or by performing the
biaxial yield strength tests as indicated in CC-3810(c)(2).

CC-3640 PENETRATION ASSEMBLIES

The penetration assemblies shall be analyzed using the
same techniques and procedures used for metal contain-
ments in Division 1, where applicable. The analysis shall
consider the concrete confinement forpenetrationsleeves
embedded in the concrete containment. Local thickening
of the liner at an opening is allowed.

CC-3650 BRACKETS AND ATTACHMENTS

Brackets and attachments connected to the liner shall
be designed and analyzed using accepted techniques ap-
plicable to beams, columns, and weldments such as those
illustrated in AISC N690 or AISC 360, as applicable.

CC-3700 LINER DESIGN

CC-3710 GENERAL

Due to the nature of the loads andother effects, together
with the types of components, the allowable capacities of
the components will be specified in terms of stress, strain,
force or displacement, whichever is applicable. Since
many of the allowable capacities are based on ultimate
capacities, testing of a prototype may be necessary to
verify the ultimate capacity of a particular part.

CC-3720 LINER

The calculated strains and stresses for the liner shall not
exceed the values given in Table CC-3720-1. The load
combinations shown in Table CC-3230-1 are applicable
to the liner, except that load factors for all load cases
may be taken equal to 1.0. Strains associated with
construction‐related liner deformations may be excluded
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when calculating liner strains for the Service and factored
load combinations.

CC-3730 LINER ANCHORS

(a) The liner shall be anchored to the concrete so that
the liner strainsdonot exceed the strainallowable given in
CC-3720. The anchor size and spacing shall be chosen so
that the responseof the liner is predictable for all the loads
and load combinations given in CC-3200. The anchorage
system shall be designed so that it can accommodate the
design in‐plane (shear) loads or deformations exerted by
the liner and loads applied normal to the liner surface.
(b) The allowable force and displacement capacity are

given inTableCC-3730-1.The loadcombinations shown in
Table CC-3230-1 are applicable to the liner anchors,
except that load factors for all load cases may be taken
equal to 1.0. Mechanical loads are those that are not
self‐limiting or self‐relieving with load application. Dis-
placement limited loads are those resulting from
constraint of the structure or constraint of adjacent mate-
rial and are self‐limiting or self‐relieving.
(c) The anchorage forces to be transferred to the

concrete shall be established in the Design Specification.

CC-3740 PENETRATION ASSEMBLIES

(a) Each penetration shall be provided with an ancho-
rage system capable of transferring loads and thermal
effects to the concrete. The anchorage design shall be
in accordance w ith liner anchor requirements.
(b) The design allowables for the penetration nozzles

shall be the same as those used for Division 1. A nozzle is a
part of the assembly not backed up by concrete.
(c) The design allowables for the liner in the vicinity of

the penetration shall be the same as those given in AISC
N690.
(d) The portion of the penetration sleeve backed by

concrete shall be designed to meet the requirements of
CC-3700 and CC-3800.
(e) The anchorage forces to be transferred to the

concrete shall be established in the Design Specification.

CC-3750 BRACKETS AND ATTACHMENTS

(a) The design allowables for brackets, attachments,
and the liner in their vicinity shall be the same as
those given in AISC N690.
(b) The anchorage forces to be transferred to the

concrete shall be established in the Design Specification.

CC-3760 FATIGUE

In general, the design of liners is not fatigue controlled
sincemost stressandstrainchangeswill occuronlyasmall
number of times and produce only minor stress– strain
fluctuations. The occurrence of earthquake and design
basis accident full‐design strains occurs too infrequently
andwith too few cycles to generally be controlling. Never-
theless, because of the critical nature of the liner, the
Designer shall ensure the suitability of the liner for the
specific operating conditions involving cyclic application
of loadsand thermal conditions thathavebeenestablished
in theDesign Specification. The fatiguemethods and limits
established by Division 1 shall apply.

CC-3800 LINER DESIGN DETAILS

CC-3810 LINER ANCHORS

The anchor design and analysis shall consider the
effects of the following:

Table CC-3720-1
Liner Plate Allowables

Category

Stress–Strain Allowable [Notes (1), (2)]

Membrane
Combined Membrane

and Bending
Construction fst = fsc = 2∕3fpy fst = fsc = 2∕3fpy
Service ∊st = ∊sc = 0.002 ∊st = ∊sc = 0.004
Factored ∊sc = 0.005 ∊sc = 0.014

∊st = 0.003 ∊st = 0.010

NOTES:
(1) The types of strains limited by this Table are strains induced by

other than construction‐related liner deformations.
(2) Strain in in./in. or mm/mm.

Table CC-3730-1
Liner Anchor Allowables

Category
Force and Displacement Allowables

Mechanical Loads, Lesser of: Displacement Limited Loads
Test, normal, severe environmental, extreme

environmental
Fa = 0.67 Fy δa = 0.25 δuFa = 0.33 Fu

Abnormal, abnormal/severe environmental,
abnormal/extreme environmental

Fa = 0.9 Fy δa = 0.50 δuFa = 0.5 Fu
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(a) The unbalanced loads resulting from the variation
of liner curvature. Someareasof the linermayhave inward
curvature between the anchors, whereas other areas will
have outward curvature. The variationwill result in shear
load and displacement at the anchor.
(b) Liner thicker than nominal due to the rolling toler-

ances given in SA-20. The thicker platewill impose greater
forces and displacements on the anchorage system than a
nominal thickness liner.
(c) Yield strength higher than the minimum specified

due to the rolling processes and biaxial loading. Adequate
consideration of yield strength in excess of theminimums
may be provided by one of the following options:

(1) converting liner strains to stress and membrane
forces assuming the material remains elastic.

(2) conducting biaxial yield strength tests to estab-
lish the biaxial yield strength of materials used for the
liner. If biaxial yield strength tests are performed, the
anchor loads may be determined considering the liner
material is in a plastic state when justified by the design.

(3) considering liner plate biaxial compressive yield
strength equal to 1.5 times the yield strength value speci-
fied in Section II, Part D, Subpart 1, Table Y-1. For this
option, reported uniaxial tensile yield strength of liner
material shall not exceed 1.25 times the yield strength
specified in Section II, Part D, Subpart 1, Table Y-1.
(d) Weldoffset, structuraldiscontinuities, andconcrete

voids behind the liner.
(e) Variation in anchor spacing.
(f) Variation in anchor stiffness due to a variation of the

concrete modulus.
(g) Local concrete crushing in the anchor zone.
(h) Stud anchors shall be designed to fail before tearing

the liner.

CC-3820 PENETRATION LINERS

For penetration assemblies designed for pipe rupture
loads, the design shall consider one of the following:
(a) the moment, axial, torque, and shear loadings that

the piping is capable of producing
(b) penetration loads based on a dynamic analysis

considering pipe rupture thrust as a function of time

CC-3830 TRANSITIONS FROM CONCRETE TO
STEEL

CC-3831 Transition Details

When containments use a combination of concrete and
metal (Figure CC-3831-1), the design rules below shall
govern. Transition sections shall be divided into two cate-
gories.
(a) Category One: full‐containment diameter transi-

tions, penetration with nozzles embedded in the concrete
containment wall for attachment of piping, hatches, and
locks

(b) Category Two: local zones backed up by compres-
sible materials

CC-3831.1 Category One: Transition Sections.

(a) Metal sections not backed by concrete shallmeet all
the design requirements of Division 1 and shall consider
the concrete confinement.
(b) Metal sections may be attached to the concrete

portion of the containment with anchor rods, anchor
bolts, attachment to the primary reinforcement or
prestressing system, or any anchorage method capable
of transferring the design loads.

CC-3831.2 Category Two: Transition Sections. Metal
sections backed up by compressible material to
provide local flexibility shallmeet all design requirements
of Division 1 in the region where compressible material is
present. Where the sections attach to concrete backed or
embedded members, only the requirements of
Article CC-3000 apply.

CC-3840 WELDED CONSTRUCTION

CC-3841 Joint Category

The term category as used herein defines the location of
a joint in a liner and illustrates some acceptable details.
The joints included in each category are designatedA, B, C,
D, E, F, G, H, and J. FigureCC-3831-1 illustrates typical joint
locations.
(a) Category A: longitudinal welded joints within the

liner or penetration nozzles
(b) Category B: circumferential welded joints within

the liner or penetration nozzles
(c) Category C: detailed descriptions and requirements

for this category are covered in Division 1
(d) Category D: welded joints connecting penetration

nozzles in the liner
(e) Category E: welded joints connecting flat liner

bottom sections to elements of spherical, cylindrical, or
conical liner sections or for intersection of liner sides
to sides, or sides to bottoms
(f) Category F: welded joints connecting liner floor

plates together and to liner transition sections and
joints connecting liner sides and bottom plates together
(g) Category G: welded joints connecting the sides of

liner side plates to liner floor plates
(h) Category H: welded joints connecting attachments

(including liner anchors) to the liner or thickened liner
plate and welded joints connecting embedment
anchors to attachments or other embedment anchors
(i) Category J: welded joints connecting liner plates to

embedments that are continuous throughout liners
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Figure CC-3831-1
Illustration of Welded Joint Locations Typical of All Categories

GENERAL NOTE: For definitions of categories, see CC-3841.
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CC-3842 Permissible Types of Welded Joints

Joints of any category shall meet the requirements of
CC-3830 for transition zones from concrete to steel when
compressible material is present between the liner and
the concrete.

CC-3842.1 Category A. All welded joints of Category A
shall meet the fabrication requirements of CC-4542 and
shall be capable of being examined in accordance with
CC-5520.

CC-3842.2 Category B. All welded joints of Category B
shall meet the fabrication requirements of CC-4542 and
shall be capable of being examined in accordance with
CC-5520.

CC-3842.3 Category C. Rules for joints of Category C
are included in Division 1.

CC-3842.4 Category D.

(a) Joints of Category D shall meet the requirements of
Figure CC-4542.2-1 for nozzles over 3 in. (75 mm)
diameter.
(b) Joints of Category D shall meet the requirements of

FigureCC-4542.2-2 fornozzles3 in. (75mm)diameter and
under.

CC-3842.5 CategoryE. Joints shall beof the type shown
in Figure CC-4542.2-3.

CC-3842.6 CategoryF. Joints shall beof the type shown
in Figure CC-4542.2-4.

CC-3842.7 CategoryG. Joints shall beof the typeshown
in Figure CC-4542.2-5.

CC-3842.8 Category H. Welded joints shall be of the
type shown in Figure CC-4542.2-6.

CC-3842.9 Category J. Welded joints shall be of the
type shown in Figure CC-4542.2-7.

CC-3842.10 Minimum Dimensions. The minimum
dimensions of Figure CC-4542.2-1 through Figure
CC-4542.2-7 shall be met where:

r1 = 1∕4t or 3∕4 in. (19 mm), whichever is less
r2 = 1∕4 in. (6 mm) min.
t = nominal thickness of liner
ta = nominal thickness of attachments to liner
tc = 0.7tn, 0.7t1, 0.7ta, or 1∕4 in. (6 mm), whichever

is less
tmin = the smaller of 3∕4 in. (19 mm) or the thickness

of the thinner of the parts joined
tn = nominal thickness of penetrating part
tw = 0.7tmin

t1 or t2 = not less than the smaller of 1∕4 in. (6 mm) or
0.7tmin

t1 + t2 ≥ 11∕4 tmin

CC-3843 Unequal Thickness Transitions

A tapered transition section having a length not less
than three times the offset between the adjacent
section surfaces as shown in Figure CC-3840-1 shall be
provided at joints of Categories A and B between sections
that differ in thickness by more than one‐fourth of the
thickness of the thinner section. The transition section
may be formed by any process that will provide a
uniform taper.

CC-3900 DESIGN CRITERIA FOR IMPULSE
LOADINGS AND MISSILE IMPACT

CC-3910 GENERAL

Containment and liner shall be designed to resist the
effects of impulse loadings from pipe rupture and the
impact of missiles resulting from pipe rupture, tornadoes,
or anyothermissile specified in theDesignSpecification in
accordancewithCC-3200. Load classifications are given in
CC-3240.

CC-3920 DESIGN ALLOWABLES

CC-3921 General

CC-3921.1 Normal and Severe Environmental Load
Categories. Structural members designed to resist
loads in the normal and severe environmental load cate-
gories are not allowed to exceed yield.

CC-3921.2 ð21ÞAbnormal, Extreme Environmental,
Abnormal and Extreme Environmental Load Categories.
Structural members designed to resist impulse loads and
dynamic effects in the abnormal, extreme environmental,
and abnormal and extreme environmental categories are
allowed to exceed yield strain and displacement values.
Design adequacy is controlled by limiting the ductility
assumed in evaluating the energy absorption capability
or resistance function of the structure.

CC-3922 Stress Allowables

The allowables applicable to the determination of
section strength are given in CC-3400 and CC-3700. In
determining fy values, the dynamic effect of the loading
may be considered.

CC-3923 Ductility Limits

CC-3923.1 Impulse Loads. The ductility limits used in
design for impulse load shall not exceed one‐third the
ductility determined at failure.

CC-3923.2 Impact Effects. The ductility limits used in
design for impact load shall not exceed two‐thirds the
ductility determined at failure.
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CC-3930 DESIGN ASSUMPTIONS

CC-3931 Penetration Equations and Impulse or
Impact Effects

Empirical penetration equations are assumed to govern
design local to themissile impact area.Missile penetration
shall be limited to 75% of total section thickness. Local
areas for missile impact are defined as having a
maximum diameter equal to 10 times the mean diameter
of the impacting missiles, or t5 ( t2.76 ) plus the mean
diameter of the impactingmissilewhere t is defined as the
total section thickness in feet (meter), whichever is
smaller. The effect of damage in the local missile

impact area shall be considered in the overall structural
integrity of the section.

CC-3932 Effective Mass During Impact

For a concrete section, the effective diameter of the
section to be used in determining the kinetic energy trans-
ferred onmissile impact or the dynamic characteristics of
the structural response shall be equal to the mean
diameter of the missile plus one section thickness t.
Larger values of effective mass may be used if a test or
analytical verification is available to substantiate the
use of larger values.

Figure CC-3840-1
Tapered Transition Sections

NOTE: (1) Length of taper may include the width of the weld.
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ARTICLE CC-4000
FABRICATION AND CONSTRUCTION

CC-4100 GENERAL REQUIREMENTS

CC-4110 INTRODUCTION

Concrete containments shall be fabricated and
constructed in accordance with the requirements of
this Article. The requirements apply whether performed
in a shop or at the field site. Unless otherwise indicated,
throughout this Article the term component shall be
understood to includeparts andappurtenances. The fabri-
cation of parts and appurtenances designated to meet the
requirements for Class MC and that are not backed up by
concrete for load‐carrying purposes shall meet the re-
quirements of Article NE‐4000 and Subsection NCA.
Attachments to parts fabricated to the requirements of
Division 1 shall meet the requirements of this Article.

CC-4120 CERTIFICATION OF MATERIAL AND
FABRICATION OR CONSTRUCTION BY
COMPONENT FABRICATOR OR
CONSTRUCTOR

CC-4121 Means of Certification

The Fabricator or Constructor of a concrete contain-
ment or component shall certify, by application of the
appropriate Certification Mark and completion of the
appropriate Data Report in accordance with Article
NCA‐8000, that the materials used comply with the re-
quirements of Article CC-2000 and that the fabrication
and construction complies with the requirements of
Article CC-4000.

CC-4121.1ð21Þ Certification of Treatments, Tests, and
Examinations. If the Fabricator or Constructor performs
treatments, tests, repairs, or examinations required by
other Articles of this Division, the Fabricator or
Constructor shall certify that these requirements have
been fulfilled (NCA-3862 or NCA-8410). Reports of all
required treatments and of the results of all required
tests, repairs, and examinations shall be available to
the Authorized Inspector.

CC-4121.2 Repeat of Tests. If, during the fabrication or
construction of the component, the material is subjected
to conditions that cause a change in principal character-
istics that has not been accounted for in the Design Report
and thatmay change properties from the specified values,

the tests shall be repeated or additional tests made by the
Fabricator or Constructor for verification of acceptability.

CC-4122 Material Identification

CC-4122.1 Concrete. Each concrete placement (defined
as a placement made continuously between construction
joints) shall be identified on the as‐built sketch, and
records maintained of the date, concrete batch tickets
with traceability to the information required in
CC-4220, and testing performed in accordance with
CC-5230.

CC-4122.2 Reinforcing Material. Reinforcing steel, by
groups of bars or shipments, shall be identifiable by docu-
mentation, tags, orothermeansof control to a specific heat
number or heat code until review of the CMTR has been
performed. After acceptance of the reinforcing steel,
adequate documentation, tags, or other means shall be
provided to ensure traceability to an accepted shipment
or to groups of accepted shipments of reinforcing steel.

CC-4122.3 Prestressing System Material. Material for
prestressing systems shall carry identification markings
or tags that shall remain distinguishable until the tendon
assembly is completed. If the original identificationmark-
ings are cut out or thematerial is divided into two ormore
pieces, themarkings shall be accurately transferred to the
pieces prior to cutting, or a codedmarking or othermeans
of control shall be used to ensure identification of each
piece ofmaterial during the subsequent assembly. A tabu-
lation shall be made of the CMTR for thematerials used in
an assembly or group of assemblies.

CC-4122.4 Liner Material. Material for liners
(excluding leak‐chase system materials, embedments,
and attachment material) shall carry identification mark-
ings that will remain distinguishable until the liner is
assembled. If the original identification markings are
cut out or the material is divided into two or more
pieces, the marks shall either be accurately transferred
to all pieces prior to cutting or a coded marking shall
be used to ensure identification of each piece of material
during subsequent fabrication or installation. In either
case, an as‐built sketch or a tabulation of materials
shall be made identifying each piece of material with
the CMTR and the coded marking. Welding and
brazing materials shall be identified and controlled so
that they can be traced to each liner, or else a control
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procedure shall be employed that ensures that the speci-
fied materials are used.

CC-4122.5 Control of Material. Material shall be
controlled, marked, and identification maintained in
accordance with NCA‐4134.7 and NCA‐4134.8.

CC-4123 Examinations

Visual examination activities that are not referenced for
examination by Article CC-5000 and are performed solely
toverify compliancewith requirementsofArticle CC-4000
are not required to be performed by personnel and proce-
dures qualified to Article CC-5000 unless so specified.

CC-4200 CONCRETE

CC-4210 GENERAL

TheConstructionSpecificationshall specify the require-
ments for stockpiling, batching, mixing of concrete consti-
tuents, conveying, depositing, consolidating, and curing of
concrete and construction joint preparation. The
Construction Specification shall specify any requirements
or special procedures to be followed to limit concrete
temperature. Concrete batching and mixing facilities
shall be certified in accordance with the requirements
of the National Ready Mixed Concrete Association
Plant Certification Check List. Inspection and certification
shall be conductedby either the Society or theConstructor
or Fabricator of the concrete component.

CC-4220 STORING, BATCHING, MIXING, AND
PLACING

CC-4221 Stockpiling and Storing

CC-4221.1 Aggregates. Aggregates shall be handled,
transported, andstockpiled inamanner thatwillminimize
segregation and ensure that the fineness moduli and
gradation are maintained within the range specified.
Intermixing between stockpiles shall be prevented.
Suitable storage facilities shall be provided to ensure
that the above requirements are met. Aggregates shall
be sampled and tested in accordance with the require-
ments of CC-5223.

CC-4221.2 Moisture Control. Cement, admixtures, and
other concrete and grout constituents that are adversely
affected by moisture before mixing shall be stored,
handled, and transported in a manner that will prevent
the introduction of moisture. If the above materials are
exposed tomoisture after testing, they shall be resampled
and testedbeforeuse inaccordancewith therequirements
of CC-5220.

CC-4222 Batching

CC-4222.1 General. The Construction Specification for
batching of constituents for concretemanufacture shall be
based on ACI 304R. Only constituents from stockpiles or
storage containers that have been accepted shall be used.
Constituents shall be removed from storage in a manner
such that the distribution of particle sizes remains within
the ranges specified. Aggregate shall be rescreened if nec-
essary to maintain specified gradation.

CC-4222.2 Measuring. Aggregates, cements, ice, and
mineral admixtures shall be measured by weight.
Liquids may be measured by volume or weight. Free
moisture content of aggregates and admixtures shall
be determined and accounted for as corrections to the
amount of added mixing water as differentiated from
total mixing water requirements. Themeasurement accu-
racy and precision shall be such that the proportion of
constituents stays within the ranges established in
ASTM C94/C94M. The ±1% tolerance for water specified
in ASTM C94/C94Mmay be modified to ±2% if permitted
in the Construction Specification and if the plant can
demonstrate a standard deviation less than 400
psi (3 MPa) as determined by ACI 214R. Records shall
be maintained of the constituent quantities in each
batch. Recording paper divisions or digital printout
records shall be capable of verifying conformance
to ±1% for the measurements of cement, total aggregates,
mineral admixtures and water, and to ±3% for liquid
admixture.

CC-4223 Mixing

CC-4223.1 General. All concrete shall be mixed in
accordance with the requirements set forth in ASTM
C94/C94M and any additional requirements of the
Construction Specification.

CC-4223.2 Operation of Mixers. The range of mixing
capacities and corresponding mixing times for all
mixers shall be determined by the performance of
mixer uniformity tests as specified in ASTM C94/
C94M. Mixers shall be used only within the range of ca-
pacities and mixing times qualified by mixer uniformity
tests.

CC-4224 Conveying

CC-4224.1 General. Concrete shall be conveyed from
the mixer to final placement by methods that will
prevent the separation or loss of materials.

CC-4224.2 Conveying Equipment. Conveying equip-
ment shall be capable of providing a supply of concrete
at the site of placementwithout separation of constituents
and without interruptions that cause loss of plasticity
between successive increments. The delivery rate shall
be such that unconsolidated material is not covered by
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newly deposited concrete, and newmaterial is not placed
on concrete that has hardened unless the surface of the
hardened material has been properly prepared as a
construction joint. Performance of all conveying equip-
ment including hoppers, buckets, conveyors, pumps,
and chutes shall be selected and employed so that the
concrete shallmeet the specifiedcharacteristics. Concrete,
during conveyance, shall not come in contact with
aluminum.

CC-4225 Depositing

CC-4225.1 General. Concrete shall be deposited as
nearaspracticable to its final position toavoid segregation
due to rehandling or flowing. The placing operation shall
be conducted at such a rate that the concrete is at all times
plastic and flows readily into forms and around reinforce-
ment and embedments. Concrete that is partially
hardened or contaminated shall not be deposited in
the structure. Retempered concrete shall not be used.

CC-4225.2 Continuity. Concreting shall be a contin-
uous operation until the placement is completed. The
top surfaces of vertically formed lifts shall be generally
level. Location and preparation of construction joints
shall be in accordance with CC-4252.

CC-4226 Consolidation

CC-4226.1 General. Concrete shall be thoroughly
worked around the reinforcement and embedments
and into corners of the forms. ACI 309R shall be used
as a guide to develop suitable consolidation techniques.

CC-4226.2 UseofMortar.Whereplacementandconso-
lidation conditions are difficult, orwhere reinforcement is
congested, batches ofmortar containing the same propor-
tions of cement and sand as used in the concrete shall first
be deposited in the forms to the depth specified. Sufficient
water shall be added to the mortar to provide necessary
workability, but the water–cement ratio shall not exceed
the water–cement ratio of the specified concrete design
mix.

CC-4226.3 Placeability Tests. When required by the
Construction Specification, one or more mockups shall
be prepared and filled with the specified concrete to
demonstrate that the concrete can be properly placed
and consolidated under field conditions. The mockup
shall contain representative amounts of reinforcing
steel, tendon tubes, and embedments. Vibrators, equip-
ment, and procedures used in the tests shall be represen-
tative of those that will be used in the actual construction.

CC-4230 PREPLACED AGGREGATE CONCRETE

CC-4231 General

TheConstructionSpecification shall prescribe complete
specifications for materials, locating and placing grout
pipes, preplacing and compacting coarse aggregates,
grout pumps and equipment, preparation for grouting,
completing the top surface, and the grout mix design,
fluidity, and temperature. Specifications and procedures
shall be based on ACI 304R.

CC-4240 CURING

(a) The concrete shall be cured and protected against
thermal and physical damage from the time of placement
until the endof theminimumcuringperiod specified in the
Construction Specification.
(b) Special requirements on the type and duration of

the curing process shall be established in the Construction
Specification together with the details of any special con-
ditions to be maintained during the curing period.
(c) During cold weather, the surfaces of the concrete

placement shall be maintained above 40°F (5°C) for a
minimum period of the first three days. Cold weather
is defined as a periodwhen formore than three successive
days, the average daily outdoor temperature drops below
40°F (5°C). The average daily temperature is the average
of the highest and lowest temperature during the period
from midnight to midnight. When temperatures above
50°F (10°C)occur formore thanhalf of any24-hrduration,
the period should no longer be regarded as cold weather.
(d) The period for protection against freezing may be

reduced if it can be demonstrated that the compressive
strength of the concrete is at least 500 psi (3.5 MPa) and
the structure has no early strength requirements.

CC-4250 FORMWORK AND CONSTRUCTION
JOINTS

CC-4251 Formwork Design

CC-4251.1 General. Forms shall result in a final struc-
ture which conforms to the shape, lines, and dimensions
required by the Design Drawings and shall be substantial
and sufficiently tight to prevent leakage of mortar. They
shall be properly braced, tied, or supported to maintain
position and shape within the limits prescribed by the
Construction Specification.

CC-4251.2 Design of Formwork. The Construction
Specification for the design of formwork shall be based
on ACI 347, and shall include consideration of the
following factors:
(a) rate and method of placing concrete
(b) density of concrete
(c) construction loads, including vertical, horizontal,

and impact loads
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CC-4251.3 Use of the Liner as Formwork. In using the
steel containment liner as formwork, special attention
shall be given to liner supports and the height of lifts
to prevent exceeding the tolerance requirements of
CC-4522.

CC-4252 Construction Joints

Construction joints shall be located only as shown on
the Design Drawings. The Construction Specification shall
specify themethod of their preparation. Specific attention
shall be given to ensure that before concrete is placed, all
debris, water, and ice are removed from the space to be
occupied by the concrete. Joint preparation shall include
removal of all laitance and other unsound material from
hardened concrete surface, and saturating of the surface
before additional concrete is placed. Provision shall be
made for transfer of shear and other forces through
construction joints. Refer to CC-3424 for details.

CC-4253 Precast Concrete Segments

Where precast concrete segmentswill be used as forms,
the Construction Specification shall specify the alignment
tolerance, the type of joints between elements, the surface
preparation, and ties required to ensure attachment to the
containment concrete. Precast concrete segments shall be
supported adequately to prevent displacement during
concreting.

CC-4260 COLD AND HOT WEATHER CONDITIONS

Cold andhotweather procedures shall be in accordance
with the Construction Specification. The Construction
Specification shall establish a permissible range of as
placed temperatures for the concrete and may specify
the preheating or precooling of the concrete constituents,
or the use of ice or othermeans to control the temperature
of the concrete, including maximum rate of cooling to
prevent thermal shock. Such procedures shall be based
on the information provided in ACI 305R and 306R.

CC-4270 REPAIRS TO CONCRETE

Honeycombedordefective concrete shall be repairedor
removed and replaced as directed by the Designer.
Adjoining surfaces shall be prepared as specified for
construction joints (CC-4252).

CC-4280 GROUT FOR GROUTED TENDON
SYSTEMS

CC-4281 Location of Grout Inlets and Outlets

Location of grout inlets and outlets shall be included in
the Construction Specification drawings. All grout inlets
and outlets shall contain positive shut-off devices. Grout
inlets and outlets shall be placed at the top of grout caps at
high and low points at a distance not to exceed 3 ft (0.9m)
inbothdirectionsandatmajor changes in cross sectionsof

the duct to facilitate straight bores into anchorage/ducts
for post-grouting inspection. Mandrels shall be used to
keep grout holes straight during concrete placement.

CC-4282 Grout Production

CC-4282.1 Storage ofMaterials.The cement and other
prepackagedmaterials shall be stored in locations that are
weatherproof. Storage of all admixtures and additives
shall be as recommended by the manufacturer.

CC-4282.2 Equipment for Measuring and Mixing.
Equipment formeasuring and batching grout constituents
shall be accurate to ±3%. The capacity of the equipment
shall be sufficient to ensure that post-tension ductswill be
filled and ventedwithout interruption at the required rate
of injection. The mixer shall be capable of producing
homogeneous and stable grout free of lumps and undis-
persed cement and able to deliver continuous supply of
grout.

CC-4282.3 Grout Injection Equipment. The injection
equipment shall be capable of continuous operation
and include a system for recirculation of the grout
while grouting. The use of compressed air to aid
pumping shall not be permitted. Pumps shall be
constructed to prevent oil, air, or other substances
from entering the grout and to prevent loss of grout.
TheConstructionSpecification shall stipulate thepressure
necessary to deliver the grout that assures adequate grout
placement and necessary gauges required. The piping to
the grout shall incorporate a sampling access. Oil and
water-free compressed air shall be available to check
free passage of the ducts and blow out excess water
and assure that no leaks occur.

CC-4282.4 Equipment for Thixotropic Grout. The
required grout equipment shall be included in the
Construction Specification. It shall provide for a high
speed shear (colloidal) mixer and pump and pressure
controls.

CC-4282.5 Mixing and Injecting of Grout.The batching
and mixing of grout shall be performed within accuracies
required by the Construction Specification.
(a) Proportions ofmaterials shall be based on previous

testing of the grout. They may be selected based on prior
documented experience with identical materials and
similar equipment andunder comparable field conditions.
(b) The materials shall be mixed to produce a homo-

geneous grout. The grout shall be continuously agitated
until it is pumped. Water shall not be added to increase
fluidity that has decreased by delayed use of grout.
(c) The fluidity of the grout shall be tested in accor-

dance with ASTM C939. The efflux time of the grout
sample immediately after mixing shall be as established
by testing at the minimum and maximumwater amounts.
It shall be no less than 5 sec and no more than 30 sec.
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(d) After mixing and resting without agitation for a
period of 30 min, the efflux time shall not exceed 30
sec following 30 sec of remixing.

CC-4282.6 Grouting. The Construction Specification
shall specify procedures for grouting that shall contain
the following:
(a) The temperature at any point in the tendon duct

during grouting shall be above 40°F (5°C). The end
anchorages and tendon duct shall be maintained above
40°F (5°C) for a period of 48 hr after grouting or until
the grout reaches a minimum of 800 psi (5.5 MPa)
compressive strength. The grout temperature shall not
exceed 100°F (38°C) during mixing and pumping.
(b) Thegrout shall be injected fromnear the lowest end

of tendons in an uphill direction and usedwithin 30min of
the first addition of water to ensure the flowability of the
grout.
(c) Themethodof injecting grout shall ensure complete

fillingof theducts and complete surroundingof the tendon
with grout.
(d) Grout rate that is slow enough to avoid air entrap-

ment and avoid segregation of the grout shall be specified.
(e) Means tomaintain a continuousone-way flowof the

grout shall be provided.
(f) Grouting of a tendon (or designated group of

tendons) shall be performed in one operation.
(g) The pumping pressure at the inlet shall not exceed

245 psi (1.7MPa) for steel ducts. Higher pressuresmay be
employed if demonstrated to be satisfactory in fieldmock-
up trials.
(h) When one-way flow of grout cannot bemaintained,

or when grouting is interrupted, the Construction Spec-
ification shall provide procedures to assure complete
filling.

CC-4282.7 Vertical Grouting. The Construction Speci-
fication shall provide procedures to assure that bleed
water is removed from the grout. It shall provide
devices and means to assure that bleeding will not
cause the grout to drop below the highest point of the
anchorage device and complete filling is achieved.

CC-4300 FABRICATION OF REINFORCING
SYSTEMS

CC-4310 GENERAL

This subarticle covers the fabrication requirements for
the reinforcing systems of concrete containments.

CC-4320 BENDING OF REINFORCING BAR

CC-4321 Standard Hooks

CC-4321.1 Definition. The term standard hook as used
herein shall mean either

(a) a semicircular turn plus an extension of at least 4
bar diameters, but not less than 21∕2 in. (60mm) at the free
end of the bar or
(b) a 90 deg turn plus an extension of at least 12 bar

diameters at the free end of the bar or
(c) for stirrup and tie anchorages
(1) for No. 5 (16) bar and smaller, a 90 deg turn plus

an extension of 6 bar diameters
(2) for Nos. 6 (19) through 8 (25) bar, a 90 deg turn

plus an extension of 12 bar diameters
(3) forNo. 8 (25) bar and smaller, a 135deg turnplus

an extension of 6 bar diameters

CC-4321.2 Diameter. The diameter of bend measured
on the inside of the bar for standard hooks shall not be less
than thevaluesofTableCC-4322-1, except for stirrupsand
ties in sizes Nos. 3 (10) through 5 (16).

CC-4322 Stirrups, Tie Hooks, and Bends Other
Than Standard Hooks

(a) Inside diameter of bends for stirrups and ties shall
not be less than 4 bar diameters for No. 5 (16) bar and
smaller.
(b) Bends for all other bars shall have diameters on the

inside of thebar not less than allowedbyTable CC-4322-1.

CC-4323 Bending

CC-4323.1 Fabrication of Bars. When bending is
required, it shall be performed prior to embedding the
bars in the concrete except as permitted in CC-4323.2.
All bars to be bent shall be cold bent prior to embedment
in concrete, except as permitted in CC-4323.2.

CC-4323.2 Bending of Bars Partially Embedded in Set
Concrete. Bending or straightening of bars partially
embedded in set concrete shall not be permitted,
except in isolated cases where corrective action or a
field change is required and is specifically approved by
the Designer. The bend diameters shall conform to the
requirements of Table CC-4322-1. In addition, the begin-
ning of the bend shall not be closer to the existing concrete
surface than is shown in Figure CC-4323-1. The following
requirements shall be adhered to for individual bar sizes:
(a) Bar Nos. 3 (10) through 5 (16) may be cold bent

once. Preheating inaccordancewithCC-4323.3 is required
for subsequent straightening or bending.

Table CC-4322-1
Minimum Diameter of Bend

Bar Size Minimum Diameter, bars
No. 3 (10) to No. 8 (25) 6
No. 9 (29) to No. 11 (36) 8
No. 14 (43) to No. 18 (57) 10
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(b) Bar No. 6 (19) and larger shall be preheated in
accordance with CC-4323.3.
(c) Examinationof all bends shall be in accordancewith

CC-5340.

CC-4323.3 Preheating. Preheating prior to bending or
straightening, when required, shall be in accordance with
the following rules:
(a) Preheating may be applied by any method which

does not harm the bar material or cause damage to
the concrete.
(b) The preheat shall be applied to a length of bar equal

to 5 bar diameters each way from the center of the bend,
except that preheat shall not extend below the surface of
the concrete. The temperature of the bar at the concrete
interface shall not exceed 500°F (260°C).
(c) The preheat temperature shall be 1,100°F to

1,200°F (595°C to 650°C).
(d) The preheat temperature shall be maintained until

bending or straightening is complete.
(e) The preheat temperature shall be measured by

temperaturemeasurement crayons or contact pyrometer.

CC-4323.4 Tolerances. Bars used for concrete rein-
forcement shall meet fabricating tolerance requirements
specified in the Construction Specification.

CC-4330 SPLICING OF REINFORCING BARS AND
ANCHORING OF MECHANICALLY
HEADED DEFORMED BARS

CC-4331 Introduction

CC-4331.1 General. Splicing of reinforcing bars and
anchoring of mechanically headed deformed bars shall
be made only as required or permitted by the Designer.

CC-4331.2 Permitted Types of Splices and Joints. The
types of splices and joints listed in (a), (b), and (c) below
are permitted within the limitations described in the
following:
(a) lap splices
(b) mechanical splices of the following types:
(1) sleeve with ferrous filler metal splices
(2) taper threaded splices
(3) swaged splices
(4) threaded splices in thread deformed reinforcing

bars
(5) sleeve with cementitious grout
(6) cold roll formed parallel threaded splices

(c) arc‐welded joints

CC-4331.3 Permitted Types of Mechanically Headed
Deformed Bars Systems. The following types of mechani-
cally headed deformed bar assemblies are permitted
within the limitations described:
(a) head with ferrous filler metal systems
(b) taper threaded systems
(c) cold swaged on sleeve systems
(d) threaded heads in thread deformed reinforcing

bars
(e) cold roll formed parallel threaded systems

CC-4332 Lap Splices

Lap splice requirements are stated in CC-3532.

CC-4333 Mechanical Splices and Mechanically
Headed Deformed Bar Systems

CC-4333.1 Qualifications, Records, and Identifying
Stamps.

CC-4333.1.1 Required Qualifications. Each
Constructor or Fabricator is responsible for the mechan-
ical splice and mechanically headed deformed bar system
made by his organization and he shall conduct the tests
required by this subarticle in order to qualify themechan-
ical splicing procedure, mechanically headed deformed
bar attachment procedure, and the installers.

CC-4333.1.2 Maintenance and Certification of
Records. The Constructor or Fabricator shall maintain
a record of the splicing procedure, mechanical anchorage
device installation procedure, and the installers qualified
and employed by him, showing the date and results of
tests, and the identification mark or marks assigned to
each installer. These records shall be reviewed, verified,
and signed by an authorized individual assigned by the
Constructor. The records shall be accessible to the
Owner and to the Authorized Inspector.

CC-4333.1.3 Splicing and Mechanical Anchorage
Device Installation Prior to Qualification. No splicing
or installation of mechanical anchorage devices shall
be undertaken until an installer has been qualified.

Figure CC-4323-1
Allowable Bend Configuration

GENERAL NOTE: D = minimum diameter of bend from
Table CC-4322-1.
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Only installers who are qualified in accordance with
CC-4333.4 shall be used.

CC-4333.2 Splice and Mechanically Headed Deformed
Bar System Qualification Requirements.

CC-4333.2.1 General Requirements. Each splice
and mechanically headed deformed bar system Manufac-
turer shall conduct a series of performance tests in order
to qualify his splice and mechanically headed deformed
bar system for use.

CC-4333.2.2 Materials to Be Used for Perfor-
mance Tests. The types of materials to be used for the
performance test specimens shall be the same as those
intended for use in production splices and production
mechanically headed deformed bar systems. The actual
materials used and the necessary dimensions of all test
specimens shall be documented.

CC-4333.2.3ð21Þ Type and Number of Performance
Tests.

(a) Static Tensile Tests. Six splice specimens for each
bar size and splice type to be used in construction
shall be tensile tested in accordance with the monotonic
test method of ASTM A1034/A1034M. Six mechanically
headed deformed bar specimens for each bar size,
head type, and head size to be used in construction
shall be tensile tested to failure using the loading rate
set forth in SA-370. For swaged or sleeve with cementi-
tious grout splices, three different deformation patterns
shall be used for each bar size tested. The static tensile
tests shall be repeated for each bar grade to be used
in construction for taper threaded splices, cold roll
formed parallel threaded splices, and threaded splices
in thread deformed reinforcing bars. For taper threaded
splices and cold roll formed parallel threaded splices and
headed bar systems, one of the six specimens shall be
tested at 20°F (−7°C) or less. Two additional specimens
may be tested at 20°F (−7°C) or less for taper threaded
splices and cold roll formed parallel threaded splices and
mechanically headed deformed bar systems to waive the
tensile test requirements of production splice and
mechanically headed deformed bar samples at 20°F
(−7°C) or less required by CC-4333.5.4. A tensile test
on a specimen from the same bar used for the spliced
and mechanically headed deformed bar specimens
shall be performed to establish actual tensile strength.
The average tensile strength of the splices and mechani-
cally headed deformed bars shall not be less than 90% of
the actual tensile strength of the reinforcing bar being
tested, nor less than 100% of the specified minimum
tensile strength. The tensile strength of an individual
splice and mechanically headed deformed bar system
shall not be less than 125% of the specified minimum
yield strength of the reinforcing bar. Each individual
test report on the splice, mechanically headed deformed

bar, and unspliced specimen shall include at least the
following information:

(1) tensile strength
(2) total elongation
(3) load–extension curve to the smaller of 2% strain

or the strain of 125% of the specified minimum yield
strength of the reinforcing bar

The gage length for each pair of spliced and un‐spliced
specimens shall be the same, and equal to the length of
splice sleeve, plus not less than 1 bar diameter nor more
than3bardiameters at each end. Theminimum length of a
mechanically headed deformed bar test specimen shall be
the greater of 10 in. (250 mm) or ten times the nominal
diameter of the bar. For taper threaded and cold roll
formed parallel threaded and mechanically headed
deformed bar systems, the splice and mechanically
headed deformed bar specimens being tested at
20°F (−7°C) or less shall be cold soaked for a
minimum of 24 hr prior to testing at a temperature
equal to or less than the temperature required for this
test. The test temperature at the root of the critical
thread shall be 20°F (−7°C) or less and maintained
until the specimen reaches yield level load.
(b) Cyclic Tensile Tests. Three specimens of the bar‐to‐

bar splice and three specimens of the bar-to-head attach-
ment for each reinforcing bar size [and grade for taper
threaded systems, cold roll formed parallel threaded
systems, and threaded sleeves or mechanical anchorage
devices (heads) in thread deformed reinforcing bar],
splice type, and head type to be used in construction
shall be subjected toa lowcycle tensile test. Each specimen
shall withstand 100 cycles of stress variation from 5% to
90% of the specified minimum yield strength of the rein-
forcing bar. One cycle is defined as an increase from the
lower load to the higher load and return.
(c) SlipTest.Twoof the six static tensile testmechanical

splice samples noted in (a) shall be evaluated for slip prior
to completing the static tensile test given in (a). The slip
test shall be conducted in accordance with the ASTM
A1034 slip test procedure to a predetermined load
equal to one-half the specified yield strength (0.5fy) of
the reinforcing steel bar. After completion of the test
cycle, the measured slip shall not exceed the total slip
specified in Table CC-4333.2.3-1. If only one of the two
samples meets the slip acceptance criteria, a retest
may be allowed in which all remaining static tensile
test specimens shall be evaluated for slip prior to
static tensile testing and shall meet the slip acceptance
criteria, otherwise the splices shall be rejected.
NOTE:Taper threaded splices conforming toCC-4331.2(b)(2) do
not require a slip test.

CC-4333.2.4 Essential Variables. The perfor-
mance tests must be completely reconducted when any
of the applicable changes listed below are made.
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Changes other than those listed may be made without the
necessity for repeating the performance tests.
(a) for all splice and mechanically headed deformed

bar systems
(1) a change in splice sleeve material or grade, or

head material or grade
(2) a reduction in the cross‐sectional area of the

splice sleeve or mechanical anchorage device
(3) a reduction in the bar engagement length
(4) an increase in reinforcing bar grade
(5) a change in mechanical anchorage device (head)

geometry
(b) for sleeve with ferrous filler metal splices and

mechanically headed deformed bar systems with filler
metal, a change in the filler metal
(c) for taper threaded splices andmechanically headed

deformed bar systems with taper threads
(1) a change in thread geometry
(2) a change in torque

(d) for swaged splices and cold swaged mechanically
headed deformed bar systems

(1) a change in swaging pressure
(2) a change in die geometry
(3) a change in stud material
(4) a change in outside or inside diameter of sleeve,

mechanical anchorage device (head), or attachment
device

(5) for heated splices, a change in the required
minimum temperature of the sleeve at the time of
swaging and maximum time and temperature that
sleeves may be held in the heating oven
(e) for threaded splices and threaded mechanical

anchorage devices in thread deformed bar
(1) a change in thread geometry
(2) a change in torque
(3) a reduction in the minimum required length of

the locknuts used
(f) for sleeve with cementitious grout splices
(1) a change in the cementitious grout formulation
(2) a change in the deformation pattern inside the

sleeve
(3) a change in the reinforcing steel deformation

pattern

(4) a change in temperature limits for the splice
system (bar, sleeve, grout) during placement and
curing of grout
(g) for cold roll formed parallel threaded splices and

cold roll formed parallel mechanically headed deformed
bar systems

(1) a change in thread geometry
(2) a change in torque
(3) a change in roll forming pressures
(4) a reduction in the minimum required length of

the locknuts used

CC-4333.3 Requirements for Production Splicing
Procedures or Mechanical Anchorage Device (Head)
Attachment Process.All production splicing andmechan-
ical anchorage device (head) attachment shall be
performed in accordance with a written procedure that
shall include, as a minimum, the procedures used for
the performance tests in CC-4333.2.3, with the following
additional information:
(a) for sleeve with ferrous filler metal splices and

mechanically headed deformed bar systems with
ferrous filler

(1) bar end preparation
(2) cleanliness requirements
(3) bar end location tolerances
(4) permissible gapbetween reinforcingbar ends for

splices only
NOTE: The permissible gap requirement is not applicable to
mechanical devices as they are single-sided.

(5) allowable voidage in the filler metal
(b) for taper threaded splices andmechanically headed

deformed bar systems with taper threads
(1) typeof equipmentandmethodsused toverifybar

thread acceptability
(2) cleanliness requirements
(3) typeof equipmentandmethodsused for torquing
(4) required force and method of measurement
(5) method of mechanically locking the position

splices
(6) method used to verify the final alignment and

engagement of the coupler on both bars for splices or
one bar formechanically anchored headed deformed bars
(c) for swaged splices and mechanically cold swaged

headed deformed bar systems
(1) cleanliness requirements
(2) type of equipment andmethods used for swaging
(3) required swaging pressure, method of measure-

ment, pressure tolerance, and frequency of calibration of
the hydraulic system

(4) method used to verify final alignment and
engagement of the coupler on both bars for splices or
one bar formechanically anchored headed deformed bars

(5) bar end preparation

Table CC-4333.2.3-1
Total Slip Acceptance Criteria for Mechanical

Reinforcing Bar Splicesð21Þ

Reinforcing Bar Size Total Slip, in. (mm)
No. 4 (13) through No. 6 (19) 0.020 (0.51)
No. 7 (22) through No. 9 (29) 0.028 (0.71)
No. 10 (32) through No. 11 (36) 0.036 (0.91)
No. 14 (43) 0.048 (1.22)
No. 18 (57) 0.060 (1.52)
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(6) minimum and maximum number of swaging
operations per sleeve and mechanically anchored
headed deformed bars

(7) method used to ensure sleeve and mechanical
anchorage device is swaged along full length

(8) limits of die wear and frequency of checking
(9) for heated sleeves, limits and methods used to

measure duration and temperature of heating cycle
and temperature of sleeve at time of swaging

(10) method used to ensure that stud is locked to
swaged sleeve
(d) for threaded sleeves and mechanically headed

deformed bar anchorage devices in thread deformed bar
(1) typeof equipmentandmethodsused toverifybar

thread acceptability
(2) cleanliness requirements
(3) typeof equipmentandmethodsused for torquing
(4) required torque, tolerance on required torque,

and method of measurement
(5) method used to verify the final alignment and

engagement of the coupler on both bars for splices and
for one bar for mechanically anchored headed deformed
bars

(6) method used to lock the coupling in position to
prevent loosening of the splice or mechanically headed
deformed bar
(e) for sleeve with cementitious grout splices
(1) bar end preparation
(2) cleanliness requirements
(3) bar end location tolerances
(4) bar and sleeve centering tolerances
(5) permissible gap between reinforcing bar ends
(6) allowable voidage in the grout
(7) procedures for storing, mixing, placing, and

curing the grout
(8) maximum and minimum temperature of the

splice system during placement and curing of grout
(9) restriction to prevent relative bar movement

during setting and strength development of the grout
(f) for cold roll formed parallel threaded splices and

cold roll formed mechanically headed deformed bar
systems

(1) typeof equipmentandmethodsused toverifybar
thread acceptability

(2) cleanliness requirements
(3) typeof equipmentandmethodsused for torquing
(4) required torque, tolerance on required torque,

and method of measurement
(5) method used to lock the coupling in position to

prevent loosening of the splice or mechanical anchorage
device (head)

(6) method used to verify the final alignment and
engagement of the coupler on both bars for splices and
on one bar for mechanically anchored headed deformed
bar anchorage devices

CC-4333.4 Initial Qualification Tests. Each installer
shall prepare two qualification splices or mechanically
headed deformed bar samples on the largest bar size
to be used. In addition, for ferrous filler metal systems,
cementitious grouted splices, and swaged systems only,
each of the splice or mechanical anchorage device posi-
tions to be used (e.g., horizontal, vertical, diagonal) shall
be qualified. The qualification splice or mechanically
headed deformed bar specimens shall bemade using rein-
forcing bar of the same specification and grade as those to
be used in construction. The completed qualification
splices shall be tensile tested in accordance with the
monotonic test method of ASTM A1034/A1034M. The
completed mechanically headed deformed bar specimens
shall be tensile testedusing the loading rate set forth inSA-
370. The tensile strength of each sample shall equal or
exceed 125% of the specified yield strength as shown
in Table CC-4333-1, column titled "Minimum Single
Mechanical Splice, Mechanically Headed Deformed Bar,
or Welded Joint Tensile Strength."

CC-4333.5 Continuing Splice and Mechanically
Headed Deformed Bar Performance Tests.

CC-4333.5.1 Introduction. A continuing series of
tests shall be made to ensure that production splices
and mechanically headed deformed bars meet the
tensile requirements. Nondestructive examination re-
quirements are specified in CC-5320.

CC-4333.5.2 Splice and Mechanically Headed
Deformed Bar Samples. Splice and mechanically
headed deformed bar samples may be production
splices and mechanically headed deformed bars (cut
directly from in-place reinforcement) or straight sister
splices and mechanically headed deformed bars (remo-
vable splices or mechanically headed deformed bar
samples made in place next to production splices or
mechanically headed deformed bar samples and under
the same conditions), in accordance with the schedule
established in CC-4333.5.3.

CC-4333.5.3 Testing Frequency. Splice and
mechanically headed deformed bar samples shall be
tensile tested in accordance with the following schedule
for the appropriate splice and mechanically headed
deformed bar system.
(a) Separate test cycles shall be established for sleeve

andmechanical anchorage devicewith ferrous fillermetal
systems, sleeve with cementitious grout splices, and
swaged systems in horizontal, vertical, and diagonal
bars. Straight sister splicesmay be substituted for produc-
tion test samples on radius bent bars and for splicing
sleevesarcwelded to structural steel elementsor the liner.

(1) For sleeve and mechanically headed deformed
bar anchorage devices with ferrous filler metal
systems, one splice and one mechanically headed
deformed bar shall be tested for each unit of 100

ASME BPVC.III.2-2021

84

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


production splices and mechanically headed deformed
bars, as applicable.

(2) For swaged splices, cold swaged mechanically
headed deformed bar systems, and sleeve with cementi-
tious grout splices, test cycles shall be established as
follows:

(-a) If only production splices and production
mechanically headed deformed bars are tested, the
sample frequency shall be as follows:

(-1) 1 of the first 10 production splices and 1 of
the first 10 mechanically headed deformed bars, as appli-
cable

(-2) 1 of the next 90 production splices and 1 of
the next 90 mechanically headed deformed bars, as appli-
cable

(-3) 2of the next units and each subsequent unit
of 100 production splices and 100 mechanically headed
deformed bars, as applicable

(-b) If production and sister splices and produc-
tion and sister mechanically headed deformed bars are
tested, the sample frequency shall be as follows:

(-1) 1 production splice and 1 production
mechanically headed deformed bar of the first 10 produc-
tion splices and 10 production mechanically headed
deformed bars, as applicable

(-2) 1 production and 3 sister splices and 1
production and 3 sister mechanically headed deformed
bars for the next 90 production splices and 90 mechani-
cally headed deformed bars, as applicable

(-3) 3 splices and 3 mechanically headed
deformed bars, either production or sister samples, for
the next and each subsequent unit of 100 production
splices and 100 production mechanically headed
deformed bars, as applicable. At least one‐fourth of the

total number of splices and mechanically headed
deformed bar assembles shall be production splices
and production mechanically headed deformed bars, as
applicable.
(b) For taper threaded systems, cold roll formed

parallel threaded systems, and threaded sleeves and
mechanical anchorage devices (heads) in thread
deformed reinforcing bar. Separate test cycles shall be
established for each bar size and grade, using straight
sister samples as follows:

(1) 1 of the first 10 splices and 1 of the first 10
mechanically headed deformed bars, as applicable

(2) 1 of the next 90 splices and 1 of the next 90
mechanically headed deformed bars, as applicable

(3) 2 of the next and subsequent units of 100 splices
and 100 mechanically headed deformed bars, as applica-
ble

In addition, for taper threaded systems and cold roll
formed parallel threaded systems, a minimum of three
tests shall be made for each bar heat.

CC-4333.5.4 Tensile TestingRequirements. Splice
samples shall be tensile tested in accordance with the
monotonic test method of ASTM A1034/A1034M.
Mechanically headed deformed bar samples shall be
tensile tested using the loading rate set forth in SA-
370. All taper threaded and cold roll formed parallel
threaded sample splice and mechanically headed
deformed bar samples shall be tensile tested at
20°F (−7°C) or less. The tensile tests for taper threaded
and cold roll formedparallel threaded splice andmechani-
cally headed deformed bar systems at 20°F (−7°C) or less
maybe replacedwith tensile tests at ambient temperature
provided that the tensile strength results of three individ-
ual splice and three individual mechanically headed

Table CC-4333-1
Tensile Requirements for Mechanical Reinforcing Bar Splices, Mechanically Headed Deformed Bars [Note (1)],

and Welded Joints

Specification

Reinforcing Bar Properties
Splice, Mechanically Headed Deformed Bar,

or Joint Strength Requirements

Bar
Grade

Minimum
Yield Strength,
psi (MPa)

Minimum
Tensile
Strength,
psi (MPa)

Minimum Average Mechanical
Splice, Mechanically Headed

Deformed Bar, or Welded Joint
Tensile Strength,

psi (MPa) [Note (2)]

Minimum Single Mechanical Splice,
Mechanically Headed Deformed
Bar, or Welded Joint Tensile

Strength,
psi (MPa) [Note (3)]

ASTM A615 Grade 40 40,000 (280) 70,000 (480) 70,000 (480) 50,000 (350)
ASTM A615 Grade 60 60,000 (420) 90,000 (620) 90,000 (620) 75,000 (520)
ASTM A706 ... 60,000 (420) 80,000 (550) 80,000 (550) 75,000 (520)
ASTM A615 Grade 75 75,000 (520) 100,000 (690) 100,000 (690) 93,750 (646)
ASTM A615 Grade 80 80,000 (550) 105,000 (725) 105,000 (725) 100,000 (690)
ASTM A706 Grade 80 80,000 (550) 100,000 (690) 100,000 (690) 100,000 (690)

NOTES:
(1) For mechanically headed deformed bars, Grade 75 and Grade 80 shall not be used.
(2) See CC-4333 and Mandatory Appendix D2-VIII.
(3) These values are equivalent to 125% of the yield strength of each bar grade.
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deformed bar sample tensile tests at 20°F (−7°C) or less
exceed the specified tensile strength during system quali-
fication test phase per CC-4333.2.3. The following shall
constitute the acceptance standards:
(a) The tensile strength of each sample shall equal or

exceed 125% of the specified yield strength as shown in
Table CC-4333-1.
(b) The moving average tensile strength of 15 consec-

utive samples shall equal or exceed the specifiedminimum
tensile strength as shown in Table CC-4333-1.

If any sample tested fails tomeet the provisions of (a) or
(b) above, the requirements of CC-4333.5.5 shall be
followed.

CC-4333.5.5 Substandard Tensile Test Results.

(a) If any splice or mechanically headed deformed bar
used for testing fails to meet the strength requirement of
Table CC-4333-1 and failure occurs in the bar, the cause of
the bar break shall be investigated by the Constructor or
Fabricator. Any necessary corrective action affecting
splice or mechanically headed deformed bar samples
shall be implemented prior to continuing the testing
frequency of CC-4333.5.3.
(b) If any splice used for testing fails to meet the

strength requirement of Table CC-4333-1 and failure
does not occur in the bar, two additional splices shall
be tested. If any mechanically headed deformed bar
used for testing fails to meet the strength requirement
of Table CC-4333-1, and failure does not occur in the
bar, two additional mechanically headed deformed bar
samples shall be tested. If either of these retests fails
tomeet the strength requirementofTableCC-4333-1, spli-
cing or mechanical anchorage device (head) attachment
shall be halted. Splicing or mechanical anchorage device
attachment shall not be resumeduntil the cause of failures
has been corrected and resolved.
(c) If themoving average tensile strength of 15 consec-

utive splice samples fails to meet the tensile requirement
of Table CC-4333-1, splicing shall be halted. The
Constructor or Fabricator shall investigate the cause
and make the necessary corrective action.
(d) If the moving average tensile strength of 15 con-

secutive mechanically headed deformed bar samples fails
to meet the tensile requirement of Table CC-4333-1, head
attachment shall be halted. The Constructor or Fabricator
shall investigate the cause andmake the necessary correc-
tive action.
(e) When splicing or mechanical anchorage device

attachment is resumed, the testing frequency shall be
started anew.

CC-4333.6 Recording of Tensile Test Results. The
results of all tensile tests obtained from the tests
prescribed by CC-4333.4 and CC-4333.5, along with all
other pertinent data, shall be recorded.

CC-4333.7 Welding. Welding of splice sleeves to parts
shall be performedusingwelding procedures andwelders
qualified in accordance with AWS D1.1 or Section IX.

CC-4333.8 Impact Requirements. When reinforcing
bar or mechanical splices are to be welded to material
that requires impact testing, the following shall apply:
(a) Theweld fillermetal shall be impact tested in accor-

dancewith the requirements of thematerial that the rein-
forcing bar is attached to.
(b) The acceptance criteria of the material requiring

impact testing shall be met.

CC-4334 Arc Welded Joints

Refer to Mandatory Appendix D2-VIII for qualification
requirements.

CC-4340 PLACING REINFORCEMENT

CC-4341 General

Theplacement of reinforcing steel shall complywith the
Design and Construction Drawings and the placing toler-
ances specified in the Construction Specification.

CC-4342 Supports

Reinforcement shall be accurately placed and
adequately supported before concrete is placed and
shall be secured against displacement beyond permitted
tolerances. Welding of crossing bars shall not be
permitted.

CC-4343 Tolerances

The tolerances for the placement of reinforcement shall
be specified in the Construction Specification.

CC-4350 SPACING OF REINFORCEMENT

CC-4351 Layers

The clear distance between parallel bars in a layer and
the clear distance between parallel layers of reinforce-
ment shall not be less than that required by the Construc-
tion Specification to properly place and consolidate
concrete.

CC-4352 Splices

The clear distance limitation between bars shall also
apply to the clear distance between a contact (lap)
splice and adjacent splices or bars.

CC-4360 SURFACE CONDITION

(a) Reinforcing bars at the time concrete is placed shall
be free from mud, oil, ice, snow, or other coatings that
adversely affect bonding.
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(b) Reinforcing barswith rust, mill scale, or a combina-
tion of both shall be considered satisfactory provided the
minimum dimensions, including height of deformations
and weight of a hand wire brushed test specimen, are
not less than ASTM A615 requirements.

CC-4400 FABRICATION AND INSTALLATION
OF PRESTRESSING SYSTEMS

CC-4410 GENERAL

This subarticle covers the requirements for the fabrica-
tion, installation, tensioning, and protection of prestres-
sing tendons.

CC-4411 Responsibilities

The Construction Specification shall designate and
assign the responsibilities for all post-tensioning activ-
ities.

CC-4420 RECEIVING, STORING, AND HANDLING
OF MATERIAL

The construction procedures shall specify the manner
in whichmaterial is to be received, stored, and handled in
the Fabricator’s plant and at the construction site. The
Constructor’s, Fabricator’s, or Material Organization's
Quality Assurance Program shall provide for material
identification and segregation in accordance with
CC-2152. The handling shall not cause detrimental
mechanical damage to the material. The Construction
Specification shall establish requirements for storage
of all material to ensure that it is protected from detri-
mental corrosion. Limits of detrimental corrosion shall
be specified in the Construction Specification.

CC-4430 TENDON FABRICATION

CC-4431 Anchorage Components

CC-4431.1 Bearing Plate — Trumpet Assembly. All
welding shall be performed using welding procedures
and welders qualified in accordance with Section IX.
The suggested preheat schedules of Nonmandatory
AppendixD2-B of this Division shall be taken into account.

CC-4431.2 Anchor Assemblies, Couplings, Wedge
Blocks, Shims, Wedges, and Anchor Nuts. The construc-
tion procedures shall set forth the manufacturing limits
and tolerances applicable to these items.

CC-4432 Tendon Assembly

CC-4432.1 Introduction. The following subparagraphs
apply to both shop and field assembly operations.

CC-4432.2 Cutting. The construction procedures shall
specify the methods and procedures for cutting and
cutting tolerances of prestressing elements.

CC-4432.3 Assembly Procedures. A detailed fabrica-
tion procedure, including a checklist of work and informa-
tion as required by the construction procedures, shall be
prepared before tendon fabrication. The checklist infor-
mation for each tendon shall include traceability data such
as heat number or element coil number, anchorage
component serial numbers, etc. It shall also include
length, location, numerical designations of the tendons,
and the temporary corrosion protection of the tendon.

CC-4432.4 Details. Attention shall be given to specific
aspects such as dimensions, geometry, concentricity,
alignment, angularity, and surface conditions. Limits
and tolerances of these aspects shall be specified in
the construction procedures.

CC-4432.5 ð21ÞTwisting and Coiling.

(a) Prestressing tendons composed of multiple
elements shall be twisted, asnecessary, tominimizediffer-
ential length of the individual prestressing steel elements.
Twisting is mandatory for all horizontal circumferential
tendons composed of multiple elements stressed simul-
taneously as a group. The amount of twist shall be speci-
fied in the construction procedure. However, intentional
twisting of tendons composed of multiple elements
stressed simultaneously as a group may be waived for
horizontal circumferential tendonsaswell as other config-
urations of tendons meeting all other requirements of
CC-4430 provided the conditions in (1), (2), and (3)
are met or the conditions in (4) are met:

(1) Tendons shall be maximum of 0.63 in. (16 mm)
strands (ASTM A416) that are prefabricated and pulled
into the duct at one time (complete tendon). All
strands shall be the same hand lay.

(2) Provisions shall be made to keep strands in the
tendon bundle parallel as the tendon is pulled into the
duct.

(3) The uncoiler shall allow individual strands to
move against each other as the tendon is pulled in.
The tendon shall be pulled from a cage versus being
pre‐tied and pulled in from a rotating table (lazy susan).

(4) Tendons shall be maximum of 0.63-in. (16-mm)
strands (ASTM A416). All strands shall be the same hand
lay. After the tendon is installed and prior to performing
the conventional full stressing operation, each strand of
every tendon shall be stressed individually, at the same
time, at the same force (5% to 10% of the specified strand
ultimate strength) with independent individual strokes to
remove the slack between the strands.
(b) Coiling, when required for transportation, shall be

performed in amanner not to cause damage to the tendon.
Coil diameter shall be specified in the construction proce-
dures.

CC-4432.6 CorrosionProtectionAppliedDuringFabri-
cation. The type of corrosion protection, the detailed
procedure for its application, and the pertinent time
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limitations shall be specified in the construction proce-
dures.

CC-4440 TENDON IDENTIFICATION

Upon completion of fabrication into a whole or partial
tendon, the tendon shall be identified with a tendon
number. The materials in the tendon shall be recorded
so that theycanbe traced to the tests that havedetermined
their quality.

CC-4450 TENDON INSTALLATION

CC-4451 Installation Drawings and Stressing
Calculations

CC-4451.1 General. Installation drawings for all post-
tensioning shall be prepared in accordance with the
Construction Specification. Installation drawings shall
be approved by the Designer prior to commencing
post-tensioning materials installation.

CC-4451.2 Geometry and Components. The Construc-
tion Specification shall include drawings that define the
tendon duct and anchorage geometry with respect to the
concrete outline. Post-tensioning system drawings shall
include components required for the tendon installation,
both temporary and permanent. They shall include all
material composites of all components to be used.
They shall showpost-tensioning ducts in the final position
with required tolerances as approved by the Designer.

CC-4452 Stressing Data

The Construction Specification shall provide tendon
stressingdataandsequences in table form. It shall indicate
single-end or double-end stressing and define stressing
sequences that minimize eccentric loads on the contain-
ment structure andminimize the chance of crushing adja-
cent ducts.

CC-4453 Stressing Calculation

The Construction Specification shall require stressing
calculations for all tendons and target stressing forces
expected along with elongations based on normal
prestressing steel properties (area and modulus of elas-
ticity). It shall include provisions for field-adjustments for
actual area and E value (modulus of elasticity). Calcula-
tions shall include short-term losses due to friction and
wobble coefficients. Elongations shall be given to the
nearest 1∕16 in. (1.5 mm) and shall include elongations
before and after seating.

CC-4454 Installation Procedure

All prestressing steel shall be protected from physical
damage and corrosion at all times, as defined by the
Construction Specification.

CC-4455 Strand

The Construction Specification shall define the method
of assembly and installation of strands.Welding of tendon
prestressing steel shall not be permitted. Strands shall be
permitted to be brazed together for pulling as described in
the Construction Specification.

CC-4460 POST‐TENSIONING

Stress tendons only after concrete has attained the
specified compressive strength, as determinedby cylinder
testing or other approved testing method. Stress all
prestressing steel with hydraulic jacks of sufficient capac-
ity to the forces shown on the approved installation draw-
ings or as otherwise approved by the Designer. Do not use
single-strand jacks to stress tendons.

CC-4461 Supervision

Prestressing operations shall be under the direction of
an experienced supervisor and shall be carried out only by
trained operators.

CC-4462 Permissible Intervals

Permissible intervals between prestressing steel instal-
lation and grouting shall be in accordance with
Table CC-4462-1.

CC-4463 Maximum Stress at Jacking

Themaximum stress in the prestressing steel at time of
stressing shall not exceed 0.80fpu. Strands stressed past
0.80fpu shall either be replaced or specifically approvedby
the Designer. Thismaximum stress shall not exceed lower
limits that may be specified in the Construction Specifi-
cation.

CC-4464 Stressing Sequences

Post-tensioning tendons shall be stressed in the
sequences indicated in the Construction Specification.

CC-4465 Stressing Jacks and Gauges

Use equipment furnished or approved for use by the
Post-Tensioning System (PTS) supplier. Pressure
gauges or electronic pressure transducers with digital

Table CC-4462-1
Permissible Intervals Between Prestressing Steel

Installation and Grouting Without Use of Corrosion
Protection

Humidity Time
Very damp atmosphere, or over or near salt water

(humidity >70%)
7 days

Moderate atmosphere (humidity 40% to 70%) 20 days
Very dry atmosphere (humidity ˂40%) 30 days
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indicators shall indicate the load directly within 1% of the
maximum gauge or sensor/indicator capacity or within
2% of the maximum load applied, whichever is smaller.

CC-4466 Calibration of Jacks and Gauges

Calibrate each jack and two gauges as a unit. Separate
calibrations shall beperformedasdefined in theConstruc-
tion Specification. The PTS supplier, or an independent
laboratory, if required by the Construction Specification,
shall perform the initial calibration of jacks and gauge(s)
and prepare the calibration report(s).
(a) Submit documentation showing the date and result

for the most recent calibration, together with traceability
to a national standards institute.
(b) Provide certified calibration reports prior to the

start of stressing and every 6 months as required by
the Construction Specification.

CC-4467 Elongation and Agreement With Forces

During tendon stressing, the forces applied to the
tendonand theelongationof the tendon shall bemeasured
and recorded.

CC-4467.1 Procedure. All tendons shall be stressed to
the corresponding forces shown on the approved installa-
tion drawing(s). The Construction Specification shall
contain procedures for achieving the required elongation.
Do not stress tendons bymatching the theoretical elonga-
tions. Tendon elongations shall be read and recorded to
the nearest 1∕16 in. (1.5 mm). The true elongations, free of
all system effects, shall fall within 7% of the theoretical
elongations shownon the approved installation drawings,
modified if necessary, for the actual modulus of elasticity
and prestressing steel areas shown on the prestressing
CMTRs.
(a) Where strands in a tendon are stressed individu-

ally, the average strand elongation shall be computed and
compared to the theoretical elongation.
(b) If actual elongations fall outside the allowable

range, the entire operation shall be checked, and the
source of error determined and remedied before
proceeding further. Do not exceed the specified jacking
force to achieve theoretical elongations.
(c) Deviations of calculated versus measured elonga-

tions shall be corrected or compensated for in a
manner proposed by the Contractor in consultation
with the PTS supplier and as reviewed and approved
by the Designer.

CC-4467.2 Data Acquisition. The Construction Speci-
fication shall require that a data acquisition system be
employed for automatic collection of tendon forces and
elongation data during stressing. The system shall
record all stressing parameters required by the Construc-
tion Specification.

CC-4468 Wire Failures in Strand Tendons

Multistrand post-tensioning tendons with wire failures
by breaking or slippage shall be evaluated for acceptance
by the PTS supplier and submitted to the Designer for
approval.

CC-4469 Cutting of Post-Tensioning of Steel

The procedure for cutting of post-tensioning (PT) steel
shall be defined in the Construction Specification.

CC-4470 RECORD OF STRESSING OPERATIONS

Maintain a record of each tendon installed and submit
daily to the Designer for review. At aminimum, record the
following information:
(a) project name and ID
(b) contractor and/or subcontractor
(c) approved PT installation drawing date and revision

number
(d) tendon location, size, and type
(e) date tendon installed in duct
(f) reel number(s) for strandsandheatnumber forbars
(g) actual tendon cross-sectional area, based on mill

certificates
(h) actual modulus of elasticity, based on mill certifi-

cates
(i) date stressed
(j) stressing operator(s) name
(k) jack and gauge numbers for each stressing end
(l) required jacking force
(m) target and actual gauge pressures
(n) elongations (theoretical and actual)
(o) anchor sets (anticipated and actual)
(p) stressing mode (one end/two ends/simultaneous)
(q) witnesses to stressing operation (contractor and

inspector)
(r) stressing sequence (i.e., identify tendon stressed

before and after)
(s) daily temperature and relative humidity
(t) use of temporary corrosion inhibitor, if applicable

CC-4480 PROTECTION OF POST-TENSIONING
ANCHORAGES AND PRESTRESSING
STEEL

CC-4481 Protection Requirements

(a) Install permanent grout caps and seal all other
tendon openings within 1 day following cutting of
strand tails unless specified otherwise.
(b) Within 7 days of completion of grouting, initiate

protection of the anchorages of post-tension bars and
tendons as required by the Construction Specification.
(c) Construct pourbacks located at the anchorage

pockets and blockouts in accordance with the Construc-
tion Specification. Use an approved epoxy grout.
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(d) If the tendon is not stressed and groutedwithin the
time limits of Table CC-4462-1, CC-2438.2 shall apply.
Flushing tendons or ducts with water is not permitted
at any time.
(e) The Construction Specification shall specify the

permanent corrosion protection system, if any, and the
construction procedures shall define the method for its
application. Material shall conform to the requirements
of CC-2438.

CC-4500 FABRICATION OF LINERS

CC-4510 GENERAL REQUIREMENTS

CC-4511 Introduction

(a) The rules in the following paragraphs apply speci-
fically to the fabrication and construction of metal liners.
(b) Each Fabricator or Constructor shall be responsible

for the quality of thewelding done by his organization and
he shall conduct tests not only of thewelding procedure to
determine its suitability to ensure welds will meet the
required tests, but also of the welders and welding opera-
tors to determine their ability to apply the procedure
properly.
(c) No production work shall be undertaken until both

the welding procedure and the welders or welding opera-
tors have been qualified in accordance with Section IX.

CC-4512 Elimination and Repair of Defects

Defects in materials may be eliminated or repaired by
the Constructor or Fabricator by welding provided the
defects are removed, repaired, and examined in accor-
dancewith the requirements of CC-2530 for the applicable
product form.

CC-4520 FORMING, FITTING, AND ALIGNING

CC-4521 Cutting, Forming, and Bending

CC-4521.1 Cutting. Liner material, edges of heads, and
other parts may be cut to shape and size by mechanical
means, such as machining, shearing, grinding, or by
oxygen or arc cutting. After oxygen cutting, all slag,
dross, or other foreign material shall be removed by
mechanical means prior to further fabrication or use.

CC-4521.1.1 Preheating Prior to Thermal Cutting.
When thermal cutting is performed to prepareweld joints
or edges, to remove attachments or defective material, or
for any other purpose, consideration shall be given to
preheating the material using preheat schedules such
as suggested in Nonmandatory Appendix D2-B.

CC-4521.2 Forming and Bending Processes. Any
process may be used to hot or cold form or bend liner
plate materials, including weld metal, provided the
notch toughness properties of the materials, where
required, are not reduced below the minimum specified

values, or they are effectively restored by heat treatment
following the forming operation.Hot forming is defined as
forming with the material temperature higher than
100°F (38°C) below the lower critical temperature of
the material.

CC-4521.2.1 Required Postweld Heat Treatment.
Cold‐formed shell sections and heads of P‐No. 1 materials
shall be postweld heat treated when the resulting
maximum extreme fiber elongation is more than 5%.

CC-4521.3 Qualifications of Forming and Bending
Processes. A procedure qualification test shall be
conducted on specimens taken from coupons of the
same material specification, grade or class, heat treat-
ment, and similar impact requirements as employed
for the material of the component involved. These
coupons shall be subjected to the equivalent forming
or bending process and heat treatment as the material
of the component involved. Applicable tests shall be
conducted to determine that the required impact proper-
ties are met after straining.

CC-4521.3.1 Exemptions. Procedure qualification
tests are not required for the following:
(a) hot‐formed material, such as forgings, in which the

hot forming is completed by the Material Organization
prior to removal of the impact test specimens
(b) hot‐formed material represented by test coupons

that have been subjected to heat treatment representing
the hot‐forming procedure and the heat treatments to be
applied to the parts
(c) material that does not require impact testing in

accordance with CC-2500
(d) material that has a final strain after forming of less

than 0.5%
(e) material where the final strain is less than that of a

previously qualified procedure for the material
(f) material from which the impact testing is required

by CC-2522 to be performed on each heat and lot, as ap-
plicable, after forming

CC-4521.3.2 Procedure Qualification Test. The
procedure qualification test shall be performed in the
following manner:
(a) The tests shall be performed on three different

heats of material both before and after straining to estab-
lish the effects of the forming and subsequent heat treat-
ment operations.
(b) Specimens shall be taken in accordance with the

requirements of this Division and shall be taken from
the tension side of the strained material.
(c) The percent strain shall be established by the

following equations:
(1) for cylinders
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(2) for spherical or dished surfaces
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(3) for pipe

= r
R

% strain
100

where

R = nominal bending radius to the center line of the
pipe

r = nominal radius of the pipe
Rf = final radius to center line of shell
Ro = original radius (equal to infinity for a flat part)
t = nominal thickness

(d) The procedure qualification shall simulate the
maximum percent surface strain employing a bending
process similar to that used in the fabrication of themate-
rial or by direct tension on the specimen.
(e) Sufficient Charpy V‐notch impact test specimens

shall be taken from each of the three heats of material
to establish a transition curve showing both the upper
and lower shelves. Tests consisting of three impact speci-
mens taken from each of three heats shall be conducted at
a minimum of five different temperature distributions
throughout the transition range. The upper and lower
shelves may be established by the use of individual
test specimens. As an alternative to the transition
curve, drop weight tests may be used, or one set of
Charpy V‐notch impact test specimens tested after
forming at the specified temperature may be used if
performed on each heat or lot, as applicable, of formed
material.
(f) From the impact test transition curves or drop

weight tests from each of the three heats, both before
and after straining, determine either:

(1) the maximum change in temperature consid-
ering various energy levels when transition curves are
used, or the change in nil‐ductility transition (NDT)
temperature as determined by the drop weight tests; or

(2) themaximum loss of impact energy for themate-
rial considering each temperature increment of
10°F (6°C).

CC-4521.3.3 Acceptance Standards. To be accept-
able, thematerial used in the linermust have impact prop-
erties sufficient to compensate for themaximumchange in
temperature or energy levels established by the qualifica-
tion procedures for all material subjected to the equiva-
lent strain used in the liner.

CC-4521.3.4 Requalification. A new procedure
qualification test is required when any of the following
changes are made:

(a) where the postweld heat treatment time at
temperature is greater than previously qualified. (If
the material is not postweld heat treated, the procedure
must qualify without postweld heat treatment.)
(b) where the maximum calculated strain of the mate-

rial exceeds the previously qualified strain by more than
0.5%.
(c) where preheat over 250°F (120°C) is used in the

forming or bending operation but not followedby a subse-
quent postweld heat treatment.

CC-4521.4 Minimum Thickness of Fabricated Mate-
rial. If any fabrication operation reduces the thickness
below the minimum required to satisfy the rules of
Article CC-3000, the material may be repaired in accor-
dance with CC-2530.

CC-4522 Forming Tolerances

CC-4522.1 Tolerances for Liner Shells and Heads. The
following subarticles define the requirements for liner
tolerances. The Construction Specification shall state
any additional requirements. A guide for dimensional
tolerances for liners is provided in Nonmandatory
Appendix D2-D.

CC-4522.1.1 Tolerances for Liner Shells. At the
specified increments of elevation, the difference
between the maximum diameter and the minimum
shall not exceed 1∕2 of 1%. This requirement will be satis-
fied by measuring diameters spaced approximately 30
deg (0.52 rad) apart for each 12 ft (3.7 m) of height.
The overall containment plumbness of the liner cylinder
between the springline (start of dome) and the bottom
shall be 1 in 200 based on the total height of the cylinder.

CC-4522.1.2 Tolerance for Liner Heads. The inner
surface of the liner head shall not deviate from the speci-
fied shapebymore than11∕4%of the insidediameter of the
liner shell.

CC-4522.2 Localized Thin Areas. Forgings are
permitted to have small areas thinner than required if
the adjacent areas surrounding each has sufficient thick-
ness to provide the necessary reinforcement.

CC-4522.3 Tolerance Deviations for Liner Parts Fabri-
catedFromPipe.Liner parts fabricated frompipemeeting
all other requirements of this subarticle may have varia-
tions of diameter and deviations from circularity
permitted by the material specification for such pipe.

CC-4523 Fitting and Aligning

CC-4523.1 FittingandAligningMethods.Parts that are
tobe joinedbyweldingmaybe fitted, aligned, and retained
inpositionduring theweldingoperationby theuseofbars,
jacks, clamps, tack welds, or temporary attachments.
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CC-4523.1.1 TackWelds.Tackwelds shall bemade
by qualified welders using qualified welding procedures.
Tack welds used to secure alignment shall either be
removed completely when they have served their
purpose; or when the tack welds are to become part of
the finished weld, their stopping and starting ends
shall be properly prepared by grinding or other suitable
means so that theymay be satisfactorily incorporated into
the finished weld.

CC-4523.2 Maximum Offset of Aligned Sections.

(a) Alignment of sections shall be such that the
maximum offset of the finished weld will not be
greater than the appl i cab le amount l i s ted in
Table CC-4523-1, where t is the nominal thickness of
the thinner section of the joint.
(b) Joints in spherical linersandwithinheadsand joints

between cylindrical shells and hemispherical heads shall
meet the requirements of Table CC-4523-1.

CC-4523.2.1 Fairing of Offsets. Any offset within
the allowable tolerance provided above shall be faired to
at least a three to one taper over the width of the finished
weld or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.

CC-4523.3 Support During Concreting. The liner shall
be adequately supported, braced, and tied to prevent dis-
placement beyond the tolerances set forth in CC-4522.

CC-4530 WELDING QUALIFICATIONS

CC-4531 General Requirements

CC-4531.1 Types of Processes Permitted. Only those
welding processes that are capable of producing welds
in accordance with the welding procedure qualification
requirements of Section IX and this Division may be
used for welding liners or attachments thereto, except
as otherwise permitted by CC-4333.7. Any process
used shall be such that the records required by
CC-4532.2 can be made.

CC-4531.1.1 Capacitor Discharge Welding. The
capacitor discharge method of welding may be used
for temporary attachments directly to the liner, provided
any surface defects found upon removal are eliminated in
accordance with CC-4545.2.

CC-4531.1.2 Low Energy Capacitor Discharge
Welding. The low energy capacitor discharge method
of welding may be used for permanent nonstructural
attachments such as strain gages and thermocouples,
provided
(a) the power output is limited to less than 125 W/sec
(b) a Welding Procedure Specification describing the

capacitor discharge equipment, the combination of mate-
rials to be joined, and the techniques of application is
prepared; qualification of the welding procedure is not
required
(c) theminimum thickness of thematerial to which the

attachment is made exceeds 3∕32 in. (2.5 mm)

CC-4532 Welding Qualifications, Records, and
Identifying Stamp

CC-4532.1 Required Qualifications.

(a) Each Fabricator or Constructor is responsible for
theweldingdonebyhisorganizationandheshall establish
procedures and conduct the tests required by this subar-
ticle and by Section IX in order to qualify both thewelding
procedures and the performance of welders and welding
operators who apply these procedures.
(b) Procedures,welders, andweldingoperatorsused to

join permanent or temporary attachments to liners and to
make permanent or temporary tack welds used in such
welding shall also meet the qualification requirements
of this subarticle.
(c) When making procedure test plates for butt welds,

it is recommended that considerationbegiven to theeffect
of angular, lateral, and end restraint on theweldment. The
additionof restraint duringweldingmayresult in cracking
difficulties that otherwise might not occur.

CC-4532.2 Maintenance and Certification of Records.
The Fabricator or Constructor shall maintain a record of
his qualified welding procedures and of the welders and
welding operators qualified and employed by him,
showing the date and results of tests and the identification
mark assigned to each welder. These records shall be
reviewed, verified, and signed by any authorized individ-
ual assigned by the Fabricator or Constructor and shall be
accessible to the Owner or his agent and to the Authorized
Inspector.

CC-4532.2.1 Identification of Joints by Welder or
Welding Operator. The welder or welding operator
making permanent welded joints shall be identified by
one of the following methods:
(a) Thewelder orwelding operatormaking a joint shall

apply the identificationmarkassignedby theFabricatoror
Constructor onor adjacent to all permanentwelded joints.
The marking shall be at intervals of 3 ft (1 m) or less and
shall be done with either blunt nose continuous or blunt
nose interrupted dot die stamps.

Table CC-4523-1
Maximum Allowable Offset in Final Welded Joints

Section Thickness, in. (mm) Offset
Up to 3∕4 (19), incl. 1∕4t
Over 3∕4 to 11∕2 (19 to 38), incl. 3∕16 in. (5 mm)
Over 11∕2 (38) 1∕8t to 1∕4 in. (6 mm) max.
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(b) TheFabricator or Constructor shall keep a recordof
permanent welded joints in a component and of the
welders and welding operators making each joint.
(c) When a multiple number of permanent welded

joints are made, the Fabricator or Constructor need
not maintain a record to identify the welder or
welding operator who welded each individual joint
provided

(1) the Fabricator or Constructormaintains a system
that will identify the welders or welding operators who
made such welds so that the Inspector can verify that the
welders or welding operators were properly qualified

(2) thewelds in eachcategory are all of the same type
and configuration and are welded using the samewelding
procedure specification
(d) The identification of welders or welding operators

making tack welds that become part of a permanent weld
is not required provided the Fabricator or Constructor
maintain a system to permit the Inspector to verify
that such tack welds were made by qualified welders
or welding operators.
(e) The identification of welders or welding operators

is not required for attachment welds provided the Fabri-
cator or Constructor maintains a system to permit the
Inspector to verify that all such attachment welds were
made by qualified welders or welding operators.

CC-4532.3 WeldingPrior toQualifications.Nowelding
shall be started until after thewelding procedures that are
to be used have been qualified. All welders and welding
operators shall be qualified in accordance with CC-4534
and Section IX.

CC-4532.4 Transferring Qualifications. The perfor-
mance qualification tests for welders and welding opera-
tors conducted by one Fabricator or Constructor shall not
qualifywelders orwelding operators toweld for anyother
Fabricator or Constructor.

CC-4533 General Requirements for Welding
Procedure Qualification Tests

CC-4533.1 Conformance to Section IX Requirements.
All welding procedure qualification tests, including
stud welding, shall be in accordance with the require-
ments of Section IX as supplemented by the requirements
of this Article.

CC-4533.2 Base Material to Be Employed. Welding
procedure qualifications for materials that have specified
impact test requirements shall be made using base mate-
rials in accordance with the applicable requirements of
Section IX, QW-403.4 and QW-403.5.

CC-4533.3 Heat Treatment of Qualification Welds for
Ferritic Materials. Postweld heat treatment of procedure
qualification welds shall conform to the applicable re-
quirements of CC-4550 and Section IX. The postweld
heat treatment time at temperature shall be at least

80%of themaximum time to be applied to theweldmate-
rial. The postweld heat treatment total time may be
applied in one heating cycle.

CC-4533.4 Preparation of Test Coupons and Speci-
mens.

(a) Removal of test coupons from the test weld and the
dimensions of specimens made from them shall conform
to the requirements of Section IX, except the removal of
impact test coupons and the dimensions of impact test
specimens shall be in accordance with CC-4533.4.1,
CC-4533.4.2, and (b) below.
(b) Weld deposit of each process in a multiple process

weld shall, where possible, be included in the impact test
specimens. When each process cannot be included in the
full‐size impact test specimen at the 1∕4t location required
by this Section, additional full‐size specimens shall be
obtained from locations in the test weld that will
assure that at least a portion of each process has been
included in full‐size test specimens. As an alternative,
additional test welds can be made with each process
so that full‐size specimens can be tested for each process.

CC-4533.4.1 Coupons Representing the Weld
Deposits. Impact test specimens and testing shall
conform to the applicable requirements of CC-2522.1.
The impact specimen shall be located so that the longitu-
dinal axis of the specimen is at least 1∕4t, and where the
thickness of the test assembly permits, not less than 3∕8 in.
(10 mm) from the weld surface of the test assembly. In
addition, when the postweld heat treatment temperature
exceeds the maximum temperature specified in CC-4552
and the test assembly is cooled at an accelerated rate, the
longitudinal axis of the specimen shall be a minimum of t
from the edge of the test assembly. The specimen shall be
transverse to the longitudinal axis of the weld with the
area of the notch located in the weld. The length of the
notch of the Charpy V‐notch specimen shall be normal
to the surface of the weld. Where drop weight specimens
are required, the tension surface of the specimen shall be
oriented parallel to the surface of the test weld assembly.

CC-4533.4.2 Coupons Representing the Heat-
Affected Zone. Where impact tests of the heat-affected
zone are required by CC-4533.5.2, specimens shall be
taken from the welding procedure qualification test
assemblies in accordance with (a) through (c) below.
(a) If the qualification test material is in the form of a

plate or a forging, the axis of the weld shall be oriented
either parallel to or perpendicular to the principal direc-
tion of rolling or forging.
(b) The heat-affected zone impact test specimens and

testing methods shall conform to the requirements of
CC-2522.1.2. The specimens shall be removed froma loca-
tion as near as practical to a depth midway between the
surface and center thicknesses. The coupons for heat-
affected zone impact specimens shall be taken transverse
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to the axis of the weld and etched to define the heat-
affected zone. The notch of the Charpy V‐notch specimen
shall be cut approximately normal to the material surface
in such amanner as to include asmuch heat-affected zone
as possible in the resulting fracture. Where the material
thickness permits, the axis of a specimen may be inclined
to allow the root of the notch to align parallel to the fusion
line. When a grain refining heat treatment is not
performed onweldsmade by the electroslag or electrogas
welding process, the notch for the impact specimens shall
be located in the grain coarsened region.
(c) For the comparison of heat-affected zone values

with base material values [CC-4533.5.2(b)], Charpy V‐
notch specimens shall be removed from the unaffected
base material at approximately the same distance from
the base material surface as the heat-affected zone speci-
mens. The axis of the unaffected base material specimens
shall be parallel to the axis of the heat-affected zone speci-
mens and the axis of the notch shall be normal to the
surface of the base material.

CC-4533.5 Impact Test Requirements. Impact tests of
the weld metal and the heat-affected zone are required
when impact tests are required for either of thebasemate-
rials being joined (CC-2521). Exemption from impact
testing under CC-2521.1(h) does not apply to weld
metal unless the specific weld metal used is included
in Table CC-2521.1-1. Exemption from impact testing
of theheat-affected zoneof thosebasematerials exempted
by CC-2521.1(h) is not permitted. The welding procedure
qualification impact test specimens shall be prepared and
tested in accordance with the applicable requirements of
CC-2524andCC-4533.4. Acceptance standards and excep-
tions to test requirements shall be in accordance with the
following subparagraphs. Retests in accordance with the
provisions of CC-2527 are permitted.

CC-4533.5.1 Impact Tests of Weld Metal.

(a) Impact tests of the weld metal shall be required for
welding procedure qualification tests for productionweld
joints exceeding 5∕8 in. (16mm) in thicknesswhen theweld
will be made on the surface or will penetrate the base
material that requires impact testing in accordance
with CC-2521. In addition, such testing of the weld
metal is required for the welding procedure qualification
tests for any weld repair to base material that requires
impact testing in accordance with CC-2521, regardless
of the depth of the repair. Exemption from impact
testing under CC-2521.1(h) does not apply for weld
metal of welding procedure qualification tests for
either production weld joints or base material repairs,
unless the specific weld metal used is included in
Table CC-2521.1-1.
(b) The impact test requirements and acceptance stan-

dards forweldingprocedurequalificationweldmetal shall
be the same as specified in CC-2524 for the base material
to be welded or repaired. When two materials having

different fracture toughness requirements are to be
joined by welding, the test requirements and acceptance
standards of either material may be used for the weld
metal except where otherwise specified by NCA‐2143
or other parts of this Section.
(c) Impact tests are not required for austenitic weld

metal.
(d) A Welding Procedure Specification qualified to the

impact testing requirements of Subsection NB, NC, or NE
may be accepted as an alternative to the Welding Proce-
dure Specification impact testing requirements of this
Subsection.

CC-4533.5.2 Impact Tests of Heat-Affected Zone.

(a) CharpyV‐notch testsof theheat-affectedzoneof the
welding procedure qualification test assembly are
required whenever the thickness of the weld exceeds
5∕8 in. (16 mm), and the base materials require impact
testing in accordance with the rules of CC-2521. Exemp-
tion of base materials by CC-2521.1(h) does not apply to
the welding procedure qualification heat-affected zone or
unaffected base material for such materials. The only
exceptions to the requirements are the following:

(1) the qualification for welds in P‐No. 1 materials
that are postweld heat treated and are made by any
process other than electroslag, electrogas, or thermit

(2) the qualification forwelddeposit cladding on any
base material
(b) Impact testing of the procedure qualification test

heat-affected zone, where required by CC-4533.5.2,
shall be conducted in accordance with (1) through (3),
or (4) through (6) and (c), if applicable.

(1) For tests of welding procedure qualifications for
materials that require tests in accordance with
CC-2524.2.1 and CC-2524.4.1, when applicable, three
Charpy V‐notch heat-affected zone specimens and
three Charpy V‐notch unaffected basematerial specimens
shall be tested at a temperature in accordance with
CC-2524.1(a)(1). The Charpy V‐notch test of the unaf-
fected base material shall meet the requirements of
Table CC-2524.2-1 or Table CC-2524.2-2, and Table
CC-2524.4-1, if applicable. If the average toughness
value of the three heat-affected zone specimens is
equal toorgreater than theaveragevalueof theunaffected
base material Charpy V‐notch specimen, the qualification
test shall be considered acceptable and the values and
testing temperature shall be recorded on the Welding
Procedure Qualification Record. The production base
material impact tests may be conducted at temperatures
in accordance with CC-2524.1.

(2) If the heat-affected zone Charpy V‐notch average
toughness value of (1) above is less than the unaffected
base material value, and the qualification test meets the
other criteria of acceptance, the Charpy V‐notch test
results may be recorded on theWelding Procedure Quali-
fication Record. In this case, either production base
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material impact tests shall be conducted 30°F (17°C)
lower than required by CC-2524.1; or data that will
provide a testing temperature reduction for the produc-
tion basematerial below that of CC-2524.1, or an increase
in the permissible lowest service metal temperature for
thebasematerial forwhich theweldingprocedure isbeing
qualified, shall be obtained in accordance with (3) below
and included. Alternatively, the welding procedure quali-
fication may be rewelded and retested.

(3) The data for use in (2) above shall be developed
byperformingadditionalCharpyV‐notch testsoneitheror
both of the welding procedure qualification test heat-
affectedzoneand theunaffectedbasematerial at tempera-
tures that provide toughness values that meet or exceed
those required for the thickness or thickness–strength
combination of the material to be welded in production.
The average toughness values for the heat-affected zone
and unaffected base material shall be plotted on a
property–temperature chart. The temperature at which
these two sets of data exhibit a common acceptable
value of toughness for the production thickness or
thickness–strength combination involved shall be deter-
mined. The determined temperature for the unaffected
basematerial shall be subtracted from the similarly deter-
mined temperature for the heat-affected zone. This differ-
ence, if a positive number, shall be used in (2) above as the
adjustment temperature. The welding procedure adjust-
ment temperature shall be added to the highest lowest
service metal temperature (LSMT) established by the
tests of CC-2524.2.1 for all of the base material to be
welded by this procedure in production. If the tempera-
ture difference is zero or a negative number, no adjust-
ment is required for the base material to be welded in
production, and the minimum temperature established
by the tests for CC-2524.2.1 will still apply as stated in
(1) above.Where the actual lowest servicemetal tempera-
ture is not required for the production material to be
welded (for example, where a testing temperature is
established by the Design Specification to determine
that the material has adequate toughness to meet the re-
quirements at the specified test temperature) the adjust-
ment temperature determined by the curve shall be used
to establish a reduction in the specified testing tempera-
ture for theproductionmaterial. Theadjustment tempera-
ture shall be used to lower the specified testing
temperature for any production material upon which
the procedure will be used.

(4) For tests of welding procedure qualifications for
materials that require tests in accordance with
CC-2524.2.2, three Charpy V‐notch heat-affected zone
specimens and three Charpy V‐notch unaffected base
material specimens shall be tested at a temperature
lower than or equal to the lowest service metal tempera-
ture. The Charpy V‐notch impact tests of the unaffected
base material shall each meet or exceed the applicable
over 21∕2 in. (64 mm) thickness requirements of Table

CC-2524.2-1 or Table CC-2524.2-2 , and Table
CC-2524.4-1, if applicable. If the average toughness
value of the three heat-affected zone specimens is
equal to or greater than the average value for the unaf-
fected basematerial Charpy V‐notch specimens, the quali-
fication test shall be considered acceptable. The values
and testing temperature shall be recorded on the
Welding Procedure Qualification Record.

(5) If the heat-affected zone Charpy V‐notch average
toughness value of (4) above is less than the unaffected
base material value, and the qualification test meets the
other criteria of acceptance, the Charpy V‐notch test
results may be recorded on theWelding Procedure Quali-
fication Record. In this case, either production base mate-
rial impact tests shall beconducted30°F (17°C) lower than
required by CC-2524.1; or data that will provide a testing
temperature reduction for the production base material
below that of CC-2524.1, or an increase in the permissible
lowest servicemetal temperature for the basematerial for
which the welding procedure is being qualified, shall be
obtained inaccordancewith (6)belowand included.Alter-
natively, the welding procedure qualification may be
rewelded and retested.

(6) The data for use in (5) above shall be developed
byperformingadditionalCharpyV‐notch testsoneitheror
both of the welding procedure qualification heat-affected
zone or unaffected base material at temperatures which
providevalues equal toorgreater than theapplicableOver
21∕2 in. (64 mm) thickness requirements of Table
CC-2524.2-1 or Table CC-2524.2-2 , and Table
CC-2524.4-1, if applicable. The average toughness
values for the heat-affected zone and the unaffected
base material shall be plotted on a property–temperature
chart. The temperature at which these two sets of data
exhibit a common toughness value equal to or greater
than the applicable Over 21∕2 in. (64 mm) thickness re-
quirements of Table CC-2524.2-1 or Table CC-2524.2-2,
and Table CC-2524.4-1, if applicable, shall be determined.
The determined temperature for the unaffected base
material shall be subtracted from the similarly deter-
mined temperature for the heat-affected zone. This differ-
ence, if a positive number, shall be used in (5) above as the
adjustment temperature. The adjustment temperature
shall be added to the highest TNDT established by the
tests of CC-2524.2.2 for all of the base material to be
welded by this procedure in production. If the tempera-
ture difference is zero or a negative number, no adjust-
ment is required for the base material to be welded in
production, and the minimum temperature established
by the tests for CC-2524.2.2 will still apply as stated in
(4) above. Where the actual TNDT is not required for
the production material to be welded (for example,
where a testing temperature is established by the
Design Specification to determine that the TNDT is at or
below the specified temperature) the adjustment
temperature determined by the curves shall be used to
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establish a reduction in the specified testing temperature
for the production material. The adjustment temperature
shall be used to lower the specified testing temperature
for any production material upon which the procedure
will be used.
(c) Should theunaffectedbasematerial CharpyV‐notch

impact test results fail to meet the applicable require-
ments referenced in (b)(1) or (b)(4) above, additional
unaffected base material Charpy V‐notch impact tests
shall be tested at higher temperatures until the applicable
requirements are met. Charpy V‐notch impact tests of the
heat-affected zone shall be tested at the same temperature
at which acceptable unaffected base material properties
wereachieved.The rules governing theaverage toughness
of the heat-affected zone relative to the average toughness
of the unaffected base material shall be followed as in
(b)(1) through (b)(3) or (b)(4) through (b)(6) above,
as applicable, to determine the data to be recorded on
the Welding Procedure Qualification Record.
(d) A Welding Procedure Specification qualified to the

impact testing requirements of Subsection NB, NC, or NE
may be accepted as an alternative to the Welding Proce-
dure Specification impact testing requirements of this
Subsection.

CC-4533.6 Qualification Requirements for Built‐Up
WeldDeposits.Built‐upweld deposits for basemetal com-
pensation shall be qualified in accordance with the re-
quirements of CC-4533.1 through CC-4533.5, inclusive.

CC-4534 Continuing Performance Test for Stud
Welding

(a) Foreachoperator, onestud inevery100production
studs shall be tested as follows:

(1) Unthreaded Studs. The test studs shall be tested
by bending to an angle of 15 deg by striking with a
hammer. The test studsmay bewelded to a plate attached
to the liner adjacent to a stud from the lot under consid-
eration. The plate shall be of the same type and thickness
as the linerwithdimensions equal to at least four times the
diameter of the stud. The temporarily attached plate shall
be adequately supported during testing so as to develop
the 15 deg bend in the stud.

(2) Threaded Studs. The test studs shall be torque
tested with a calibrated torque wrench to the value
shown inTableCC-4534-1 for the correspondingdiameter
and thread of the stud in a device similar to that shown in
Figure CC-4534-1.
(b) If the studs fail, twomore of the existing studs from

100 shall be bent or torque tested. If either of these two
studs fails, all of the studs represented by the tests shall be
torque tested, bend tested, or rejected.

CC-4540 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING WELDS

CC-4541 Precautions to Be Taken Before Welding

CC-4541.1 Identification, Storage, and Handling of
Welding Materials. The Fabricator or Constructor is
responsible for control of the welding electrodes and
othermaterials that are used in the fabrication and instal-
lation of components (CC-4120). Suitable identification,

Table CC-4534-1
Required Torque for Testing Studs

Nominal Stud Diameter,
in. (mm)

Thread/in. and
Series Designated

Testing Torque,
ft‐lb (N·m)

1∕4 (6) 28 UNF 5.0 (6.8)
1∕4 (6) 20 UNC 4.2 (5.7)

5∕16 (8) 24 UNF 9.5 (12.9)
5∕16 (8) 18 UNC 8.6 (11.7)
3∕8 (10) 24 UNF 17.0 (23.0)
3∕8 (10) 10 UNC 15.0 (20.3)

7∕16 (11) 20 UNF 27.0 (36.6)
7∕16 (11) 14 UNC 24.0 (32.5)
1∕2 (13) 20 UNF 42.0 (56.9)
1∕2 (13) 13 UNC 37.0 (50.2)

9∕16 (14) 18 UNF 60.0 (81.3)
9∕16 (14) 12 UNC 54.0 (73.2)
5∕8 (16) 18 UNF 84.0 (113.9)
5∕8 (16) 11 UNC 74.0 (100.3)
3∕4 (19) 10 UNF 147.0 (199.3)
3∕4 (19) 10 UNC 132.0 (179.0)
7∕8 (22) 14 UNF 234.0 (317.3)
7∕8 (22) 9 UNC 212.0 (287.4)
1 (28) 12 UNF 348.0 (471.8)
1 (28) 18 UNC 218.0 (295.6)

Figure CC-4534-1
Typical Torque Testing Device

GENERAL NOTES:
(a) Dimensions are appropriate to the size of the stud.
(b) Threads of the stud shall be clean and free of lubricant other than

residual cutting oil.
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storage, and handling of electrodes, flux, and other
welding materials shall be maintained. Precautions
shall be taken tominimize absorption ofmoisture by elec-
trodes and flux.

CC-4541.2 Cleanliness and Protection of Welding
Surfaces. The method used to prepare the base metal
shall leave the weld preparation with reasonably
smooth surfaces. The surfaces for welding shall be free
of scale, rust, oil, grease, and other deleterious material.
The work shall be protected from deleterious contamina-
tion and from rain, snow, and wind during welding.
Welding shall not be performed on wet surfaces.

CC-4542 Rules for Making Welded Joints
CC-4542.1 Category A and B Joints.

(a) All welded joints of Category A and B shall be full
penetration butt joints. The jointsmay be single or double
welded.
(b) Backup bars, if used, shall be continuous and any

joints in the backup bars shall be made with full penetra-
tion welds. When structural shapes are used as backups,
these requirements shall apply.

CC-4542.2 Other Category Joints. Welded joints of
Categories D, E, F, G, H, and J shall be single or double
welded. Backup bars are permitted except when the
weld is to be radiographed. Backup bars, when
allowed, shall be continuous and any joints in the
backup bars shall be made with full penetration welds.
When structural shapes are used as backups, these re-
quirements shall apply. See Figures CC-4542.2-1
through CC-4542.2-7 for typical joint details.

CC-4542.3 Double‐Welded Joints. Before applying
weld metal on the second side to be welded, the root
of double‐welded joints shall be prepared by suitable
methods such as chipping, grinding, or thermal
gouging, except for those processes of welding by
which proper fusion and penetration are otherwise
obtained and demonstrated to be satisfactory by
welding procedure qualification.

CC-4542.4 Single‐Welded Joints. Where single‐
welded joints are used, particular care shall be taken
in aligning and separating the components to be joined
so that there will be complete penetration and fusion
at the bottom of the joint for its full length.

CC-4542.5 Surfaces of Welds. The surface of welds
shall be free from coarse ripples or grooves, overlaps,
and abrupt ridges or valleys. Abrupt changes in section
thickness, such as undercuts which do not exceed 1∕32 in.
(0.8 mm) for liner plate 1∕4 in. (6 mm) nominal thickness
and greater, are permitted. The surface condition of the
finished weld shall be suitable for the proper interpreta-
tion of nondestructive examinations of the weld. If the
surface of the weld requires grinding, care shall be

taken to avoid reducing the weld or base material
below the required thickness.

CC-4542.6 Welding Components of Different Thick-
nesses. When materials or parts of different thicknesses
are welded together, there shall be a gradual transition
between the two surfaces. The length of the transition
may include the weld. The slope of the transition shall
be such that the length–offset ratio shall not be less
than 3:1.

CC-4542.7 Peening. Controlled peening may be
performed to minimize distortion. Peening shall not be
used on the initial layer (root) of the weld nor on the
final layer unless the weld is postweld heat treated.

CC-4542.8 Reinforcement of Welds.

CC-4542.8.1 Finished Surfaces of Welds and
Thickness of Weld Reinforcement. Welds which are to
be radiographed shall be prepared as follows:
(a) The weld ripples or weld surface irregularities on

both the inside and outside shall be removed by any
suitable mechanical process to such a degree that the
resulting radiographic image, due to any irregularities,
cannot mask or be confused with the image of any unac-
ceptable discontinuity.
(b) The finishedsurfaceof the reinforcementof all butt-

welded joints may be flush with the base material or may
have reasonably uniform crowns, the maximum on each
side not to exceed the thicknesses of Table CC-4542.8.1-1.

CC-4542.9 Fillet Welds. Fillet welds may vary from
convex to concave. The size of the weld shall be deter-
mined in accordance with Figure CC-4542.9-1.

CC-4543 Welding of Attachments

CC-4543.1 Material for Permanent Structural Attach-
ments. Material for lugs, brackets, stiffeners, and other
permanent structural attachments that are permanently
welded to liners shallmeet the requirementsof linermate-
rial (CC-2500 except CC-2530). If the welds are exempt
frompostweldheat treatment (CC-4552), the attachments
shall meet the fracture toughness requirements of
CC-2520 if required by CC-2521.1.

CC-4543.2 Welding of Permanent Structural Attach-
ments. The rules of CC-4532.1 governing welding quali-
fications shall apply to the welding of both internal and
external permanent structural attachments to liner mate-
rial. Welds shall meet the postweld heat treatment re-
quirements of CC-4552.

CC-4543.3 Lugs and Fitting Attachments. All lugs,
brackets, saddle type nozzles, manhole frames, reinforce-
ment around openings, and other appurtenances shall
conform reasonably to the curvature of the shell or
surface to which they are attached.
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Figure CC-4542.2-1
Typical Category D Joints for Nozzle Diameters Over NPS 3 (DN 80)
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CC-4543.4 Welding of Nonstructural and Temporary
Attachments. Nonstructural attachments, such as lifting
lugs, insulation supports, nameplates, locating lugs, and
temporary attachments may be noncertified material
and may be welded directly to the liner with continuous
or intermittent fillet or partial penetration welds,
provided the requirements of (a) through (e) below
are met.
(a) The welding procedure and the welders have been

qualified in accordance with CC-4532.1.
(b) The material is identified and suitable for welding.
(c) The material is compatible with the material to

which it is attached.
(d) The welding material is identified and compatible

with the materials joined.
(e) Thewelds are postweld heat treatedwhen required

by CC-4552.

CC-4543.5 Stud Welding. When stud welding is
employed to attach shear connectors or other connectors
or other attachment to the liner, the following rules apply:
(a) Studs shall be welded to steel members with auto-

matically timed stud welding equipment connected to a
suitable power source.
(b) If two ormore studwelding guns are to be operated

from the same power source, they shall be interlocked so
that only one gun can operate at a time and so that the
power source has fully recovered from making one weld
before another weld is started.
(c) While in operation, the welding gun shall be held in

position without movement until the weld metal has soli-
dified.
(d) At the time of welding, the studs shall be free from

rust, rust pits, scale, oil, or other deleterious matter that
would adversely affect the welding operation.

Figure CC-4542.2-1
Typical Category D Joints for Nozzle Diameters Over NPS 3 (DN 80) (Cont’d)

3/4 (19 mm) 

  R min.

t r1

tn

tn

tc

t 1
3

(e)

(f) (g)

r1

r2

tn

t r1

GENERAL NOTE: For definition of symbols, see CC-3842.10.
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Figure CC-4542.2-2
Typical Category D Joints for Nozzle Diameters NPS 3 (DN 80) and Less
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(e) The areas on the member to which the studs are to
be welded shall be free of scale, rust, or other injurious
material to the extent necessary to obtain satisfactory
welds. These areas may be cleaned by wire brushing,
peening, prick punching, or grinding.
(f) Arc shields shall be broken free after welding from

shear connector and anchor studs and, where practicable,
from all other studs.
(g) The studs, after welding, shall be free from any

defect or substance that would interfere with their
intended function.
(h) If the reduction in the length of studs as they are

welded becomes less than normal (e.g., the length of stud
after welding is more than 1∕16 in. (1.5 mm) longer than
specified), welding shall be stopped immediately and not
resumed until the cause has been corrected.

(i) Stud size shall be 3∕4 in. (19mm) diametermaximum
when stud welding is to be performed in any position
other than downflat.

CC-4543.6 Special Requirements for Welding.When a
portion of the liner transmits loads in the through thick-
ness direction, one of the following requirements shall be
met if the plate subjected to through thickness loading is
1 in. (25 mm) and greater in thickness:
(a) After completion of welding, the base material

directly underneath the attachment shall be ultrasonically
examined in accordance with the requirements of
CC-5500.
(b) Aweldmetal inlayoroverlay shall bemade inaccor-

dance with Figure CC-4543.6-1 and ultrasonically exam-
ined inaccordancewithCC-5500, prior tomaking theweld
joining the attachment member to the inlay or overlay.

Figure CC-4542.2-2
Typical Category D Joints for Nozzle Diameters NPS 3 (DN 80) and Less (Cont’d)

Either method of attachment 

  is satisfactory

tc

tc t2

t1
t

Either method of attachment 

  is satisfactory

(g) (h)

tc

t2

t1
t

Either method of attachment 

  is satisfactory

(i) (j) (k)

tc

t2

1/4 in. (6 mm)

  minimum

tw

1/2t min.

tw

t t

t1

GENERAL NOTE: For definition of symbols, see CC-3842.10.
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(c) Special deposition techniques, as illustrated in
Figure CC-4543.6-2, may be used as an alternative to
inlay or overlay. Such techniques shall be demonstrated
to meet the requirements of (a) above on material thick-
ness equal to or greater than the production thickness but
need not be more than 4 in. (100 mm), and on material of
the same type and grade as the production material.
(d) Thematerial shallmeet the acceptance standardsof

SA-770, Through‐Thickness Tension Testing of Steel
Plates for Special Applications.

CC-4544 Examination of Welds

All welds shall be examined in accordance with the re-
quirements of CC-5500.

CC-4545 Repair of Weld Metal Defects

CC-4545.1 General Requirements. Unacceptable
defects in weld metal detected by methods required by
CC-5500 shall be eliminated and, when necessary,
repaired with the requirements of the following para-
graphs.

Figure CC-4542.2-3
Typical Category E Joints

GENERAL NOTE: For definition of symbols, see CC-3842.10.
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Figure CC-4542.2-4
Typical Category F Joints

GENERAL NOTE: For definition of symbols, see CC-3842.10.

Figure CC-4542.2-5
Typical Category G Joints

GENERAL NOTE: For definition of symbols, see CC-3842.10.
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Figure CC-4542.2-6
Typical Category H Jointsð21Þ

Attachment to liner or thickened 
  liner plate

Liner or thickened liner plate

Continuous

Liner or thickened 
  liner plate

3/16 in. (5 mm)

Continuous

Attachment to 
  liner or thickened 
  liner plate

(c)

(a)

Embedment
  anchors

Concrete
  side

Note (1)

ta

tc

t

(b)

Liner anchors

Liner or thickened
  liner plate

tc

Concrete
  side

Leak chase channel

GENERAL NOTES:
(a) For definition of symbols, see CC-3842.10.
(b) Welds are fillet, partial penetration, or full penetration, as required.
(c) For illustrations (b) and (c), regardless of the type of weld, a fillet weld with an effective throat equal to or larger than tc shall be provided.

NOTE: (1) If thematerial of attachment is in accordancewith Table D2-I-2.2, and thematerial of attachment and embedment anchor is the same,
this welding joint can be deleted.
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CC-4545.2 Elimination of Surface Defects.Weldmetal
surface defectsmay be removed by grinding ormachining
and not repaired by welding, provided the following re-
quirements are met:
(a) The remaining thickness of the section is not less

than that required by Article CC-3000.
(b) The thickness of the section is not reduced more

than 1∕16 in. (1.6 mm).
(c) The depression, after defect elimination, is blended

uniformly into the surrounding surface.
(d) The area is examined after blending by a magnetic

particle or liquid penetrant method meeting the require-
ments of CC-5500 to ensure that the defect has been
removed or the indication reduced to an acceptable limit.

CC-4545.3 Requirements forMakingRepairs toWelds.
Excavated cavities in weld metal, when repaired by
welding, shall meet the requirements of the following
subparagraphs.

CC-4545.3.1 Defect Removal. Unacceptable
defects detected visually or by the examinations required
by CC-5500 shall be removed by mechanical means or by
thermal gouging processes. The area prepared for repair
shall be examined and comply with the requirements of
CC-5533 or CC-5534.

CC-4545.3.2 Requirements for Welding Mate-
rials, Procedures, and Welders. The weld repair shall
be made using welding materials, welders, and welding
procedures in accordance with CC-4530.

CC-4545.3.3 Blending of Repaired Welds. After
repair the surface shall be blended uniformly into the
surrounding surface.

CC-4545.3.4 Examination of Repair Welds. The
examination of weld repairs shall be repeated as required
for theoriginalweldexcept that repairofdefectsoriginally
detected by magnetic particle or liquid penetrant
methods, when the repair cavities do not exceed the
lesser of 3∕8 in. (10 mm) or 10% of the thickness, need
only be reexamined by a magnetic particle or liquid pene-
trant method.

CC-4545.3.5 Heat Treatment of Repaired Areas.
The area shall be heat treated in accordance with
CC-4550 when the original weld required heat treatment.

CC-4545.4 Repair of Defective Areas Resulting From
Stud Removal.

(a) The areas of linerswhere defective studs have been
removed shall be made smooth and flush by grinding.
(b) Where in such areas basemetal has been pulled out

in the courseof stud removal, a shieldedmetal‐arcwelding
process with low hydrogen electrodes in accordance with
the requirements of CC-4545.3 shall be used to fill the
pockets and the weld surface ground flush.
(c) Where a replacement stud is to be placed in the

defective area, the above repair shall be made prior to
welding the replacement stud.

CC-4550 HEAT TREATMENT

CC-4551 Welding Preheat Requirements

CC-4551.1 When Preheat Is Necessary. The need for
preheat and the required temperature of preheat are
dependent on a number of factors, such as the chemical
analysis, degree of restraint of the parts being joined,
temperature elevation, physical properties, and material
thicknesses. Some practices used for preheating are given
inNonmandatoryAppendixD2-Basageneral guide for the
materials listed by P‐Number of Section IX. It is cautioned
that the preheating suggested inNonmandatoryAppendix

Figure CC-4542.2-7
Typical Category J Joints

GENERAL NOTE: For definition of symbols, see CC-3842.10.

Table CC-4542.8.1-1
Maximum Thicknesses Permitted

Material Nominal
Thicknesses, in. (mm)

Maximum Reinforcement
on Each Side, in. (mm)

Up to 1∕2 (13), incl. 3∕32 (2.5)
Over 1∕2 to 1 (13 to 25) 1∕8 (3)
Over 1 to 2 (25 to 50) 3∕16 (5)
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Figure CC-4542.9-1
Fillet and Socket Weld Dimensions
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Figure CC-4542.9-1
Fillet and Socket Weld Dimensions (Cont’d)

1/16 in. (1.5 mm) 
  approx. before welding

Socket Welding Flange

t1  =  nominal pipe wall thickness

Welding Details for Socket Welding Flanges [Note (3)]

Cx min.  =  1.09t, but not less than 1/8 in. (3 mm)

Size of Fillet Welds

t1

x min. = 1.4t or the thickness of the hub, whichever
is smaller, but not less than 1/8 in. (3 mm)

x min.

x min.

1/16 in. (1.5 mm) 
  approx. before welding

t1 nominal pipe
  wall thickness

Cx

Cx

GENERAL NOTE: Not permitted for connections over NPS 2 (DN 50).

NOTES:
(1) The “size” of an equal leg fillet weld is the leg length of the largest inscribed right isosceles triangle. Theoretical throat = 0.7 × size.
(2) The “size” of an unequal leg fillet weld is the shorter leg length of the largest right triangle that can be inscribed within the fillet weld cross

section.
(3) Not permitted for socket weld connections over NPS 4 (DN 100).
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D2-B does not necessarily ensure satisfactory completion
of the welded joint and that the requirements for individ-
ual material within the P‐Number listing may have
preheating more or less restrictive than this general
guide. The Welding Procedure Specification for the mate-
rial being welded shall specify the minimum preheating
requirements under the welding procedure qualification
requirements of Section IX.

CC-4551.2 PreheatingMethods.Preheat forweldingor
thermal cutting, when employed, may be applied by any
method that does not harm the base material or any weld
metal already applied, or that does not introduce deleter-
ious material into the welding area that is harmful to the
weld.

CC-4552 Postweld Heat Treatment Requirements

CC-4552.1 Means of Heating and Cooling. Postweld
heat treatment (PWHT) may be accomplished by any
suitable means of heating and cooling provided the
required heating and cooling rates, metal temperature,
metal temperature uniformity, and temperature control
are maintained.

CC-4552.2 PWHT Time and Temperature Require-
ments.

CC-4552.2.1 Requirements for PWHT. Except as
otherwise permitted in CC-4552.2.7, all welds, including
repair welds, shall be postweld heat treated. During post-
weldheat treatment, themetal temperature shall bemain-
tained within the temperature ranges and minimum
holding times specified in Table CC-4552-1, except as
otherwise permitted by CC-4552.2.4(c). P‐Number
groups in Table CC-4552-1 are in accordance with
Section IX, QW-420. Except as provided in CC-4552.4.3,
PWHT shall be performed in temperature‐surveyed
and ‐calibrated furnaces, or PWHT shall be performed
with thermocouples in contact with the material or
attached to blocks in contact with the material. Unless
exempted in CC-4552.2.7, all nozzles and penetrations
shall be welded into a portion of the liner plate or
plates and postweld heat treated as complete subassem-
blies prior to welding into the liner.

Figure CC-4543.6-1
Weld Joint Producing Through‐Thickness Loading

3/8 in. 
  (10 mm) 
  min. Step 2

    [Note (2)]

Step 2
  [Note (2)]

Step 1
  [Note (1)]

T

w

t

GENERAL NOTES:
(a) Members may be welded on one side only, or from both sides.
(b) Inlay or overlay thickness shall be 1∕4 in. (6 mm) min. for t = 1 in.

(25 mm) and shall be increased 1∕16 in. (1.5 mm) for each addi-
tional 3∕8 in. (10 mm) of t, but need not exceed 1∕2 in. (13 mm).

(c) When T exceeds t, w shall be increased by an additional 1∕16 in.
(1.5 mm) for each 3∕8 in. (10 mm) of T over t, to a maximum of
1∕2 in. (13 mm).

(d) Theminimumspecified tensile strengthof the electrodes used for
inlay or overlay shall not exceed the minimum specified tensile
strength of the base material by more than 12 ksi (83 MPa).

NOTES:
(1) Step 1 — inlay or overlay weldment.
(2) Step 2 — completion of weldment.

Figure CC-4543.6-2
Special Deposition Technique for Weld Joint Producing

Through‐Thickness Loading (Typical)

3/8 in. (10 mm) 
   min. [Note (1)]

3/8 in. 
  (10 mm) 
  min.

GENERAL NOTE: Members may be welded on one side only, or from
both sides.

NOTE: (1) The initial layer(s) shall extend a minimum of 3∕8 in.
(10 mm) beyond the toe of the fillet.
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CC-4552.2.2 Time–Temperature Recordings.
Time–temperature recordings of all PWHT shall be
made available for review by the Authorized Inspector.
Identification on the time–temperature recording shall
be to the weld or item as applicable. A summary of the
time–temperature recording may be provided for perma-
nent records in accordance with NCA‐4134.17(e)(9).

CC-4552.2.3 Definition of Thickness Governing
PWHT Time at Temperature Requirements. Nominal
thickness in Table CC-4552-1 and Table CC-4552-2 is
the thickness of the weld, liner material, or the thinner
of the sections being joined, whichever is less. It is not
intended that nominal thickness include material

provided for forming allowance, thinning, or mill
overrun when excess material does not exceed 1∕8 in.
(3 mm). For fillet welds, the nominal thickness is the
throat thickness; and for partial penetration and material
repair welds, the nominal thickness is the depth of the
weld groove or preparation.

CC-4552.2.4 Holding Temperatures and Times.

(a) The holding time at temperature as specified in
Table CC-4552-1 need not be continuous. It may be an
accumulation of time of multiple postweld heat treat
cycles.

Table CC-4552-1
Mandatory Requirements for Postweld Heat Treatment (PWHT) of Welds

P‐Number
(Section IX,
QW‐420)

Holding Temperature
Range, °F (°C)
[Note (1)]

Minimum Holding Time at Temperature for Weld Thickness (Nominal)
1∕2 in. (13 mm)

or Less
Over 1∕2 in. (13 mm)
to 2 in. (50 mm) Over 2 in. (50 mm)

1 1,100–1,250 (595–675) 30 min 1 hr/in. (2 min/mm) 2 hr plus 15 min each additional
inch (2 h plus 0.5 min/mm)
over 2 in. (50 mm)

8 PWHT neither required nor prohibited

GENERAL NOTE: Exceptions to the mandatory requirements of this Table are defined in Table CC-4552-2.

NOTE: (1) All temperatures are metal temperatures.

Table CC-4552-2
Exemptions to Mandatory PWHT

P‐No.
(Section IX,
QW‐420) Type of Weld

Nominal Thickness
(CC-4552.2.3)

Properties of Pressure-
Retaining Material(s)

Being Joined
Max.

Reported
Carbon, %

Min. Preheat
Required,
°F (°C)

1 All welds, including repair welds, in material 11∕2 in. (38 mm) and less 11∕4 in. (32 mm) or
less

0.30 or less ...

Over 11∕4 in. (32 mm)
to 11∕2 in. (38 mm)

0.30 or less 200 (95)

3∕4 in. (19 mm) or less Over 0.30 ...
Over 3∕4 in. (19mm) to

11∕2 in. (38 mm)
Over 0.30 200 (95)

All fillet, partial penetration, and repair welds in material over 11∕2 in.
(38 mm)

3∕4 in. (19 mm) or less ... 200 (95)

All welds, including repair welds, in material greater than 11∕2 in.
(38 mm) but equal to or less than 13∕4 in. (44 mm) [Note (1)]

13∕4 in. (44 mm) or
less

0.24 200 (95)

Repairs to welds in subassemblies postweld heat treated as required
byCC-4552.2.1,with the total accumulated repair lengthof anyweld
not exceeding 25% of the original weld length

3∕4 in. (19 mm) or less ... 200 (95)

GENERAL NOTE: The exemptions shown in this Table do not apply to electron beam welds in ferritic materials over 1∕8 in. (3 mm) in thickness.

NOTE: (1) This exemption is limited to SA-299, SA-516, and SA-537 under the following conditions:
(a) the impact test temperature is 40°F (22°C) below the lowest service temperature;
(b) the Cv energy value is increased by 5 ft‐lb (7 J) over that shown in Table CC-2524.2-2;
(c) exemption from impact testing as provided in Table CC-2521.1-1.
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(b) Holding time at temperatures in excess of the
minimum requirements of Table CC-4552-1 may be
used, provided specimens are tested in accordance
with CC-2526, CC-2600, and CC-4530.
(c) Alternatively, when it is impractical to postweld

heat treat at the temperature range specified in
TableCC-4552-1, it is permissible toperformthepostweld
heat treatment of P‐No. 1 material at lower temperature
ranges for longer periods of time in accordancewith Table
CC-4552-3 and (1) below.

(1) Base materials certified in accordance with
CC-2526 may be postweld heat treated at these lower
minimum temperatures and increased minimum
holding timeswithout recertification. Postweldheat treat-
ment at these lower minimum temperatures and
increased minimum holding times may also be the
tempering operation, provided a higher tempering
temperature is not required by the material specification.

CC-4552.2.5 PWHT Requirements When Differing
P‐Number Materials Are Joined. PWHT is not required
when joining P‐No. 1 material 11∕2 in. (38 mm) or less
in thickness to P‐No. 8 materials with electrodes that
produce austenitic or non‐air‐hardening nickel–
chrome–iron deposits.

CC-4552.2.6 PWHT Requirements for Material
Welded to Liners. When materials are welded to liner
materials, the PWHT temperature range of the linermate-
rials shall control.

CC-4552.2.7 Exemptions to PWHT Mandatory Re-
quirements. PWHT is not required for the following:
(a) nonferrous material
(b) welds exempted in Table CC-4552-2
(c) welds subjected to temperatures above the PWHT

temperature range specified inTableCC-4552-1, provided
the Welding Procedure Specification is qualified in accor-
dance with Section IX

CC-4552.3 Heating and Cooling Rate Requirements.
Above 800°F (425°C), the rate of heating and cooling
over any hourly interval shall not exceed 400°F
(220°C) divided by the maximum thickness in inches
of the material being heat treated but shall not exceed

400°F (220°C) and need not be less than 100°F (55°C)
over any hourly interval. During the heating and
cooling period, there shall not be a greater variation in
temperature than 250°F (140°C) within any 15 ft (4.6
m) interval of the weld length.

CC-4552.4 Methods of PWHT. The PWHT shall be
performed in accordance with the requirements of one
of the following subparagraphs.

CC-4552.4.1 Furnace Heating — One Heat.
Heating the item in a closed furnace in one heat is the
preferred procedure and should be used whenever prac-
tical. The furnace atmosphere shall be controlled so as to
avoid excessive oxidation; direct impingement of flame on
the component or assembly is prohibited.

CC-4552.4.2 Furnace Heating — More Than One
Heat. The item may be heated in more than one heat in a
furnace, provided the furnace atmosphere control re-
quirements of CC-4552.4.1 apply and the overlap of
the heated sections of the item is at least 5 ft (1.5 m).
When this procedure is used, the portion of the item
outside the furnace shall be shielded so that the tempera-
ture gradient is not harmful. The cross section where the
item projects from the furnace shall not intersect a nozzle
or other structural discontinuity.

CC-4552.4.3 Local Heating. Welds may be locally
postweld heat treatedwhen it is not practical to heat treat
the entire item. Local PWHT shall consist of heating a
circumferential band at temperatures within the
ranges speci f ied in Table CC-4552-1 or Table
CC-4552-3. The width of the controlled band at each
side of the weld, on the face of greatest weld width,
shall be not less than the thickness of the weld or 2 in.
(50 mm), whichever is less. The temperature of the
item shall be gradually diminished from the edge of
the controlled band outward so as to avoid harmful
thermal gradients. This procedure may also be used
for PWHT after repairs.

CC-4552.4.4 HeatingComponents Internally.The
item may be heated internally by appropriate means and
with adequate indicating and recording temperature
devices to aid in the control and maintenance of a
uniform distribution of temperature in the vessel.
Previous to this operation, the item shall be fully enclosed
with insulating material.

CC-4553 Intermediate PWHT

The temperature, time at temperature, and heating and
cooling rate requirements of CC-4552 are not mandatory
for intermediate heat treatments.

Table CC-4552-3
Alternative PWHT Temperatures

Alternative Holding
Temperature Range, °F (°C)

Alternative Minimum
[Note (1)] Holding Time,

hr/in. (min/mm) Thickness
1,050–1,200 (565–650) 2 (5)
1,000–1,150 (540–620) 3 (7)
950–1,000 (510–540) 5 (12)
900–1,050 (480–565) 10 (24)

NOTE: (1) All other requirements of CC-4552.2 shall apply.
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CC-4554 Heat TreatmentAfter Repairs byWelding

CC-4554.1 Rules Governing Heat Treatment After
Repair by Welding. Liners or portions of liners, including
materials that have been repaired by welding, shall be
postweld heat treated in accordance with the require-
ments of CC-4552.

CC-4555 Heat Treatment During Fabrication

When material is subjected to heat treatment during
fabrication, the test specimens required by the applicable
SA material specification shall be obtained from the
sample coupons which have been heat treated in the
same manner as the material, including such heat treat-
ments as were applied by the producer before shipment.
The required tests may be performed by the material
producer or the Fabricator or Constructor. When plate
specification heat treatments are not performed by the
mill, they shall be performed by or under the control
of the Fabricator or Constructor, who shall then place
the letter “T” following the letter “G” in the mill plate
marking (SA-20) to indicate that thematerial specification
heat treatments have been performed. The Fabricator or
Constructor shall also showby a supplement to the appro-
priate Certified Material Test Report that the specified
heat treatment has been performed.

CC-4560 PROTECTION OF ATTACHMENTS

All attachments and penetrations shall be protected
against entry of deleterious materials or dislodgement
during construction operations.

CC-4600 FABRICATION OF EMBEDMENT
ANCHORS

CC-4610 GENERAL REQUIREMENTS

CC-4611 Introduction

(a) The rules in the following paragraphs apply speci-
fically to the fabrication and construction of embedment
anchors.
(b) Each Certificate Holder shall be responsible for the

quality of the welding done by his organization, and shall
conduct tests of the welding procedure to determine its
suitability and also of the welders and welding operators
to determine their ability to apply the procedure properly.
(c) No production work shall be undertaken until both

the welding procedure and the welders or welding opera-
tors have been qualified in accordance with Section IX.

CC-4612 Elimination and Repair of Defects

CC-4612.1 Repair of Material. Material originally
accepted on delivery in which defects exceeding the
limits of CC-2730 are known or discovered during the
process of fabrication or installation is unacceptable.

The material may be used provided the condition is
corrected in accordance with the requirements of
CC-2730 for the applicable product form except
(a) the limitation on the depth of the weld repair does

not apply; and
(b) the time of examination of the weld repairs to weld

edge preparations shall be in accordance with CC-5500.

CC-4620 FORMING, FITTING, AND ALIGNING

CC-4621 Cutting, Forming, and Bending

CC-4621.1 Cutting. Cutting of material shall be in
accordance with CC-4521.1.

CC-4621.2 Forming and Bending Processes. Forming
and bending processes shall be in accordance with
CC-4521.2.

CC-4621.3 Qualification of Forming Processes and
Acceptance Criteria for Formed Material. Qualification
of forming and bending processes shall be in accordance
with CC-4521.3.

CC-4621.4 Minimum Thickness of Fabricated Mate-
rial. If any fabrication operation reduces the thickness
below the minimum required to satisfy the rules of
Article CC-3000, the material may be repaired in accor-
dance with CC-4612.

CC-4622 Forming Tolerances

CC-4622.1 Tolerances for Embedment Anchors.Toler-
ances for embedment anchors shall be specified in the
Design Specifications.

CC-4623 Fitting and Aligning

CC-4623.1 FittingandAligningMethods.Parts that are
to be joinedmaybe fitted, aligned, and retained in position
during the joining operation by the use of bars, jacks,
clamps, drift pins, tack welds, or temporary attachments.
Mechanical devices shall be carefully used to avoid
damage to surfaces of the parts and to avoid enlargement
of bolt holes.

CC-4623.1.1 Tack Welds. Tack welds used to
secure alignment shall either be removed completely,
when they have served their purpose, or their stopping
and starting ends shall be properly prepared by grinding
or other suitable means so that they may be satisfactorily
incorporated into the final weld. Tackwelds shall bemade
by qualified welders using qualified welding procedures.
When tack welds are to become part of the finished weld,
they shall be visually examined and defective tack welds
removed.

CC-4623.1.2 Temporary Attachments and Their
Removal. Attachments that are welded onto the embed-
ment anchors or parts during the process of manufacture
or installation but that are not incorporated into the final
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support are permitted provided the requirements of (a)
through (e) below are met.
(a) Thematerial is identified and is suitable forwelding

but need not be certified material.
(b) The material is compatible for welding to the

embedment anchor material to which it is attached.
(c) The welding material is compatible with the base

material and is certified in accordance with CC-2130.
(d) The welder and welding procedure are qualified in

accordance with CC-4532.
(e) The temporary attachment is completely removed

in accordance with the procedures of CC-4621.1.

CC-4623.2 Maximum Offset of Aligned Sections.
Alignment of butt joints shall be such that the
maximum offset of the finished weld will not be
greater than the appl i cab le amount l i s ted in
Table CC-4523-1, where t is the nominal thickness of
the thinner section of the joint.

CC-4623.2.1 Fairing of Offsets. Any offset within
the allowable tolerance of Table CC-4523-1 shall be
blended uniformly over the width of the finished weld
or, if necessary, by adding additional weld metal
beyond what would otherwise be the edge of the weld.

CC-4630 WELDING QUALIFICATIONS

CC-4631 General Requirements

CC-4631.1 Types of Processes Permitted. Only those
welding processes that are capable of producing welds
in accordance with the welding procedure qualification
requirements of Section IX and this Subsection shall be
used for welding embedment anchor material or attach-
ments thereto. Any process used shall be such that the
records required by CC-4632 can be prepared, except
that records for stud welds shall be traceable to the
welders and welding operators and not necessarily to
each specific weld.

CC-4631.1.1 Stud Welding. Stud welding shall be
in accordance with CC-4543.5.

CC-4632 Welding Qualification and Records
CC-4632.1 Required Qualifications.

(a) Each Certificate Holder is responsible for the
welding done by his organization and shall establish
the procedure and conduct the test required by this
Article and Section IX in order to qualify both the
welding procedures and the performances of welders
and welding operators who apply these procedures.
(b) Procedures,welders, andweldingoperatorsused to

join permanent or temporary attachments to embedment
anchors and to make permanent or temporary tack welds
used in such welding shall also meet the qualification re-
quirements of this Article.

(c) When making procedure test plates for butt welds,
considerationshall begiven to theeffectof angular, lateral,
and end restraint on the weldment. The addition of
restraint duringweldingmay result in crackingdifficulties
that otherwise might not occur.

CC-4632.2 Maintenance and Certification of Records.
Maintenance and certification of records shall be in accor-
dance with CC-4532.2.

CC-4632.2.1 Identification of Joints.

(a) For partial penetrationweldswith a depth less than
1 in. (25 mm), fillet welds with a throat dimension less
than 1 in. (25 mm), and stud welds, the Certificate
Holder need not identify the welder or welding operator
who welded each joint, provided

(1) the Certificate Holder maintains a system that
will identify the welders or welding operators who
made such welds so that the Inspector can verify that
the welders or welding operators were all properly qual-
ified

(2) thewelds in each category areall of the same type
and configuration and are welded with the sameWelding
Procedure Specification
(b) the identification of welder or welding operator is

not required for tack welds
(c) the CertificateHolder shall certify that onlywelders

and welding operators qualified in accordance with
CC-4632.1 and Section IX were used in making all welds

CC-4632.3 Welding Prior to Qualification. No welding
shall be undertaken until after the welding procedures
which are to be used have been qualified.

CC-4632.4 Transferring Qualifications. The welding
procedures qualification and the performance qualifica-
tion tests for welders and welding operators conducted
by one Certificate Holder shall not qualify welding proce-
dures and shall not qualify welders or welding operators
to weld for any other Certificate Holder, except as
provided in Section IX, QW‐201 and QG‐106.2.

CC-4633 General Requirements for Welding
Procedure Qualification Test

The requirements for welding procedure qualification
tests shall be in accordance with CC-4533.

CC-4634 Continuing Performance Test for Stud
Welding

Continuingperformance test for studwelding shall be in
accordance with CC-4534.
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CC-4640 RULES GOVERNING MAKING,
EXAMINING, AND REPAIRING WELDS

CC-4641 Precautions to Be Taken Before Welding

Precautions tobe takenbeforewelding shall be inaccor-
dance with CC-4541.

CC-4642 Rules for Making Welded Joints

CC-4642.1 Welded Joints. The materials for backing
strips, when used, shall be compatible with the base
metal. Backing strips shall be continuous and any
joints shall be made with full penetration welds.

CC-4642.2 Peening. The weld metal may be peened
when it is deemed necessary or helpful to control distor-
tion. Peening is prohibited on root pass and final pass.

CC-4642.3 Double‐Welded Joints. Before applying
weld metal on the second side to be welded, the root
of full penetration double‐welded joints shall be prepared
by suitable methods, such as chipping, grinding, or
thermal gouging tosoundmetal except for thoseprocesses
of welding by which proper fusion and penetration are
otherwise obtained and demonstrated to be satisfactory
by welding procedure qualification.

CC-4642.4 Surfaces of Welds. As‐welded surfaces are
permitted. However, the surfaces of welds shall be suffi-
ciently free from coarse ripples, grooves, overlaps, abrupt
ridges, andvalleys tomeet therequirementsof (a) through
(e) below.
(a) The surface condition of the finished weld shall be

suitable for the proper interpretation of radiographic and
other required nondestructive examinations of the welds.
In those cases where there is a question regarding the
surface condition on the interpretation of a radiographic
film, the film shall be compared to the actual weld surface
for interpretation and determination of acceptability.
(b) Reinforcements are permitted in accordance with

CC-4642.5.
(c) Undercuts shall not exceed 1∕32 in. (0.8 mm).
(d) Concavity on the root side of a single-welded

circumferential butt weld is permittedwhen the resulting
thicknessof theweld is at least equal to the thicknessof the
thinner member of the two sections being joined.
(e) If the surface of the weld required grinding to meet

the abovecriteria, care shall be taken to avoid reducing the
weld or base material below the required thickness.

CC-4642.5 Reinforcement of Butt Welds. The surface
of the reinforcement of all butt-welded jointsmay be flush
with the base material or may have uniform crowns. The

height of reinforcement on each face of the weld shall not
exceed the following thickness:

Nominal Thickness, in. (mm)
Maximum Reinforcement,

in. (mm)
Up to 1 (25), incl. 3∕32 (2.5)
Over 1 to 2 (25 to 50), incl. 1∕8 (3)
Over 2 to 3 (50 to 75), incl. 5∕32 (4)
Over 3 to 4 (50 to 100), incl. 7∕32 (5.5)
Over 4 to 5 (75 to 125), incl. 1∕4 (6)
Over 5 (125) 5∕16 (8)

CC-4642.6 Shape and Size of Fillet Welds. Fillet welds
may vary from convex to concave. The size of the weld
shall be in accordance with the requirements of
Figure CC-4542.9-1. A fillet weld in any single continuous
weld may be less than the specified fillet weld dimension
by not more than 1∕16 in. (1.5 mm), provided that the total
undersize portion of the weld does not exceed 10% of the
length of the weld. Individual undersize weld portions
shall not exceed 2 in. (50 mm) in length. On web‐to‐
flange welds on girders, no underrun is permitted at
the ends for a length equal to twice the width of the
flange. In making fillet welds, the weld metal shall be
deposited in such a way that adequate penetration into
the base metal at the root of the weld is secured.

CC-4642.7 Plug Welds. When plug welds are used on
embedment anchors, a fillet weld shall first be deposited
around the circumference at the bottom of the hole.

CC-4642.8 Stud Welding. Stud welding shall be in
accordance with the requirements of CC-4543.5.

CC-4644 Examination of Welds

All welds shall be examined in accordance with the re-
quirements of CC-5500.

CC-4645 Repair of the Weld Metal Defects

Repair ofweldmetal defects shall be in accordancewith
CC-4545.

CC-4650 HEAT TREATMENT

Heat treatment of concrete embedment material shall
be in accordance with CC-4550.

CC-4660 BOLTED CONSTRUCTION

Requirements for bolted construction shall be defined
in the Construction Specification.
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ARTICLE CC-5000
CONSTRUCTION TESTING AND EXAMINATION

CC-5100 GENERAL REQUIREMENTS FOR
EXAMINATION

CC-5110 PROCEDURES, QUALIFICATION, AND
EVALUATIONS

CC-5111 General Requirements

Nondestructive examinations, except leak testing by the
vacuum box technique, shall be in accordance with the
examination procedures of Section V. Leak testing by
the vacuum box technique shall be in accordance with
Mandatory Appendix D2-VI. For radiography, geometric
unsharpness shall not exceed the limits of Section V,
Article 2, T-274.2. The examinations shall be performed
by personnel who have been qualified as required in this
Article. The results of the examinations shall be evaluated
in accordance with the acceptance standards of this
Article. The examination of parts and appurtenances
meeting the requirements for Class MC and which are
not backed up by concrete for load carrying purposes
shall meet the requirements of Article NE‐5000 and
Subsection NCA. Examination of embedded attachments
to parts examined to the requirements of Division 1 shall
meet the requirements of this Article.

CC-5112 Nondestructive Examination Procedures

All nondestructive examinations required by this
Article shall be performed in accordance with detailed
written procedures, which have been proven by actual
demonstration, to the satisfaction of the Inspector.
Section V Special configurations and materials may
require modified methods and techniques. In these
cases, special procedures which are at least equivalent
to themethods and techniques described in shall be devel-
oped.Writtenproceduresandrecordsofdemonstrationof
procedure capability and personnel qualification shall be
made available to the Inspector upon request. At least one
copy of each procedure shall be readily available to all
appropriate nondestructive examination personnel for
reference and use.

CC-5113 Post‐Examination Cleaning

Following any nondestructive examination inwhich ex-
amination materials are applied to the piece, the piece
shall be thoroughly cleaned in accordancewith procedure
specifications.

CC-5120 QUALIFICATION AND CERTIFICATION OF
NONDESTRUCTIVE EXAMINATION
PERSONNEL

CC-5121 General Requirements

Organizations performing Code required nondestruc-
tive examinations shall use personnel competent and
knowledgeable to the degree specified by CC-5122.
When these services are subcontracted by the Certificate
Holder orQuality SystemCertificateHolder, he shall verify
the qualification of personnel to the requirements of
CC-5122. All nondestructive examinations required by
this Subsection shall be performedby and the results eval-
uated by qualified nondestructive examination personnel.

CC-5122 Personnel Qualification, Certification,
and Verification

CC-5122.1 ð21ÞQualification Procedure.

(a) Personnel performing nondestructive examina-
tions shall be qualified in accordance with the recom-
mended guidelines of SNT‐TC‐1A. Personnel qualified
by examination and certified to an earlier edition of
SNT-TC-1A are considered to be qualified to the
edition referenced in Table NCA-7100-3 when the recer-
tification is basedon continuing satisfactory performance.
All reexaminations and new examinations shall be in
accordance with the edition referenced in Table
NCA-7100-3. The ACCP Level II and III provisions for
qualification and certification and the ASNT administered
Level II certification provision for qualification and certi-
fication of NDE Personnel shall not be used for Section III.
The Employer’s written practice required by para. 5 of
SNT‐TC‐1A shall identify his requirements relative to
the recommended guidelines. “Employer” as used in
this Article shall include N, NPT, or NA Certificate
Holders; Quality System Certificate Holders; Material Or-
ganizations who are qualified in accordance with NCA-
3842; and organizations who provide subcontracted non-
destructive examination services to organizations

ASME BPVC.III.2-2021

114

ASMENORMDOC.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ASME BPVC.III
.2 

(A
SME BPVC Sec

tio
n 3

 D
ivis

ion
 2)

 20
21

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


described above. The recommended guidelines of SNT‐
TC‐1A shall be considered minimum requirements,
except as modified in (1) through (5) below.

(1) Qualification of Level III nondestructive exami-
nation personnel shall be by examination.

(-a) The basic and method examinations, para-
graphs 8.8.1 and 8.8.2 of SNT‐TC‐1A, may be prepared
and administered by the Employer, ASNT, or an
outside agency.

(-b) The specific examination, paragraph 8.8.3 of
SNT‐TC‐1A, shall be prepared and administered by the
Employer or an outside agency. The Employer or
outside agency administering the specific examination
shall identify the minimum grade requirement in the
written program when the basic and method examina-
tions have been administered by ASNT, which issues
grades on a pass/fail basis. In this case, the minimum
grade for the specific examination may not be less
than 80%.

(2) The written practice identified in paragraph 5 of
SNT‐TC‐1A and the procedures used for examination of
personnel shall be referenced in the Employer’s
Quality Program.

(3) The number of hours of training and experience
for nondestructive examination personnel who perform
only one operation of a nondestructive examination
method that consists of more than one operation, or
perform nondestructive examination of limited scope,
may be less than that recommended in Table 6.3.1 A
of SNT‐TC‐1A. The training and experience times shall
be described in the written practice, and any limitations
or restrictions placed on the certification shall be
described in the written practice and on the certificate.
The minimum classroom training times for visual exam-
ination personnel identified in Table 6.3.1 A of SNT-TC-1A
for Level II certificationmaybe reduced from16hr to 8 hr.

(4) For the near-vision acuity examination, the
Jaeger Number 1 letters shall be used in lieu of the
Jaeger Number 2 letters specified in paragraph 8.2.1 of
SNT‐TC‐1A. The use of equivalent type and size letters
is permitted.

(5) An NDE Level I individual shall be qualified to
properly perform specific setups, specific calibrations,
specific NDE, and specific evaluations for acceptance or
rejection determinations according to written instruc-
tions and to record results. The NDE Level I individual
shall receive the necessary instruction and supervision
from a certified NDE Level II or Level III individual. A
Level I individual may independently accept the results
of nondestructive examinations when the specific accep-
tance criteria are defined in the written instructions.
(b) For nondestructive examination methods not

covered by SNT‐TC‐1A documents, personnel shall be
qualified to comparable levels of competency by subjec-
tion to comparable examinationson theparticularmethod
involved.

(c) The emphasis shall be on the individual’s ability to
perform the nondestructive examination in accordance
with the applicable procedure for the intended applica-
tion.
(d) For nondestructive examination methods that

consist of more than one operation or type, it is permis-
sible to use personnel qualified to perform one or more
operations. As an example, one personmay be usedwho is
qualified to conduct radiographic examination and
another may be used who is qualified to interpret and
evaluate the radiographic film.

CC-5122.2 Certification of Personnel.

(a) The Employer retains responsibility for the
adequacy of the program and is responsible for certifica-
tion of Levels I, II, and III nondestructive examination per-
sonnel.
(b) WhenASNT is the outside agency administering the

L e v e l I I I b a s i c a n d me t h o d e x am i n a t i o n s
CC-5122.1(a)(1)(-a), the Employer may use a letter
from ASNT as evidence on which to base the certification.
(c) When an outside agency is the examining agent for

Level III qualification of the Employer’s personnel, the ex-
amination results shall be included with the Employer’s
record.

CC-5122.3 Verification of Nondestructive Examina-
tion Personnel Certification. The Certificate Holder has
the responsibility to verify the qualification and certifica-
tion of nondestructive examination personnel employed
by Material Organizations and qualified by them in accor-
dance with NCA‐3820 and subcontractors who provide
nondestructive examination services to them.

CC-5122.4 Records. Personnel qualification records
identified in paragraph 9.4 of SNT‐TC‐1A shall be retained
by the Employer.

CC-5130 QUALIFICATION OF CONCRETE
INSPECTION AND TESTING PERSONNEL

CC-5131 General Requirements

It shall be the responsibility of each organization
(Article NCA‐3000) to ensure that all personnel
performing concrete inspection and testing functions
under this Division are competent and knowledgeable
of the applicable requirements to the degree specified
in CC-5132. All concrete inspection and testing required
by this Division shall be performed and the results eval-
uated by qualified concrete inspection and testing person-
nel. The assignment of responsibilities to individual
personnel will be at the discretion of the responsible or-
ganization.
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CC-5132 Personnel Qualification

Personnel performing concrete inspection and testing
functions shall be qualified in accordancewithMandatory
Appendix D2-V of this Division.

CC-5133 Verification by Authorized Inspectors

The Authorized Inspector has the duty to verify the or-
ganization’s certification of concrete inspection and
testing personnel in accordance with Mandatory
Appendix D2-V, and has the prerogative to audit the
program and require requalification of any concrete
inspection and testing personnel when the Authorized
Inspector has reason to question the performance of
that individual.

CC-5140 RECORDS

Personnel qualification records shall be retained in
accordance with NCA‐4134.17.

CC-5200 CONCRETE EXAMINATION

CC-5210 GENERAL

Concrete and concrete constituents shall be examined
and tested in accordancewith the rules establishedherein.
The results of these tests shall not represent constituents
previously used, butwill be used only to qualify or disqua-
lify the lot of concrete constituents represented. The
examinations and tests required by this subarticle shall
be performed by the Constructor, Fabricator, or Manufac-
turer of Nonmetallic Materials and monitored by the
Authorized Inspector in accordance with Article NCA‐
5000. If the examinations and tests are performed by
the Manufacturer of Nonmetallic Materials, provisions
shall be made for the Authorized Inspector of the
Constructor or Fabricator, as applicable, to make the nec-
essary inspections to ensure compliance with this subar-
ticle. The results shall be verified by the Fabricator or
Constructor.

CC-5211ð21Þ Laboratory Qualification

The tests required by CC-5200 shall be performed by an
accredited laboratory that complies with ASTM C1077,
except that testing personnel shall be qualified in accor-
dance with CC-5132. Such laboratory tests may be
provided by the Cement and Concrete Reference Labora-
toryof theNational Institute of Standards andTechnology,
with accreditation programs provided by the National
Voluntary Laboratory Accreditation Program, American
Association for Laboratory Accreditation, and Construc-
tion Materials Engineering Council.

CC-5220 CONCRETE CONSTITUENTS

CC-5221 Cementitious Materials

CC-5221.1 ð21ÞRequirements. Quality control testing shall
be performed by the Constructor to ascertain confor-
mance of cementitious materials to applicable require-
ments of ASTM C150/C150M, ASTM C595/C595M,
ASTM C618, ASTM C989, ASTM C1157/C1157M, and
ASTM C1240, as shown in Table CC-5200-1.

CC-5221.2 TestingFrequency.The frequencyof testing
shall be as shown in Table CC-5200-1.

CC-5221.3 Uniformity Requirements. The quality
control testing for fly ash and pozzolan shall be evaluated
to ascertain conformance with ASTM C618 uniformity re-
quirements for
(a) specific gravity (density)
(b) fineness

CC-5222 Admixtures
CC-5222.1 Air‐Entraining Admixtures.

CC-5222.1.1 Requirements. In addition to the
testing required by ASTM C260 of the admixture Manu-
facturer, the following quality control tests shall be
performed using procedures recommended by the Manu-
facturer: infrared analysis, pH, and solids content. Addi-
tionally, the optional uniformity requirements of ASTM
C260 shall apply — pH, specific gravity, and air content.

CC-5222.1.2 Testing Frequency. Quality control
tests shall be conducted on the air‐entraining admixture
prior to use in accordance with Table CC-5200-1.

CC-5222.2 Chemical Admixtures.

CC-5222.2.1 Requirements. In addition to the
testing required of the admixture Manufacturer by
ASTM C494/C494M, the following quality control tests
shall be performed using procedures recommended by
the Manufacturer and as stipulated in ASTM C494/
C494M to ensure uniformity: infrared analysis, specific
gravity (liquids singly), and residue by oven drying.

CC-5222.2.2 Testing Frequency. Quality control
tests shall be conducted on the admixture prior to use
in accordance with Table CC-5200-1.

CC-5222.3 Grout Fluidifier.

CC-5222.3.1 Requirements. Quality control
testing shall be performed to ascertain conformance to
ASTM C937.

CC-5222.3.2 Testing Frequency. Quality control
tests shall be conducted on the fluidifier in accordance
with Table CC-5200-1.
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Table CC-5200-1
Minimum Testing Frequencies for Concrete Constituents and Concrete ð21Þ

Material Requirements Test Method
Frequency [Note (1)]

Initial [Note (2)] After Field Experience [Note (3)]
Portland Cement and Blended

Hydraulic Cement
Standard chemical properties ASTM C114 Each 1,200 tons (1100 t) Each 1,200 tons (1100 t)
Fineness ASTM C204 or ASTM C115 Each 1,200 tons (1100 t) Each 1,200 tons (1100 t)
Autoclave expansion ASTM C151/C151M Each 1,200 tons (1100 t) Each 1,200 tons (1100 t)
Compressive strength ASTM C109/C109M Each 1,200 tons (1100 t) Each 1,200 tons (1100 t)
Time of setting ASTM C266 or ASTM C191 Each 1,200 tons (1100 t) Each 1,200 tons (1100 t)

Fly Ash and Pozzolan Loss on ignition ASTM C311 Each 400 tons (360 t) Each 400 tons (360 t)
Fineness (No. 325 sieve analysis) ASTM C311 Each 400 tons (360 t) Each 400 tons (360 t)
Specific gravity ASTM C311 Each 400 tons (360 t) Each 400 tons (360 t)
Reactivity with cement alkalies

[Note (4)]
ASTM C441 Each 2,000 tons (1800 t) Each 2,000 tons (1800 t)

Available alkalies [Note (4)] ASTM C311 Each 2,000 tons (1800 t) Each 2,000 tons (1800 t)

GGBF-Slag Fineness (No. 325 sieve analysis) ASTM C430 Each 2,500 tons (2250 t) Each 2,500 tons (2250 t)
Specific surface ASTM C204 Each 2,500 tons (2250 t) Each 2,500 tons (2250 t)
Slag activity index ASTM C989 Each 2,500 tons (2250 t) Each 2,500 tons (2250 t)

Silica Fume Oversize (No. 325 sieve analysis) ASTM C430 Each 3,500 tons (3150 t) Each 3,500 tons (3150 t)
Density ASTM C1240 Each 3,500 tons (3150 t) Each 3,500 tons (3 150 t)
Specific surface ASTM C1069 Each 3,500 tons (3150 t) Each 3,500 tons (3150 t)
Accelerated activity index ASTM C1240 Each 3,500 tons (3150 t) Each 3,500 tons (3150 t)

Air‐Entraining Admixtures Uniformity Infrared spectrophotometry, pH,
and solids content in accordance
with ASTM C260

Composite of each shipment or
production lot

Composite of each shipment or
production lot

Chemical Admixtures Uniformity Infrared analysis, specific gravity
(liquids singly), and residue by
oven drying in accordance with
ASTM C494/C494M

Composite of each shipment or
production lot

Composite of each shipment or
production lot

Grout Fluidifier Physical properties ASTM C937 Composite of each shipment or
production lot

Composite of each shipment or
production lot

ASM
E
BPVC.III.2-2021

117

ASMENORMDOC.COM : Click to view the full PDF of ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021

https://asmenormdoc.com/api2/?name=ASME BPVC.III.2 (ASME BPVC Section 3 Division 2) 2021.pdf


Table CC-5200-1
Minimum Testing Frequencies for Concrete Constituents and Concrete (Cont’d)

Material Requirements Test Method
Frequency [Note (1)]

Initial [Note (2)] After Field Experience [Note (3)]
Aggregate Gradation ASTM C136 Each 1,000 yd3 (760 m3) concrete Each 2,000 yd3 (1 500 m3) concrete

Moisture content ASTM C566 Twice daily during production Twice daily during production
Material finer than No. 200 sieve ASTM C117 Each 1,000 yd3 (760 m3) concrete Each 2,000 yd3 (1 500 m3) concrete
Organic impurities [Note (5)] ASTM C40 Each 1,000 yd3 (760 m3) concrete Each 2,000 yd3 (1 500 m3) concrete
Flat and elongated particles ASTM D4791 Monthly Every 6 months
Friable particles [Note (5)] ASTM C142 Monthly Every 6 months
Lightweight particles [Note (5)] ASTM C123 Monthly Every 6 months
Specific gravity and absorption ASTM C127 or ASTM C128 Monthly Every 6 months
Los Angeles abrasion ASTM C131 or ASTM C535 Every 6 months Every 6 months
Water-soluble chloride [Note (6)] ASTM D1411 Every 6 months Every 6 months
Petrographic examination [Note (7)] ASTM C295 Every 6 months Every 6 months

Water and Ice
(if not potable)

Effect on compressive strength ASTM C31/C31M,
C39/C39M

Per ASTM C1602/C1602M Per ASTM C1602/C1602M

Time of set deviation ASTM C403/C403M Per ASTM C1602/C1602M Per ASTM C1602/C1602M
Chloride ASTM C114 Per ASTM C1602/C1602M Per ASTM C1602/C1602M
Sulfate ASTM C114 Per ASTM C1602/C1602M Per ASTM C1602/C1602M
Alkalies ASTM C114 Per ASTM C1602/C1602M Per ASTM C1602/C1602M
Total solids ASTM C1603 Per ASTM C1602/C1602M Per ASTM C1602/C1602M
Density ASTM C1603 Per ASTM C1602/C1602M Per ASTM C1602/C1602M

Concrete Mixer uniformity ASTM C94/C94M Initially and every 6 months Initially and every 6 months
Compressive strength ASTM C39/C39M or ASTM C943 One set of cylinders from each 100 yd3

(76 m3) per day [Notes (8), (9)]
One set of cylinders from each 200 yd3

(150m3)with aminimumofone set per
day [Notes (8), (9)]

Slump ASTM C143/C143M First batch placed each day and every
50 yd3 (38 m3) placed [Note (8)]

First batch placed each day and every
100 yd3 (76 m3) placed [Note (8)]

Slump flow ASTM C1611/C1611M First batch placed each day and every
50 yd3 (38 m3) placed [Note (8)]

First batch placed each day and every
100 yd3 (76 m3) placed [Note (8)]

Air content ASTM C173/C173M or ASTM C231 First batch placed each day and every
50 yd3 (38 m3) placed [Note (8)]

First batch placed each day and every
100 yd3 (76 m3) placed [Note (8)]

Temperature ASTM C1064/C1064M First batch placed each day and every
50 yd3 (38 m3) placed [Note (8)]

First batch placed each day and every
100 yd3 (76 m3) placed [Note (8)]

Density (unit weight) ASTM C138/C138M Test in conjunction with each set of
compressive strength cylinders
[Note (8)]

Daily [Note (8)]

Static segregation (rapid test) ASTM C1712/C1712M First batch placed each day and every
50 yd3 (38 m3) placed [Note (8)]

First batch placed each day and every
100 yd3 (76 m3) placed [Note (8)]

Passing ability ASTM C1621/C1621M Once every100yd3 (76m3)per day [Note (8)] Once every 200 yd3 (150 m3) with a
minimum of once per day [Note (8)]
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Table CC-5200-1
Minimum Testing Frequencies for Concrete Constituents and Concrete (Cont’d)

Material Requirements Test Method
Frequency [Note (1)]

Initial [Note (2)] After Field Experience [Note (3)]
General Purpose Grout Compressive strength ASTM C109 or ASTM C1107/C1107M Daily Daily

NOTES:
(1) Testing frequencies on a time basis apply only during production and placement of concrete or grout and when the constituent is being used.
(2) Initially during the development of the first 30 tests of production concrete and whenever the criteria for the alternate frequency [Note (3)] cannot be met.
(3) Field experience is satisfactorywhen the running average of all three consecutive strength test results for at least 30 consecutive testsmeets or exceeds f′c and no single result falls below f′c by

more than 500 psi (3.5 MPa) when f′c is 5,000 psi (35 MPa) or less, or by more than 0.10f′c when f′c is greater than 5,000 psi (35 MPa).
(4) If required by the Construction Specification.
(5) Not required for crushed stone quarried from rock strata unless petrographic analysis indicates acceptable but significant quantities of these contaminants.
(6) The chloride content of the concrete shall be calculated in accordance with CC-2231.
(7) The report shall be evaluated by the Designer.
(8) Test frequencies apply to each concrete mix design placed each day.
(9) Set of cylinders shall be in accordance with CC-5232.3.2(a).
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CC-5223 Aggregates

CC-5223.1 Requirements.Quality control tests shall be
as shown in Table CC-5200-1. Aggregate samples for
gradation, moisture content, and material finer than
#200 sieve tests shall be obtained from conveyors,
bins, or chutes at the batch plant. Aggregate samples
for other quality control tests may be obtained from
these same locations, at the point of delivery, or from
stockpiles.

If the aggregate sampled for gradation and materials
finer than#200 sieve tests are notwithin the specification
limits, two additional samples shall be obtained from the
same location and tested. If both of the retest samples are
within specification limits, the aggregate is acceptable. If
either or both of the retest samples is outside of the spec-
ification limits, the three test results shall be averaged.
This test result shall be averaged with the previous
five aggregate test results. If the average of the six
tests is within specification limits, the remaining aggre-
gate is acceptable. If the average of the six tests is
outside specification limits, the remaining aggregate
shall be adjusted to bring the aggregate within limits
or the aggregate shall be rejected.

If the aggregate sampled for the other quality control
tests is outside the specification limits, two additional
aggregate samples shall be obtained from the same loca-
tion and tested. If both samples are within the specifica-
tion limits, the aggregate is acceptable.

CC-5223.2 Testing Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5224 Mixing Water

CC-5224.1 Requirements. Quality control testing shall
beperformed to ensure conformitywith the requirements
of CC-2223.

CC-5224.2 Testing Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5230 CONCRETE

CC-5231 Mixer Uniformity

Mixer uniformity tests shall be performed on stationary
and truckmixers to determine that themixers are capable
of combining the concrete constituents into a thoroughly
mixed and uniform mass.

CC-5231.1 Requirements. Mixer uniformity shall be
established in accordance with ASTM C94/C94M.

CC-5231.2 TestingFrequency.The frequencyof testing
shall be as shown in Table CC-5200-1.

CC-5232 ð21ÞConcrete Properties

(a) Concrete slump, temperature, air content, unit
weight, and physical properties examination shall be
performedon a common sample to establish conformance
with the provisions of the Construction Specification. The
sampling of freshly mixed concrete for the above tests
shall be in accordancewith ASTMC172. For SCCmixtures,
sampling shall be in accordance with ASTM C1758. This
sampling shall takeplace after allmaterial andwater addi-
tions have been made.
(b) The chloride content of the concrete shall be calcu-

lated and evaluated each time chloride test results are
received on any one of the constituents. The calculation
shall be based on the most recent chloride test results of
the other constituents.

CC-5232.1 Slump.

CC-5232.1.1 ð21ÞRequirements.Quality control testing
in accordance with ASTM C143/C143M shall be
performed to ensure conformity to the requirements of
the Construction Specification. For SCC mixtures, slump
flow according to ASTM C1611 shall also be used.

CC-5232.1.2 Testing Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5232.2 Temperature, Air Content, andUnitWeight.

CC-5232.2.1 Requirements. Temperature, air
content, and unit weight shall be measured to ensure
conformance with the Construction Specification. Air
content tests shall be made in accordance with ASTM
C173/C173M or ASTM C231. Unit weight tests shall be
made in accordance with ASTM C138/C138M.

CC-5232.2.2 Testing Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5232.2.3 Evaluation and Acceptance. The
concrete is acceptable if no more than one individual
air content test result in a placement is outside the speci-
fied range of air content by more than 20%, provided the
average of all air content test results in each placement is
within the limits specified in CC-2231.7.5.

CC-5232.3 Physical Properties.

CC-5232.3.1 Requirements. Testing of concrete
physical properties shall be performed for the purpose
of establishing conformance with the provisions of the
Construction Specification.

CC-5232.3.2 Evaluation and Acceptance.

(a) Samples for compressive strength tests of each
class of concrete shall be taken at the frequency of
testing shown in Table CC-5200-1. Concrete for compres-
sive strength tests shall be sampled in accordance with
ASTM C172. Cylinders for acceptance tests shall be
molded and laboratory cured in accordance with
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ASTM C31/C31M and tested in accordance with ASTM
C39/C39M. A strength test shall be the average of the
strengths of at least two 6 in. × 12 in. (150 mm × 300
mm) cylinders or at least three 4 in. × 8 in. (100 mm
× 200 mm) cylinders made from the same sample of
concrete and tested at 28daysor at the test agedesignated
for determination of specified strength, f′c.
(b) When the frequencyof testingwill provide less than

five tests for a given concrete mix for the containment,
tests shall be made from at least five randomly selected
batches, or from each batch if fewer than five are used.
(c) The strength level of the concretewill be considered

satisfactory if the averages of all sets of three consecutive
strength tests at “a” days equal or exceed the specified
strength and no individual strength test result falls
below the specified strength by more than500 psi
(3.5 MPa).
(d) Supplementary compressive strength tests may be

required to check the adequacy of curing and to determine
formremoval time.Whensuch strength tests are required,
the specimens shall be molded and cured under field con-
ditions in accordance with ASTM C31/C31M and tested in
accordance with ASTM C39/C39M. Such specimens shall
bemoldedat the same timeand fromthe samebatch as the
laboratory cured acceptance test specimens. Procedures
for protecting and curing the concrete in the structure
shall be improved when the strength of field cured cylin-
ders at “a” days is less than 85% of that of the companion
laboratory cured cylinders. When the laboratory cured
cylinder strengths are appreciably higher than the speci-
fied strengths, the field cured cylinder strengths need not
exceed the specified strength by more than 500
psi (3.5 MPa) even though the 85% criterion is not met.
(e) If verification of tensile strength is required, eight

sets of four test specimens shall be prepared for each type
of concrete throughout the period of construction. They
shall be molded and laboratory cured in accordance with
ASTMC31/C31Mand testedat “a” days in accordancewith
ASTM C78 or ASTM C496/C496M. For each set, three
specimens shall be tested for flexure or splitting
tensile strength and one for compression.
(f) If the test results do not satisfy the acceptance

criteria, the Constructor or Fabricator shall prove to
the satisfaction of the Designer that the load carrying ca-
pacity of the structure is not jeopardized. If the possibility
of low strength concrete is confirmed and computations
indicate that the load carrying capacity may have been
significantly reduced, test of cores drilled from the
area in question may be required in accordance with
ASTM C42/C42M. Three cores shall be taken for each
case of a cylinder test more than 500 psi (3.5 MPa)
below the specified strength.
(g) Concrete in the area represented by the corewill be

considered structurally adequate if the average of the
three strength values is equal to at least 85% of specified
strength and if no single core is less than 75% of specified

strength. To check testing accuracy, locations represented
by the erratic core strengths may be retested. If the
strength acceptance criteria are not met by the retests
and if structural adequacy remains in doubt, the noncon-
forming concrete must be replaced. The structural
adequacy shall be determined by the Designer.

CC-5233 Preplaced Aggregate Concrete
CC-5233.1 Aggregate.

(a) Tests for cleanliness, in accordance with ASTM
C117, and gradation, in accordance with ASTM C136,
shall be performed for each 200 tons (180 000 kg) of
aggregate placed in the forms.
(b) Visual examination of aggregate for cleanliness

shall be maintained while washing, transporting, and
placing aggregate.

CC-5233.2 Cement, Mineral Filler, and Fluidifier.

(a) Material shall be tested in accordance with
CC-5220.
(b) Grout fluidifier shall be tested in accordance with

ASTM C937. In addition, the grout fluidifier shall be certi-
fied by the Constructor, Fabricator, Nonmetallic Material
Manufacturer, or Nonmetallic Constituent Supplier to
possess the same physical and chemical properties as
the grout fluidifier developed and used in trial mix tests.

CC-5233.3 Intrusion Grout.

(a) The viscosity of each batch of intrusion grout shall
be determined in accordance with ASTM C939. The
Construction Specification shall establish the flow
factor units to be used as the basis for acceptance, rejec-
tion, and adjustment of each grout batch mix.

(1) Prior to transferring grout from the mixer to the
agitator (if no intermediate agitation is planned prior to
pumping), at least one flow cone test for eachmix shall fall
within the specified limits. Grout notmeeting the specified
flow factors shall not be transferred to the agitator.

(2) During agitation, if the grout is stiffening, a flow
cone test shall be performed just prior to pumping. If the
flow cone test result falls outside the specified flow factor
limits, the grout batch shall be discarded. Each flow cone
test result shall be recorded and its time verified.
(b) The temperature of each grout batch shall be

measured at the mixer, at the agitator, and after the
grout has left the pump at the point of injection, and
recorded. If the temperature of the grout at the place
of entering the form is outside of the specified limits
for more than one in five consecutive batches, corrective
measures shall be taken.
(c) Expansion and bleeding tests shall be performed on

a grout sample taken from an actual batch just prior to
pumping in accordance with ASTM C940, as modified
by the Construction Specification. Expansion and bleeding
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tests shall be made for each grout batch from which test
cylinders are taken.
(d) The time of set shall be determined on a grout

sample taken from an actual batch just prior to
pumping in accordance with ASTM C953, or as modified
by the Construction Specification.

CC-5233.4 Concrete. For each preplaced aggregate
concrete placement, test cylinders shall be fabricated
from each specified batch or each 100 yd3 (76 m3) of
grout, or fraction thereof, pumped during the grouting
operation. The number of test cylinders and their test
age shall be as specified in the Construction Specification.
The 6 in. × 12 in. (150 mm × 300 mm) heavy‐duty test
cylinder molds and casting procedures shall conform
to the requirements of ASTM C943. Cylinders shall be
moist‐cured in accordance with ASTM C31/C31M until
tested in accordance with ASTM C39/C39M.

CC-5234 General Purpose Grout
CC-5234.1 Constituents.

CC-5234.1.1 Requirements. Quality control tests
shall be conducted on grout constituents in accordance
with the requirements of CC-5220.

CC-5234.1.2 Test Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5234.2 Physical Properties.

CC-5234.2.1 Requirements. Grout shall be tested
in accordance with ASTM C109/C109M or ASTM C1107/
C1107M for the purpose of establishing conformance of
compressive strength to the requirements of the construc-
tion specifications.

CC-5234.2.2 Test Frequency. The frequency of
testing shall be as shown in Table CC-5200-1.

CC-5240 GROUT FOR GROUTED TENDON
SYSTEMS

CC-5241 General

Grout fluidity, temperature, and compressive strength
shall be specified in the Construction Specification and
determined on a common sample in accordance with
CC-2243.

CC-5242 In‐Process Testing Frequencies

CC-5242.1 Temperatures. Temperature of the air and
combined grout constituents shall be measured and
recorded hourly during the grouting operation to deter-
mine compliance with the Construction Specification.

CC-5242.2 Fluidity. The fluidity of the grout shall be
measured prior to placement of the first batch each
day. An additional test shall be made for each 20 subse-
quent batches but not less than one test for every fourth

tendon grouted each day. Testing for fluidity shall be in
accordance with CC-2243.3.2(e).

CC-5242.3 Compressive Strength.Grout strength tests
consisting of a set of 3 cube specimens shall bemade at the
rate of one set for each 100 batches of grout, but not less
than one set per day. Testing for compressive strength
shall be in accordance with CC-2243.3.2(b).

CC-5242.4 Chloride Testing. During grouting, the
amount of water-soluble chloride in the grout shall be
determined on a weekly basis per ASTM C1218/
C1218M for each lot or batch of constituents.

CC-5300 EXAMINATION OF REINFORCING
SYSTEMS

CC-5310 GENERAL

This subarticle describes the requirements for the ex-
amination of reinforcing bars and their splices and joints.

CC-5320 EXAMINATION OF MECHANICAL
SPLICES AND MECHANICALLY HEADED
DEFORMED BARS

Acceptance criteria for all splicing and mechanically
headed deformed bar systems shall be as described in
the Construction Specification.

CC-5321 Sleeve With Ferrous Filler Metal Splices
and Mechanically Headed Deformed Bars

(a) One sleeved connection from each day’s work per
splicing crew shall be examined daily for proper fit‐up.
(b) All completed sleeved connections shall be visually

examined after cooling for acceptable bar end locations.
Filler metal shall be visible at accessible ends of the splice
sleeve and at the tap hole. Each accessible end of the splice
sleeve or mechanical anchorage device shall also be
subjected to the maximum allowable void criteria as
described in the Construction Specification. Splices and
mechanically headed deformed bars not meeting these
criteria shall be removed and replaced.

CC-5322 Taper Threaded Splices and
Mechanically Headed Deformed Bars

(a) Bar ends, splice sleeves, andmechanical anchorage
devices (heads) shall be visually examined prior to
assembly for cleanliness.
(b) Threads shall be checked with a Manufacturer’s

thread gage.
(c) Bars shall bemarkedwith a suitablemarker to indi-

cate depth of insertion into splice or mechanical ancho-
rage device. After assembly, the actual depth of insertion
shall be checked for compliance with CC-4333.3 bymeans
of this mark.
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(d) Proper assembly and torque shall be checked for
compliance with the installation procedure described
in the Construction Specification.
(e) One splice for each 100 production splices and one

mechanically headed deformed bar for each 100 produc-
tion headed bars shall be disassembled and inspected for
compliance with CC-4333.3, and all threads rechecked
with the Manufacturer’s thread gage.

CC-5323 Swaged Splices and Mechanically
Headed Deformed Bars

(a) Bar ends, splice sleeves, and mechanically headed
deformed bars shall be visually examined prior to
assembly for cleanliness and proper end preparation.
(b) Bars shall bemarkedwith a suitablemarker to indi-

cate depth of insertion into splice or mechanical ancho-
ragedevice. After completion, the actual depthof insertion
shall be checked for compliancewith CC-4333.3 bymeans
of this mark.
(c) Proper assembly and swaging pressure shall be

checked for compliance with the installation procedure
described in the Construction Specification.

CC-5324 Threaded Splices in Thread Deformed
Reinforcing Bar and Mechanically
Headed Deformed Bars

(a) Bar ends, splice sleeves, and mechanical anchorge
devices (heads) shall be visually examined for damage,
cleanliness, andproperendpreparationprior toassembly.
(b) Threads shall be checked with a Manufacturer’s

thread gage.
(c) Bars shall bemarkedwith a suitablemarker to indi-

cate depth of insertion into the splice or mechanical
anchorage device. After assembly, the actual depth of
insertion shall be checked for compliance with
CC-4333.3 by means of this mark.
(d) Proper assembly and torque at both ends of

coupling shall be checked for compliancewith the installa-
tion procedure described in the Construction Specifica-
tion.
(e) One splice and one mechanically headed deformed

bar of each 100 production splices and mechanically
headed deformed bars shall be disassembled and
inspected for compliance with CC-4333.3, and all
threads shall be rechecked with the Manufacturer's
thread gage.

CC-5325 Cold Roll Formed Parallel Threaded
Splices and Mechanically Headed
Deformed Bars

(a) Bar ends, splice sleeves, and mechanically headed
deformed bars shall be visually examined prior to
assembly for cleanliness.

(b) Threads shall be checked with a Manufacturer’s
thread gage.
(c) Bars shall bemarkedwith a suitablemarker to indi-

cate depth of insertion into splice or mechanically headed
deformedbar anchoragedevice.After assembly, the actual
depth of insertion shall be checked for compliance with
CC-4333.3 by means of this mark.
(d) Proper assembly and torque shall be checked for

compliance with the installation procedure described
in the Construction Specification.
(e) One splice and one mechanically headed deformed

bar of each 100 production splices and 100 mechanically
headed deformed bars shall be disassembled and
inspected for compliance with CC-4333.3, and all
threads shall be rechecked with the Manufacturer’s
thread gage.

CC-5340 EXAMINATION OF BENDS

The bent or straightened surfaces of all reinforcing bars
that are partially embedded in concrete and that are bent
and/or straightened in the field shall be visually examined
for indications of cracks.
(a) Bars exhibiting transverse cracks or fissures shall

be rejected and the bent or straightened section shall be
removed and replaced using a splice in accordance with
CC-4330.
(b) The presence of longitudinal seams shall not be

cause for removal.

CC-5400 EXAMINATION OF PRESTRESSING
SYSTEMS

CC-5410 GENERAL

This subarticledescribes theexaminationrequirements
forprestressingsystems.Aspectsof the systems that affect
quality such as tendon fabrication, placement and
tensioning of tendons, installation of ducts and bearing
plates, and the application of the corrosion prevention
materials shall be examined.

CC-5420 REQUIRED EXAMINATION

CC-5421 General

The design, fabrication, and installation of prestressing
systems shall be in conformance with the Construction
Specification. The Construction Specification shall
include provisions to control and examine tendon
length, twist, temporary protective coatings if required,
anchorage hardware, conformance to Manufacturer’s
standards, coiling and packaging requirements, handling,
shipping, and storage procedures.
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CC-5422 Bearing Plates

CC-5422.1 Preplacement. Bearing plates shall be
examined for dimensional accuracy, out‐of‐square, and
surface smoothness in accordance with the criteria
stated in the Construction Specification.

CC-5422.2 Post‐Placement.Following installation, the
position of all bearing plates shall be examined prior to
concrete placement for proper location and orientation.
Placement tolerances shall be in accordance with the
Construction Specification. If the orientation of the
plate tends to inhibit concrete placement, a program
shall be specified in the Construction Specification for
the examination of the soundness of the concrete in
the bearing zone.

CC-5423 Tendon Ducts

CC-5423.1 Preplacement.Tendonducts shall be exam-
ined to ensure compliance with requirements of the
Construction Specification as to type, diameter, and
wall thickness. The frequency of examination shall be
specified in the Construction Specification.

CC-5423.2 Post‐Placement. Tendon ducts shall be
examined for position and alignment in accordance
with CC-4452. After installation, but prior to concrete
placement, the ducts shall be visually examined for
damage, including holes and cracks, and for dents and
ovalling which may affect required minimum clear aper-
ture. The criteria for the visual examination shall be given
in the Construction Specification. Prior to and following
concrete placement, all ducts shall be examined to ensure
that minimum clear aperture is provided.

CC-5424 Prestressing Steel

(a) All tendons shall be examined to verify that proper
element quantities are present. The elements shall be
examined at the frequency defined in the Construction
Specification to verify proper diameter.
(b) The exposed surfaces of the prestressing elements

shall be visually examined upon shipping, receipt, and
prior to installation to ensure that damage such as
nicks, bends, or corrosion has not occurred to a detri-
mental degree. Criteria for acceptance shall be given in
theConstructionSpecification. Tendonsshall be examined
for banding and twisting of the bundle to ensure compli-
ance with the field drawings.

CC-5425 Anchorage Components

(a) Anchorage components shall be examined for
dimensions, thread, andsurface conditions. The frequency
of such examinations, as well as tolerance and any other
acceptance criteria, shall be in accordance with the
Construction Specification.

(b) Following tensioning, all anchorage assemblies
shall be visually examined. Broken tendon wires or
components and out-of-tolerance values for elongation
or tensioning shall be evaluated for acceptance per
CC-4468.

CC-5426 Tensioning

The tensioning of tendons shall be examined for confor-
mance with written procedures. Current calibration of
stressing systems shall be verified. Examinations shall
be made to verify proper application of stressing loads
and measurement and recording of tendon elongations.
The required frequency of examination shall be specified
in the Construction Specification. Results of all stressing
observations and data shall be reviewed by the Designer.

CC-5500 EXAMINATION OF WELDS

CC-5510 GENERAL

CC-5511 Scope

This subarticle contains the nondestructive examina-
tion requirements for the welding of liners and attach-
ments thereto.

CC-5512 Time of Examination of Welds

Acceptance examination of welds shall be performed at
the times stipulated in (a) through (d) below, except as
otherwise specified in CC-5520.
(a) Radiographic examinationof allwelds in linersmay

be performed prior to any required postweld heat treat-
ment for P‐No. 1 material.
(b) Magnetic particle or ultrasonic examinations shall

be performed after any required postweld heat treatment,
except P‐No. 1materials may be examined prior to PWHT.
(c) All dissimilar metal weld joints shall be examined

after final postweld heat treatment.
(d) Leak testing shall be performed after any required

final PWHT.

CC-5520 REQUIRED EXAMINATION OF WELDS

CC-5521 Welding Categories

(a) Category A and B welds shall be radiographed in
accordance with CC-5531, except where backup bars
are used in accordance with CC-4542.1. Category A
and B welds with backup bars shall be examined by
the magnetic particle or ultrasonic examination
method for the full length of the weld.
(b) Category D butt welds shall be examined in accor-

dance with (a) above. Where the Category D weld around
the insert plate is within a distance from the center of the
opening equal to the diameter of the opening, the weld
shall be 100% radiographed in that area. All butt
welds in the insert plate shall be 100% radiographed.
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(c) Other Category D welds and Category E, F, G, and J
welds shall be examined by themagnetic particle or ultra-
sonic examination method for the full length of the weld.
(d) Full penetration Category H welds shall be exam-

ined by the magnetic particle or ultrasonic examination
method for the full length of the weld.

Except for the exposed ends of welds, which require
only visual examination, CategoryHpermanent structural
and nonstructural attachment welds to the liner or thick-
ened linerplate shall be examinedby themagnetic particle
or liquid-penetrant method for the full length of the weld,
with the following exceptions:

(1) Partial penetration welds to a thickened liner
plate that have a groove depth or throat dimensions
equal to or less than 1 in. (25 mm) need only be visually
examined.

(2) Fillet welds to a thickened liner plate that have
throat dimensions less than 1∕2 in. (13 mm) need only be
visually examined.

(3) Liner anchor welds need only be visually exam-
ined.

Other Category H partial penetration welds that have a
groove depth or throat dimension greater than 1 in.
(25 mm) and fillet welds that have a throat dimension
of 1∕2 in. (13 mm) or greater shall be examined by the
liquid penetrant or magnetic particle method for the
full length of the weld, except that the exposed ends of
welds need only be visually examined. All Category H
welds exclusive of those described above shall be
visually examined.
(e) All welds, except attachment welds that do not

penetrate the liner, shall be leak tested in accordance
with CC-5536 for the full length of the weld.
(f) For all austenitic welds, liquid penetrant shall be

substituted for magnetic particle examination.
(g) Temporary attachmentweld removal areas shall be

inspected and shall meet the requirements of CC-2533,
and the removal area shall be examined by the magnetic
particle or liquid-penetrant method.

CC-5522 Weld Joints in Backups

Weld joints in backup bars, and structural shapes used
as backups, shall be examined by the magnetic particle,
liquid penetrant, or ultrasonic examination method.

CC-5523 Splice Sleeve Welds

The surfaces of all welds between splice sleeves and the
liner shall be visually examined.

CC-5524 Stud Welds

Stud welds shall be visually examined.

CC-5525 Leak‐Chase Systems

All the welds in the leak‐chase systems shall be leak
tested.

CC-5526 Electroslag Welds

In addition to the requirements for the type of weld
being examined, all complete penetration welds made
by the electroslag welding process in ferritic materials
shall be ultrasonically examined.

CC-5530 EXAMINATION PROCEDURES

CC-5531 Radiographic Examination

CC-5531.1 Examination Procedure. Radiographic ex-
amination as required by CC-5520 shall be performed
in accordance with Section V, Article 2, except that the
geometric unsharpness shall not exceed the limits of
Section V, Article 2, T-251.

CC-5531.2 Extent of Examination. The first 10 ft (3 m)
of weld and one spot (not less than 10 in. (250 mm) in
length) in each additional 50 ft (15.2m) increment ofweld
(weld test unit), or fraction thereof, shall be radiographed
for each welder and welding position (flat, vertical, hori-
zontal, and overhead). In any case, a minimum of 2%, by
length, of all butt welds shall be radiographed. The 100%
radiography required by CC-5521(b) shall not be included
in determining the 2%. Where backup bars are used, the
welds shall be examined in accordance with CC-5521.

CC-5531.3 Selection of Spots for Radiographic Exam-
ination. The spots of welds to be radiographically exam-
ined shall be randomly selected but no two spots in
adjacent weld test units shall be closer than 10 ft
(3 m). The location of all spots shall be recorded.

CC-5531.4 Time of Examination. Radiographic exam-
ination shall be performed prior to the placement of
concrete or other obstructions.

CC-5531.5 Repair and Reexamination.

(a) The examination of the first 10 ft (3 m) of weld
required by CC-5531.2 is acceptable when the aggregate
length of unacceptable discontinuities is less than 10 in.
(250mm). If this requirement is notmet, thewelder’s next
10 ft (3m) of weld shall be radiographed and evaluated to
the acceptance criteria above. All defective welding
disclosed shall be repaired and reradiographed.
(b) When a radiographed spot meets the acceptance

standards of CC-5542, the entire weld unit represented
by thespot is consideredacceptable.Whenaradiographed
spot fails to meet the specified acceptance standards, two
additional spots shall be radiographically examined in the
same weld test unit at locations at least 1 ft (300 mm)
removedon each side from the original spot. The locations
of these additional spots shall be determined using the
same procedure followed in the selection of the original
spot for examination, and the examination results shall
determine the corrective actions of (1) and (2) below.
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(1) If the two additional spots examined meet the
acceptance standards, the entire weld unit represented
by the three spot radiographs is considered acceptable.
However, the defective welding disclosed by the first
of the three radiographs shall be repaired and reradio-
graphed.

(2) If either of the two additional spots examined
fails to meet the specified acceptance standards, the
entireweld test unit is unacceptable. The entire unaccept-
ableweld shall be removed and the joint shall be rewelded
or, optionally, the entire weld unit may be completely
radiographed and defective welding only need be
repaired.
(c) Repair welding shall be performed using a qualified

procedure. The weld repaired areas in each weld test unit
shall be radiographed to meet the acceptance criteria
specified in CC-5542.

CC-5533 Liquid Penetrant Examination

Liquid penetrant examination shall be performed in
accordance with Section V, Article 6.

CC-5534 Magnetic Particle Examination

Magnetic particle examination shall be performed in
accordance with Section V, Article 7.

CC-5535 Ultrasonic Examination

Ultrasonic examination shall be performed in accor-
dance with Section V, Article 5.

CC-5536 Leak Testing

CC-5536.1 Liner Welds. Leak testing of liner welds
shall be performed by one of the following techniques:.
(a) vacuum box technique, in accordance with

Mandatory Appendix D2-VI of this document
(b) bubble test — direct-pressure technique, in accor-

dance with Section V, Article 10, Mandatory Appendix I
(c) halogen diode detector probe test, in accordance

with Section V, Article 10, Mandatory Appendix III
(d) helium mass spectrometer test — detector probe

technique, in accordance with Section V, Article 10,
Mandatory Appendix IV

CC-5536.2 Leak‐Chase Systems. Leak testing of leak‐
chase system welds shall be performed either by
(a) bubble test — direct-pressure technique in accor-

dance with Section V, Article 10, Mandatory Appendix I,
pressurized to a test pressure of at least 115% of the
Design Pressure, but no less than 25 psi (170 kPa), or
(b) the channels shall be pressurized to a test pressure

of at least 115% of the Design Pressure but no less than
25 psi (170 kPa). The pressure shall be gradually
increased to no more than one-half of the test pressure,
after which the pressure shall be increased in steps of
approximately one-tenth of the test pressure until the

required test pressure has been reached. The final test
pressure shall not be applied until the leak chase channels
and pressuring medium are approximately the same
temperature.

The test gage shall conform to the requirements of
CC-6222. The test pressure shall be held for a
minimum of 60 min. The pressure decay shall not
exceed 1∕2 of 1% of the test pressure.

CC-5537 Visual Examination

Visual examination shall be performed in accordance
with Section V, Article 9.

CC-5540 ACCEPTANCE STANDARDS

CC-5541 General Requirements

Unacceptableweld defects shall be removed or reduced
toanacceptable size, and,whenrequired, theweld shall be
repaired and reexamined in accordance with CC-4540.
Acceptance standards for welds shall be as stated in
CC-5540, while acceptance standards for material adja-
cent to the weld shall be as stated in CC-2530.

CC-5542 Radiographic Acceptance Standards

Welds that are shown by radiography to have any of the
following types of discontinuities are unacceptable:
(a) any type of crack or zone of incomplete fusion or

penetration
(b) any other elongated indication that has a length

greater than
(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in. (57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the thinner portion of the weld
(c) any group of indications in line that have an aggre-

gate length greater than t in a length of 12t, except where
the distance between the successive indications exceeds
6L, inwhich case the aggregate length is unlimited, Lbeing
the length of the largest indication
(d) porosity in excess of that shown as acceptable in

Mandatory Appendix D2-VI

CC-5544 Liquid Penetrant Acceptance Standards
CC-5544.1 Evaluation of Indications.

(a) Mechanical discontinuities at the surface will be
indicated by bleeding out of the penetrant; however, loca-
lized surface imperfections such as may occur from
machining marks or surface conditions may produce
similar indications that are nonrelevant to the detection
of unacceptable discontinuities.
(b) Any indication that is believed to be nonrelevant

shall be regarded as a defect and shall be reexamined
to verify whether or not actual defects are present.
Surface conditioning may precede the reexamination.
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Nonrelevant indications and broad areas of pigmentation
that would mask indications of defects are unacceptable.
(c) Relevant indications are indications which result

from mechanical discontinuities. Linear indications are
indications in which the length is more than three
times the width. Rounded indications are indications
that are circular or elliptical with the length less than
three times the width.

CC-5544.2 Acceptance Standards.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant.
(b) Unless otherwise specified in this Subsection, the

following relevant indications are unacceptable:
(1) any cracks or linear indications
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm)
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge
(4) ten or more rounded indications in any 6 in.2

(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm), with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated

CC-5545 Magnetic Particle Acceptance Standards
CC-5545.1 Evaluation of Indications.

(a) Mechanical discontinuities at the surface will be
indicated by the retention of the examination medium.
All indications are not necessarily defects, however,
since certain metallurgical discontinuities and magnetic
permeability variations may produce similar indications
that are not relevant to the detection of unacceptable
discontinuities.
(b) Any indication that is believed to be nonrelevant

should be regarded as a defect and shall be reexamined
by the same or other nondestructive examination
methods to verify whether or not actual defects are
present. Surface conditioning may precede the reexami-
nation. After an indication has been verified to be nonre-
levant, it is not necessary to reinvestigate repetitive,
nonrelevant indications of the same type. Nonrelevant
indications that wouldmask indications of defects are un-
acceptable.
(c) Relevant indications are indications that result

from unacceptable mechanical discontinuities. Linear
indications are indications in which the length is more
than three times the width. Rounded indications are indi-
cations that are circular or elliptical with the length less
than three times the width.

CC-5545.2 Acceptance Standards.

(a) Only indications with major dimensions greater
than 1∕16 in. (1.5 mm) shall be considered relevant.

(b) Unless otherwise specified in this Subsection, the
following relevant indications are unacceptable:

(1) any cracks or linear indications
(2) rounded indications with dimensions greater

than 3∕16 in. (5 mm)
(3) four or more rounded indications in a line sepa-

rated by 1∕16 in. (1.5 mm) or less edge to edge
(4) ten or more rounded indications in any 6 in.2

(4000 mm2) of surface with the major dimension of
this area not to exceed 6 in. (150 mm) with the area
taken in themost unfavorable location relative to the indi-
cations being evaluated

CC-5546 Ultrasonic Acceptance Standards

All indications that produce a response greater than
20% of the reference level shall be investigated to the
extent that the operator candetermine the shape, identity,
and location of all such reflectors and evaluate them in
terms of the acceptance rejection standards as given in
(a) and (b) below.
(a) Indications are unacceptable if the amplitude

exceeds the reference level and discontinuities have
lengths that exceed

(1) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclusive
(2) 1∕3t for t from 3∕4 in. (19 mm) to 21∕4 in. (57 mm),

inclusive
(3) 3∕4 in. (19 mm) for t over 21∕4 in. (57 mm)

where t is the thickness of the weld being examined. If a
weld joins two members having different thicknesses at
the weld, t is the thinner of these two thicknesses.
(b) Where indications are interpreted to be cracks, lack

of fusion, or incomplete penetration, they are unaccept-
able regardless of discontinuity or signal amplitude.

CC-5547 Leak Testing Acceptance Standards
CC-5547.1 Evaluation.

CC-5547.1.1 Vacuum Box and Bubble Testing.
Through‐thickness leaks will be indicated by the forma-
tion of a continuous stream of bubbles in the bubble-
forming solution. The formation of small single bubbles
that do not grow shall not be considered relevant.

CC-5547.1.2 Halogen Diode or Helium Mass Spec-
trometer Test. Through‐thickness leaks will be indicated
when the leakage rate exceeds that obtained from the ap-
plicable capillary leak calibration.

CC-5547.1.3 Pressure Decay Testing. Pressure
decay in leak-chase systems shall not exceed the accep-
tance criterion of CC-5536.2.

CC-5547.2 Acceptance Standards. All through-
thickness leaks are unacceptable and shall be repaired
and retested. When pressure decay results are unaccept-
able, the leak path shall be determined, repaired, and the
test repeated.
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CC-5548 Visual Acceptance Standards

(a) All areas around each studweld that indicate lack of
fusion or absence of weld are unacceptable and shall be
repaired.
(b) For welds between splice sleeves and the liner or

structural element, and welds in embedment anchors
(CC-4600), the following imperfections are unacceptable:

(1) any crack.
(2) surface porosity, the sum of whose diameters

exceeds 3∕8 in. (10 mm) in any linear inch of weld or
3∕4 in. (19 mm) in any 12 in. (300 mm) length of weld.
As-welded surfaces are permitted; however, the
surface of welds shall be free from coarse ripples and
grooves and abrupt ridges and valleys. Unacceptable
imperfections shall be removed or reduced in order to
meet the above limits and reexamined.
(c) All welds described in CC-5521 shall conform to the

following visual examination criteria:
(1) Weld surfaces shall comply with the require-

ments in CC-4542.5.
(2) Cracks are unacceptable.
(3) A fillet weld is permitted to be less than the size

specified by 1∕16 in. (1.5 mm) for one-fourth the length of
the weld. Oversized fillet welds are acceptable if the over-
sized weld does not interfere with mating parts.

(4) In filletwelds, incomplete fusionof 3∕8 in. (10mm)
in any 4 in. (100mm) segment, and 1∕4 in. (6mm) in welds
less than 4 in. (100 mm) long, is acceptable. For groove
welds, incomplete fusion is not acceptable. For fillet and
groove welds, rounded end conditions that occur in
welding (starts and stops) shall not be considered indica-
tions of incomplete fusion and are irrelevant.

(5) Craters are acceptable when the criteria for weld
size are met. Craters that occur outside the specified weld
length are irrelevant provided there are no cracks.

(6) Only surface porosity whose major surface
dimension exceeds 1∕16 in. (1.5 mm) shall be considered
relevant. Fillet and groove welds that contain surface
porosity are unacceptable if

(-a) the sum of diameters of random porosity
exceeds 3∕8 in. (10 mm) in any linear inch of weld or
3∕4 in. (19 mm) in any 12 in. (300 mm) of weld or

(-b) four or more pores are aligned and the pores
are separated by 1∕16 in. (1.5 mm) or less, edge to edge.

(7) The length and location ofwelds shall be as speci-
fied, except thatweld lengthsmaybe longer thanspecified.
For weld lengths less than 3 in. (75 mm), the permissible
underlength is 1∕8 in. (3 mm), and for welds 3 in. (75 mm)
and longer, the permissible underlength is 1∕4 in. (6 mm).
Intermittent welds shall be spacedwithin 1 in. (25mm) of
the specified location.

(8) Arc strikes and associated blemishes on theweld
or in the base material are acceptable provided no
cracking is visually detected.

(9) Slag whose major surface dimension is 1∕8 in.
(3 mm) or less is irrelevant. Isolated surface slag that
remains after weld cleaning and does not exceed 1∕4 in.
(6 mm) in its major surface dimension is acceptable.
[Slag is considered to be isolated when it does not
occur more frequently than once per weld or more
than once in a 3 in. (75 mm) weld segment.] Spatter
remaining after the cleaning operation is acceptable.
(d) Unacceptable imperfections shall be removed or

reduced to meet the above limits and reexamined.
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ARTICLE CC-6000
STRUCTURAL INTEGRITY TEST OF CONCRETE CONTAINMENTS

CC-6100 GENERAL REQUIREMENTS

CC-6110 INTRODUCTION

This Article contains the requirements for structural
integrity testing of concrete containments (CC). The CC
shall be tested forstructural acceptability asaprerequisite
for Code acceptance and stamping. The test is performed
at a test pressure of at least 1.15 times the containment
design pressure to demonstrate the quality of construc-
tion and to verify the acceptable performance of new
design features. The structural integrity test (SIT) shall
include the differential pressure test of the boundary
between the drywell and wetwell compartments of pres-
sure suppression type containments if the boundary
loading induces stresses in the containment structure.
The differential pressure shall be at least 1.0 times the
maximum design differential pressure. However,
measurements made solely to demonstrate integrity of
the compartment boundary, as distinct from the contain-
ment, are not subject to the requirements of this Article.
The requirements for the structural test are contained in
CC-6300. The test and instrumentation plan shall be
defined by the Designer and implemented by the
Constructor. The Designer or his designated representa-
tive shall witness the integrity test. Test results and
conclusions shall be documented in the construction
report. The duties of the Authorized Inspector with
respect to this test are stipulated in NCA‐5280 and
NCA‐5290.

CC-6120 TEST AND INSTRUMENT PLAN

CC-6121 Scope

The test and instrumentation requirements shall be
defined in the Design Specification and included in the
Construction Specification. The Construction Specifica-
tion shall describe the type and location of instrumenta-
tion and shall also include a description of the method of
applying the test pressure. This test plan shall be available
prior to construction so that sufficient time will be avail-
able for the placement of any instrumentation to be
embedded in concrete or otherwise installed during
construction.

CC-6122 Alteration of Test Plan

The Designer may alter the test plan required by
CC-6121 at any time prior to completion of the test.

CC-6123 Weather

The limits of design environmental conditions under
which the test may be conducted shall be specified by
the Designer. The test shall be postponed or interrupted
if environmental conditions are not within the limits
specified by the Designer or are such as to pose a
safety hazard to test personnel.

CC-6130 TESTING OF DIVISION 1 PARTS,
APPURTENANCES, AND COMPONENTS

If parts, appurtenances, and components designed
under the rules of Division 1 are to be tested during
the containment structural integrity test, they shall be
examined in accordance with the rules of Division 1.
Any examination required by Division 1 to be performed
at elevated pressure shall be done at the structural integ-
rity test pressure (1.15 × design pressure).

CC-6140 PRETEST CONDITIONS

The CC shall be structurally complete and equipped
with the permanent access hatch covers and airlock
doors. Piping and electrical penetrations shall either be
complete or the penetration sleeves fittedwith temporary
closureswhich transfer the pressure load to the sleeve in a
similar manner as the permanent penetration device.

CC-6150 CLASSIFICATION OF STRUCTURE

CC-6151 Prototype Containments

A CC incorporating new or unusual design features not
yet confirmed by tests, as determined by the Designer,
shall be designated a prototype containment.

CC-6152 Nonprototype Containments

A CC shall be designated a nonprototype containment
when the Designer has determined that the design has
been verified by previous tests on prototype contain-
ments.
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CC-6160 STRUCTURAL RESPONSE PREDICTIONS

Predictionsof displacements, and, in prototype contain-
ments, strains, shall be made prior to the start of the test.

CC-6200 TEST PROCEDURE

CC-6210 PRETEST EXAMINATION

Prior to pressure testing, a thorough visual examination
of the accessible portions of the containment shall be
made by the Designer or his designee. The object of
such examination is to record conditions such as spalling
or unusual cracking of the concrete, bulging, deformation,
or other damage to the liner, and other data that may be
needed to interpret the behavior of the containment.

CC-6220 INSTRUMENTATION

CC-6221 Purpose

Instrumentation shall be incorporated into the CC for
measurement of displacements. Prototype containments
shall also include provisions for strain measurements.

CC-6222 Pressure

Pressure gages used in pressure testing shall be
connected directly to the internal environment of the
containment, and measure the differential pressure
between the internal and external environments.

CC-6222.1 Range of Pressure Gages. Pressure gages
used in testing shall have a range of not more than
four times the test pressure.

CC-6222.2 Calibration of Pressure Gages. Gages shall
be calibrated against a deadweight tester or a calibrated
master gage prior to and after each test.

CC-6222.3 Accuracy. Gages shall be accurate to
within ±2% of test pressure.

CC-6223 Displacements

Displacement measuring instrumentation shall be
attached directly to the containment shell. If the attach-
ment is made to the liner, the Designer shall identify loca-
tions. Consideration shall be given to possible separation
between the liner and the concrete. Devices may be
connected either to two points on the containment or
to one point on the containment and a point on a reference
structure inside or outside of the containment.

CC-6223.1 Accuracy of Measurements. Specifications
for displacement transducers shall provide for an accu-
racy of ±5% of the anticipated displacement at the
point of maximum displacement as predicted or within
0.01 in. (0.25 mm), whichever is greater.

CC-6224 Strain

Strain measuring devices shall be appropriate for the
material for which strain is to be measured.

CC-6224.1 Accuracy of Strain Measuring Devices.
Devices used for strain measurements shall be specified
to have an accuracy of ±5% of the maximum anticipated
strain on the structure or 10 μin./in. (μmm/mm), which-
ever is greater. The minimum gage length shall be 4 in.
(100 mm) for measurement of internal concrete
strains or measurement of strains on concrete surfaces.

CC-6225 Crack Measurements

The widths of cracks shall be measured in the specified
areas with optical comparators or wire gages. Lengths of
cracks shall bemeasuredwith linear scales, or estimated if
a grid is marked on the crack mapping area. Measuring
devices used to measure cracks shall be capable of
measuring a minimum width of 0.005 in. (0.13 mm)
and have a resolution of 0.003 in. (0.076 mm).

CC-6226 Temperature

Concrete temperatures measured in conjunction with
strains shall be measured with thermocouples or resis-
tance elements. Standard thermometry devices may be
used to measure ambient air temperature inside and
outside the CC. Temperature measuring devices shall
have an accuracy of ±2°F (±1.1°C) and a range sufficient
to cover the range of temperatures expected at the device
location during the test. Devices that are embedded in
concrete shall be designed for long‐term operation in
the concrete environment.

CC-6230 PRETEST OF INSTRUMENTATION

Prior to the start of the test, theoutput of all instruments
shall be recorded. Instruments that display undue drift or
erratic readings shall be corrected, if possible, or noted. All
malfunctioning instrumentation shall be reported to and
evaluated by the Designer.

CC-6231 Instrument Malfunction During Test

Instruments that become erratic or inoperative during
the test shall be reported to the Designer. If the Designer
determines that data at this location is essential, alternate
instrumentation shall be installed before proceeding with
the test.

CC-6300 STRUCTURAL TEST REQUIREMENTS

CC-6310 INTRODUCTION

This subarticle contains the requirements for contain-
ment pressurization, measurements of structural
response, and data collection during the SIT. These re-
quirements apply to the containment configurations
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defined below. If containment configuration is such that
these requirements cannot be implemented, the Designer
shall specify alternative requirements. The following four
containment configurations are addressed in this subar-
ticle.
(a) Cylinder dome containments consist of a free‐

standing concrete cylinder, supported on a reinforced
concrete base mat and closed by a concrete dome. The
cylindrical wall and dome may be conventionally rein-
forced or prestressed. Cylinder dome containments
may be of the pressurized water reactor (PWR) type
or the boiler water reactor (BWR) type with a drywell
structure supported by the base mat and enclosed by
the containment.
(b) Cylinder cone containments consist of a concrete

cylinder supported by a reinforced concrete base mat
and topped by a concrete cone. The top of the cone is
closed by a steel dome head. The cone and cylinder
are the drywell and wetwell compartments of a BWR
containment, respectively, and are separated by a
diaphragm slab which may or may not transmit forces
to the cylinder–cone juncture. The concrete cylinder
and cone may be conventionally reinforced or
prestressed.
(c) Hybrid containments consist of mixed construction

of reinforced concrete and steel. The transition of steel to
concrete may be at the cylinder‐to‐mat junction, the cyl-
inder‐to‐dome junction, or at any location in between.
(d) Other containments are those with vertical and

horizontal (including curved or dome type) pressure
boundaries with configurations not defined above.

CC-6320 PRESSURIZATION

Containments shall be subjected to an integrity test
during which the internal pressure is increased from
atmospheric pressure to the test pressure and held for
at least 1 hr. If the differential pressure test of the
boundary between the drywell and wetwell compart-
ments of pressure suppression type containments
induces stresses in the containment shell, the differential
pressure test sequence shall be included in the pressur-
ization plan. The test requirements herein are based on
the use of atmospheric air as the testing medium.

CC-6321 Rate

The CC shall be pressurized and depressurized at rates
not to exceed 20% of test pressure per hour.

CC-6330 TEMPERATURE

The internal temperature shall be controlled as
required for any Division 1 components, parts, or appur-
tenances that are pressurized during this test. Represen-
tative temperatures shall be measured if required for
displacement and strain measurement corrections.

CC-6340 DATA REQUIRED

Strains, displacements, temperatures, and pressures
shall be recordedat atmosphericpressureprior to starting
pressurization, at reaching the test pressure, 1 hr after
reaching test pressure, and upon completion of depres-
surization. In addition, at least five sets of readings
shall be taken during pressurization and depressurization
to monitor the containment response.

CC-6350 SURFACE CRACKING

The patterns of cracks that exceed 0.01 in. (0.25mm) in
width and 6 in. (150 mm) in length shall be mapped at
specified locations before the test, at maximum pressure,
and after the test. Locations shall be specified by the
Designer and shall include areas where high surface
tensile strain is predicted. At each location, an area of
at least 40 ft2 (3.7 m2) shall be mapped.

CC-6360 DISPLACEMENT MEASUREMENTS

The Designer shall evaluate the recorded test data
during the test as necessary to permit a determination
that the test may proceed safely.

CC-6361 Cylinder Dome Containments

Displacement measurements of the CC as defined in
CC-6310 shall meet the following provisions:
(a) Radial displacements of the cylinder at a minimum

of five approximately equally spaced elevations located at
20%, 40%, 60%, 80%, and 100% of the distance between
the base and the spring line. However, if the CChas a thick-
ened lower wall section (thickness increase greater than
25% extendingmore than three nominal wall thicknesses
in height above the base slab), one of the five displacement
measurement elevations shall be at the discontinuity
between the thickened wall and the nominal wall. The
remaining elevations specified for radial displacements
shall be readjusted to provide approximately equal
spacing between the base slab and the discontinuity
and between the discontinuity and the spring line.
These measurements shall be made at a minimum of
four approximately equally spaced azimuths. Measure-
ment of the total displacement may be made between
diametrically opposite locations on the containment
wall. The radial displacement may be assumed to be
equal to one‐half of the measured change in diameter.
(b) Radial displacements of the containment wall adja-

cent to the largest opening, at aminimumof12points, four
equally spaced on each of three concentric circles. The
diameter of the inner circle shall be just large enough
to permit measurements to be made on the concrete
rather than on the steel sleeve; the middle approximately
1.75 times the diameter of the opening; and the outer
approximately 2.5 times the diameter of the opening.
For hatch designs with thickened wall sections, the
concentric circle at 1.75 times the diameter shall be
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relocated at the wall thickness discontinuity and the
remaining circle shall be relocated approximately two
wall thicknesses outside the discontinuity. The increase
in diameter of the opening shall be measured in the hori-
zontal and vertical directions. If other openings require
structural verification as determined by the Designer, dis-
placement measurements shall be made in the same
manner as stipulated for the largest opening.
(c) Vertical displacement of the top of the cylinder rela-

tive to the base, at a minimum of four approximately
equally spaced azimuths.
(d) Vertical displacements of the dome of the contain-

ment at apointnear theapexand twootherapproximately
equally spaced intermediate points between the apex and
the spring line on at least one azimuth.

CC-6362 Cylinder Cone Containments

Displacement measurements of CC as defined in
CC-6310 shall meet the following provisions:
(a) Radial displacementmeasurements atmidheight of

the cylinder,midheight of the cone, the topof the cone, and
the cone–cylinder junction if the drywell floor is not
constructed integral with the containment wall, shall
be made at a minimum of four approximately equally
spaced azimuths. Measurements should be perpendicular
to the containment centerline or corrections made so
these measurements refer to the containment centerline.
(b) Radial displacements of the containment wall adja-

cent to the largest opening, at aminimumof12points, four
equally spaced on each of three concentric circles. The
diameter for the inner circle shall be large enough to
permit measurements to be made on the concrete
rather than on the steel sleeve; the middle approximately
1.75 times the diameter of the opening; and the outer
approximately 2.5 times the diameter of the opening.
The change in diameter of the opening shall be measured
on the horizontal and vertical axes. If other openings
require structural verification as determined by the
Designer, displacement measurements shall be made in
the same manner as stipulated for the largest opening.
(c) Vertical displacement of the top of the cone relative

to the base mat–wall junction shall be measured at a
minimum of four approximately equally spaced azimuths.

CC-6363 Hybrid Containment

Displacement measurements of the CC as defined in
CC-6310 shall meet the following provisions:
(a) Radial displacements of the concrete construction

portion of the cylinder at a minimum of three elevations
approximately equally spaced between the base slab and
the steel–concrete juncture for containments inwhich the
steel–concrete juncture is located in theupperone‐thirdof
the cylinder wall. For steel–concrete juncture locations in
the mid one‐third of the cylinder wall, radial displace-
ments shall be measured in the concrete portion at
two elevations approximately equally spaced. For

steel–concrete juncture locations in the lower one‐
third of the cylinder wall, radial displacements shall be
measured in the concrete portion at one elevation
approximately equidistant between the base slab and
the steel–concrete juncture. In addition, radial displace-
ments shall bemeasuredat the steel–concrete juncture for
all juncture locations. Thesemeasurements shall bemade
at a minimum of four approximately equally spaced
azimuths. For containments in which the steel–concrete
juncture is at the cylinder–basemat intersection, no radial
or vertical displacement measurements are required.
(b) Radial displacements of the containment wall adja-

cent to the largest opening if located in the concrete
construction portion. The displacement measurements
shall meet the provisions of CC-6361.
(c) Vertical displacement of the concrete portion of the

cylinder at a minimum of four approximately equally
spaced azimuths measured from the base slab to the
wall steel–concrete juncture.

The steel shell shall be examined for leakage in compli-
ance with NE‐6224 except as noted in CC-6130.

CC-6365 Other Containments

Displacementmeasurement of containments as defined
in CC-6310 that have vertical pressure boundaries and
horizontal closures shallmeet the followinggeneral provi-
sions:
(a) Horizontal (radial) displacement of the primary

vertical pressure-retaining walls at a minimum of
three elevations approximately equally spaced between
major load carrying restraints (base slab, diaphragm
slabs, spring lines, etc.) or major discontinuities (wall
thickness transitions, steel–concrete junctures, etc.),
and at the elevations of major discontinuities. These
measurements shall be made at a minimum of four
approximately equally spaced azimuths.
(b) Vertical displacement of the primary pressure-

retaining walls at a minimum of four locations nominally
spaced to verify gross extension as determined by the
Designer.
(c) Vertical displacement of horizontal primary pres-

sure boundaries (domes, slabs, etc.) at a minimum of
the structural centerline or as near as practical to the
centerline (dome apex) and two other approximately
equally spaced locationsbetween the structural centerline
and the vertical primary pressure-retaining walls on a
common azimuth.
(d) Radial displacements of the pressure boundary

adjacent to the largest opening. The displacement
measurements shall follow the provisions of CC-6361
to the extent possible.

CC-6370 STRAIN MEASUREMENTS

Prototype containments shall be instrumented to
measure strain. The strain measuring instrumentation
shall be located so as to demonstrate the structural
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behavior of the prototypical features and the influence of
these features on adjacent areas of the containment. The
Designer shall, in selecting locations for strain measure-
ment, give particular attention to the influence of the
prototypical featureson the followingareasof the contain-
ment:
(a) the intersection of the wall and base slab
(b) the vicinity of the largest opening in the concrete

construction portion
(c) other areas of major discontinuity in the curvature,

slope, or thickness of the shell
(d) horizontally or vertically restrained areas
(e) steel‐to‐concrete transition areas
These areas shall be instrumented to measure strain if

structurally influenced by the prototypical feature.

CC-6371 Baseline Measurements

Strains and associated temperatures shall bemeasured
for aminimumperiod of 24 hr prior to the test to evaluate
the strain variations resulting from temperature changes.

CC-6380 TEMPERATURE MEASUREMENTS

When strain measurements are to be made, tempera-
tures shall be measured at containment shell locations as
specified in the Design Specifications to establish repre-
sentative temperatures for strain measurements.
Temperature measurements shall be used to correct
measured strain values for thermal effects.

CC-6390 POST‐TEST EXAMINATION

A post‐test examination shall be madewithin 1 week of
depressurizing. The same examination made during the
pretest required by CC-6210 shall be performed.

CC-6400 EVALUATION OF TEST RESULTS

CC-6410 ACCEPTANCE CRITERIA

The CC shall be considered to have satisfied the struc-
tural integrity test if the followingminimumrequirements
are met:
(a) Yielding of conventional reinforcement does not

develop as determined from analysis of crack width,
strain, or displacement data.
(b) No visible signs of permanent damage to either the

concrete structure or the steel liner are detected.
Evidence, resulting from the test, of spalling, laminations,
or voids behind the liner are pertinent considerations.
Special care shall beexercised in thepost‐test examination
(CC-6390) todetect evidenceof localizeddistress thatmay
not be revealed by strain or displacement data. The signif-
icance of such distress, if detected, must be determined by
the Designer and be acceptable to the Owner.

(c) Residual displacements at the points of maximum
predicted radial and vertical displacement at the comple-
tion of depressurization or up to 24 hr later shall not
exceed the following:

(1) For conventionally reinforced containments or
conventionally reinforced directions of partially
prestressed containments: 30%ofmeasured or predicted
displacement at maximum test pressure, whichever is
greater, plus 0.01 in. (0.25 mm) plus measurement toler-
ance.

(2) For prestressed containments or prestressed
directions of partially prestressed containments: 20%
of measured or predicted displacement at maximum
test pressure, whichever is greater, plus 0.01 in.
(0.25 mm) plus measurement tolerance.

The above criteria shall be applied to the average of
radial displacements measured at the same elevation.
(d) The measured displacements at test pressure at

points of predictedmaximum radial and vertical displace-
ments do not exceed predicted values by more than 30%
plus measurement tolerance. This criterion shall apply to
the average of radial displacement measured at the same
elevation. This requirement may be waived if the residual
displacements within 24 hr are not greater than 10% for
prestressed structures or 20% for conventionally rein-
forced concrete structures.

CC-6420 SURFACE CRACKS

Cracks data shall be reviewed by the Designer for
evaluation of overall test results.

CC-6430 RETEST

If the measurements indicate that the requirements of
CC-6410 are notmet, further study by the Designerwill be
required. Consideration should be given to the possible
effects of creep and temperature change, as well as
possible inaccuracies in the measured quantities or the
predicted values. If such studies still indicate that require-
ments of CC-6410 are not fulfilled, remedial measures
shall be undertaken or a retest shall be conducted. If
the containment experiences major structural changes
or significant damage requiring repairs after the test,
the integrity test shall be repeated following the comple-
tion of the corrective actions. In the areas where major
structural repairs are performed, additional instrumenta-
tion shall beprovided todeterminewhether the structural
repair is providing suitable structural capability. Special
attention shall be given to shrinkage and creep effects
caused by variations in age and composition of the
repaired area.

CC-6440 STRAINS

Strainmeasurements shall be reviewed by theDesigner
for evaluation of the overall test results.
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CC-6500 ANALYSIS OF DATA AND
PREPARATION OF REPORT

CC-6510 RESOLUTION OF TEST DATA

The results of the test shall be furnished to and exam-
ined by the Designer. Discrepancies between measured
and predicted strain or deformation shall be resolved
satisfactorily by review of the design, evaluation of
measurement tolerances, material variability, and reexa-
mination of the containment.

CC-6520 PRESENTATION OF DATA

Data shall be presented in the final report so that direct
comparisons between predicted values and measured
values may be made.

CC-6530 MINIMUM REPORT REQUIREMENTS

The following minimum information shall be included
in the final test report:
(a) a description of the test procedure and the instru-

mentation
(b) a comparison of the measured displacements and

strains with the predicted response including tolerance
(c) a summary and discussion of crack measurements
(d) an evaluation of the estimated accuracy of the

measurements
(e) an evaluation of any deviation (such as test results

that exceed the allowable limits), the disposition of the
deviations, and the need for corrective measures
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ARTICLE CC-7000
OVERPRESSURE PROTECTION

ThisArticledoesnotprovide specific rules foroverpres-
sure protection of concrete containments. However,when
the use of pressure relief devices is specified by theDesign
Specification, the relief pressure shall be specified, and the

rules of Article NE‐7000 are applicable, except that
Article CC-3000 shall apply rather than Article
NE‐3000 as required by NE‐7220(k).
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ARTICLE CC-8000
NAMEPLATES, STAMPING WITH CERTIFICATION MARK, AND

REPORTS

CC-8100 GENERAL REQUIREMENTS
The requirements for nameplates, stamping with Certi-

fication Mark, and reports for components shall be as
given in Article NCA‐8000.
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MANDATORY APPENDIX D2-I
TABLES OF PRESTRESSING AND LINER MATERIAL

Table D2-I-1.2
Material for Containment Prestressing Systems

ASME or ASTM Specification Grade or Type Product Form
ASTM A416 250 Strand

270 Strand
ASTM A421 BA Wire
ASTM A722 150 Bar

160 [Note (1)] Bar
ASTM A779 270 Strand

260 Strand
245 Strand

NOTE: (1) Bars of Grade 160 [minimum UTS of 160,000 psi
(1 103 MPa)], not specifically itemized in ASTM A722, may be
used provided they conform to all other requirements of the
ASTM A722 specification.
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Table D2-I-2.2
Material for Containment Liners and Liner Attachmentsð21Þ

ASME
Specification

Type, Grade,
or Class

Welding
P‐No.

Plate
SA-240 TP304, TP304L 8

TP316, TP316L 8
SA-285 Gr. A 1

Gr. B 1
Gr. C 1

SA-299 ... 1
SA-516 Gr. 55 1

Gr. 60 1
Gr. 65 1
Gr. 70 1

SA-537 Cl. 1 1
Cl. 2 1

SA-738 Gr. A 1
Gr. B 1
Gr. C 1

Pipe and Tube — Seamless
SA-106 Gr. A 1

Gr. B 1
Gr. C 1

SA-210 Gr. A‐1 1
Gr. C 1

SA-213 TP304, TP304L 8
TP316, TP316L 8

SA-312 TP304, TP304L 8
SA-333 Gr. 1 1

Gr. 6 1
SA-334 Gr. 1 1

Gr. 6 1
SA-376 TP304, TP304H 8

TP316, TP316H 8
SA-430 FP304, FP304H 8

FP316, FP316H 8

Pipe and Tube — Welded
SA-178 Gr. A 1
SA-333 Gr. 1 1

Gr. 6 1
SA-334 Gr. 1 1

Gr. 6 1
SA-358 Gr. 304, Gr. 304L 8

Gr. 316, Gr. 316L 8
SA-671 Cl. 12, 22, 32, 42, and 52 1
SA-691 Cl. 12, 22, 32, 42, and 52 1

Fittings, Forgings, Castings, Bars, and Shapes
SA-36 [Note (1)] ... 1
SA-105 ... 1

ASME
Specification

Type, Grade,
or Class

Welding
P‐No.

Fittings, Forgings, Castings, Bars, and Shapes (Cont’d)
SA-181 Cl. 60 1

Cl. 70 1
SA-216 Gr. WCA 1

Gr. WCB 1
Gr. WCC 1

SA-234 Gr. WPB 1
Gr. WPBW 1
Gr. WPC 1
Gr. WPCW 1

SA-266 Cl. 1 1
Cl. 2 1
Cl. 3 1

SA-350 Gr. LF1 1
Gr. LF2 1

SA-351 Gr. CF3 8
Gr. CF3A 8
Gr. CF8 8
Gr. CF8A 8
Gr. CF3M 8
Gr. CF8M 8

SA-403 Gr. 304, Gr. 304L 8
Gr. 316, Gr. 316L 8

SA-420 Gr. WPL‐6 1
Gr. WPL‐6W 1

SA-508 Cl. 1 1
SA-541 Cl. 1 1

Reinforced Bar Splice Sleeves Attached to the Liner
ASTM A108 (Grades

as listed in ASTM
A29/A29M)

1008 1
1010 1
1011 Not assigned
1012 1
1013 Not assigned
1015 1
1016 1
1017 1
1018 1
1019 1
1020 1
1021 1
1022 1
1023 1
1025 1
1026 1
1029 1
1030 Not assigned
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Table D2-I-2.2
Material for Containment Liners and Liner Attachments (Cont’d)

ASME
Specification

Type, Grade,
or Class

Welding
P‐No.

Reinforced Bar Splice Sleeves Attached to the Liner (Cont’d)
ASTM A513 1008 1

1009 Not assigned
1010 1
1012 1
1015 1
1016 1
1017 1
1018 1
1019 1
1020 1
1021 1
1022 1
1023 1
1024 Not assigned
1025 1
1026 1
1027 Not assigned
1030 Not assigned

ASTM A519 1008 1
1010 1
1012 1
1015 1
1016 1
1017 1
1018 1
1019 1
1020 1
1021 1

ASME
Specification

Type, Grade,
or Class

Welding
P‐No.

Reinforced Bar Splice Sleeves Attached to the Liner (Cont’d)
1022 1
1025 1
1026 1
1030 Not assigned

ASTM A576 1008 1
1010 1
1012 1
1015 1
1016 1
1017 1
1018 1
1019 1
1020 1
1021 1
1022 1
1023 1
1025 1
1026 1
1029 1
1030 Not assigned

Studs
ASTMA108 [Note (2)] 1010 1

1015 1
1016 1
1018 1
1020 1

NOTES:
(1) May also be used in the form of plate for load-bearing attachments.
(2) May also be used in the form of Type C studs in Table CC-2623.2-1.
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Table D2-I-2.3
Material for Embedment Anchorsð21Þ

Anchorage Materials Grade or Type
SA-36 ...
SA-307 B
SA-325 1

2
3

SA-354 BC
BD

SA-449 ...
ASTM F3125, Grade A490 1

3
SA-540 B21 (Cr‐Mo‐V)

5
4
3
2
1
B22 (4142‐H)
5
4
3
2
1
B23 (E4340‐H)
5
4
3
2
1
B24 (4340 MOD)
5
4
3
2
1

SA-563 0
A
B
C
D
DH

ASTM F436 ...
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MANDATORY APPENDIX D2-II
GLOSSARY OF TERMS AND NOMENCLATURE

ARTICLE D2-II-1000
TERMS AND DEFINITIONS ð21Þ

For the terms related to concrete not defined herein,
refer to ACI CT. Terms listed in this Article have a specific
meaning applicable to the Code.
anchor, concrete: amember, usually a steel rodwithabend
at one end or a headed bolt embedded in the concrete, to
which a liner, embedment, or surface‐mounted item is
attached to prevent that item from pulling away from
the hardened concrete.
auxiliary systems: features exclusively intended to control
or monitor conditions affecting structural integrity that
augment the concrete containment (e.g., vessel cooling
and insulation, corrosion protection systems, and
stress–strain instrumentation).
bending stress:bending stress is thevariable componentof
normal stress; the variation may or may not be linear
across the thickness.
bulk concrete temperature: the temperature of concrete
sufficiently remote from thermal or geometric discontinu-
ities as to be representative of the generalized tempera-
ture profile controlling overall structural response.
Maximumvaluesareestablishedon thebasisof acceptable
material behavior for the load category under considera-
tion.
channel: a circumferential recess or groove formed in the
external surface of a containment for the purpose of
retaining a circumferential prestressing system.
coating‐tendon:material used to protect against corrosion
or to lubricate the prestressing system.
component: a concrete containment that is governed by
the rules of this Division (NCA‐1210).
concrete placement: the deposition of concrete or the
ingredients for concrete into forms or into members of
a structure that serve as forms.
coupling: the means by which the prestressing force is
permanently transmitted from one portion of the
prestressing steel to another to form a complete tendon.

ductility: the ratio of the maximum deformation or deflec-
tionof thememberat thepoint of collapse to themaximum
elastic deformation or deflection at specified minimum
yield in the member.
effective temperature at liner–concrete interface: the
temperature obtained by geometrically projecting the
temperature gradient in the bulk of the concrete to the
liner–concrete interface.
embedment: an item such as an anchor bolt, screed, or
conduit encased or partially encased in concrete. Reinfor-
cing systems, liners, and structural members are not
considered embedments.
guaranteed ultimate tendon strength (GUTS): GUTS is the
lower of:
(a) the maximum tensioning force that can be applied

without breaking more than 2% of the tendon tension
members and that can be guaranteed for all tendons
(b) the minimum guaranteed wire, strand, or bar

strength times the number of tendon wires, strands, or
bars based on test conditions of 70°F (21°C), static
loads, and unirradiated samples
leak‐chase channel: a channel section permanently
installed over a liner weld to permit leak testing of the
weld.
leak‐tight integrity: the ability of a component tomaintain
a prescribedmaximum leakage rate under all service con-
ditions.
liner: a permanent metal membrane attached to the
surface of a concrete containment or penetration in
order to form a leak‐tight enclosure.
liner attachment:member or component welded to either
the front or back surface of the liner plate, but not pene-
trating the liner, such as lugs, brackets, anchors, and leak
chase channels.
local hot spots: themaximumlocal temperatureat the liner
in any part of the primary coolant due to either disconti-
nuity in the thermal barrier and liner cooling system, or to
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attachments on the coolant side of the liner which pene-
trate the thermal barrier or at other locations within the
bulk concrete due to radiation heating or other causes. It
also includes liner areas subjected to high temperature jet
impingement.
membrane stress: the component of normal stress, hoopor
meridional, that is uniformly distributed and equal to the
average of stress across the thickness of the section under
consideration. As applied in this Division, membrane
stress is not to be substituted for principal stress or
stress intensity.
microindentation hardness test: a hardness test using a
calibratedmachine to force a diamond indenter of specific
geometry into the surface of the test material being eval-
uated.
mineral admixture (fly ash and pozzolans): a siliceous or
siliceous andaluminousmaterial,which in itself possesses
little or no cementitious value but will, in finely divided
form and in the presence of moisture, chemically react
with calcium hydroxide at ordinary temperatures to
form compounds possessing cementitious properties.
operating basis earthquake: for a site, thatwhich produces
the vibratory ground motion for which those features of
the power plant necessary for continued operation
without undue risk to the health and safety of the
public are designed to remain functional.
operating basis wind: wind velocities and forces required
for the design of a structure in accordance with the
uniform building code.
peak stress: total stress due to local discontinuities or local
thermal stress including the effects of stress concentra-
tions. Its basic characteristic is that it does not cause
any noticeable distortion and is objectionable only as a
possible source of a fatigue crack or brittle fracture or
a localized concrete crack. A stress that is not highly loca-
lized falls into this category if it is of a type that cannot
cause noticeable distortion. Examples are stresses at a
local discontinuity and thermal stresses produced by a
local hot spot.
point stress: the maximum apparent stress calculated by
adding the membrane stress and the maximum bending
stress calculated by elemental beam equations. When
advancedanalyticalmethods (e.g., finite element analysis)
are used for design, the point stress is defined as the
maximum stress across the section under consideration.

prestressing element: an individualwire, strand, or bar in a
single-wire ormultiple-wire system, strand system, or bar
system, respectively.
primary stress: any normal stress or a shear stress devel-
oped by an imposed loading that is necessary to satisfy the
laws of equilibrium of external and internal forces and
moments. The basic characteristic of a primary stress
is that it is not self‐limiting. Primary stresses that consid-
erably exceed theyield strength in a steelmemberor gross
cracking in concretewill result in failure or in gross distor-
tion. A thermal stress is not classified as a primary stress.
Examples are stresses due to internal pressure or to dis-
tributed live loads and bending stress in the central
portion of a flat slab due to pressure.
safe shutdown earthquake: for a site, that which produces
the vibratory ground motion for which those features of
the power plant necessary to shut down the reactor and
maintain the plant in a safe condition without undue risk
to the health and safety of the public are designed to
remain functional.
secondary stress:anormal stressor shear stressdeveloped
by the constraint of adjacentmaterial or by self‐constraint
of the structure. Its basic characteristic is that it is self‐
limiting. Local yielding, minor distortions, and concrete
cracking can satisfy the conditions that cause the
stress to occur, and failure is not to be expected. Examples
are general thermal stresses, bending stress at a gross
structural discontinuity, and stresses induced by concrete
shrinkage and creep.
shear connectors:general term for steelmembers attached
to the liner and embedded in the concrete to provide
general compatibility of strains between liner and
concrete.
structural integrity: the ability of a structureor component
to withstand prescribed loads.
tendon: the complete assembly consisting of pre‐stressing
steel and anchorages, and couplings. The tendons impart
prestressing forces to the concrete.
tension tie member: a reinforced member having an axial
tensile force sufficient to create tension over the entire
cross section of the member and having limited concrete
cover on all sides, such as an arch tie.
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