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1. SCOPE

1.1 Scope. This standard contains minimum requirements for
shipbuilding practices, standards for materials, weld joint design,
workmanship, welding inspection, and record requirements for combatant
submarines and non-combatant submersibles constructed of HY-80/100 material.
Requirements for HY-130 submarine applications are contained in MIL-STD-1681.
Requirements for non-HY steel submarine applications are contained in MIL-
STD-1689.

1.2 This contains both mandatory requirements and guidance information.
The mandatory requirements indicated by the words "shall" or "is required" are
designed to serve as standards applicable to materials, workmanship,
inspection, and quality control. Guidance information is indicated either by
the words "should" or "may". Such information represents the latest technical
guidance to assure quality but is not mandatory.

1.3 Reference in this document to a particular paragraph or section
number shall include all applicable subparagraphs under that paragraph or
section number. For example, the reference to 6.6 shall include 6.6.1, 6.6.2,
6.6.2.1 and 6.6.3.

1.4 Requirements subject to Naval Sea Systems Command (NAVSEA)
approval. Any requirements contained in this standard specifically requiring
NAVSEA approval shall be forwarded to Naval Sea Systems Command, Metals
Division, SEA 5142, Washington, DC 20362-5101.
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APPLICABLE DOCUMENTS

Government documents.
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documents are those listed in the issue of the Department of Defense Index of

Specifications and Standards (DODISS) and supplement thereto,
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and Allnved Cored ~anaral Snecifircatinn
A e LA % A AL AT WU J'l\—\—'l 1Iuu 1wl

for.

Electrodes and Rods - Welding, Bare, Solid
and Alloyed Cored, Ordinary Strength and
Low Alloy Steel.

N
Z
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MIL-E-23765/2 Electrodes and Rods - Welding, Bare, Solid
and Alloyed Cored, Low Alloy Steel.
Electrodes - Welding, Flux Cored, General

Specification for.

MIL-E-24403

- ~

MIL-E-24403/1 - Electrodes - Weiding, Fiux Cored, Ordinary
Strength ana Low Alloy Steel.

MIL-E-24403/2 - Electrodes - Welding, Flux Cored, Low-
Alloy Steel.

MIL-S-24451 - Steel Heat Treated Heads, Alloy
Structural, High Yield Strength (HY-80
and HY-100).

STANDARDS
MILITARY

MIL-STD-22 - Welded Joint Design.

MIL-STD-248 - Welding and Brazing Procedure and
Performance Qualification.

MIL-STD-271 - Nondestructive Testing Methods.

MIL-3TD-1628 - Fiiiet Weid Size, Strength, and Efficiency
Determination.

MIL-STD-1681 - Fabrication, Welding, and Inspecticn of
HY-130 Submarine Applications.

MIL-STD-1689 - Fabrication, Welding, and Inspection of

-~

SpéC1f1Cat10nS, Stanaaras and nanaoooxs are avaiiabie from the Navai
Dishlanadanme am [ rn.....l.-.._ {ATTM amtnnnc\ CONtY Tol oo AL ..
Publications and Forms Center, (ATTN: NPODS), 5801 Tabor Avenue,
Philadalnhia DA 1Q120_ENnaqQ \

PRI TS i Tay, Py AJACV T IVITe )

2.1.2 Other Government documents, drawings, and publications. The
following other Government documents, drawings, and publications form a part
of tnws document to the extent spec1f1ed herein. Unless otherwise specified,

the issues are those cited in the soiicitation.

PUBLICATIONS
NAVAL SEA SYSTEMS COMMAND (NAVSEA)
0500-LP-003-8000 - Sgrfage+1?specLion Acceptance Standards
0900-LP-003-9000 - Rézgogiggﬁ?é Standards for Production and
Repair Welds.
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0900-LP-006-3010 - Ultrasonic Inspection Procedure and
Acceptance Standards for Hull Structure
Production and Repair Welds.

0900-LP-999-9000 - Surface Finish of Flame or Arc Cut
Materiai, Acceptance Standards.

fAnnlismratian FAav rAantnec chnannld ha addvaccecad +n +ha Mauval Diithlirsratinnc

\AppLHiItacl vl 1 vl LUPITO DJfIVU TU UT GUUI TOOTU LU Ll nUyQ ) Ui ivuat v
and Forms Center, (ATTN: NPODS), 5801 Tabor Avenue, Philadelphia, PA 19120-
5099.)

2.2 Non-Government Dub1ications. The fo11owing documents form a part

of this aocument to the extent specified herein.
Abn 2iian af dlia A L_-L. avia NMNAN adAacndtad ava +haca Ticdad 30 +ha
Liie lbbueb U| L”C UULUNC”LD W”lL are uvuu dUUpLCU arc LvLiusYe 1ISLCU i Lne
scconn nf +hna NNNT CC n1+od in +ha cnliritatinn inlace nthorwice cnarifiod
1oauc wvi LIIC WUUV1IO Lo u [} vl QU T ILITILAQULUiVile ViIlTLVCOO VLIICE Y o o AR L L A ]
the issues of documents not listed in the DODISS are the issues of the
documents cited in the solicitation (see 17.2).
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
E 186 - Standard Reference Radiographs for Heavy-
LUallad /D +~A A 1719 2a) C1 4~ 114 _mm)
nNalicu \(4 LU =177 011) (IJ91 LU Lia=ihm)
Steel Castings. (DoD adopted)
E 280 - Standard Reference Radiographs for Heavy-
Walled (4-1/2 to 12-in) 114 to 305-mm)

Steel Castings. (DoD adopted)
E 446 - Standard Referenge Radiographs for Steel

Cast1ngs up to -in (51 mm) in thickness.
(DoD adopted)

{Application for copies should be addressed to American Society
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)
AMERICAN WELDING SOCIETY (AWS)
AZ.4 - Standard Symbois for Weiding, Brazing, and
MamAdnadmiimd 2iima Comendamad o fNnan cdand AN
NonaesttiructLive cxaiinat ioli. {UUU auvpLeu)
A3.0 - Standard Welding Terms and Definitions Including
Terms for Brazing, Solderi ng, Thermal Spraying and
Thermal Cutting. (DoD adonted)
B4.0 - Standard Methods for Mechanical Testing of Welds.
(DoD adopted)
(Appiications for cop1es snoula be addressed to the American Weiding
Society, Inc., 550 NW LeJdeune Road, P.0. Box 351040, Miami, FL 33135.)

(Non-Government standards and other publications are normally available
from the organizations that prepare or distribute the documents. These

4
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2.3 Order of Qrecedence. In the event of a conflict between the test
of this document and the references cited herein, the test of this document

takes precedence. Nothing in this document, however, supersedes applicable
laws and regulations unless a specific Pxpmnf1nn has been obtained.
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YR oTn 1 ¢ fc
MIIL-D1U-10 \on)
3. DEFINITIONS

3.1 General. Except as noted herein, welding nomenclature and
definitions shall conform to AWS A2.4 and AWS A3.0.

3.2 Acceptable. Acceptable .as used herein, compiies with or conforms
. - - imAd e s [P
Z S ) Lion.

3.3 Activity. Activity is the physical plant of an organization

-

performing work to which this document is applicable.

3.4 Approval (approved). Approval or approved, as used herein, is the
item under consideration which requires acceptance by NAVSEA, or its
authorized representat1ve. Approvai or approvea shail be by NAVSEA authorized

.......... un:c e | crami€fiaAd
YEPYESE”LdLIVEb UHIEbb NAVSECA dpprovai lb Specit iceu.

3.5 Arc strikes. An arc strike is any inadvertent heat affected zone

or change in the contour of the finished weld or adjacent base metal resultin
from an arc or heat generated by the passage of electrical current between the
surface of the finished weld or base metal and a current source such as a
welding electrode or magnetic particle (MT) prod.

o R o [ » RPN PIPNDRER Da~lbicneenn 2a dbhn mmanmamadian Af dlha ~cAaAAn A ~csAdAaAa ~F £..11

3.0 DdLKgUUgC. DdLKgUUgC 1> Ll }Jl CPGIGLIUII Ul LI DSCLULIIU S>iUuc vl Iatri
penetration welds welded from both sides to the extent necessary to permit
nproper deposition of weld metal.

3.7 Bulkheads.

3.7.1 Closure Bulkhead. Closure bulkhead is the hull end bulkhead
designed to withstand coiiapse depth pressure.

3.7.2 Containment bulkhead. Containment bulkhead is a transverse
bulkhead within the pressure hull envelope which functions to contain within
the compartment damaae resulting from a design basis casualty within that

compartment other than a watertight integrity casualty. Containment bulkheads
are considered pressure hull support structures for design and inspection
requirements.
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3.8 Buildup. Buildup is defined under weld buildup (see 3.38.7.1).
6
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3.9 Circularity. Circularity is the degree of deviation of a
transverse section of the hull from a true circle.

3.10 Coamings. Coamings are compensation material surrounding holes in
structure wn1cn extend tnrougn or on one side oniy of the hoie. They are

ciian Yo Ao PR I A T I e
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3.11 Control surfaces. Control surfaces are those portions of
submarine structure external to the hull designed to prov1de steering, diving
or stabilization capabilities, such as rudders, stabilizers, and diving
planes.

2 1N £ momim e R [ A NN [ (TR PPN RN IS G I

Jd.1c Lorner crdikK. Lorner CraCk 15> d Ccrack occurrin 1 welila merdi 1r
way of a temporary access snipe, a drain or a vent opening, or at the
intersection of three members,

3.13 Fabrication. The term fabrication covers construction,
alteration, modification, or repair operations involved in the building of
submarines.

3.15 Heat. Heat is a quantity of metal that was molten simultaneously
in the same container or process just preceding solidification.

3.16 Heat soak. Application of heat to a welid joint to promote

hydrogen removal.

Q
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2.16.1 Tnfnr] :fter
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deposition of each 1

Ca.

3.16.2 Intraweld heat soak. Heat applied to a weld joint at specified
intervals during welding of the joint.
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3.18 High vield strength steel. High vield strength steel (HY) is

steel with the minimum yield strength spec1f1ed

.1 ﬁY 80/100 stee] HY 80 and HY- 100 stee] is stee] in accordance
21
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Inserts reinforce the structure at openings or areas of high stre \d may be
of the same or greater thickness than the surrounding structure.

3.20 Inspector. Inspector is the contractor, naval shipyard or other
Government agency employee qualified as required by this standard to accept or
reject materials or workmanship based on specified test resulits.

3.22 Load. Load is a quantity of steel from the same heat that is heat
treated in the same furnace or oven at the same time. (A load and a heat may
not be identical quantities of steel.)

3.23 NAVSEA authorized representative. NAVSEA authorized
representative is any Government representative specifically authorized to

approve equipment, material, or procedures within the scope of this document
for NAVSEA. These are as follows:

a. For naval shipyards: The delegated representative of the Shipyard
Commander.

b. For commercial shipyards: The delegated representative of the
Supervisor of Shipbuilding, Conversion and Repair (SUPSHIP).

3.24 Qrdinary strength steel. Ordinary strength steel (0SS) shall be

in accordance with MIL-S-22698.

3.25 Patches. Patches are plates installed to replace deleted inserts
ietrations, to correct discrepant, damaged or defective materials, or to

|v-1-1,

p
ect errors in construction.

3.26 Penetrations. Penetrations are those items such as pipe, sleeves,
or trunks welded into the submarine structure by some type of groove tee,

corner, or fillet weld. Penetrations pass through and extend beyond one or
both sides of the structure.

I\J
~

Plates (plating).

7.1 Access plates. Access plates are sections of plating which are
r access, installations or removal of equipment, and are later
Access piates do not invoive cutting of pressure huii frames.

remove
reinst

—-—hr\)

3.
3.
d
a

access
ng a
7

3.27.3 Closure plates. Closure plates are those plates left off or
removed for access, wherein at least one transverse frame is cut.

Cco




Downloaded from http://WWW.eVéryspec.com

MIL-STD-1688A(SH)

3.27.4 Tank plating. Tank n]af1nn is tank hnnndarv n]atlnn

3.28 Record of accomplishment. A record which provides objective
evidence of completion, inspection of welds and accountability of fabrication

requiring inspection by this document. Records shall identify the ship,
applicable drawing, identification of the fabrication compieted (drawing,
assembly, piecemark, etc.), and type of inspection involved. Signature shall
represent certification of only that portion of the structure inspected at the
time.

3.29 Re-entrant angle. Re-entrant angle is the angle formed between
the base plate and the toe of the weld (see figure 1).

3.30 Shape. Shape, as used herein, is one piece of hot-rolled or
extruded material other than flat plate, strip, tube or bar, having a cross-
section in the shape of a Tee, L angle, Zee, Channel, I or H.

3.31 Structure. Submarine structure is categorized by function (see
figure 2).

3.31.1 HY-80/100 submarine structure. HY-80/100 submarine structure is
all HY-80/100 structure associated with submarine fabrication.

3.31.2 Non-pressure hull structure. Non-pressure hull structure is a
structure which is not designed to withstand collapse depth pressure. This
includes such items as low (soft) and intermediate pressure tanks, non-
support structure, and foundations.

3.31.3 Non-support structure. Non-support structure is all structures
not otherwise specifically categorized. This includes, but is not limited to,
free flooding structure, decks, deck stanchions, control surfaces, and

fairwaters.

3.31.4 Pressure hull envelope. Pressure hull envelope is all
structural material in boundaries maintaining watertight integrity at collapse

depth. This includes such items as pressure hull plating, sea chests, trunks,
hatches, missile tubes, closure bulkheads, inserts, penetrations, sonar
spheres, access Dlates and hard tank plating.

3.31.5 Pressure hull structure. Pressure hull structure is all
structures whose function is to withstand collapse depth pressure, including
the pressure huil enveiope and supporting structure.

3.31.6 Support structure. Support structure is all structures whose
function is to contribute to the ability of the pressure hull envelope to

withstand collapse depth pressure, but does not itself form part of the
watertight boundary under normal operations. This includes items such as
pressure hull frames, hard tank framing, transverse structural floors acting
as frames, holding bulkheads, and that portion of any internal or external
bulkhead functioning as a frame.

(Yol
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a. When transverse floors and bulkheads act as frames, only the first
18 inches off the pressure hull plating measured normal to the
ship's axis from the surface to which the floor or bulkhead is
attached is to be considered as pressure hull framing (i.e.,
support structure), unless otherwise specified.

b. When frames have nominal depth greater than 18 inches and
transition into floors and bulkheads, only the nominal depth of
the frame in way of floors or bulkheads is to be considered as
pressure hull framing, unless otherwise specified.

3.31.7 Containment structure. A containment structure is all
compartment structures, not covered by other structural categories, whose
function is to contain, within portions of a compartment, damage resulting
from a design basis casualty with that compartment, other than a watertight
integrity casualty.

3.32 Snipe. Snipe is a small temporary or permanent opening in an
abutting member to permit the deposition of a sound weld in a joint passing
beneath the abutting member. A temporary snipe is closed by welding or a
patch plate depending on its size. A permanent snipe is left open for use as
a vent or drain hole.

3.33 Tanks.

3.33.1 Hard tanks. Hard tanks are tanks designed to withstand pressure
equal to or greater than ship test pressure (test depth).

3.33.2 Intermediate pressure tanks. Intermediate pressure tanks are
tanks designed to withstand pressure greater than 125 pounds per square inch
but less than ship test pressure (test depth).

3.33.3 Low pressure tanks (soft tanks). Low pressure tanks or soft
tanks are those tanks designed to withstand pressures of 125 pounds per square
inch and less.

3.34 Tilting bracket. Tilting bracket is a plate or shape fitted to a
load carrying member to stabilize the member from going out of plane.

3.35 Web stiffener. Web stiffener is a plate fitted to a load carrying
member web to preclude web failure by buckling.

3.36 Cold forming. Cold forming is a forming operation performed on
material below 500 degrees Fahrenheit.

3.37 Hot forming. Hot forming is a forming operation performed on
material in a temperature range between 1600 and 2150 degrees Fahrenheit.

10
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3.38 Welds.

3.38.1 Attachment weld. Attachment weld is any weld attaching an 0SS
or HSS member to HY-80/100 submarine structure where all of the following

-

conditions are met (see figure 3 for examples):

ers, ventilation

hangers attachments supporting items such as instruments or
e]ectr1ca1 equipment where the total stat1c weight of the

less, or lifting pads designed to carry 1 ton (2240 pounds) or

less.

b. A normal cross section through the attaching member does not
exceed 2-1/2 inches nominal design length in any direction.

c. Except for solid round bar, the thickness of the attaching member
does not exceed 1/2 inch.

d. For solid round bar, the maximum design weld throat does not
exceed 1/2 inch.

3.38.2 Block weld. Block weld is an increment of a continuous multiple
pass weld that is completely, or partially built up in cross-section before
adjacent lengths of weld are deposited.

3.38.3 Completed weld. Completion occurs when all weld metal has been
deposited, preheat is removed, weld has cooled to ambient temperature and the
weld has been VT inspected, accepted, and is ready for other nondestructive
test (NDT) inspections.

3.38.4 Finished weld. Finished weld is a weld which has received all
required final inspections and has been accepted.

3.38.5 Foundation weld. Foundation weld is a weld used to fabricate a
foundation or to attach it to the submarine.

3.38.6 Tank weld. A 100 percent efficient full or partial penetration
weld in tank boundary plating (such as floor to tank top, side to shell, butts
and seams) or to either side of tank boundary plating where the member

involved is being used primarily as tank boundary plate stiffener. It does
not include frame to hull welds internal to the tank, backup structures,
foundation welds, pressure hull butt and seam welds, or attachment welds (see
figure 4).

3.38.7 Weld surfacing.

1
|

3.38.7.1 Weld buildup. Weid buiidup is the deposition of filler meta
to restore base material or weld surface dimensions or to interpose a layer of

11
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on
members togethe

metal

3.38.7.2 Weld cladding (defined in AWS A3.0) (see fiqure 5).

purposes of inspection, cladding deposited for O-ring or gasket seating

For

.
.

surfaces is further subdivided to the categories of

Qutboard surface (pressure, wet side).

Seating or seal area surface.

b.
c.

Weld contouring is the deliberate shaping of

3.40 Weld contouring.
weld surfaces for hydrodynamic or fatigue considerations, or as otherwise

12

permitted in this standard.
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4, QUALTFICATION REQUIREMENTS

4.1 Scope. This section covers the requirements necessary for the
qualification of welding procedures, welders and welding operators,
nondestructive test (NDT) procedures, NDT personnel, NDT equ1pment

marmebh i lncmartiAn nATCANRND 1 £
I

woeransn1p 1nspecn1on proceaures and wOTkman5n1p 1pr€LLlUH personne i

uy n/1n 1thm ranctvrurtian
’II_UUI lUU )uu"lal I'IC CUIIoOLI UL L iVl

or

4.2 General requirements. The purpose of these qualification
requirements is to insure that qualified procedures are used with adequate
equipment by properly trained personnel. It shall be the responsibility of
the activity to insure that only qualified personnel, procedures and NDT
equipment are used for fabrication and inspection to comply with this

cdtamAdanmd
standard.

4.3 MWelding procedure qualification. Procedures for welding covered by

3

this standard shall be qualified in accordance with MIL-STD-248.

4.3.1 Special qualification requirements.

4.3.1.1 Gas metal arc short circuiting transfer process gualification.
Use of the gas metal arc short circuiting transfer process is not permitte d
for welds in submarine structure except as permitted in section 13.

4.4 Welder performance qualification. Prior to performing any
production welding of HY-80/100, personnel shall be qualified in accordance
with MIL-STD-248. Welding operator qualification is not required for
operators of stud welding equipment.

a4 & NDT
T e J Hnw

4.5.1 Radiographic (RT) inspection. Qualification of RT inspection
procedures, including film processing procedures, shall be in accordance with
MIL-STD-271, except as modified by section 15. Records of procedure
qualification shall be as specified in section 5.

4.5.2 Magnetic particle (MT) inspection. MT inspection shall be
performed in accordance with MIL-STD-271, except as modified by section 15.
Each activity shall certify that the procedure used is in accordance with
these requirements.

4.5.3 Liquid penetrant (PT) inspection. PT inspection shail be
performed in accordance with MIL-STD-271, except as modified by section 15.
Each activity shall certify that the procedure used is in accordance with
these requirements.

4.5.4 Ultrasonic (UT) inspection. Qualification of UT inspection
procedures shall be made in accordance with MIL-STD-271. Records of UT
procedure qualification shall be as specified in section 5. Qualification of
UT inspection procedures for castings shall consist of the development of

12
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4.5.5 Visual (VT) inspection. VT inspection shall be performed in
accordance with MIL-STD-271, except as modified by section 15. Each activity
shall certify that the procedure used is in accordance with these

A

r‘equ1 ements.

4.5.6 Eddy current (ET) inspe

Tew sV Yy s <

ren cti
shall be in accordance w1th MIL-STD-271
shall be approved by NAVSEA.

ion Qualification of ET procedures

App]1cat1ons and record requirements

4.5.7 QOther NDT. NDT procedures, techniques, equipment, and materials
not specified in this standard may be used, provided the procedure and
navrfavrmanra mialifiratinn 1c annravad hy NAUCEA
'JCI PU ancvc qual s i1cacvttull 1o QPPI vvycu v nAvoLn.

4.6 Qualification of NDT personnel. NDT personnel shall be qualified
and certified in accordance with MIL-STD-271.

4.7 NDT equipment qualification. A1T1 NDT equipment, when used by
quaiified NDT operators employing approved procedures, shall detect fiaws
within the limits specified in section 7. For weld inspection, UT inspection
qu-npmp_qt shall meet the requ-nrpmpnfc of MIL-STD-271.

4.8 Vision tests. Personnel, as specified in 4.4 except tack, spot and
stud welders, and 4.6 shall be requ1red to pass an annual vision test. The
test shall be conducted by a trained technician using standard test methods

for determining visual acuity. The standard of acceptance for the vision test
ehall ha madiivmal aunm mnAvuantad macu Ao dammn amicade; oo bl dlad rl. CadlLid Al o
Sndii1 Dé ndturair Or correcied near UIDLGHLG dLUILy Sucit tiiat Luiie nuiviaual 1>
capable of reading J1 letters on the standard Jaeger type chart for near
vision. Other equivalent visual tests may be subst1tuted for the Jaeger

chart. Personnel as specified in 4.6 shall be required to pass a vision test
in accordance with MIL-STD-271. Glasses or other corrective aids used to pass
the vision tests shall be used when performing production work.

4.9 Workmanship inspection requirements.

4.9.1 Workmanship procedures. Each activity shall develop written
procedures to provide for documentation of the quality and completeness of
workmanshlp for HY-80/100 structure as required by section 6. These

procedures shall specify, as a minimum, the following:

a. Actions required to ensure conformance to ail drawing,
specification and contract requirements, |||L|uu‘|i“|g‘ actions to
ensure inspections of structure are complete prior to the
structure being made inaccessible for inspection.

b. The organizational elements responsible to certify specific
workmanship attributes.

[y
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c. Signatures certifying workmanship inspections shall be based on
personal observation.

d. Detailed documentation requirements ensuring records are

e
maintained as required by section

&2 N V2]

4.9.2 Qualification of workmanship inspection personnel. A1l personnel
performing workmanship inspections required by section 6 shall be formally
trained to use a written workmanship procedure in accordance with a documented

program.

15
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5. RECORD REQUIREMENTS

5.1 Scope. This section describes the records required for HY-80/100
submarine structure fabrication.

5.2 General. Each activity shall have written procedures which assign
responsibility and provide accountability for performing work and inspections
as required by this standard. Records are required only to the extent
specified herein.

5.3 Records.

5.3.1 General requirements. The quality control system shall include
the preparation and maintenance of written records. Records shall contain, as
a minimum, the information noted herein and shall be developed in accordance
with section 17. Vendor inspection or mill certificate records will fulfill

the requirements of this section for that portion of the required information
contained therein.

5.3.1.1 HWelding procedure qualification. These records shall comply
‘v‘v’] tn I‘IIL=STD=248.
5.3.1.2 Welder and welding operator qualification. These records shall

comply with MIL-STD-248.

5.3.1.3 NDT procedure qualification. These records shall comply with
MIL-STD-271.

5.3.1.4 NDT personnel qualification. These records shall comply with
MIL-STD-271.

5.3.1.5 Workmanship personnel qualification. Workmanship personnel
qualification records shall include the following information:

a. Workmanship inspector identification (name, clock number or social
security number

b. Method of workmanship inspection and procedure trained in.

c. Dates of training.

d. Signature certifying that the workmanship inspector has
caticfartarily ramnlatad +ha vamiidmad +ma da oo mm A 2. . _V2cC:_ 1
>2datis>ialiority Compieied wne requirea lellllllg, ana 15 quaiiried
to perform the method of workmanship inspection that the inspector
has been trained in.

5.3.2 Welding traceability.

[
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5.3.2.1 Welding electrode control inspection. Records of receipt

inspection required by section 8 shall contain the following:

a.

Manufacturer's certification and test results for compliance with

1
the appiicabie military specification referenced in section 2.

Records of receipt inspection verification of electrode
conformance as required by section 8.

Records of moisture content of electrodes in use as required in
section 10 (laboratory test results).

Nadn ~Ff Tnhcnor +3Aan and o=
vualtc Ul Hrspeeiivi anua >

5.3.2.2 Welding in-process monitoring. Records of in-process
monitoring, as required by section 6, shall contain the following attributes
as applicable at the time monitoring is performed:

..... 421
I

Base materia
Filler metal type identification.

Heat input (satisfactory or unsatisfactory).

PN
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Location on ship or assembly where welding is being performed.
Type of weld; original or repair.

Date of inspection and signature of inspector making check.

Record of corrective actions taken in case of discrepancy.

Joint preparation (satisfactory or unsatisfactory).

Joint configuration and fit-up (satisfactory or unsatisfactory).

Welder identification and qualification.

Repair excavation contour (satisfactory or unsatisfactory).

17
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Heat soak (satisfactory or unsatisfactory).

5.3.2.3 MT inspection of welds. Records of inspections required in 6.5
shall inciude the following:

Type of MT test (e.g., prod or yoke).
Weld location (assembly and joint identification).

Type of weld (e.g., tee, butt, or fillet).

indications found.

Approximate location of rejectable indications found, if any.

Jongitudina

r

—
Qo

Type of rejectable indications (transverse,
N =\
)

Signature of inspectors.

4 PT inspection of welds. Records for inspections required in

ontain the following:

Type of penetrant used (section 15).

Weld location (ship, assembly, and joint identification).

hiut+t+
MU L

t, te

(4]

fillet or

o

of weld (e .

lad)
tad)

n
-5., I

Type of rejectable indications.

Surface condition (e.g., as-machined, as-welded, ground).




followi

5.3.2.6 UT inspection of welds.
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Date of radiography.

Location of weld radiographed (positive identification system).

Th'l
(BN

Energy source (isotope type, size of source or KVP and amperage of

x-ray).

'Ry

Surface condition (e.g., as-machined, as-welded, ground).

Type of film, screens, source-to-film distance, and exposure time.

Flaws (note acceptable slag, porosity, or other discontinuities).
Disposition (satisfactory or unsatisfactory).

Date and signature of film interpreter.

Records of inspections required in 6.8

be as specified in MIL-STD-271.

5.3.2.7 VT inspection of welds.

Records of inspections required in 6.4

include the following:

C.

[~
J
1

a.
b.

c.

1
.l

(U= BR &S]

n

—

he organizational element responsible.

Signatures certifying VT of welds. This certification shall be

based on personal observation.

-‘ Lat, + 1‘ f‘

The location, assembly, types of welds, weld joint identification
(when applicable), VT results, repairs for acceptance and re-VT
(when app] icab]e), and items a., b. and c. above shall be
documented by a record of accomplishment

Dlata ana
rial qua

Ship or hull number.
UT soundness findings.
UT gauge measurements.

19
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d. Micrometer edge thickness measurements.

e. Brinell hardness, chemistry, and mechanical properties as required
by appiicabie base material specification.

f. Record of VT with notation on the size and location of defects to
be repaired or which have been repaired.

g. Location of plate in submarine pressure hull envelope, as follows:

(1) Hull plating.

(2) A1l components which are fabricated from piate and which are
welded into and become an integral part of the pressure hull
nanunlanna Thicec inrliidoac incawvntce nanat+twvatinnce nA Aat+trhnac
LIIVbIUPbo Hirro Hiv tuuc o 1o LD, }JCIICLI ULIUIID, auu puLLIIC).

(3) Hard tank nlatinag.

\-7 reMAs = [ od . b 4

h. Heat, load, and slab number (mill source).

i. Date of inspection and signature of inspectors.

5.3.3.2 Bars and rolled or extruded shapes inspection. These records

shall include the following:

a. Ship or hull number.

D. Heat, ioad, and siab number (miii source).

c. Record of VT with notation of the size and location of defects to
be repaired or which have been repaired,

d. Brinell hardness, chemistry and mechanical properties as required
by applicable base material specification.

e. Dimensions (shapes oniy).

£ Caindnace (1T and MT whava annlircrahlad

LI} ~SVUnIuiic oo \UI (S RAV RN M N ) wiicGi1 © UPPI l\-uulclo

g. Location, when part of pressure hull envelope.

h. Date of inspection and signature of inspectors.

r - ko] 3 AP S PR S o L. S SO P L _ o 2 [ 11 3 b ] [

DeIJeded Lastings dida IUYQIJLb lnbp(:‘ On. Inese recoras snalt 1nciudae

o fAllawinne
e LAV An ] IU'V!IIS'
a. Ship or hull number.
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b. Heat, casting serial number (must be unique identification).

C. Soundness (RT, MT, and UT, as applicable).

d. Brinell hardness and test coupon results (including chemical and
mechanical properties as required by the applicable base material
specification).

e. Record of VT with notation of the size and location of defects to
be repaired or which have been repaired.

Fa [ 3 -G I R | mc At T A

T vimensionail inspeceiorn.

g. Location, size and orientation of repairs (as specified in section
16 for castings).

h. Location of all cast or forged components which are welded into
and become an integral part of the pressure hull envelope.

i. Date of inspection and signature of inspectors.

5.3.3.4 MT and PT material inspection. These records shall include the

following:

a. Method of MT or type of penetrant used, as applicable.

b. Part designation (drawing piece number, purchase and item number,

serial number or other).

c. Type of material (casting, bar, forging, plate and other).

d. Number and length of defects found.

a Nat+a Af Avininal Tnenardinn

Te vailc vl vl 1giiiai IO PTLL VI,

f. Date of final repair and inspection.

g. Signature of inspectors.

5.3.3.5 RT casting inspection. These records shall include the
followina:.
LA AR BN A VA A J Illsv

a. Date of radiography.

b. A sketch showing the location of all nominal and special weld

repairs (with positive reference

21

point for symmetrical shapes).
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C. Location of casting being radioaranhed with positive shooting
sketch identification.

d. Thickness of material.

e. ergy source (isotope type, size of source or KVP and amperage of
X- ray)

f. Surface condition (e.g., as-machined, repair welded, ground, as

cast).

g. Type of film, screens, source-to-film distance, and exposure time.

h. Flaws (note acceptabie siag, porosity, or other discontinuities).

1 NDicnn<ition (caticfarctorv aor uncaticfactorv)

e LAY L Yl ol L e S hahind el S B A

J. Date and signature of film interpreter.

5.3.3.6 UT material inspection. These records shail inciude the

ng:

Part dpc-mnafwm (drawxng piece number mmr‘hacp and item number

G H TEaaess LA A L S R R0 i A5 . E o dusaeer L]

serial number or other).

b. Type of material (casting, bar, forging, plate or other).

c. Approved procedure identification.

A Tnedtunmiimant mannfartimvmanm and madal nimhawv

u. LUIDLI UL iajiuiac Lur i ajilu imnuuc g IUIHUCTI .

e. Transducer size and type.

f. Search beam angle.

g. Frequency used for test.

38 Nl an n+

e Lvouupiaiit.

1. Reference calibration standards.

Je Observations and acceptance/rejection evaluation (for rejectable

defects in complex parts, a sketch showing the size and location
of the defect is required).

1. Dates of original inspection, final repair and inspection.

22
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m. Signature of inspectors.

5.3.4 Workmanship inspection. Workmanship inspections required in
section 6 shall be documented by use of a record of accomplishment or detailed
records.

5.3.4.1 (ircularity inspection. Circularity measurements shall be made
as requ1red by 12.6 in a format similar to f1gures 6, 7 and 8 (see 17.3 and
appendix A). Records of training and certification shall be kept for
personnel responsible for taking final acceptance circularity measurements.

5.3.4.2 Pressure hull frame dimensions inspection. These records, as
required by 12.6, shall contain the following in a format similar to figure 9:

a. Ship or hull number.
v rl anc Ilullll.)b'l .

c. Dimensions, including web and flange tilt, flange width and
unbalance, and frame depth.

d. Station number.

e. Distance between frames.

5.3.5 Record instructions.

5.3.5.1 Records shall be marked "N/A" for sections not applicable to
the particular job or a vertical arrow drawn through similar items.

5.3.5.2 E

ach activi the records, including
RT films, on materials or c t

[«]

5.3.6 Maintenance of records. A1l required records shall be maintained
by the activity and be available to the NAVSEA representative throughout the
life of the contract and for 3 years after delivery of the submarine. At the
expiration of the record's retention period, all records shall be made

available to NAVSEA or its authorized representat1ve by written not1r1cat1on.
If no disposition is authorized within 6 months, the records may be destroyed.

23
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6.1 Scope. This section contains the requirements for inspection of
fabrication and workmanship of materials and welids in or to HY-80/100
submarine structure. Where more than one inspection category applies, the
mnct+ wactwirtriun ratnnavule vanmniivamante chall ha 1icad Darnvdc ava vamiivod
IMUOSL TTOLI TLLIVYE LaltTyury O TUoTUull ClitiiLo sl Ut uUovu. ARTLUI Uo Q1T 1 Cyuir vu
for all inspections specified herein, unless otherwise indicated. Record
reguirements are provided in section 5.

6.1.1 General. Inspection shall be made when the material or weld or
both is accessible for inspection to the degree necessary to confirm the
material or weld or both is acceptabie.

A 2?2 Matarial inenartinn Hv_Qn/1nn nlat+s forninnc ractinnc harc

Ve L riasel fui THHIopyLVL L iViie [ Vv AVvVVyY Plubb, l\llylllsd, \—uJblllsJ, AT =N
and extruded shapes employed in submarine structure shall be receipt inspected
in accordance with section 8.

6.3 Workmanship inspection.

6.3.1 In-process monitoring of HY-803/i00 weiding. In-process
et bmim L mm AT Al ablhaTTl ha cammamma Tl labhad L mimiiins mmemem T S ammn ssadh AT A A
morrrLorinyg ot WCIUlllg Slial it pe GLLUIIIPI ISHEU LU CHoure Lunipriainle wiltit woiuiny
nrorodinrac and ralatod dvawinn rannivroamantc In_nrnracc monitnrina chall he
'.Il Vel uul \aJ' Uit e iuvew M oury Illy L] \.\'u 1) =il I e P Pl Veweoo mwirr vw Ills PR R LS S I ) LA
accomplished in accordance with a written procedure as specified in section 4.
Corrective action shall be taken upon detection of discrepancies and such
action shall be recorded as specified in section 5.

6.3.2 Inspection of workmanship. A1l structures in the process of

fabrication and compieted shaii be inspected in accordance with written
procedures as specified in section 4 to ensure compliance and completeness
|.:1+h Ha+:1'|nr| wnanlk inAa dAvawinae and +hic dariimant Thic inecnartinn chall
uc Lvu cu YWUI N Illy al uvy IIIB.‘) ACSRAV] LIt o UUVLCUHICIT L e o IIIJP\-\'L v Q114 11
include the fg]]gw1ng;
a. Weld joint design, weld joint preparation, flame and arc cut

surfaces, plate edges for laminations, and joint fit-up in
accordance with sections 11 and 14.

ack we

UQ

c. Weld repairs for excavation contours, and full penetration welds
for root cleaning and contour in accordance with section 14

d. HY-80/100 base material surfaces, after completion of fabrication,

for arc strikes, weld spatter, fabrication scars, and removal of
temporary attachments in accordance with section 14.

~ DV\I\(‘I‘IIV‘\I\ b\ll“'l 3“1“ maTn h3]131‘+ + '\II n13+1nn 1TV aY At‘\A l'\"‘\“f\ TN ‘Fhl\h

T Frcoourc siuilis alnu maii yailriiaou VCQAIIN Plubllly, WwWCT 1ucu Plﬂ\'c i1 1§ CCT
flood areas, and structural bulkheads for plate and shape
alignment, and fairness in accordance with section 12 and
drawings.
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Specified geometrical tapers of structural material and welds in
accordance with section 11 and drawings.

Cun 3 “ - PR B MY I Sy
S I

Anman - . 119
aancee witit >eCLiorn 1o.

Penetrations and intersecting butt welds in the pressure hull
envelope for weld build-up in accordance with section 13.

Underwater exterior surfaces in accordance with drawings.

Pressure hull frames for frame dimensional tolerances, flange

curvature, spacing and butt alignment in accordance with section
192
1L

Hull circularity of submarines in accordance with section 12.
Structural castings, forgings, and shaped inserts for specified
dimensions, surface conditions, and identification markings in

accordance with section 16 and drawings.

d

=~

.

v I

ard tank and main t tank frames for dimensional tolerances
nd spacing in acco th

-

Pressure hull penetration bore diameters in accordance with
drawings.

6.4 VT inspection. A1l completed welds shall be VT inspected in
accordance with 15.7 to ensure completeness and compliance with detailed
working drawings and sections 7, 13 and 14. This inspection shall include:

a.

Weld size adequacy for type of joint (B, T, PT, C, L) specified,
and shape of fillet weld face.

Weld surface uniformity for smoothness or sharp irreqularities and
acceptability for other NDT when required.

Weld surface cleanliness and physical defects such as cracks, burn
through, melt through, oxidation and slag, slag craters, porosity,
pits, arc strikes, gouges (fabrication damage), spatter, end-melt

and corner-melt.

Weld contour for re-entrant angles, unfused bead overlap and
undercut.

Welds in or to weight handling fittings or fixtures after proof
load testing.
Se

1_nff
. vt

=
[e3

VP S
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6.4.1 VT inspection of base materials.

VT inspection of HY-80/100

plate, rolled or extruded shapes, castings, forgings, bars and formed material
shall be in accordance with sections 8 and 16.

g =4 MT :n
0.0 I lll)p!‘: LUl

6.5.1 General. MT inspection reguirements are snec1f1ed in tables 1

and II. MT 1nspect1on shall be Derformed in accordance with 15.4.

inspected shall comply with the acceptance standards in section 7. PT

inspection shall be substituted for MT inspection where MT inspection is

Areas

impracticable. Use of alternate inspection methods shall require approval.
Either DC prod or AC yoke may be used.

TABLE I. MT inspec

tion reaquirements.

Inspection category

Time of inspection

Notes

A. Pressure hull envelope.

(1) Full penetration butt,
corner and groove tee weid in

nanmadkwa b

tee we]d u
envelope, except as noted below in
categories (2) and (4).

(2) Full penetration tee
weids to the pressure huii

envelope where the tee member is
1ncc +than nar anmial +n 1 /AT Ar 1/92
rvoo “iivan Vi u\{uul “w &yt T i LN A &
inch, whichever is less (where T

is thickness of pressure hull
envelope in way of the
attachment).

See footnotes at end of table.

Final inspection shall be made no
sooner than the same shift 7 days
\

larn v _ s

(160 hours minimum) after the weid
2 ramnladad and hae AAanTlad +4A

15 LulipiTicu ainu J1ias> Lvuicu W
ambient temperature.

sooner tnan 24 nourS after tne
vinlAd S0 mamnlatad amd hae ~AAaalAA
weiua 1o LU"PICLCU aliy fia> Louvicu
+n amhiant tomnarvatiire

LAV NI 1wl o ‘u\ollly\'l ULUl Ve
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TABLE I. MT inspection requirements. - continued
Inspection category Time of inspection Notes
(3) Hard tank welds.

(a) Full or partial If final inspection is made prior |1/ 2/
penetration tee welds on non- to the first hydrostatic test, the |7/
pressure surface. time of inspection shall be in

accordance with requirement of
category [.A.(1), (2) or (4) of
this table, as applicable. If
final inspect1on is made after the
first hydrostatic test, the
requlrements of category
I.A.(3)(b) of this table apply.
(b) A11 other welds. Inspect the hard tank welds in 1/
accordance with 6.5.5.
(4) Partial penetration Final inspection shall be made no |1/ 2
welds to pressure hull envelope sooner than 24 hours after the 4/ 5/
and partial or full penetration weld is completed and has cooled
tee welds of internal frames to to ambient temperature.
pressure hull envelope.
(5) Repair of holes.

(a) Depth of repair is Final inspection shall be made no |1/ 5/
3/4T or less (where T is thickness | sooner than 24 hours after the 8/
of base material invo]ved). weld is completed and has cooled

to ambient temperature.

(b) Depth of repair is Final inspection shall be made no |1/ 5/
greater than 3/47 (where T is sooner than the same shift 7 days
thickness of base material (160 hours minimum) after the weld
involved). is completed and has cooled to

ambient temperature.
(6) Hot formed welds After heat treatment. 1/ 5/
8/
(7) Cold formed full Final inspection shall be made no j 1/ 2/
penetration welds in or to the sooner than the same shift 7 days | 3/ 4/
pressure hull envelope. (160 hours minimum after the weld | 5/ 8/

is completed and has cooled to
ambient temperature, after
forming.

27
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TABLE I MT inspection requirements - continued

Inspection category Time of inspection Notes

(8) Ground areas where arc After removal and after the 9/
strikes, fabrication scars, weld surface has been prepared as 10/
defects, and areas where required in 14.6.
attachments are removed and repair
welding is not required.

(9) Weld repair of Final inspection shall be made no | 1/ 9/
fabrication scars, arc strikes and | sooner than 24 hours after the
areas where attachments are weld is completed and has cooled
removed and repair by weiding is to ambient temperature. The
wamiivarrd cuvnfara chall ha nroanavrad ac
ICLI 1T TU. S2Uul 1 QLT 201Q 1 i ve Pl CPUI “cu Qo

required by 14.6.
i J

(10) Areas where After removal and after the 9/
automatically timed arc welded surface has been prepared as
studs over 3/8 inch in diameter required in 14.6.
nave Déeﬁ Uge(] anu Tém(‘)veu.

(11) Root area of full After removal of any slag, scale, | 9/
penetration butt, corner, and or surface roughness which would
groove tee welds after interfere with interpretation of
backgouging; weld repair indications.
excavation sites.

(12) That portion of After final surface preparations. | 5/ 9/
nrenared curfarec nnot <uhgeauentlv
rll \a'lul “w\u ET AV N BN BN @ & VL W v e JMUJ\;\{M\III\- IJ
covered by welding.

B. Support structure.

(1) Full or partial Final inspection shall be made no | 1/ 5/
penetration butt, corner and tee sooner than 24 hours after the 8/
welds in or to support structure. weld is completed and has cooled

to ambient temperature.

(2) Repair of holes.

(a) Depth of repair is Final inspection shall be made 1/ 5/
3/47 or less (where T is thickness |after the weld is completed and 8/

of base material involved).

Q
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has cooled to ambient temperature.
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TABLE I. MT inspection requirements. - continued
Inspection category “Time of inspection Notes
(b) Depth of repair is Final inspection shall be made no | 1/ 5/
greater than 3/4T7 (where T) is sooner than 24 hours after the 8/
thickness of base material weld is completed and has cooled
involved). to ambient temperature.

(3) Hot formed welds. After heat treatment 1/ 5/

8/

(4) Cold formed welds. Final 1nspect1on shall be made no | 1/ 5/

sooner than 24 hours after the 8/
weld is completed and has cooled

to ambient temperature, after

forming.

(5) Ground areas where arc  |After removal and after surface 9/
strikes, fabrications scars, weld has been prepared as required 1in 10/
defects and areas where 14.6.
at+tarhmante ava wmamnuad and wmanaswn

daCnments are removea anda rcpaii
bv weldinag 1s not reguired
by welding is not required.

(6) Weld repair of After repair welding and after the| 1/ 9/
fabrication scars, arc strikes and |surface has been prepared as
areas where attachments are required in 14.6.
removed and repair by welding is
required.

(7) Areas where After removal and after the 9/
automatically timed arc welded surface has been prepared as
studs over 3/8 inch in diameter required in 14.6.
have been used and removed.

(8) Root area of full After removal of any siag, scaie 9/
nana+wvat+inn hoadd AAVAAW and Awv ciwvnfara manahnace das Al o
peiicuiacivil yule, Lurnicr ,, aliu Ul suriacvc rovuygnicoo wnicn WUUIU
groove tee welds after interfere with interpretation of
backgouging; weld repair indications.
excavation sites.

(9) That portion of prepared |Inspection not required. N/A

surfaces not subsequently covered
by welding.

@)
(o]
-+
o
s
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TABLE I. MJ inspection requirements. - continue
Inspection category Time of inspection Notes
I1. Containment structure and
containment bulkheads
A. Inspection requirements for

containment structure and
containment bulkheads shall be as
specified for support structure
(category I1.B.).
I11. Non-pressure hull structure

A. Intermediate pressure
tanks.

22\ o~ 19 a2 T Lt LYY L o 11 !

(1) Full or partial Final inspection shail De made no 1/ 3/
penetration butt, corner, and tee sooner than 24 hours after the 8/
welds in or to intermediate tank weld is completed and has cooled
structure. to ambient temperature.

(2) Repair of holes. Final inspection shall be made 1/ 8/

after the weld is completed and
has cooled to ambient temperature.

(3) Hot formed welds. After heat treatment. 1/ 8/

(4) Cold formed full Final inspection shall be made no |1/ 5/
penetration welds in or to sooner than 24 hours after the 8/
intermediate pressure tank. weld is completed and has cooled

to ambient temperature after
forming.

(5) Ground areas where arc |After removal and after the 9/
strikes, fabrication scars, weld surface has been prepared as 10/
defects, and areas where required by 14.6.
attachments are removed, and
repair by welding is not required.

(6) wWeld repair of After repair welding and after the | 1/ 9/
fabrication scars, arc strikes and |surface has been prepared as
areas where attachments are required in 14.6.
removed and repair by welding is
required.

See footnotes at end of table.
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TABLE 1. MT inspection requirements. - continued
Inspection category Time of inspection Notes
(7) Areas where After removal and after the 9/
automatically timed arc welded surface has been prepared as
studs over 3/8 inch in diameter required in 14.6.
have been used and removed.
(8) Root area of full After removal of any slag, scale, |9/
penetration butt, corner and or surface roughness which would
groove tee welds after interfere with interpretation of
backgouging; weld repair indications.
excavation sites.
(9) That portion of Inspection not required. N/A
prepared surfaces not subsequently
covered by welding.
B. Low pressure (soft) tanks.
(1) Full or partial Final inspection shall be made 1/ 8/
penetration butt, corner and tee after the weld is completed and
welds in or to low pressure (soft) [has cooled to ambient temperature.
tanks.
(2) Repair of holes. Inspection not required. N/A
(3) Hot formed welds. After heat treatment. 1/ 8/
(4) Cold formed full Final inspection shall be made 1/ 5/
penetration welds in or to low after the weld is completed and 8/
pressure tanks. has cooled to ambient temperature,
after forming.
(5) Ground areas where arc |Inspection not required except 9/
strikes, fabrication scars, weld those defects that were detected
defects, and areas where by MT inspection and subsequently
attachments are removed and repair |removed by grinding shall be
by welding is not required. reinspected by MT after grinding.
(6) Weld repair of Inspection not required except 1/ 9/

fabrication scars, arc strikes and
areas where attachments are
removed and repair by welding is
required.

See footnotes at end of table.

those defects that were detected
by MT inspection and subsequently
repair welded shall be reinspected
by MT after repair welding.
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TABLE I. MT inspection requirements. - continued
Inspection category Time of inspection Notes

(7) Areas where Inspection not required. N/A
automaticaiiy timed arc welded
bEUUb over J/d m(.n m (]1le] ter
have been used and removed.

(8) Root area of full Inspection not required. N/A
penetration butt, corner, and
groove tee welds after
backgouging; weld repair
excavation sites.

(Q) That nortion of Insnection not reqauired N/A

\~“7 TRGL PV vV v LHIISPTLLIVIE HIVL 1T TYHU T TUe iy, n
prepared surface s not subsequently
covered by weldin

C. Foundations.

(1) Full or partial Final inspection shall be made 1/ 8/
penetration butt, corner and tee after the weld is completed and
welds in or to foundations. has cooled to ambient temperature.

(2) Repair of holes. Inspection not required. N/A

(3) Hot formed welds. After heat treatment. 1/ 8/

(4) Cold formed full Final inspection shall be made 1/ 5/
penetration welds in or to after the weld is completed and 8/
foundations. has cooled to ambient temperature

after forming.

(5) Ground areas where arc | Inspection not required except g/
strikes, fabrication scars, weld those defects that were detected
defects, and areas where by MT inspection and subsequently
attachments are removed and repair |removed by grinding shall be
by welding is not required. reinspected by MT after grinding.

(6) Weld repair of Inspection not required except 1/ 9/
fabrication scars, arc strikes and |those defects that were detected
areas where attachments are by MT inspection and subsequently
removed and repair by welding is repair welded shall be reinspected
required. by MT after repair welding.
See footnotes at end of table.
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TABLE 1. MT inspection reauirements. - continued
Inspection category Time of inspection Notes

(7) Areas where Inspection not required. N/A
automaticaily timed arc welded
studs cver 3/8 inch in diameter
have been used and removed.

(8) Root area of full Inspection not required. N/A
penetration butt, corner, and
groove tee welds after
backgouging; weid repair
excavation sites.

(9) That portion of Inspection not required. N/A
prepared surfaces not subsequently
covered by welding.

D. Non-support structure.

1Y Cii11l Av nantial Trnenar+tinn nnt+ wvamitdawvad M/A

\+] Ttuii wvi pcll Lviail .lll)'JCLLIUII Inueu IC\.{UIICU- v n
penetration butt, 6 corner,6 and tee
welds in or to non-support
structure.

(2) Repair of holes. Inspection not required. N/A

(3) Hot formed weids. Inspection not required. N/A

(4) Cold formed full Inspection not required. N/A
penetration welds in or to non-
support structure.

(5) Ground areas where arc |Inspection not required. N/A
strikes, fabrication scars, weid
defects, and areas where
adtdarhmante ava wmamauad Aamd wmanAaTn
aLtLauimciiLty aiT I1cpmuvcu atiu leOll
hv weldina i< not reanired
by welding is not required,

(6) Outside surfaces of Final inspection shall be made no |1/ 8/

welds in or to completed rudders

and planes and welds to the hub of

rudders and pianes. Other

interior weids of rudders
n n equire i

n r
1 An "
ian as n i

ek
c+ CL

. b
rit 1
nco ~
[ U

T -t

See footnotes at end of table.

sooner than 24 hours after the
weld is completed and has cooled
to ambient temperature.
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T inspection

requirements. - continued

Inspection category

Time of inspection

(7) Areas where
automatically timed arc welded
studs over 3/8 inch in diamete
have been used and removed.

v

(8) Weld repair of
fabrication scars, arc strikes and
areas where attachments are
removed and repair by welding is
required.
(9) Root are
penetration butt, corner, and
groove tee welds after
backgouging; weld repair
excavation sites.

n
nyv
u

Inspection not required.

Inspection not required.

Inspection not required.

Inspection not required.

N/A

N/A

N/A

See footnotes at end of table.
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NOTES TO TABLE I

1

1N

e

1/

~—

~

If weld repairs are necessary, the repaired area shall be reinspected as
required for the original weld.

Extent of inspection of repairs made to welds referenced to this note is
based n the depth of repair, as measured from the plate surface, and as
follows

Depth of repair (T equals
thickness of thinner

member being repaired) Inspection (see figures 10 and 11)
a) Less than or equal to Inspect the weld repair and a
1/37 minimum of 6 inches beyond each
end of the repair on the repair
face.
b) Greater than 1/3T to and Perrorm tne 1nspect1o in (a)
inciuding 2/37 above for both the repair and
opposite face.
c) Greater than 2/3T Perform the inspection in (b)

above. In addition perform the
inspection required by 3/ below.

The expansion inspection on a ruii penetration hull butt weid in the
pressure hull envelope need only be extended to an intersecting full
penetration weld to the pressure hull, when the intersecting member is
1/4 the hull thickness or greater, and falls within the 6 inch

requirement.

The weld surfaces in 6.5.2.a. and b. are not subject to the expansion
inspection requirements above.

h

\’ 1n
]

!'D b2

11 pr
To

I
nve lo . are

(D «<
o+ E)
w wn
e ——

a
<
ne
or

a) Newly installed full penetration welds in the pressure hull
envelope, or

b) Weld repa1rs in the pressure hull envelope which exceed a total
excavation depth of 2/37 (see 2/) shail be reinspected for a

distance within 6 inches of the new or repair weld except
rn1n<nprf1nn is not rpnu1rpd if the nrpv1nu<]v 1n<npct9d weld:

(1) has been heat treated (that is, quenched and tempered) as
part of the base material.

(2) was previously contour ground in accordance with section 14
and MT inspected.
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(3) is in a member that is not contiguous to the new weld (that
is, is in an intersecting or attached member) (see figure 11
for illustration of requirements).

When full penetration tee welds other than attachment welds are made to
the pressure hull envelope, all previously inspected full penetration
welds in or to the pressure hull envelope (as noted below) shall be
reinspected to the following extent:

Tee member thickness (T
represents thickness of the
pressure hull at the

attachment site) Extent of reinspection

Less than or equal to 1/2T Reinspection not required

for HY-80/100

Greater than 1/2T for HY- Reinspect all other full
80/100 : penetration welds in or to the

pressure hull envelope within 3
inches toe-to-toe distance of the
attachment weld, except
reinspection is not required if
the previously inspected weld was
previously contour ground in
accordance with section 14 and MT
inspected in accordance with 6.5.

Final inspection shall be performed after forming or straightening
operations.

Surface areas of butt welds which are to be subsequently covered by
faying pads, shall be final MT inspected (after being ground as
necessary for fitting of the faying pads).

Contour grind all hard tank welds except butt welds (see figure 4).

Detailed records of the MT inspections covered by this item are not
required. A record of accomplishment of the inspections grouped by
category of item and hull area or location shall be maintained.
Surveillance of accomplishment is required and shall be conducted in
accordance with a written procedure.

No detailed records of accomplishment are required. A formal procedure
for accomplishing these inspections must be established and available
for review.

For arc strikes, nicks, gouges and fabrication scars which do not
require weld repair, PT or 5X VT inspection may be substituted for MT.
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TABLE II. MT inspection requirements applicable to HY-80/100
base material, mill defects and forming.
Inspection category Time of inspection Notes
(1) Repairs of base material If repair welding is required, the {1/ 2/
defects. area to be repa 1red shall be MT 3/ 4/
inspected prior to welding. Final
inspection shall be made no sooner
than 24 hours after the weld is
compieted and has c00|ea to
ambient temperature. If repair
welding is not required, final
inspection shall be made after the
defect is removed
(2) Tension surface of base After forming. 1/ 2/
material that is cold formed in 3/ 5/
excess of 12 percent total
clOﬁgaLlun
(3) Tension surface of base After forming and the material has |1/ 2/
material that is hot formed in reached ambient temperature. 3/ 5/
excess of 15 percent total
elongation.

NOTES TO TABLE II

1/ Inspection shall include the entire surface of the repair or area
involved.

2/ Lamellar indications in the base materials shall be e
accoruance with section 7. Repairs shail be in accor

13.

3/ Detailed records of the MT inspection covered by this table are not
required. A record of accomplishment of the inspections grouped by
category item, hull area or location shall be maintained. Surveillance
of accompl1shment is required and shall be conducted in accordance with

a written proceaure.

4/ For arc strikes, nicks, gouges and fabrication scars which do not
require weld repair, PT or 5X VT inspection may be substituted for MT.

5/ If repairs are necessary, the inspection requirements of category (1)
apply.

(F8]
~J




Downloaded from http://www.everyspec.com

MIL-STD-1688A(SH)
A R ? Fvamntinnce [+n tahlac T and T1T)
e J e LI\\.HI[J\_ IvVito \LU LU Iw o 'S “uriru 1110
a. Inspection is not required for areas where capacitor discharge

stud or resistance spot welds, 1/4 inch or less stud or spot
diameter and arc stud welds, 3/8 inch and less stud diameter, have
been removed, nor for permanent automatically-timed or permanent
resistance weids.

b Weld surface areas which are to be subsequently covered by other
partial or full penetration welds do not reg u1r9 final MT
1nspect1on for example, surface areas of 10n01tud1na1 butt we lds

under frame webs and their associated welds, surface areas of
frame and stiffener connections covered by 1ntercosta1 welds (for
material 1-1/8 inch and over, see 6.5.3).

c. Inspection is not required for arc strike removal sites,
fahrication crarc nickce and anunac nrinr +n ronair waldina
PRAMNT PN WS A A L Y] trrTenNo AT 3\.1\43\--’ 'Jl 1w “w I\-rlull V'\olullls-

d. Inspection is not required for prepared surfaces that will be

covered by weld metal or prepared surfaces for bolts, studs, or
for pipe, mechanical, or electrical penetration holes less than 4
inches 1n diameter.

a Tnenartinn 132 mat vmamitumad FAanm Fiat;m avma +oal 2lAds dhad awa =

T 1nopTuLiivii 1> nueu lCLlullCu 11Ul LWIII arv LaLk wT jud> LiidLl are a
minimum of 6 inches long and blend smoothly into adjacent base
material.

f. Inspection is not required of the backgouged surfaces of root

passes or repair weld excavation sites if the weld will
subsequently be either RT or UT inspected.

6.5.3 Loss of preheat inspection. For HY-80/100 base material 1-1/8
inch and over when welding with ferritic electrodes, MT inspection of the weld
is required when preheat drops below the temperature specified in 13.6.4.4.

c C A HawmAd +anb -~ Thna swmenmnanddam camiiaman < T [ Uy . L . |

UeJdet naryu Lalik>. 1ne IprCLLIUH scyuence 1or nard tanks 1S speciliea
in 6.5.5. [If subsequent work is performed which invclves the penetration of
the tank plating of a hard tank that has successfully passed hydrostatic and

final MT tests as specified in table I, the new welds shall be contour ground
or peened and ground, if required by section 14, and the tank retested

hydrostatically and inspected. (MT inspection after hydrostatic testing may
be Timited to the additional weiding, p1us in the event that the new weld is

a fuii penetrat1on weld through the tank piating, the previousiy inspected
€11 AnAanadna inTAImA 3:;m A da b ol A Tad oo ekt £ 2 _L__ _€£ abL _  oa_
[RVR ] pcucuat.luu we1Ging in Or T0 Ttneé tank piacting witnin o incnes or tne toe
of the new weld). This reinspection shall also include 6 inches {measured
from the tank plating) of any butt weld in attached members falling within
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this area. Backup structure, as identified on figure 4 shall be inspected as

specified 1in table 1.

6.5.5 Sequence of MT inspection for hard tanks. MT inspection of hard
tanks shall be in the following sequence:
a. Contour grind all hard tank welds, except butt welds (see figure
4).
b. Hydrostatic test.
c. MT inspect 100 percent of all hard tank weids:
(1) f no cracks are found, the tank is acceptable.

(2) If cracks are found, repair in accordance with sections 13
and 14.

d. Hydrostatic test.

Ce. l'll lll)lJCLL a

w
footnote 2/ to tab
(1) If no cracks are found, the tank is acceptable.

(2) If cracks are found, repair in accordance with sections 13
and 14; repeat steps 6.5.5.d. and e. until the weld repairs
v )

and associated expaﬁsmr‘ areas are crack-

6.5.5.1 Welds under category I.A.(3)(a) of table I, which have passed
final inspection are exempt from the MT inspection of 6.5.5.c. See 6.5.4 for
reinspection requirements when an accepted hard tank is penetrated by a new
full penetration weld. Records of 1nspect1on shall be ma1nta1ned as requ1red

by section 5. For hull surveiilance inspection, the inspection sequence for
the required welds shall be in accordance with 6.5.5.c. through e. The MT

inspection of 6.5.5.c. is limited to the required welds only. Final MT
inspection shall be performed after all machining or grinding is completed.

6.5.6 Penetrations or hull liners. Welds of penetrations or hull
liners greater than 4 inches in diameter which can not be RT inspected i
accordance with 6.7.1 or UT voiumetricaiiy inspected in accordance wi

A afdan Aaaancs +3an AL Anrh Tawvawm A 270 Sk +ha
d darieer UEPUDILIUII Ul Tcacln jayer, vr o9/0 I1HUIL LHI
r
i

n
b
e

v

th 6.
Alnac
CKness,

6.6 PT inspection.
6.6.1 General. Inspection shall be performed in accordance with
section 15. A7l areas shall comply with the acceptance standards of section

7.

(F%)
(Yol
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6.6.2 Non-ferrous or austenitic welding.

Non-ferrous or austenitic

stainless steel welds that penetrate the pressure hull envelope shall have the
final weld and backgouged surface (if backgouging is required) PT inspected.
[f the final weld i1s to be subsequentiy UT or RT inspected, PT of the

UdLKgOU(_.j(:‘U SUYTd(_(:‘S is not requ1reu
gasket seating surfaces to pressure hull enve]ope shall be PT inspected.

6.6.2.1 Repairs.

[ G|

In addition,

welds do not require PT inspection prior to repair welding.

—

—h
—e
=
o

6.7.1 General.

all weld clad O-ring or

Weld repair excavations of non-ferrous or austenitic

Final inspection shall be performed in the

RT 1nspect1on requirements are specified in table III.

RT inspection shall be performed in accordance with section 15 and interpreted
to the acceptance standards of section 7.

TABLE TIII.

RT inspection (applicable to completed welds in or to HY-80;

Inspection category

Sequence of inspection

(0
|

A. Pressure hull envelope.

(1) Butt welds in the
pressure hull envelope.

(2) Other full penetration
welds through the pressure hull
inciuding penetrations (more than

4 inches in (nameter‘) ana Tiners

waan nwvA sand 2 AN

wherein the projection does not
exceed the limits of figure 12.

LiliAld = Y AT .

Final inspection shall be made no
sooner than 8 hours after the weld
< 1
> I
sou
Final inspection shall be made no
sooner than 8 hours after the weld
is completed and the preheat
source has been de-energized.

o oo oams 3 8 2 N S—= 3 L2 2 Ba==

/100
Notes
12/
3/ 4/
5//
2/ 3/
4/ 5/
6/

o RAEmw 2 T EZaom R 20X 2EFR L
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TABLE III. RT inspection (applicable to completed welds in or to HY-80/100.
- continued
Inspection category Sequence of inspection Notes

(3) Weld repair of holes or Final inspection shall be made no 1/ 2/
gouges 1in the pressure hull sooner than 8 hours after the weld |3/ 5/
envelope which exceed 1/3 of the is completed and the preheat 1/
base material in depth. source has been de- energ1zed

(4) Full penetration butt Final inspection shall be made 1/ 2/

welds which have been hot formed after forming no sooner than 8 3/ 5/
as in 9.2.6.2 hours after the welds have cooled
to ambient temperature.
B. Support structure.

(1) Butt welds in holding Final inspection shall be made no |1/ 2/

bulkheads. sooner than 8 hours after the weid |3/ 4/
is completed and the preheat 5/ 8/
source has been de-energized.

(2) Butt welds in flanges of |[Final inspection shall be made no |1/ 2/
pressure hull frames. sooner than 8 hours after the weld |3/ 4/

is completed and the preheat 5/
source has been de-energized.

(3) Butt welds in unflanged |{Final inspection shall be made no {1/ 2/
pressure hull frames to the extent [sooner than 8 hours after the weld |3/ 4/
shown on figure 13. is completed and the preheat 5/

source has been de-energized.

(4) Full penetration butt Final inspection shall be made no |1/ 2/
welds which have been hot formed sooner than 8 hours after the weld |3/ 5/
ac enarifiad in Q 2 £ 2 sc ramnlat+ad and +ha nwahaad
Qo oSpTiLil Icu 11l Jel eUesLl o 1o \'UIIIPICLCU aliu  LliIc pl cHecac

source has been de-energized.
II. Containment structure and

containment buikheads

A. Butt welds in the
boundary plating of containment
structure and containment
bulkheads.

w
@
—h

nontnntag at+ an
CuLiniiLes du i

d of table.




Downloaded from http://www.everyspec.com

MIL-STD-1688A(SH)

TABLE ITI. RT inspection (applicable to completed welds in or to HY-80/100
- continued
Inspection category Sequence of inspection Notes

T T T Ml o i m m s am k.. 11 R R
111. Non- pressure mnuil

A. Intermediate pressure

tanks.
(1) Butt welds in tank Final inspection shall be made no |1/ 2/

piating. sooner than 8 hours after the weld {3/ 4/
is completed and the preheat 5/
source has been de-energized.

FOOTNOTES TO TABLE III.

1/ The degree of inspection shall be 100 percent unless otherwise

specified.
2/ (a) When repair welding is required as a result of RT inspection, the

repaired area shall be re-radiographed for the length of the
repair plus 3 inches on each end of the repair. When an

i ne pressure h
e taadhin L
> n
n

ek —h
-
(=9

N " -

ell
S

(b) Re-RT of welds previously accepted by RT is not required when the
depth of repair of a defect which is MT or VT detected does not
exceed two layers or half the thickness of the thinnest member
‘ll\ A

ta) '| '\n\ 1 ¥-% o 1(‘ 1nrr
Joinea, wnicnéver 15 i&sS.

3/ When additional weld is deposited on the surface of RT accepted welds,
re-RT is not required provided the additional weld deposit does not
exceed two layers. Subsequent weld overlay or buildup for corrosion or
dimensional control which covers prev1ously accepted welding 1s not
SUDJECt to tne two |ayer Hm]tamon and re-R7 OT Iﬂe pr‘ev10u5|y

nnnnn inTAI;mA 10 nmAad mamiina

A
GLLCPLCU WCIUI”H > TVL 1TTyuiicu.

4/ UT inspection may be substituted for RT inspection for butt welds in
f]anqes and unf]anqed webs, and shall be substituted for those portions
of butt welds which are obscured from RT inspection by frame webs,
attaching webs, or structural bulkheads other than containment

bulkheads. (See figure 13.)

YN 21 17 NA M NAME (("A'I'HIIIWY
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5/ Grinding or machining, within the limits of section 14, of welds
previously accepted by RT or UT shall not require reinspection by RT or
uT.

6/ The degree of inspection shall be 100 percent except as shown on figure
12.

7/ Bolt holes which are weld repaired and will be re-drilled within 1/2D,
where D is the bolt hole diameter, of the initial location (centerline
to centerline) of the bolt hole do not require RT.

8/ UT inspection may be substituted for the RT inspection of butt welds
ciead dn tbha 1ot a211adb i Af mmmnce nladac in hAaldina Rl haadce
useua I une 1rnstal idilion U1 atlesd> piralted> 11 nuiuiny pDu 1Kneaas.
Containment bulkheads are excluded from this substitution.

6.8 UT inspection.
6.8.1 General. UT inspection shall be performed in accordance with

section 15 and interpreted to the acceptance standards of section 7.

6.8.2 MWelds. UT volumetric inspection of welds, performed in
accordance with MIL-STD-271, shall be substituted for RT when the required RT
cannot be performed to the requ1rements of this document. Grinding or

machining within the |1m1ts of section 14 of welds accepted by UT shail not
require reinspection by UT. If substitution of UT for RT involves a weld
repair requiring expansion of inspection in accordance with footnote 2/ to
table III, UT may also be used for the expansion areas.

6.8.3 Tee welds. Full penetration tee joints welded from both sides to
the pressure hull envelope simultaneously (tw1n arc) or which are not root
cleaned and inspected as required by table I (unless exempted by 6.5.2) shall
be UT inspected for full penetration in accordance with MIL-STD-271.

6.8.4 Penetrations or hull liners. Welds of nenetrations greater than

[ AC X o v S el recaLct natt

4 inches in diameter or liners which progect through the pressure “hull more
than 1 inch at any point in the circumference or weld length shall be UT
volumetrically inspected if the joint is accessible, and of a configuration
suitable for ultrasonic inspection provided the design anglie does not exceed

. A

the r‘equn‘ements of footnote J/, T1gure i2.

6.8.5 Approval. Applications of UT as a substitute for MT or PT shall
be subject to approval. Applications of UT as a substitute for RT other than
as specified in 6.8.2, table III or figure 12 shall be subject to NAVSEA
approval.

4~
w
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6.10 Electrode moisture determinations. Electrode moisture inspection
requirements shall be in accordance with section 10.

6.11 Castings. Castings which have satisfactorily passed receipt
inspection requirements shall be considered as wrought material as specified
in 16.2.1, except for MT acceptance, where the standards of sectien 7 for
castings shall be acceptable. Where PT is used for the inspection of weld
overlay cladding, any defects found in the base metal shall be evaluated for
acceptance to the MT criteria of section 7 for castings.

44
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7.1 Scope. This section contains the inspection acceptance standards
(1nc]ud1ng visual inspection) which apply to submarine structure for the
detection of surface and internal discontinuities in HY-80/100 base materials
and welds in or to HY-80/100. Discontinuities that exceed the limits set
forth herein shall be repaired in accordance with the requirements of this
standard.

7.2 General. Acceptance standards are contained for the following:

a. Visual inspection of completed welds (VT)
b. Magnetic particie inspection (MT).

r Dadinnvanhir sncnartrian DTN

C. naGiograpnic inspeclion (rij

d. Ultrasonic inspection (UT).

e. Liquid penetrant inspection (PT).

Ships structure fabricated in accordance with this standard shall comply with
all appl1cab]e draw1ngs, specifications and standards. Personnel responsible

for evaluation of all NDT resuits shall be certified in accordance with
section 4.

7.3 VT inspection of base materials. VT acceptance standards shall be
in accordance with section 8.

7.4 VT inspection of completed welds. Completed welds inspected in
accordance with 6.4 shall comply to the acceptance criteria detailed herein.

7.4.1 MWeld inspection zone. The area to be inspected shall include the
weld face and 1/2 inch of base material on each side of the weld. Areas
beyond this we]d zone shall be controlled by the workmanship requirements of

section 14.

7.4.2 (Cleanliness. Welds inspected for final acceptance shall be free
paint (except as aiiowed by section 15) and spatter in excess of 1/8
th or diameter.

v

7.4.3 Weld surface uniformity. The weld surface shall be free of sharp
irregularities between beads and shall fair into the base material at the weld
edges without undercut or overlap (rollover) in excess of the requirements of
this standard. Surface roughness, burn through, oxidation and crater pits
shall not exceed the acceptance criteria of NAVSEA 0900-LP-003-8000. Weld
surfaces shall be prepared for NDT as required by section 15.

7.4.4 Shape of fillet weld face. Fillet and fillet reinforced welds
shall be essentially flat (-1/16 inch +3/16 inch of a line drawn toe-to-toe).
Weld concavity is acceptable provided the minimum throat thickness is at least

equal to the minimum specified leg size multiplied by 0.7 (see figure 1).
txcess1ve roughness at weld edges and re-entrant angles less than 90 degrees

_______ L1117 Lo

as auuwn in r1gure 1 shall be corrected.
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7.4.5 Arc strikes. Arc strikes shall be repaired in accordance with

7.4.6 Cracks. A1l cracks shall be removed.

7.4.7 Porosity. Only pores greater than 1/32 inch in length or
diameter shall be evaluated. No single pore shall be greater than 3/32 inch
in length or diameter. The sum of pore diameters in any two inch length of
weld shall not exceed 1/8 inch.

7.4.8 Undercut, end-melt and corner-melt. Depth of undercut and
grxnd1ng shall be measured from the unground plate surface adJacent to the

weld area (see figure 14 for gauges). End- melt and corner-melt shown in
figure 15 and undercut shall meet the requirements of table IV.

TABLE 1V. Undercut, end-melt and corner-melt.

Maximum depth/length
nfdFnanm AvanAdann
al Ly gl Illulllg
Condition Base metal Maximum Depth Length restriction
thickness depth (inch)
(inches) as-welded
condition
(1nches)
Undercut Less than 1/2 1/32 1/32 None
1/2 and larger 1/32 1/32 None
1/16 1/
End-melt 1/4 and less 1/32 1/16 Only at ends of a
2/ only member, figure 15.
Corner- Any thickness 1/32 /16 Oniy at the corners of
melt a member, figure 15.
1/ The accumulated length does not exceed either 15 percent of the joint

Tength or 12 inches in any 36-inch length of welding, whichever is less.
For base material greater than 1/4 inch, undercut requirements apply.

N
~

~
S
w
X
1]

——
(o8
7

- o
(1]
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7.4.9.1 Groove-tee and fillet welds. Groove-tee fillet reinforced
welds and fillet welds shall be at least equal to the size specified on the

drawing (except as allowed by 7.4.10). When fillet size must be increased due
to excessive gap between members at the time of fit-up, the required weld size

shall be increased as required by 14.2.4.

7.4.9.
plate surfac
unground or corrected by grinding, that do not exceed h Timitations
for undercut of 7.4.8. The as- depos1ted surfaces at the we] edge shall be
satisfactory, provided they do not form a re-entrant angle less than 90
degrees with the base p]ate due to excessive convexity and rollover. Butt
ground for hydrodynamic purposes shall not extend more than 1/1b inch
h

£ k.. b VA 22 _'I_J_A

f s joining plates
aper g !]y, app imateiy Tour to
to

equ SS g
one “from the beveled edge of the thicker pla te surface he thinner plate.
No po1nt of the finished tapered butt weld surface shall be below a line from
the edges of the weld joint preparation except for allowable undercut.
Otherwise butt weld reinforcement shall not require a maximum height
Timitation provided all other requirements of this section are met.

2 Butt welds. Butt weld surfaces sh
es, except localized weld surface indi

TALCY LR}

low the adjacent

nd weld toes,

11
ca
ee

Q.

T v
.
v
—
et

7.4.10 Seal-off and wrap-around welding. Fillet and fillet reinforced
partial penetration welds shall be sealed off with weld at the end(s) of
members (flatbars, angles, channels and tees) to form a closed loop where

surfaces are to be wetted. Members which will not be wetted shall be sealed
off when practical. When specified by a weld all-around symbol, the minimum
we ld re1nTorcement size shall be maintained (wrap around) at the end(s) of
attached members. When the member is located per tolerances and the full size
fillet weld (wrap-around) is not obtainable, the maximum size obtainable shall

be considered acceptable provided the above seal-off requirement in wetted

areas is maintained.

7.4.11 Contour grinding. When required, contour ground welds shall

comply with the requ1rements of 14.4, and figure 16. Contour grinding of
fillet or partial penetration welids shall not be pertormed unless required by
the ships specifications or drawings, or 14.4 in which cases, fillet size
requirements shall be maintained after contouring.

7.4.12 Nicks, gouges, and other fabrication scars. Nicks, gouges, and
other fabrication scars in the weld inspection zone shall not exceed 1/32 inch
in depth and 12 inches in length for materials less the 1/2 inch thick; and,
provided the fabrication scar blends smoothly into the material, 1/16 1nch 1n

depth and 12 inches in length for materials equal to or greater "than 1/2 inch
thick

CITTUR o

7.4.13 QOther NDT. Welds that comply to the requirements set forth
above are considered acceptable for any other NDT.

7.5 MT inspection.
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A11 welds and 1/2 inch of admrpnf base material shall he

. Sy o vo aawas Gaoiw A/ L ~G2T

Becified. Indications less than 1/16 inch shall be
The following conditions shall be cause for rejection:

Weld
n s

Relevant linear indications greater than 1/8 inch in length.

A mana vma Tavsan

IWU Uil mous < ICICVGHL
inch.

—

ke nce +han
Uy co> Liial

1 .
IIHCGI 1

Four or more relevant linear indications in any 4 inches of weld

length.

-~

A11 accessible casting surfaces shall be inspected.
The following

Castings.
less than 1/8 inch shall not be evaluated.

conditions shaiil be cause for rejection:

a. Relevant linear indications greater than 1/4 inch in length.
b. Two or more relevant linear indications separated by less than 1
inch.

Indications which do not meet this criteria may be removed by grinding without
repair weiding provided the minimum design thickness is not vioiated. Weid
nnnnnnn nA 1710 1v\ﬂl\ A€ adian~ant k-..-.-. matanaa chall mant +ha maniidvmamante AF
lCPGII) GHU 1/ ¢ HILII Ul aujJalTiit vasc mwailci i1ail Sial i picci LHT qu H TINCIILD vl
7.5.1

7.5.3 Flame, arc-cut or machined plate edges and tapers. When

inspected as required in section 6,
shall be cause for rejection.

all indications in excess of the following
Repair may be accomplished in accordance with

sections 13 and i4.

I\n\l
nity
suri

Linear indications lying approximately parallel to the surface
whose accumulated length exceeds 4 inches in the least favorable

b-1inch Tength.

Anv Tinaawv andirat n nnavrmal +A +ha mainv cimfarnce nf +ha
r‘”] Fnircatl mmiuivavi v inad LV uie ma gvi 22Ul 1aLTO i LIHICT
material.

Laminations visually disclosed on exposed plate edge which are not
included in a weld joint shall be excavated and welded as
specified in section 14.
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........ the
free of l1near 1nd1cat10ns in
or areas of welded surface
prior to heat treatment,

inspected as rpnn1r9d by section 6,

Formed materijal. When
hot or cold formed material sha]] be
8 inch. Welds, temporary weld sites
t formed material, which were welded

he requirements of 7.5.1.
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7.6.1.

L
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1 Inadvertent radiography. Inadvertent radiography shall be

dispositioned in accordance with NAVSEA 0900-LP-003-9000.

7.6.2

defects, the
section 7 ap

Castings.

v oo~

-s C)

o+
@D
-t =§

o= o«

- o

D
23

ts |
a ! 1,
at1on reau1rements includi

1nspect10n requ1rements of section 6 an
ply except:

T
repair of base material
acceptance standards of

Q) (D v =g

Until the indication length is reduced to 1/4 inch or less

for depths of excavation up to and 1nc1ud1ng 3/8 inch.

Until the indication length is reduced to 1/2 inch or less
for depths of excavation greater than 3/8 inch and up to and
inciuding one inch.

=
ID. ©

ent
A L
in 1 .....

DaSSGS

Rejectable linear PT indications shown to be associated with the
casting need not be removed if VT inspection verifies the

indication to be iess than or equal to 1/4 inch in Iengtn. L1near
smAsAnatIAanme ad Fha Fan AL 2ha inlAd ~khall ha alisadad 2o 2l
inuIicaciviin at LIie Loe O] tne weid Snaii pé evaiuatea to une
regnactive weld clace far the weld involved Whoevrae tha linear
,\43')\'\'\-"\‘ LAASIR A ) wiuvao LAV E] Vi e 1 u HIIvwviveues mise i o wile e al
indication exceeds 1/4 inch in length, removal shall be as
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Rounded indications, up to and including
not be cause for rejection.

above.

snaii

estabiished in a.
5/16 inch diameter,

prprfah]n RT or UT

1nsta11at1on welds need not be removed if it is established that
the indications are contained within the casting. Comparison to
the radiographs of the casting of the area involved is an
acceptable method for assessment of the indications.

indications associ
! 0C1

~“Gu Q33

iated with fabrication or

~ TeQu

@]

Trnennr +3An wvmAamiitvamant o snrliudinas aviant and +una AF oo~ i ko
1u3pcuu|un requirements, inCiuGing €xtent anad type o7 iNSpection to be
nerformed for weld renaiy shall he hased unon the intended use of the
ne aTo ena n D€ Dased upon the 1ntenged use o7 itne

, support structure. For those castings
portions of the casting act as

cast1ng, e.g.

which fulfill mu]tlple functions, e. q

pressure hull envelope and other port1ons act as support structure, the
inspection requirements for the applicable usage location applies.
TABLE V. RT acceptance criteria for castings.
Thickness ASTM 1/ Hot tears | Inserts or
(inches) Standard | Shrinkage |[Porosity | Inclusion | or cracks |chaplets
Less than | E 446 CA 2 A2 B2 None None
1 CB 2
CcC 2
Cb 2
1 to 2 E 446 CA 3 A3 B3 None None
(B 3
CcC 3
¢b 3
Over 2 to |E 186 C (Type 1) A3 B3 None None
4-1/2 Level 3
C (Type 2)
Level 3
C (Type 3)
Level 3
Over 4- E 280 C (Type 1) A3 B3 None None
1/2 to 12 Level 2
C (Type 2)
Level 2
C (Type 3)
Level 3
1/ Evaluation of radiographs for acceptance shall be in accordance with the

applicable ASTM standard.
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7.6.2.2 Weld repair. Weld repairs in castings shall be interpreted to

the class III standards of NAVSEA 0900-LP-003-9000 (section II does not
apply). Indications appearing in the weld repair that are determined to be in
the casting and acceptable to the casting standard shall not be rejected. RT
prior to repair (for comparison) or UT after repair may be used for such

determinations. In apply1ng the standards of this section to casting weld
repair, the surface area of the casting repair shall be adjusted to the weld
surface area jllustrated in the strip porosity charts, with the maximum repair
aeptn determ1n1ng which chart is used. Interpolation may be employed for
thicknesses not shown and extrapolation for thicknesses beyond 4 inches.

Porosity, slag, lack of fusion or incomplete penetration may be judged in this
manner, that iq' by rnn<1dpr1nn the rppa1r area as a series of adjacent strips
of weld, if the extent of rena1r necessitates it, to allow comparison with the

por051ty illustrations and the slag, lack of fus1on and 1ncomp]ete
penetration charts.

7.6.3 RT_indications of surface imperfections. When weid spatter and
arc strikes in excess of the requirements set forth in this standard are
overlooked during VT and are shown as RT indications in the weld area, not
interfering with interpretation, the affected area need not be re- rad1ographed

but should be cleared and the action noted in the RT records. When doubt
exists as to the acceptability of RT indication of weld spatter, arc strikes,
gr1nd1ng marks, surface roughness or handling marks, a VT inspection shall be
made to the area in question. Final acceptance or reJect1on shall be based on

the results of such VT inspection and notation of this action shall be made on
the RT rnrnrd

viiG

7.7 UT inspection.

7.7.1 Materials. Materials shall meet the UT inspection acceptance
standards of the applicable base material specification.

7.7.1.1 MWeld repairs in castings. Weld repairs in castings that would
require RT in accordance with section 16 but cannot be RT insnected due to

MWW v TewLIiIviE AV, MUuL wuIlniv e l-l\o nai lllJP\o\.ﬂb\'u uue

configuration or obstructions may be UT 1nsnected for acceptance. The weld
surface shall be ground flush and 1nspected in accordance with the original
base material specification. In addition, a volume extending 1/2 inch from

the weld toes and equal to the depth of excavat1on shall be inspected in

oYY e nn/- ~Ana

as ~crea

accordance with NAVSEA 0900-LP-006-3010, ciass II requ1rements. The design
material thickness (DMT) shall be based on the depth of excavation.

7.7.2 MWelds. Acceptance standards for butt and corner welds inspected
by the UT method as specified in section 6, shall be in accordance with the
class 1 requ1rements of NAVSEA 0900-LP-006-3010. Acceptance standards for tee
welds 1nspected by the UT method, as specified in section 6, shall be in

accordance with the requirements of NAVSEA 0900-LP-006- 3010. In cases where
volumetric UT inspection of tee welds is required, acceptance standards shall

!
be in accordance with the class III requirements for full penetration butt and
corner welds of NAVSEA 0900-LP-006-3010. NAVSEA approval is reguired to use
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UT in lieu of specified RT except for those applications permitted by section
6. UT inspection of expansion areas required by footnote 2/ to table III
(when UT is substituted for RT) shall meet the above requirements.

7.8 PT inspection.

7.8.1 Welded joints. Weld joints shall be evaluated in accordance with
class 2 criteria of NAVSEA 0900-LP-003-8000.

7.8.2 Weld cladding. Weld cladding shall be evaluated in accordance
with NAVSEA 0900-LP-003-8000 as follows (see figure 5):

a. Inboard surfaces - class 3.
b. Seating or seal area - class 1.
c. Qutboard surfaces - class 2.
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8.1 Scope. This section contains the requirements of the receipt
inspection of HY-80/100 plates, bars, shapes, castings, forgings, and filler
materials used in welding submarine structures. Other required NDT shall be
as required by the acquisition specification.

Q 92 NArisman ad 3An Nariimantatian chmvinng - 'y

8.2 Documentation. Documentation showing compliance with the
requirements herein shall be part of the inspection records maintained as
required by section 5.

8.2.1 Responsibility. The receiving activity shall be responsiblie to
verify that the inspections required in this section are performed and

documented. Certified test results for all HY-80/100 materials, including
fiiler metais, snow1ng chemical and mechanical properties as determined by the
Aandtnand A cha11 A Ahtadannd and vmaviaunad Fanm ~amnlianca with +ha annlirahla
conLtrac Lur, Silai il lJt.' U dllb’u ailg reyvicwcu 1Ur LUlIpIIanee withlh Liic appilitavic
material specification. The receiving activity shall verify that each
manufacturer of material received has successfully completed and has a NAVSEA
approval letter for the first article test requirements for the type (plate
casting, etc.) and the specific grade (HY-80 or HY-100) of material.

8.2.2 Contractor inspection. Where the required inspection is
performed by the contractor or by other subcontracted representative prior to
mans Tnd +ha wmarnaint Tncenartinan ki +ha wmaratiuvina artrivyity chall ~ArAancict af
lﬁbclpb, Line ICLC:IIJL III)PCLLIUII IJ_Y LIT JTCLCivinyg atLiivily oSHailil LulisdiaLv vi
checking the required documentation against the material received for
compliance with the applicable material specification.

8.2.3 Receiving activity inspection. Where the required inspection has
not been made prior to receipt, the receiving activity shall perform and
record the inspection required by the acquisition document as well as the
inspections specified in this document.

4 8.3.1 MWrought HY-80/100 materials. Plates, bars, shapes, and forgings
shall be free of mill scale and extraneous matter in accordance with the

appliicable material specifications. When pickiing is used, heavy scale shail
hn hinalb s b £Vama dAacmnalina mwm ~dbbhanw ciiddahla means Tha nirklina +43ma chall
e Droken Uy I raie uestalinyg vr oLier >uiitapic pgealis. e picRiinyg vime sShall
be limited as necessary to prevent surface pitting. Excessive quantities of
nickel smut praoduces in pickling solution shall be removed. This requirement
applies only to finished items.

- 8.3.2 (Cast HY-80/100 materials. Cast materials shall have been cleaned
by abrasive blasting or mechanical processes in accordance with the appTicabTe
materiai specification. Scaie, fins, sand, and excessive rougn s 1 be

....... P N N Py e TR P .,.A-.n..,\.-l s aa mirmmmbh e an
rcmuvcu Uy mCL”dHILdI mears, UHICb) renouveud prior tU qucenciriny dld
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8.3.3 Priming. After cleaning, priming of HY-80/100 materials shall be
accomplished in accordance with the applicable material spec1f1cat1on.

8.4 HY-80/100 plate material. Records, as required by section 5, shall
be maintained for each plate or section of plate used in pressure hull
structure that is inspected for the following in accordance with the
applicable base material specification MIL-S-16216.

8.4.1 Surface defects. After the plate has been cleaned and primed, VT
inspection shall be made of both surfaces for surface defects.

8.4.2 Dimensions. Micrometer edge or UT gauging for thickness shall be
used.

8.4.3 Soundness. Material over 1/2 inch in thickness for pressure hull
structure shall be UT inspected for soundness.

8.4.4 Identification. Plate materials shall be identified.

8.4.5 Hardness. Plates 1/2 inch and greater in thickness shall have
hardness measurements taken at a minimum of two points, at diagonal corners.
These measurements shaii fail within the range of 200-260 Brinell hardness
numbers (BHN) for HY-80 and 230-290 BHN for HY-100.

8.5 HY-80/100 rolled or extruded shapes. Records of inspection, as
required by section 5, shall be maintained for shapes used in pressure hull
structure inspected for the following in accordance with the applicable base
metal specification MIL-S5-22664.

< m

L
T

8.5.1 Surface defects. A1l surfaces of shapes shall be VT inspecte
for surface defects. Unacceptable surface conditions shall be repaired as
specified in 8.10.2. Shapes which are flame or arc cut shall have the cut
surfaces VT inspected. If defects over 1/4 inch long are found, MT inspection

shall be performed on all cut surfaces on the involved material. These cut
surfaces shall meet the MT standards of section 7.

8.5.2 Dimensions. Shapes shall compiy with the specification
requirements for dimensions, squareness, straightness, camber, and freedom
from twist. This inspection shall be performed prior to fabrication.

8.5.3 Soundness. Structural shapes with web thickness over 1/2 inch
used in pressure hull structure shall be UT inspected to the acceptance
standards of section 7.

Q T Ao Ch s lhal
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0.0.4 iaenctiyicdiioii. 2M1dpES Slid i1 DE
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11€da.
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8.5.5 Hardness. Shapes shall have hardness measurements made at each
end. These measurements shall fall within the range of 200-260 BHN for HY-80
and 230-290 BHN for HY-100.
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shall be maintained for bars used in pressure hull structure inspected for the
following in accordance with the base material specification MIL-S-21952.

8.6 HY-80/100 bars. Records of 1ncnprf1nn as required by section 5,

8.6.1 Surface defects. Bars shall be VT inspected for surface defects.

Bars which are flame or arc cut shall have the cut surfaces VT inspected. 11
ALt ~iimm 17N 2mmbh Vowh e L. AT 2 PP T T T A P LU S s G |
aevecCis over 174 1ncn iony are jounu, |'|| IIl)pCLL]UH Silatil e peEriourmeua vn dll
cut surfaces on the involved material. These cut surfaces shall meet the MT
acceptance standard of section 7.

8.6.2 Dimensions. Bars shall comply with the inspection requirements.

8.6.3 Identification. Bars shall be identified.

Q &£ A Hawmdnace NDawve chall hauvna hawvdance mancitinamanmdes mada 23 AaAbk

O« narudliics>s. pars >Sliall Iave Jardrnicy>d> meas>urchiicrity niauc at calll
end. These measurements shall fall within the range of 200-260 BHN for HY-80
and 230-290 BHN for HY-100

8.7 Cast HY-80/100 material. Records, as requ1red by section 5,
including Tocation of nominal and special weld repairs performed in accordance
with section 16, shall be maintained for all HY-80/100 castings.

aQ 7 1 C.confcnmn ALk~ Huy onJ1nn -t 2 L1171 L UT 2ok O

O./.1 QJuriace uejecus. AT=-0U/1UU CdasLings snailil pbe vi inspeccteua r1or
compliance with MIL-S5-23008 for initial inspection, and section 16 for weld
repairs.

8.7.2 Dimensions. Dimensions shall be checked for acceptability to
acquisition specifications.

unacceptab]e soundness or surface defects shall be repa1red in accordance with
section 16. The following HY-80/100 castings require RT inspection to the
extent specified. UT inspection may be used in lieu of RT where geometry
wouid "OE yield sat1sTactory RT results or where casting thickness is beyond

122

practical RT limits.

FD
v
"U

8.7.3.1 Shooting sketch. Castings forming part of the pressure hull
envelope shall receive 100 percent RT inspection in accordance with a

radiograph standard shooting sketch.

8.7.3.2 Castings other than those forming part of the pressure hull
enveiope.




Downloaded from http://www.everyspec.com

8.7.3.2.2 Those areas designed to be stressed in excess of 2/3 of yield
strength, when yield is the basis for design, shall receive at least 75
percent RT inspection.

8.7.3.2.3 Those areas serving as support structure shall receive at
least 75 percent RT inspection.

.7.4 Hardness. Castings shall have hardaness measurements made at area
of m1n1mum and maximum thickness. These measurements shall fall within the
range of 200-260 BHN for HY-80 and 230-290 BHN for HY-100

8.8 HY-80/100 formed materials. Records of contractor repairs
performed in accordance with section 13, together with certified mechanical
test and RT results, shall be maintained as required by section 5 for all HY-
80/100 formed material.

8.8.1 Surface and soundness. Formed materials shall have been

ingnacted as reauired hv section Q to the Ann11rah1n reauirementg of thig

section for plate material surface 1nspect1on and soundness. Certified test
results and radiographs of welds in formed material shall be obtained by the
receiving activity and reviewed for compliance with this document and
applicable specifications.

8.9 HY-80/100 forgings. Records of inspection, as required by section
5 for the following items, shall be maintained for forgings used in pressure
hull structure inspected in accordance with base material specification.

8.9.1 Surface defects. Forgings shall be VT inspected for compliiance
with MIL-S-23009.

- 8.9.2 Dimensions. Dimensions shall be checked for acceptability to
acquisition specification.

8.9.3 Soundness. Forgings shall have been MT and, when specified, UT
inspected as required by MIL-S-23009.

8.9.4 Identification. Forgings shall be identified.

8.9.5 Hardness. Forgings shall have hardness measurements made at area
of minimum and maximum thickness. These measurements shall fall within the
range of 200-260 BHN for HY-80 and 230-290 BHN for HY-100.

8.10 Grinding and welding repairs. Repairs of unacceptable surface
conditions disclosed during VT inspection of HY-80/100 material surfaces shall
be accomplished in accordance with the following requirements.

8.10.1 MWeld repairs of mill defects on plate surfaces. Surface
roughness in excess of that permitted in the base material specification, and
which cannot be repaired by grinding, shall be weld repaired in accordance
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with the base material specification. Welding requirements for these repairs
shall be in accordance with section 13.

8.10.2 Shape surface repairs. Surface tears, scores, seams, scabs,
[ R b PN el o~ mmAd cnnla 2w AvAncco ~Af +ha haco matavrial cnarisfiratinn
priseers, Iidps, >SldKkes, aliud >talit IH EXCESS Ul LI pddT maitcri iail Spcuii itaciuvii
shall be removed by grinding provided the thickness is not reduced below that
allowed by the base material specification.

8.10.2.1 MWeld repairs. At the time of shape surface inspection,
surface 1mperfect1ons of sufficient depth to reduce the shape material below
that perm1tted in the base material spec1f1cat1on and which cannot be

repaired by grinding, shall be weld repa1rea in accordance with the base

madandal cnn~d 2L IAnTAIAr s £ +haca vranaive chall ha in
materiai SpeCil icat iuiis. WCIUIHQ lchIlCmCHL) 11U LINE>T 1Tpalr > Shiiair vc il
accordance with section 13.

8.10.3 Forging surface repairs. Grinding shall be employed to remove
unacceptable surface defects within the limitations of the base material
specification.
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8.11 Welding filler materials. Records of inspection required
section § sha11 be maintained for all electrodes Tisted in section 10
ha
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d y the rece1v1ng activity and reviewed for
compliance with the app11cab1e material specification.

8.11.1.1 Manual shielded metal arc electrodes. Chemical analysis shall
be made from coated electrode weld deposits as specified in MIL-E-22200. The
sampling plan for selection of samples for deposition of chemical analysis pad
shall be in accordance with table VI. Each lot of ferritic manual shielded

metal arc electroaes sna|| be as 1aentn1ea Dy the contractor with lot

AL 22 B P - = - i
definition as specified in MIL-E-22200, level B.

o
~I
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TABLE VI. Electrode sampling plan.

Level I Each lot of material submitted by a single contractor shall
be sampled. Upon obtaining five consecutive acceptable
sampie Tots, sampliing shall be made at Tevel II.

Level II 1/ |One lot selected at random from each five lots submitted by
a contractor shall be sampled. Upon obtaining ten
consecutive acceptable sample lots, sampling shall be made
at level III.

Level III 1/|One lot selected at random from each ten lots submitted by a
contractor shail be sampied. Upon obtaining 15 consecutive
acceptable sample lots, sampling shall be made at level IV.

Level IV 1/ l0ne lot selected at r .“”dom from each 20 lots submitted by a
contractor shall be sampled.

1/ If an unacceptable sample lot is obtained at level II, III or IV,
sampiing level shall revert to tne next lower (more restr1ct1ve) level
until satisfactory performance is demonstrated by conformance with the
requirements at that level

8.11.1.2 Gas metal arc spooled bare wire.

Chemical analysis shall be

made from gas metal arc spooTed wire sampTes taken from each lot to determine

specification compianc
~f £

E\nk 1A+

e
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v
n
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8.11.1.3 Submerged arc flux-wire combinations.

T Terr
f1n1
A3 I ) 1]

e. One sampie per lot shail be taken for analysis.
ic bare wire electrode shall be identified by the contractor
n as specified in MIL-E-23765.

Chemical analysis shall

be made from submerged arc flux-wire combinations taken from each wire-flux

lot combination to determine specification compliance.

Analysis may be made

from weld deposits using methods similar to those outlined in MIL-E-22200.

tacn
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9.0 FORMED MATERIALS AND WELDS

9.1 Scope. This section covers requirements for additional forming of
HY-80/100 plate, for g1ngs and roiied extruded or fabricated shapes (for
castings, see section 10}, ueyonu that DETmTLLeu uy the dppllLdUIc material
specifications.

9.2 Hot forming. Hot forming operations shall be performed between
1600 degrees Fahrenheit and 2150 degrees Fahrenheit.

9.2.1 (Contaminants. Prior to hot forming operations, the surfaces of
the material to be formed shail be free of oil, grease, zinc, lead, tin,
copper, and substances which contain these materials or elements, or other low
maltina nnint allavc
lll\.lbllls PUIIIL ullVyJ.

9.2.2 Base material testing. After forming, the material shall be heat
treated to produce properties conform1ng to those spec1f1ed in applicable
material specifications. Test specimens for determining properties shall be
removed from material which is an integral part of each hot formed and heat
treatea piece after final heat treatment and complet1on OT

e aa o

-Hn
Ao | il
ing an

2
yd
w

7 9.2.3 Thickness and soundness tests. After heat treatment, each hot
formed piece of HY-80/100 material shall be subjected to thickness and
uitrasonic soundness tests to the extent required in section 8.

Q 2 A Ciivfara sncenartinn AfF+anavr hont +vastmantd and A~loaanina +ha

Tel o7 JUl 1 QLT 1HHOPDTULL IV, ni Ll jIficats LircatchHiciivc aliu Llcdllllly, Lnce
surfaces of the hot formed HY-80/100 material shall be inspected in accordance
with section 6. Surface areas that are elongated in excess of 15 percent in

the process of hot forming shall be MT 1nspected in accordance with section 6.
Figure 17 may be used as an aid in determining elongation. When repairs are
required, they shall be performed in accordance with sections 13 and 14.

n r [T PO [ [ R Sy _— .= Y22 L& Lo b == L _a I U S |
§.2.5 Welding procedure quaiification for hot formed and heat treated
u:n]fl A laual niimhoav 1 nvaradiivae MmialifFimatbrinan +act ar Aacrmshad 3 MTI
Clu.). n ICYCT | 11TUinvcCH F s plubcuulc |.|ualll teacv i LC)L, ad> uUcoul ucu I riL-
STD-248, shall be performed to qualify any electrode employed for weld joints,
temnorarv welds, or welded surface repairs in material which is to be
subJected to hot forming and heat treatment after such weld1nq. The

qualification test plate shall undergo cycling representative in magnitude and
time at temperature of that employed in hot forming and subsequent heat
treating operations.

Q 2 & Dwvnnadiirdasnn wnld +actdinn LnlAd matal smnarmd and +ancsla +acdc

Tel U FTUUULLIUIL WT IU LTCOLITNIY. nciu gictal IIIPGLL anu Leris 1 I LeH>LY
shall be performed for each piece of hot formed and heat treated material
which contains a weld deposit prior to hot forming or heat treating. Test
results shall meet the requ1rements of MIL-E-22200/10 for minimum yield

UMLLLF LUIILL JLUIIUUTL U v fe L U8 U S AV L
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9.2.6.1 MT inspection of hot formed welds and base metal repair welds.
After heat treatment, all weld joints, temporary weld sites, or areas of
welded surface repair, welded prior to heat treatment, shall be subjected to a
MT inspection in accordance with section 6.

9.2.6.2 RT inspection of hot formed welds. After heat treatment, all
complete penetration butt welds in hot formed HY-80/100 material shall be
radiographed in accordance with section 6.

9.2.6.3 Hot formed we]ds and base meta] repair we]ds. Hot formed we lds

- L L PR R Sy PP P T PPN A ~e
treating in accordance with the requirements herein, shall be considered as
base metal for the purpose of any further inspection requirements stated in
section 6.

9.3 (Cold forming. Cold forming operations shall be performed below 500
degrees Fahrenheit. Cold forming may be done on fully heat treated material
and welds in such material.

9.3.1 Surface inspection requirements for cold formed materiail. MT
inspection shall be performed on all finished tension surfaces of any HY-
80/100 material which is cold formed in excess of 12 percent total elongation.
When these tension surfaces are machined, final MT inspection shall be

performed after finish machining. F1gure 17 may be used as an aid in
determining elongation.

9.3.7 Inspect1on requ
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i 9.3.3 Requirements for cold formed welds. Welds shall not be cold
formed in excess of six percent total elongation unless otherwise approved.
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9.4 Forming restrictions. Forming in the temperature range between the
hot and cold forming temperatures is prohibited due to embrittling effects.
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10. WELDING MATERIALS

10.1 Scope. This section covers filler materials to be employed for
fabrication of HY-80/100 materials.
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spec1f1ca]]y approved by NAVSEA (see note 5/ of table VII) Equivalent bare
wires may also be used. When HY-80/100 is joined to 0SS/HSS and a high
Strengtn JO]ﬂt is requ1red Dy des1gn analys1s the appllcable draw1ng(s) shall
SﬁéCily the joint be welded with the app|1caD|e nlgn Strengtn weliding
materials specified in table VII for joining HY-80/100 steel to itself.

10.3 HY-80/100 to non-ferrous and austenitic materials. Unless
otherwise approved, the filler material ty e, specifications, and the
associated welding process shall be restricted to the applications listed in
table VIII.

10.4 Receipt inspection. Welding materials shall be receipt inspected
as required by section 8.

10.5 Conditioning and maintenance of MIL-7018-M, MIL-8018-C3, MIL-
10018-M1, MIL-11018-M, and MIL-12018-M2 electrodes. These electrodes may be
used directly from manufacturer's hermetically sealed containers without
baking prior to initial issue. (See note 5/ of table VII for moisture and

- = am A aane

moisture resistance restrictions on MIL-8018-C3 and MIL-11018-M eiectrodes).
Subsequent issue shall meet the requirements of 10.6. Where the moisture
requirements of 10.6 are exceeded or where deemed necessary by the activity
concerned, baking followed by storage in holding ovens shall be accomplished
in accordance with the following.
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TABLE VII. Filler materials, HY-80/100 to HY-80/100
or other ferritic steels.
Filler  material
Process Specification Application
Type number
SMAW MIL-12018-M2 1/ MIL-E-22200/10 HY-100 to HY-100
MIL-10018-M1 MIL-E-22200/10 A1l 2/
HY-100 weld repairs 3/
MIL-11018-M MIL-E-22200/1 A1l 2/
1/ 4/ 5/
MIL-7018-M MIL-E-22200/10 0SS to HY-80/100
HSS to HY-80/100
MIL-8018-C3 5/ MIL-E-22200/1
GMAW, SAW, |MIL-120S-1 6/ 7/ | MIL-E-23765/2 HY-100 to HY-100
GTAW
semi-auto- | MIL-100S-1 6/ 8/ | MIL-E-23765/2 A1l 2/
matic or
automatic MIL-70S 6/ 9/ | MIL-E-23765/1 0SS to HY-80/100
HSS to HY-80/100
FCAW MIL-110TC MIL-E-24403/2 A1l 2/ 10/
MIL-101TC
MIL-101TM
MIL-101TS
MIL-100TC
MIL-100TM
MIL-100TS
MIL-7XT-1-HY MIL-E-24403/1 0SS to HY-80/100 10/
MIL-7XT-X-HY HSS to HY-80/100 10/

MIL-7XTX-X-HY
MIL-8XTX-X-HY

B e e L L e e

Lower strength filler materials may be used for tack welds not to exceed

three weld layers in joints subsequently completed with MIL-120 type
weld materials when used with a welding procedure qualified in
accordance with section 4 and when approved by NAVSEA.
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Except HY-100 to HY-100.

Limited use for repair of fillet or groove tee welds in HY-100 material
as permitted in section 13.

MIL-11018-M electrodes must be specifically approved by NAVSEA.
MIL-8018-C3 and MIL-11018-M type electrodes in accordance with MIL-E-
22200/1 must meet the moisture and moisture resistance requirements of
MIL-E-22200/10 and be specifically approved by NAVSEA.

The use of the SAW process for HY-100 applications is not allowed unless

For the SAW process, use qualified neutral granular flux MIL-120S-1F

with reduced moisture requirements and use wire with reduced hydrogen
requirements as specified in MIL-E-23765/2.

For the SAW process, use qualified neutral granular flux MIL-100S-1F.

For the SAW process, use qualified neutral granular flux MIL-70S-1F.

The FCAW process is limited to non-pressure hull applications unless
approved by NAVSEA on a case basis.
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TABLE VIII. Filler materials, HY-80/100 to non-ferrous metals
and austenitic steels.
Filler material
Process Specification Application
Type number
SMAW MIL-309-15/16 MIL-E-22200/2 Welded joints between
MIL-309Cb-15/16 HY-80/100 and stainless
MIL-310-15/16 steel and for clad
MIL-310Cb-15/16 welding these alloys.
SMAW MIL-4N11 MIL-E-22200/3 Welded joints between
MIL-9N10 HY-80/100 and nickel
MIL-8N12 copper/copper
nickel/nickel chromium
iron alloys and for clad
welding these alloys.
MIL-1N12 Cladding.

GMAW, MIL-309 MIL-E-19933 Welded joints between
GTAW, SAW MIL-309Cb HY-80/100 and stainless
1/ steel and for clad

welding these alloys.

GMAW, MIL-EN6O MIL-E-21562 Welded joints between
GTAW, SAW MIL-EN61 HY-80/100 and nickel
1/ MIL-EN62 copper/copper

MIL-EN-82 nickel/nickel chromium
MIL-EN625 iron alloys and for clad
welding these alloys.

GTAW MIL-RN60 MIL-E-21562 Welded joints between

MIL-RN61 HY-80/100 and nickel

MIL-RN62 copper/copper

MIL-RN82 nickel/nickel chromium

MIL-RN625 iron alloys and for clad
welding these alloys.

1/ The use of the SAW process for HY-100 applications is not allowed unless
approved by NAVSEA on a case basis.
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10.5.1 Baking. These electrodes shall be conditioned by baking at a
temperature of 800 degrees Fahrenheit plus or minus 25 Fahrenheit degrees
using a total time at temperature of 30 minutes to 1 hour. Variation to this
time and temperature may be used provided the procedure is approved.

10.5.1.1 Loading temperature. Electrodes shall not be placed in the
oven for baking while the temperature of the oven exceeds 300 degrees
Fahrenheit.

10.5.1.2 Heating rate. During baking, the temperature of the oven
shall not be raised more than 300 Fahrenheit degrees per hour where oven
temperatures are 500 degrees Fahrenheit and above.

10.5.1.3 Time above 500 deqrees Fahrenheit. The total elapsed time at
oven temperatures above 500 degrees Fahrenheit shall be kept to a minimum.

10.5.1.4 Charging the oven. In charging the oven, the electrodes shall
be spread on suitable trays. Electrodes can also be placed into open aluminum
cans held in the vertical position. Trays or cans shall not be fabricated
using any material which melts at less than 1000 degrees Fahrenheit.

10.5.1.5 Baking oven type. Automatically controlled, forced convection
or circulation ovens capable of baking electrodes in accordance with 10.5.1
shall be used.

10.5.1.6 Baking controls. Oven controls and recording instruments
shall be checked at periodic intervals in accordance with an established
calibration program.

10.5.2 Storage in holding ovens. Electrodes which have been baked
should be transferred to holding ovens while still hot without being allowed
to cool below 150 degrees Fahrenheit. Transfer shall be protected from
inclement weather.

10.5.2.1 Holding oven temperature. Holding oven temperature shall be
225 to 300 degrees Fahrenheit. Holding ovens shall be used for storage of
electrodes removed from the baking ovens.

10.5.3 Rebaking. Electrodes may be baked by the receiving activity
more than once provided each electrode brand is initially tested after a
maximum proposed number of baking cycles and shown to meet specification
requirements for moisture, usability, all-weld-metal tensile mechanical
properties, and chemistry. Re-certification of each electrode brand to the
above requirements shall be performed annually.

10.6 Exposure of MIL-10018-M1, MIL-11018-M, MIL-12018-M2 electrodes
(and MIL-7018-M, MIL-8018-C3, when used as permitted under 10.2.1). Upon
removal from the manufacturer's hermetically sealed containers or holding
ovens, electrodes shall not be used after being exposed to the atmosphere for
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10.6.1 Returned electrodes. Electrodes turned in before 9 hours
exposure shall be returned to the holding ovens for 8 hours prior to re-
issue. Electrodes turned in after 9 hours exposure shaii be rebaked subject
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10.6.2 Moisture tests. At least four electrode moisture test samples

shall be taken per week from welders at their job sites. The moisture
determination shall be made in accordance with procedures outlined in MIL-E-
22200. Where the average number of welders per week is six or less, the
moisture samples may be reduced to sampling one-half of the welders. If two

or wore sampies in the same week or one sampie in each of two consecutive
wonlkc ovrood fhn r‘n:\i'inn mr\1'c+nv‘n Timitatinne nf the annlirahle alartvrarda
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§pec1f1cat1on§ corrective and preventative action 5ha11 be taken and the

n
sampling frequency shall be increased to at least twice each week until the
condition is corrected. When it can be demonstrated that conformance with
specification requirements is in control, the level of inspection (number of
sampies and surveiiiance frequency) may be reduced in accordance with a NAVSEA

...................... - b - PR i oo
approved procedure. Records shail be kept as required by section 5.

10.7 Austenitic and non-ferrous covered electrodes. Low hydrogen type
stainless steel and non-ferrous covered electrodes shall be used within 9
hours after issue or if otherwise exposed to the atmosphere, shall be held for
at least 8 hours in a vented holding oven maintained at 150 to 300 degrees

Fahrenheit prior to re-issue.

10.9 Neutral granular flux. Neutral granular flux shall be stored in a
dry area.

0.9.1 Preparation for use. Prior to the start of any weiding
on neutra] granular flux shall be heated to 250 degrees Fahrenheit
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10.9.2 Re-use. Unfused neutral granular flux may be re-used subject to
the following conditions:
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b. If flux is not warm to the touch, it shall be reheated to 250
degrees Fahrenheit minimum.

10.9.3 Neutral granular flux for HY-100 SAW.
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10.9.3.1 Preparation for use. Neutral granular flux for use with

HY-100 SAW may be used directly from the manufacturer's hermetically sealed
container without baking prior to initial use. Where the moisture
requirements of MIL-E-23765/2 are exceeded or where deemed necessary by the
activity concerned, baking followed by storage in hoiding ovens shaii be

L Ny = o L L
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10.9.3.2 Storage. Upon removal from the manufacturer's hermetically
sealed container or after baking, neutral granular flux for use with HY-100
SAW shall be stored in holding ovens at a minimum temperature of 250 degrees
Fahrenheit.

10 9.3. 3 Re e

-us Unfu r flux for use with HY-100 SAW
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a. Flux shall be collected from clean, dry work pieces.

b. Flux shall be re-baked in accordance with an approved procedure
prior to re-use.

10.9.3.4 Contractor responsibility. The contractor shall establish and
maintain written flux control procedures which will ensure that flux moisture

levels in the production we]d1ng process do not exceed filler material
procurement specification requirements.

10.10 Identification. Electrodes, welding wire, and the flux shall be
identified up to the point of usage.

10.10.1 Coated electrodes. FEach coated electrode shall have
distinguishable color code, type designation, or classification number
marking. If markings are destroyed by bak1ng or other means, electrodes shall

not be used until suitable identification is restored.

10.10.2 Bare fiiier metai. Each spooi or coil of bare fiiier metai
shall carry an identifying label. Each piece of bare filler metal shall have
distinauichabhle color coda tuna decianation or claggification numher
\-IlJl-lllsulJllulJ LA™Y ww v “vuw , DJP\' UDJI\_-'IIUD LA 2 R ] v 1 S22 T IVII LR v awy ]
marking.

10.10.3 Neutral granular flux. Each container of neutral granular flux
shall be labeled by type.
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11. WELDING DESIGN

11.1 Scope. This section governs the use of certain weld joint designs
in each design group with respect to selected HY-80/100 submarine structure,
specifies the minimum weld joint efficiency requirements for structural
connections, and encourages designing for fabrication.

11.2 Design for HY-80/100 pressure hull structure welding. A1l welds
in or to the pressure hull structure should be designed to permit fabrication
by the GMAW process. Manufacturing plans for detailing fabrication or
erection sequences, welding processes and procedures, and NDT shall be
developed concurrently with the detailed design plans. The manufacturing plan
shall be approved by the shipyard welding engineer. The shipyard welding
engineer shall determine: (1) if the GMAW or SAW process can be used based on
the accessibility for welding equipment, etc., (2) if an alternate welding
process should be used, (3) if structure redesign is necessary for welding.

11.3 Functional joint requirements. The required joint efficiencies of
table IX, column 2, are the minimum efficiencies which will develop the
intended functional strength of the itemized connections and shall be used.
The group of joint configurations permitted for use in fulfilling the required
Jjoint efficiencies shall be as specified in table IX, column 3. The notes in
column 4 are applicable to the specific item.

TABLE IX. Weld joint design requirements.
Column 1 Column 2 Column 3 | Column 4
Structural category and connection Minimum Weld Notes
or type of weld required joint
efficiency design
(percent) group
I. Pressure hull structure.
A. Pressure hull envelope.
1. Welds in pressure hull envelope.
(a) Welds joining pressure hull
envelope material (unless
otherwise stated below). 100 B, T, C

See footnotes at end of table.
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TABLE IX. MWeld joint design requirements. - continued
Column 1 Column 2 Column 3 Column 4
Structural category and connection Minimum weld Notes
or type of weld required joint
efficienc design
(percent) group
1/ 2/
(b) Compensating penetrations. 100 T, PT, C 3/ 4/
(c) Noncompensating penetrations. 100 T.PT, C 4/
2. Welds to pressure hull envelope.
{a) Frames and floors to hull.
(1) External, 100 T
(2) Internal. 100 T.PT 5/
(b) Hard tank stiffeners to hard
tank plating.
(1) Stiffeners on pressure
side. 100 T, PT 5/
(2) Stiffeners not on pressure 75 T, PT
side.
(c) Attachment welds (see 3.38.1) 100 T, PT
(d) Connections of foundations,
tanks, bulkheads to pressure
hull envelope. 100 T, PT 6/
(e) Attachment of fairwater and
superstructure. 100 T, PT 1/
(f) End connection of primary and
secondary stiffeners. 100 T, PT 5/

See footnote

s at end of table.
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TABLE IX. Weld joint design requirements. - continued
Column 1 Column 2 Column 3 Column 4
Structural category and connection Minimum Weld Notes
or type of weld required joint
efficiency design
(percent) group
1/ 2/
(g) Stiffeners of trunks, tunnels,
missile tubes, and seachests
to boundary plating.
(1) External. 100 T
(2) Internal. 75 T, PT
(h) Attachment of vertical keel. 100 T, PT 5/
(i) Attachment of non-support
structure to pressure hull
envelope. 75 T, PT
B. Support structure.
1. Welds joining support structure.
(a) Welds joining support
structure material (unless
otherwise stated below). 100 B, T 10/
(b) Pressure hull envelope frame
web to flange. 100 T, PT 6/
(c) Bulkhead primary stiffener.
(1) End connections. 100 T, PT 5/
(2) Web to flange and tank or
bulkhead. 75 T, PT, C
(d) Bulkhead secondary and panel
stiffener.
(1) End connections. 100 T, PT 6/

See footnotes at end of table.
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TABLE IX. Weld joint design requirements. - continued
Column 1 Column 2 Column 3 Column 4
Structural category and connection Minimum Weld Notes
or type of weld required Joint
efficiency design
(percent) group
1/ 2/
(2) Web to flange, tank or
bulkhead.
(a) For 1/8 length from
ends. 75 T, PT, C
(b) Remainder. 50 T, PT, C
(e) Penetrations.
(1) Compensating. 100 T, PT, C 4/
(2) Penetrations through
special sandwich bulkheads
with soiid filier. 100 PT 4/ 8/
(3) Water or cil tight. 75 T, PT, C 4/
(4) Other penetrations not
listed above. 50 T, PT, C 4/
2. Welds to support structure.
{a) Tilting brackets. 50 T, PT, C
(b) Attachment welds. 100 T, PT, C 9/
(c) Connections of foundations,
tanks to support structure. 100 T, PT, C 11/

IT. Containment structure -
requirements for containment structure
shall be obtained by referring to the
applicable support structure in
category I.B.1 above.

Joint design

See footnotes at end of table.
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TABLE IX. Weld joint design requirements. - continued
Column 1 Column 2 Column 3 Column 4
Structural category and connection Minimum Weld Notes
or type of welid required joint
efficiency design
(percent) group
1/ 2/
I11. Non-pressure hull structure.
A. Intermediate pressure tanks
1. Welds in intermediate pressure
tanks.
(a) Welds joining intermediate
pressure tank material
unless otherwise stated
helow). 100 B, T, C
(b) Penetrations.
(1) Water or oil tight. 75 T, PT, C 4/
(2) Other 50 T, PT, C 4/
2. Welds to intermediate pressure
tanks.
(a) Stiffener web to plating.
(1) Stiffener on pressure
side. 100 T, PT 6/
(2) Stiffener not on
pressure side. 75 T, PT
(b) End connections of
stiffeners. 100 T, PT 6/
(c) Stiffener web to flange. 75 T, PT, C
(d) Tilting brackets. 50 T, PT, C
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TABLE IX. Weld joint design requirements. - continued
Column 1 Column 2 Column 3 Column 4
Structural category and connection Minimum Weid Notes
or type of weld required joint
efficiency design
(percent) group
1/ 2/
(e) Connection to structure
other than pressure hull
envelone 1NN T r
VYL IUPC. 1UvV l, v
(f) Attachment welds. 100 T, PT, C aq/
B. Low pressure (soft) tanks.
1. Welds in low pressure tanks.
(a) Welds joining low pressure
soft tank material (unless
otherwise stated below). 100 B, C, T 1/
PT
(b) Pentetrations.
(1) Water or oil tight. 75 T, PT, C 4/
(2) Other 50 T, PT, C 4/
2. Welds to low pressure tanks.
(a) Connection to structure
other than pressure hull
envelope. 100 T, PT, C 7/
(b) Stiffener end connections. 100 T, PT 7/
(c) Stiffener web to flange and
stiffener web to tank
plating. 75 T, PT, C
(d) Tilting brackets. 50 T, PT, C 9/
(e) Attachment welds. 100 T, PT, C 9/
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Downloaded from http://www.everyspec.com

MIL-STD-1688A(SH)

TABLE IX. Weld joint design requirements. - continued
Column 1 Column 2 Column 3 Column ;
Structural category and connection Minimum Weld Notes
or type of weid required joint
efficiency design
(percent) group
1/ 2/
C. Foundations.
i. Welds in foundations
(a) Welds joining foundation
material (unless otherwise
stated below). 100 B, T, PT, 1/
C
(b) Penetrations.
(1) Water or oil tight. 75 T, PT, C 4/
(2) Other. 50 T, PT, C 4/
2. Welds to foundations.
(a) Connection to structure
other than pressure hull
envelope 100 B, T, PT, 1/ 9/
C
(b) Tilting brackets. 50 T, PT, C
(c) Attachment welds and welds
to foundations. 100 T, PT, C
D. Non-support structure.
1. Welds in non-support structure.
(a) Welds Jo1n1ng non-support
structure material {(unless
otherwise stated below). 100 B, T, PT, 1/
C
(b) Butt welds in vertical keel. 100 B
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See footnotes at end o
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NOTES TO TABLE IX

1/

2/

lo (o
~ ~

The weld joint efficiency may be reduced by use of MIL-STD-1628 when
approval is obtained on a case basis.

Where specific connections are Tisted, the minimum required joint
efficiency and the allowed design group are shown in columns 2 and 3.
Where specific connections are not listed in column 1, the joint
efficiency and weld joint design group for this connection shall be that
required for similar connections in the same structural category.

Only joint PT2V.2 and PT2J.2 of design group PT may be used.

Weld buildup is required on all penetrations containing 0.20 percent
carbon and higher, prior to welding into structure.

Only joint PT2V.5 of design group PT may be used with a NAVSEA
specifically approved automatic or semi-automatic welding procedure.
(Modification of PT2V.5 joint design for welding procedures using
automatic SAW for all weld passes will be considered by NAVSEA). No
group PT joints (except for round bar or tubing connections, see figure
18) shall apply to welds in reactor plant tanks, or to that portion of
frame to pressure hull envelope welds, interrupted by penetrations (such
as trunks or valves) within a distance of two times the frame depth from
the penetrations, or to the periphery joints of holding bulkheads.

Only joint PT2V.5 of design group PT shall be used. No group PT joints
(except for round bar or tubing connections, see figure 18) shall apply
to welds in reactor plant tanks, or to that portion of frame to pressure
hull envelope welds, interrupted by penetration (such as trunks or
valves) within a distance of two times the frame depth from the
penetration, or to the periphery joints of holding bulkheads.

Joint efficiency of 90 percent is acceptable when a backing bar is
required due to inaccessibility. When a backing bar joint is used, the
nominal stress at the joint shall not exceed 90 percent of the normally
allowable stress.

See figure 19.

C25.1 joint design is also allowed for attachment welds (see 3.38.1) to
category I.B, II, and III structures.

Grooved backing may be used for pressure hull framing butt welds to
facilitate welding from one side, but must be removed upon completion of
welding.

No backgouging is required for pressure hull frame web and flange to
tank top.
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11.4 Design group classification.

a. Permanent backing strap joints shall not be used in joints subject
to cyclic loading where the weld root will be subject to a tensile
bending stress equal to 1/2 the base metal yieid strength or
greater.

b The material thickness Timitation of MIL-STD-22 is not applicabhle.

The limitation of 11.4.2 through 11.4.5 apply only to joint designs used in
the pressure hull envelope, containment and support structure. Groove joints
within the same design group may be interchanged without drawing change

provided joint efficiencies are not reduced. Fuii penetration Jjoint designs
mavs ha nead whavma navti1al nanatmatinan dntnt Aacirne awva cnans s € aAd LihAawva +hic
lluy YT uotTu whtitc pariial pTiiciracvivn JguiiL UC)IBII) arc )PCLII ITU. micrc Laird
is done, the inspection requirements for the partial penetration joint design
apply.

11.4.2 Group B joints. Group B joints are butt welds (B1v.1, B1V.2,
B1v.3, B2v.1, B2v.3, B2U.1, B2U.2, B2U.3, B2U.4, and B2U.5). When a backing
strap is used in a butt joint and is not removed, the efficiency shall be 90
percent maximum. If the backing strap is removed and weld exposed by removal
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percent.

11.4.2.1 Butt welding of members of unequal thickness, including
inserts in pressure hull structure and structural intermediate pressure tanks,
shall require chamfering of the thicker member as specified in MIL-STD-22.
Periphery weids of inserts jocated eisewhere may be designated as corner or

+an AnTnd inlde
LCT JU"'L "Clu).

11.4.3 Group T joints. Group T joints are groove tee welds (T2V.1,
T2v.2, T2J.1, T1v.1, T1v.2, and T12J. 2). Groove tee joints when welded from
both sides with electrodes of section 10 or combinations thereof have a
maximum efficiency of 100 percent. When backing straps are used and not

removed, the maximum efficiency shall be 90 percent. If the backing strap is
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11.4.4 Group PT joints. Group PT joints are partial penetration groove
tee or double fillet tee joints (PT2S.1, PT2v.1, PT2J.1, PT2J.2, PT2V.2,
PT2V.3, PT2V.4 and PT2V.5). 1In the case of round bar or tubing, they are

51ng|e Tiliet JOints (PT1S.1). The strengtn of group PT welded JOints shall
be in accordance with MIL-STD-1628. Since MIL-STD-1628 is based on doubie
fillets, PT1S.1 single fillet sizing must be doubled. When welded with filler
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materials specified in section 10, joints PT2v.3, PT2V.4 and PT2V.5 are 100
percent efficient.

11.4.5 Group C joints. Group C joints are corner joints (C2v.1, C2V.2,
C2v.4, C2v.5, C2v.6, C2U.1, C2J.2, C2J.3, C2J.4, C2J.5 and C2J.6). Full
penetration corner joints welded from both sides with the electrodes of
section 10 or combinations thereof have an efficiency of 100 percent. When
backing straps are used and not removed, the maximum efficiency shall be 90
percent. If the backing strap is removed, and the weld exposed by removal of
the backing bar passes the required NDT, the joint has an efficiency of 100
percent.

11.4.6 Other joints. When joint configurations other than those
specified in this section are employed, the joining shall be detailed on the
drawing and approved for the ship involved, or the special joint shall be
specifically approved by NAVSEA as an acceptable alternate and contained in a
qualified welding procedure. Such joints shall meet the efficiency and design
requirements contained herein or any limitations imposed via approval.

11.5 Design requirements.

11.5.1 Penetrations. The toes of welds connecting penetrations in the
pressure hull envelope shall be separated from the toe of any full penetration
or partial penetration weld in or to the pressure hull envelope by a minimum
of 3/4 inch. If either is a fillet weld, the minimum separation shall be 1/2
inch. Penetrations not in the pressure hull envelope are exempt from this
requirement.

11.5.1.1 Penetrations in the pressure hull envelope shall not intersect
full penetration welds except where absolutely necessary. In those instances
where it is necessary for a penetration to intersect a butt weld, the
penetration should preferably be centered on the butt weld or shall intersect
the butt weld with the penetration weld overlapping the butt weld by at least
3/4 inch as shown on figure 20.

11.5.1.2 The distance between the centerline of a penetration in the
pressure hull envelope and an adjacent frame, floor, or bulkhead shall be a
minimum of 20 percent of the frame space, subject to non-interference with
flanges for welding accessibility.

11.5.2 Projection of penetrations or liners. The projection of
penetrations greater than 4 inches in diameter or liners through the pressure
hull envelope shall be one inch or less for the full circumference or length
of the penetration or liner, unless the joint can be UT volumetrically
inspected as specified in 6.8.4. Any exception to this requirement, must be
approved on a case basis.

11.5.3 Inserts, patches, and small access plates. The minimum diameter
of an insert, patch, or small access plate in the pressure hull envelope shall
be 4T (four times the thickness (T) of the member penetrated) or 6 inches,
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whichever is greater. The minimum diameter of an insert, patch, or small
access plate in plating and structure other than the pressure hull envelope
shall be 4T or 3 inches, whichever is greater. Corners of inserts, patches,
or small access plates in the pressure hull envelope shall have a minimum

radius as shown on figure 21, except where those inserts, patches, or smali
...... madtamr YTaouvd A £..7TT nnmnmAadian A hoadtd oAalA~ annn\nh Af Ancawntc
aCLled> Pldl. > tdnu VUit 1uii pCllCleLIUII putt weidas. LUIIITE O VI 1iocTI Lo,
natches or small access nlates in nlating and structure other fhan nressure
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hull envelope shall have a minimum radius as shown on figure 22.

11.5.3.1 Inserts, patches, or small access plates in the pressure hull
envelope shall not intersect any other full penetration butt welds unless they
land on these welds or cross them at an angie of 90 pius or minus 15 degrees
as shown on figure 23. When the boundaries of inserts, patches, or small

arrocc nlatae in +tha nracar TR nnuo]nnn Tand aAn nv1c+1nn fn]] nonptra
uvueewoo Plub\..) n Vil Pl\a-,o i wilve P 1Tl Vi VA TIu lII:-’ LIR ] Wil VI A

ra +
butt welds, the common length of weld shall not be less than 12 inches. When

the boundaries of inserts, Datches or small access plates in the pressure
hull envelope do not land on existing full penetration butt welds, the toes of
the insert, patch or small access plate welds shall be a minimum of 3 inches
from the toes of any other fuil penetration butt weids, except for the
TOTIOWINY.

inn
LAV

a Circular inserts.

b. Circular patches.

c. Circular small access plates.
d Penetrations.

e. As outlined in 11.5.3.2.
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11.5.3.2 When inserts, patches or small access plates in the pressure
hull envelope terminate on other full penetration butt welds, one of the
existing longitudinal or circumferential butt welds shall be cut back a
minimum of 3 inches except where such cut back would resuit in iess than Z
inches of existing weld remaining between the end of the cut back and adjacent
frame web, bulkhead surface or tank top. In such cases, the minimum cut back
shall be fprm1nafpd not less than 2 inches from the adjacent frame, bulkhead

surface or tank top but in no case shall the cut back be less than 2 inches
long. When it is anticipated that this latter situation will occur, the weld
toes of insert, patch or small access plate welds shall be limited to a
minimum of 4 inches from the weld toes of the adjacent frame web, bulkhead
surface or tank top.

11.56.4 Access and closure n1a+nc Corners of access and closure n]afpc
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in the pressure hull envelope shall have a minimum radius of 6 inches, except
when a boundary lands on an existing hull longitudinal or c1rcumferent1a1 butt
weld. In the latter instance, the corners shall intersect the butt weld at 90
plus or minus 15 degrees.
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ndaries of access and ciosure piates in the pressure hui
enveigpe ner land on EXiStiﬁg hull \LllbumlCICHLla} or longitudina
butt welds, or the weld toe-to-toe spacing from any adjacent hull butt weld
shall be a minimum of 3 inches, except for the items shown in 11.5.3.1.a., b.,
c. and d. These items shall have weld toe-to-toe distances as specified in
11.5.1. When a transverse boundary of an access or closure plate does not
land on an existing butt weld, it shall be located so that the center of the
weld is between 15 and 25 percent of the frame spacing from the face of the

aujacem frame or
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enve]ope term1nate on other full penetrat1on butt we]ds “one
longitudinal or circumferential butt welds shall be cut back
distance of 3 inches except where such cut back would result in less than 2
inches of existing weid remaining between the end of the cut back and adjacent
frame web, biuikhead siurface or tank top. In Siuch cases, the minimum cut back

shall be terminated not less than 2 inches for the adjacent frame, bulkhead

of the ex1sting
a minimum

surface, or tank top but in no case shall the cut back be less fhan 2 inches
long. When it is ant1c1pated that this latter situation will occur, the weld
toes of the access or closure plate welds shall be limited to a minimum of 4
inches from the weld toes of the adjacent frame web, bulkhead surface or tank
top.
11T & &K Doavrmana ninac Whoava watoav Av nal +1nh+ nace nv c+wvannth ¢
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of permanent corner or 5ca]]nn snines in members

bility fer.ne1d1ng and

e of t ¢
1 be permwtted to provide access1b1]1ty
T 24 shall be

he radiused type snipe shown in figure
or permanent snipes.

for vents and drains.
used for vents, drains,

11.5.6 Pressure huii enveiope attachment. Every effort shouid be made

to minimize welded structure and miscellaneous attachment to the pressure hull
pnvp]nnp Attachments to the pressure hull Apr]npn' which are on the

v uvian DT W I e 1w YVEE NN VK Lile

ODDos1te side of the pressure hull plating from the frames, shall be located
on the frame line whenever poss1b1e. For this purpose, the frame line is
defined as a width equal to the hull plate thickness on either side of the
enterline of the frame web. Arc stud welds or capacitor discharge welded
studs, not more than 1/4 inch diameter, may be app|1ed anywhere on the
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12. ERECTION REQUIREMENTS

12.1  Scope. This section contains the requirements necessary for
fabrication and erection of HY-80/100 steel in submarine structure. Where
other design structural erection tolerances are specified in the ships
specification, they shall apply.

12.2 General requirements.

12.2.1 Mechanical surface indentations. Mechanical surface
indentations, such as prick punch layout marks, on the submarine structur
should be kept to a minimum and shall be repaired if required by 14.6.2.

[g]

12.3 Temporary attachments. Welded temporary attachments, such as
erection clips, fairing bolts, staging braces and brackets, should be kept to
an absolute minimum and should be used only when attachments which do not

require welding cannot be used.

”
.4
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Studs {drawn arc or capacitor discharge).

Sy

12.4.1 General. Studs shall be welded and inspected in accordance with
section 13.

- 12.4.2 Locations. Permanent studs may be located on or near existing
welds. The toe-to-toe distance between the stud weld and any existing full

o
-—d e
o+

12.5 Spiders, bracing and temporary 1ifting pads.

12.5.1 General. Spiders may be used in all cylindrical and transition
sections during fabrication and erection.
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braces
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rame alignment devices or

12.5.3 Lifting devices. Lifting devices such as slings, belly bands,
mechanically fastened 1ifting clamps and pads should be used to the maximum
extent possible in lieu of welded 1ifting pads.

12.6.1.1 Circularity requirements. Circularity measurements shall be
made in those portions of the pressure hull that are designed to be circular.

These measurements shall be made in accordance with written validated full or
partial circularity procedures which have been approved by NAVSEA. Full
circularity procedures are defined as those where the entire hull contour is
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established at the same time; partial circularity procedures are defined as
those where the hull contour is measured at different times. The pressure
hull circularity shall meet the following requirements:

a. The trace of the ual contour shail not deviate from the mean
Artvmnda ki mavia than 1719 tha +hairbnace Af +ha nvacciiva hiill nlatann
Cirvic vy mourc uiait 17 LT LIHILATICOS VI LIIT pProosourc Jiuit piraciiy
or 1/2 inch, whichever is less, or as specified in the ship's
detailed specification.

b. The radius of the mean circle shall not depart from the design

radius by more than 1/2 the thickness of the pressure hull plating
or 1/2 inch, whichever is iess, or as specified in the ship's
detailed specifications.

12.6.1.1.1 Location of final acceptance circularity measurements.
Final acceptance circularity measurements of pressure hull envelope shall be
recorded at the fo]]owing stations (The fore and aft tolerance of each station
shaii be pius or minus & inches and the actuai reading iocation sh e
13
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a. One set on at least every third frame.

b. One set on the frame (exclusive of structural bulkheads) nearest
each circumferential butt.
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comp]eted after all spiders, bracing and temporary support structure have
been removed or released, and after the structure has cooled to ambient
temperature. For circularity measurements, major welding is considered to be
the accomplishment of full penetration (or 100 percent efficient partial
penetration) welds in either the measured frame, the pressure hull plating in
an adjacent frame bay, or an adjacent frame.
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z Sequence of final acceptance circuiaritv measurements.
surem

12.6.1.1.3 Circularity measurements in way of hull penetrations,
inserts, and closure patches. For new construction, these asurements shall

QY S V] me urement
be full c1rcu]ar1ty measurements. During a ship's 11fe acceptable hull
circularity may be verified by either full circularity measurements or by the
procedure stated in 12.6.1.4, which uses the following:
12.6.1.1.3.1 Compiementary circuiarity measurem
circularity measurements are measurements of that port

P

ents. Compiementary
ion of the hull contour
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tial circularity. The complementary circularity

be made by the activity prior to mak1nq the hull cut,
rity procedure used does not require hull closure to
contour over the measured arc and has been approved by

asurements. In addition, the radial location of the end

tabliished relative to bench marks on undisturbed frames
+ha nvnAanncard At Thacan Aand nAainte chall ha ~rAInrcridant
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partial circularity that completes the hull contour.

Partial circularity measurements. Partial circularity

measurements are measurements over a transverse arc length equal to twice the

transverse arc length of the proposed cut, but not to exceed 30 degrees beyond

each end of the cut. The transverse arc shall be centered on the proposed cut
except where tank tops or stiff or rigid (strong-back type) coamings 1nuersecL
the pressure hull, in which case the partial circularity end points ma)
terminate at the tank top or coaming. In all cases, the radial location of
the end points for the partial circularity chec shall be established relative
to bench marks on adjacent undisturbed frames forward and aft of the proposed
cut.

12.6.1.2 Documentation requirements for circularity procedures. NAVSE

approval shall be obtained for any circularity proceuure used to develop fina
acceptance circularity measurements, including both full and partial
circularities. The documentation required for NAVSEA approval shall be
written for each circularity procedure and shall include the following:

a. Qualification requirements for personnel responsible for taking
circularity measurements. (Records shall be kept as required by
5.3.4.1.) The qualification requirements shall include:

(1) Training and written examination of the personnel in the
structural significance of hull circularity measurements,

(2) Training and written examination of the personnel in the
specific operations they will be responsible for in
establishing hull circularity measurements.

(3) Written certification by supervisory level personnei that
their personnel have a thorough understanding of their
function in establishing hull circularity measurements and
have demonstrated satisfactory performance in both the
operations for which they are being certified and the
results of the above written exams.

(4) Continued certification of previously certified personnel

i1

shall be required every three years and shall consist of

i4am (2)Y ahAuan
itéim (o) aoove.
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A requirement that compliance to circularity procedures shall be
monitored in accordance with the activity's quality program.
Monitoring shall be on a quarterly basis.

Documentation of the activity's calibration standards for the
equipment and a requirement that ail measurements be made with

calibrated equipment.

Process instruction delineating all steps followed in establishing

the hull circularity dev1at1ons. If more than one approach will
be used for any step, procedure documentation shall be included
for each approach. Examples of steps to be included, as
appropriate, are:

1t m
19

Laying ou n the hull
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(2) Establishing control frame of reference to uncut frames (for
partial circularities).

(3) Taking the hull circularity measurements.

(4) Dev :ad1us (for full and

(5) Determining the hull contour eccentricity.

Identification of all Timitations associated with implementing the
steps outiined by the process instruction of d. above.

Qualification data for the procedure that demonstrates acceptable
accuracy and repeatability of circularity measurements obtained

with that procedure. This data shall reflect the limitations
stated in e. and shall demonstrate the applicability of the
procedures as a function of hull form, diameter, stepped hull
plate, and areas of huil inserts. This data shail be taken by the
personnel responsible for the production use of the procedure and

cehall ha +abban with +ha ~Aulindan in +ha wunrmet Aniantatinn [avic
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horizontal or vertical) in which it will be used by the activity.
For full circularity procedures, the qualification data shall
consist of the following:

(1) Demonstration of the procedure accuracy by comparing
measurements made with the procedure to a set of baseiine
measurements (NAVSEA approval shall be obtained on a case
basis as to what constitutes a baseline; photogrammetry is
one approach that is considered annronr1ate for obtaining a
base]1ne) Acceptable accuracy shall require that (a) the
mean circle radius determined by the procedure vary from the
baseline mean circle radius by no more than 0.07 inch and

(b) the hull eccentricity determined by the procedure at

Qn
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H)
each measurement location, relative to the procedure mean
circle radius, vary by no more than 0.07 inch from the
baseline hull eccentricity, relative to the baseline mean
circle radius, at the same measurement location.

12 3 T s VAP o 2 L A ba . AahI13i4+y; hy maaciivrinA o

\<£) vemornstrdi1on Of Lie proceuure repeatadbiiily wy nicasur iy a
single hull contour five times using different personnel and
equipment setups. Acceptable repeatability shall require

that (a) the five mean circle radii do not vary by more than
0.05 inch and (b) at any measurement location, the
difference between the five eccentricity measurements,
relative to their individual mean circle radii, varies by no
more than 0.05 inch.

ata

ITowing

(1) Demonstration of the procedure accuracy by comparing
measurements made with the procedure to a set of baseline
measurements (NAVSEA approval shall be obtained on a case

basis as to what constitutes a baseiine). Acceptable
accuracy shall require that, at any measurement location,
the hull contour determined by the procedure, relative to a
control fra me of refer 07 inch from

frame of reference.

(2) Demonstration of the procedure repeatability by measuring a

single hull contour five times using different qua|1r1eu
personnel and equipment setups. Acceptable repeatability
cehall wvamiiva +hat walativua +n a2 rantvral Fframa af
Qa1 1 TTYUIIT LilaL, 1Tciativc LU a uwulitivi iiramc vi
reference, the five hull contours do not vary by more than
0.05 inch at any measurement location.
h. Continuance of procedure qualification shall require redoing steps
f. and g. on a five year basis.
12.6.1.3 Establishing hull circularity using full circularity
measurements. Circularity measurements shall be taken so that the actual hull
contour at any station may be analyzed for eccentricity. A circle, defined as

the mean c1rcle shall be developed to characterize the hull radius at the
station where the circularity measurements are taken. The mean circle shall
be positioned over the actual measured contour and may be positioned such that
the maximum deviation between the mean circle and huli contour is minimized.

The deviations between the mean circle and the measured hull contour shall be
ralrnlatad a+ anrh Arivcriilavaidy manciivamantd naind if AdAicrvatn naintec nn +tha
vailo aLcu auv cauii bllbulﬂllby mcasul Ciicii v PUIHL, i ujoLicciLce PUIHLD Vil Liic
hull are measured, or at every 5 degrees, if a continuous measurement is made
of the hull contour. These deviations are not required to be caiculated or




Downloaded from http://www.everyspec.com

MIL-STD-1688A(SH)

nl £1
[

12.6.1.4 Establishing acceptable hull circularity using partial
circularity measurements. As required by 12.6.1.1.2, the verification of
acceptable circularity shall be accomplished after completion of all major
welding. If this verification is done using full circularity measurements,
the procedure of 12.6.1.3 applies. If this verification is to be accomplished
by taking partial circularity measu v‘pmnn'f': as snecified in 12.6.1.1.3.1 and

1% Lan i L Peu Gy g measuremer Q> STl 7 80 10 24.:0:3:2:2: 2
J I

12.6.1.1.3.2, the radial location of the end points taken prior to
installation must be checked against the radial location of the end points
taken after the installation. After adjusting the end points to account for
any change in the bench marks from pre-installation to post- insta]]ation, if

either end point at a statlon has changed by more than 1/16 inch, a fulil
cularity shall nat stati If the radial end point |}
isfactor h one of t
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Superimpose the partial circularity contour (12.6.1.1.3.2) after
installation on the pre-installation complementary circularity
contour (12.6.1.1.3.1). Develop a total hull contour, adjusting
the post-instaiiation partiai contour for any radial movement of
the end points, and a mean circle corresponding to this hull
contour and calculate the deviationg hetween the measured hull
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contour and the mean circle at the locations specified in
12.6.1.1.1. If the mean circle radius, or the deviations from the
mean circle, exceed the limits of 12.6.1.1.a. or 12.6.1.1.b., a

full circularity measurement shall be made.

(1) The geometry relative to zero end points (lines B and either
D or E of figure 8.E) shows a difference at any location
along the arc that exceeds the 1imit of 12.6.1.1.a.

PR N Pt v A ciiviAmAand

(elther

D
rcu]ar1ty sha]] be
£

12.6.1.6 Resolution of circularity deviations. When as-arrived
circularity measurements of operational submarines show deviations that exceed
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the specified tolerances, they shall be referred to NAVSEA.

12.6.2 Pressure hull frames.

12.6.2.1 Frame dimensional tolerances. After welding of the flange to
PPN VO Y S apn tupr By BERERUEE TR B O e e S Y b £V A oAbl an A £
web 1S T I1i1sS1ed \IHLIUUIHg dl i requn'eu NUIT ), e 1idange wiacwn dra 1 idarnyge
ninhalanrcre Af fahriratoad framac chall ha within +tha tnlavranrocec nf +ahle X ITn_
uitvua iarlive v QU scacveu PEameco S ] MO ¥ywiviiin vile LU ICT QAiive o vi (10§ O N e PR}
process inspection of the flange to web tilt should be made. After finish
we1d1nq of the frames to the hull plating, including completion of all

required NDT (except expansion requirements of section 6), the tilt of the web
from its designed position, the tilt of the flange to the web and the depth of
all frames shall be within the tolerance specified in table X. Such
measurements shall be made at intervais of not more than 45 degrees.

TABLE X. Pressure hull frame tolerances. 1/ 2/

Depth of frame Frame Web tilt Flange Flange Flange
(inches) depth H maximum tilt width unbaiance
(inches) maximum | W{inches) G-G,
Up to and +3/16 +2 +2 +1/8 +3/16
including 12 -1/8 degrees degrees
Greater than 12 | +1/4 +2 +2 +1/8 +3/16
to and -1/8 degrees degrees
including 15 but 7/16
inches
max imum
Greater than 15 |+5/16 7/16 +2 +1/8 +3/16
to and -1/8 inches degrees
1nc1ud1ng 24 max imum but 17/32
inches
max imum
Greater than 24 [+3/8 7/16 17/32 +1/8 +3/16
-1/8 inches 1..c..w
max imum max imum

resuiting overweight does not exceed 3 percent of the weight of the
cross-section specified on the drawing. The nominal thickness of the
rvncc_cnrtinn ac chrnun An +ha Avawina chall ha wuead in AdAoatavminina +hic
LI UDO=OCUL LIV Q> DHIUWIHI Ul UIIT UIGWIHy 00011 YT ULD>SCU in ucLClmlllHy LIt
overweight,

Iro
~

See figure 25.
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12.6.2.2 Frame flange curvature. For fabricated frames, flange
curvature (transverse bow) shall not deviate from a reference line tangent to
the top of the flange on flanges less than 12 inches wide by more than 1/8
inch and on flanges 12 inches wide and over by more than 3/16 inch.

12.6.2.3 Frame spacing. The distance between adjacent frame webs shall
be measured and shall be as stated in table XI, the ship's detailed
specification or, if not stated in the detailed specification, shall be within
plus 1/8 inch minus 1/4 inch of the designed dimension, except in way of
circumferential butts where the distance shall be plus 1/8 inch minus 1/2 inch
of the designed dimension. This dimension shall be measured perpendicular to
the frame within 1 inch of one web toe of the hull attachment weld and may be
adjusted for web tilt. Care should be taken to ensure that the accumulation
of these tolerance allowances permits proper alignment of attached or
installed foundations or other components.

TABLE XI. Tolerances for frame spacing.

Class Tolerances for other than Tolerances for
reactor compartment reactor compartments
In way of Other than
hull butt hull butt
SSN 688 +3/8 inch +1/4 inch See NAVSEA approved
and drawings
SSBN 726
SEAWOLF +3/8 inch +3/8 inch See NAVSEA approved
drawings

12.6.2.4 Frame butt alignment. The transverse and vertical offset of
abutting surfaces at weld joints in webs and flanges of pressure hull frames
shall not exceed 1/8 inch, unless so designated. If any point across the
flange face exceeds 1/8 inch, but does not exceed 1/4 inch, it shall be faired
by grinding to a four to one taper. These Timits are applicable after
completion of welding and cool down.
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12.6.2.5 Records of pressure hull frames. Records shall be kept of all
checks on frame dimensions and frame spacing. Forms for records are shown on
figure 9.

1

12.6.3 Fairness and alignment.

12.6.3.1 Pressure hull structure alignment. When pressure hull plating
and support structure are tacked and are ready for welding, the misalignment
of surfaces projected to the centerline of Jo1nts shall not exceed the Timits
of table XII.

TABLE XII. Alignment tolerance.
Thickness (inches) Maximum misalignment
(inches)

Pressure hull structure

5/8 and less 1/16

Over 5/8 1/8

Non-pressure hull structure

Less than 3/8 1/16

3/8 to 3/4 1/8

Over 3/4 to 1-1/2 3/16

Over 1-1/2 1/4

12.6.3.1.1 Non-pressure hull structure alignment. When non-pressure

hull structure is tacked and is ready for welding, and special requ1rements
for fairness, flatness or alignment are not otherwise specified, the
misalignment of structure projected to the centerline of joints shall not
exceed the limits of table XII.

12.6.3.1.2 Intercostal structure alignment. Discontinuous members on
opposite sides of a through member shall line up back-to-back within one-half
the thickness of the through member. Where the discontinuous member is a
structural shape, both webs and flanges shall be aligned within this Timit.

12.6.3.2 Flat plate panel unfairness. Unfairness of welded flat plate
panels in free flooding areas, and structural bulkheads shall be in accordance

with tolerances on figure 26.

12.6.3.3 Correction of misalignment and unfairness. Except as noted
misalignment and unfairness exceea1ng the tolerances oT 12.6.2 and 12.6.3
shall be corrected by releasing the joints in way of the COﬁthTOﬁ, aiigning
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and fairing by strong backing only, and then rewelding the released joints.
HY-80/100 material shall not be faired or straightened by use of heat. When
releasing the joint 1is not practical, weld buildup to 3/8 inch may be used.
Weld buildup shall be a minimum four to one slope and applied to one or both
surfaces, as required by application. Weld buildup over 3/8 inch in thickness
shall require approval.
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13.1 Scope. This section contains the requirements for welds in HY-
80/100 submarine structure.

13.2 Qualification. Welding procedures, welders, and welding operators
shall be qualified in accordance with section 4 prior to their employment in
production work.

13.2.1 Gas metal arc welding - short circuiting transfer (GMAW-short
arc). Gas metal arc welding - short circuiting transfer (GMAW-short arc)
shall not be used for welds in submarine structure except when approved by
NAVSEA.

13.3 Joint preparation. Plate edges shall repared for welding in

© o
@

a4 n a

au P a 1Al
n 14. In addition to weld buildup to correct oversiz
root openings, weld buildup may be used on surfaces or edges of HY-80/100
materials in way of penetrat1ons or connections prior to mak1ng joint fit-up.
As an alternate, temporary backing (HY-80/100, HSS or approved non-metallic
mater1als) may be used in the joint root to allow weld1ng across the excessive
root openlng prov1ded 1t is subsequent]y removed pr1or to comp]et1ng the weld.

—
CL

13.3.1 Joint confiquration. Weld joint configurations prior to welding
shall be in accordance with section 11, with the following special
considerations:

a. Unbalanced double-bevel butt joints or single bevel butt joints
may be welded from either side first.

b. Double sided tee and corner joints, except C2V.4 and C2J.5, may be
welded from either side first.

c. Double-bevel weld joint designs may be prepared by beveling one
c3da nwviAanm +A an wnlAdIne~ and +ha carnnd cida hauvualad ~f+nanm
S Huc priur LU anly woiuiny, dainu Liic STLUINIU S jut prveicu al Ler
sufficient welding on the first side. Joint preparation technique
shall be in accordance with section 14.

d. Single or double bevel groove joints within the same design group

may be interchanged provided joint efficiencies are not reduced.
For partial penetration type joint designs, square, single or
double bevel joints may be interchanged provided that joint

efficiencies are not reduced and the joint design is allowed per
table IX. Full penetration joint designs may be substituted where
partial penetrat1on Jjoint des1qns are spec1f1ed Where this is
done, the inspection requirements of the partial penetration joint

dESIQH applies.

w
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13.3.2 Joint fit-up. Joint fit-up in submarine structure shall be in
conformance with this document prior to release of the weld joint or partial
weld joint for welding

13.3.3 Material ijdentification. The materials to be welded shall be
positively identified.

1

(o8}

—
[en]

13.5 Erection requirements. Fabrication and erection requirements
including sequence of welding and manufacturing plans shall comply with the
requirements of 11.2 and section 12.

13.5.1 Tack welds. Tack welds shall be made using an approved type of
electrode and shall be deposited in accordance with the requirements herein.
Cracked tack welds and those of poor quality shall be removed. Cracked or
poor quality tack welds deposited on the backside of a weld joint need not be

removed prior to welding the first side if the backside is to be backgouged.
Sufficient restraint must be provided by the remaining unbroken tack welds.
Tack welds in full penetrat1on welds sha 1 be inspected in accordance with

ection 6 prior to being incorporated 1nt0 final weld.

wy
(s
®

13.5.2 Block tack welds. Block tack welds which are made by qualified
welders (not tack welders) in accordance with the requirements of this section
and are inspected in accordance with the requirements of section 6 are
considered initial increments of the final weld.

a

13.6 Preheat and interpass temperature.

13.6.1 MWelding. Unless otherwise stated in 13.6.1.1, temperatures
required for welding in or to HY-80/100 steel are listed in table XIII. The
temperature shall be based on the thicker joint member.
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TABLE XIII. Temperature requirements for HY-80/100 welding.

.
Thickness (inches) Minimum preheat Maximum preheat
and interpass 1/ and interpass
(degrees Fahrenheit) (degrees Fahrenheit)
1-1/8 and over 2/ 200 300
Over 1/2 but less 125 300
than 1-1/8
1/2 or less 60 3/ 300

See 13.6.2 and 13.6.5. 7
For thicknesses over 2-3/4 inches when using filler materials specified

Tor HY-80 or HY 100, minimum preneat shall be 200 aegrees ranrenne1t in
all cases. The special welding conditions of 13.6.1.1.a., b. or c.

shall not alter this requirement.
For butt and corner joints, this te perature shall be 125 degrees

-vev Q <

Fahrenheit minimum.

i3.6.1.1 Special weliding conditions.

After either one or both memb 0 or HY-100 weld joint,
except for SAW of HY-100 with MIL-120S filler metal, is built up
3/16 inch minimum or two layers prior to joint weld1ng, the 200
degree Fahrenheit minimum preheat and interpass temperature of the
built-up member or members may be reduced to 150 degrees

Fahrenheit minimum when making the final welid.

[o1]
o

b. For initial joint welding using ferritic type SMAW electrodes
other than MIL-10018-M1, MIL-11018-M, and MIL-12018-M2, the 200
t

aHd interpass temperature may be
reduced to 150 degree Fahrenheit minimum. For repair welding, the
preheat and interpass temperature conditions of table XIII shall

apply.

c. For GMAW or SAW, except for SAW of HY-100 with MIL-120S filler
metal, using filler metals listed in table VII, the 200 degree
Fahrenheit minimum preheat and interpass temnerature may be
reduced to 150 degrees Fahrenheit minimum.

d. For welding with austenitic or non-ferrous type filler metals
listed in tab]e VIII (see 10.3), the 200 degree Fahrenheit minimum
preheat and interpass temperature may be reduced to 125 degrees
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Fahrenheit minimum when welding in or to the pressure hull

envelope and either temperature may be reduced to 60 degrees

Fahrenheit when welding other than pressure hull envelope.

r is ciad or buttered 3/16 inch minimum or
- .Icer ...................

la
2y n rous, oOr dppruveu ferrous weld
metal, the 125 e e ninimum pi
temperature in d. above may be reduced to 60 degrees Fahrenheit
minimum for continued buttering, cladding, or welding of a joint

between the buttered surface and austenitic or non-ferrous

non-
nhai+ A hn;+ anrd n+nwn:cc
C iU witeu IJ

111 L Qv ncey

material.

f. A preheat procedure shall be prepared for welding in close
nvAavaimity +n matavmialce ciirh o nAalua+hal o whova rhannac fram
IJIUAIIIIIL_Y LU acci 1aio, 2ULl ad PUI]CLII]I < wWHICIT © \.llull\‘.,b.) vl
the above requirements are found necessary. NAVSEA approval of
this procedure is required.

g. Ferritic welds shall not be deposited over austenitic or non-
ferrous welds.

[ LAalAsmnAa mnrmaradiivmacr ticinna aldanmnatrisun nunahaad /sntdavnace

e t:|uu|9 Pl uLcuur ©o u)lng GILCI iarLive lJl clHicaLy/ et IJG))
temperatures other than those in table XIII or this paragraph
shall require NAVSEA approval.

13.6.2 Tack welding. The preheat for tack welding shall be as required
in 13.6.1.

12 K

L JdeVeu

~

D:E

O (@]
m

A
for the welding of temporary and perm
surface is dry. Preheat shall be used to dry the surface of the mater1a1 when
moisture or moisture producing conditions (vapor or condensation) are present.

13.6.4 Application of preheat.

13.6.4.1 Methods. Preheat may be applied by any of the following

methods used either sin c1nn1v or in comhinations:

HiIv LITw S WO v e s warws

a. Resistance heaters.

b. Radiant and infra-red heaters.
~ Clandtumnasnal avmAii At 2 A~

Ce. ciceiLr ical HIUUC LU 1VII.

d. Soft gas torch (gas-air).

e. Oxy-fuel torch.
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12.6.4.2 Heatina, The heating shall he of the uniform cnak1nn tyvpe,
applied preferably by means of electric heaters (resistance or 1nduct10n)
un1form1y distributed on or around the area be1ng welded. The spacing and
wattage of heaters shall be such as to ensure that the entire welding area is
up to the required minimum temperature.

=y A 2 -~ L

13.6.4.3 Control of heating {general). Shielding for protection from
wind and inclement weather shall be employed during welding and maintained
until the structure haq cooled to within annrnx1mafe]v 50 dearees Fahrenheit

uLLuarc idsy LuLicu =SS5

of ambient temperature. Control of the requ1red temperature range during

welding may be accomplished by distribution of welders or by the use of
welding sequence. Cyclic heating and the occurrence of temperature

differentials greater than 100 degrees Fahrenheit along the joint during
weldaing should be avoided to maintain thermal expansion and contraction
stresses at a uniform level.

13.6.4.4 Control of minimum temperature. The minimum required
temperature shall be established prior to welding. Loss of the minimum
required temperature shall require reheating, as necessary, prior to
resumption of weiding If the minimum spec1f1ed temperature on HY- 80/100 base
material 1-1/8 inches and over in thickness drops beiow 113 degrees Fahrenheit

when welding with ferritic filler material, the partially completed welds

shall he MT inspected in accordance with 6.5 and accepted to the requirements
of section 7 before resumption of welding. Reheating to within the specified
temperature range prior to the resumption of welding may be done before or
after this 1nspect1on.
13.6.4.5 Controi of maximum temperature. The maximum required
temperature shall be checked as specified in 13.6.5 and section 6. If at any
o 1ivrina waldina (aveant duvinna Aanncitian Af a2 wnld nace) +ha haca ma+al
L WU iy YT Tu iy \vALLp L uul Ills ucpyvaiILvivil vi Q wWo Iu puao/ LIilC wvaoov mouiLai
temperature is found to be above 300 degrees Fahrenheit, the weld area shall
be allowed to cool to within the required temperature prior to any subsequent
welding.
13.6.4.6 Torch heating. Hand-held torch heating shall be confined to
tack or temporary welding operations or to those applications involving
woldinna within » 1Aaraliond awnan LWihan +Aancrh hantinmas 90 siead €aum wnlAdlmn
WO iUy Wil a jvLailiZLcu arca. el Loren ncalliiy 1> usStu 1ur woiuiny
operations within a localized area, base material shall be brought up to
preheat temoerature with sufficient time allowed for the heat to soak through

the thickness of the parts being welded. Heat shall be applied over an area
approximately 6 inches beyond the weld site in all directions. Exceptions to
the above are:

a. Those instances in which torch heating is used an accessory device
to decrease the time required for reaching preheat temperature on
material which is being heated with electric heaters.

b. Those instances in which an element of a weld joint provides

insufficient heat sink capacity to warrant the use of electric
heaters because of the rapid increase of interpass temperature

(o]~
79I
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which will occur when welding is initiated. Examples of the
latter are face plates or coamings on lightening and access
openings, and flanges on light stiffening members.

c. For miscellaneous hanger and attachment welds where the 6 inch
distance is impractical, the distance may be reduced to suit job

1S.

conditior

13.6.5 Temperature checks. Preheat temperature shall be checked prior
to welding and interpass temperature shall be checked during welding.
Surveillance of preheat and interpass temperatures shall be in accordance with

6.3.1. Temperatures of 113 degrees Fahrenheit and above shall be checked
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material temoerature is re0u1red Temoerature 1nd1cat1nq crayo ns shall not be

applied to the weld metal or weld groove.

13.6.5.1 Preheat temperature measurement. Preheat temperature shall be
i1

measured on the Surface of the mater1a| on tne side from which wel(]mg wi be
performed and within 3 inches of the area to be welded.
13.6.5.2 Interpass temperature measurement. Infprnaqq temper atur

........ ki) Ak | ..-... -

shall be measured on the surface of thé base mater1a1 on the s1de from which
welding will be performed, within 1 inch of the weld joint edge and along the
joint within 3 inches of the start of the next weld pass.

13.7 Heat input.

13.7.1 Reguirement. When welding with any process in or to HY-80/100,
the limits for heat input as measured in joules per inch, hased on the

thickness of the thinner member, shall conform to the values listed in table
XIV unless otherwise approved by NAVSEA or as permitted herein. When welding
HY-80/100 to other materials, the maximum heat input shall be based on the HY-
80/100 thickness. Heat input shall be checked during welding. In-process
monitoring of heat input shail be in accordance with 6.3.1.

TABLE XIV. Heat input limitations.
Thickness (inches) Maximum (joules/inch) 1/ 2/
Less than 1/2 45,000
1/2 and greater 55,000

See footnotes at end of table.
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NOTES TO TABLE XIV.

1/ The word "maximum" shall not be interpreted as either nominal or
average.
2/ For MIL-10018-M1 and MIL-12018-M2 electrodes 1/8 inch diameter and
smaller, the maximum heat input in the flat welding position shall be
45,000 joules per inch for thicknesses 1/2 inch thick and greater and
35,000 joules per inch for thicknesses less than 1/2 inch thick

13.7.1.1 Alternative heat inputs. For the GMAW and SAW processes when
welding HY-80, the alternative heat input limitations of table XV may be used.
TABLE XV. Alternate heat input limitations.
Welding Electrode Shieliding Material Alternate heat
process filler wire gas/flux thickness input (maximum
1/ 2/ 3/ 4/ 5/ joules/inch)
SAW MIL-E-23765/2 MIL-E-23765/2 1 inch and 100,000
type 100S-1 type 100S-1F greater
or equal
qualified
product
GMAW MIL-E-23765/2 M-2 1 inch and 100,000
(spray type 100S-1 (98Ar-20,) greater
and pulsed or
arc mode) C-5
(95Ar-5C0,)

1/ Separate procedure qualification is required when using these alternate
heat inputs. Qualifications shall be performed on HY-80 using a
thickness that represents the thinnest material intended to be used in
production The qua11f1cat1on will on]y be applicable to the specific
brand of weiding electrode wire or wire/fiux utiiized for procedure
qua11f1cat1on with the exception that qualification of an alternative

brand of wire may be based on presently existing acceptable data. The

minimum heat input used during qualification shall be 110,000 joules per
inch. Preheat and interpass temperature shall be 200 to 300 deqrees
Fahrenheit throughout welding. NDT and destructive tests shall be as
spec1f1ed in MIL-STD-248, except that regardless of test plate

thickness, weld metal Charpy V-notch or 5/8 inch dynamic tear specimens
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ell as two all weld metal tensile tests are required. Minimum
ptable mechanical test results are as follows:
Yield strength: 82,000 pounds per square inch minimum
Elongation(in 2 inches): 16 percent
Charpy V-notch: 20 ft-1bs at minus 60 degrees Fahrenheit
(average of 3 specimens with no specimen
less than 15 ft-1bs and no more than one
specimen less than 20 ft-1bs), and 60 ft-
Ibs at 0 degrees Fahrenheit (average of 3
specimens with no specimen less than 55
ft-1bs and no more than one specimen less
Ll £N £1 Th-\
Litdii DU 1 L-1D5)
5/8 inch dynamic tear 250 ft-1bs at minus 20 degrees Fahrenheit

test: (may be used in  (average of 3 specimens with no specimen

lieu of Charpy V-notch): less than 200 ft-1bs and no more than one
specimen less than 250 ft-1bs), and 425
ft-ibs at 30 degrees Fahrenheit (average

of 3 specimens with no specimen less than

f+ 1bs and no more +han specimen

Te}
LT IS anu v nv viiran Vn\.— 4 AL R
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In the event of a dispute between Charpy V-notch and dynamic tear test
results, the dynamic tear values shall govern.
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igh heat 1nput we1d1nq subassemblies for the purpose of

establishing the mechanical properties of the weld metal for each

high heat input welding process. High heat input welding is

defined as weld1ng 1n the range of to 100,000 Joules per

hest heat
ing process.
n

1 be produced as

b ! } \ subassembly because
of the consequences of failure of the weld metal to meet the
mechanical property requirements. NDT and destructive tests shall
be performed on the runoff tabs in accordance with MIL-STD-248,
except that the destructive tests shall consist of two all weld

metal tensiie tests, six Charpy V-notch tests and six 5/8 inch
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(b) A1l destructive tests shall meet the minimum requirements of note
1/ above. Failure of any test to meet these requirements shall be
cause for the shipbuilder to cease all high heat input welding for

the welding process involved. The failure test results shall be

1nnﬂ fAar valads+y 3 arrAavAdanca wat+h ALIC DA ﬂ T £431,
icu  rui vailiuivy |” avLul Uanvc wilil nnwo Dt 11 lallulC

11ts are found valid, all the welding rvpresented by the
elding process involved shall be rejected. The shipbuilder shall
be permitted to salvage the base material by removing completely
all of the non-conforming welds and rewelding using a qualified
process. Six months after the initial production testing, the
shipbuiider shail select a subassembiy at random, and for this
subassembly shall provide one weldment runoff tab for each high
heat input welding process used. The runoff tab weldment shall be
subjected to the same testing requirements and failure provisions
as for the initial production runoff tabs. Thereafter, one
weldment runoff tab from a subassembly for each welding process

shall be selected and tested on a yearly basis for the next three

¢
- &= 53

Xa
resu
wel

years. If there are no failures at the end of the three-year
PP | dhn mmad 2L Al € L bl b S FY ~1 212 . C_ . i _
periou, e cereiricdeion or inniygn nedi IIIPUL welumg 101 LNne
specific welding process shall be considered satisfactorily
completed (see 17.3).

Welding electrode wire and wire/flux conformance testing and marking
be as follows:

(a) Marking. Existing lots of welding electrode wire and wire/flux
and future procurements that have been conformance tested and

gualified for high heat input welding shall be marked in a
distinctive manner in addition to the other markings required by
this standard. Other Navy approved material control systems may

be used.

{b) Conformance testing. Conformance testing of existing lots and
future procurements of welding electrode wire and wire/flux lot
combinations for use with high heat input procedures is required.
Conformance testing shall be conducted in accordance with MIL-E-
23765/2, type MIL-100S-1.

The qualification for SAW at the alternative heat input is based on the

formulation of flux used in procedure qualification and any change in

formulation shall require re-qualification of the welding procedures.

The shipbuilder shall be responsible for insuring that they are advised

of any change in formulation and the subsequent notification of NAVSEA

of such changes.

For the welding of tee and corner type joints, a lower limit thickness

of 3/4 inch for one member may be used provided the thickness of the

JJ
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procedures, acceptable burn off lengths for SMAW electrodes.
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For computing the heat input
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removed

exceed 3/8 inch,

welding of these tee and corner joints.

the total cross-sectional root deposited weld thickness does not

A1l weld soak treatments shall be applied before the weld is
allowed to cool below the minimum preheat temperature.

13.7.1.3 Computation of heat input.
(joules/inch), the following formula applies

a.

a.
Activities may use this formula to calculate, and incorporate in their welding
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d. For welds greater than 2 inches in thickness, or for weld repairs
greater than 2 inches in depth an intra-weld soak of at least 4
hours at a temperature of 300 degrees Fahrenheit minimum, 600
degrees Fahrenheit maximum shaii be performed on each 1/2 inch or

nnnnn v A cada Af LA SA Al

1 £ nld
1ess of weid geposited on any one Ssiae of the joint.

e. For loss of preheat on material 1 inch and greater in thickness,
an intra-weld soak of at least 4 hours at a temnerature of 300
degrees Fahrenheit minimum, 600 degrees Fahrenheit maximum shall

be performed.

—h

cedures shail be submitted with
£
1

13.8.1 MWeld thickness determination. The weld thickness shall be based
on design thicknesses and shall be:

a. the throat thickness for single fillet welds.
b. the throat thickness of the larger weid for doubie fiiiet weid
attachments.

C. the thickness of the intersecting member (beveled member) for full
penetration tee welds or corner welds or the sum of the bevels for
partial penetration tee welds. If the tee weld or corner weld is
fillet reinforced, 1/2 of the leg size for each fillet shall be
added to the thickness of the intersecting member to determine the

d. the thickness of the thicker member for butt welds.
e. the actual depth of the build-up or depth of the gouge, as

applicable for weld build-up or weld repair of base metal gouges.

f. for loss of preheat, the actuail weld throat thickness for
partiaily compieted fiiiet weids and tne actual aepos1teu weid
+himrbnace FAaunn mauwdt 2ally: acnmealadd £ TS R B T G 2 e
LITILRNIESS 1UF partiailly LonpieLeu IUII alnu pdreidil pEHEle I on
we lds.

13.9 Repairs. Workmanship requirements shall be in accordance with
section 14. Inspection of repairs shall be in accordance with section 6. For
the purpose of this standard, all repairs shall be considered as falling into
one of the following categories.

L

DAan

13.9.1 Repair of HY-80/100 base material plate and shape defects at the
mill. Welding requirements for repair of plate and shape defects shall be in
accordance with this section and may be performed prinr to or after forming.
Limits on deDth of plate and shape defects shall be in accordance with

section 8. Notation shall be made on the plate inspection records required in
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section 5 of areas repair welded or requiring weld repair. 1In addition, the
areas which have been repair welded shall be marked such that marking will not
be removed prior to performing all inspections as required by this document.
On completion and acceptance, base material repair welds shall be considered
as base metal for subsequent cold forming and straightening.

13.9.2 Repair of HY-80/100 forging defects. Where weld repairs are
authorized, they shall meet the requirements of 13.5.1

13.9.3 Repair of HY-80/100 casting defects. Welding requirements for
repair of castings shall be in accordance with this section. Repair
limitations, inspection requirements and record requirements are contained in
section 16.

13.9.4 Repairs of HY-80/100 base material fabrication scars and other
fabrication damage at shipyard. Repair welding shall be limited to those

locations which cannot be corrected by grinding to the extent specified in
section 14. Repairs may be accomplished prior to or after forming.

13.9.5 Repairs to welds. Removal of defects shall be considered
repair.

13.9.5.1 Repairs by grinding. Every effort should be made to avoid the
necessity for repair welding of minor defects that can be corrected by
grinding. Defects may be repaired by grinding provided the limits of section
14 are not exceeded. For welds other than in pressure hull envelope when the

requirements of section 14 cannot be met, defects may he repa}red by grlndyng

A LAV A AT UiV L e e o Tew oo i

provided the weld is not reduced below minimum design thickness.

13.9.5.2 Repairs by welding. Repair welding shall be performed subject
to all other specification requirements which applied to the original weld.
Type MIL-10018-Ml electrodes for HY-100 material may be used for repair of
fillet or groove tee welds that were originally made with other electrodes
listed in 10.2 provided:

a. The length of such repair does not exceed 6 inches and adjacent
repairs within the same weld joint are more than 3 feet apart
b. Fillet or partial penetration groove tee welds shall be resized in

way of the repair area to account for any difference in strength
level of the type MIL-10018-M1 electrode when compared to the
electrode empioyed for the original weld being repaired.

c. Non-ferrous or austenitic stainless steel weld deposits are not
involved in the repair.

13.10 Arc stud welding. Stud welding is permitted using procedures and
equipment qualified in accordance with section 4. Either automatically timed
arc or capacitor discharge stud welding may be used with approved stud
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configuration for the respective processes. Capacitor discharge stud welding
shall be limited to 1/4-inch maximum diameter, unless otherwise approved.

12 1N 1 DwvAacciivnna rAantaTnmina AnANnINAC Dwvndinrtsnn c+tiide nead in
10.1V. 1 rlC))ulC LOiLalningyg vpciliiitgo. Fruduc e iIvii JQLuuo uocu (X1}
connection with openings in water tight and pressure containing compartments

shall be tension tested by toraguing in accordance with 13.10.2.2.

13.10.2 Pressure and non-pressure containing. Automatic timed arc or
capac1tor a1scnarge weloea studs Tor aii permanent app|1cat1ons shaii be

'H“lSpt‘:Cu:u at the ut:glmllng of each set- up \UIGIIICLCI umngt:) or shift
by bending or torque testing five consecutively welded studs.

13.10.2.1 Bend testing. If bend testing is performed, the studs to be
tested shall be welded to a piece of scrap held in the vertical position,

unless production welding is to be limited to flat position work. Bend

[ P S Y S U R W U S DR L L e | Tracdt adbicda ~alhal1l ha hawnds +2A A
Ltesiing vr prouucuiorn Studs 1i1s promnibiiteu. IeStT STudsS Snadii1 D€ peifit Lo an
annla Anf 16 Aanvanc and vatnuvnad neina a doaviecra cimilavr +a that chawn An
ully 1o Vi1 i1 J ULE’I Coeo ASRRAVY IvLuliicu uo IIIB U uvviIiuve SR AR ATy ] “w “ila e SQTIVIVEE Vi
figure 27.

13.10.2.2 Tension testing by torgquing. Studs may be tension tested by
the use of the torque test. Any convenient means may be used for applying the

tensiie ioad axiaily to the stud, such as the appiication of a sieeve over the
stud using a washer and nut with force being applied by a torque wrench. The

toraue test and axial lpoad used shall be calculated as follows:

LV uo veouv Qiiu 1 Ivau uwuovu i wva luu iGvoeu vy

1]

Axial Load (pounds) (D)x w xYS) x 0.8

4
Torgue (inch-pounds) = Axial load x D x K
where
D is the stud minor diameter (inches) (see table XVI). ,
YS is the stud minimum yield strength (pounds per square inch) as
specified in the applicable stud specification.
K is the lubrication factor. To ensure the weld is loaded primarily

in tancinn +ha +hwvaarde r\-F +ha
i LCilo |U|l' vile Litl Cauo vHG

mo lvhdenum d]gulfmp, gr aphn‘p b or rnmparah]p lubricant in
which case K is 0.15. If stud lubrication is prohibited, the stud

shall be tested with no lubricant in which case K is 0.20.

ch:11 hcx luhvriratad with
da i UM ELvacveu i L

TDC:I.

103



Downloaded from http://www.everyspec.com

MIL-STD-1688A(SH)
TABLE XVI. Stud minor diameters.
Stud size Minor diameters 1/
UNC, NC Class 2A UNF, NF Ciass 2A
10 .1379 .1508
1/4 .1876 . 2052
5/16 .2431 .2603
3/8 .2970 .3228
7/16 . 3485 3749
i/2 L4041 .4374
5/8 .5119 5554
3/4 .6255 6718
7/8 .7368 .7858
1 .8446 .8960
1-1/8 .9475 1.0210
1-1/4 1.0725 1.1460
1/ For use of studs having minor diameters other than those listed,

calculation of appropr1ate torque and axial load will be requ1red. Such
calculation shall be included in the procedure qualification.

13.10.3 Temporary attachments. No test is required for temporary
attachment studs. (See table I and 6.5.2 for inspection of areas where studs
are removed).

13.10.4 Rejection procedure. Studs which show signs of failure shall
be removed, the surface of the metal ground smooth, the condition causing
failure rectified, and new studs weided and tested. Bent studs which meet ail

otner d(.Lep(dll(.b‘ S

- . [ I | [P R |

snaii not UB rejecued.

HP
fe¥)
o
[+ 1)
-5
(=%
7}

13.11 Welding of penetrations. If the toe of any full penetration or
partial penetration weld connecting a penetration in the pressure hull

partial penetration weld, two layers of weld metal shall be deposited on the
base metal surface between the adjacent toes of the welds as shown on figure

28. If either is a fillet weld and the distance between the toes is less than
1 /In R Ll | R S, | PR | S R U Ny PR L _11 Lo P K R I -1 A2
1/ 1ncn, tne pdse metdl suriace between tne toes snall pe 51llllldl'ly we i1daed.
Weld buildup is required on all penetrations containing 0.20 percent carbon
and higher prior to welding into structure.
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13.12 1Insert. patch., access and closure plate requirements. Except as
outlined in 13.12.1, when the design requirements of 11.5.3 and 11.5.4 cannot
be met because of cutback and proximity limitations, changes shall require
approval.

12 12 1 Lilhawm €..11 nnvmatumndtsnn hiidd conlde 2;m +ha Avmacciiva hiie 11 Anun TAana

10.14.1 wnemn tuii PCIICLIGLIUII DUttt weidas i unie PIC))UIC nu i chnyvciuvpyc
intersect at an angle of less than 75 degrees, the metal bounded by the acute
angle on both sides of the plate shall be built up by welding. The weld

buildup shall consist of two layers of weld metal and shall extend from the
point of butt weld intersection to a point where the length of the chord
formed between the intersecting welds is 1.5T minimum (where T is the

thickness of the piating at the point of intersection). The buiidup shail be
VT and MT 1nspected as required in section 6. However, re-RT of the adjacent
strength welds is not required. When exterior grinding is required for
hvdrodynamic or other considerations, application of exterior weld lavers is
not requ1red provided the molded line of the hull is maintained and minimum
thickness is achieved within the area bounded by the acute angle.

13.13.1 Temporary snipes. Temporary snipes shall be provided as
necessary in all systems of intersecting full penetration welds to allow the

deposition of sound weld metal at such intersections. The location of
temporary snipes shall be governed by the details of welding sequence, and
snipe dimensions shall be the minimum required to allow satisfactory
completion of welding in the through joint. Figures 29, 30, 31 and 32 specify
dimensions of temporary snipes for the geometries shown. Bevels shal] be

nnnnnn AnAd ~Awm AmenAavmavir crmesman +a alTai:, mummanmamm Alaciivana cmom e nn
plUVIucu VIl LcmPUldly )"'Pcb LU adiiluw plupcr Ci10sure WCIUIHg aiiu DUL” WUI ny
chall he dana in accordance with this section
~IENA 7} M\ MV LR U WwWwl uu A ) “It IO Tew L IVile

13.14 Slaqg removal. In multiple pass welds, slag shall be removed from
all weld beads before starting to deposit subsequent beads. Slag shall be
removed by chipping, grinding, or other suitable mechanical means. Silicates

Tormea dur1ng GTAW or bMAW need only be removed to the extent necessary that

- P PN L

ulcy UU not Tltellﬁfe WIL" WBIUHIg or lequYt‘U NUI.

13.15 Weld renair of holes i

piee ]

the pressure hull envelope.

13.15.1 General. Holes cut into or through the pressure hull envelope
may be welded provided the orlg1na1 hole diameter does not exceed 2-1/2

inches. Holes less than 1/2 inch in diameter shall be opened to 1/2 inch to 1
inch diameter. The openings shall be shaped to 20 degrees minimum inciuded
tapeci \2L¥T 1 |yu|c J ). n lCPall S Jdiilaill vUT mauc 11 acvoeuil uailivc witi L ll)
section. Holes greater than 2-1/2 inches in original diameter shall be
repaired by expand1ng the hole size as required by 11.5.3 and welding a patch

into the plating.

. 13.15.2 Partial penetration holes. Hole depths 3/4T or less (where T
is the thickness) may be repaired provided the originai diameter does not
exceed 2-1/2 inches. The holes shall be sized and prepared as shown on
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figure 33. The completed weld repair shall
of section 6.

13.15.3 Full penetration holes. The hole shall be sized and prepared
as shown on figure 33. A 3/16 inch minimum backing plate of 0SS, HSS, HY-80,
or HY-100 or approved non-metaliic material shail be employed as shown on
figure 33 and the hole welded in accordance with the requirements stated
herein. The backing material shall be removed and the completed weld

inspected in accordance with section 6.

13.16 Stainless steel weld attachment sites. Where attachments welded
with stainless steel filler are removed from pressure hull structure, complete
removal of the stainliess steel weld metal shall be assured by an etch test.

13.17 Weld buildup. Where buildup by welding on the joint surface to
correct oversize root opening or errors in joint preparation is accomplished,

it should be done prior to fitting and unless specially approved otherwise,
such buildup of each joint edge shall not exceed 1/2T or 1/2 inch, whichever
is less (where T is the thickness of the thinner member be1ng we]ded) Where
one joint edge is inaccessiblie, the buildup allowed for both joint edges may
be applied to one joint edge Bui]dup may be employed for fairing or for

other correction over or adJ cent to welds in accordance with 12.6.3.3. Thi
a

buildup shall be considered part of the involved weld. The buildup shall be
depos1ted with electrodes as specified in section 10 using methods and
procedures in accordance with section 13. Temporary backing (HY-80/100 or

approved non-metallic materials) may be used to assist in this buildup.

QJ .
-

[ g
9

13.18 Stress relief. HY-80/100 material or weldments shall not be
stress relieved or post weld heat treated. The post weld heat soaking as
detailed in 13.8 is not considered a post weld heat treatment.
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14. WORKMANSHIP REQUIREMENTS

14.1 Scope. This section contains the requirements for workmanship
practices and methods associated with weiding of or to HY-80/100 materiai in
submarine fabrication.

14.2 Surface preparation.

14.2.1 Processes. Surfaces shall be prepared by any one or any
combination of the following methods. Manual oxy-fuel gouging shall not be
used.

a. Machining (such as planing and shearing).

b. Oxy-fuel cutting.

C. Arc-air gouging.

4 Y o) "L L .

a. Lnipping.

e. Grinding or burring.

f. Automatic oxy-fuel gouging.

g. Plasma arc cutting.

14.2.2 Weld joint surface preparation. Surfaces to be welded upon an
adjacent surfaces for a distance of a minimum of 1/2 inch from the expected

J / D

weld area shall be clean, dry and free of surface matter and defects such as

a. Paint.

[ N2V mimm o

V. Ui, ygredase.

c. Moisture,

d. Objectionable scale.

e. Objectional oxide or rust.

f. Objectionable nicks, gouges and irregularities.

g. Zinc or galvanizing.

h. Excess slag.

’_‘
[j]
~



When inspected in accordance with

MIL-STD-1688A(SH)
section 6, joint preparation shall be in accordance with section 11 or other
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14.2.4 Fabrication inspection.

When

approved configurations including those in approved welding procedures.
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14.2.5 Structure.
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The roots of full penetration joints,
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welded from both sides, shall be backgouged after sufficient welding has been

elding is started on the opposite si

w
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be cleaned

done on one side and before any
shail be
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Weld root cleaning.

14.3.1
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nditions which exceed
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Undercut and other
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i
th Timitations specified in

Prior to deposition

performed in

Fe

108

Ground or rebaired welds shall comp

ouring

Undercut and other weld edge correction.

Weld root and repair excavation contour.

.3.2

the second side, MT inspection shall be conducted in the root area as required

by 6.5.

4
14.3.3.1

1

NAVSEA special weld procedure approval.
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depth/length limitations specified in 7.4.8. Undercut or other weld edge
conditions which exceed these Timits shall be repaired by welding.

14.4 Weld contourinq Weld contouring by grindin
and grinding (see 14.5) may butt

A
LI yroove corner weid
n

1ncnnr+1nn ch:]] ha
lllJP AV a) LG

14-
us
r
)

=

I 1i
or the
d repairs g

shall meet the requirements of f1gure 16. When as deposited undercut is not
present and the weld edges blend smoothly into the base material, grinding is

not required.

a. Groove tee or corner joint connection of the pressure hull
anualnna +n noanatvatinnc
\,IIV\—IUP\/ v 'J\,ll\.,bl u L AV A % A

b. Bulkhead and bulkhead stiffener connections to the pressure hull
enve lope.

C. Hard tank groove tee or corner welds (see figure 4).

A A1l AwvAn +nn dnint walde inm Anm +A UV_ON/1NAN 3 nanttwnan chinald

U nii yIUUVC LTT JUIHITL wWT US> 1l Vi LU niI=ovys 1uu 11l ICTuULI VUil Siniciu
tank structure and other groove tee welds to the pressure hull
envelope in the reactor compartment.

e. A1l groove tee and corner boundary welds in sea chests and trunks

which are attached to the pressure hull envelope.

. Battery space bar frames.

a. Flange connections of pressure hull frames to tank tops (except
web side of flange).

h. Reactor compartment frame to pressure hull envelope welds.

2 AT _aL _ . €TV 'i

1. All otner tuill penetrat1on we
the reactor compartment.

ds to the pressure hu

14.5 Mechanical peening of welds. When required by specification or
procedure, the method described herein shall be used for mechanical peening of
welds.

14.5.1 General. If weld bead overlap, excessive roughness or re-
entrant bead contour is present, it should be corrected by grinding prior to
peening. Movement of metal by the peening tool shall remove any sharp

discontinuities between the toe of the weld and the base material surface, and
the peened area shall taper gradually into the base material. Peening may be

used to correct distortion or minimize residual stresses. Peening of the last
fayer is permitted provided the iast Tayer is ground prior to MT to remove any

P—
S
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JER, [

evidence of peened surface. Peening sha
of a multiple layer weld unless approved

_____ 1 - ~arf Anma
1

ot be performed on the

]
by NAVSEA.

14.5.2 Peened contour. The finished contour of the groove shall be
Tightly ground or burred sufficiently to remove indications of peening prior
to MT inspection. For those applications which are being peened for contour
grinding reasons, the finished contour shall be in accordance with figure 16.

14.5.3 Peening tools. Peening tools shall be ground as required to
obtain specified weld toe contours. Suggested peening tool tips are shown in
figure 35.

14.6 Base material.

14.6.1 Edge laminations. Laminations not acceptable to the

requirements of section 7 shall be closed by excavating to a depth of
approx1matelv 3/4 inch, or less if the indication is removed prior to reaching
3/4 inch from the plate edge and filling the excavation with weld metal.

14.6.2 Arc strikes, nicks, gouges, and other fabrication scars. Arc
strikes nicks gouges, and other fabrication scars up to and including 1/32

Y . o |
a

ithout repa1r. Arc strikes, nicks, gou n
i i i GHS
air

ace nf 1729 3in
€SS O7 1/3Z 1in
Ty

s into the base material or shall b

LRV Qv Qi Vi o

D
@ r+
ol

I | r ed
by mechani c al means or welding. Arc strikes, nicks, gouges and other
fabrication scars in excess of these limits shall be repaired by welding. All
arc strikes on materials identified in 14.8 shall be dispositioned in
accordance with 14.8.

Base material thickness Maximum allowable size (inches)
Less than 1/2 inch 1/32
1/2 inch and greater 1/16
14.6.2.1 Arc weld metal spatter. All arc weld metal spatter greater
than 1/8 inch diameter shall be removed.

14.6.3 Removal of welded temporary attachments. Welded temporary
attachments shall be removed at least 1/16 inch away from the permanent member
to which it is attached by chipping, arc air gouging, or oxy-fuel cutting,
followed by grinding to restore base material or scarf surface as specified in

14.6.4. Attachments may also be removed by grinding only. Except for arc
welded studs and spot welds 1/4 inch and smaller, removal shall not be
accomplished by bending or hammering. All gouges, undercuts, or nicks
produced during removal shall be faired out by grinding, or repa1r welded.

[u
fu—y
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14.6.3.1 Inspection of welded temporary attachment sites. U

LGNy

upon
of temporary attachments, the areas in way of such attachments which a
ground or repair welded shall be MT inspected when required by 6.5.

final repan‘ea surTace shall
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14.7 Mechanical surface indentations. Indentations in pressure hull
enveiope shall be kept to a minimum. Material identification or layout
indentations shall be made with low stress die stamps.

14.8 Arc strike corrections on heat treated materials. For all arc
strikes, including discoloration, that occurred after final heat treatment in

0SS/HSS (S-1) with carbon content greater than 0.30 percent, carbon molybdenum
steel (S-3), alloy steel with chromium content not to exceed 3/4 percent and
total alloy not to exceed 2 percent (S-3A), alloy steel with chromium content

3/4 percent to 2 percent and total alloy content 2- 3/4 percent max imum (S 4),
alloy steel with total alloy content 10 percent maximum (S-5), martensitic
stainless high alloy steels (S-6) and specialty martensitic stainless high
alloy steels (S-6A), complete removal of the heat affected zone shall be
verified with an etchant that has been demonstrated to disclose heat affected
zone structure in the material involved unless repair welding is required.
1

Etchants shall be prepared and used in accordance with good metallurgical
practice.

111
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1K AMNT TNCDELTINNM METUNN DE
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15.1 Scope. This section contains the requirements for performing the
following NDT used to detect surface and internal discontinuities in metals:

a. RT inspection.

b. MT inspection.

c. PT inspection.

d. UT inspection.

e. VT inspection.
NDT processes, procedures, techniques, equipment and materials, other than
those specified in this document, may be used provided prior NAVSEA approval

is obtained.

15.2 General.

—

5.2.1 Personne

. son
d and certifi

o Jp—
P o)

erforming NDT shall be

aualifa
Yudaoai

-

15.2.2 Test procedures. Each organization performing NDT in accordance
with this standard shall prepare written test procedures and shall qualify
these procedures in accordance with section 4.

15.3 RT inspection.

15.3.1 General. RT inspection procedure and technique requirements
shall be as specified in MIL-STD-271.

15.3.2 (Casting RT standard shooting sketches.. Shooting sketches in
accordance with MIL-STD-271 shall be provided to assist in interpretation of
casting radiographs.

15 4
A e T

15.4.1 General. MT inspection procedure and technique shall be as
specified in MIL-STD-271 except as noted herein.

—
o

.4.2 Equipment.

15.4.2.1 (Circular magnetization equipment (DC prod). Equipment for
circular magnetism shall involve the use of low voltage and high amperage

Yy Tt -~ Wt Hpo

current passed into the item being tested by the use of prods.

——
——
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15.4.2.2 Longitudinal magnetization equipment (AC yoke). Equipment for
longitudinal magnetization shall permit the use of an electromagnetic yoke or
AC prods in order to induce the magnetic flux.

15.4.3 inspection procedures.

{(DC nrod) Circular ma 'et,?_ ation

Qo 111 (AN . bu

a + LA ~ I
shall be used to perform ma part1cle inspection of we lds as specified in
section 6. DC or rectified AC shall be passed through the part. Contact
electrodes (prods or leeches) shall be used.
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15.4.3.1.1 Technique. M7 inspection procedure and technique shaii be
as specified in MIL-STD-271, except surface defects detected shall be re-
evaluated by applying the prods parallel to the defect.

15.4.3.2 Longitudinal magnetization (AC yoke). Longitudinal
magnetization shall be used to perform inspection of welds as specified in
section 6.

1CA 2 N 1 Tmmbln 2 MT 2ammmmnd o ciammadicinn momd ambhalaiia ~akhall kA
12.4.3.C4.1 recnnigue. Mo Inspecuion proceuure diiua Lecnirgyue siaii ve
cnoarifiad in MTI _CTN_271 avrant civnfara dafarte dAotarted chall he ro-
ao J'J\-\.II vy it viiL-oiv-ars7 1, ‘-I\\.-L-}JL QUL 1 ULT UL T UL LD UL LvLLiLLu o A L4
evaluated by applying the yoke perpendicular to the defect.

15.5 PT inspection. PT inspection procedure and technique shall be as
specified in MIL-STD-271.

18 & UT 1ing
PRV v 1 1 -~

v

15.6.1 UT inspection of welds. UT methods and techniques for
inspection of welds shall be in accordance with MIL-STD-271.

15.6.2 UT inspection of pliates for thickness and soundness. UT methods
nd “‘?‘1ques for inspection of plates for thickness and quality shall be as

Lecrmn
pecified in MIL-STD-271 and the applicable material specification or
cquisition document.

15.6.3 Records. Records shall be in accordance with sections 5 and 8.

£

15.7 VT _inspection.

15.7.1 General. Inspector accomplishing VT inspection shall be
qualified in accordance with section 4 and shall be familiar with the
inspection requirements and inspection acceptance standards of this document.

15.7.2 Equipment. Visual aids such as magnifying glasses may be
empioyed to assist in inspection except where prohibited by this document.

[
[
(U]

—_——-ee— v ¥ wmar e PV VY ATl V ST NINT b W IV AV e PRI VY Wit CAMMI VTV WD



Downloaded from http://www.everyspec.com

Recommended gauges and tools for dimensional or special inspection are
outlined in sections 6 and 14.

15.7.3 Surface preparation. VT inspection of base material and welds
shall be accomplished with the surface to be inspected in a clean condition
(free of scale and slag which could interfere with the VT 1nspect10n) When
th DT 1s not required surfaces which have been cleaned and painted with

£ et~ vy Ao ,IA.,.A,J v Snmoennr s AN Lihawva winld

one coat OT pr d suitable for inspection. Where weld
rontonurina 1¢ roanived hy thic ctandard annlicahle drawing or detail
LuIitLvul lly 1o 1 \;\iu vy UJ vl o Q2 LvUanivuul U, UPVI LA LS “uoury 'I'B A Al UL vu o
specifications, the welds shall be inspected in the ground condition.
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16. WELD REPAIR OF HY-80/100 CASTINGS

16.1 Scope. This section contains the requirements for repair of HY-
80/100 castings which are welded into and become a part of the submarine
structure.

16.2 Casting requirements. HY-80/100 castings sha
requirements of MIL-S-23008 and this section. Cast ngs which fail to me
acceptance standards of section 7 when inspected to the requirements of
sections 8 and 16 shall be repaired by grinding or welding, as appropriate.
Castlnqs may be repaired by grinding where the thickness is not reduced below
the minimum design thickness. Grinding shall produce a smooth depression
blended into the surrounding surface in such a manner to remove abrupt changes
of the material surface.
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requirements, or have been repaired as nece ry to pass the requirements,
shall be considered as wrought material for further fabrication purposes
except that all casting repairs shall be made in accordance with this section.
Temporary attachment sites, arc strikes and other fabrication scars shall be
dispositioned accordingly. However, the acceptance standards for casting
repair excavations, contained in section 16, shall be applied.
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and hull shall require approval.

16.3 (Cold straightening. Cold straightening
e~
g

16.4 Repair welding. Welding requirements for repair of castings shall
be in accordance with sections 13 and 16, using procedures and welders
qualified in accordance with section 4. Limits of repair welding are
contained in 16.5. Inspection requirements are contained in this section.
Acceptance standards shall be in accordance with sections 7 and 16. Prior to
repair welding, the excavated area shall be fu]ly vws1ble to the we]der and

chal1l A11A ~Af +ha ala Ada AT unld coimfanac
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16.4.1 Heat treatment. Unless otherwise approved by NAVSEA, repairs
shall be made using filler metal conforming to the applicable specification,
as specified in table VII, subsequent to heat treatment of the casting and
completion of acceptance mechanical testing. No post weld stress relief or
heat treatment shall be performed after such weld repairs.

16.4.2 Stress relief. HY-80/100 castings shall not be stress relieved.

16.5 Repair limitations. Repairs may be made provided that all
requirements of this standard are met. Limitations on repair are set forth
below.

16.5.1 Extent of repair. Repair of rejectable indications in castings
shall consist of the removal of the defect until the excavation meets the

(==Y
(WY
wn
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of 16.5.3.1 weld renair of the excavation
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16.5.2 Repair by grinding. Repairs may be accomplished by grinding

without repair welding provided minimum design thickness is maintained and the
final contour blends smooth]y into adjacent surfaces. Final surfaces shail be
7

inspected by VT and MT to the acceptance standards of sect

0

e

/.

16.5.3 Repair by welding. Defects fh at cannot be repaired by grinding
in accordance with 16.5.2 or where a minimum design thickness cannot be
established shall be repaired by welding

16.5.3.1 General limitations. Excavated areas to be weld repaired

shall meet the contour requirements of figure 36. In addition, the following

requirements apply:

a. On casting surfaces which do not reguire subseguent machining,

"y QLTS WNiriLar Uy Ve o yw i © SReT

aefects requiring repair shall be excavated until acceptable to

the requirements of section 7 (as determined by MT inspection) or
until a depth of 3/8 inch is reached. Beyond 3/8 inch and up to

and including one inch of depth, the excavation shall be proven
free of iinear defects over 1/2 inch iong by M7 inspection prior

to repair welding.

b. On casting surfaces which reguire subse nt machining to produce

QL S LIRS \-uuv

the final configuration, defects reauxrwna repair sha]] be

excavated until removed (as determined by MT 1nspect10n) or until
a depth of 3/8 inch below the final machined dimension is reached.

Beyond a depth of 3/8 inch and up to and 1nc1ud1ng 1 inch below
ined dimension, the excavat1on shall be proven free
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c. On castings at the shipyard that have satisfactorily passed

initial RT, UT and MT, the requirements of a. and b. above apply

for excavat1ons up to 1 inch deep. Discontinuities in excavations

over 1 inch below the as-cast or final machined surface may be
sealed and the excavation repaired provided the root layers are
inspected and comply with the requirements of 7.5.1.

16.5.3.2 Minor repairs. Minor repairs are repairs of surface defects

for which the excavations do not exceed the following Timits:

a. The maximum depth does not exceed 1/2 inch or 20 percent of the
casting thickness, whichever is less.

b. Individual repair areas do not involve more than 2 percent of the
casting surface.
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c. The total repair area does not exceed 10 percent of the casting
surface.
1 r - S At P A P | P . PR b PO L P P R S
10.20.5.93 N()"Hndl repairs. NOH1nd i repdlrs are LInose WItiCi exceeu Lie
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inches or half the casting thickness in depth, whichever is less. The total
accumulated volume of weld metal involved for nominal repairs shall not exceed
4 percent of the volume of metal in the casting. Adjacent nominal repairs
shall be separated by a distance equivalent to the maximum dimension of the
smaller repair or 3/4 inch, whichever is less. If this condition is not met,
the repairs shall be joined. RT may be emp]oyed after excavation, as detailed

in 1R 7 +n Aatavmina +ha canndnace Af +ha wo Anann o
LR SV APy e LU UT LTI iHIHT LT SUUuliulicoD> vl 1< Illullllllg ma

(.

16.5.3.4 Special repairs. Special repairs are those which exceed the
lTimitations of 16.5.3.3 for nominal repairs. Special repairs are permitted
only with approval on a case basis (see 17.3 and appendix A). These repairs
may include excavations compiete1y through the wall of the casting which may
be repa1rea by empioying a su1tan|e contourea insert. The insert shaii be HY-
80/100 material, as appropr jate, and ful 1y documented to this standard. It
shall have radius corners (3/4 inch minimum). If adjacent special repairs are
closer to each other than 3/4 inch, they shall be joined to make a single
repair. Requests for approval of anv repairs in this category shall be
accompanied by a suitable sketch or photograph showing complete dimensional
details, proposed welding and inspection procedures criteria, and in addition,
shall include a record of all previous repairs except minor repairs.

1“ “ ‘Al 1A hll1 1l‘|llﬂ lA'A1A '\Il1.1l‘|llf\ ;r\v\ nnmmnn‘-;f\n I\" I\&l‘*'l“h A'lmf\ﬂf‘"l\'\l‘
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or machining errors not exceeding 10 percent of the total area of the casting
may be made using welding procedures and welders qualified in accordance with
section 4. Weld buildup shall be within the following limitations:

a. 3/16 inch maximum buildup for wall thickness 1 inch and under.

b. 20 percent of wall thickness maximum buildup for wall thickness

over 1 inch but not to exceed 3/8 inch.

These thickness limitations apply to the finished condition. Weld buildup

exceeding these thickness and area limitations shall be performed only with

approva] on a case basis. Areas which are built up by welding shall be

recorded Dy sketch, or other means to identify the buildup areas, dimensions,
C
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16.7 Repair weld inspection. All castings which have been repaired or
built up shall be inspected as detailed below.

16.7.1 VT inspection. Each casting shall be inspected after repair for
conformance to drawing dimensions, for surface conditions and for
identification marking.
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16.7.2 MIT inspection. MT inspection shall be performed in accordance
with section 15 by operators and procedures qualified in accordance with

section 4. Acceptance standards shall be as specified in section 7 for cast
materials. MT inspection shall be performed on all weld repair and buildup

areas in the final repair surTace cond1t1on r1nal 1nspect10n shall be mad
i
I

it by ] I - /1 10n ~ L At

:F
~J

16.7.3 RT inspection. RT shall be performed by procedures and
personnel qualified as required in section 4 to the acceptance standards of
section 7. RT is not required for minor repa irs ad defined in 16.5.3.2 nor

for weid buiidup to the extent permitted in 16.6. RT inspection of nominai
weld repairs is required if the repair was made to correct an RT detected
defect. RT inspection is reguired for all special weld repairs if that
portion of the casting being repaired originally required RT. Repair of

casting RT indications is requ1red only to the extent of bringing such
indications within the applicable RT acceptance standards. When radiographs
are made after repair excavation and prior to weld repair to determine the
extent of any remaining discontinuities, the acceptance standards for the

b PR TN PR W 2 J_L‘ ........ arma = ~L .11 ___'I 1T
06519n60 tnickness OT itne casting lﬂ the excavat LI dared 5Sidlli pply. Ui
inspection, employed in accordance with an approved procedure, may be used for
such determinations.

16.8 Repair weld marking. If reference points do not exist due to
surface configuration, castings shall be marked as necessary to provide
traceability of the repair records to the location of nominal and special
repairs.

1£ 0 Darnwndc Darcrande AfF 211 winld wvoananime chall ha maintdasnad ac

103 noLuUtr uS. RTLUIrus> vli ali woiu jopaliro snali v mailmntaiincu as
required in section 5 and except for minor repairs shall include the
following:

a. The location, size, and depth of each weld repair (or thickness of
buildup) shall be marked on a suitable sketch of the casting.
Photographs with weld repair dimensions shown, may be made of the
casting after preparation and prior to repair we]diﬂg. A scale
chanild ha nlarad An +ha Aactina vicihla Aan aarh nha+nnavanh €fAan
21IVU 11U pe plaucu Vil LIIT Lastiiiy, VviSIvITc vl Tavi punuLouygyrapiy, i1ur
use in approximating dimensions to assist in subsequent
inspection.

b. Reference to welding procedure/electrode qualification document.

c. Weld repair inspection results.

A Annwvaval anthanatay

u. RAppruval auitinuvr iiy.

e. Welder identification.
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Filler metal identification (electrode type, heat, lot, control

number, or batch number, as applicable).

119



Downloaded from http://www.everyspec.com

17.1 Scope. This section contains information of a general or
explanatory nature that may be helpful, but is not mandatory.

17.1.1 Intended use. This standard is intended to describe the minimum
requirements for shipbuilding practices, standards for material, weld joint
design, workmanship, welding inspection and record requirements for combatant
submarines and noncombatant submersibles constructed of HY-80/100 material

17.2 1Issue of DODISS. When this standard is used in acquisition, the
applicable issue of the DODISS must be cited in the solicitation (see 2.1.1,
and 2.2).

17 Canmcaidarnatian AfF dAata vamiiivamant o Tha $a1lmuina data

1/7.90 LUNS TUCTradL iull VDI UaLla icyulicliciitsy. e 1l iIuwilily uata
requirements should be considered when this standard is applied on a contract.
The applicable Data Item Descriptions (DID'S) should be reviewed in

are “requested/provided and that the DID s are tailored to reflect the
requirements of the specific acquisition. To ensure correct contractual

appl1cat1on of the data requirements, a Contract Data Requirements List (DD

Form 1423) must be prepared to obtain the data, except where DoD FAR

Supplement 27.475-1 exempts the requirement for a DD Form 1423.

Reference paragraph DID number DID title Suggested
tailoring

4.9.1, 5.3.2.1, 5.3.2.2 DI-MISC-80678 Certification/ = ---------

5.3.2.3, 5.3.2.4, data report

5.3.2.5, 5.3.2.6,

5.3.2.7, 5.3.3.1,

5.3.3.2, 5.3.3.3,

5.3.3.4, 5.3.3.5,

5.3.3.6, 5.3.4, 5.3.4.1,

5.3.4.2, 5.3.1.6,

13.7.1.1, 16.5.3.4, and

appendix A

Table XV DI-T7-2072 Reports, test = ---------

The above DID's were those cleared as of the date of this standard. The
current issue of DoD 5010.12L, Acquisition Management Systems and Data
Requirements Control List (AMSDL), must be researched to ensure that only
current, cleared DID's are cited on the DD Form 1423.

17 2 1 ATt avminadtan hhaad Jan. .4 rvmndii~dtaAam Factkanmas Af AT AdmAanmdt i AF £

1/7.9.1 AlLeEriaLe neai  Hiput = prouuciuiorn LtesLiny vl weijugient ruri=oii
tabs. Copies of the test data from procedure qualification (see 13.7.1.1 and
table XV) should be provided to the cognizant Supervisor of Shipbuilding,
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17.4 Subject term (key work) listing.
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Fillet reinforcement size in excess of that required by plan is
acceptable provided the contour is in accordance with these figures.
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Concavity shall not be more than 1/16 inch; concavity is acceptable

provided the minimum throat thickness is at least equal to 70 percent of

the required fillet reinforcement size (D > 0.7 x S).

FIGURE 1. Typical contour for fillet groove tee welds
and fillet welds.
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( SUBMARINE STRUCTURE

|
[ | |

PRESSURE HULL STRUCTURE CONTAINMENT STRUCTURE NON-2]E e:
{
|
[ | [ | | 1
PRESSURS HULL SUPPORT INTERMEDIATE 1LOW PRESSURS| | FOUNDATIONS| {NON-SUPPCRT
ENVELOPS s:gucruasl PRESSURE TANKS| | (SOFT) TANKS STRUCTURE |
|
Note:
1. Any component of submarine structure which may fall into more than one

of the above categories shall be considered as belonging to that
category having the more stringent design and inspection criteria.

FIGURE 2. Functional diagram of HY-80/100 submarine structure.
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FIGURE 3. Examnles of members for attachment welds
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NON-HARD TANK ’
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(Non-Hard Tank Weld) L—  pReSSURE HULL

(Inspect to Table I

Norma]]y, the hydro test pressure side of the hard tank and the

operational pressure side of the hard tank are the same. When
exceptions exist, welds in or to both sides of the hard tank plating
shall be considered hard tank welds.

Frame to pressure hull envelope welds and pressure hull welds located
within the hard tank are not considered hard tank welds. If the frame

to pressure hull weld acts as a tank boundary, it shall be inspected as
a tank weld.

Back-up structure for foundations is structure welded to the hard tank
plating for the design purpose of support1ng foundations and not

primarily as a tank stiffener. Inspect back-up structure, foundation
and attachment welds to table I.

Where the stiffener, external or internal, is not active as a primary
tank panel stiffener, inspect the st1ffener ~attachment weld to “table I.

1nspected in accordance with table I.

FIGURE 4. Hard tank weids. 5/
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Typical clad area with double seating surface.

A = Inboard surfaces Ciass 3
B = Seating or seai area Class 1
C = Qutboard surfaces Class 2
Note:
1. The width of zone B shall be the width of the gasket retaining groove in

the matching part plus 1/8 inch.
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FIGURE 5. C S

for 0-ring or gasket seating surfaces.
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FIGURE 6. Quality control hull circularity measurement record.
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1. TJotal hull circularity based on compiementary pius partial circularity
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the extent of complementary and partial circularity measurements.
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2. The elevation of points "A" and "B" in figure 7.A shall be established
relative to reference lines from bench marks established on undisturbed frames
forward and aft of the proposed cut. This can be done by use of optics, or
other methods such as the range wire shown in figure 7.B. The end point

-~ Y .t auLn A2 e D A ~Lla1 | Sy immmmrmadad L. L£..4...a . [ - - b
elievations, D UllllellblUllb, snall be recorded for future reference at each
Fwnmn "‘l‘\ }\D FII+ T"I chnv‘onr'a 11nn a]nu:+1r\nc "h“ rl';mnnr1r\nr C‘\)]] 31(‘[‘\ "\D
1 anc “yu vo “uUu L. e I\_l\..l Ciivo e \_IquLIUII.‘), " ullllLlIJlUl!J, 11 1 alov v
recorded.
R C—CLAMP
B-iNCH
~ §-INCH MAXIMUM _-.{ WIRE ——y MAXIMUM —e e BLOCK 3 /—=
!’ — | ”
b‘_[:' o T . —j‘%
r——J% 1Y — ~—dle 1 —
T
LONGITUDINAL EXTENT OF CUT
e I 7.B.

3. After the hull has been restored and all major welding completed, the
reference iines shaii be re-estabiished and tne rererence |1ne and end poi

nt
elevations, dimensions "b" and "h", respectively, of figure 7.8 shall be again
measured and recorded.

FIGURE 7. Complementary circularity measurements.
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4. Using an appropriate measurement method, the existing hull radial geometry
shall be measured at five degree intervais over the arc from, and including,
points "A" and *B*. (For illustration purposes only, figure 7.C shows a
template approach for taking these measurements.) These measurements shall be
recorded for future reference. _
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SCRIBED RADIUS GREATER
THAN HULL DESIGN RADIUS
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tual measurements of the bench mark and end point elevations
before cutting shall be recorded on line "A".
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The actual measurements of the reference line elevations, end

-

point elevations and the contour taken after instaiiation shail be
recorded on line "B".
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be re-estahlished, the

a e "B" shall be adjusted to
account for any change in the reference line elevations between
lines "A" and "B". These adjusted end point elevations shall be
recorded on line "C" and shall be considered the post-instaliation
zero points. The contour relative to these zero points shali then
be recorded on line "C".
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N N I

ACTUAL MEASUREMEN
!
i

i [
Pt

GEOMETRY RELATIVE TO ZERQ END POINTS AFTER REWELDING

7.D

6. Using the partial circularity contour from either 1ine “B* or *C* above,
the total hull contour shall be developed and evaluated in accordance with
12.6.1.4.a.

cCICHDE 7
T 1GURC /

. Comnlementarv circularity measurements - continued.
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1. Partial circularity measurements shall be made in accordance with ‘
12.6.1.1.3.2. Figures 8.A and 8.B show the extent of partial circularities i
cases with and without tank structure intersecting the hull.

F C:RCULAQ,TY e
~E
Cx

Q
af CR CULARITY Cign. ?_'dg“
< e 1

/;(:POS::D cqr\ / pROPOSES  CUT 7x; \
!

x a TANK
X TAN A TOP
—

o oP x/2
/49‘\</’ Xi2 NOT TO 2XC220 307 ‘3/ AN V74N TO TANK TOP INOT TG ’
A/ : ; excezd 307!

8A. T és.

2. The elevation points "A" and "B" in figures 8.A and 8.B shall be
established relative to reference lines from Dencn marks estaolxsneu on

,,,,,,, P PN

undisturbed frames forward and aft of the proposed cut. This can be done by
the use of optics or other methods such as the range wire shown in figure 8.C.
The end point elevations, "b" dimensicns, shall be recorded for future
reference at each frame to be cut. The reference line elevations, "h"
dimensions, shall also be recorded.

/:-_—, 6-INCH MAXIMUM -—.{ WIRE ——3  MAXIMUM — p— BLOCK —“ E]

@ h _‘ L’ h -.l «E_J

—
L LONGITUDINAL EXTENT OF CUT i 8.cC

3. Using an appropriate measurement method, the existing hull radial geometry
shall be measured at five degree intervals over the arc from, and including,
points "A" and "B". (For illustration purposes only, figure 8.D shows a
template approach for taking these measurements.) These measurements shall be
recorded for future reference.

THAN HULL DESIGN RADIUS

\ ® \/y \\7 SCRIBED RADIUS GREATER Wq //
OCHK SOIKS

A &
V4 ASY - 3
3
P N
AN . /
N 8.D.
FIGURE 8. Partial circularity measurements.
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4. After the hull has been restored and all major welding completed, the
reference lines shall be re-established and the reference line and end point
elevations, dimensions "b" and "h", respectively, of figure 8.0 shall again be
measured

5. The post-installation hull radial geometry shaii again be measured at the
same points and using the same method as in step 3 above. These measurements
shall be recorded

6. Figure 8.E illustrates an acceptable method of recording all measurements.

(a) The actual measurements of the reference line elevations, end
point elevations and the contour taken before cutting shall be

recorded on line "A™.

(b) The end point elevations shall be considered zero points.
Therefore all reading greater than the zero point distance reveal
a dip in the hull and shall be considered neqat e readings; all
read1ngs less than the zero point distance revea] a hump in the
hull and shall be considered positive readings. The contour
measurements relative to the zero end points before cutting shall
be recorded on iine *B".

(c) The actual measurements of the reference line elevations, end
point elevations and the contour taken after installation shall be
recorded on line "C".

(d) If the pre-cut reference lines could not be re-established, the

end point e]evations recorded on line "C" shall be adjusted to
ine elevat1ons between
f

-t

(e) If the end point elevations, "h" dimensions, on line "D" deviate
from the "h" dimensions on 11ne "A", corrections shall be made to
the contour measurements recorded on line "D*. That corrected

i

_________________ md e d A '} - necn

contour measurements 5"d|l be recorded on e & .

FIGURE 8. Partial circularity measurements - continued.
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MEASUREMENTS ZEZORE CUTTING

1
VAL MEASY

.
'
1}
5
o

O

-

e e R N T I e e

i"l‘i‘i‘!'ixt“3"‘

b L h GEOMETRY RELATIVE TO ZERQ END PCINTS BEFORE CUTTING h b
- ; ! 1
c QOO T T[T T Ty T Do
ACTUAL MEASUREMENTS AFTER REWELDING
i i A T P
D. A I T R N S N : P : '
GEOMETRY RELATIVE TO ZEZRC SND POINTS AFTER REWELDING
: : —
i b o Co b C
E, L 1 ] I ‘ | | [ | : ] ! . | Q'D
CORRECTED CONTOUR VALUES
7. Record the pre-cut huil contour, line "8", with the post-installation
contour, iine "b" or "E", as applicable, on figure 8.F.

S seromeaurmma o= OUOIGRN)Y

”
AFTER REWELDING &

° o
FRAME
8.E.
FIGURE 8. Partial circularity measurements - continued,
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SECTION A-A
lg sngwn in tne 2pove skatch, the excavation deoth was grjea:er
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ptata thickness. Qe-inspection requirements are a5 SAOWA helow,
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FIGURE 10. MT inspection requ1rements for repa air of full
penetrat1on welids in_the pressure hull envelope
where tne tota] repair depth is greater than
1/3 T but less than or equal to 2/3 T.
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— L1/ 3/ 4/
v

OTHER THAN PENETRATIONS

RT 1is required when the designed projection is less than or equal to 1
inch for the full circumference of the penetration (see 11.5.2).
RT is required when the designed projection is less than or equal to 1
inch for the full Tength of the weld (see 11.5.2).
or UT is not required for that portion of the weid where the design
1

1N Aaonvaanc
PRY) ucsl CTCOe.

When the design projection is greater than 1 inch at any point along the
circumference or weld length, the joint shall be UT volumetrically
inspected in accordance with 6.8.4.

FIGURE 12. Application examples of table III, category I.A.Z2.
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FIGURE 14. Tvpical qauges.
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FIGURE 15. End-melt and corner-melt.
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\ \ /
4 D¢
\ ; / \
| ! / N
T —
l
2/ 3yttt Weld

For penetrations through 1 S
the pressure hull envelope, | " // %/

contour the toes of both =
the beveled and non-beveled ! r\
\ 1

members. 27

——
. .
~ N\

Groove tee or corner weld
Notes:
1. The weld edges shall blend smoothly into the base material whith no
sharp notches.
2. Finished depth of contour below plate surface shall not exceed 3/64

inch, or 5/64 inch provided the length does not exceed 12 inches in any

36 inch length of ground length.

3. S is the required fillet reinforcement. For full penetration groove tee
and corner welds, maintain 1/3 "S" minimum after contour grinding. 1In
o~ Al bnne ~€ 7 ad + ha maintainad

e

this case the minimum throat thickness of 7.4.4 need not pe mainta

FIGURE 16. Contoured weld reguirements.
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= 3/16 inch maximum
as a nominal condition
around the joint.

o—1—PTls.1

A— l

’
(\f

b

See Notes 1 and Z.

—
o .

Efficiency and strength of double fillet welds shall be based on
MIL-STD-1628 with prov151on made to proportionally increase the
size of single fillet welds.

2. Where A is greater than 1/16 inch, S equals required fiiiet size
plus A.

FIGURE 18. Single fillet tee joint.

—
5
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Bulkhead

blating ,SCLID FILLER
\\\\\ E;SSEzmg;Ladﬂngssl///Cann1ng plate
PT weld size, S \‘€§§§§ﬂ%%%Z%%%%S>Q{ PT weld size, S
ST NV/ /”\\ E"‘RATIOS
@—\i}\_ é/ - _&M_:_;/

— C—-—( — 111/11111111/'/1 iy
A A NN

T N/////////N

——-szl‘——"Tsl"-“

Notes:

f—y
.

Welds (S, and S;) shall be 100 percent efficient per MIL-STD-1628 (size
doubled as aonroor1ate for one-sided weld) based on the thickness of the
weaker member (T or T, for S, and T, or T; for S,) when buikhead and
canning plate are both structural. We1d S, may be 50 percent efficient
when canning plate is non- structurai.

2. A minimum efficiency of 50 percent is permitted where NAVSEA approved
analyses/testing show that a less efficiency is adequate for a specific
annlication.
application.

3. The penetration sleeve is considered the continuous member for designing

the welds.

crninec
riauntc

| &

10. Penetration through special sandwich bulkhead
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THEN R -%
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\ ! N
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WHEN"W" 212" MIN.
THEN Ro = 6" OR 2T WHICHEVER IS LARGER

where T is the thickness of the member penetrated.
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where T is the thickness of the member penetrated.

nd small access plates in plating
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other than the pressure hull envelope.
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FIGURE 24. Drain, vent or permanent snipe opening.
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Reference line for web tile
arallel to forward and aft

e
~ s 1
para
centerline of hull

9]

‘*\y///////' Web tilt (to reference line)
‘,//”/’” (90 degrees plus tolerance)
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ressure hull frame tolerances.
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Note:
1. In applying the above tolerances, the unfairness of the plating shail be

measured across the minor dimension of the panei.

FIGURE 26. Tolerance for unfairness of welded plate panels.
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FIGURE 27. Device for bend testing welded studs.
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Figure not to scale.
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Notes:

1. Height of the snipe (H) shall be such that the corners of the snipe
clear the intersecting weld preparation at least 1/4 inch as shown
above.

2. The snipe shall be shaped and beveled as required to provide adequate
accessibility for welding.

3. A1l access snipes shall be welded unless otherwise indicated by design
requirements. The maximum buildup limitation may be increased to 1-1/2
inches for welding up snipes.

FIGURE 29. Temporary snipe in corner of connecting structural member
L3 L 2 1_cnnde di:m o~ mana nthan mamharc
WNRICNH 1NLErSECLS WO Ul Ui ULIITT inciive) Je
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Figure not to scale.

Length of snipe opening (L) shall be at least 1/2 inch longer than width
of butt weld which it crosses.

Height of snipe opening (H) shall be adequate to provide accessibility
for welding but not less than 3/16 inch.

When design of the crossing member calls for snipe edge joint
preparation, the edges of the snipe shall be beveled as required to
provide adequate accessibility to the butt. The edges of the snipe

shall be beveled to "fair in" with the plate edge preparation bevel.

A1l access snipes shall be welded unless otherwise indicated by design

requirements. The maximum buiidup Timitation may be increased to 1-1/2
inches for welding up snipes.

FIGURE 30. Temporary snipe in structural member
connection crossing a butt weld.
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Figure not to scale.

~——

Notes:

1. The radius of the temporary snipe shall be 2 inch minimum in non-
pressure hull structure and 3 inch minimum in pressure hull structure.

2. Regardless of whether design of the sniped member specifies beveled or
square edge preparation, the snipe shall be beveled as shown to insure
maximum accessibility for welding.

3. The snipe shall be closed during welding of the periphery of the members
in which they occur. A patch plate is required.

FIGURE 31. Typical temporary snipe in corner of connecting structural
member which intersects two or more other members.
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Figure not to scale.

o] A= 6 inch min. <
rsgsure 1l structure
r v
Notes:
1. Temporary snipes shall be used for access for welding equipment where
required to permit depositing sound welds in way of intersections.
2. Temporary snipes shall be closed by installation of a patch plate. Full

oenetratlon welds shall be emD1oyed and all welding shall be in
accordance with the requ1rements of section 13.

3. where added height is required to provi de access for the welding process
ing empioyed, the temporary snipe may be elongated by maintaining the
specified minimum width and the 3 inch min1m"m radius at the upper end
(V] LIIT 1V T .
4. NDT for the temporary snipe weld shall be as specified in section 6 as
applicable for the member involved.
FIGURE 32. Typical temporary snipe.
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Figure not to scale.
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Weld Preparation for Repair of Partial Penetration Hoele

r N 1 /

\ weld preparation \ ! ! ‘

) \l | 3/16" min. 2
1 -

\ D 74 —

<

e ) o
Sanuryy

—e{ p+— 1/2" min. dia., 2 1/2" max dia.

WELD REPAIR OF FULL PENETRATION HOLE

1. Repair of original hole diameters over 2-1/2 inch diameter shall be in
accordance with 13.15.1.

FIGURE 33. Weld repair of holes.
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Keyholing resulting from grinding or gouging. Additional metal should

be removed as shown by dotted line to permit prdper electrode
accessibility and manipulation.
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Excavation of weld metal for repair. Side walls of groove should be
opened as shown by dotted Tines before reweiding. Radius at bottom
contour = approximately 1/8 inch minimum.

Weld root and repair excavation contours.
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SECTIONS B-8
FIGURE 36. Typical weld repair cot nfigurations for castings.
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APPENDIX A
CERTIFICATION/DATA REPORT TECHNICAL CONTENT REQUIREMENTS

10. SCOPE
10.1 Scope. This appendix covers information that shall be included in
the certification/data report when specified in the contract or order. This

appendix is mandatory only when data item description DI-MISC-80678 is cited
on the DD Form 1423.

20. APPLICABLE DOCUMENTS
This section is not applicable to this appendix.
30. DATA REPORT CONTENT
30.1 Circularity inspection. Circularity measurements made as required

by 12.6 shall be forwarded to NAVSEA at time of delivery in a format similar
to figures 6, 7, and 8.

30.2 Special weld repair of HY-80/100 castings. Requests for approval
of any repairs in this category (see 16.5.3.4) shall be accompanied by a
suitable sketch or photograph showing complete dimensional details, proposed
welding and inspection procedures criteria, and, in addition, shall include a
record of all previous repairs except minor repairs.
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