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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Petroleum and natural gas industries — Corrosion

re

sistant alloy clad bends and fittings for pipeline

transportation system —

Part 2:

Cl

1

Thi
mat
and|

Thi

ad fittings

Scope

5 document specifies the technical delivery conditions regarding design, geometric d
erials, manufacturing procedures, inspection methods, non-destructive'testing, markir

imensions,
g, package

storage for factory-made, seamless and welded, corrosion resistant@aloy (CRA) clad fittings for use
in plipeline transportation systems for the petroleum and natural gas induistries as defined in

5 document is applicable to CRA clad fittings for use in transportation or proces

trapsporting corrosive media-containing single-phase or multi¥phase fluid such as oil, gas

for
Thd
Twyq
qu

inte

2

Thd
con
und

ISO

ISO
Aus|
med

ISO

Lhe petroleum and natural gas industries. It can also be ySed as reference in other fields.
clad fittings specified in this document include cladielbows, clad reducers, clad tees and

technical delivery conditions classes for clad fittings are designated. Class B provides

icated laterals, fabricated lap joint stub‘ends and other fittings employing circumf
rsection welds are considered as pipe fabrication and are outside the scope of this docur]

Normative references

following documents are~teferred to in the text in such a way that some or all of th
stitutes requirements ¢f this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

3183:2019, Petroleum and natural gas industries — Steel pipe for pipeline transportation s

3651-1:1998;/-Determination of resistance to intergranular corrosion of stainless steels
tenitic and \ferritic-austenitic (duplex) stainless steels — Corrosion test in nitric acid
surement 0f loss in mass (Huey test)

3651-2:1998, Determination of resistance to intergranular corrosion of stainless steels

Fer

[SO 13623.
b pipelines
and water
clad caps.

 standard

ity level for clad fittings and Class S providestechnical requirements for sour-service conditions.

Fata)ll'

erential or
hent.

Pir content
pplies. For
[s) applies.

ystems

— Part 1:
medium by

— Part 2:

'if'ir’nu('f'pnifif' and fprril’ir-nncf‘pnil’ir (rhlplpv) stainless steels — Corraosion test in-media

containing

sulfuric acid

ISO
ISO

6507 (all parts), Metallic materials — Vickers hardness test

6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 6892-2, Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature

ISO

7438, Metallic materials — Bend test

ISO 7539-2, Corrosion of metals and alloys — Stress corrosion testing — Part 2: Preparation and use of
bent-beam specimens

IS0 8407, Corrosion of metals and alloys — Removal of corrosion products from corrosion test specimens
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ISO 8501-1:2007, Preparation of steel substrates before application of paints and related products —
Visual assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel
substrates and of steel substrates after overall removal of previous coatings

IS0 9400:1990, Nickel-based alloys — Determination of resistance to intergranular corrosion

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

[SO 10474,

Steel and steel products — Inspection documents

ISO 10893-4, Non-destructive testing of steel tubes — Part 4: Liquid penetrant inspection of seamless and

welded stegt

ISO 108931
welded fern

ISO 10893
welded steq

ISO 10893
welded steq

1SO 10893
of laminar

ISO 10893
testing of s
and/or trar

ISO 10893
seam of we

[SO 13623,
[SO 14250,

ISO 14732,
and autom

ISO 15156
oil and gas

ISO 15156
oil and gas

ISO 15156

environments infl.dnd gas production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys)

other alloys

N £ £ dat. £ £ £ ' foots
T CUUTSJOT CIcUuCTCCTIoT o) sur JuCtTitper JCCTIOTTS

5, Non-destructive testing of steel tubes — Part 5: Magnetic particle inspection of seamless
omagnetic steel tubes for the detection of surface imperfections

6, Non-destructive testing of steel tubes — Part 6: Radiographic testing of theyweld seaj
I tubes for the detection of imperfections

8, Non-destructive testing of steel tubes — Part 8: Automated ultrasonije.testing of seamless
[ tubes for the detection of laminar imperfections

9, Non-destructive testing of steel tubes — Part 9: Automated ultrasonic testing for the detec
mperfections in strip/plate used for the manufacture of weldedisteel tubes

10, Non-destructive testing of steel tubes — Part 10:Automated full peripheral ultras
bamless and welded (except submerged arc-welded) steél-tubes for the detection of longitud
sverse imperfections

11, Non-destructive testing of steel tubes — Paxt 11: Automated ultrasonic testing of the y
ded steel tubes for the detection of longitudinal and/or transverse imperfections

Petroleum and natural gas industries — Pipeline transportation systems
Steel — Metallographic characterization of duplex grain size and distributions

Welding personnel — Qualification testing of welding operators and weld setters for mechan
itic welding of metallic matérials

1, Petroleum and natural-gas industries — Materials for use in H2S-containing environmen
broduction — Part Z:\General principles for selection of cracking-resistant materials

2, Petroleum and natural gas industries — Materials for use in H2S-containing environmen
broduction <9 Pdrt 2: Cracking-resistant carbon and low-alloy steels, and the use of cast irof

-3:2020,5 Petroleum and natural gas industries — Materials for use in HZ2S-contai

and

n of

and

fion

bnic
inal

veld

zed

[S In

s in
S

ing
and

ISO 15590

-1:2018, Petroleum and natural gas industries — Induction bends, fittings and flanges

pipeline transportation systems — Part 1: Induction bends

for

[SO 15590-2:2021, Petroleum and natural gas industries — Factory bends, fittings and flanges for pipeline
transportation systems — Part 2: Fittings

ISO 15614-7, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 7: Overlay welding

ISO 15614-8, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 8: Welding of tubes to tube-plate joints

ISO 17405, Non-destructive testing — Ultrasonic testing — Technique of testing claddings produced by
welding, rolling and explosion
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[SO 17639, Destructive tests on welds in metallic materials — Macroscopic and microscopic examination of
welds

ISO 80000-1:2009, Quantities and units — Part 1: General
ASME BPVC Section II - Materials Part C, Specifications for welding rods, electrodes, and filler metals

ASME BPVC Section IX Qualification standard for welding, brazing, and fusing procedures; welders;
brazers; and welding, brazing, and fusing operators

ASME B16.9, Factory-made wrought butt welding fittings

ASNE B31.8, Gas transmission and distribution piping systems

ASNIE B31.4, Pipeline transportation systems for liquids and NDT slurries

ASNT SNT-TC-1A, Recommended practice No. SNT-TC-1A: Personnel qualification and certification in non-
destructive testing

ASTM A262-15, Standard practices for detecting susceptibility to intergranular attack in austenitic
staipless steels

ASTM A263-12, Standard specification for stainless Chromium steel-¢lad plate

M A264-12, Standard specification for stainless Chromium-Nickel steel-clad plate

M A265-12, Standard specification for Nickel and Nickel-base alloy-clad steel plate

M A370, Standard test methods and definitions for riechanical testing of steel products
M A435, Standard Specification for straight-beam ultrasonic examination of steel plates

M A578/A578M-17, Standard specification® for straight-beam ultrasonic examination of folled steel
es for special applications

M A751, Standard test methods, practices, and terminology for chemical analysis of steel prpducts

M A923-14, Standard test methods for detecting detrimental intermetallic phase in duplex|austenitic/
itic stainless steels

M E3, Standard guideforpreparation of metallographic specimens
M E92, Standard-test methods for Vickers hardness and Knoop hardness of metallic materidls
M E165, Standard test method for liquid penetrant examination

M E273,Standard practice for ultrasonic testing of the weld zone of welded pipe and tubing

M.E340, Standard practice for macroetching metals and alloys

AS ;
similar Chromium-Nickel-Iron alloys

, and other
ASTM E562, Standard test method for determining volume fraction by systematic manual point count
ASTM E709, Standard guide for magnetic particle testing

ASTM G1, Standard practice for preparing, cleaning, and evaluating corrosion test specimens

ASTM G28-02, Standard test methods for detecting susceptibility to intergranular corrosion in wrought,
Nickel-rich, Chromium-bearing alloys

ASTM G39, Standard practice for preparation and use of bent-beam stress-corrosion test specimens

ASTM G111, Standard guide for corrosion tests in high temperature or high pressure environment, or both

©1S0 2023 - All rights reserved 3
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MSS SP-75,

High-strength, wrought, butt-welding fittings

NACE TMO0177, Standard test method — Laboratory testing of metals for resistance to sulfide stress
cracking and stress corrosion cracking in H,S environments

NACE TMO0284, Standard test method — Evaluation of pipeline and pressure vessel steels for resistance to
hydrogen-induced cracking

3 Term

s, definitions, symbols and abbreviated terms

3.1 Terr

For the py
following 3

ISO and IE
ISO On

IEC El¢

3.1.1
as agreed
as achievin

3.1.2
backing s
substrate
made of ca

3.1.3

clad layer
layer of the
plate, clad

Note 1 to d
bonding, w
diffusion in

3.14
corrosion
CRA
alloy such
corrosion (¢

[SOURCE: |

hs and definitions

rposes of this document, the terms and definitions given in ISO 15590-2:2021and
pply.

[ maintain terminology databases for use in standardization at the following-addresses:

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at https://www.electropedia.org/

g consensus upon by the manufacturer and purchaser, and Specified in the purchase ord

eel
f the clad plate, clad pipe or clad fittings withstanding mechanical load or pressure,
'bon steel or low alloy steel

e corrosion resistant alloy metallurgically bonded to the surface of the backing steel of
bipe or clad fittings

ntry: Metallurgically bondedteorrosion resistant alloy (CRA) layer is to be produced by hot

bld overlaying, explosion cladding, coextruding or some other process that produces the atq
erface between CRA and carbon steel.

resistant alloy

as stainless steel and nickel-based alloy intended to be resistant to general and local
f oilfield’environments that are corrosive to carbon steels

S0"15156-1:2020, 3.6, modified —"such as stainless steel and nickel-based alloy" has b

added.]

the

and

rlad

roll
mic

zed

een

3.1.5
ifagreed

as prescribed, or more stringent than is prescribed, if achieved consensus by the manufacturer and the
purchaser and specified in the purchase order

3.1.6

manufacturer
firm, company or corporation responsible for making and marking the product in accordance with
specific requirements

Note 1 to entry: The specific requirements are addressed in this document.

© IS0 2023 - All rights reserved
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7

mother clad pipe
metallurgical straight clad pipe from which the corrosion resistant alloy clad fitting is made

3.1.

8

mother steel fitting
carbon steel or low-alloy steel fitting onto which the clad fitting is made by weld overlay with corrosion

resi

3.1.

stant alloy

9

neutral zone

zonp near the neutral axis of the elbow arc

3.1

bor
tan
met

3.1

sour environment

exp|
spe

Not
[SO

3.1
ma
MP
doc

manufacturing, inspection and testing activities performed during clad fitting manufacture

10

d shear strength

bential stress per unit contact area required to separate the clad layer from the backing
allurgically bonded clad plate, clad pipe or clad fittings

11

psure to oilfield environments that contain sufficient H,S to cause.eracking of metallic nj
cific mechanisms

b 1 to entry: These mechanisms are addressed in ISO 15156-1.

JRCE: 1SO 15156-1:2020, 3.20, modified — Note 1 to entry has been added.]

12

hufacturing procedure specification

5

ument that specifies the process control.parameters and the acceptance criteria to aj

steel of the

aterials by

bply for all

e diameter

[SOPRCE: ISO 15590-2:2021, 3.5, modified — "Fitting" has been replaced with "clad fitting".]

3.2 Symbols

A elongation of tensile-test specimen after fracture, expressed as a percentage

D nominal or calctlated (from the specified inside diameter and wall thickness) outsid
of clad fittings

d specifiéd-inside diameter at end of a clad fittings

R, ultimate tensile strength

Ry | “Oyield strength for 0,5 % total elongation

t minimum wall thickness of clad layer for clad fitting

tg nominal (minimum) wall thickness of backing steel for clad fitting

3.3 Abbreviated terms

AUT automatic ultrasonic testing

HAZ heat-affected zone

HIC hydrogen induced cracking

© IS0 2023 - All rights reserved
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MPQT manufacturing procedure qualification test
MT magnetic testing

NDT non-destructive testing

PREN pitting resistance equivalent number
PT penetrant testing

RT radiographic testing

ScC stress corrosion cracking

SMYS specified minimum yield strength
SSC sulfide stress cracking

PWHT post-welding heat treatment

UT ultrasonic testing

WT wall thickness

WPS welding procedure specification

4 General requirements

4.1 Units of measurement

In this doc
one systenj

4.2 Rou

Unless oth
hand place
Annex B, R

5 Infor

5.1 Gen

The purchz

ment, data are expressed in SI units. Edra specific order item, unless otherwise stated, ¢nly

of units shall be used, without combining data expressed in the other system.

nding

brwise stated in this dociument, values shall be rounded to the nearest unit in the last ri
of figures used in expressing the limiting value, in accordance with ISO 80000-1:2
ule A.

mation supplied by the purchaser

bral infermation

iser shall provide the following information in the order given below:

bht-
09,

a) a reference to this document, i.e. ISO 24139-2:2023;

b) clad fitting designation;

c) quantity of clad fittings;

d) CRA material type or identification (UNS or ASTM A240/A240M, see Annex C) of clad layer;

e) clad fittings dimensions:

— no

minal diameter, DN (in accordance with MSS SP-75 or ASME B16.9);

— specified inside diameter at ends;

© IS0 2023 - All rights reserved
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— nominal (minimum) wall thickness of backing steel;
— nominal (minimum) wall thickness of clad layer;

— the angle (for special elbows).

end preparation if different from square ends;

seamless or with longitudinal weld(s);

h) whether the purchaser wishes to approve the MPS prior to commencement of manufacturing.

5.2

Thd
not

a)

b)
‘)
d)
e)
f)
g)
h)
i)
i)
k)
)

Additional information

purchaser should specify the following additional information if applicable, whichwill
limited to:

pipeline operating conditions, including composition of transported"fluid, temper
pressure;

design temperature (minimum and maximum);

pipeline design standard or design factors;

requirements for maximum wall thickness of both backingsteel and clad layer;
specifications and materials of matching pipes;

special dimensional requirements;

supply of mother clad pipes or mother steel fittings by the purchaser or the manufactur
requirements for gauging and other measurements of dimensions, if different from this
requirements for supplementary inspection and testing;

mechanical property requirements for backing steel at high temperatures;
requirements for proof bunst testing or hydrostatic testing;

whether verificationrof the capability to withstand internal pressure shall be done by cal
by proof testing af-both (see Clause 7);

requirements{for corrosion resistance for both backing steel (such as HIC and SSC) and
whether-approval of the MPS is to be by review of previous production data or by MPQT

coating or painting requirements;

nclude but

ature and

BT

document;

culation or

lad layer;

marking requirements, if different from this document;

packaging and shipping instructions, if different from this document;

third-party inspection organization;

inspection documents which are required in accordance with ISO 10474;
requirements for format and additional information of the inspection documents;

PWHT (see 8.5).

© IS0 2023 - All rights reserved
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5.3 Information on the mother clad pipe

5.3.1 If the mother clad pipe is supplied by the purchaser, the following information on the mother
clad pipe shall be provided to the manufacturer:

a) purchasing specification;

b) pipe diameter, inside or outside;

c) pipe wall thickness (nominal or minimum values for both backing steel and clad layer);

d) pipe length;

e) grade pf backing steel;

f) CRA type of clad layer;

g) pipe mlanufacturer.

5.3.2 Ifthe mother clad pipe is supplied by the purchaser, the following addjtional information shquld

also be prgvided to the manufacturer if applicable:

a) material specification and material certificates of clad pipe, including chemical composition, eat
treatmjent, mechanical properties, results of NDT and hydrostatic testing;

b) WPSa

c) weldr
5.4 Info

54.1 If
provided t

a) purchz
b) fitting

c) requir

hd weld metal chemical composition for welded clad pipe;

bpair record and weld-seam-repair WPS for welded’clad pipe.

rmation on the mother steel fitting

the manufacturer:
sing specification;
designation;

bd fitting dimensions, including:

— nominal diameter, DN,

pcified inside/diameter at ends,

— nominal wall thickness,

— TIa

liussand type of radius (if applicable), and

he mother steel fittings are supplied by the purchaser, the following information shal| be

— the angle (if applicable).

5.4.2 If the mother steel fittings are supplied by the purchaser, the following additional information
should also be provided to the manufacturer if applicable:

a) material specification and material certificates of the steel fitting, including chemical composition,
heat treatment, mechanical properties, and results of NDT;

b) WPS for welded fittings;

c) heattreatment status or PWHT for welded fittings.

© IS0 2023 - All rights reserved
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6 Designation
Designation of clad fittings shall take the form of “XXX- YYY/CCC-Z”, where:
— the letters “XXX” represents the codes of clad fittings, which are shown in Table 1;

— the letters “YYY” is the specified minimum yield strength (SMYS) of backing steel, expressed in
megapascals (MPa);

— the letters “CCC” is the CRA type of clad layer (see Annex C);

tholottar “Z" icthacuffio D - C Do sdont b thatnachinisa]l dolivnryy cop it clacc £o0 nlad flttlngs

TITCTCTTCT T CIIC SUTTITA D OT O D tUTOCTItIT y crrCtCeIITIICar eIy Oy COTTOTTIOTT S CIa s 5 TOT 9

in non-sour service, or the suffix S to identify the use in sour-service conditions.

EXAMPLE “45CEL(L)-245/UNS S31603-B” is a 45 deg. long radius clad elbow, the SMYS pf"backing steel is
245|MPa, and the CRA type of clad layer is UNS S31603, and identifies the use in non-sour service.

Table 1 — Types and codes of clad fittings

Types Category Codes
Long radius (1.5D) 45CEL(L)
45 deg. clad elbows
3D 45CEL(3D)
Long radius 90CEL(L)
Long radius reducing 90CEL(LR)
90 deg. clad elbows -
Short radius (1B) 90CEL(S)
3D 90CEL(3D)
Concentric CCR
Clad reducers Eccentric CER
Conical CNR
Straight CTE(S
Clad tees - & )
Reducing outlet CTE(R)
Clad caps - CCA

7 |Design

The design documents‘gf clad fittings shall at least include design drawings and strength caldulations or
propf test report. Thexdesign parameters of clad fittings shall be consistent with those of their matching

pipé¢s.
The strength design and material selection of clad fittings shall follow the principle of the bgcking steel

for (withstanding of internal fluid pressure and additional special load and clad layer fof corrosion
resistance of conveying fluid.

TheTapabitity of the ctadfitting towithstamdimtermat pressureshattequatorexceedthat of the
matching pipe. The verification of the capability shall be made by design calculation or proof testing or
both.

The calculations of the minimum wall thickness (or design thickness) of the backing steel shall be made
in accordance with ISO 15590-2:2021, Annex A. The calculations of the nominal wall thickness(tg)
of the backing steel shall be made by Barlow's formula. The hoop stress in the clad fitting due to the
internal fluid pressure shall not exceed the hoop stress for the tangent permitted in ISO 13623 or other
applicable design code.

The proof test procedure shall be as defined in ISO 15590-2:2021, Annex B. The pressure design
thickness (or equivalent pipe wall or schedule rating) for critical areas of each type of clad fitting shall
be determined and recorded. Critical areas are normally the extrados and intrados of elbows, the crotch
of tees, the knuckle of caps, and the large end of reducers.

©1S0 2023 - All rights reserved 9
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Additional requirements on strength design verification or different method of calculation, such as
resistance to internal pressure under special load cases in accordance with ISO 13623, ASME B31.8,
ASME B31.4 or other recognized documents shall be indicated at the time of enquiry or purchase order.

The design calculations and/or results of successful proof testing shall be available for review at the
manufacturer’s facility.

If the SMYS of the backing steel of clad fitting is less than that of the matching pipe, the minimum
thickness of the fitting end shall be increased such that the product of its thickness times its SMYS shall

at least equal the product of the specified wall thickness and the SMYS of the matching pipe.

For materjals Selection for clad fIttings, the corrosivity of the transported fluid shnall be taken jnto

account, and the following principles shall apply:

a) ifthe transported fluid contains several corrosive media such as H,S, CO, or ClI;, the clad layer shall
be resjstant to SCC, mass loss corrosion and pitting corrosion, and the clad layer material shall be
in accdrdance with the requirements given in 9.5.4;

b) if the fransported fluid contains H,S and is defined as sour environment, the' heed for the bacling
steel tp conform with ISO 15156-2 shall be as agreed.

8 Manyfacturing

8.1 Starfing materials

8.1.1 Geperal requirement

The startig material for clad fittings shall be fusion-wielded with filler metal or seamless clad p

clad plate,

8.1.2 Mg

Mother clg
document

The mothe
bonded to
weld overl

The mothe
The mothe
clad layer d
induction |
steel pipe |

inalloyed or low-alloy steel seamless and welded fittings.

ther clad pipe

d pipe should be manufactured’ in accordance with API Spec 5LD or other applic
hs agreed.

I clad pipe is a clad bimetallic pipe composed of an internal CRA layer that is metallurgic
the backing steel. The nretallurgical clad layer may be bonded by hot rolling, coextrus
y, explosion bonding;-or some other process that produces a metallurgical bond.

I clad pipe shall'be’either a seamless pipe or a welded pipe having only one longitudinal w
r clad pipe shall not contain girth butt welds. The wall thickness of backing steel and

ipe,

hble

ally
ion,

eld.
[RA

f the mogher clad pipe shall have adequate allowance for wall thinning at the extrados d
ending-er‘other forming. The mother clad pipe shall not contain weld repairs on the bac
ody, and repair of weld overlay should be accepted.

The mothd

e to
ing

clad pipe is supplied by the purchaser, with regard to its suitability for manufacturing of fitting, the
following performance shall be consulted with the manufacturer: chemical composition, mechanic
properties, bond shear strength, hydrostatic test, workmanship, NDT and dimensions.

The backing steel of mother clad pipe shall conform with the applicable requirements for PSL2 in
[SO 3183:20109.

If agreed, the backing steel of mother clad pipe for the manufacture of clad fittings Class S should
conform with the requirements for PSL2S in ISO 3183:2019.

The outer surface of the mother clad pipe shall be free from contamination by low-melting-temperature
metals, such as copper, zinc, brass and aluminium.
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8.1.3 C(lad plate

The stainless chromium steel-clad plate or stainless chromium-nickel steel-clad plate used to
manufacture clad fittings shall conform to ASTM A263-12 or ASTM A264-12 respectively, and the
nickel-base alloy-clad plate shall conform to ASTM A265-12.

The CRA layer of the clad plate may be bonded by hot rolling, explosion bonding or other metallurgical
bonding processes as agreed.

The wall thickness of backing steel and CRA clad layer of the clad plate shall have adequate allowance

for wall thinning at the extrados due to bending.

The

The
acc
fulf]
inte

The
exc
in (
in 3
fini

8.1

Mot
fitti
ISO

minimum acceptable bond shear strength of clad plate shall be not less than 210 MPa.

clad plate shall be inspected by UT with 100 % coverage for bond integrity prior to s

il the requirements of Class 1 in ASTM A263-12 or ASTM A264-12 or ASTM A265-12
grity of the clad plate may also be tested by AUT technique.

clad plate shall not contain weld repairs on the backing steel. The/Tepair of defects in

RA layer may be repaired with a procedure and welders or welding operators that ay
ccordance with ISO 14732 or ASME BPVC Section IX. Buttsweld seam shall not be pre
shed clad plate.

4  Mother steel fitting

her steel fitting shall be manufactured in accordance with ISO 15590-2:2021. If agreed, n
ng for the manufacture of clad fittings Class S:should conform with the requirements fo|
15590-2:2021. If agreed, carbon steel or low@lloy steel in accordance with MSS SP-75 or A

hipment in

rdance with ISO 17405 or ASTM A578/A578M-17. The acceptance criteria forlbond qyality shall

The bond

CRA layer,

bpt for within 50 mm any of the edges of the clad plate, should be‘accepted. The disbondled defects

e qualified
sent in the

other steel
Ir Class S in
SME B16.9

or dther recognized documents may also be used.

Theg mother steel fitting shall not contain weld repairs to the fitting body. The surface of the mother
stegl fitting shall be free from contamination by low-melting-temperature metals, such as cppper, zinc,
braps and aluminium.

Theg mother steel fitting may be'supplied by either the purchaser or the manufacturer.

8.15 Welding consumables

Unlgss otherwise agreed, all welding consumables shall conform with the requirements of ASME BPVC
Section II, Part C:

NOTE ISO/SPC 44/SC 3 develops many relevant standards, which can be referenced accorfing to the
applications

8.1)6 0 Re-inspection of starting materials

The starting materials shall be re-inspected by the manufacturer after it has entered the manufactory.
The mother clad pipe or mother steel fitting produced by the same manufacturer as the clad fittings
with the same quality assurance system shall not be re-inspected.

The re-inspection of the starting materials shall conform with the followings:

a)

the starting materials shall be provided with quality certificates;

b) the appearance and geometric dimensions of each mother clad pipes, mother steel fittings and clad

©IS

plate shall be examined;

02023 - All rights reserved
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c) if agreed, for each lot of mother clad pipes, mother steel fittings and clad plate, one should be
randomly tested for such items as the chemical composition, mechanical properties, and non-
destructive inspection. The extent of re-inspection and acceptance criteria shall be as agreed.

8.2 Manufacturing procedure specification (MPS)

8.2.1 General requirements

Clad fittings shall be manufactured in accordance with a documented MPS. If specified by the purchaser,
manufacturing shall not proceed until the MPS has been accepted by the purchaser.

An approvjl of the MPS shall be required, either by review of the manufacturer’s previous produc
data or by

Unless oth

the report of MPQT.

be conductled as specified in Clause 9.

During the

purchaser.

8.2.2

MPS devel

The manufacturer's any revision to the MPS shall be approved by thé purchaser.

MIS development procedure

pment procedure includes the following steps:

a) prepaile a preliminary MPS;

b) start production of the test clad fittings per the preliminary MPS;

c) condu
d) revise
fitting

t testing and inspection in accordance with Glause 9;

the preliminary MPS according to the report of manufacture and MPQT for the test
and finalize the MPS;

e) submifthe MPS to the purchaser for approval.

8.2.3 Rejquired information in MPS

MPS shall gpecify the following infermation (as appropriate):

a) for the|starting materials

1y
2)
3)
4)

5)
6)
7)
8)
9)

12

najme of manufacturer;

m

m

pr

hterial type'or steel grade (including backing steel and clad layer);

inufacturing procedure;

odvict form (cnr‘h asseamless orwelded mother clad l‘\th orclad n]nhn orseamless orwe

Fion

brwise agreed, before commencement of the mass production, MPQT listed in. Tdble 2 shall

production of clad fittings, the manufacturer shall conform with the MPS approved by|the

Clad

—_—

ed

mother steel f1tt1ng) specifications and dimensions;

ch

emical composition (including backing steel, clad layer and that of the weld seam);

mechanical properties of backing steel;

W

PS and weld repair report;

NDT report;

he

at treatment status;
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10) re-testing requirements;
b) for clad fitting manufacture:
1) cleaning method and preparation requirements of starting materials prior to manufacturing;
2) inspection and evaluation of the forming machine;
3) forming procedure;

4) WPS and approval record;

5) heattreatment procedure;

6) machining requirements;

c) |dimensions and rounding procedures;
d) |testing and inspection requirements for:
1) qualification of the test clad fitting;
2) production of the clad fittings;

e) |traceability;

f) |additional requirements (e.g. end preparation, coating.ahd marking).

8.3| Clad fitting manufacture

All |[manufacturing processes shall be perforired in accordance with the MPS. Thel following
manufacturing processes should be used to prodtce the clad fittings.

a) |electric induction heating and formingby using mother clad pipe;
b) |butt-welding following cold- or hot* forming by using CRA steel-clad plate;
c) |weld overlay with CRA onto‘thé mother steel fittings.

Coldl- or hot- forming processes used in the manufacturing the clad fittings include bending,|extruding,
prepsing, expanding, rolling, drawing, upsetting or by a combination of these operatior]s or other
professes as agreed.

MaIlufacturing procedures shall ensure that the surface of clad fittings has smooth trangition after
forming, and mechanical properties of the backing steel and corrosion resistance of the clad layer are
notjdegraded;dnd no cracks or other defects that may impact safety initiated.

8.4 Welding

8.4.1 General requirements

All welds and weld overlay including weld repairs shall be performed by qualified welders in accordance
with the qualified welding procedure.

All WPS and welding procedure qualification used in the manufacture of clad fittings shall meet the
requirements specified in ISO 15614-7 and 1SO 15614-8 or ASME BPVC Section IX. Welder qualification
test shall be conducted in accordance with ISO 14732 or ASME BPVC Section IX.

8.4.2 Weld overlay

For weld overlay, cold/hot wire TIG welding or other welding processes with low heat input shall be
used. Multi-layer weld overlay shall be used. The lap length between adjacent weld over layer shall

©1S0 2023 - All rights reserved 13
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be 30 % to 50 % of the width of each layer, and the weld pass roughness and the concavity between
adjacent passes shall not exceed 0,5 mm. The thickness of weld overlayer shall meet the requirements
0f 9.6.2, and the chemical composition shall meet the requirements of 9.3.

8.4.3 Weld metal

Weld metal used in the manufacturing of clad fittings shall be suitable to meet the chemical composition,
mechanical properties and corrosion resistance properties requirements of Clause 9.

8.4.4 Welds and position

All butt-w¢lds shall have full penetration and be done with at least one pass from the inside. Backing
rings shallnot be used.

The weld number and position of welded clad fittings shall meet the following requirements-

a) atmosft one longitudinal weld is allowed for each clad tee, and the branch outlet in clad tee shall be
positigned diametrically opposite the longitudinal weld;

b) at modt double longitudinal welds are allowed for each clad elbow and’elad reducer, and dotyible
welds phall be located 180 degrees apart. For the clad elbow with onedongitudinal weld, the s¢am
shall b located in the area of 0°to 10° from neutral axis of elbow on éxtrados side or intrados dide.
Weld gosition diagrams are shown in Figure 1;

c) ifagrepd, the clad cap may be made by butt-welding from CRA steel-clad plate, and the weld s¢am
length|should be less than 1/4 of the outer diameter of the €ap.

When the gbove requirements for the weld position of welded clad fittings is not possible, the position
shall be defided as agreed.

b) Clad reducer

Key
A onelongitudinal weld

B  double seam

Figure 1 — Weld position diagrams for welded clad elbows and reducers
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Heat treatment

For the clad fittings made by weld overlay with CRA onto the mother steel fittings [see 8.3 c)], before
weld-overlaying, post-forming heat treatment should be applied to the mother steel fittings to achieve

the

required material properties or to relieve residual stresses.

For clad fittings made by hot- or cold-forming from weld overlay mother clad pipe [see 8.3 a)], pre-
forming heat treatment may be applied to the weld overlay clad mother pipes to prevent of cracks
during the forming process.

For the clad fittings made by cold-forming or by overlay welding process, stress relieving of the clad

fitting by heating subcritically is permitted.

Posf-forming or post-welding heat treatment need not be applied to clad fittings made by H

fro
by

8.6

mother clad pipe or by butt-welding from CRA steel-clad plate. However, thisshall be ¢
anufacturing procedure qualification tests.

Cold forming and sizing

ot-forming
etermined

Coldl-forming or sizing without subsequent heat treatment is permiitted for ovality and diameter

cor
per
the
exp|

If the ovality and inside diameter at the ends cannot meet the tolerance requirements of Ta

ove

8.7

Cladl fittings shall not contain jointers or girth welds.

8.8

Cladl fittings should be supplied Wwith square ends unless otherwise specified by the purchas

The
the
of t
poil

Wh

joinits shall béexternal offset as shown in Figure 2.

‘ections in the tangents or ends (about within 100 mm from the“énd bevel). If DN < 6(
manent radial deformation shall not exceed 1,5 %D or 8 mm, wihichever is smaller. If DN

anding shall not be used to adjust the inside diameter at¢he’ends.

Flaying and machining of the ends may be performed.

Jointers and girth welds

End preparation

type of welded bevel shall'be consistent with that of the matching pipes. Unless otherw|
weld ends should besmachined into bevels as V-shape, or double-V-shape or U-shape. Th
he clad fitting shalldse machined flat and shall not vary from the plane by more than 0,76
Lt.

bre the wall thickness of the clad fittings exceeds that of matching pipe, the transition de

o,

T,

0 mm, the
> 600 mm,
permanent radial deformation shall not exceed 1,5 % D-~6r 17 mm, whichever is snpaller. Cold

ble 7, weld

ise agreed,
e root face
mm at any

sign of the

<05,

~

[Ta]

s| 2
/ L

1\\ SBO‘%W/ | 7 1\\ S3°°{yM/M

©IS

A
I I

a) the matching pipe is CRA solid pipe
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<051,
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Key
backing
backing
CRA lay
CRA lay
noming
noming
There i

8.9 Surface treatment

The surfac
derusted b

The inner
shot blasti
and other ¢
CRA wire ¢
the CRA sh|
and outer §

Effective measures shall be faken during the process of manufacturing to prevent the surface of]

CRA layer

eliminationp.

Some CRA;
and passiv

b) tThe matching pipe is CRA clad or lined steel pipe

steel of matching pipe (clad/lined pipe) or the matching pipe (solid pipe)
steel of the clad fitting
er of the matching pipe (clad/lined pipe)
er of the clad fitting
| wall thickness of the backing steel of clad fitting
| wall thickness of matching solid pipe or that of the backing steel of matching clad pipe
b no restriction on the minimum angle if the materials joined have equal SMYS (only for backing ste

Figure 2 — Welding ends transition designs for unequal wall thicknesses

b of the clad fittings shall be cleaned before the final inspection. The outer surface shoul
y steel shot blasting to the grade Sa2 of [SO*8501-1:2007.

hg or/and pickling followed by passivation. The cleaning shall be able to remove the ox
ontaminants that can affect the corrosion resistance of the CRA. Glass bead, garnet, chop|
r other suitable materials are\proposed for shot blasting. After pickling, the inner surfag
all be finally cleaned with(tap water until the chloride content is less than 50 mg/1. The ir
urfaces, upon cleaned, shall be completely dry.

being polluted by dron ions. If polluted, effective measures shall be taken for inspection

are self<passivation, pickling after weld overlay or forming might not be necessary. Pick
htion for-the self-passivated CRA should be waived as agreed.

| be

urface of the CRA layer of the clad fitting after forming or weld overlay shall be cleaned by

des
ped
e of
ner

the
and

ling

9 Testi

3 = =
15 dllu lllbl)CLtIUll

9.1 General requirements

Production clad fittings shall be accepted only after all testing and inspection required in Clause 9 have
been performed and all results meet the specified requirements. Testing and inspection shall be carried

out on clad

fittings after final heat treatment (if applicable).

If agreed, test results already available for the mother clad pipe or mother steel fitting or clad plate may
be used in place of testing and inspections where indicated in Table 2.

The detailed extraction of test specimens is defined in Annex B.

16
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If the orientation or quantity is restricted by dimensions, and it is impossible to extract the defined
specimens, test specimens should be taken from one or more of the following or the requirement for the
testing may be waived:

a) other appropriate locations of the clad fitting;

b) extension lengths formed and heat-treated as part of the clad fitting and/or test piece attached to
the clad fitting;

c) starting material that has been subjected to the same heat treatment as the proposed clad fitting.

9.2| Extent of testing and inspection

At the stage of manufacturing procedure qualification, the extent of testing and inspection dn each test
clad fittings shall be performed in accordance with Table 2.

Duijing production, the extent of testing and inspection that shall be performed isds specified in Table 2,
and| the frequency of testing shall be performed as specified in Table 3. Thésinspection frequency can
alsq be as agreed.

For[the batch inspection during production, retesting is permitted if the-failed results are from chemical
conjposition testing, or physical testing. At the option of the purchaser, double specimens shdll be taken
from the same test sample and re-tested for the unqualified items, or double-sampled anfl re-tested
sepfprately for the unqualified items in the same batch, or subject this batch of clad fittings|to another
heaf treatment and then carry out all testing and inspections as indicated in Table 1. Regeated heat
tregtment is permitted only once. However, if the only.nenconforming item is tensile strgngth, with
the|consent from the designer, this batch of clad fittings may be used for applications with reduced
prepsure ratings.

Table 2 — Summatry of testing and inspection

Type of test and inspection Class B Class S Acgeptance
) ) Chemical compesition of backing steel M M
(Jhemical analysis - — 9.3

Chemical*¢omposition of CRA?2 M M

Tensile Tand O Tand O 9.4.1

Charpy V-notch impact Tand O Tand O |9.4.2

Guided fitting of weld seam Tand O Tand O |9.4.3

Through-thickness hardness Tand O Tand O |9.4.4

Physical tests Surface hardness T and P T and P 9.4.5|

Flattening tests M M 9.4.6

CRA cladding bond strength Tand O Tand O |9.4.7

Macrographic examination T T 9.4.8

Metallography T T 9.4.9

M: Testing of the clad fitting shall not be required if acceptable test results are available for the mother clad pipe or the
mother steel fitting. If acceptable test results for the mother clad pipe or the mother steel fitting are not available, then the
test shall be performed on either the mother clad pipe or the mother steel fitting or the clad fitting

N: Not required
0: Requirement for each batch of production clad fitting at the purchaser’s option
P: Required for each production clad fittings

T: Required for each test clad fittings

a2 Chemical analysis of clad layer is required only for weld overlay with CRA onto mother steel fitting.

©1S0 2023 - All rights reserved 17


https://standardsiso.com/api/?name=5f8f24c60dca76493835a84b29a6ccfc

ISO 24139-2:2023(E)

Table 2 (continued)

Type of test and inspection Class B Class S Acceptance
Intergranular corrosion T T 9.5.1
HIC testing N Tand O |9.5.2
Corrosion tests SSC testing N Tand O |9.5.3
Corrosion testing of c.lgd layer for service T T 954
condition
Wall thickness of backing steel and clad T and P TandP |9.6.2
laver
Outside diameter at ends(bevel) aNg(;Z(?(si aNg(;Z(?(Si 9.6.3
Inside diameter at ends P P 9.6:3
_ ' Out-of-roundness at ends P P 926.3
Dimensions Fitting angle P P 9.6.4
Radius 0 0 9.6.4
Angularity off angle (End out-of-square- p P 9.6.4
ness)
Out-of-planeness P P 9.6.4
Overall structural dimensions P P 9.6.4
Visual inspection T.and P T and P 9.7.3
Surface of clad fitting (PT or MT) Trand P TandP |9.74
NbT Weld seam (RT or UT) T andP TandP [9.7.5
Clad fitting end (PT and UT) T and P TandP [9.7.6
Clad fitting body (UT) Tand P TandP [9.7.7
Residual magnetism P P 9.7.8
Hydrostatic test Asagreed | Asagreed (9.8
M: Testing of the clad fitting shall not be requiredrif acceptable test results are available for the mother clad pipe or|the
mother stee] fitting. If acceptable test results for the-mother clad pipe or the mother steel fitting are not available, then|the
test shall be[performed on either the mother clad pipe or the mother steel fitting or the clad fitting
N: Not requifed
0: Requirement for each batch of production clad fitting at the purchaser’s option
P: Required for each production cldd-fittings
T: Required for each test clad fittings
a2  Chemicdl analysis of cladlayer is required only for weld overlay with CRA onto mother steel fitting.
Table 3 — Extent of testing and inspection during production
Type'of test and inspection Minimum frequency of tests 2
Class B Class S
Chemical composition of backing steel b b
Chemical composition of CRA ¢ c
Tensile-backing steel layer One per test batch One per test batch
Charpy V-notch impact -backing steel layer One per test batch One per test batch

a

b

C

For clad fittings with same material type and same heat of steel number, same manufacturing procedure, same heat
treatment procedure, same fitting radius and same nominal wall thickness, at most 100 samples are considered as one test
batch in the case of DN < 600, or at most 50 samples are considered as one test batch in the case of DN = 600.

Testing of the clad fitting shall not be required if acceptable test results are available for the mother clad pipe or mother
steel fitting.

Chemical analysis of clad layer is required only for weld overlay with CRA onto mother steel fitting. The chemical
analysis of weld overlay is conducted on only one per test batch.

18
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Table 3 (continued)

Type of test and inspection Minimum frequency of tests 2
Class B Class S
Guided fitting (weld seam) One per test batch One per test batch
Through-thickness hardness One per test batch One per test batch
Surface hardness Each clad fitting Each clad fitting
Flattening tests b b
CRA cladding bond strength One per test batch One per test batch
Macrographic examination Not required Not reggired
Metallography Not required Not req\lired
Intergranular corrosion Not required Not reqllired
HIC and SSC testing Not required As agreed
Corrosion testing of clad layer material for service Not required Not required
condition
Dimensional inspection Each clad fitting Each clad[fitting
NDT Each clad fitting Each clad|fitting
Hydrostatic test As agreed As agrged

a

bat
b

C

anaj

tred

sted

For clad fittings with same material type and same heat of steel numbér, same manufacturing procedur
tment procedure, same fitting radius and same nominal wall thickn€ssyat most 100 samples are consideré
h in the case of DN < 600, or at most 50 samples are considered as\one test batch in the case of DN = 600.

Testing of the clad fitting shall not be required if acceptable testresults are available for the mother clad pi
1 fitting.

Chemical analysis of clad layer is required only for weld overlay with CRA onto mother steel fitting. T
lysis of weld overlay is conducted on only one per testbatch.

kL, same heat
d as one test

be or mother

he chemical

9.3

9.3

Thd
carl

doc

The
or 1
con
rele

Che

tole

The chemical composition of the cladding weld shall be within the allowable deviation o

Chemical composition

1 Requirements

chemical composition of the'backing steel shall be in accordance with ISO 15590-2:2021
pon steel or low alloy steel in accordance with MSS SP-75 or ASME B16.9 or other
Liments may also be used-

clad layer of the €lad fittings should be made of austenitic stainless steel or duplex sta
ickel base alloy~(See Annex C). For weld overlay with CRA onto the mother steel fitting, th

vant documents may be selected for the clad layer if agreed.

mical.composition of the as deposited overlay of the seam or weld overlayer should be
rarices of the clad layer or as agreed.

.If agreed,
Fecognized

nless steel
e chemical

position of €RA’shall be determined in accordance with ISO 15614-7. Other CRA in conformity with

within the

CRA. The

product analysis results of the clad layer shall meet the minimum PREN value for the CRA if given by

the

9.3.

purchaser.

2 Test specimens

At the option of the manufacturer, samples can be extracted either from finished clad fittings or mother
clad pipe or clad plate. For welded clad fittings or clad pipe, location to extract samples shall be at least

90°

©IS

away from the longitudinal seam.
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9.3.3 Test method

Methods and practices relating to chemical analysis shall be performed in accordance with ASTM A751
or ASTM E353.

NOTE I

SO/TR 9769 also provides some related information.

9.4 Physical testing

9.4.1 Tensile testing

9.4.1.1 H

The tensile
grade as sy

Additional
maximum

9.4.1.2 1

Round-bar;
specimens
unflattene

The CRA 14
seam shall

For base n
transverse

The testing
large end
the cap. T

9.4.1.3 1

Tensile tes
Tensile tes

equirements

property of the backing steel shall conform with the requirements for PSL2-¢f'the s
ecified in ISO 3183:2019 or MSS SP-75 or other document as agreed.

elevated-temperature tensile testing shall be performed for the backing steel material if
Hesign temperature exceeds 50 °C. The criteria shall be as agreed.

est specimens

specimens or rectangular specimens as specified in ISO 3183:2019 shall be used. Rectang
shall be from cold-flattened samples, whereas round-barspecimens shall be machined f
1 samples.

yer, local imperfections and mill scale on the test specimens shall be removed, and the
be ground flush.

netal, R,y s, R, and percentage elongation @ after fracture shall be determined. For v
tensile tests, only R, shall be required.

b location shall include at least the following: the extrados or neutral zone of the elbow,

ﬂr the conical shell section of the reéducer, the branch outlet and run of tee, the straight ski

e detailed extraction of test specimens from the backing steel is defined in Annex B.

est method

ing atambient température shall be carried outin accordance with ISO 6892-1 or ASTM A
[ing at elevated temiperatures shall be carried out in accordance with ISO 6892-2.

9.4.2 Ch
Test proce

The testin
large end

rpy V-notch/impact test

ures andvdcceptance criteria shall be in accordance with ISO 15590-2:2021.

location shall include at least the following: the extrados or neutral zone of the elbow,

Lme

the

1lar
fom

Ueld

Ueld

the
't of

870.

the

the conical shell section of the reducer, the branch outlet and run of tee, the straight ski

the cap. The detailed extraction of test specimens from the backing steel is defined in Annex B.

9.4.3 Guided bending testing

9.4.3.1 Requirements

't of

Clad fittings with filler-metal welds shall be tested by the guided-bending test. Unless otherwise
specified, the acceptance criteria of guided bending testing shall be in accordance with in

[SO 15590-

2:2021, 9.4.10.

If agreed, flattening test may be conducted as an alternate to the guided-bending test for clad fittings
with smaller diameter (DN200 and smaller).
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© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=5f8f24c60dca76493835a84b29a6ccfc

9.4.

1SO 24139-2:2023(E)

3.2 Testspecimens

Test specimens shall be prepared in accordance with ISO 7438 or ASTM A370.

The

locations of both test specimens shall be in accordance with Annex B.

For clad fittings with a wall thickness more than 20 mm, the test specimens should be machined to
provide a rectangular cross-section having a thickness of 19 mm. Full-thickness test specimens shall be
processed by cold flattening for clad fittings with a wall thickness of 20 mm and smaller. No repair weld
seam shall be allowed on the test specimens, and welds shall be ground flush at both faces.

Th
wit

manufacturing process.

9.4

Thd
thid
fitti
9.4

9.4

As part of the MPQT, through-thickness Vickers hardness values of the backing steel and CR/4

and

9.4

Thd
larg
the
Anij

For
oth
1m
tem
not

For
poil
agr

Jo 1 4] H 1 111 a1 £ | DA Y L £ de. a1
CidU 1dyTl UIl UIT SPTUHIITILIS SIidIT DT TTINIUVEU 1TUL LidU TILUI S TTIdITUIdLiulicua oy v

h CRA onto the mother steel fittings, and the clad layer shall remain on the weld seax

3.3 Test method

diameter of the mandrel used for guided-bending tests shall be a_maximum of siy
kness of the specimen. The weld seam shall be located in the middle of the test specime
ng and one root fitting specimen shall be bent approximately 180%in-ajig,

4 Through-thickness hardness testing

4.1 Requirements

their welds shall meet the requirements of Table4:

4.2 Test specimens

testing location shall include at leastthe following: the extrados and intrados of the
e end and/or the conical shell section of the reducer, the branch outlet and run and cr
knuckle and the straight skirt of-the cap. The locations test specimens shall be in accor
ex B.

butt-welding fittings, the/iardness indent locations shall be in accordance with Figure
brwise agreed, for basé_metal not affected by heat, the hardness indents shall have a
m. For HAZ and weld seams, the hardness indents shall have a spacing of 0,75 mm, ay

exceeding 0,5 mm?

seamless ¢lad fitting and welded clad fitting manufactured by weld overlay process,
its at each'location are as shown in Figure 3 b) and Figure 3 c) respectively. Unless
ped, thechardness indents shall have a spacing of 1 mm.

Id overlay
h for other

times the
n. One face

\ clad layer

elbow, the
btch of tee,
Hance with

b a). Unless
spacing of
d the high

perature area hardness point with the nearest distance from the fusion line shall have the distance

the testing
otherwise

9.4

4.3 Testmethod

Through-thickness hardness testing shall be performed with the Vickers method (HV10) in accordance
with the ISO 6507 series or ASTM E92.
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c) welded clad fitting with weld overlay

Key
A backing layer
B clad layer
Line 1 — the distance to the backing steel/clad layer interface fusion line on the clad layer side W; = 1,0 mm,
+0,0, -0,5 mm;
Line 2 — the distance to the backing steel/clad layer interface fusion line on the backing steel side
W, =1,0 mm, +0,0, -0,5 mm;
Line 3 — at the mid-wall position of the backing steel, W5, which is half the backing steel wall thickness;
Lind 4 — the distance to the external surface of the backing steel W, = 1,5 mm, +0,5 mm, -0,0;
Lind 5 — the distance to the internal surface of the surfaced clad layer W5 = 1,5 mm, +0,0;<0;5 jnm.
Figure 3 — Indent locations for through-thickness hardness testing
Table 4 — Hardness testing requirements
Type of materials Hardness requirements
Bade metal and weld seam of the backing steel (carbon|Hardness readifgs shall not exceed 300 HV10, or equiv-
stegl or low alloy steel) alent (see ASTM E140) for non-sour service|(Class B).
Clad fittings for sour service (Class S) shallnot exceed
250 HV10
Bade metal and weld seam of the clad layer (austenitic| Not exceeding 300 HV10

sta

nless steel)

Ba{
less

Notexceeding 300 HV10 in the parent mate;
HV10 in the weld and HAZ for 22Cr. Not exd
HV10 in the parent material and 378 HV10
and HAZ for 25Cr.

e metal and weld seam of the clad layer (duplex stain-
steel)

ial and 334
eeding 300
in the weld

Bas
alld

e metal and weld seam of the clad layer (nickel base|Not exceeding 350 HV10

y, such as 825 alloy (LC2242) and 625alloy (LC2262)

NO7
diff]

'E The conversion factors between Vickers hardness and other hardness for stainless steel and nonferro
brent from those for carbon steelsRefer to ASTM E140 as a reference for hardness conversion.

1s metal are

9.4

9.4

The
pro
eac
con|

5 Surface hardness,testing

5.1 Requiremeénts

conformange acceptance indicators shall be as agreed. For test clad fittings used for marj

redure qualification, the average value of the readings obtained from the 3 equidistar
h testing location is taken as the testing result, which can be used as the basis for e
forfmance acceptance indicators for the mass production of clad fittings.

ufacturing
t points at
ctablishing

The

average value of the 5 equidistant points readings at each location of a production clad 11t

ing should

not vary by more than the equivalent of 30 HV10 or 30 HV5 hardness points from the average value
measured in the same location of the test fitting. Single hardness values shall meet the requirements of
Tab

9.4.

le 4.

5.2 Test method

A portable hardness tester shall be used to test the macro hardness of the external surface of backing
steel. The same type of testing device shall be used both for qualification test and production test. The
selection of the testing device shall be at the manufacturer's discretion unless otherwise agreed.

©IS
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The testing location shall include at least the following: the extrados and intrados of the elbow, the
large end and/or the conical shell section of the reducer, the branch outlet and crotch of tee, the knuckle
of the cap.

9.4.6 CRA cladding bond strength test

9.4.6.1 Requirements

For induction clad fittings made from mother clad pipe or clad plate, the minimum acceptable bond
shear strength shall be not less than 140 MPa. For clad fittings made by weld overlay process, the
testing of fond shear strength Is not necessary.

9.4.6.2 est specimens

The testing location shall include at least the following: the extrados or neutral zone of’the elbow,|the
large end dr the conical shell section of the reducer, the branch outlet and run of tee, the-straight skirt of
the cap. The detailed extraction of test specimens from the backing steel is defined in Annex B.

Curved sarpples shall be cold-flattened prior to machining the test specimens

9.4.6.3 Test method

Methods aphd practices relating to bond shear strength tests shall)be performed in accordance with
ASTM A26§-12 or ASTM A265-12.

9.4.7 Fl4ttening Tests

A section df pipe not less than 63,5 mm in length with.the CRA layer left on the test specimen shall be
extracted from the end of clad fittings (unnecessary.for the outlet of tee). For the reducing elbow pand
reducer, samples shall be extracted from the larger_end.

If agreed, flattening test is not required for.clad fittings with larger diameter (such as DN400 pnd
larger) dud to the capacity of the test machine:

Specimens|shall be cold-flattened between parallel plates in two steps as follows.

Step 1. This is a test for ductility. Ne.disbonding of the cladding and no cracks or breaks on the inside or
outside or g¢nd surfaces shall occur in the backing steel or the CRA until the distance between the plates
is less thar] the value of H, whigch is calculated using Formula (1):

o JLO9(t+tp) @
0 I9+(t+t3)/D

e distance between flattening plates, millimetres.

~

Where Ht

Step 2. Thjs7is a test for cladding bond strength. The flattening shall be continued until either|the
specimen breaks or the opposite walls of the pipe meet. During this second step of the flattening test,
no disbonding between the CRA layer and the backing steel shall occur.

9.4.8 Macrographic examination

9.4.8.1 Requirements

A cross weld macrographic sample shall be taken from the longitudinal weld seam and weld overlayer
of CRA. The section shall be examined with an optical microscope and shall show that the weld area is
free from defects, that proper fusion has been obtained throughout the full thickness of butt-weld, and
shall confirm that the geometry and workmanship falls within the requirements of Table 5.
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9.4.8.2 Testspecimens
Specimens preparation shall be in accordance with ISO 17639 or ASTM E3.

The testing location shall include at least the following: the extrados and intrados of the elbow, the
large end and/or the conical shell section of the reducer, the branch outlet and run and crotch of tee,
the knuckle and the straight skirt of the cap. The detailed extraction of test specimens is defined in
Annex B.

9.4.8.3 Test method

Thg macrographic examination shall be conducted in accordance with ISO 17639, priontp through-
thidkness hardness testing, at a magnification of not less than 10 x. Macroetching shall be in faccordance
with ASTM E340. The cross-section shall include the weld fusion line, heat-affected zone {HAZ), and
parent metal on both sides of the weld and shall be polished to a 1 pm finish and then etchled to show
themacrostructure.

NOTE ISO/TR 16060 also provides some related information for reference.

Table 5 — Acceptance criteria for macrographic examination of weld

Type of defects 2 Longitudinal weld seam® Weld overlayer off CRA
Weld seam fusion Complete fusion Complete fusion
Weld undercut of mother pipe <0,4 mm -
Weld undercut of clad layer b <0,4 mm <0,4 mm
ﬁgzkgllr‘ig(i}créii weld misalignment of <1,5¥0m -
égr‘\gli;;lggnal weld misalignment of 6,5 mm -
Weld continuity of CRA layer 100 % continuous -
Crack Not allowed Not allowed
Weld deviation <0,15¢tp, and <3,0 mm -

<0,15tg, and <3,0 mm

Mutual penetration <2 mm <2 mm
Height of external weld seam <3 mm -
Weld reinforcement of clad layer <0,5 mm -
Weld porosity of CRA layer Not allowed Not allowed
ISJE)erﬁitudinal weld{orosity of backing As agreed )

a  |For further information on weld imperfections, see the ISO 6520 series.

b IWeld undercut of clad layer is not applicable for the weld overlay process.

9.4.9 Metallographic examination

9.4.9.1 Requirements

As part of the MPQT, results of the metallographic examination shall demonstrate that there is no
detrimental phase and phase content is acceptable in the longitudinal weld and weld overlayer of CRA
for critical locations of clad fittings. Critical locations are normally the extrados and intrados of elbows,
the branch outlet and the crotch of tees, the knuckle of caps, and the large end and knuckle of reducers.

Acceptance criteria of the weld seams shall meet the requirements of Table 6.
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9.4.9.2 Testspecimens

Specimen preparation shall be in accordance with ISO 17639 or ASTM E3. The detailed extraction of
test specimens is defined in Annex B.

9.4.9.3 Test method

The specimens for through-thickness hardness testing shall be inspected by metallographic
examination, prior to hardness testing, at a magnification of not less than 100 x.

Tolal Lo A 'y = 2 £, all - L da £ 1A
1dUIiT U ALLTPLAIITT LTHITTH Ia 1UT HHITLaliUgl dpPIIIt TAAIIIIIIIaUIuin vr weiu

T

ype of defects Longitudinal weld seam Weld overlayer of CRA

Detrimentd

l intermetallic phase Not allowed Not allowed

deposit for
point count
with ISO 14

Ferrite coptent of austenitic weld

S31603 stainless steel by
procedure in accordance
250 or ASTM E562

5%to13 % 5 %.t0.13 %

When interr
test.

hetallic phases are present, the detriment of the intermetallic phases shall be walidated through a corro

—

on

9.5 Corrosion testing

9.5.1

9.5.1.1 K

As partof't
copper-coq
Method A
the curved
is any dou
magnificat

If the boil
02, Metho
ISO 3651-1

calculated
NOTE ]

for ausf
attack

for nick

Infergranular corrosion testing

lequirements

per sulfate-sulfuric acid test specified-by ISO 9400:1990, Method B or ISO 3651-2:14
or ASTM A262-15, Practice E is adoptéd, the specimen should be checked for crack
specimen under the condition of 1no'less than 10 x magnification after corrosion. If t}
bt about the result, the specimén jshall be examined by the metallographic examinatio
ion of 150 x to 500 x, and no cracks are considered as qualified.

ng ferric sulfate-sulfuric_acid test specified by ISO 9400:1990, Method A, ASTM (

A or ASTM A262-15, ‘Practice B, or the boiling nitric acid test (Huey test) specifiec
:1998, 1SO 9400:1990,, Method D or ASTM A262-15, Practice C is used, the corrosion
from mass loss shallbe reported and the acceptance criteria shall be as agreed.

'he followingcritéria are given for reference:

enitic steel(such as 316L), no ditch as ASTM A262-15, Practice A and no cracking and no intergran|
hs 1S0_3651-2, Method A or A262-15, Practice E;

elzbased alloy (such as UNS N06625), the corrosion rate of base metal is no more than 0,8 mm/y|

he MPQT, intergranular corrosion test shall\bé carried out on the CRA clad layer. If the boiling

DO8,
5 in
lere

h at

28-
by
rate

ular

and

that of

Ll A ar canxa and ITA7 1c no vonrathan 1 0 posa /o by ACTM (20 N2 Mathod A
e i SO ot oy oy o ot oS ettty

T T YT

intergranular attack by ISO 3651-1, ISO 9400:1990, Method D or ASTM A262-15, Practice C.

for iron-nickel-based alloy (such as UNS N08825), the corrosion rate is no more than 0,8 mm/y and no

Unless otherwise specified, the maximum acceptable corrosion rate calculated from mass loss shall not
exceed 10 mdd for ASTM A923-14, Method C.

NOTE

corrosion rate mdd = weight loss (mg)/[specimen area (dm?2) x time (days)]

9.5.1.2 Test specimens

The sampling location shall include at least the following: the extrados, intrados and neutral zone of
the elbow, the large end or the conical shell section of the reducer, the branch outlet and run of tee,
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the straight skirt of the cap. The detailed extraction of test specimens from the clad layer is defined in
Annex B.

If a transverse sample with weld seam cannot be taken from the finished welded clad fitting because of
its smaller dimensions, a longitudinal sample is advisable, or exempt the test under the agreement.

The samples shall be cold-flattened prior to machining the test specimens. The cutting edges of the
specimens shall be machined or ground if flame cutting is used for specimens. Any scale or steel on
the specimen shall be removed mechanically using an iron-free alumina abrasive with a particle size of
120, or chemically method. Copper sulfate test or ferroxyl test as specified in ISO 10309 may be used for

ins

9.5

If the clad layer is austenitic stainless steel, oxalic acid etch test specified by ASTM,A262-1

As

AST

spe

be d
If th

con

If tH

by |

Thd
det
resi

9.5

9.5

Ifa
req

9.5

The
the
the
Anr

Thd
or (

ecting the iron contamination, at the discretion of the tester.

1.3 Test method

hall be conducted and the ferric sulfate-sulfuric acid test specified by 1S0,'9400:1990,
M G28-02, Method A or ASTM A262-15, Practice B, or the copper-copper'sulfate-sulfur
cified by 1ISO 9400:1990, Method B or ISO 3651-2:1998, Method A or ASTM*A262-15, Prad
onducted.

e clad layer is iron-nickel-based alloy (such as UNS N08825), the nitric acid test (Huey te
ducted in according with ISO 3651-1:1998, ISO 9400:1990, Method D or ASTM A262-15, P}

e clad layer is nickel-based alloy (such as UNS N06625), theferric sulfate-sulfuric acid te
IS0 9400:1990, Method A, ASTM G28-02, Method A or ASTM A262-15, Practice B shall be ¢

ferric chloride corrosion test in according with ASTM A923-14, Method C shall be used td

stance is affected.
2 HIC testing of backing steel

2.1 Requirements

breed, for the clad fitting class S, as part of the MPQT, HIC testing of backing steel shoul
hirements of ISO 15590-1;2018, Annex B.

2.2 Test specimens

sampling location 'shall include at least the following: the extrados, intrados and neut
elbow, the large end or the conical shell section of the reducer, the branch outlet and
straight skirt of the cap. The detailed extraction of test specimens from backing steel is
ex B.

préparation of test specimens shall be carried out in accordance with NACE TM0284

5, Practice
Method A,
ic acid test
tice E shall

st) shall be
ractice C.

t specified
arried out.

detect the

[imental intermetallic phase in duplex austeniti¢/ferritic stainless steel to the extent thaft corrosion

d meet the

ral zone of
run of tee,
defined in

Any scale
hined from

RA on the specimens shall be removed mechanically. The test specimens shall be mac

unf

9.5.

attened samples.

2.3 Test method

HIC testing shall be carried out in accordance with NACE TM0284 and ISO 15590-1:2018, Annex B.

9.5.

9.5.

3 SSC testing of backing steel

3.1 Requirements

If agreed, for the clad fitting class S, as part of the MPQT, SSC testing of backing steel should meet the
requirements of ISO 15590-1:2018, Annex B.
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9.5.3.2 Test specimens

One sample shall be taken from the backing steel of the major axis of the clad fitting body in

the

longitudinal direction. For the welded clad fitting, additionally, a sample or double samples (for double
welds) shall be extracted transverse to the weld seam and contain a section of the longitudinal seam
at its centre. Three specimens shall be taken from each sample. Samples may be flattened prior to

machining SSC specimens. Any scale or CRA on the specimens shall be removed mechanically.

Unless agreed otherwise, test specimens for four-point bending SSC tests shall be equal to or lager than

115 mm long x 15 mm wide x 5 mm thick.

If a transvérse sample with weld seam cannot be taken from the finished welded clad [Itting becaus
its smaller|diameter,

— alongitudinal sample may be used,
— atrangverse sample may be taken from the mother clad pipe or clad plate, or

— exempf the test as agreed.

9.5.3.3 Test method
SSC testing shall be carried out in accordance with NACE TM0177 or ASTM’G39and ISO 15590-1:20

9.5.4 Cofrosion evaluation of clad layer material for service.condition

If specified by the purchaser, corrosion evaluation of CRA ¢lad layer material for intended ser
condition ghall be conducted.

Except thd extraction of specimens, the test methods and acceptance criteria shall be perforiled

in accordiﬁmce with Annex A. The extraction of specimens for corrosion testing is same as th
intergranullar corrosion testing defined in 9.5.1.

9.6 Dimensions and tolerances

9.6.1 Gejneral

One of the jprinciples of this document is the maintenance of a fixed position for the welding ends v
reference to the centre line onthe overall structural dimensions of the clad fittings.

Unless othprwise agreed; except the outside diameter at bevel, overall structural dimensions of
fitting, such as centre-to~end, end-to-end and overall length of reducers and caps, shall be in accordd

e of

8.

Vice

of

vith

Clad
nce

specifyinglthe e e
clad fitting, Wthh shall be spec1f1ed by purchaser

The dimensions of the clad fittings shall be measured to confirm that the dimensions have been

achieved within the permissible tolerances of Table 7.
9.6.2 Wall thickness

9.6.2.1 Requirements
The minimum WT of the clad layer shall be not less than 2,5 mm unless otherwise agreed.

The WT of the backing steel of clad fittings shall be in accordance with Clause 7.
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When surface defects of the fittings require grinding, the isolated non-continuous reductions are
permitted provided the remaining WT is not diminished to less than 93,5 % of the specified nominal. In
no case can the total area of isolated non-continuous reduction exceed 10 % of the outside surface area
of the clad fitting.

9.6.2.2 Test method

The WT measured location of the clad fittings shall include at least the following: the extrados and
intrados of the elbow, the tangents at each end and the conical shell section of the reducer, the branch
outlet and run and crotch of tee, the knuckle and the straight skirt and the body of the cap.

At lgast 3 points shall be measured evenly for each examined location.

In ]
metf

IPQT stage, the WT of backing steel and of the clad layer shall be examined by met
hod.

hllographic

Dur
des
med
of ¢

ing production of clad fittings, WT measurements shall be made with ajptoperly calijrated non-
fructive inspection device of appropriate accuracy. The total WT of, the clad fitting| should be
isured by manual ultrasonic pulse-echo contact method in accordance with ASTM E797, 4nd the WT

ad layer should be measured by electromagnetic method in accordance with ASTM B499.

Wh
the
of b
thiy
and
of b

ere the measurement by electromagnetic method is not possible due to inaccessibility ¢f the area,
WT of backing steel at the extrados and intrados of the elbdw arc should be assumed to|be the WT
acking steel measured before forming or the WT of backing steel at tangent section, applying the
ning/thickening ratio determined by metallographic method. The WT of clad layer at the extrados
intrados of the elbow arc can be determined as différence between total WT and the cal¢ulated WT
acking steel.

The thinning/thickening ratio, T, expressed in percent, is as given in Formula (2):

t,—t
T=2_"t%100

(2)
whe

WT of backing steel-measured by metallographic method at the extrados and intrjados of the

elbow or other inaceessible areas of clad fitting;

WT of backing'steel measured by metallographic method at tangent of clad fittings
steel of the miother clad pipe or clad plate.

or backing

Thd
Thd
the

WT of clad {ayer shall be measured by electromagnetic method at 4 quadrants of clad f
WT of backing steel at tangent section can be calculated as difference between the tof
WT of clad layer measured at fitting ends.

For

théclad f1tt1ngs made by weld overlay W1th CRA onto the mother steel fittings, the WT

tting ends.
al WT and

of CRA can

) 3 difference
between total WT and that of mother steel f1tt1ng prlor to welding measured by manual ultrasonic
pulse-echo contact method in accordance with ASTM E797.

9.6.3 Diameter

The inside diameter at ends of clad fitting shall be consistent with (match) that of the mating pipes. The
inside diameter at ends of clad fitting shall be specified by purchaser.

The outside diameter of clad fitting is specified by purchaser or calculated from the specified inside
diameter and wall thickness.

The outside diameter and inside diameter at ends of a clad fitting shall be measured using

circumferential tape, mechanical callipers or an optical gauge with appropriate accuracy.
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Unless otherwise agreed, bore diameters away from the ends (within 100 mm) are not specified. If
special flow path requirements are needed, the bore dimensions shall be specified by the purchaser.

9.6.4 Radius, end out-of-squareness, out-of-planeness and tangent length

The fitting angle, fitting radius, out-of-roundness, angularity off angle, off plane and overall structural
dimensions of clad fittings should be measured in a way in accordance with MSS SP-75 and ASME B16.9.

9.6.5 Tolerances

The dimer

DiUllD Uf thc L}dd flttilléb b}ld}} IIJC IIIT4AdSUl Cd tU LUllfil 111 that t}lc dilllCllbiUllb havc
achieved within the permissible tolerances of Table 7.
9.6.6 Special dimensions

Clad fitting

When fact
requireme

s may be made to special dimensions, sizes, shapes, and tolerances as agreéd

Table 7 — Permissible dimensional tolerances of clad fitting

heen

ory-made clad elbows are intended for segmenting in field to meéet customer anpgle
hts, the dimensions should be in accordance with MSS SP-75 or ASME B16.9.

Dimension

Permissible tolerance

Outside diameter at ends(bevel), D

Not required or as agreed

Inside diameter at ends 3, d

d <200 mm, + 0,5 mm;
200 <d <600 mm, = 1,0 mm;

d > 600 mm, as agreed

Minimun] wall thickness of backing steel layer b 0
Maximuin wall thickness of backing steel layer As agreed
Minjmum wall thickness of clad layer 0

Maxlimum wall thickness of clad layer As agreed

Out-of-roundness at ends a.¢

0,5 % max and the maximum difference of inside diamg
shall not exceed 2,0 mm

ter

Olut-of-roundness of elbow body

Not required or as agreed

Centre-{

o-end dimensions of'elbows and tees

Overall length of reducers and caps

Angulai

ity off angle (End out-of-squareness)

d
d
d
d

Off plan

e of elbows, ‘eccentric and concentric

0=

d

Within 100 mmsfrem the end.

Does nof include isolated non-continuous reduction areas permitted by 9.6.2.

Out-of-rbundness 0 _expressed asa percent isas given in Formula (3)-

dm ax

—d..
T‘m“xwo%

Tolerances shall be in accordance with MSS SP-75 and, for nominal sizes less than DN 400 as specified in ASME B16.9.

9.7

Non-destructive testing

9.7.1 General

Where necessary, after final heat treatment and prior to visual or other non-destructive inspection,
the entire outside and inside surface of all clad fittings shall be cleaned to a cleanliness grade of
[SO 8501-1:2007 Sa 2.
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The surface to be examined shall be dry and free of all dirt, grease, lint, scale, welding flux and spatter,
oil or other extraneous matter that could interfere with NDT. Fitting surfaces shall be finished so that

surface imperfections can be detected by visual inspection.

9.7.

2 NDT personnel

All NDT personnel shall be competent in accordance with ISO 9712, ASNT SNT-TC-1A or equivalent to

the

9.7.

appropriate level of competence.

3 Visual inspection

All
tec

The
sur
be f

9.7

All
PT

Thd
eac
oft

For
CRA
PT.

All
bac

Def]
min
9.7

Thd
wit
AST

If n
clad

Itnique shall be used to detect the inner surface that is not convenient for direct visjon:

inished clad fittings shall be visually examined. An endoscope or other computeryaid

acceptance criteria for laminations, cracks, notches, gouges and other imperfections o
face of backing steel shall be in accordance with ISO 15590-2:2021, 9.5.3.1. The CRA clad|
ree of cracks, arc burns, porosity, lack of fusion, overheating and over burning.

4 Inspection of surfaces of clad fitting

finished clad fittings shall be examined by MT in accordance with ISO 10893-5 or ASTM
n accordance with ISO 10893-4.

examined areas of the outer surface of each clad fitting shall include at least: an arc d
h side of the extrados for the elbow, conical shell sectioirof the reducer, the area from the
e branch outlet to the centre line of the body or ryn for the tee, and the body of the cap.

all clad fitting, PT shall cover as much of the internal surface as is practical. For weld oy
\ onto the mother steel fittings, the entire CRA overlay of the internal surface shall be in

cracks, laps, laminations and all rounded indications greater than 3 mm in any direc
king steel shall be classed as defects-and shall be repaired in accordance with 9.7.9.

bcts in the CRA layer detected by PT shall be repaired in accordance with 9.7.9, and th
imum WT of clad layer shallbe maintained.

5 Inspection of weld 'seam

longitudinal weldyseam of the clad fitting shall be inspected full length (100 %) by RT in
N IS0 10893-6%p by manual UT or AUT procedures in accordance with ISO 10893-11, AS']
M E578 oras.agreed.

bd imaging

h the outer
layer shall

709, or by

f 180°, 90°
weld bevel

Ferlay with
spected by

tion in the

e required

hccordance
'M E273 or

ot carried out on the starting material already, UT shall be performed for disbond
ding,as defined in 1SO 17405 or ASTM A263-12, ASTM A264-12, and ASTM A265-1

alo

ent of the

2,|Clause 13,

gthe zone 50 mm on each side of the weld seam. Disbonded areas are not permitted within 50 mm

1

of anyof theedgesto be tongitudimatty wetded:

9.7.

6 Inspection of clad fitting ends

After end preparation, the complete end preparation shall be inspected for laminar imperfections by

PT.

PT shall be performed in accordance with ISO 10893-4 or ASTM E165.

A 50 mm wide band at each end shall be inspected for laminar imperfections and disbonding by UT in
accordance with ISO 10893-8, ASTM A435 or ASTM A578/A578M-17.

This 50 mm band shall extend from the intersection of the weld bevel and fitting outside diameter back
along the body of the fitting.

©IS
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Laminar imperfections shall not exceed 6,4 mm in the circumferential direction or have an area in
excess of 100 mm2. Disbonded areas are not permitted within 100 mm of both ends. The acceptance
criteria for the disbonded areas shall not exceed the limits of ASTM A578/A578M-17, Level C.

9.7.7 Inspection of clad fitting body

UT in accordance with ISO 10893-10 shall be performed over an arc of 180°, 90° each side of the extrados
to verify that the clad elbow is free from transverse defects. The acceptance criteria for transverse
defects shall be as stated in ISO 3183:20109.

If not carriedout on the qmrt‘ing material alreadv UT in accordance with ISO 10893-8 or IS0 10893-9 or
ASTM A43p or ASTM A578/A578M-17 as applicable shall be performed on the clad fitting body todefect
laminar injperfections and disbonding. The acceptance criteria for laminar imperfections of-backing
steel shall pe according to ISO 15590-1:2018. The acceptance criteria for the disbonded areas,shalllnot
exceed the|limits of ASTM A578/A578M-17, Level C.

9.7.8 Leyel of residual magnetism

The residual magnetic flux density at both ends of each finished clad fitting §hall not exceed 1,5 [mT.
Magnetisn] levels higher than this value shall require the ends to be demagnetized until the level is
reduced bglow 1,5 mT.

9.7.9 Imperfection and defect treatment

9.7.9.1 Surface

Imperfectipns not classified as defects may remain in the clad fitting without repair. Localized grindjing,
however, may be performed.

The weld 1lepair of surface defects on backing steel is not allowed. Except for surface defects of wWeld
overlay, any surface defects on the clad layer are not allowed to be repaired by welding.

Surface defects (sharp defects such as notches, scratches, upset, crest, seams, laps, tears, or slivers fhat
result in a|wall thickness not less than permitted by 9.6.2) should be removed by grinding, provided
that a smo¢th curved surface is maintained and the required minimum WT is maintained. The grinding
of cladding layer should be made of-spécial grinding wheel to prevent CRA from being contaminated.

All ground repair areas shall be examined by PT in accordance with ISO 10893-4 to confirm|the
complete removal of the defects. After grinding, the WT of the backing steel and of clad layer shall be
measured |n accordance with 9.6.2.

9.7.9.2 Weld seam

Repair by yeldifig-on weld seams may be performed only by the following processes:

— manudlmetal-arc welding:

— metal inert gas/metal active gas welding;
— tungsten inert gas welding;
— or other welding methods as agreed.

The defects on weld seam, except for the distance 100 mm from the ends of the clad fitting, may be
repaired at the discretion of the manufacturer in accordance with a qualified and accepted welding
procedure specification. UT and/or RT in accordance with 9.7.5 as applicable shall be performed on the
repaired weld seam to verify the complete removal of the defects.

There shall be no more than 3 welding repair points for longitudinal weld seam of CRA layer for each
clad fitting. Each individual welding repair for longitudinal weld seam of CRA layer shall be carried out
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with a minimum of two weld passes over a minimum length of 50 mm, and the adjacent spacing of the

welding repair shall not be less than 100 mm.

9.7.9.3 Disbonded areas

The repair of disbonded defects within 50 mm of any of the edges to be longitudinally welded and

within 100 mm of any end of the clad fitting is not allowed. Except the aforementioned areas
fitting, the disbonded defects may be repaired as agreed.

9.7.9.4 Treatment of non-repairable defects

of the clad

Clajl fittings containing non-repairable defects shall be rejected.

9.8| Hydrostatic testing

Hydrostatic testing of clad fittings is not mandatory. The manufacturer shallDconfirm th|
fitting will withstand an internal pressure at least as high as that specifiedfox the matching
des|gn pressure.

at the clad
pipe or the

If hydrostatic testing is specified by the purchaser, the test method shall-be as agreed. The requirements

for hydrostatic testing shall be as follows: At the option of the purchaser, the testing pressu
of the design pressure or calculated pressure based on Barlow's formula, minimum allowd
steg¢l wall thickness after forming and 90 % SMYS of the backing steel (CRA is not part
desjgn), whichever lesser. The test sample shall be free of.eracking, leakage or other damagg
seryice.

10|Marking

10.1 General requirements

Maftkings shall be made with indelible paint on the outside surface. If the dimensions of the @
arelinsufficient to mark all the information in 10.2, additional label can be used for markir
stamping shall be only allowed on the bevel. If agreed, other marking methods can be perfor

For|clad fittings with a nominal outside diameter of 100 mm and larger, markings shall b
in Hlock capitals with a minimum height of 19 mm. For smaller clad fittings, the height of
marking shall be a minimum of 10 mm. Identification markings shall not be stencilled or pai
welf preparation.

10.2 Markinginformation

Cladl fittingsshanufactured in accordance with this document shall be marked as follows:

e is 150 %
ble carbon
f strength
s affecting

lad fittings
g. Cold die
med.

e executed
the stencil
hted on the

a) |manufacturer name or trade mark;

b) areference to this document, i.e. ISO 24139-2:2023;

c) nominal diameter (DN) in millimetres of clad fittings;

d) and specified inside diameter at the welding end;

e) minimum (nominal) wall thickness of backing steel and clad layer;

f) clad fitting designation as defined in Clause 6;

g) CRA type of clad layer; material identification, either the ASTM or ASME grade designation (see

Annex C);

h) purchase order and item number;
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i)
j) anyad
EXAMPLE 1

unique number of each clad fitting;

ditional marking specified in the purchase order.

45 deg. long radius clad elbow, DN 600, the specified inside diameter at the welding end is 585 mm, the nominal
wall thickness of backing steel is 9,5 mm, and the specified minimum wall thickness of CRA layer is 3,0 mm, the
SMYS of backing steel is 245 MPa, the clad layer is austenitic stainless steel UNS S31603 and identifies the use in
non-sour service, manufactured in ABCO, the clad elbow can be stenciled as follows:

ABCO IS0 24139-2 DN 600-1D585-9,5/3.,0

EXAMPLE 2

Reducing oytlet clad tee, DN550 x 550 x 400 (NPS22 x 22 x 16), the specified inside diameter*at the end off

and outlet i
specified m
Ni base allo
tee canbes

11 Packaging, handling and storage

Packaging)
protected f

The ends
prevent mg

transportation.

During har
contact the

The manu
writing for

road, rail of sea transport

12 Docu

The purchs

45CEL(L)-245/UNS S31603-B Purchase order and unique number

530 mm and 378 mm, respectively; the nominal wall thickness of backing steelis 11,5 mm, and
nimum wall thickness of CRA layer is 2,5 mm, the SMYS of backing steel is 360 MPa, the clad lay
y UNS N08825, and identifies the use in sour service, manufactured in ABGO,)the reducing outlet
fenciled as follows:

ABCO ISO 24139-2 DN550 x 550 x 400 -ID530 x 530 x»378-11,5/2,5
CTE(R)-360/ UNS N08825-S Purchase order andinique number

handling and transportation of clad fittings shall be carried out in such a way that they
rom deformation or damage caused by external force.

bf fittings shall be effectively protected by protective covers such as pipe cap so a
chanical damage and pollution to ends and interior of formed grooves during handling

dling and transportation, devices containing iron, copper or copper alloy are not allowe
internal surface of CRA-0r the groove of clad fitting ends.

facturer shall submit its packaging, handling, storage and transportation procedure
inspection by the.purchaser. The shipment shall at least conform with the requirement

nents

serishall specify the required ISO 10474 designation of inspection document and any spe

requireme

run
the
BT 1S
clad

are

5 to
and

d to

5 in
s of

rific

hts for format and content of the document. MPS qualification test results shall be inclu

ded

in the inspection documents.

All tests and inspections to be carried out as prescribed shall be completed before delivery and testing,
and inspection documents shall be provided to the purchaser. Quality certificates of clad fittings shall

include at1
a)
b)
c)
d)

34

east:

manufacturer's name and date of manufacture;
product name, specification, this document number;
starting material inspection report;

inspection report on product dimensions;
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e) reporton chemical composition and physical tests of the products;
f) reporton corrosion of cladding materials;

g) product NDT report;

h) heat treatment report;

i) other documents designated by the purchaser.

1SO 24139-2:2023(E)
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Annex A
(normative)

Corrosion qualification of CRA clad layer for intended service

condition

A1l Genleral

At the opti
A.2) or ma

If mass los
conducted

bn of the purchaser, corrosion qualification for the clad layer material shall include’SCC
s loss corrosion and pitting corrosion tests (see A.3).

additionally when pitting appears if it is within the acceptance criteria.

see

5 corrosion and pitting corrosion tests (see A.3) are conducted, a SCC test (see A.2) shalll be

ical
ing.
ion,

DI'm

vith

psts

A.2 SCC|qualification

A.2.1 Geperal requirements

SCC performance of the clad layer material shall be evaluated by ene of the following three methods.

a) evaluation based on ISO 15156-3:2020, Annex A without testing. Acceptable metallurg
conditjons and environmental limits are given for which alloys are expected to resist crack
Envirgnmental limits are given for H,S partial pressure, pH, temperature, chloride concentrat
and el¢mental sulfur;

b) evaluation based on satisfactory field application experience is also acceptable, which shall confi
with I$O 15156-1;

c) ifa)arndb)in A.2.1 cannot meet the requirements, the test shall be carried out in accordance
the mdthods specified in A.2.2 to-A2.6.

A.2.2 Test method

Four-point|bend (FPB) testS-should be performed to evaluate the SCC of the CRA clad layer. FPB t

shall be conducted in accerdance with ISO 7539-2.

Specimens|for FPB tests shall be loaded to a stress level of the CRA material as agreed.

A.2.3 Test environment

SCC tests shalt-beconductedinthesimulated-envirenmentwith-similarcompesitionastheconves

ing

medium. An autoclave is generally used to simulate the high-pressure and/or high-temperature. The
test method should be conducted in accordance with ASTM G111 or other specification as agreed.

The following factors shall be controlled and recorded for the simulation of test conditions:

total p

36

ressure,

H,S partial pressure;
CO, partial pressure;
temperature;

if possible, pH of test solution.
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— composition of test solution;
— elemental sulfur (S9).

In all cases, H,S partial pressure, CO, partial pressure, concentrations of chloride and elemental sulfur
SO in the test environment shall be at least as severe as those expected. When intended applications
are insufficiently defined, one or more test environments listed in ISO 15156-3:2020, Table D.1 should
be selected. It can be necessary to use more than one test environment to achieve qualification for a

particular service.

A2

4 Test period

Thd
oth

A2

One
dirg
and
eac
rece
cutt
be

If t
mo
The
treg

A.2

The
a1(
spe
sha
me

In dll cases, any signs pf'eorrosion leading to metal loss, including pitting or crevice corrosi

rep

A.3

A3l

As

!

test shall last for at least 720h without interruption. The test period shall not be shortdg
brwise agreed and documentation is available.

.5 Sampling

sample of CRA clad layer shall be taken from the extrados of the clad fitting body in the I¢
ction. For welded clad fitting, an additional sample shall be extracted transverse to the
contain a section of the longitudinal seam at its centre. Three test-specimens shall be
h sample and prepared in accordance with ISO 7539-2. The specimen shall be tested
pived condition except that it may be flattened, if desired. If the specimen is obtained
ing, all heat-affected areas shall be removed by mechanical processing, and the backing
leared.

e specimen cannot be extracted because of smallér.diameter, the specimen's dimensi
ified to suit the SCC test's needs but the approximate dimensional proportions shall be
specimen can be also taken from the mothericlad pipes, or its clad plates with the
tment as the clad fittings.

.6 Acceptance criteria

test results shall be considered accdeptable if no fracture is visually found or no crack is
times magnifying glass in the ténsile stressed region between the inner loading rollers
Cimens taken from each sample. If any crack is found in this region, a metallographic
1 be used to determine whether the crack is caused by an environmentally-assiste]
hanism.

brted.

Mass loss corrosion and pitting corrosion tests

1  Test specimen

ned unless

ngitudinal
weld seam
raken from
in the as-
by thermal
steel shall

pns can be
preserved.
same heat

found with

:Lf the three

icroscopy
d cracking

bn, shall be

mh]n of CRA clad ]a"nr shall he taken from the evtradaos of the clad Fﬂ-hng in the 1

ngitudinal

dlrectlon For welded clad fitting, an additional sample shall be extracted transverse to the weld seam
and contain a section of the longitudinal seam at its centre. Three test specimens shall be taken from
each sample. The preparation of specimens and cleaning after the test shall be in accordance with
ISO 8407 and/or ASTM G1.

A.3.2 Test method

The mass loss corrosion and pitting corrosion tests shall be conducted with high temperature and high-
pressure mounting coupons, in accordance with ASTM G111.

If agreed, the mass loss corrosion and pitting corrosion results can be obtained by examined the mass
change of the specimens during the SCC tests.
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The average corrosion rate of a single specimen is determined by the metal mass loss per unit area and
test duration. The rate can be calculated by Formula (A.1):

365 000-AW
Veorr =~ 1 < (A1)
P Teorr -S
where
Veorr 1S the average corrosion rate (mm/a);
AW sthe massloss of specimen (g);
p s the density of specimen material (g/cm3);
T.,.- s the corrosion test duration (d);
S s the specimen area (mm?2).

Calculate the mathematical average of three parallel specimens in a group as.the’ average mass Joss
corrosion 1fate of the material, and report each value of the three parallel specimens.

After the tlest, the specimen surface shall be magnified (5 times to 10 titnes) for observation. If jany
corrosion pits exist, the size, distribution density, distribution uniformity and depth (average dgpth
and maxinfum depth) of the pits shall be detected and reported.

A.3.3 Test period
Conducted|according to A.2.4.
A.3.4 Test environment
Conducted|according to A.2.3.

A.3.5 Acfeptance criteria

The mass |oss corrosion test and pitting corrosion test should be conducted, and the corrosion fate
should be gs agreed.
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