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Standard Specification for
. . . 1
General Requirements for Alloy and Stainless Steel Pipe
This standard is issued under the fixed designation A 999/A 999M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope* S| units are shown in brackets. The values stated in each

1.1 This specificatiohcovers a group of general require- SyStém are not exact equivalents; therefore each system is to be
ments that, unless otherwise specified in an individual specdSed independently of the other without combining values in
fication, shall apply to the ASTM product specifications noted@ny Way. The inch-pound units apply unless the “M" designa-
below. tion (SI) of the product specification is specified in the order.

1.2 In the case of conflict between a requirement of a Nore 1—The dimensionless designator NPS (nominal pipe size) is
product specification and a requirement of this specificationysed in this standard for such traditional terms as “nominal diameter,”
the product specification shall prevail. In the case of conflict'size,” “ nominal bore,” and “nominal size.”
between a requirement of the product specification or a 1.4 The following precautionary statement pertains only to
requirement of this specification and a more stringent requiréthe test method portion, Section 21, of this specificatiinis
ment of the purchase order, the purchase order shall prevailstandard does not purport to address all of the safety concerns,

Title of Specification ASTM Desig- if any, associated with its use. It is the responsibility of the user
nation of this standard to establish appropriate safety and health
Seamless and Welded Austenitic Stainless Steel Pipes A 312/A 312M practices and determine the applicability of regulatory limita-
Seamless and Welded Steel Pipe for Low-Temperature A 333/A 333M tions prior to use.
Service
Se;g;\l/(?:g Ferritic Alloy-Steel Pipe for High Temperature A 335/A 335M 2. Referenced Documents
Electric-Fusion-Welded Austenitic Chromium-Nickel Alloy A 358/A 358M 2.1 ASTM Standards?
Steel Pipe for High-Temperature Service e . _
Carbon and Ferritic Alloy Steel Forged and Bored Pipe for A 369/A 369M A 31,2(A 312,M Specmcatl_on for Seamless and Welded Aus
High-Temperature Service tenitic Stainless Steel Plpes
SeTE_imless Austegitic Sltesel Pipe S‘for Use With High A 376/A 376M A 333/A 333M Specification for Seamless and Welded
emperature Central-Station Service . 5 .
Welded Large Diameter Austenitic Steel Pipe for Corrosive A 409/A 409M Steel Plpe for Low.'ll'em_perature Service .
or High-Temperature Service A 335/A 335M Specification for Seamless Ferritic Alloy-
W(;Idej, LtJnanneaIed Austenitic Stainless Steel Tubular A 778 Steel Pipe for High—Temperature Service
roducts e . .
Seamless and Welded Ferritic/Austenitic A 790/A 790M A 358/A 3_58M Speqflcatl_on for EIeCt”C'FUSIOH'WeIdEd
Stainless Steel Pipe Austenitic Chromium-Nickel Stainless Steel Pipe for
g"]ﬂlf,], °rkDgl\JIS'ﬁ;jWg'f\Ethuiteg?‘? ?ta‘”'gtss lsg-fe' Pipe ﬁgiijﬁ gﬁm High-Temperature Service and General Applications
old-Worked Welded Austenitic Stainless Steel Pipe e . o
Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric A 928/A 928M A 369/A 369M SpeC|f|cat|on fOI’ Carbo_n and Ferritic AIon
Fusion Welded with Addition of Filler Metal Steel Forged and Bored Pipe for High-Temperature Ser-
Spray-Formed Seamless Austenitic Stainless Steel Pipe A 943/A 943M vice
S -F d S | Ferritic/Austenitic Stainl Steel A 949/A 949M L. . .
p;?ge ormed seamiess FerficiRusientlic Staiiess Stee A 370 Test Methods and Definitions for Mechanical Testing
Austenitic Chromium-Nickel-Silicon Alloy Steel Seamless A 954 of Steel Products
and Welded Pipe A 376/A 376M Specification for Seamless Austenitic Steel

1.3 The values stated in either inch-pound units or Sl units ~ Pipe for High-Temperature Central-Station Service
are to be regarded separately as standard. Within the text, theA 409/A 409M Specification for Welded Large Diameter
Austenitic Steel Pipe for Corrosive or High-Temperature
Service
* This specification is under the jurisdiction of ASTM Committee AO1 on Steel, A 700 Practices for PaCkagmg’ Mark'ng’ a_nd Loadmg
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee ~ Methods for Steel Products for Domestic Shipment
A01.10 on Alloy Steel Tubular Products.
Current edition approved May 1, 2004. Published June 2004. Originally
approved in 1998. Last previous edition approved in A 999/A 999M - 01. _—
#For ASME Boiler and Pressure Vessel Code applications see related Specifi- 4 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

cation SA 999 ﬁn Seption Il of that Code. ) ) o contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
® These designations refer to the latest issue of the respective specifications. Sgndards/olume information, refer to the standard’s Document Summary page on
Annual Book of ASTM Standardgol 01.01. the ASTM website.

*A Summary of Changes section appears at the end of this standard.
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A 751 Test Methods, Practices, and Terminology for mercial Blast Cleaning

Chemical Analysis of Steel Products 2.6 ASNT Standards:

A 778 Specification for Welded, Unannealed Austenitic SNT-TC-1A Recommended Practice for Personnel Qualifi-
Stainless Steel Tubular Products cation and Certification in Nondestructive Tesfing

A 790/A 790M Specification for Seamless and Welded
Ferritic/Austenitic Stainless Steel Pipe 3. Materials and Manufacture

A 813/A 813M Specification for Single- or Double-Welded 31 The steel shall be made by a suitable steelmaking
Austenitic Stainless Steel Pipe process.

A 814/A 814M Specification for Cold-Worked Welded Aus- * 35 | secondary melting, such as electroslag remelting or
tenitic Stainless Steel Pipe vacuum remelting, is used, the heat shall be defined as all of the

A 928/A 928M Specification for Ferritic/Austenitic (Du- jngots remelted from a single primary heat.
plex) Stainless Steel Pipe Electric Fusion Welded with 3 3 |f steels of different grades are sequentially strand cast,

Addition of Filler Metal - _ the resultant transition material shall be removed using an
A 941 Terminology Relating to Steel, Stainless Steel, Rewstaplished procedure that positively separates the grades.
lated Alloys, and Ferroalloys 3.4 If a specific type of melting is required by the purchaser,

A 943/A 943M Specification for Spray-Formed Seamless; shall be specified in the purchase order.
Austenitic Stainless Steel Pipes
A 949/A 949M Specification for Spray-Formed Seamless, Ordering Information

Ferritic/Austenitic Stainless Steel Pipe 41 Itis th ibility of th h ¢ . I
A 954 Specification for Austenitic Chromium-Nickel- 41 Itis the responsibility of the purchaser to specify a
requirements that are necessary for products ordered under the

Silicon Alloy Steel Seamless and Welded Pipe . PO X )
A 994 Guide for Editorial Procedures and Form of Productappllcable product specification and this general requirements

Specifications for Steel, Stainless Steel, and Related Alloygpecification. Such requirements to be considered include, but
; ' . i’ are not limited to, the following:
D 3951 Practice for Commercial Packaging 411 ASTM duct ificai q dat
E 29 Practice for Using Significant Digits in Test Data to " product specification and year-date, .
Determine Conformance with Specifications 4.1.2 Name of product (for example, stainless steel pipe),

. . L : 4.1.3 Quantity (feet, metres, or number of pieces),
E 213 Practice for Ultrasonic Examination of Metal Pipe 4.1.4 Method of manufacture, where applicable (seamless

and Tubing Ided
E 273 Practice for Ultrasonic Examination of Longitudinal ok Yelde), . Lo :
Welded Pipe and Tubing 4.1.5 Specific type of melting, if requireed (see 3.4),

4.1.6 Grade or UNS number,

4.1.7 Size (NPS and outside diameter and schedule number,
_average (nominal) wall thickness (see 8.1 and 9.1), or mini-
Jnum wall thickness (see 8.2 and 9.1.1), or minimum inside
diameter (see 10.1)),

4.1.8 Length (specific or random),

4.1.9 End finish,

E 309 Practice for Eddy-Current Examination of Steel Tu-
bular Products Using Magnetic Saturation

E 426 Practice for Electromagnetic (Eddy-Current) Exami
nation of Seamless and Welded Tubular Products, Auste
itic Stainless Steel and Similar Alloys

E 570 Practice for Flux Leakage Examination of Ferromag-
netic Steel Tubular Products

X 4.1.10 Optional requirements,
2.2 ANSI Standards: o K
B36.10 Welded and Seamless Wrought Steel Pipe jii; (S:ertlf_l;_:ant(_)n (zee_Sec;c_lon 2421’ fi d
B36.19 Stainless Steel Pipe A pecification designation and year of issue, an

2.3 Military Standards: 4.1.13 Special requirements or any supplementary require-

MIL-STD-163 Steel Mill Products, Preparation for Ship- ments, or both.
ment and Storade

MIL-STD-271 Nondestructive Testing Requirements for5‘ Chemical Composition

Metal$ 5.1 Chemical Analysis-Samples for chemical analysis and
MIL-STD-792 Identification Marking Requirements for method of analysis shall be in accordance with Test Methods,
Special Purpose Equipmént Practices, and Terminology A 751.
2.4 Federal Standard: 5.2 Heat Analysis—An analysis of each heat of steel shall
Fed. Std. No. 183 Continuous Identification Marking of Iron b€ made by the steel manufacturer to determine the percentages
and Steel Producis of the specified elements. If secondary melting processes are
2.5 Steel Structures Painting Council: employed, the heat analysis shall be obtained from one

SSPC-SP6 Surface Preparation Specification No. 6 Confemelted ingot or the product of one remelted ingot of each
primary melt. The chemical composition thus determined, or

5 Portions of these standards appeaf8TM Book of Standargsol 01.01. Full
text of these standards is available from American National Standards Institute, 11 7 Available from Steel Structures Painting Council, 4400 Fifth Ave., Pittsburgh,

West 42nd St., 13th floor, New York, NY 10036. PA 15213.
8 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700 © Available from American Society for Nondestructive Testing, 1711 Arlington
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. Plaza, P.O. Box 28518, Columbus, OH 43228-0518.
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that determined from a product analysis made by the tubular 9.2 Forged and Bored-The wall thickness shall not vary
product manufacturer shall conform to the requirements specbver that specified by more th&ain. [3.2 mm]. There shall be
fied. no variation under the specified wall thickness.

5.3 Product Analysis—-Product analysis requirements and 9.3 Cast—The wall thickness shall not vary over that
options, if any, shall be as contained in the applicable producspecified by more thafie in. [1.6 mm]. There shall be no
specification. variation under the specified wall thickness.

6. Mechanical Properties 10. Permissible Variations in Inside Diameter

6.1 Method of Mechanical TestsThe specimens and me-  10.1 Forged and Bored, and CastThe inside diameter

chanical tests required shall be in accordance with Teshall not vary under that specified by more thaa in. [1.6
Methods and Definitions A 370, especially Annex A2 thereof.mm]. There shall be no variation over the specified inside

6.2 Specimens shall be tested at room temperature. diameter.
6.3 Small or subsize specimens as described in Test Meth-
ods and Definitions A 370 may be used only when there isl1. Permissible Variation in Outside Diameter
insufficient material to prepare one of the standard specimens. 11 1 variations in outside diameter, unless otherwise agreed
When using small or subsize specimens, the largest ON%pon, shall not exceed the limits given in Table 1. The
possible shall be used. tolerances for outside diameter include ovality, except as
provided for in 11.2 and 11.2.1. (See Note 2.)
) . 11.2 For thin-wall pipe, defined as pipe having a wall
7.1 The material shall conform to the requirements as Qnickness of 3 % or less of the specified outside diameter, the
tensile properties in the applicable product specification.  giameter tolerance of Table 1 is applicable only to the mean of
7.2 The yield strength, if specified, shall be determinedyg exireme (maximum and minimum) outside diameter read-
corresponding to a permanent offset of 0.2 % of the gage Iengtii;l,gS in any one cross-section.
or to a total extension of 0.5 % of the gage length under load. 11 5 1 For thin-wall pipe, the difference in extreme outside

7.3 If the percentage of elongation of any test specimen ifoadings (ovality) in any one cross-section shall not exceed
less than that specified and any part of the fracture is more thanig o4 of the specified outside diameter.

¥4 in. [19.0 mm] from the center of the gage length, as

indicated by scribe marks on the specimen before testing, a Note 2—Thin-wall pipe usually develops significant ovality (out-of-
retest shall be allowed roundness) during final annealing, straightening, or both. The diameter

tolerances given in Table 1 are usually not sufficient to provide for
8. Permissible Variation in Mass for Seamless Pipe additional ovality expected in thin-wall pipe.

8.1 Except as allowed by 8.2, the mass of any length ofl2. Permissible Variations in Length

seamless pipe in sizes NPS 12 and smaller shall not vary more 15 1 seamless and Welded (No Filler Metal Addeds
than 10 % over or more than 3.5 % under that specified. Foépecific cut lengths of 24 ft [7.3 m] or less are ordered, no

pipe in sizes larger than NPS 12, the mass of any length of pipggth of pipe shall be under the length specified or more than
shall not vary more than 10 % over or more than 5 % under thaf,, ;, [6 mm] over that specified.

specified. Unless otherwise specified, the mass of lengths of 15 1 1 permissible variations in length for lengths greater
pipe in sizes NPS 4 and smaller shall be determined separatelyan, 24 f [7.3 m] shall be subject to agreement between the
or in convenient lots; the mass of lengths of pipe in sizes largek,anufacturer and purchaser.
than NPS 4 shall be determined separately. o 12.2 Forged and Bored, Cast, and Cast Cold-Wrougtit

8.2 Minimum Wal—If the wall thickness of the pipe is gpecific cut lengths are ordered, no length of pipe shall be
specified as minimum wall in the purchase order, the mass Qfqer the length specified or more tHarin. [3 mm] over that
any length of seamless pipe shall not vary more than 16 % OV&Ihecified.
that calculated in accordance with 13.3. Unless otherwise 15 3 Fqor pipe ordered to random lengths, the lengths and

specified, the mass of pipe in sizes NPS 4 and smaller shall Bz, iations shall be agreed upon between the manufacturer and
determined separately or in convenient lots; the mass of pipe iBurchaser.

sizes larger than NPS 4 shall be determined separately.
8.3 The specified mass of pipe shall be determined by
multiplying its specified or calculated mass per unit length (see TABLE 1 Permissible Variations in Outside Diameter

7. Tensile Requirements

13.3) by its measured Iength. NPS Permissible Variations in Outside Diameter
Designator
9. Permissible Variations in Wall Thickness Over Under
9.1 Seamless and WeldeeExcept as required by 9.1.1, the n mm n mm
minimum wall thickness at any point shall not be more than o ]/8_1152{ 'ZC'A | z@' Eg-gég g-g zﬂ Eg-ggi; 8-2
. . e .. ver 2 10 4, InC! 32 . . 32 (0. .
12.5 % under the nominal wall thickness specified. The mini- “5.¢ 4’ g, inci Yio (0.062) 16 sz (0.031) 0.8
mum wall thickness on inspection is shown in Table X1.1. Over 8 to 18, incl ¥32 (0.093) 2.4 32 (0.031) 0.8
9.1.1 Minimum Wakl—If the wall thickness of the pipe is  Over18to26,incl % (0.125) 3.2 ¥52 (0.031) 08
ified .. lin th rch rder. ther hall b Over 26 to 34, incl Y32 (0.156) 4.0 Y32 (0.031) 0.8
specitied as minimum wa € purchase order, there shall D€ e 34 10 48, incl %6 (0.187) 4.8 Y52 (0.031) 0.8

no variation under the specified wall thickness.


https://standards.iteh.ai/catalog/standards/sist/561ba693-ad10-4c38-8436-4cc6ce9aa0bb/astm-a999-a999m-04

A8y A 999/A 999M - 04

12.4 No girth welds are permitted unless agreed upon by the 16.2 Repair welding shall be performed using procedures

manufacturer and purchaser. and welders or welding operators that have been qualified in
accordance with the ASME Boiler and Pressure Vessel Code,
13. Mass per Unit Length Section IX.

13.1 A system of standard pipe sizes has been approved ?7 Retests
the American National Standards Institute as ANSI B36.10 and |

B36.19. The standard sizes do not prohibit the production and 17-1 If the results of the qualification tests of any lot do not
use of other sizes of pipe produced to the various produ(’:.zonform to the requirements specified in the applicable product
specifications referenced in 1.1. (See Note 3.) specification, retests are permitted on additional lengths of pipe

13.2 For nonstandard sizes of pipe, the calculated mass pQLdOUble the original number from the same lot, each of which
unit length shall be determined using the following equation:Shall conform to the requirements specified. Only one retest of
any lot is permitted. Nonconformance of the retest is cause for

M= C(D-0t @ the rejection of the lot.
where: 17.2 Any individual length of pipe that meets the test
C = 10.69 [0.02466], requirements is acceptable. It is permitted to retest individual
M = mass per unit length, Jft [kg/m], lengths that do not conform to the test requirements, provided
D = specified or calculated (from specified inside diameterthat the reason for nonconformance is established and the

and wall thickness) outside diameter, in. [nm], and nonconforming portion is removed.
specified wall thickness, in. (to 3 decimal places) [mm
. 18. Retreatment
to 2 decimal places]. o _
13.3 When minimum wall thickness is specified in the 18._1 If individual lengths of pipe selected to represent any
purchase order, the calculated mass per unit length shall dat fail to conform to the test requirements, the lot represented
determined using Eq 1, obtaining from Table X1.1 the nominaMmay be reheat treated and resubmitted for test. The manufac-

wall thicknesst, corresponding to that minimum wall. turer may reheat treat the pipe, but not more than twice, except

with the approval of the purchaser.
Note 3—The mass per unit length values given in the American

National Standards and the calculated masses per unit length determind®. Test Specimens

using Eq 1 are based upon carbon steel pipe. The mass per unit length 0f19.1 Test specimens shall be taken from the ends of finished

pipe made of ferritic stainless steels may be up to about 5 % less, and th LD . p . -
made of austenitic stainless steel up to about 2 % greater, than the valué e prior to any forming operations, or being cut to length.

t

given. 19.2 Specimens cut either longitudinally or transversely
shall be acceptable for the tension test.
14. Ends 19.3 If any test specimen shows flaws or defective machin-

14.1 Unless otherwise specified, the pipe shall be furnishethd, the specimen may be discarded and another substituted.
with plain ends. All burrs at the ends of the pipe shall beyq Flattening Test Requirements

removed. . . .
20.1 Seamless and Centrifugally Cast Pipé section of

15. Straightness pipe not less than#2 in. [60 mm] in length shall be flattened
cold between parallel plates in two steps. During the first step,

15.1 ‘The finished pipe shall b.e reasonably_ straight. ... which is a test for ductility, no cracks or breaks on the inside,
15.2 For metal-arc welded pipe, the maximum deviation

. outside, or end surfaces, except as allowed by 20.3.4, shall
from a 10-ft.[3.0-m] _stralghtedgg placed so that both ends ABceur before the distance between the plates is less than the
in contact with the pipe shall b in. [3.2 mm]. For metal-arc value ofH calculated as follows:
welded pipe with lengths shorter than 10 ft [3.0 m], this '
maximum deviation shall be prorated with respect to the ratio H = (1+e(e+tD) @

of the actual length to 10 ft [3.0 m]. where:

H = distance between flattening plates, in. [mm],
= specified wall thickness, in. [mm],
= specified outside diameter, outside diameter corre-

16. Repair by Welding
16.1 Repair by welding of defects in seamless pipe (includ-D

ing centrifugally cast pipe and forged and bored pipe) and of sponding to specified ANSI pipe size, or outside
plate defects in welded pipe and, if specifically stated by the diameter calculated by adding @s defined above) to
applicable product specification, weld seam defects in welded the specified inside diameter in. [mm], and

pipe shall be permitted subject to the approval of the purchasee = deformation per unit length (constant for a given grade
and with the further understanding that the composition of the of steel, 0.07 for medium carbon steel (maximum
deposited filler metal shall be suitable for the composition specified carbon 0.19 % or greater), 0.08 for ferritic
being welded. Defects shall be thoroughly chipped or ground alloy steel, 0.09 for austenitic steel, and 0.09 for
out before welding and each repaired length shall be reheat low-carbon steel (maximum specified carbon 0.18 %

treated or stress relieved as required by the applicable product or less)).

specification. Each length of repaired pipe shall be nondestruc- During the second step, which is a test for soundness, the
tively tested as required by the applicable product specificaflattening shall be continued until the specimen breaks or the
tion. opposite walls of the specimen meet.


https://standards.iteh.ai/catalog/standards/sist/561ba693-ad10-4c38-8436-4cc6ce9aa0bb/astm-a999-a999m-04

A8y A 999/A 999M - 04

20.2 Welded Pipe-A section of welded pipe not less than 4 may be performed prior to cutting to final length, or prior to
in. [100 mm] in length shall be flattened cold between parallelupsetting, swaging, expanding, bending, or other forming
plates in two steps. The weld shall be placed at 90° from theperations.
direction of the applied force (at the point of maximum 21.2.2 Regardless of pipe-wall stress-level determined by
bending). During the first step, which is a test for ductility, no Eq 3, the minimum hydrostatic test pressure required to satisfy
cracks or breaks on the inside or outside surfaces, except #sese requirements need not exceed 2500 psi [17.0 MPa] for
provided for in 20.3.4, shall occur before the distance betweenutside diameters (sd2in 21.2) of 3.5 in. [88.9 mm] or less,
the plates is less than the valuetbtalculated by Eq 2. During or 2800 psi [19.0 MPa] for outside diameters over 3.5 in. [88.9
the second step, which is a test for soundness, the flatteningm]. This does not prohibit testing at higher pressures at the
shall be continued until the specimen breaks or the oppositeption of the manufacturer or as allowed by 21.2.3.
walls of the specimen meet. 21.2.3 With concurrence of the manufacturer, a minimum

20.3 Seamless, Centrifugally Cast, and Welded Pipe hydrostatic test pressure in excess of the requirements of 21.1

20.3.1 Evidence of laminated or defective material or weld®r21.2, or both, may be stated in the purchase order.

that is revealed at any time during the entire flattening test shall 21.2.4 The test pressure shall be held for a minimum of 5 s.
be cause for rejection. For welded pipe, the test pressure shall be held for a time
20.3.2 Surface imperfections not evident in the test speci.‘f’mcﬁc'ent to permit the entire length of the welded seam to be

men before flattening, but revealed during the first step of thénspected.

flattening test, shall be judged in accordance with the finish 21'2'5_ The hydrqstatictest may not .be capable of testing the
requirements. end portion of the pipe. The length of pipe that cannot be tested
- : . shall be determined by the manufacturer and, if specified in the

20.3.3 Superficial ruptures resulting from surface imperfec

i hall not b f acti purchase order, reported to the purchaser.
1ons shall not be a cause for rejection. 21.3 Nondestructive Electric Test

20.3.4 When lowD-to-t ratio tubular products are tested, 59 31 Each pipe shall be examined with a nondestructive
bgcause the ?”?"” imposed due to g(_aometry Is unreasonallyss in accordance with Practices E 213, E 309, E 426, or
high on the inside surface at the six and twelve 0'Clockg 570 ynless specifically called out by the purchaser, the
locations, cracks at these locations shall not be cause fQgiection of the nondestructive electric test shall be at the

rejection if theD-to-t ratio is less than 10. option of the manufacturer. Upon agreement between the
) ) purchaser and the manufacturer, Practice E 273 shall be em-
21. Nondestructive Test Requirements ployed in addition to one of the full periphery tests. The range

21.1 If required by the applicable product specification orof pipe sizes that may be examined by each method shall be
the purchase order, the pipe shall be tested by the hydrostagtibject to the limitations in the scope of the respective

test (see 21.2) or by the nondestructive electric test (see 21.3)ractices.
21.2 Hydrostatic Test 21.3.2 The following information is for the benefit of the

ser of this specification:
2121 Except as allowed by 21.2.2 and 21.2.3, each length 21.3.2.1 The reference discontinuities defined in 21.3.8.2-

of pipe shall be tested by the manufacturer to a hydrostati . o
pressure that will produce in the pipe wall a stress not less tha 1.3.8.7 are convenient standards for the standardization of

60 % of the specified minimum yield strength for ferritic alloy nofndestruc(:jt_we tf.St'r.‘tg eqﬁlprrdent.t 'Ik;he dlrr][ens(ljons tﬁf su_ch
steel and stainless steel pipe, or 50 % of the specified minimur§ ¢ eNce ¢ |scor; 'n?' |e3 St OE[’ blnob € C(;]ns rue ast € mini-
yield strength for austenitic alloy and stainless steel pipe an{lum siz€ imperfection detectable by such equipment.

for ferritic/austenitic stainless steel pipe. The test pressure 0(5 21.3.t2).2h'l'|he gltraa_so“ic te;tin_g (U-? can tl)le pgrforrr:jeq to
stress shall be determined using the following equation: etect both fongitudinally and circumierentially oriented im-
perfections. It should be recognized that different techniques

P =2SiDorS=PD/2t () should be used to detect differently oriented imperfections. The
where: examination may not detect short deep imperfections.
P = hydrostatic test pressure in psi [MPa], 21.3.2.3 The eddy-current testing (ET) referenced in this
S = pipe wall stress in psi or [MPa], specification, (see Practices E 426 and E 309), has the capa-

t specified wall thickness, nominal wall thickness ac- bility of detecting significant imperfections, especially of the

cording to specified ANSI schedule number, or 1.143 short abrupt type. The sensitivity of this test decreases with

times the specified minimum wall thickness, in. [mm], wall thickness over 0.250 in. (6.4 mm).

and 21.3.2.4 The flux leakage examination referred to in this

D = specified outside diameter, outside diameter corre-specification is capable of detecting the presence and location
sponding to specified ANSI pipe size, or outside of significant longitudinally or transversely oriented imperfec-
diameter calculated by adding @s defined above) to  tions; however, sensitivity of the test to various types of
the specified inside diameter, in. [mm]. imperfections is affected by the calibration, and different

21.2.1.1 The hydrostatic test pressure determined by Eq ®chniques should be employed to detect differently oriented

shall be rounded to the nearest 50 psi [0.5 MPa] for pressurdgiperfections.

below 1000 psi [7 MPa], and to the nearest 100 psi [1 MPa] for 21.3.2.5 A purchaser interested in ascertaining the nature

pressures 1000 psi [7 MPa] and above. The hydrostatic tegtype, size, location, and orientation) of imperfections that can
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be detected in the specific application of these examinationthe greater. The width of the notch shall not exceed twice the
should discuss this with the manufacturer of the tubuladepth. Notches shall be placed on both the OD and ID surfaces.
product. 21.3.8.3For Eddy-Current Testingthe reference standard
21.3.3 Time of Examination shall contain, at the option of the manufacturer, any one of the
21.3.3.1 Nondestructive testing for specification acceptanctllowing reference discontinuities:
shall be performed after all mechanical processing, heat 21.3.8.4Drilled Hole —The reference standard shall con-
treatments, and straightening operations. This requiremeit@in three or more holes, equally spaced circumferentially
does not preclude additional testing at earlier stages in tharound the pipe and longitudinally separated by a sufficient
processing. distance to allow distinct identification of the signal from each
21.3.4 Surface Condition hole. The holes shall be drilled radially and completely through
21.3.4.1 All surfaces shall be free of scale, dirt, greaseth® pipe wall, with care being taken to avoid distortion of the
paint, and other foreign material that could interfere withPiP® while drilling. One hole shall be drilled in the weld, if
interpretation of test results. The methods used for cleaninyiSiPle. Alternatively, the manufacturer of welded pipe is

and preparing the surfaces for examination shall not p@ermitted to drill one hole in the weld and run the calibration
detrimental to the base metal or the surface finish. standard through the test coils three times, with the weld turned

21.3.4.2 Excessive surface roughness or deep scratches 120° on each pass. The hole diameter shall not exceed the

produce signals that interfere with the test. ollowing. _ ’
21.3.5 Extent of Examinatian v, NPS Designator 0.039H?r|16_} [Ii.lgﬁ;]e;%r
21.3.5.1 The relative motion of the pipe and the transduc- above Y210 1 ¥4 0.055 in. [1.4 mm]

er(s), coil(s), or sensor(s) shall be such that the entire pipe above 1 s to 2 0.071 in. [1.8 mm]

surface is scanned, except as allowed by 21.3.5.2. apove 2105 o8 {;g m}

21.3.5.2 The existence of end effects is recognized, and the
extent of such effects shall be determined by the manufacturer, == . . . )
and, if requested, shall be reported to the purchaser. Oth Iraf|le with a¥s-in. [6.4-mm] diameter, a notch shall be filed

nondestructive tests may be applied to the end areas, subject%}] ni]tlllle% ;ag)gznotﬁlhéo ithee éﬂgﬁlzeng'{]ci ;rhag}ls\k/](;/s: atgetrlﬁ
agreement between the purchaser and the manufacturer. 9 PIpe. P

21.3.6 Operator Qualifications not exceeding 12.5 % of the specified wall thickness of the
2-06p . Sl ¢ pipe or 0.004 in. [0.10 mm], whichever is the greater.
21.3.6.1 The test unit operator shall be qualified in accor- 21.3.8.6 Longitudinal Notch—A notch of 0.031 in. [0.8

dance with SNT-TC-1A, or an equivalent recognized andmm] or less in width shall be machined in a radial plane

documented stande}r‘d. parallel to the pipe axis on the outside surface of the pipe, to
21.3.7 Test Conditions have a depth not exceeding 12.5% of the specified wall

21.3.7.1 For eddy-current testing, the excitation coil fre-thickness of the pipe or 0.004 in. [0.10 mm], whichever is the
quency shall be chosen to ensure adequate penetration Ygeater.

21.3.8.5Transverse Tangential NotehUsing a round tool

provide a good signal-to-noise ratio. 21.3.8.7 More or smaller reference discontinuities, or both,
21.3.7.2 The eddy-current coil frequency used shall nonay be used by agreement between the purchaser and the
exceed the following: manufacturer.
On specified walls up to 0.050 in. [1.3 mm] - 100 kHz 21.3.9 Standardization Procedure

On specified walls up to 0.150 in. [3.8 mm] - 50 kHz

On specified walls equal to or greater than 0.150 in. [3.8 mm] - 10 kHz 21.3.9.1 The test apparatus shall be standardized at the

] o ~ beginning and end of each series of pipes of the same size
21.3.7.3Ultrasonic—For examination by the ultrasonic (NPS or diameter and schedule or wall thickness), grade and
method, the nominal transducer frequency shall be 2.00 MHReat treatment condition, and at intervals not exceeding 4 h.
or more and the nominal transducer size shall be 1.5 in [3&/ore frequent standardization may be performed at the manu-
mm] or less. facturer’s option and may be required upon agreement between
21.3.7.4 If the equipment contains a reject notice filterthe purchaser and the manufacturer.
setting, this shall remain off during calibration and testing 21.3.9.2 The test apparatus shall also be standardized after
unless linearity can be demonstrated at the setting. any change in test system settings, change of operator, equip-
21.3.8 Reference Standards ment repair, or interruption due to power loss, process shut-
21.3.8.1 Reference standards of convenient length shall bdown, or when a problem is suspected.
prepared from a length of pipe of the same grade, size (NPS, or 21.3.9.3 The reference standard shall be passed through the
outside diameter and schedule or wall thickness), surfactest apparatus at the same speed and test system settings as the
finish, and heat treatment conditions as the pipe to be exanpipe to be tested.
ined. 21.3.9.4 The signal-to-noise ratio for the reference standard
21.3.8.2For Ultrasonic Testingthe reference ID and OD shall be 22 to 1 or greater. Extraneous signals caused by
notches shall be any one of the three common notch shapédentifiable causes such as dings, scratches, dents, straightener
shown in Practice E 213, at the option of the manufacturer. Thenarks, etc., shall not be considered noise. The rejection
depth of each notch shall not exceed 12.5 % of the specifiedmplitude shall be adjusted to be at least 50 % of full scale of
wall thickness of the pipe or 0.004 in. [0.1 mm], whichever isthe readout display.
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