ASME BPVC.ILA-2023 SA-213/SA-213M

SPECIFICATION FOR SEAMLESS FERRITIC AND
AUSTENITIC ALLOY-STEEL BOILER, SUPERHEATER,
AND HEAT-EXCHANGER TUBES

%z@ SA-213/SA-213M

(Identical with ASTM Specification A213/A213M-22 except for the additional H Grade requirements in para. 6.2 and
correction of UNS number for Grade T9 in Table 3.)
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SA-213/SA-213M

Specification for

ASME BPVC.ILA-2023

Seamless Ferritic and Austenitic Alloy-Steel Boiler,
Superheater, and Heat-Exchanger Tubes

1. Scope

1.1 This specification covers seamless ferritic and auste-
nitic steel boiler, superheater, and heat-exchanger tubes, des-
ignated Grades T5, TP304, etc. These steels are listed in Tables
1 and 2.

1.2 Grades containing the letter, H, in their designation,
have requirements different from those of similar grades not
containing the letter, H. These different requirements provide
higher creep-rupture strength than normally achievable in
similar grades without these different requirements.

1.3 The tubing sizes and thicknesses usually furnished to
this specification are 5 in. [3.2 mm] in inside diameter to 5 in.
[127 mm] in outside diameter and 0.015 to 0.500 in. [0.4 to
12.7 mm], inclusive, in minimum wall thickness or, if specified
in the order, average wall thickness. Tubing having other
diameters may be furnished, provided such tubes comply with
all other requirements of this specification.

1.4 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. Within the text, the
SI units are shown in brackets. The values stated in each
system may not be exact equivalents; therefore, each system
shall be used independently of the other. Combining values
from the two systems may result in non-conformance with the
standard. The inch-pound units shall apply unless the “M”
designation of this specification is specified in the order.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:

A262 Practices for Detecting Susceptibility to Intergranular
Attack in Austenitic Stainless Steels

A941 Terminology Relating to Steel, Stainless Steel, Related
Alloys, and Ferroalloys

A1016/A1016M Specification for General Requirements for
Ferritic Alloy Steel, Austenitic Alloy Steel, and Stainless
Steel Tubes

E112 Test Methods for Determining Average Grain Size

2.2 AWS Specifications

AS5.5/A5.5M Specification for Low-Alloy Steel Electrodes
for Shielded Metal Arc Welding

A5.23/A5.23M Specification for Low-Alloy Steel Elec-
trodes and Fluxes for Submerged Arc Welding

AS5.28/A5.28M Specification for Low-Alloy Steel Elec-
trodes for Gas Shielded Arc Welding

A5.29/A5.29M Low-Alloy Steel Electrodes for Flux Cored
Arc Welding

3. Terminology

3.1 Definitions—For definitions of terms used in this
specification, refer to Terminology A941.

4. Ordering Information

4.1 It shall be the responsibility of the purchaser to specify
all requirements that are necessary for products under this
specification. Such requirements to be considered include, but
are not limited to, the following:

4.1.1 Quantity (feet, metres, or number of lengths),

4.1.2 Name of material (seamless tubes),

4.1.3 Grade (Tables 1 and 2),

4.1.4 Condition (hot finished or cold finished),

4.1.5 Heat treatment type (Table 3).

4.1.6 Controlled structural characteristics (see 6.3),



SA-213/SA-213M

ASME BPVC.ILA-2023

Xew QL
28NO
uiw
0¥ IV/IN
SO0 M
€000 as
oloous
0100 sY
oLong
10’042 0400
00w . 200 —0€0'0  90°0-20'0 1000 S20-8L'00900v0 OFLI—00L 520 S¥0-510 S00°0 0200 050020 €L'0—-800 yeaH
09016X SHL
05000 O
0900
—0100
PN
§'e-9¢ SL0'0 S100
0D S'e-G'¢ 0E00 —S00°0 g —£000 0E0-S+0 05'6-0S'8 0e0 05°0-S0°0 8000 0200 0£0-020 0L0-S00 0selex €61
100 1Z 0400 9000
00 00eS}H c0'0 —0€00 600-+00 —LOO'0 SE'0-510090-0€0 §'6-G'8 0o¥0 050 0100 0200 090020 E€L0-L00 09¥c6M c6L
uiw
0% IV/N
40100
sy
a010'0
ug
€000
40 —nm noy L°0-500 £20-91°0 S0'L—08°0 €1°0-£00 onpoid
gl001Z a0L0'0
gl001L 4500 40200 —GE0'0 . 0L'0-900 4l000 SZ20-810S0L-S80 ,S6-08 g020  40P0-020 45000 g0200 405°0-080 2L'0-800 1BeH
106063 € edAL 161
10042 0£0°0
100 1L - 0’0 —0€e0'0 01L'0-900 G2'0—81°0 SO'}—S8°0 §'60'8 or'o 0S°'0-02'0 0100 0200 09’0080 ¥1'0-£0°0 L0606 |+ edAL 161
08°0-0S'0
no 0500 <00 S¥0'0-S10°0 <00 05°0-52°0 0g’0 0g'1-00°k 0S'0-S2'0 S20'0 0E0°0 02'1-08'0 LL'0-0L0 L00LeX 9Bl
0L'0-900 2000
NN ) ¢00 ¢Loo -GL00°0 0€0-02°0 0+ I-060 0920272 S¥0-SL'0 0L0'0 0200 040020 0L0-S00 9E2L0EM el
26
= NIL
0900 9000
—S000 1L SL'1-SF'1 0€0°0 S1L00 80'0—20'0 —0100°'0 0€0—0200E0-S00 09¢-06"L oF'0 050 0L00 0e00  090-0L'0 0L'0—+0'0  ZLLO¥M gzl
€L°'1-/80 09¢-06"L 050 5200 §20'0 090—0€'0 SL'0-G0'0 065leM ool
90'1-08'0 GE'E-59¢ 00'1-050 §20'0 Sg0'0 09000 SL'0-S00  SKSLEM lgL
; S0 S§2'1-08'0 SE'0-S10 Se0'0 §20'0 1900€0 S20-5L0 ZrOZIM FANN
. S90-¥+'0 S2'1-08°0 050 55200 G200 L9000 SL'0-S00  Z9SHIM gLl
. S90—+¢r0 09'1-00°L 00°'1-050 5200 6800 090—0€'0 SL'0-G0'0  ZBSLIM L
) 0L'1-06'0 000l—00'8 00'1-52°0 §20'0 G200 090-0€0 S1°0 176064 61
0L0-D%¥
L N S9°'0-S¥'0  009-00F 0S0 G200 5200 09°0-0€0 2o Ste M 961
: S9'0-S¥'0 00'9-00'F% 00¢—00'} G200 §200 09°0-0€0 S1°0 SPSISY =41
= S9'0-S¥'0 009-00% 0S0 G200 §200 09°0-0€0 S0 SHS M Sl
: : : S9°0-+¥0 18'0—05°0 0’000 gS20'0 200 19'0-0€'0 020010 LPSLIA 2l
sjuswalgy wnip ny sni asau
1Byo ua)sbun wnuiwnpy  usBoaiN  gwmgoiN uoiog -BuBA  WnuapgAlop WNWoIYD 181N uoollIs -Ing -oydsoyd  -ebuepy uogie)
- uoneuBisag
% ‘uolisodwon SNA apein

19215 Aoj|y Mo Joj © 9 ‘SHwiq uoisodwiod |edwayg | 31avL



ASME BPVC.ILA-2023

SA-213/SA-213M

(NOL + UAZ + INP + NOE + D0F) — (IVZL + 116 + ANS + ALL + MG’ L+ O[NP + 1S9 + ID) = gND SE paulyap S| 80UBleg [@40IN-WNIWoIyD,,
"% Z1'0-50°0 4O JUSJU0D B] + gN B 8ABY |[BYS £61 8pRID,
‘JuswWa|a aWES 8Uj} J0) Saweu Sjeuls)e ale (g)) wniquinjo) pue (gN) wnigoiN swie) sy
'sesA[eue jonpoid pue jesy yloq o} saljddy,
‘podal 188} [BUSIEW 8y} Uo papodel eq |[eys synsal Buise} sseupley sy} pue joj Juawiess) esy Jed jonpoid jo sejdwes om} aq |jeys Aouanbaiy isa) sseupieH ‘lonpoid sy} Jo sseoIYl-piw Je pawiopad ag |leus Bunsal
ssaupseH ‘Buuadwa) o} Joud ng ainjesadwa) woou o} Buljooo pue Buiziiuaisni Jayje Se pauyap ‘UoIIPUOD PauspIey auyl Ul AH §/Z JO SSeUpJey WNWIUIW B 8ABY |[BYS [BUSIEL SU} ‘LUNLWIUIW 0.l SIU} JO nalf ul ‘AjleAleuls)y,,
‘£°g| 985 "XBW GH0'0 10 JUSJUCD JNYNS & UM Z| | Pue Z Jepio o} ajgissiuied st | 4
‘pepodal Jo paullwilap &g J0u peau Juaws|e au) 1o sisfjeue pue ‘uawsalinbal ou s| eiay) ‘s|qe) sIy) Ul Jeedde () sasdijla 81aup ‘Pa1RIIPUI S| WNWIUIW 0 ebuel ssajun ‘WnwixXep |,

¥'1-80
ng 00 §0'0-20'0 L'I-8'0 S'6-0'8 ¥'1-80 2¢c9l 200 €00 £'0-50 2L'0-800  lLOZi6H le6l

L0042 0600 9000

00l OFI-060 200 -0¥0'0 0L0-900 —€0000 G2'0-8L00FI-060 S'6-9'8 or'0 05°0-010 010’0 0200 090080 €1L0-600  L90L6M L6L
SL'ong

0ge— og'e 0200 5100 0€'0 00'gh 090 080 FAN]

0S5’ 00 - 09} <00 —-g0b0'0 900-2g0'0 -—-8000 —-S1'0 090-020 - 050k o¥0—0L0 —0e0 100 00 - 0g0 -clo LevieM 8clL

10042

100 1L
0L 1-0€'0 0010 5000

no 05'¢-05°1L 200 -0¥0'0  0L0-¥0'0 -S0000 OE0-S1'0090-S20 §'LI-00I 050 050 0100 0200 0L0 YLI'0-£00 HLCIBM 2ell

SO0 M
€000 A5
0L0°0 US
0L0°0 sV

QLo no

100 4Z

0400

100 1L 200 -0£00  [00-200 1000 /20-91°0€90-4€0 OL-00L Al SP'0-S10 S00°0 0200 0S50-020 ¥1'0-Z00 jonpoid
sjuswe|3 wnip iny sni aseu

1UI0 ueisbun)  wnuiwnpy  usbonN  jwnigoly uolog -BUBA - WNUBPGAIOW  WNIWOIYD [9%9IN uoallis -Ing -oydsoyqd  -ebuep| uogien

pd uoneubiseq
5% “uolisodwon) e apels)
penupuoy L 318Vl



SA-213/SA-213M

ASME BPVC.ILA-2023

00°1-050 ND §2'0-81°0 §9-09 S8l-5LL 502-561 080 0100 0€0°0 00’1 0200 ¥52les )
0L0’'0-1000 g
0£0'0-520°0
el+80 S2'0-8L0 geL-00l 0'te-0'¢ce 050 0€0°0 00’0 00t 01'0-500 0901€S a
91’0010 00€-002 0€e0'le 0'92-0'tve oo 0€0°0 0200 ooe Se0'0 0S0LES NTOWO0LEd L
oUIW 020 BL o05§'0-02'0 ~ SE'0-510 0¢e-06! 092 0've 00’} 0€0°0 Sv0'0 00'e 0L0-¥00 €Y0LES a
09°0-02'0 SE0-GI0 0'ge—061 0'92-0've Q0L 0E00 S¥0°0 ooe 0L'0—+v00 croLES NAOHOLEdL
oL 1L-Ox01L 0ge06l 0'92-0'%¢ 0ot 0€0°0 S+0'0 0o'e 0L'0—+00 LrOLES qOHOlEdL
0L L-OX0} 0'ge-061 0'92-0've 00t 0E0°0 S00 ooe 800 or0LES qootedl
8000
-2000 d
S-S n)
020’1 00
0P—0e M 09°0—0¥'0 0€°0-02°0 §'9¢-5ce g'gg-S'le oo SL00 G200 090 01’000 SEOLES
0100
-2000d 020 0’0010 S§2'0-010 092-0'€2 0'€2-561 00°L 0€00 0€0°0 05k o0L'o Se01eS NAgonoLedL
0'ge-061 0'92-0've 0oL 0E00 S0°0 ooe 0L'0—+00 600LES HOLEdL
02e-061 092-0'%¢ 00’} 0e0°0 Sv0'0 00z 800 8001€S soledl
oL'o oL'o 022061 0'92-0've S0 SL00 0200 0o0e SI00 c00LES 2
S00'0-100°0=9 08'0—05°0 02'0-010 S9I=S¥I o'tg0'le 00'L 0€0°0 00 oo'e 01'0—€00 cvBe0ES
oL’ 1-O%01L 091-072} 0'te-0'ce 00’} 0€0°0 Sv0°0 00'¢c 0L'0-¥00 L60ES qOH60Ed L
" 0L }1—0X0L 09L-07cl 0'te-0'ce 00'L 0€0'0 S0'0 oo'e 800 0r60ES qo60ed.L
0¥'0-62°0 250 09L-0¢l 092-0'ee 0.0 0€0°0 000 00'e S20°0 G260ES NOWI60€ed.L
- 0'SI-02l 0'te—-0'ce 00t 0E0°0 S¥0°0 ooe 0L'0—+00 6060ES HB0EJL
" " 0'GL-02k 0've-0ce 00’} 0€0°0 Sv0'0 00'e 800 8060€S S60edL
80°'0—€0°0 @D 02010 0cl—00lL 0'2e—0'0e 00°2—-0¥'} 0€0'0 or00 080 01’0500 S180€S )
S80IV v ” 091-5¢€l S'61-0'LL 0t-CE 0€0°0 0€0°0 0o'e ¥20-9100 S190€S a
91’0010 0’08 0'0e-0'8} 00’} 0E0°0 Sr0°0 oo'e gSe0’0 £S¥0ES NI¥0EdL
91'0-010 0'H-0'8 0°02-0'81 00t 0€0°0 00 002 800 1S¥0ES N¥0EdL
0s'e
—0Sg nD
#00°0
-L0004d 562 0-0L0  50v'0-0L0 & 0¢l-06 S6L-GLL 00t 0100 0r0°0 00'e ¥10-400 YEYOES 2
§'g-6'g nN)
‘0100
—Loo0 4
‘0£0'0
—€000 IV 09°0-0€0 2L’'0-50°0 S01-G'2 061-0'LL 0g0 0100 00’0 00t €1'0-400 2er0eS a
0’08 0'0e-0'8} 00’ 0€0°0 S0'0 o0o'e 0L'0-+0'0 60¥0ES HP0EdL
v " 02H-0'8 0'02-0'81 00’} 0€0°0 St0'0 0o'e aS€0'0 €0r0ES 1v0edL
- 0’08 0'02-0'8} 00t 0€0'0 S¥0°0 oo'e 800 00¥0ES PoEdL
" " 080 0'Gg-0'¢e §H-08 0'8-9'9 0100 G200 00'e 200 00£5¢S o
oF'0-SL'0A
‘6000
—£0004d Se1-6L0 02°'1-080 O'L-06 091-0'vk 00'1-020 0€0'0 St0°0 0/-5G §1'0-900 00Sies )
020010 A 0€°0-01'0 0¥'0-02'0 00€-0S9'L SEI-SI §'€e-50¢ 00’ 0€0°0 S¥0°0 090¥ 900 01602S B1-WX
20 09-0v 061-0LL 00t 0€00 0900 001-52 S0 0020eS 20edl
se'o S'6G¢ 0'81—0'9} 00’ 0€0°0 0900 §.-9S S1'0 0010eS 102dL
SjupLiel wnjuey | AWNIGOIN gueboniN  wnuapafjo 8ol wniwoiyy uoolIS inying s OReH uogque)
18I0 : i ’ k y -oydsoyd -ebuepy uoneubisaq epeln
uonsodwo) SNN

[291S SS8|UIBlS D194 PUB JIUSISNY 10} ¢ % ‘SHWIT uomisodwo) [ediwayd g 37avL



ASME BPVC.ILA-2023

SA-213/SA-213M

#'1-9°'0 ND 0G-0% 0'vE-00€ 0'82-0'9¢ 90 S1L00 G200 0e 0200 62080N
¥#'1-9°0 D 0'v-0'€ 0'vE-00€ 0'82-0'9¢ oL 0€E0'0 0e0'0 0s'e 0€0°0 82080N
00'¥-00°€ ND w 00'€-00¢  0'8e-0'¢E 012061 00k SE0'0 S¥0°0 o0oe 0400 02080N oz Aol
0E0 IV
0S'1-S4°0 ND ) 0S°1-S2'0 0OLI-0'St 0'Si-0el §'9-G'S 0200 or0'0 00¢ 0€0°0 S188€S8
S8l-5'Lt 0610741 05'2-05°L 0€0°0 0€0°0 00 800 0018€S G-IX
S2°0NnD
09'0-SL0 IV 09'0-SH0 0'Zg-0ce 0'62-0'Se 00t SL00 Sv0'0 0s't 01L'0-90°0 SPOSES
010
Bl ‘020 00 H - 0€l-0'6 061041 00'L 0E0Q St0°0 00'e QL'0-+0'0 608¥ES HeveEdL
010
Bl ‘02°0 00 ) ) 0€l-06 0610721 0ok 0€0°0 00 002 800 008YES 8redL
S000-1000 9
05'€-0S'¢ ND 405'0-0¢0 2’0200 02'1=0¢’0  0€EL-00} 061-0°LL 090 0L00 GE00 00'¢ 020'0-500°0 cS.LVES 2
4050-020  0L'0-900 0€l-0'6 0'61-0'LL 00'tL 0e0°0 S¥0°0 00e 02005000 1SL¥ES N1L¥EdL
0L 1=0x8 0EL-06 06L-0LL 00t 0€E00 Sr0°0 00¢ 01L'0-20°0 OLLPES Od4HLvEdL
01" 1-0x8 0€l=0'6 0'61-0'LL 00t 0e0°0 Sr0'0 00z 0L'0-+¥00 60.¥ES HiredL
09205t M
05°0-02°0 A 0§°0-S¢0 §2'0-010 0'L1-00'8 0'02-0°LL 0oL 0€0°0 0r0'0 00e S0'0 SOLVES MLveEdL
0L’ 1=0Ox0} 0El-0'6 002041 00t 0€0°0 St00 00e 800 00L¥ES LredL
0L'0 09'0-0¥'0 060+  08L-009I 0'ge-0'ee 00'L 0L0'0 0€0°0 0L-0G 0€0°0 G96YES o
G200 IV
‘0L0
—500 @D 00°1-09°0 0'ege-0'Le 0'82-0'9¢ 0€0 SO0 0e0'0 00k 80°0-v0°0 82CEES 2
0S¢
—0S’L nD 0S'1-08'0 0'¢ec0'6l S'61-591 0'9-8'% 0€00 S¥0°0 002 00 S192ES 2
040
=(N+ 0 02l-0'6 0'61-0°LL 00} 0€0°0 S¥0°0 00e 0L°0-+00 601L2€ES HigedL
040
-(N+2ls 0¢l-0'6 061041 00} 0E00 S¥0'0 00e 800 0012ES Lgedl
0¥'0 ND 2e0-120 8909  0€2-002 0vg-0'¢e 00°L 0200 €00 05’k 0€0°0 0502€eS 2
+080-0¢'0 S1'0-90°0 SP-0€ 0'SL=0'LE 061041 00} 0E0'0 S¥0°0 00'g 4020°0-500°0 OvLIES 2
0'§-0'% ND S¥0'0 0v0€  g9l-0Gl 0610741 00'L 0L00 0r0°0 00e 0€0°0 0€LIES 2
S2°0NnD 02'0-0t0 0S0¥ SLL-9€El 002-0'LL 00t 0€E00 S¥0°0 0o0'e €00 92LIES NWTLLEDL
§.°0nD 020 0S-0v ~ GLI-S¢l 002-0'8lL 00°k 0€0°0 Sv0'0 00e €00 SeLIES WiZiedl
0t=0€ 0S1-0'LL 0'02-0'8L 00t 0€E00 S¥0°0 00'e SEQD £0LIES 1LLedL
0y—0e 0'SI-0'LE 002-0'81 00°tL 0€0°0 Sr0°0 002 800 00£1€S ZledL
91'0—-0L0 00'€-00¢  0EL-00L 0'8L-09L 00t 0€E00 S¥0°0 00'e aSE00 £991ES NI9LEdL
91’0010 00'€-00¢ 0€EL-001 0'8L—-09L 00t 000 S¥0'0 002 800 1881ES N9lEdL
0L0
=(N+2)
' XS oLo 00e-002 O0¥L-001L 081091 S0 0€0°0 Sv0°0 ooe 800 GEQLES 1gledl
00'€-00C O¥L-0'LL 0'81-09L 00t 0€E00 S¥0°0 00'e 0L'0-+0'0 6091ES HoledLl
00€-002 O¥L-00L 0'81-0'9L 00°L 0€0°0 S¥0°0 002 SE00 £091€S 19Ledl
00e-00¢ OvL-00I 0'8L-09l 00} 0€E00 S¥0'0 00e 800 0091ES 9ledl
051050 ND 0¥'0-0€°0 08-59 082092 0'€2-5'02 050 0L00 0€0°0 00'e 0200 PHEARSS] 2
8000
-¥000 9 09'0-0€0 or'1=00"L  09L-0'%i 0'9L-0'vL 02'0-0£°0 SLO0 0e0'0 00205t ¢k'0-800 [RAR S 2
052051 M
002-00°} ND 09'0-5£0 2'9-¢'S ove-0'le 0'52-0'ee 00°} 0200 Se0'0 00'+-00'2 000 9921€ES
Suawe wnue | HWNIqoIN gueboliN  wnuapadion 1830l wniwoiyo uoollis injing e gy uoqied
JETg) -oydsouyd -eBuey uoneuBisag apein
uonisodwo) SNN

penuguoy g 3719vL



SA-213/SA-213M

ASME BPVC.ILA-2023

‘JUSJUOD UOGIED 8} S8 G| UBY) $S8] JOU JO JUSJUOD WNIGOIU B BARY |[BYS |88)S Ob/LES uoneubisep SNM

"% 09°0 0} 0E°0 JO Jusjuod Bl g/} + gN B 8ABY |[BYS E¥0LES SNN,

‘JUBLIZ[@ BWES BU] 10} SeWBU SAlleLIB]e 248 (qD) Wnigunjo) pue (gN) WNIqoIN Swual auyl,,

*%00° | UBY} 2I0W JOU PUE JUBIUOD UOGUEO BU} SSLIN 8 UBY) SSO| JOU JO JUSJUCD B] + gN UB BABY [[BUS 0Z080N,y

"% 080 UBY} 8JOW JOU pUB (N+D)¥ + 02°0 UBU} SS8| JOU JUBJUOD ON + || 9ABY ||BYS thbdL apein,

"XBW Q0’1 = ND + IN @ABY |[BYS #ibd L SPRID,,

"XBUW % 0Z'} ‘UIW % §8'0 84 |[BYS 11 + IV,

‘siuswale paiyoads Jaylo sy} JO WNS Sy} SNUIW 0| 0 8ouaieyip Ag Ajlgonewyiie pauiLeiep eq |[Bys uolj,

"% Q'L UBU} 8JOW JOU pUE JUSIUOD UOGUED 8L} SSWI} § UBL) SS8| 10U JO JUSIUOD B] + QN UB 8ABY [[BYS HBYEd L 8pBID),,
"% QL' L UBY} ©I0W JOU pUE JUSILOD UOGIED BUj} SaLN QL UBY) SS8| JOU JO JUSIUCD B] + gN UB BARY |[BUS 8FEd L SpeID,
“JUSJUOD UOGUED B} SBWN G| UBY) SS8] JOU JO JUsjUod gN Ue 9ABY |[BYS ZG/FES PUB NTZPEL apelo,

‘JUBIUOD UOGIEBD BU] SaWI ¢ UBY] 2I0W JOU pUB SBWWI] g UBY] $S3| 10U JO (gN % + LL) @ARY |[BUS FEFOES SpRID,

‘NI9LEdL PuB T19LEdL ‘NTP0EdL “TP0EdL SapeID) ul Alessadau S| % 0700 JO Wnwixew uogied e ‘painbal aie sessed Buimesp Auew aisym ‘Ylog 10 'S|[em UIL} 1O JSJSWEIP [[BWS 10,

‘shojre asey) saynuap! Ajanbiun Jequinu SNN 2yl uepeufisep apef uowwoo ou s aay) ‘sAojle 8say) Jod,
“1eonpoud ey pue Jeseyaind su) usemiaq Juswaaibe jo Jenew e aq |feys usBouN Joj sisAjeue jo poylsw ayly
"papiodal JO paulLLIBlep Bq Jou pasu JuswWwaje By} Joj SISAJEUB PUE WNWIUIW Ou I 818y} ‘8|qe) sy} ul jeadde () sesdijja 81U "PalEDIpUI S| WNWIUIW 1o SBUBI B SS8|UN ‘WNWIXE,,

7 Se0'0 05'¢-6L'} ¥ S61-G'LL 00’ 0e0'0 or0'0 00} €0°0 00tP¥S vrrdl
05 1-05°0 ND S2'0-SL'0 0L-09 0'9¢-0%e 0'le-06L 05’0 (a1 XoX0] 0€0°0 oo'e 0200 9E680N
05°1—-08°0 ND : 02'0-0L0 0409 0'9¢-0%e 0'l2-0'6} 050 0800 St00 00} 0200 G2680N
00°2-00°L ND 0L'0 0s-0tv 0'8c-0'€c 0'€ec-0'61 Qo' 0E0°0 0r0'0 00'c 0200 70680N
Uil 668 54
F09°0-S10 1L
F09°0-S1L0 IV
S20Nn0 0'5e-0°0€ 0€2-06} 00'L SL0°0 SO0 0s'} 01'0-90°0 L1880N
ulw §°6€ ;o4
09'0-SL0 1L
09'0-SL0 I¥
§20n0 0°5e-0°0€ 0€2—-06} 00’ SO0 SO0 0S'L 0L'0-500 01 880N Hoog8
ulw §'6E 24
09'0-S10 L
09°0-GL0 IV
S20nN0 0'6e-0°0€ 0'€2-0'61 00’ SL00 St0°0 05’ oLo 00880N 008
§2'0Nn) §2'0-81°0 00°£-009 §'Gc-5Ee 0'¢e-0'0e 00t 0E00 or0'0 oo'e 0E00 £9E80N o
suauiBg wnjuey| wnigoiN usBosiN  wnuapghlo  [83OIN wniweyn nyng anl ey uogien
Jayio E M & Y E : -oydsoyd -ebuepy uoneubisaq apein
uonisoduwion SNN

penupuoy g 3749vL



SA-213/SA-213M ASME BPVC.ILA-2023

TABLE 3 Heat Treatment and Grain Size Requirements”

Austenitizing/
UNS Solutioning/
Grade Heat Treat Type Stabilizing Cooling Media
Number
Temperature,
min or range °F [°C]

Subcritical Annealing
or Tempering ASTM
Temperature, Grain Size No.?
min or range °F [°C]

Ferritic Alloy Steels
T2 K11547 full or isothermal
anneal; or
normalize and
temper; or
subcritical anneal 1200 to 1350
[650 to 730]
T5 K41545 full or isothermal
anneal; or
normalize and 1250 [675]
temper
Tsb K51545 full or isothermal
anneal; or
normalize and 1250 [675]
temper
Tse K41245 subcritical anneal air or furnace 1350 [730]°
T9 K90941 full or isothermal
anneal; or
normalize and 1250 [675]
temper
™ K11597 full or isothermal
anneal; or
normalize and 1200 [650]
temper
Ti2 K11562 tull or isothermal
anneal; or
normalize and
temper; or
subcritical anneal 1200 to 1350
[650 to 730]
T17 K12047 full or isothermal
anneal; or
normalize and 1200 [650]
temper
T21 K31545 full or isothermal
anneal; or
normalize and 1250 [675] -
temper
T22 K21590 tull or isothermal
anneal; or
normalize and 1250 [675]
temper
T23 K40712 normalize and 1900-1975 1350-1470 [730-800]
temper [1040-1080]
T24 K30736 normalize and 1800-1870 e 1350-1420 [730-770]
temper [980-1020]
T36 K21001 normalize and 1650 [900] E 1100 [595]
temper
T91 Types 1 and 2 K90901 normalize and 1900-1975 1350-1470 [730-800]
temper [1040-1080]
T92 K92460 normalize and 1900-1975 1350-1470 [730-800]
temper [1040-1080]
T93 K91350 normalize and 1960-2140 1380-1455 [750-790]
temper [1070-1170]
T115 K91060 normalize and 1920-2010 1380-1455
temper [1050-1100] [750-790]
T122 K91261 normalize and 1900-1975 1350-1470 [730-800]
temper [1040-1080]
T128 K91421 normalize and 1975-2140 air 1400-1470
temper [1080-1170] [760-800]
T911 K91061 normalize and 1900-1975 4 1365-1435
temper [1040-1080] [740-780]
T921 K91201 normalize and 1670-1740 air 1350-1420
temper [910-950] [730-770]

Austenitic Stainless Steels

TP201 520100 solution treatment 1900 [1040]" water or other rapid cool
TP202 520200 solution treatment 1900 [1040]" water or other rapid cool
XM-19 520910 solution treatment 1900 [1040]" water or other rapid cool
521500 solution treatment 1900 [1040]7¢ water or other rapid cool
525700 solution treatment 1900 [1040]" water or other rapid cool
TP304 530400 solution treatment 1900 [1040]" water or other rapid cool
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TABLE 3 Continued

SA-213/SA-213M

Austenitizing/

Subcritical Annealing

Solutioning/ .
Grade thnljt?er Heat Treat Type Stabilizing Cooling Media ?‘;n:?)rggiﬂrg Grai:gi-lz":l No.&
Tomperature; min or range °F [°C]
min or range °F [°C]
TP304L S30403 solution treatment 1900 [1040]F water or other rapid cool
TP304H 830409 solution treatment 1900 [1040] water or other rapid cool 7
S30432 solution treatment 2000 [1100]° water or other rapid cool
530434 solution treatment 2120 [1160] water or other rapid cool
TP304N 530451 solution treatment 1900 [1040]F water or other rapid cool
TP304LN 830453 solution treatment 1900 [1040]F water or other rapid cool
830615 solution treatment 1900 [1040]° water or other rapid cool
830815 solution treatment 1920 [1050] water or other rapid cool
TP309S S30908 solution treatment 1900 [1040]7 water or other rapid cool
TP309H $30909 solution treatment 1900 [1040] water or other rapid cool 7
TP309LMoN $30925 solution treatment 1920 [1050] water or other rapid cool 7
TP309Cb S30940 solution treatment 1900 [1040]7 water or other rapid cool
TP309HCb S30941 solution treatment 1900 [1040]" water or other rapid cool 7
S30942 solution treatment 2120 [1160] water or other rapid cool 6
831002 solution treatment 1900 [1040]" water or other rapid cool -
TP3108 $31008 solution treatment 1900 [1040]" water or other rapid cool
TP310H $31009 solution treatment 1900 [1040] water or other rapid cool 7
TP310MoCbN 831025 solution treatment ~ 2100 [1150] water or other rapid cool 7
831035 solution treatment  2160-2280 water or other rapid cool 4
[1180-1250]
TP310Cb S31040 solution treatment 1900 [1040]” water or other rapid cool
TP310HCb S31041 solution treatment 1900 [1040]" water or other rapid cool 7
TP310HCbN 531042 solution treatment 1900 [1040]"" water or other rapid cool 7
S31043 solution treatment 1900 [1040]"" water or other rapid cool 7
TP310MoLN 831050 solution treatment 1900 [1040]7 water or other rapid cool
S31060 solution treatment ~ 1975-2160 water or other rapid cool 7
[1080-1180]"
831254 solution treatment 2100 [1150] water or other rapid cool
531266 solution treatment 2100 [1150] water or other rapid cool
831272 solution treatment 1920 [1050] water or other rapid cool
831277 solution treatment 2050 [1120]7 water or other rapid cool
TP316 S31600 solution treatment 1900 [1040]" water or other rapid cool
TP316L 831603 solution treatment 1900 [1040]° water or other rapid cool
TP316H S31609 solution treatment 1900 [1040] water or other rapid cool 7
TP316Ti S31635 solution treatment 1900 [1040] water or other rapid cool
TP316N S31651 solution treatment 1900 [1040]7 water or other rapid cool
TP316LN 531653 solution treatment 1900 [1040]7 water or other rapid cool
TP317 S31700 solution treatment -~ 1900 [1040]° water or other rapid cool
TP317L 531703 solution treatment 1900 [1040]° water or other rapid cool
831725 solution treatment 1900 [1040]° water or other rapid cool
831730 solution treatment 1900 [1040]7 water or other rapid cool "
831740 solution treatment 1900 [1040]7 water or other rapid cool
532050 solution treatment 2100 [1150]° water or other rapid cool
TP321 S32100 solution treatment 1900 [1040]7" water or other rapid cool
TP321H S32109 solution treatment  cold worked: water or other rapid cool 7
2000 [1090]
hot rolled:
1925 [1050]"
832615 solution treatment 1900 [1040]7 water or other rapid cool 3 or finer
832716 solution treatment 1900 [1040]" water or other rapid cool -
833228 solution treatment 2050 [1120] water or other rapid cool
534565 solution treatment ~ 2050-2140 water or other rapid cool
[1120-1170]
TP347 S34700 solution treatment 1900 [1040]" water or other rapid cool
TP347W 834705 solution treatment 2000 [1100] water or other rapid cool 7-10
TP347H 534709 solution treatment  cold worked: water or other rapid cool 7
2000 [1100]
hot rolled:
1925 [1050]"
TP347HFG 834710 solution treatment,’ 2150 [1175]" water or other rapid cool 7-10
TP347LN 834751 solution treatment 1900 [1040]7 water or other rapid cool
834752 solution treatment ~ 1940-2138 Water or other rapid cool
[1060-1170]
TP348 834800 solution treatment 1900 [1040]7H water or other rapid cool
TP348H $34809 solution treatment  cold worked: water or other rapid cool 7
2000 [1100]
hot rolled:
1925 105017
535045 solution treatment 2000 [1100]" still air cool or faster
XM-15 S38100 solution treatment 1900 [1040]" water or other rapid cool
538815 solution treatment 1950 [1065]" water or other rapid cool
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TABLE 3 Conlinued

Austermlglngl Subcritical Annealing
Solutioning/ G
Grade NS Heat Treat Type Stabilizing Cooling Media arTempenng ASTM
Number Temperature, Grain Size No.?
Teiriporature, min or range °F [°C]
min or range °F [°C]
Alloy 20 NO08020 stabilization 1700-1850 water or other rapid cool
treatment [925-1010]F
N08028 solution treatment 2000 [1100]7 water or other rapid cool
N08029 solution treatment 2000 [1100]7 water or other rapid cool
N08367 solution treatment 2025 [1105]7 water or other rapid cool
800 N08800 solution treatment 1900 [1040]7 water or other rapid cool
800H N08810 solution treatment 2050 [1120]7 water or other rapid cool 5
N08811 solution treatment 2100 [1150]7 water or other rapid cool 5
N08904 solution treatment 2000 [1100]” water or other rapid cool
N08925 solution treatment  2010-2100 water or other rapid cool
[1100-1150]
N08926 solution treatment ~ 2010-2100 water or other rapid cool
[1100-1150]
Ferritic Stainless Steels
TP444 S44400 subcritical anneal 1400 [760]

A Where ellipses (..) appear in this table there is no requirement.
B ASTM Grain Size No. listed, or coarser, unless otherwise indicated.
€ Approximately, to achieve properties.

D Accelerated cooling from the normalizing temperature shall be permitted for section thicknesses greater than 3 in. [75 mm].

EAccelerated air cooling or liquid quenching shall be permitied for Class 2.

F Quenched in water or rapidly cooled by other means, at a rate sufficient to prevent re-precipitation of carbides, as demonstrable by the capability of tubes, heat treated
by either separate solution annealing or by direct quenching, passing Practices A262, Practice E. The manufacturer is not required to run the test unless it is specified on
the purchase order (see Supplementary Requirement S4). Note that Practices A262 requires the test to be performed on sensitized specimens in the low-carbon and
stabilized types and on specimens representative of the as-shipped condition for other types. In the case of low-carbon types containing 3 % or more molybdenum, the
applicability of the sensitizing treatment prior to testing shall be a matter for negotiation between the seller and the purchaser.

& A maximum solution treating temperature of 2100 °F [1150 °C] is recommended for UNS S21500.

H A solution treating temperature above 1950 °F [1065 °C] may impair resistance to intergranular corrosion after subsequent exposure to sensitizing conditions in the
indicated grades. When specified by the purchaser, a lower temperature stabilization or resolution anneal shall be used subsequent to the higher-temperature solution

anneal prescribed in this table.

! Solution treatment shall be preceded by a softening heat treatment prior to cold-working. The softening temperature shall be at least 90 °F [50 °C] higher than the solution

heat treatment temperature, which shall be at 2150 °F [1180 °C] minimum.

4.1.7 Size (outside diameter and minimum wall thickness,
unless average wall thickness is specified),

4.1.8 Length (specific or random),

4.1.9 Hydrostatic Test or Nondestructive Electric Test (see
10.1),

4.1.10 Specification designation and year of issue,

4.1.11 Increased sulfur (for machinability, see Note B, Table
1, and 16.3), and

4.1.12 Special requirements and any supplementary require-
ments selected.

5. General Requirements

5.1 Product furnished to this specification shall conform to
the requirements of Specification A1016/A1016M, including
any supplementary requirements that are indicated in the
purchase order. Failure to comply with the general require-
ments of Specification A1016/A1016M constitutes nonconfor-
mance with this specification. In case of conflict between the
requirements of this specification and Specification A1016/
A1016M, this specification shall prevail.

6. Materials and Manufacture

6.1 Manufacture and Condition—Tubes shall be made by
the seamless process and shall be either hot finished or cold
finished, as specified. Grade TP347HFG shall be cold finished.

6.2 Heat Treatment:
6.2.1 Ferritic Alloy and Ferritic Stainless Steels—The fer-

ritic alloy and ferritic stainless steels shall be reheated for heat

treatment in accordance with the requirements of Table 3. Heat
treatment shall be carried out separately and in addition to
heating for hot forming.

6.2.2 Austenitic Stainless Steels—All austenitic tubes shall
be furnished in the heat-treated condition, and shall be heat
treated in accordance with the requirements of Table 3.
Other than for Grades S30815, S30942, S31272, S33228,
S30432, and H grades, seamless tubing immediately following
hot forming may be individually quenched in water or rapidly
cooled by other means (direct quenched), provided that the
temperature of the tubes after hot forming is not less than the

minimum specified heat treatment temperatures. For H grades,

as well as Grades S30815, S30942, S31272, S33228, and S30432,
the tubes shall be reheated to the specified heat treatment
temperature for the required time before quenching.

6.3 If any controlled structural characteristics are required,
these shall be so specified in the order as to be a guide as to the
most suitable heat treatment.

7. Chemical Composition

7.1 Composition Requirements:

7.1.1 The alloy steels shall conform to the chemical require-
ments given in Table 1.

7.1.2 The stainless steels shall conform to the chemical
requirements given in Table 2.

7.2 Product Analysis:
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7.2.1 An analysis of either one billet or one tube shall be
made from each heat. The chemical composition thus deter-
mined shall conform to the requirements specified.

7.2.2 If the original test for product analysis fails, retests of
two additional billets or tubes shall be made. Both retests, for
the elements in question, shall meet the requirements of the
specification; otherwise all remaining material in the heat shall
be rejected or, at the option of the producer, each billet or tube
may be individually tested for acceptance. Billets or tubes that
do not meet the requirements of the specification shall be
rejected.

8. Grain Size

8.1 Grain size shall be as given in Table 3, as determined in
accordance with Test Methods E112.

8.2 Grain size determinations, to demonstrate compliance
with 8.1, shall be made on one end of one finished tube from
each lot. See 15.1.

9. Mechanical Properties

9.1 Tensile Requirements:

9.1.1 The material shall conform to the requirements as to
tensile properties given in Table 4.

9.1.2 Table 5 gives the computed minimum elongation
values for each Y2-in. [0.8-mm] decrease in wall thickness.
Where the wall thickness lies between two values shown in
Table 5, the minimum elongation value shall be determined by
the following equations. For Grades T23, T24, T91, T92, T115,
T122, T128, T911, T921, and S44400: E = 32r + 10.00 [E =
1.25¢ + 10.00]. For Grade T36: E =32t + 5.0 [E = 1.25¢ + 5.0].
For grade T93: E = 32t + 9.00 [E = 1.25¢ + 9.00]. For all other
ferritic alloy grades: E = 48r + 15.00 [E = 1.87r + 15.00].

where:
E = elongation in 2 in. [50 mm], %, and
t = actual thickness of specimen, in. [mm].

9.1.3 One tension test shall be made on a specimen from one
tube for lots of not more than 50 tubes. Tension tests shall be
made on specimens from two tubes for lots of more than 50

tubes. See 15.2.

9.2 Hardness Requirements:

9.2.1 The material shall conform to the hardness require-
ments given in Table 4. See 15.2.

9.2.2 Brinell, Vickers, or Rockwell hardness tests shall be
made on specimens from two tubes from each lot. See 15.2.

9.3 Flattening Test—One flattening test shall be made on
specimens from each end of one finished tube, not the one used
for the flaring test, from each lot. See 15.1.

9.4 Flaring Test—One flaring test shall be made on speci-
mens from each end of one finished tube, not the one used for
the flattening test, from each lot. See 15.1.

9.5 Mechanical property requirements do not apply to
tubing smaller than % in. [3.2 mm] in inside diameter or
thinner than 0.015 in. [0.4 mm)] in thickness.

10. Hydrostatic or Nondestructive Electric Test

10.1 Each tube shall be subjected to the nondestructive
electric test or the hydrostatic test. The type of test to be used
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shall be at the option of the manufacturer, unless otherwise
specified in the purchase order.

11. Forming Operations

I1.1 Tubes, when inserted in a boiler or tube sheet, shall
stand expanding and beading without showing cracks or flaws.
Superheater tubes when properly manipulated shall stand all
forging, welding, and bending operations necessary for appli-
cation without developing defects. See Note 1.

Note 1—Certain of the ferritic steels covered by this specification will
harden if cooled rapidly from above their critical temperature. Some will
air harden, that is, become hardened to an undesirable degree when cooled
in air from high temperatures, particularly chromium-containing steels
with chromium of 4 % and higher. Therefore, operations that involve
heating such steels above their critical temperatures, such as welding,
flanging, and hot bending, should be followed by suitable heat treatment.

12. Repair by Welding

12.1 Repair welding shall be performed in conformance
with Specification A1016/A1016M.

12.2 All repair welds in T91 shall be made with one of the
following welding processes and consumables: SMAW, A5.5/
A5.5M E90XX-B9; SAW, A5.23/A5.23M EB9Y + neutral flux;
GTAW, A5.28/A5.28M ER90S-B9; and FCAW A5.29/A5.29M
E91T1-B9. In addition, the sum of the Ni+Mn content of all
welding consumables used to weld repair T91 Types 1 and 2
shall not exceed 1.0 %.

12.3 All repair welds in T92, T93, T911, and T122, shall be
made using welding consumables meeting the chemical re-
quirements for the grade in Table 1.

13. Permissible Variations from the Specified Wall
Thickness

13.1 Permissible variations from the specified minimum
wall thickness shall be in accordance with Specification
Al016/A1016M.

13.2 Permissible variations from the specified average wall
thickness shall be = 10 % of the specified average wall
thickness for cold formed tubes and, unless otherwise specified
by the purchaser, shall be in accordance with Table 6 for hot
formed tubes.

14. Surface Condition

14.1 Ferritic alloy cold-finished steel tubes shall be free of
scale and suitable for inspection. A slight amount of oxidation
is not considered scale.

14.2 Ferritic alloy hot-finished steel tubes shall be free of
loose scale and suitable for inspection.

14.3 Stainless steel tubes shall be pickled free of scale.
When bright annealing is used, pickling is not necessary.

14.4 Any special finish requirement shall be subject to
agreement between the supplier and the purchaser.
15. Sampling

15.1 For flattening, flaring, and grain size requirements, the
term lot applies to all tubes, prior to cutting, of the same size
(see 4.1.7) that are produced from the same heat of steel. When
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TABLE 4 Tensile and Hardness Requirements

Hardness”
Tensile Yield Elongation
UNS Strength, Strength, in 2 in. or P 2
Grade Designation iR El‘(si N gksi 50 mm, Brinell/Vickers Rockwell
[MPa] [MPa] min, %5¢
Low Alloy Steels:
T5b K51545 60 [415] 30 [205] 30 179 HBW/ 89 HRB
190HV
T9 K90941 60 [415] 30 [205] 30 179 HBW/ 89 HRB
190HV
Ti12 K11562 60 [415] 32 [220] 30 163 HBW/ 85 HRB
170 HV
T23 K40712 74 [510] 58 [400] 20 220 HBW/ 97 HRB
230 HV
T24 K30736 85 [585] 60 [415] 20 250 HBW/ 25 HRC
265 HV
T36 Class 1 K21001 90 [620] 64 [440] 15 250 HBW/ 25 HRC
265 HV
T36 Class 2 K21001 95.5 [660] 66.5 [460] 15 250 HBW/ 25 HRC
265 HV
T91 Types 1 and 2 K90901 85 [585] 60 [415] 20 190 to 250 HBW/ 90 HRB to 25
196 to 265 HV HRC
T92 K92460 90 [620] 64 [440] 20 250 HBW/ 25 HRC
265 HV
T93 K91350 90 [620] 64 [440] 19 250 HBW/ 25 HRC
265 HV
T115 K91060 90 [620] 65 [450] 20 190 to 250 HWB/ 90 HRB to 25
196 to 265 HV HRC
Ti22 K91271 90 [620] 58 [400] 20 250 HBW/ 25 HRC
265 HV
T128 K91421 94 [650] 71 [490] 20 265HBW/280HV 27HRC
T911 K91061 90 [620] 64 [440] 20 250 HBW/ 25 HRC
265 HV
T921 K91201 109 [750] 84 [580] 20 276 HBW/ 26 HRC
290 HV
All other low alloy 60 [415] 30 [205] 30 163 HBW/ 85 HRB
grades 170 HV
Austenitic Stainless
Steels:
TP201 S20100 95 [655] 38 [260] 35 219 HBW/ 95 HRB
230 HV
TP202 $20200 90 [620] 45 [310] 35 219 HBW/ 95 HRB
230 HV
XM-19 $20910 100 [690] 55 [380] 35 250 HBW/ 25 HRC
265 HV
521500 78 [540] 33 [230] 35 192 HBW/ 90 HRB
200 HV
525700 78 [540] 35 [240] 50 217 HBW 95 HRB
TP304 530400 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP304L 530403 70 [485] 25 [170] 35 192 HBW/ 90 HRB
200 HV
TP304H S30409 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
S30432 86 [590] 34 [235] 35 219 HBW/ 95 HRB
230 HV
S30434 73 [500] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP304N S30451 80 [550] 35 [240] 35 192 HBW/ 90 HRB
200 HV
TP304LN S30453 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
530615 90 [620] 40 [275] 35 192 HBW/ 90 HRB
200 HV
530815 87 [600] 45 [310] 40 217 HBW 95 HRB
TP309S S30908 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP309H S$30909 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP309LMoN $30925 93 [640] 38 [260] 30 256 HBW/270 HV 100 HRB
TP309Cb S30940 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP309HCb S30941 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV

11
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TABLE 4 Continued

Hardness”
Tensile Yield Elongation
Grade l.‘INS. S‘FB"Q“T St(ength, IRz gt Brinell/Vickers Rockwell
Designation min, ksi min, ksi 50 mm,
[MPa] [MPa] min, %€
530942 86 [590] 34 [235] 35 219 HBW/ 95 HRB
230 HV
531002 73 [500] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP310S S$31008 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP310H S$31009 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP310MoCbN 531025 93 [640] 39 [270] 30 256 HBW/ 100 HRB
270 HV
531035 95 [655] 45 [310] 40 220 HBW/ 96 HRB
230 HV
TP310Cb 531040 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP310HCb 531041 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP310HCbN S31042 95 [655] 43 [295] 30 256 HBW 100 HRB
531043 95 [655] 43 [295] 30 256 HBW 100 HRB
TP310MoLN S$31050
T =0.25in. [6 mm] 84 [580] 39 [270] 25 217 HBW 95 HRB
t>0.25 in. [6 mm] 78 [540] 37 [255] 25 217 HBW 95 HRB
S31060 87 [600] 41 [280] 40 217 HBW 95 HRB
531254
T = 0.187 in. [5 mm] 98 [675] 45 [310] 35 220 HBW/ 96 HRB
230 HV
T>0.187 in. [5 mm] 95 [655] 45 [310] 35 220 HBW/ 96 HRB
230 HV
531266 109 [750] 61 [420] 35 B100
S31272 65 [450] 29 [200] 35 217 HBW 95 HRB
531277 112 [770] 52 [360] 40 241 HBW 100 HRB
TP316 531600 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP316L 531603 70 [485] 25 [170] 35 192 HBW/ 90 HRB
200 HY
TP316H 531609 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP3186Ti S31635 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP316N 531651 80 [550] 35 [240] 35 192 HBW/ 90 HRB
200 HV
TP317 S$31700 75 [515] 30 [205] 34 192 HBW/ 90 HRB
200 HV
TP317L 531703 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
531725 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
S$31730 70 [480] 25 [175] 38 90 HRB
$31740 75 [615] 30 [205] 35 192 HBW/ 90 HRB
200 HY
$32050 98 [675] 48 [330] 40 256 HBW 100 HRB
TP321 §32100 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP321H 532109 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
532615 80 [550] 32 [220] 25 192 HBW/ 90 HRB
200 HV
532716 80 [550] 35 [240] 35 192 HBW/ 90 HRB
200 HV
533228 73 [500] 27 [185] 30 192 HBW/ 90 HRB
200 HV
534565 115 [790] 60 [415] 35 241 HBW 100 HRB
TP347 534700 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP347W $34705 90 [620] 38 [260] 30 219 HBW/ 95 HRB
230 HV
TP347H 534709 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP347HFG 534710 80 [550] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP347LN 534751 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV

12
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TABLE 4 Continued

Hardness”
Tensile Yield Elongation
Grade UNS. St(ength_, St(engtl'!‘ in 2 in. or Brinell/Vickers Rockwell
Designation min, ksi min, ksi 50 mm,
[MPa] [MPa] min, %5¢
534752 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP348 S34800 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
TP348H S34809 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
$35045 70 [485] 25 [170] 35 192 HBW/ 90 HRB
200 HV
XM-15 538100 75 [515] 30 [205] 35 192 HBW/ 90 HRB
200 HV
538815 78 [540] 37 [255] 30 256 HBW 100 HRB
Alloy 20 N08020 80 [550] 35 [240] 30 217 HBW 95 HRB
N08028 73 [500] 31 [214] 40
N08029 73 [500] 31 [214] 40
NO8367
=3/16 in. wall 100 [690] 45 [310] 30 100 HRB
>3/16 in. wall 95 [655] 45 [310] 30 241 HBW
800 NO8800
cold-worked 75 [515] 30 [205] 30 192 HBW/ 90 HRB
annealed 200 HV
hot-finished 65 [450] 25 [170] 30 192 HBW/ 90 HRB
annealed 200 HV
800H N08810 65 [450] 25 [170] 30 192 HBW/ 90 HRB
200 HV
NO8811 65 [450] 25 [170] 30 192 HBW/ 90 HRB
200 HV
NO08904 71 [490] 31 [215] 35 192 HBW/ 90 HRB
200 HV
N08925 87 [600] 43 [295] 40 217 HBW 95 HRB
N08926 94 [650] 43 [295] 35 256 HBW 100 HRB

Ferritic Stainless Steels
TP444 544400 60[415] 40[275] 20 217 HBW/ 230 HV 96 HRB

“Max, unless a range or a minimum is specified.

5 When standard round 2 in. or 50 mm gauge length or smaller proportionally sized specimens with gauge length equal to 4D (4 times the diameter) is used, the minimum
elongation shall be 22 % for all low alloy grades except T23, T24, T91, T92, T93, T115, T122, T128, and T911; and except for TP444.

€ For longitudinal strip tests, a deduction from the basic minimum elongation values of 1.00 % for TP444, T23, T24, T91, T92, T93, T115, T122, T128, and T911, and of
1.50 % for all other low alloy grades for each Ysz-in. [0.8-mm] decrease in wall thickness below %4s in. [8 mm] shall be made.

TABLE 5 Computed Minimum Values”

Elongation in 2 in.

Wall Thickness or 50 mm, min, %
' y /0

544400,
T23, T24, TO1
p Types 1 and 2, All Other
n: mm To2, Te21, e TR Ferritic Grades
T115, T122,
T128, and T911
%16 [0.312] 8 20 19 15 30
92 [0.281] 7.2 19 18 14 29
V4 [0.250] 6.4 18 17 13 27
752 [0.219] 56 17 16 12 26
%6 [0.188] 4.8 16 15 11 24
552 [0.156] 4 15 14 10 23
Y& [0.125] 3.2 14 13 9 21
%52 [0.094] 2.4 13 12 3 20
146 [0.062] 16 12 1 7 18
0.062 to 0.035, excl 1.6 to 0.9 12 1 7 17
0.035 to 0.022, excl 0.9 to 0.6 11 10 6 17
0.022 to 0.015 incl  0.6'to 0.4 11 10 6 16

A Calculated elongation requirements shall be rounded to the nearest whole
number.

final heat treatment is in a batch-type furnace, a lot shall include only those tubes of the same size and from the same

13
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TABLE 6 Permitted Variations in Average Wall Thickness for Hot
Formed Tubes

Tolerance in %, from specified

NPS [DN] Designator Over

Under

Y& to 2%2 [6 to 65] incl, 20

all /D ratios”

Above 22 [65], t/D = 225
5 %4

Above 2z [65], /D > 15
5 %A

125

12.5

12.5

“ 1 = specified wall thickness D = specified outside diameter

TABLE 7 Number of Tubes in

a Lot Heat Treated by the

Continuous Process or by Direct Quench After Hot Forming

Size of Tube

Size of Lot

2 in. [50.8 mm] and over in outside
diameter and 0.200 in. [5.1 mm] and over
in wall thickness

2 in. [50.8 mm] and over in outside
diameter and

under 0.200 in. [5.1 mm] in wall thickness
Less than 2 in. [50.8 mm] but over 1 in.
[25.4 mm] in outside diameter

1in. [25.4 mm] or less in outside diameter

not more than 50 tubes

not more than 75 tubes

not more than 75 tubes

not more than 125 tubes

heat that are heat treated in the same furnace charge. When the
final heat treatment is in a continuous furnace or when the
heat-treated condition is obtained directly by quenching after
hot forming, the number of tubes of the same size and from the
same heat in a lot shall be determined from the size of the tubes
as prescribed in Table 7.

15.2 For tensile and hardness test requirements, the term lot
applies to all tubes prior to cutting, of the same size (see 4.1.7)
that are produced from the same heat of steel. When final heat
treatment is in a batch-type furnace, a lot shall include only
those tubes of the same size and the same heat that are heat
treated in the same furnace charge. When the final heat
treatment is in a continuous furnace, or when the heat-treated
condition is obtained directly by quenching after hot forming,
a lot shall include all tubes of the same size and heat, heat
treated in the same furnace at the same temperature, time at
heat, and furnace speed; or all tubes of the same size and heat,
hot formed and quenched in the same production run, except as
prescribed in 9.1.3.
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16. Product Marking

16.1 In addition to the marking prescribed in Specification
A1016/A1016M, the marking shall include: the condition, hot
finished or cold finished; and the wall designation, minimum
wall or average wall.

16.2 For the austenitic stainless steels having a grain size
requirement (see Table 3) the marking shall also include the
heat number and heat-treatment lot identification.

16.3 When either T2 or T12 are ordered with higher sulfur
contents as permitted by Note B of Table 1, the marking shall
include the letter, S, following the grade designation: T2S or
T128.

16.4 For T91, the marking shall also include the type.
17. Keywords

17.1 alloy steel tubes; austenitic stainless steel; boiler tubes;
ferritic stainless steel; heat exchanger tubes; high-temperature
applications; seamless steel tubes; steel tubes; superheater
tubes; temperature service applications-high
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the

inquiry, contract, or order.

S1. Stress-Relieved Annealed Tubes

S1.1 For use in certain corrosives, particularly chlorides
where stress corrosion may occur, tubes in Grades TP304L,
TP316L, TP321, TP347, and TP348 may be specified in the
stress-relieved annealed condition.

S1.2 When stress-relieved tubes are specified, tubes shall be
given a heat treatment at 1500 to 1650 °F [815 to 900 °C] after
roll straightening. Cooling from this temperature range may be
either in air or by slow cooling. No mechanical straightening is
permitted after the stress-relief treatment.

S1.3 Straightness of the tubes shall be a matter of negotia-
tion between the purchaser and supplier.

S2. Stabilizing Heat Treatment

S2.1 Subsequent to the solution anneal required in Section
6, Grades TP309HCb, TP310HCb, TP310HCbN, TP321,
TP321H, TP347, TP347H, TP348, and TP348H shall be given
a stabilization heat treatment at a temperature lower than that
used for the initial solution annealing heat treatment. The
temperature of stabilization heat treatment shall be at a
temperature as agreed upon between the purchaser and vendor.
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S3. Unstraightened Tubes

S3.1 When the purchaser specifies tubes unstraightened
after final heat treatment (such as coils), the minimum yield
strength of Table 4 shall be reduced by 5 ksi [35 MPa].

S$3.2 On the certification, and wherever the grade designa-
tion for unstraightened tubing appears, it shall be identified
with the suffix letter “U” (for example, 304-U, 321-U, etc.).

S4. Intergranular Corrosion Test

S4.1 When specified, material shall pass intergranular cor-
rosion tests conducted by the manufacturer in accordance with
Practices A262, Practice E.

Note S4.1—Practice E requires testing on the sensitized condition for
low carbon or stabilized grades, and on the as-shipped condition for other
grades.

S4.2 A stabilization heat treatment in accordance with
Supplementary Requirement S2 may be necessary and is
permitted in order to meet this requirement for the grades
containing titanium or columbium, particularly in their H
Versions.



