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Purpose: |Addition of duplex stainless steel UNS S31655 to relevant paragraphs of API 650 Annex S.

Source: |C. Tigerstrand, RATIONALE AND SUPPORTING DATA FOR INCLUSION OF AUSTENITIC
STAINLESS STEEL UNS S31655 (316plus) IN API 650 AND API 620 ANNEX S.

Revision: [Rev.2in Red.

Original API1 650 Text in Black.

Impact: Alloy no and specifications to be included in the text of paragraphs: S.1.1 and S.4.4.3.
Alloy no and values to be included in tables: S.1a, S.1b, S.2a, S.2b, S.3a, S.3b, S.5a and
S.5b.

Rationale: [The nitrogen alloyed austenitic stainless steel S31655 is developed using a leaner alloying
concept than regular 316L and 316LN. Despite its leaner chemistry it provides similar (or
higher) corrosion resistance compared to type 316 in most environments. The relatively
high nitrogen content gives higher mechanical strength than 316L. This grade can
potentially provide more cost-effective solutions than 316L, particularly for larger tanks,
where its higher strength can be fully utilized.

Current API 650 14th Edition, Annex S.

Document:

Proposed [S.1.1 This Annex covers materials, design, fabrication, erection, and testing requirements

Document:ffor vertical, cylindrical, aboveground, closed- and open-top, welded, austenitic stainless

steel storage tanks constructed of material grades 201-1, 201LN, 304, 304L, 316, 316L,
531655, 317, and 317L. This Annex does not cover stainless steel clad plate or strip lined
construction.

S.4.4.3 Warm forming at 540 °C (1000 °F) to 650 °C (1200 °F) may cause intergranular
carbide precipitation in 304, 316, and 317 grades of stainless steel. Unless stainless steel in

this sensitized condition is acceptable for the service of the equipment, it will be necessary
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to use 304L, 316L, S31655 or 317L grades or to solution anneal and quench after forming.
VWarm forming shall be performed only with agreement of the Purchaser.

Table S.1a
Table 5. 1a—ASTM Materials for Stainless Steel Components (51)
Piping ard Tubing—
Plates and Structural
Members (Note 1) o “:I::::a{ﬁsmn 2 Forgings (Notes 2, 3) Bolting and Bars (Notes 4, 5)

A240M, Type 201-1 A213M, Grade TP 201 A1820, Grade F 304 | A1930, Class 1. Grades BS, B2A, and B&M

A240M, Type 201LM A213M, Grade TP 204 A1820M, Grade F 304L A1%40, Grades BB, BAA, BEM, and BaMA

AZOM, Type 304 | A213M, Grade TP304L | A183M, Grade F 316 | A320M, Grades BS. BSA, BAM, and BEMA

AZ40M, Type 304L A213M, Grade TP 316 | A182M, Grade F 316L A276, A4TOM, Type 304
AZ40M, Type 316 AZ13M, Grade TP316L | A183M, Grade F 317 ATE, A4TOM, Type 304L
AZ400, Type 316L A213M, Grade TP 317 | A1820M, Grade F 317L A2T6, A4TOM, Type 316
AZ240M, Type 317 AZ13M, Grade TP 217L AITE A4TEM, Type J16L
AZ400M, Type 317L A312M, Grade TP 304 AZT6, A4TOM, Type 317

AZ40M S31655 | A312M, Grade TP 304L

AZ12M, Grade TP 316

AF12M, Grade TP 316L

AZ1IM, Grade TP 217

AZ12M, Grade TP 3171

AJ5ENM, Grade 304

A358M, Grade 304L

AJ5EM, Grade 316

A358M, Grade 316L

A403M1, Class WP 304

A403M, Class WP 304l

A402M1, Class WP 216

A4030, Class WP 316L

A403M, Class WP 317

A403M, Class WP 317L

AF12M 551655

A35EM 531655

® INOTE1 Unless otherwse speciied by ihve Purchaser, plate, sheet, ar sirip shall ba fumished with a MNo. 1 fnish. Flate shall be efher hot-ralled
or cold-rolled, annealed, and descaled. Sheet shall ba hot-rolled, annealed, and descaled. Strip shall be cold-rolled, annealed. and descaled.

® INOTE 2 Carbon siesl flanges andior sfub ends may be used by agreement babween the Purchaser and the Manufaciurer, providing the
diesign and delails consider the dissimilar propefies of the matersls used and are suilable far the infended service,

®* |NOTE3 Castings shall mot be used unless specifiad by the Purchaser. If specfied, castings shall meet ASTM A251 and shall be inspected In
accordance with ASME Boer and Pressune Wessel Code, Section VIIl, Dhasion 1, Annex 7.

MOTE4 Al bars im cantact wih the praduct shall be furnished in the hol-rolled, annealed, and descaled condilion.
® INOTES Other bolting materials may be used by agreamant betwean ihe Purchaser and the Manufaciurer.




Table S.1b

Tahle 5.1b—ASTM Materials for Stainless Steel Components (USC)

":;‘mﬁm?' ““’“s;'.'i’.‘.‘:';"“" Forgings (Notes 2, 3) Bolting and Bars (Notes 4, 5)
or Welded (Nate 2)

AZ40, Type 201-1 AZ13, Grade TP 201 A1BZ, Grade F 304 | A193, Class 1, Grades B8, BEA, and BSM
A240, Type 201LN A213, Grade TP 304 A182. Grade F 3040 A5G4, Grades B, BA, 80, and BMA

A240, Type 304 A213, Grade TP 304L A1B2, Grade F 316 | A320, Grades BS, BSA, BaM, and BEMA
A240, Type 3041 AZ13, Grade TP 316 A182 Grade F 316L AZTE, A4TS. Type 304

A240, Type 318 A213, Grade TP 316L A1B2 Grade F 317 AZ78, A4T8, Type 304L

A240, Type 316L A213. Grade TP 317 A182. Grade F 317L A2TE, A4TD, Type 316

AZ40, Type 317 AZ13, Grade TP 217L AZTE, A478, Type 316L

A240, Type 317L A312, Grade TP 304 A278, A4TO, Type 317

AZTE, Type 201 A2 Grade TP 204L

AZTE, Type 304 A2 Grade TP 216

A2TE, Type 3041

A2, Grade TP 316L

A276. Type 316

A2 Grade TP 317

AZrG, Type J16L

A2, Grade TP 317L

A278, Type 317

A3SE. Grade 304

AZ240 531655

A3SE, Grade 304L
A358, Grade 316

A3SE, Grade 316L

A403, Class WP 304
A403, Class WP 304L

A403. Class WP 316

A403, Class WP 316L

A403, Class WP 317

A403, Class WP 317L

A3F12 531655

A358 531655 L

NOTE 1

Unless clherwise specified b

The Purchaser, plate, sheel, or strip shall be furnished with a No. 1 finish. Piale shall be ailher hobroliad

or cold-rolled. annealed. and descaled si.- ghal be hol-robed. annealed, and descaled. Sinp shall be cobd-miled. annealed. and descaled.

andéor stub ends may be used by agreement between the Purchaser and the Manufactheer, providing the design
and details conskder the dssimilar properies of the matenals used and are sutable for the infended senice.

MOTE2 Carbon steal

NOTE3 © shall ot b used Lnless spaciflad by thi Purchaser, |f spaciflad, castings shall mest ASTM A281 and shall ba Inspected In
acesrdance with ASKE Boiler and Presaure Vessel Cade, Sectien VIll, Division 1, Annex 7,

HOTE 4 Al bars in contact with the product shall be furnished in the hot-roled. annealed. and descaled condibon.
MOTE S  Oiher bolting materals may be used by agreement bebween the Purchaser and the Manufacturer.




Table S.2a

Table 5. 2a—Allowable Stresses for Tank Shells (S1)

Min. Yield | Min. Tensile Allowable Stress (5 (in MPa) for Maximum Design Temperature Not Excesding
MPa MPa 40°C 90°C 150°°C 200 °C 260°C | S Amblent
2011 260 515 155 138 125 121 = 234
201N 0 655 197 172 153 145 143 g
304 205 515 1585 155 140 128 i 185
304l 170 485 145 132 118 ] 11 1585
36 205 515 155 1585 145 133 123 188
316L 170 485 145 131 117 107 98 155
nv 205 515 155 155 145 133 123 186
| 3 | 208 | sms | s 155 145 123 123 s |
531655 310 | 635 | 13 187 178 168 1632 279
NOTE 1 §;maybe inlerpolaled betwean lomperaiures,
® |NOTE2 Tha design siress shall be tha lesser of 0.3 of the minimum lantlle tirenglh or 0.9 of the minimum yield sirenglh. Tha faclos of 0.9 of
illlnlﬂcrrﬂpnnul 1o & permanen sran af 0,10 % When a lower level of permanent sirain (s desired, the Purchases shall specly a reduted yeld
clar in accardance wath Table Y-2 of ASME Secton I, Pan D. The walies &t the diferent maximum design lemperalures can be oblamed
from Table 5 Sa.
® |NOTE 3 For dualcertified materals (e.g. ASTM A182M/A 182 Type 304L7304), use the allowable stress of the grade specified by the

Table S.2b
Tabla 5.2b—Allowable Stressas for Tank Shells (USC)
Min. Yisld | Min Tensils Allowable Stress (5 (in psi) for Maximum Design Temperature Not Exceeding
pel pel 100 °F 200 °F 300 °F 400 °F S00°F | & Ambient
201-1 38,000 75,000 22 500 18,700 18,100 17,500 - 34,200
201LN 45,000 25,000 28,500 24,900 22,200 21,100 20,700 40,500
304 20,000 75,000 22,500 22500 20,300 18,600 17.500 27,000
3040 25.000 70,000 21,000 19,200 17,200 15,800 14,700 22,500
36 20,000 75,000 22.500 22500 21,000 18,300 17.900 27,000
6L 25000 70,000 21,000 18,000 17,000 15,500 14,300 22,500
nr 30.000 75,000 22.500 22500 21,000 18,300 17,800 27 000
v 30,000 75,000 22,500 22,500 21,000 18,300 17,800 27 000
531655 45,000 92,000 27,500 27,200 25,500 24.400 23,500 40,500
NOTE 1 5 may be mterpolaied beteween lemperaiures
® INOTE2 The deskgn siress shall be the lesser of 0.3 of the minimum fensile sirength or 09 of the minemum yeld sirength. The factor of 0.5 of
comesponds to @ permanent strain of 010 %. When a lower level of permanent strain is desired. the Purchaser shall specify a reduced yield
‘actor in accordance with Table ¥-2 of ASME Section I, Pari D. The yeld values at the different maximum design temperatures can be obtamed
from Table 5.5b,
. I;H:H'E 1 For duslcari@fled maleral (8.9 ASTM A1BZMA 182 Type J04L04), uze ha allowabls stress of (ha grade specifed by the
urchasar,




Fable S.3a
Table 5,3a—Allowable Stresses for Plate Ring Flanges (S1)

Allowable Stress (5) (in MPa) for Maximum Design Temperature Not Exceeding
Type 40°C 80 °C 150 *C 200°*C 260 *C
2011 155 133 115 104 -
201N 197 167 15 143 138
304 140 15 103 85 &9
0L "y g8 88 & L)
316 140 e 107 ] g2
6L 17 ar ar m 3
"7 140 119 108 ] g2
ATL 140 18 108 ] 82
531655 150 157 145 134 126
HOTE 1 ABowable siresses may be nlerpolaled balwesn lemperahmes
HOTE2 The alowable siresses are based on a lower level of permanent strain
MOTE3 The design siress shall be the lesser of 0.3 of the minimum lensie strenglh or 213 of the minimum yield sirength
. m::l:u For dusk-cerifad materials (a.g ASTM ATB2MM 12 Type J04LA04), use e alowable siress of lhe grade specifed by Iha
Table S.3b
Table 5.3b—Allowable Stresses for Plate Ring Flanges (USC)
Allowable Stress (5] (in psi) for Maximum Design Temperature Not Excesding
Type 100 *F 200 *F 300 °F 400 *F 500 *F
2011 22 500 18,300 16,700 15,100 -
201N 28,500 24,200 21,800 20,700 20,000
304 20,000 16.700 15.000 13.800 12,900
304L 16,700 14,300 12,800 11,700 10,900
36 20,000 . 17.200 15,500 14.300 13,300
6L 16,700 14,100 12,600 11.500 10,600
nv 20,000 17.300 15,600 14,300 13,300
ITL 20,000 17.300 15.600 14,300 13,300
531655 27,600 23,900 21,100 19,300 18,200
HOTE 1 ABowable siresses may be inlerpolated balwesn lemperalures,
HOTE 2 The slowable siesses are based on a lower level of parmanent sirain
HOTE 3 The design siress shall be the lesses of 0.3 of the minimum lensie sirength or & of the minimum yield sirength
. m:« For duakcerifled malerials (.9 ASTM ATEZMIATEZ Type 304L7304), use the allowable siress of the grade specfied by the




Table S.5a

Table 5.5a—Yield Strength Values in MPa (SI)

Yield Strength (in MPa) for Masdmum Design Temperature Not Exceeding
e 40 °*C 90°C 150 *C 200°C 260 °C
2011 260 188 172 157 —
201N 30 250 . 27 214 207
304 205 170 155 143 134
304L 170 148 132 121 13
318 205 178 161 148 137
36L 170 145 130 119 110
nv 205 178 161 148 138
3L 205 178 . 161 148 13a
531655 310 250 218 0 128
MOTE 1 Infetpolsle Betwean lemparalures
NOTE 2 Rafersnce: Table -1 of ASME Seclion 1|, Part D,
Table S.5b
Table 5.5b—Yield Strength Values in psi (USC)
Yield Strength (in psi) for Maximum Design Temperaiure Not Excesding
e 100 *F 200 °F 300°°F 400 *F 500 °F
2011 38,000 28.900 25000 22,700 -
201N 45,000 38,300 A2 8500 31,100 30,000
304 30,000 25,000 22500 20,700 19,400
304L 25,000 21,400 18,200 17,500 16,400
e 30,000 25,800 23,300 21,400 18,900
316L 25,000 1,100 18,900 17,200 15.900
ny 30,000 25,900 23,400 21,400 20,000
7L 30,000 25,900 23400 21,400 20,000
531655 45,000 35,900 31,700 25,000 27,200
MOTE 1 Interpolate between lemperabures.
NOTE 2  Raefersnce: Table Y-1 of ASME Sechion Il Part D,




