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1) Plate & Sheet
2) Pipe & Tube
3) Profiles & Bars
4) Wire & Rope
5) Coil & Strip
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3) Profiles & Bars




5) Coil & Strip
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ASTM A 516/A 516M-01 Grade 70 — Pressure Vessel Plates, Carbon Steel, for Moderate-
and Lower- Temperature Service
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Seamless Carbon Steel Pipe for High-Temperature Service'
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TABLE 1 Chemical Requirements

Composition, %

Grade A Grade B Grade C
Carbon, max™ 0.25 0.30 0.35
Manganese 0.27-093 0.29-1.06 0.29-1.06
Phosphorus, max 0.035 0.035 0.035
Sulfur, max 0.035 0.035 0.035
Silicon, min 0.10 0.10 0.10
Chrome, max® 0.40 0.40 0.40
Copper, max® 0.40 0.40 0.40
Molybdenum, max® 0.15 0.15 0.15
Nickel, max® 0.40 0.40 0.40
anadium, max® 0.08 0.08 0.08
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TABLE 2 Tensile Requirements

Y PRV IR Psi 9 MPa Ipywy

Grade A Grade B Grade C
(Explanatory
Note 2)
Tensile strength, min, psi (MPa) 48 000 (330) 60 000 (415) 70 000 (485)
Yield strength, min, psi (MPa) 30 000 (205) 35 000 (240) 40 000 (275)
Longitu- Transverse Longitu- Transverse Longitu- Transverse
dinal dinal dinal
Elongation in 2 in. or 50 mm, min, %:
Basic minimum elongation transverse strip tests, and for all small 35 25 30 16.5 30 16.5
sizes tested in full section
When standard round 2-in. or 50-mm gage length test specimen is 28 20 22 12 20 12
used
For longitudinal strip tests AN Al g
For transverse strip tests, a deduction for each¥4z-in. (0.8-mm) 1.25¢ 1.00¢ 1.00¢

decrease in wall thickness below %4ein. (7.9 mm) from the basic
minimum elongation of the following percentage shall be made
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TABLE 4 Elongation Values

Elongation in 2 in. min., Specified Tensile Strength, psi
Grade A Grade B

Tension Test Specimen Wall Thickness, in 8 Grade C

Area, in. 24 1% in. Specimen % in. Specimen 1in. Specimen 1 %% in. Specimen 48 000 60 000 70 000
=075 = 1.491 =099 =0.746 =0497 36.0 295 255
0.74 1.470-1.490 0.980-0.993 0.735-0.745 0.490-0.496 36.0 295 255
073 1.451-1.469 0.967-0.979 0.726-0.734 0.484-0.489 36.0 295 255
072 1.430-1.450 0.954-0.966 0.715-0.725 0.477-0.483 36.0 295 255
071 1.411-1.429 0.941-0.953 0.706-0.714 0.471-0.476 355 290 255
0.70 1.390-1.410 0.927-0.940 0.695-0.705 0.464-0.470 355 29.0 255
069 1.371-1.389 0.914-0.926 0.686-0.694 0.457-0.463 355 290 255
0.68 1.350-1.370 0.900-0.913 0.675-0.685 0.450-0.456 355 29.0 25.0
067 1.331-1.349 0.887-0.899 0.666-0674 0.444-0.449 355 29.0 250
0.66 1.310-1.330 0.874-0.886 0.655-0.665 0.437-0.443 35.0 29.0 25.0
0.65 1.291-1.309 0.861-0.873 0.646-0.654 0.431-0.436 350 285 250
064 1.270-1.290 0.847-0.860 0.635-0.645 0.424-0.430 35.0 285 250
063 1.251-1.269 0.834-0.846 0.626-0634 0.417-0.423 350 28.5 250
062 1.230-1.250 0.820-0.833 0.615-0625 0.410-0.416 350 285 250
061 1.211-1.229 0.807-0.819 0.606-0614 0.404-0.409 345 28.5 245

TABLE &5 Variations in Outside Diameter

NPS Designator FPermissible Variations in Outside
Diameter
Over Under

in. mm in. mim
Lato 1342, incl L52(0.015) 0.40 15a4(0.015) 0.40
Ower 1% to 4, incl Yaz (0.031) 0.79 Y5z (0.031) 0.79
Over 4 to 8, incl 14e(0.062) 1.59 T52(0.031) 0.79
Ower 8 to 18, incl 352(0.093) 2.38 sz (0.031) 0.79
Ower 18 to 26, incl 1&(0.125) 3.18 sz (0.031) 0.79
Ower 26 to 34, incl S52(0.156) 3.97 sz (0.031) 0.79
Ower 34 to 48, incl Fe(0.187) 476 152(0.031) 0.79
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SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when specified in the
purchase order. The purchaser may specify a different frequency of test or analysis than is provided
in the supplementary requirement. Subject to agreement between the purchaser and manufacturer,
retest and retreatment provisions of these supplementary requirements may also be modified.

9 ielosT oI55 51 am a5 Cowl suds 455 Jlee c2,5 pl31 AT06 il cpmed slaads 31 5o 55 Jlo oleie 4
(C.E<=0.5) oil+,d 55las Jod Joo,d b duwlno g algd 36 50T

A 106

S5. Carbon Equivalent

S5.1 The steel shall conform to a carbon|equivalent (CE) of
0.50 maximum as determined by the following formula:
Y%Mn  %Cr + %Mo + %l N 2Nt + %oCu

CE = %C + 5 + 3 15

S5.2 A lower CE maximum may be agreed upon between
the purchaser and the producer.
S5.3 The CE shall be reported on the test report.

S o lu> G99 dlasly T g 45 Sl 3Y 99 oS Sl 5 SLIT yolis oud Jolao & gocne Jolao (1 oS

Wilwo T 5o g yialo o5 i 49 35 o 30 Jolao )5 $533 Sl 2,5
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9.2 Chemical composition

9.21 For PSL 1 pipe with ¢ = 25,0 mm (0.984 in), the chemical composition for standard grades shall be as
given in Table 4, and the chemical composition for intermediate grades shall be as agreed, but consistent with
those given in Table 4.

NOTE Grade L175P or A25P is re-phosphorized and, therefore, has better threading properties than Grade L175 or
A25; however, it can be somewhat more difficult to bend.

9.2.2 For PSL 2 pipe with ¢ < 25,0 mm (0.984 in), the chemical composition for standard grades shall be as
given in Table 5 and the chemical composition for intermediate grades shall be as agreed, but consistent with
those given in Table 5.

9.2.3 The chemical composition based on the requirements of Tables 4 and 5 may be applied for pipe with
t=250mm (0.984 in). Otherwise, the chemical compositions shall be agreed.

9.2.4 For PSL 2 pipe with a product analysis carbon mass fraction equal to or less than 0,12 %, the carbon
equivalent, CEp;py,, shall be determined using Equation (2

r[ZEP‘:m=C+§+E+E+E+E+E+i+53 (2)
30 20 20 60 20 15 10

where the symbols for the chemical elements represent the mass fraction in percent (see Table &).

If the heat analysis for boron is less than 0,000 5 %, then it is not necessary for the product analysis to include
boran, and the boron content may be considered to be zero for the CEp,,,, calculation.

9.25 For PSL2 pipe with a product analysis carbon mass fraction greater than 0,12 %, the carbon
equivalent, CEyy, shall be determined using Equation (3):

[Cr+Mo+V) (Ni+Cu
ICE|1W=C+m+{ T )+{ +Cu)
G 5 15

(3)

where the symbols for the chemical elements represent the the mass fraction in percent percent (see Table &).

NOTE A& derogation from the 1SO rules for the presentation of chemical equations has been granted for Equations (2)
and (3) in deference to their longstanding use in the industry.




Table 4 — Chemical composition for PSL 1 pipe with r = 25,0 mm (0.984 in)

Mass fraction, based upon heat and product analyses 3
Steel grade e
ASneel namey C Mn P s v Nb Ti
ma. © max b min. max. ma. max. max. max.
Seamless pipe
L175 or A25 0.21 0,60 — 0.030 0,030 — — —
L175F or A25P 0.21 0,60 0,045 0.050 0,020 — — —
L210 or A 0,22 0,50 — 0,030 0,030 — — —
L245 or B 0,28 1,20 — 0,030 0,030 od ed d
L2590 or X42 0,28 1,30 — 0,030 0,020 o g a
L320 or X46 0,28 1,40 — 0,030 0,030 d d d
L3860 or ¥52 0,28 1,40 — 0,030 0,030 d d d
L350 or X56 0.28 1,40 — 0,030 0,030 d d ]
L415 or X60 0,28¢ 1,40% — 0,030 0,030 f f
L450 or X55 0,28% 1,40% = 0,030 0,030 f f
L485 or X70 0.28¢ 1,402 - 0,030 0,030 f f
Welded pipe

L175 or A25 0.21 0,60 — 0,030 0,020 — — —
L175P or A2Z5P 0.1 0,60 0,045 0.080 0,020 — — —
L210 or A 0.22 90 — 0.030 0,030 — — —
L245 or B 0,26 1,20 — 0,030 0,020 cd cd d
szﬂ or ¥42 0,26 1,30 — 0,030 0,030 d d d
L32:§] or ¥46 0,26 1,40 - 0,030 0,030 d d d
LSE;EI or X52 0,26 1,40 — 0,030 0,020 d d d
L3490 or X56 0,26 1,40 — 0.030 0,020 q d d
L415 or X80 026" 1,40% — 0,030 0,030 f f '
L450 or XB5 0,26% 1,452 = 0.030 0,030 f f
L485 or X70 0,26 1,65% - 0,030 0,030 f f
? 0,50 % maximum for copper; 0,50 % maximum for nickel; 0,50 % maximumn for chromium; and 0,15 % maximumn for molybdenum.
For grades up to and including L3S0052, Cu, Cr and Mi shall not be added intenticnally.
b Faor each reduction of 0.01 % below the specified maximum concentration for carbon, an increase of 005 % above the specified
masmum concentration for manganess is permissible, up fo a maximum of 1,85 % for grades = L1245 or B, but = L350 or X562, up to a
maximum of 1,75 % for grades > L3680 or 52, but < L4235 or X70; and up to a maximum of 2,00 % for grade L435 or X70.
% Unless othenwise agreed, the sum of the niobium and vanadium contents shall be = 0,08 %.
4 The sum of the niobium, vanadium and fitanium concentrations shall be = 0,15 %.
#  Unless otherwise agresd.
f Unless otherwise agreed, the sum of the niobium, vanadium and titanium concentrations shall be = 0,15 %.
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Low Temperature Carbon Steel (LTCS) is used in piping system when there is a possibility of
process fluid temperature falling below -29 degree centigrade during operation. In typical refinery
A 106 Gr B material is used for carbon steel and A 333 Gr 6 is used for LTCS in normal operation.
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[ 18-8 || replace | 1
530200 Hi
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increase replace replace
scaling HNi Mi
resistance| S20500 S20100
530215
| | | 1 1 | |
31 316 309 308 304 305 303 301
r‘:‘i‘"('f"__":":‘:’ Mo C?::?(ﬁ" Higher fl::-‘:::tgr Mi S added crand Mi
e Fas 31(I1Iletl to ISy Crand Ni AN increased To Ic_;wered
better increase forheat used Tessfance to lower Improve 1o increassd
e corrosion resistance primarily in welded wiork machin- work
resistance resistance S30900 Tor welding structure hardening ability hardening
S3I1700 S31600 S30905 530800 S30400 S30500 530300 530100
[ — wi I 1 s
317L 316L A 347 321 304L 384 303Se
C reduced C reduced More Cr Hb and Ta Tiadded C reduced More Ni Se added
for better for better and Hifor addeti To t‘lz' oppose even to lower for better
welding welded | (evenbetter| [ PEDOSe Lfchromiim further work machined
characte- corrosion heat resis- L = brecipitatiol 530403 hardening| | swfaces
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S3I1703 S31603 S34700
| i | — | |
316LN 314 348 304N 304LN S30430
C reduced Si Taamd Co N added N adided Cuadded
N added increased restricted to o to
To for higher for increase increase immove
increase heat nuclear strendgth strength cold
strength resistance; [lapplication S30451 working
S31400 534800
L 1
316F 316N 330
Sand P N added Niaddsd
toresist
added to LU R
improve increase tionand
machina- Strength thermal
hility 531651 shock
531620 NO8330
Ky o s g9 01l 40 (S5 98l g SWlw olg> dmlio
Comparative Properties of the Stainless Steel Alloy Families
Alloy Group | Magnetic Work Corrosion Hardenable | Ductility High Low Weldability
Response Hardening Resistance Temperatur | Temperature
(note 1) Rate (note2) e Resistance | Resistance
(note 3)
Austenitic Generally No | Very High High By Cold Very High Very High Very High Very High
Work
Duplex Yes Medium Very High No Medium Low Medium High
Ferritic Yes Medium Medium No Medium High Low Low
Martensitic | Yes Medium Medium Quench & Low Low Low Low
Temper
Precipitation | Yes Medium Medium Age Medium Low Low High
Hardening Hardening
Notes

1. Attraction of the steel to a magnet. Note some austenitic grades can be attracted to a magnet if cold worked.

2. Varies significantly between grades within each group. e.g. free machining grades have lower corrosion resistances, those grades
higher in molybdenum have higher resistances.

3 Measured by toughness or ductility at sub-zero temperatures. Austenitic grades retain ductility to cryogenic temperatures.
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ASTM Common Materials :

Pipes

« A106 = This specification covers carbon steel pipe for high-temperature service.

« AS53 = This specification covers pipe ,steel,black and hot dipped,zinc coated,welded and
seamless

« A335 = This specification covers seamless ferritic alloy-steel pipe for high-temperature
service.

« A333 = This specification covers wall seamless and welded carbon and alloy steel pipe
intended for use at low temperatures.

« A312 = Standard specification for seamless, straight-seam welded, and cold worked welded
austenitic stainless steel pipe intended for high-temperature and general corrosive service.

Fittings

« A234 = This specification covers wrought carbon steel and alloy steel fittings of seamless
and welded construction.

« A420 = Standard specification for piping fittings of wrought carbon steel and alloy steel for
low-temperature service.

« A403 = Standard specification for wrought austenitic stainless steel piping fittings.

Flanges

« A105 = This specification covers standards for forged carbon steel piping components, that
is, flanges, fittings, Valves, and similar parts, for use in pressure systems at ambient and
higher-temperature service conditions.

« A182 = This specification covers forged or rolled alloy and stainless steel pipe flanges,
forged fittings, and Valves and parts for high-temperature service.

« A350 = This specification covers several grades of carbon and low alloy steel forged or
ring-rolled flanges, forged fittings and Valves for low-temperature service.

Valves

« A216 = This specification covers carbon steel castings for Valves, flanges, fittings, or other
pressure-containing parts for high-temperature service and of quality suitable for assembly
with other castings or wrought-steel parts by fusion welding.

« A217 = This specification covers steel castings, martensitic stainless steel and alloys steel
castings for Valves, flanges, fittings, and other pressure-containing parts intended primarily
for high-temperature and corrosive service.
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« A352 = This specification covers steel castings for Valves, flanges, fittings, and other
pressure-containing parts intended primarily for low-temperature service.

« A182 = This specification covers forged or rolled alloy and stainless steel pipe flanges,
forged fittings, and Valves and parts for high-temperature service.

Bolts & Nuts

« A193 = This specification covers alloy and stainless steel bolting material for pressure
vessels, Valves, flanges, and fittings for high temperature or high pressure service, or other
special purpose applications.

« A320 = Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for
Low-Temperature Service.

« A194 = Standard specification for nuts in many different material types.
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Forged Casting
Classification Pipes Wrought Fittings ‘ Fittings/ Flanges Forged Valves | 7 O Plate Bolts/Nuts
A53-B Welded A234-WPBW | 16 A285
2536 Seamiess A234-WPB ‘ WCB A515-60 AS516-60
A106-B
A216- A193-87
Carbon Steel AL06-C A234-WPC ‘ A105 A105 wee ‘ AS515-70 A516-70 £194-21
A134 A283-B A234-WPBW A283 ots. | A28 |
A134 a285-C | A234-WPBW A285 | WCB A285-C
A672-B50 A234-WPBW | AS15 AS16
A335-P11 A234-WP11 | A182-F11 | Al82-F11 | a217- ‘ A387-11
A335-P12 A234-WP12 | A182-F12 | A182-F12 | wce A387-12
A335-P22 A234-WP22 ‘ A182-F22 ‘ A182-F22 ‘ ‘ﬁg | A387-22
A217- A193-16
Alloy Steel A335-PO1 A234-WPO1 | A182-F91 | A182-FO1 | C1on | A387-91 A104-3
A691- 1 }/C‘r A234-WP11W A182-F11 A182-F11 A217- A387-11
4 WCE
: A217-
A691-2 I/, Cr A234-WP22W A182-F22 A182-F22 weo A387-22
A312-TP304 A403-WP304 ‘ A182-F304 ‘ A182-F304 ‘ A351- ‘ A240-304
CF8 A193-88
A351- Al94-8
A312-TP304L A403-WP304L A182-F304L A182-F304L i A240-304L
Stainless Steel A312-TP316 A403-WP316 ‘ A182-F316 ‘ A182-F316 ‘ 2':_:; ‘ A240-316
A351- A193-88M
A312-TP316L A403-WP316L ‘ A182-F316L ‘ A182-F316L ‘ cram | A240-316L A104-8M
A312-TP317 A403-WP317 | A182-F317/F316L ‘ A182-F317 | ﬁgk‘ | A240-317
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ASME B31.3-2014

Specification Index for Appendix A

Spec. Spec.
No. Title No. Title

ASTM ASTM (Cont’d)

A36 Carbon Structural Steel A299 Pressure Vessel Plates, Carbon Steel, Mangane se-

A47 Ferritic Malleable Iron Castings Silicon

A48 Gray Iron Castings

A53 Pipe, Steel, Black and Hot-Dipped, Zinc Coated, A302 Pressure Vessel Plates, Alloy Steel, Manganese-
Welded and Seamless Molybdenum and Manganese-Molybdenum-Nickel

A307 Carbon Steel Bolts and Studs, 60,000 PSI Tensile

A105 Carbon Steel Forgings, for Piping Applications Strength

Al106 Seamless Carbon Steel Pipe for High-Temperature A312 Seamless, Welded, and Heavily Cold Worked
Service Austenitic Stainless Steel Pipe

A126 Gray Iron Castings for Valves, Aanges, and Pipe A320 Alloy-Steel and Stainless Steel Bolting Materials for
Fittings Low-Temperature Service

Al134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes A325 Structural Bolts, Steel, Heat Treated, 120/105 ksi
NPS 16 and Over) Minimum Tensile Strength

A135 Electric-Resistance-Welded Steel Pipe A333 Seamless and Welded Steel Pipe for Low-

Al139 Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Temperature Service
Over) A334 Seamless and Welded Carbon and Alloy-Steel Tubes

A167 Stainless and Heat-Resisting Chromium-Nickel Steel for Low-Temperature Service
Plate, Sheet and Strip A335 Seamless Ferritic Alloy Steel Pipe for High-

A179 Seamless Cold-Drawn Low-Carbon Steel Heat- Temperature Service
Exchanger and Condenser Tubes A350 Carbon and Low-Alloy Steel Forgings, Requiring Notch

Al181 Carbon Steel Forgings for General Purpose Piping Toughness Testing for Piping Components

Al182 Forged or Rolled Alloy and Stainless Steel Pipe A351 Castings, Austenitic, for Pressure-Containing Parts
Flanges, Forged Fittings, and Valves and Parts for  A352 Steel Castings, Ferritic and Martensitic, for Pressure-
High Temperature Service Containing Parts Suitable for Low-Temperature

A193/A193M  Alloy-Steel and Stainless Steel Bolting Materials for Service
High Temperature or High Pressure Service and A353 Pressure Vessel Plates, Alloy Steel, 9 Percent Nickel,
Other Special Purpose Aoolications Double Normalized and Tempered
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ASME B31.3-2014

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated
Specified
Class/ Min. 5 Mmt; ks Min.
Type/ UNS Condition/ Temp., Strength, kst Temp.

Material Spec. No. Grade No. Temper Size, in. P-No. (5) Notes °F (6) Tensile Yield to 100 200 300

Carbon Steel
Pipes and Tubes (2)

A285 Gr. A Al34 ... 1 (8b)(57) B 45 24 15.0 147 14.2

A285 Gr. A A672 A4S K01700 1 (57)(59)(67) B 45 24 150 147 142

Butt weld APl 5L A25 1 (8a)(77) -20 45 25 150 15.0 14.7

Smls & ERW APl 5L A25 1 (57(59)(77) B 45 25 150 15.0 14.7

A179 K01200 .. . 1 (57)(59) -20 47 26 157 157 15.3

Type F AS3 A K02504 1 (8a) 20 48 30 16.0 16.0 16.0

A139 A ... .. ... 1 (8b) A 48 30 160 16.0 16.0

A587 K11500 .. ... 1 (57)(59) -20 48 30 16.0 16.0 16.0

A53 A K02504 1 (57(59) B 48 30 16.0 16.0 16.0

A106 A K02501 1 (57) B 48 30 16.0 16.0 16.0

A135 A .. 1 (57)(59) B 48 30 16.0 16.0 16.0

A369  FPA K02501 1 (57) B 48 30 16.0 16.0 16.0

APl 5L A 1 (57(59)(77) B 48 30 16.0 16.0 16.0

A285 Gr. B Al34 ... .. 1 (8b)(57) B 50 27 167 16.5 15.9

A285 Gr. B A672  A50 K02200 ... 1 (57)(59)(67) B 50 27 167 16.5 15.9

s',l> API 5L Grade B y A106 Grade B ,A53 Grade B _s,5 JU s b dlg) £95 dw Jlo (ylgie 4
Cooud 9 SS9 Sl Bl 5l dlg) 65 dm ol gl g oolisiwl (g ascimd Lod (a8l 4 a2 g5 b (Slusy jlme 205
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ASME B31.3-2014

Table A-1 Basic Allowable Stresses in Tension for Metals (Cont’d)
Numbers in Parentheses Refer to Notes for Appendix A Tables; Specifications Are ASTM Unless Otherwise Indicated

Basic Allowable Stress, S, ksi, at Metal Temperature, °F [Note (1))

Type/
400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 Grade Spec. No.
199 19.0 17.9 173 167 139 114 87 59 4.0 2.5 1.6 1.0 B A53
19.9 19.0 17.9 173 167 139 114 87 5.9 40 2.5 1.6 1.0 B A106
199 19.0 17.9 173 167 139 114 87 59 4.0 2.5 1.6 1.0 6 A333
19.9 19.0 17.9 173 167 13.9 114 87 5.9 40 2.5 1.6 1.0 6 A334
199 190 17.9 173 167 139 114 87 59 4.0 2.5 1.6 1.0 FPB A369
19.9 19.0 17.9 173 167 139 114 87 59 40 2.5 1.6 1.0 Y35 A381
199 19.0 17.9 173 167 139 114 87 59 4.0 2.5 1.6 1.0 B APl 5L
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304 PRESSURE DESIGN OF COMPONENTS
304.1 Straight Pipe

304.1.1 General
(1) The required thickness of straight sections of pipe
shall be determined in accordance with eq. (2)

t = pressure design thickness, as calculated in
accordance with para. 304.1.2 for internal pres-
sure or as determined in accordance with
para. 304.1.3 for external pressure

ty = minimum required thickness, including
mechanical, corrosion, and erosion allowances

W = weld joint strength reduction factor in accor-
dance with para. 302.3.5(e)

Y = coefficient from Table 304.1.1, valid for t < D /6
and for materials shown. The value of Y may
be interpolated for intermediate temperatures.
For t 2 D/6,

by = t+cC (2)

The minimum thickness, T, for the pipe selected, con-
sidering manufacturer’s minus tolerance, shall be not
less than fy,.

(b) The following nomenclature is used in the equa-
tions for pressure design of straight pipe: d+2e

¢ = sum of the mechanical allowances (thread or Y=951d+2%
groove depth) plus corrosion and erosion

304.1.2 Straight Pipe Under Internal Pressure
allowances. For threaded components, the

(a) For t< D/6, the internal pressure design thickness

= w9 m

nominal thread depth (dimension h of
ASME B1.20.1, or equivalent) shall apply. For
machined surfaces or grooves where the toler-
ance is not specified, the tolerance shall be
assumed to be 0.5 mm (0.02 in.) in addition to
the specified depth of the cut.

outside diameter of pipe as listed in tables of
standards or specifications or as measured
inside diameter of pipe. For pressure design
calculation, the inside diameter of the pipe is
the maximum value allowable under the pur-
chase specification.

quality factor from Table A-1A or A-1B
internal design gage pressure

stress value for material from Table A-1

pipe wall thickness (measured or minimum in
accordance with the purchase specification)

for straight pipe shall be not less than that calculated
in accordance with either eq. (3a) or eq. (3b)

PD

= — 3:
2(SEW + PY) (3a)

_ P{d + 2\)
~ 2[SEW - P(1 - Y)]

(b) For t 2 D/6 or for P/SE > 0.385, calculation of
pressure design thickness for straight pipe requires spe-
cial consideration of factors such as theory of failure,
effects of fatigue, and thermal stress.

(3b)
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ASTM DESIGNATION OF COMMONLY USED MATERIALS IN REFINERIES

MATERIAL PLATE FIPE EF5W FIFE TUBES CASTINGS FORGINGS FITTINGS CLADDING
Carbon Steel A-285-GR. A-B3GR. A-5T1GR. A-214 A-216 GR. A-105 A-234 GR.
AB&C A&B CA-55 [Welded) WCA, WCB WPB
&WCC
ASTT GR. A-17T8 A-181 CL.60
A45-ARE [Seamlass) ORTO
A-266 CL.LII
arlll
Killad Stesal A-516EGR. A-106GR. ASTZGR. A-173 A-216 GR. A-105 A-234 GR.
55-70 A&B B55-B70 WCA, WCB WPB
&WCC
A-516 GR. A5T2 GR. A-181 CL.60
55-70 C55-CT0 or70
A-266 CL.LII
arlll
C-1/2 Mo A-204 GR.  A-335GR. A-G91GR. A-208GR. T1 A-217TGR. A-182 GR.F1 A-Z34GR.
A B&C P1 CM &5 -CM WCH1 WP
75
1Cr-1/2 Mo A-3BTGR. A-335GR. A-691GR. A-213 GR. T12 A-182 GR. A-234 GR.
12 P12 1Cr F12 WP12
A-336 CL.F12
1-1/4 Cr-1/2 Mo A-3BTGR. A-335GR. AS391GR. 1- A-199GR. T11 A-217GR. A-182 GR. A-234 GR.
11 P11 174 Cr WCE F11 WP11
A-213 GR. T11 A-336 CL.F11
2-1/4 Cr-1 Mo A-3BTGR.  A-335GR. A-S91GR. 2- A-193GR. T22 A-21TGR. A-182 GR. A-234 GR.
22 P22 1/4 Cr WCE F22 WpP22
A-219GR. T22 A-335 CL.F22
3 Cr-1 Mo A-3BTGR. A-335GR. A-198 GR. T21 A-182 GR.
21 P-21 F21
A-213 GR. T21 A-336 CL.F21
5Cr-1/2 Mo A-3BTGR. 5 A-335GR. A-691GR. A-198GR.TE A-217C5H A-182 GR. F§ A-234 GR.
[FormeryA- P5 5Cr WP5
357)
A-213GR. TS A-335 CL.F5
8 Cr-1 Mo A-3BTGR. 8 A-335GR. A-G91GR. A-198GR. T8 A-217GR. A-182 GR. FB A-234 GR.
Pa 8 Cr c12 WPa
A-213GR. T3 A-336 CL.F9
13 Cr-TP410 A-240TFP410 A-268 GR. A-268 GR. A-217 GR. A-182 GR. F& A-263
TP410 TP410 CA15
A-336 CL.F&
13 Cr-TP4105  A-240 A-263
TP4105
T Cr-TP430 A-240 A-268 GR. A-268 GR. A-263
TFP430 TP430 TFP430
18 Cr-8 M- A-240 A-312 GR. A-358 GR. A-213 GR. A-351GR. A-182 GR. A-403 GR.  A-264
TP304 TP204 TP304 204 TP304 CF& Fa04 WP3a04
A-3TEGR. A-248 GR. A-T44 CFB A-336 CL.
TPa04 TP304 Fal4
18 Cr-B Ni- A-240 A-312GR. A-358 GR. A-213 GR. A-351GR. A-182 GR. A-403 GR.  A-264
TP304L TP304L TP304L 304L TP304L CF3 FaD4L WPaD4L
A-248 GR. A-T44CF3 A-336 CL.
TP304L Fa04L
18 Cr-8 Mi- A-240 A-312GR. A-358 GR. A-213 GR. - A-182 GR. A-403 GR.  A-254
TP304H TP304H TP304H 304H TP304H FaD4H WP3D4H
A-3TEGR. A-248 GR. A-336 CL.
TP304H TP304H Fa04H
16 Cr-12 Mi-2 A-240 A-312GR. A-358GR. A-213 GR. A-351GR. A-182 GR. A-403 GR.  A-264
Mo TP316 TP316 TP316 316 TP316 CFEM F3186 WP316
A-3TEGR. A-248 GR. A-T44 CFEM  A-336CL.
TP316 TP316 F3186
16 Cr-12 Mi-2 A-240 A-312GR. A-358GR. A-213 GR. A-351 GR. A-182 GR. A-403 GR.  A-264
Mo TP316L TP316L TP316L 316L TP316L CF3Mm Fa1aL WP316L
A-248 GR. A-T44 GR. A-335 CL.
TP316L CFam F316L
16 Cr-12 Mi-2 A-240 A-312GR. A-358 GR. A-213 GR. - A-182 GR. A-403 GR. A-254
Mo TP316H TP316H TP316H 316H TP316H F316H WP316H
A-3TEGR. A-248 GR. A-336 CL.

TO94R0L

TO24R12

Co4R0U




Frequently used ASTM Grades

Material Pipes Fittings Flanges Valves B;Its &
uts
A216 Gr
A106 Gr A A234 Gr WPA A105 WCB
Carbon A216 Gr A193 Gr B7
Steel A106 Gr B A234 Gr WPB A105 WCB AL94 Gr 2H
A216 Gr
A106 Gr C A234 Gr WPC A105 WOB
A335GrP1 | A234GrWP1 | A182 GrF1 A%/\llélGr
A335GrPil | A234 GrWP1l | A182 Gr Fil Afl\lléfr
Carbon
Steel A217 Gr A193 Gr B7
Alloy A335 Gr P12 | A234 Gr WP12 | A182 Gr F12 WeE A194 Cr oh
High-Tem
g P A335GrP22 | A234 GrWP22 | A182 Gr F22 A%,\llégGr
A335 Gr P5 A234 Gr WP5 | A182GrF5 | A217 GrC5
A335 Gr P9 A234 Gr WP9 | A182GrF9 | A217 Gr C12
Carbon A333 Gr6 A420 Gr WPL6 | A350 Gr LF2 | A352 Gr LCB
Steel A320 Gr L7
Alloy A333 Gr 3 A420 Gr WPL3 | A350 Gr LF3 | A352 Gr LC3 A194 Gr 7
Low-Temp
A312 Gr A403 Gr A182 Gr A182 Gr
TP304 WP304 F304 F304
Austeniti A312 Gr A403 Gr A182 Gr A182 Gr
ustenitic TP316 WP316 F316 F316 A193 Gr B8
Stainless
Steel A312 Gr A403 Gr A182 Gr A182 Gr A194 Gr 8
TP321 WP321 F321 F321
A312 Gr A403 Gr A182 Gr A182 Gr
TP347 WP347 F347 F347
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