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Mechanical Test Requirements for Stainless Steel Plates

Hardnes

UMS Designation Type ksi Birinel
Austenitic | Chromium-Nickel) (Chromium-Manganese-Nickel)

N894 904" m 440 3 220 3.0 90 nol required
S20200 202 80 620 38 260 &00 41

S30400 304 75 515 30 205 40.0 a0 92 nol required
S30403 304L 70 485 25 170 400 2N 92 nol required
530409 304H 75 515 30 205 400 m a2 nof required
S3453 304LN 75 515 30 205 0.0 201 a2 nof required
530908 3085 75 515 30 205 40.0 217 85 not required
531008 1nos 75 5 30 205 400 27 85 ol required
§31600 ki 75 515 30 205 400 27 95 ol required
831603 316L T0 485 25 170 400 a7 85 nol required
$31653 J16LN 75 515 30 205 400 a7 95 nol required
531609 316H 75 515 30 205 400 217 85 not required
§31635 36TV 75 515 30 205 40,0 a7 95 nol required
S3T00 M7 75 515 30 205 350 217 85 not required
53703 7L 75 515 30 205 40.0 247 95 not required
S31753 3TN 80 550 5 240 400 27 93 not required
S32100 n 75 515 30 205 40.0 a7 95 ot required
$32109 321H 75 515 30 205 40,0 217 95 nol required
S34700 M7 75 515 30 205 400 am 92 nol required
S34709 HTH 75 515 30 205 40.0 20 92 nod required
S40500 405 B0 415 25 170 20.0 1749 -] 180
S41000 410 B5 450 30 205 200 217 =L 180
S41008 4105 B0 415 30 205 20 183 89 180
542900 429 B5 450 30 205 20 183 B89 180
S43000 430 B5 450 30 205 20" 183 B9 180
S43035 439 60 415 30 205 220 183 89 180

* Unless otherwise indicated, a grade designation originally assigned by the American Iron Steel Institute (AISI).

" Yield strength shall be determined by the offset method at 0.2 % in accordance with Test methods and Definitions A 370. Unless
otherwise specified (see Spacification A 480/A 480M, paragraph 4.1.11 in Ordering Information), an alternative method of determining
yield strength
may be based on total extension under lode of 0.5 %.

® Either brinell or Rockwell B Hardness is permissible.

" Common name, not a trademark, widely used, not associated with any one producer.

* Material 0.050 in (1.27 mm) and under in thickness shall have a minimum elongation of 20.0 %.

* Althaugh every care has beon taken during the production of this brochure, wa regrat that wa cannct acoepd any liabdity n respect of any
incorrect information @ may contan o Ay damages which may anse through the misintarpretalon of is contents
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CARBON STEEL: CHEMICAL COMPOSTION OF STANDARD GRADES

% Chemical Composition

Grades _— Deoxsdation
- ; . m o
S 1079 Gr 0 Dm;j E“EE - DE E,!f:f B - - - Semi Killed | Kilad
012 | 050 - 0.040 0.040 = : : Semi Killed | Kiled
IS 1079 Gr D st | | e T =
[ 010 | 040 . 0035 o0s | 002 | - : . Al Kiled
151079 Gr DD midx max max i mif
" oo | o040 : 0.030 0.030 oz | - . E Al Kiled
IS 1079 Gr EDD o | s . max min
IS 2062 £ 250 A E :rwﬁf 2;3 Drﬂlf IIIF.FI?;,E- = = 0.25% 025 Seme Killed | Kflad
0z | 150 040 | 0045 0.045 S 025 041 Kilied
IS2062E 2508 max 1 max i max max | My max
02 | 150 | 004 | 0040 0,040 : 0.20- 0.25 : Killed
IS 2062 E250 C max max max max max 0.35 may
020 | 180 | 045 | 0045 0.045 : 3 0.25 044 Killed
SAREBOCC | max | mm | max | oma | me . a max o
020 160 045 0.045 0045 - - 0.25 044 Killad
15 2062 E410 o i i i i e -
02 | 180 | 045 | 0045 0,045 - : 025 045 Killed
4
15 2060 E450 D el [Reaill e i = = -
022 | 180 | 045 | 05 0,045 . . 025 048 Killed
152062 B0 E rna: | max max _ﬂ"la.l.. rax | may I"N:'II o
' 00 | 080 i 0,040 0.040 - | - : : Kiled
15 10748 Gr 1 max max may max man

CARBON STEEL : MECHANICAL PROPERTIES OF STANDARD GRADES

Bend Test Charpy V-Notch Impact
t) : Energy (min)
IS 1079 GrO B B - 21 E =
| 151079 Gr D [ . | 240-400 | 25 ' T
1S 1078 Gr DD - 260 - 390 28 | Close - -
1S 1079 Gr EDD - 260 - 380 32 Close - -
. IS 2062 E250 A | 250 min | 410 min | 23 [ 3t | - | -

IS 2062 E250 B 250 min 410 min 23 2t . 27 J at Room temp Sea Note
IS 2062 E250 C 250 min 410 min 23 2t | - 27 J at Roomtemp See Note
IS20626250CuC | 250min | 410min P T 27.Jat Roomtemp See Note
| IS 2062 E410 410 min . 540 min . 23 . 21 | - . 50 J at Roomtemp See Note
IS 2062 E450 D . 450 min 570 min 20 2t . 45 J at Room temp See Mote.
15 2062 E450 E | 450 min | 590 min 20 . 2t . - 45Jatﬂmtﬂir!psﬂﬂﬂﬂtﬂ

IS 5986 Fed10 255 min 410-520 24 for =30 mm* 21 -

't = Mominal thickness of test piece , * : Elongation 15 min N in 80mm GL for t < 3.0 mm
Mote : For grade 1S 2062 E250B, E250C, E410, E450E Impact Test shall be certified for product thickness of 12mm or mare.
The testing temperature will be room lemperature unless otherwise specified in the order,

* Although every care has bean taken during the produchon of thes brochure, we regret that we cannol accapt any liability in respect of any
incormact information it may contain or any damages whech may arise Through the misnterpretation of its contents
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EQUIVALENT SPECIFICATIONS OF IS STANDARDS

TITLE (1) Indian Sée::dd:r‘g}ﬂe. and Nuaspr:;.;::'::?:::;? IS
Steel Plates for Pressure vessels for Grace ARAES Cnda )
Intermediate and high temperature IS 2002 Grade 2 A/SA 515 Grade B5
service including bollers Grade 3 A'SA 515 Grade T0
Grade R220 AJSA 515 Grade 55
Grade R220 AJSA 515 Grade 60
Grade R260 ASA 515 Grade 65
Steel Plates for Pressure vessels Grade R260 ASSA 515 Grade T0
used al moderate and 15 2041 Grade R355 ASAS3T Class 1
low temperature Grade H235 DIN 17155 Gr. Hi
Grace HZ35 EN 10028-P2-P235GH
Grade H265 EN 10028-P2-P235GH
Grade HZ95 EN 10028-P2-F295GH
Grade H355 EN 10028-F2-P355GH
E250 A AlSA
E250 A Al 5A 283 Grade D
E300 A Al SA 572 Grade 42
E350A AlSA 572 Grade 50
EXS0AorE 410 AJSA 572 Grade 55
E250 BR AlSA 573 Grade 58
E250 BR Al SA 573 Grade 65
Hot Ralled medium and high tensile S0 8R A/SA 513 Grace 10
structural steel (excluding bars and E250BR,BO,C EN 10025 5235 JR.J0.J2
EZT5BR,BO,C EN 10025 5275 JR.J0.J2
fods of diameter or thickness less than E350 BR, B, C EN 10025 5355 JR.J0.12
mm and structural below 15 2062 E250 A DIN 17100 Rst 37.2, S14d 2
50mm x S0mms 6mm EIS0C DIN 17100 S 52.3
E300 A SALINA 300
E30C SALIMA 300 HI
Ei50A SALIMA 350
E30C SALIMA 350 HI
E410 A SALIMA 410
E410C SALIMA 410 HI
E450 A SALIMA 450
E450 BR SALIMA 450 HI
ESS0 A SALIMA 550
ES50 BR SALIMA 550 HI
E550 A SAIL HITEN

* Although every cane his been Waken during ihe production of this brochure, we regrel thal we cannol sccapl any liability in respect of any
Incoeract information it may contain or any damages which may arise through the misinterpratation of its contents
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CARBON STEEL PLATES - IS 8500

CHEMICAL COMPOSITION MECHANICAL PROPERTIES

clamater)
Foddd | 020 | 130 | 0040 | 0040 | 045 | 040 -
1 MPa | MPa & B5.v80 L-"_':-'. ”J[
Fod) | 020 | 150 | 0040 | 0040 | 045 | 042 el
| ' Feddd | 440 | 300 | 290 | 280 2 | 2a @ | 50| %
Fo540 | 020 | 160 | 0040 | 0040 045 | 044 ,
, . Fedf0 | 490 | 350 | 330 | 320 | - 2 | a | ]| %
Fe570 1022 | 160 | 0040 | 0040 | 045 | 046 Fe50 | 50 | 410 | 390 | 380 - 20 |2 & 50 | 25
Fe500 022 | 180 | 0040 | 0040 045 | 048 Foso | 510 | 450 [ 430 [aw0 | - 2 |2 x| 6|
Fo500 | 500 | 450 | 430 | 420 : 0 |2 x| 4

SAILMA HIGH STRENGTH MICRO ALLOY STRUCTURAL STEEL (KILLED)

CHEMICAL COMPOSITION MECHANICAL PROPERTIES

Grade C% Mn% 5%

¥S (MPa) El. % Min Ch /- Bend

Max

Min 5.6 ¥ GACH Mg Test

SAILMA 350 0.25 150 | 0.055 0.055 SAILMA350 400610 350 20 | - . aT
SAILMA 350H1 | 020 150 | 0055 0.055 SAILMA3S0HI | 490610 350 21 kL 25 T
SAILMA 410 0.25 150 | 0,085 0,055 SAILMA410 510-660 410 19 - : a
SAILMA 450 0.25 150 | 0.085 0,055 SAILMA450 510720 450 e ’ ’ a

SAILMA4SOHI | 570-720 450 19 . . T
SAILMA 450H1 | 020 150 | 0.040 0.040

*For SAILMA 450H1 Impact is for > 10mm for <12mm Impact to be given only if specified

* Although every care has besn laken during

tha production of this brochure,

wi regrel that we cannol sccepl any Eability

in respact of any indormect information it may contain
of any damages which may anse through

thr milsinterpretation of its contents
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ASTM A 283 LOW AND INTERMEDIATE TENSILE STRENGHT CARBON STEEL PLATES.

Chemical Composition Mechanical Properfies
Designation C—
(Mpa)
Grade A | 0.14 0.80 0.035 0.040 30-415 165 27 30
Grade B _- 0.7 0.50 0.035 0.040 . 345-450 185 25 28
Grade C | 0.24 0.90 0.035 0.040 380-515 205 2l 25
Grade D 0.27 0.90 0.035 0.040 415-550 230 20 23

Note : 1) For Silicon: Thickness 40mm and under 0.40max & for Thickness over 40mm 0.15-0.40
2) Min% when copper is specified 0.20

ASTM A 285 PRESSURE VESSEL PLATES, CARBON STEEL LOW AND INTERMEDIATE TENSILE STRENGTH

Chemical Composition

Designation, C% : P T Tensile Strength Yield Sirength Elongation %min
(MPa)
GL=8in
Grade A | 017 0.90 0.035 0.035 310-415 165 2 30
Gace B | 022 | 0% | oo | oo 5485 185 % 2
Grade C | 028 0.90 0.035 0.040 380-515 205 2 23

* Although every care has baen taken during the production of this brochure, we regret thal we cannot accept any Eability in respect of any
incomect miormation it may contain or any damages which may arise through the misinierpretation of ils contents
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EQUIVALENT GRADES IN VARIOUS SPECIFICATION

Alloy Steels

Equivalent Grades

Equivalent Grades

530440 ITCrd 40Cr1 EN18 5140
B1TM40 J4CrNiMoB 4ONICrdMod EN24 4340
T0aMAD . 40Cr4Mo3 EN1SC 4140, 4142
T0SM40 . 40Cr4Mo3 EN19 414D, 4142
530440 I7Crd 40Cr1 EN1ED 5140
530440 ITCrd4 40Cr1 EN1EC 5140
530440 ITCrd 40Cr EM18A 5140

. 28Mn6 27G15 . 1527

- 20MnCr5 20MnCri .
150MB - 20Mn2 EN14A 1524

- 16MnCrs 1TMn1Cra5 - 5120
530A40 a7Crd 40Cr1 EN18B 5140
BOSM20 20NICrMo2 EN362 B620
BOSM20 20Ni2CrMa2 . B622
B15M1T - 15NICrIMo12 EN353
B20M17 - 15NIVCriMo15 EN354 4320

= 17Cr3 - -
41Crd 41Crd 40Cr4 EN 18D 5140
34Crd 34Crd - EN 18 5130

Carbon Steels

150M38 36Mn5 3TMn2, 3TC15 EN15B, 1536
CK15 C14 ENI2B 1015,1016,1018
CK3a . 1038
C30 EN43C 1050
CK45 45C8 1045
O7OMSS CK55 C55 ENg 1055
€35 35C8, C35MnTs 1035
CKT5 BOCE EN42 1074
CE7 65CE EN4ZB 1065
OBOMS0 C55 60CE EMd3 1055
080A4T CK45 - ENd3B 1045

* Althaugh every care has been laken during the production of this brochure, we regrel hat we cannol accep! any liabidity in respect of any

Incarrect infarmation @ may contain of any damages which may arise through the misinlerpretation of its contents
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CHEMICAL COMPOSITION

TENSILE REQUIREMENTS
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ASTM 515 PRESSURE VESSEL PLATES, CARBON STEEL FOR INTERMEDIATE
AND HIGHER TEMPERATURE SERVICES

Elements
Carbon, Max (&)
1in. | 25 mm | and under 0.24 0.28 0.3
Cromr 1in. 10 2 in. | 25 1o 50 mm |, incl o.z7 0.3 033
Ower 2 in, 4 in, [ 50 10 100 mm |, ingl, 0.28 0.3 035
Ower d to 8 in. [100 to 200 mm], incl 031 033 0.35
Ower & in. [200 mm] on 0.33 0.35
Manganese max
Heat anatysis 080 0.90 120
Product anatysis 098 0.98 1.30
Phophorus, Max (A) 0.038 0.035 0.035
Salfur, max (A) 0.035 0,035 0,035
Sdicon
Haat anarysis 0.15-0.40 0.1540.40 0.150.40
Presuct anatysis 0.13-0.45 0.130.45 0.13-0.45

Note - (A} Applies to both heat and product analysis,

Tensila Strength, ksi [Mpa) BO-80 [415-550] 65-85 [450-585] T0-580 [485-620]
Yield Strength, min, ksi [Mpa] 32 [220) 35 [240) 38 [260]
Elangation in 8 in, [200 mm]. min % (A} 2 19 17

Elongation in 2 in. [50 mm], min, % (&) 25 23 21

Note -(A) Ses Specification A20/AZ0M for slongation adjustment

ASTM 516 PRESSURE VESSEL PLATES, CARBON STEEL FOR MATERATE AND LOWER TEMPERATURE SERVICES

Elements
Carbon, Max"
% in. [12.5 mm] and under 018 02 0.24 027
Over % in. 1o 2 in. [12.5 1o S0mem], incl. 0.20 0.23 0.26 028
Crver 2 i, 4 in, [50 b 100mm), incl 0.22 0.25 0.28 030
Over 4 to 8 in, [100 to 200 mem], incl 0.24 07 020 o3
Ower B in. [200 mm] 0.26 027 0.29 LK
Manganass |
% in. [12.5 mm] and under 0.60-0.90 0.60-0.90 0.85-12.0 0.85-1.20
Heat anafysis * 0.55-0.58 0.5540.98 0.7%-1.30 0.79-1.30
Product analysis °
Cwver ¥ in, [12.5)
Heat anafysis ° 0.60-1.20 0.85-1.20 0.85-1.20 0.85-1.20
Prosuct anatysis ° 0.55-1.20 0.78-1.30 0.78-1.30 0.78-1.30
Phophorus, Max 0.035 0.035 0,035 0.035
Sulhur, max 0.035 0.035 0.035 0.035
Slicon ;
Heat analysis * 0.15-0.40 0.150.40 0.15-0.40 0.1540.40
Product anatysis ' 0.13-0.45 0.13-0.45 0.13:0.45 0.130.45

“Applies 10 both heat and product analysis.
"Grace 60 plates % in [12.5mm) and under in thickness may have 0.85-1.20% manganese on heat analysis, and 0.79-1.30% manganese on product analysis.

Elements G &0
Tensile Strangth, ke [Mpa] 55.75 [380-515] 65-85 [450-585]
Yield Strength, min,"ksi [Mpa) 30 [205) 30 (220 35 [240]
Elongation in 8 in. [200 mm] min % ik kil 19
Elongation in 2 in. [50 mm)], min, % ar 25° 77
"See Specification A20/A 20M

" Determined by aither the 0.2% offsat method or the 0.5% extension under-load mathod,

* Although every carg had besn ken during the production of this brochune, we regral thal wa canndt actepl any liabdity in respect of any
Incorrect informaton it may contain or any damages which may anse through the misinterprotation of its contants
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ALLOY STEEL PLATES

CHEMICAL COMPOSITION

MECHANICAL PROPERTIES

Thickness Yield Strength Tensile Strength Elongation (A) Impact energy KV at
test temperature
-20C 0'c +20°C

13CrMod5 <16 300 450/600 19 - - H
>16<60 290 450/600 18 - - H
>60<100 270 440/580 27
>100<150 255 430/580 27
>150<250 245 420/570 27
CHEMICAL COMPOSITION

16Mo3 0.1210.20 0.35 0.40/0.90 0025 | 0.010 0.030 0.25/0.35 0.30 . - - . 0.012 0.30

MECHANICAL PROPERTIES

Thickness Temperature ( ° C)
350 | 400
MPa ! MPa
16Mo3 <16 a3 | 264 | 280 | 23 213 194 175 | 159 ERIED
>16<40 268 | 259 | 245 | 228 209 190 2 | 156 s | 139
>40<60 28 | 250 | 23 | 220 202 183 15 | 150 1% | 134
>60<100 228 | 220 | 218 | 203 186 169 153 | 139 129 | 123
>100<150 28 | 211 | 200 | 1686 171 155 w | 12 18 | 113
>150<250 208 | 202 | 191 178 163 148 13 | 121 1 | 108

* Alhough every cane has been taken during the production of this brochure, we regret that we cannol accepl any liability in respect of any
Incorrect Information it may contain or any damages which may arise through the misintespratation of its conlents
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ALLOY STEEL PLATES

PED APPROVED 97/23/EC

CHEMICAL COMPOSITION

MECHANICAL PROPERTIES

Specfication |  C% Si% Mn% P% | S% Cri Mo% Vi Tensile Yield Elongation % min
max max | max Strength |  Strength . o
Ksi (MPa) | (0.2% offset) E}zz,,?;”f gl'si,i'"'
Ksi (MPa) min
75-100 45 - 18
Grade 5 0.15 0.50 max | 0.30-080 | 0,035 | 0.030 | 4.00~6.00 | 0.45~0.85 (515-690) (310}
| Class-d
75100 45 - 18
Grade 9 0.15 1.00 max | 0.30-0.60 | 0.030 | 0.030 | 8.00-10.00 | 0.90~1.10 | 0.04 max | (515-690) (310)
Class-2
T5-100 43 18 22
Grade 11 | 0.05-0.17 | 0.50~0.80 | 0.40~0.65] 0.035 | 0.035 [ 1.00~1.50 | 045-0.85 (515-690) (310)
Class-2
£5-85 40 19 2
Grade 12 | 0.05-017 | 0.15~0.40 | 0.40~065 | 0,035 | 0.035 | 0.80-1.15 | 0.45-0.580 (450-585) (275)
Class-2
75-100 45 18
Grade 22 | 0.05-0.15| 0.50 max | 0.30-0.60 | 0.035 | 0.035 [ 2.00-2.50 | 0.90-1.10 (515-690) (310)
Class-2
B5-110 60
Grade 91* | 0.08-0.12 | 0.20-0.50 | 0.30-0.60 | 0.020 | 0.010 | 8.00-950 | 0851.05 | 0.18-0.25 (585-760) 415 - 18
Class-2

* Additional Properties for Grade 91) Ni- 0.40max, Cb-0.06-0.10,N-0.030-0.070, Al-0.02, Ti&Z :0.01 max

* Amhough evary can has been taken during the production of this brochure, we regrs! that we canncl accapl By liability in respact of ary
incomact information it may contain or any damages which may arise hrough the misnterpratation of its contents
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