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Mechanical Properties : 2062/2011

Grade Quality Tensile  Yield Stress Min Percentage Internal Charpy
Designation Strength MPa Elongation A, Bend Impact
Rm Min at Gauge Length, Diameter Test
MPa L=5.65 VS;Min Min
<20 2040 >40 <25 >25 Temp ],
C Min
A
E-250 BR 410 250 240 230 23 2t 3t RI 27
BO 0 27
C (20 27
A
E-275 BR 430 275 265 256 22 2t 3t RT 27
BO 0 27
C (20 27
E-300 BR 440 300 290 280 22 2t - RT 27
BO 0 27
C (\20 27
E-350 BR 490 350 330 320 22 2t - RT 27
BO 0 27
C (\20 27
A
E-410 BR 540 410 390 380 20 2t - RT 25
BO 0 25
C (20 25
E-450 BR 570 450 430 420 20 2.5t - RT 20
A
E-550 BR 650 550 530 520 12 3.0t - RT 15
A
E-600 BR 730 600 580 570 12 3.5t - RT 15

1. In case of product thickness/diameter more than 100 mm, lower minimum limit of tensile strength
may be mutually agreed to between the purchaser and the manufacturer/supplier
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Mechanical Properties : IS 1079/2009

Quality Tensile Percentage Elongation after Fracture
Strength A, min
Rm2 t<3 t>3
Desi- Old Desi- Name maxMPa Gauge  Gauge Gauge Gauge
gnation gnation length length length length
Lo=80 Lo=50 Lo=5.65 Lo=50
VSo
HRO (New) Ordinary @ & & 9 &
HR1 0 Commercial 440 23 24 28 20
HR2 D Drawing 420 25 26 30 31
HR3 DD Deep 400 28 29 33 34
Drawing
HR4 EDD Extra Deep 380 31 32 36 37
Drawing
HR5 SAIL FORM 34 YS 340 400-500 < & 26 27
SAIL FORM 38 YS 380 450-570 & & 24 25
SAIL FORM 45 YS 450 500-620 & & 20 21
Notes:
1. 1MPa = 1N/mm?

2.

4,

5.

*

Minimum tensile strength for qualities HR1, HR2, HR3 and HR4 would normally be expected to
be 270 MPa. Where minimum tensile is required, the value of 270 MPa may be specified. All
tensile strength values are determined to the nearest 10 MPa.

The non proportional test with a fixed original gauge length (50 mm) up to 6 mm thick sheet
can be used in conjunction with a conversion table. In case of dispute, however, only the results
obtained on a proportional test piece will be valid for material 3 mm and over in thickness.

Where 't' is thickness of steel sheet, in mm.
Tensile testing is not mandatory for HR1, unless agred to between the purchaser and manufacturer.

Proper on mutual agreement between the purchaser and manufacturer.

19



&

et SAIL
Grade Yield Ultimate Tensile Elongation% Internal Diameter
Strength Strength GL=5.65VSo of bend
MPa min MPa min
I 170 290 30 T
II 210 330 28 2T
11 240 410 25 2T
I\ 275 430 20 3T
\Y 310 490 15 3T

* Supplied on basis of chemical composition for [S10748

Mechanical Properties : IS 5986/2011

Specification Grade Yield Strength ~ Ultimate Tensile Elongation% Internal Diameter
MPa, Min  Strength, MPa, Min min GL5.65 VS, of bend
> 3mm <I2mm > 12mm
1S:5986:2011 165 165 290-400 30 Close t
205 205 330-440 28 t 2t
235 235 360-470 26 t 2t
255 255 410520 24 t 2t
325 325 420530 19 2t 3t
355 355 420-530 18 2t 3t
420 420 480-590 15 2t 3t
490 490 540-650 12 2t 3t
560 560 610-720 10 2t 3t

Grade 165 may be supplied based on chemical composition only, if agreed to
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Mechanical Properties : SAILMA Grades

Grade YS, MPa UTS % EI Internal Bend Charpy
min Mpa, min Diameter, min Impact Test
min  Std GL

<25mm >25mm TempOC J, min

<25 2540 >40
mm mm  mm

SAIIMA300 300 290 280 440 24 2t

SAIIMA300HI 300 290 280 440 24 2t : 0 40

SAILMA350 350 330 320 490 24 2t

SAILMA3S0HI 350 330 320 490 24 2t : 0 40
20 30

SAILMA410 410 390 380 540 22 2t

SAILMA410HI 410 390 380 540 2 2t - 0 3
20 25

SAIIMA4S0 450 430 420 570 2 25

SAIMA4SOHI 450 430 420 570 22 25t : 0 30
20 20

SAIIMASSO 550 530 520 650 14 3

SAIMA4S0HI 550 530 520 650 14 3t - 0o 25
20 15

SAILMAGOO 600 580 570 730 4 35

Impact will be given for any one temperature. For 450 HI & above impact is for < 10 mm.
For < 12 mm impact to be given only if specified.

Mechanical Properties : SAILCOR

Specification Grade Yield Ultimate Tensile Elongation% Internal Diameter
Strength Strength Std GL of bend
MPa min MPa min

SAILCOR HR 340 480 22 t

Mechanical Properties

Specification ~ Grade  Yield Ultimate Tensile  Elongation  Internal diameter
Strength Strength % Std GL of bend
MPa min MPa min

SAIL PROP SAE 1020  310-320 440 15
SAILPREFAB  SAE 1020 345 min 450 min 21
spl.



&

et SAIL

Mechanical Properties
Specification  Grade Yield
Strength
MPa min
1S 6240/2008 240
SAILHSIPG  SG255 255
JISG 3116 5G 295 295
EN 10120 P245NB 245
P265NB 205
P310NB 310
EN 34 330-410
E38 370-460
E 46 450-530
BSK 46 451-560
SAIL SUPER SAPH 305
FORM 440 (t:1t0 6 mm)
JISG 3113 29
(t:6.to 8 mm)
APLSL A 210
B 245
X42 290
X46 320
X52 360
X50 390
X60 415
X635 450
X70 485

Ultimate Tensile ~ Elongation % Internal dia
Strength meter of bend
MPa
350450 25 GL=5.6550
400 28 GL=50 mm
440 26
360-450 =g 20 34 =2
410500 TeH R g\l:?
460-550 S 8=
390-490 27 mm 0.5t- close
440-560 25 min 0.5t- close
490-610 21 min 0.5t- close
490-640 21 min 1t- close
GL: 50 mm
34 (t <6 mm)
440 GL5.65 VS,
32 (t:6-8 mm)
335
415
415 % elongation 1.940A 02/U 0.9
5 (GL: 50.8 mm) for all API Grades
460 A : Cross sectional area in mm?
U: Minimum UTS in MPa
490
520
535
570

NOTES : These are pipe properties. Hot rolled plate/coil properties are to be mutually agreed upon
by producer and pipe manufacturers.
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Steel grade  Yield strength? Tensile strength? Ratio 3¢ Elongation

(PSL 2) Rigs Ry, R 95/ (on 50 mm)
MPa MPa Ry A%

minimum maximum minimum maximum maximum minimum
BM 245 450°¢ 415 655 093 d
X42M 290 495 415 655 0.93 e
X46M 320 525 435 655 0.93 g
X52M 360 530 460 760 0.93 <
X56M 390 545 490 760 0.93 <
X60M 415 565 520 760 0.93 d
X65M 450 600 535 760 0.93 ¢
X70M 485 635 570 760 0.93 ¢

4 For intermediate grades, the difference between the specified maximum yield strength and the
specified minimum yield strength shall be as given in the table for the next higher grade, and the
difference between the specified minimum tensile strength and the specified minimum yield strength
shall be as given in the table for the next higher grade. For intermediate grades up to X46, the tensile
strength shall be <655 MPa. For intermediate grades greater than X46 and lower than X70, the tensile
strength shall be <760 MPa. The calculated value shall be rounded to the nearest 5 MPa

b This limt applies for pipe with D>323.9 mm (12.750 in).

¢ For pipe requiring longitudinal testing, the maximum yield strength shall be < 495 MPa.

d'The specified minimum elongation, A shall be as determined using the following equation:

Ar= C/AVZ x ¢/U 09 where

C is 1.940 for calculations;

Axc is the applicable tensile test piece cross-sectional area, expressed in square millimetres as follows:
— for circular cross-section test pieces. 130 mm? for 12.7 mm and 8.9 mm diameter test pieces; and
65 mm? for 6.4 mm diameter test pieces;

— for full-section test pieces, the lesser of (a) 485 mm? and (b) the cross-sectional area of the test
piece, derived using the specified outside diameter and the specified wall thickiness of the pipe,
derived using the specified outside diameter and the specified wall thickness of the pipe, rounded
to the nearest 10 mm2;

— for strip test pieces, the lesser of (a) 485 mm? and (b) the cross-sectional area of the test piece,
derived using the specified width of the test piece and the specified wall thickness of the pipe,
rounded to the nearest 10 mm?;

U is the specified minimum tensile strength, expressed in megapascals
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Mechanical Properties

Grade YS, MPa, min UTS, MPa, min % El min (Std GL)
HSFQ 250 250 380 30
HSFQ 350 350 400 28
HSFQ 450 450 520 25
HSFQ 500 500 560 22
HSFQ 550 550 620 18
Grade YS, MPa, min ~ UTS, MPa, min % El min (Std GL)
SAIL FORMING 250 250 410 26
SAIL FORMING 350 350 490 24
SAIL FORMING 410 410 540 22
SAIL FORMING 450 450 550 22

Mechanical Properties of Seismic Resistant Structural Steel (IS 15962:2012)

Grade UTS Yield Strength (MPa, min.) % Elmin, ~ Charpy Impact YS/UTS
(MPa, min.) GL=5.65VA, (Jat0°C) min.  max.
<20mm 20-40 mm >40 mm
E2508 410 250 240 230 23 27 0.80
E300S 440 300 290 280 22 27 0.80
3508 490 350 330 320 2 27 0.85
E4508 570 450 430 420 20 27 0.88

Mechanical Properties of high tensile flat rolled steel for lighter cylinder

(IS 15914:2011)

Grade Tensile Yield Percentage Elongation Reference Heat
Strength Stress MPa Min at Gauge Length Treatment Austenitizing
MPa Min (under revision) min Temperature °C

80mm  5.65VS,
<3mm  3to6mm

HS 235 360-460 235 25 32 920-960
HS 265 410-510 205 22 30 890930
HS 295 450560 295 20 28 890930
HS 345 490-610 345 18 24 880-920

The above properties are specified for cold formed and normalized cylinder. However tensile
properties of hot rolled plate/sheet/strip are to be mutually agreed upon by the producer and by
the cylinder manufacturer.
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