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ASTM (AMERICAN SOCIETY TESTING MATERIALS)
ASTM A53 : Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless
ASTM A105 Standard Specification for Forgings, Carbon Steel, for Piping Applications
ASTM A101 : Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service
ASTM A177 : Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, 

and Valves and Parts for High-Temperature Service
ASTM A184 : Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for 

High-Temperature Service
ASTM A185 : Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High-Pressure 

or High-Temperature Service, or Both
ASTM A207 Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for

High- Temperature Service and Alloy, for Pressure-Containing Parts, Suitable
for High-Temperature Service

ASTM A234 Standard Specification for Piping Fittings of Wrought Carbon
Steel and Alloy Steel for Moderate and High Temperature Service

ASTM A227 Standard Specification for Chromium and Chromium-Nickel
Stainless Steel Plate, Sheet, and Strip for Pressure Vessels
and for General Applications

ASTM A299  Standard Specification for Seamless and Welded Austenitic
Stainless Steel Pipes

ASTM A320 Standard Specification for Seamless and Welded Steel Pipe
for Low-Temperature Service

ASTM A322 Standard Specification for Seamless Ferritic Alloy-Steel Pipe
for High-Temperature Service

ASTM A351 Standard Specification for Castings, Austenitic, Austenitic-
Ferritic(Duplex), for Pressure-Containing Parts

ASTM A346 Standard Specification for Electric-Fusion-Welded Austenitic
Chromium-Nickel Alloy Steel Pipe for High-Temperature Service

ASTM A403 Standard Specification for Wrought Austenitic Stainless Steel
Piping Fittings

ASTM A408 Standard Specification for Piping Fittings of Wrought Carbon
Steel and Alloy Steel for Low-Temperature Service

ASTM A503 Standard Specification for Pressure Vessel Plates, Carbon
Steel, for Intermediate- and Higher-Temperature Service

ASTM A659 Standard Specification for Electric-Fusion-Welded Steel Pipe
for Atmospheric and Low Temperatures

ASTM A660 Standard Specification for Electric-Fusion-Welded Steel Pipe
for High-Pressure Service at Moderate Temperatures

ASTM A691 Standard Specification for Carbon and Alloy Steel Pipe,
Electric-Fusion-Welded for High-Pressure Service
at High Temperatures

ASTM B115 Standard Specification for Nickel-Copper Alloy (UNS N4388)
Plate, Sheet, and Strip

ASTM B153 Standard Specification for Nickel-Copper Alloy (UNS N4388)
Seamless Pipe and Tube

ASTM B333 Standard Specification for Nickel-Molybdenum Alloy Plate,
Sheet, and Strip

ASTM B354 Standard Specification for Factory-Made Wrought Nickel
and Nickel Alloy Fittings

ASTM B463 Standard Specification for UNS N08020, UNS N08026,
and UNS N08024 Alloy Plate, Sheet, and Strip

ASTM D1772 Standard Specification for Rigid Poly(Vinyl Chloride)(PVC)
Compounds and Chlorinate Poly(Vinyl Chloride)(CPVC) Compounds

ASTM D1773 Standard Specification for Poly(Vinyl Chloride)(PVC) Plastic
Pipe, Schedule 40, 80 and 120

ASTM D2454 Standard Specification for Poly(Vinyl Chloride)(PVC) Plastic



Pipe Fittings, Schedule 80
ASTM F1545 Standard Specification for Plastic-Lined Ferrous Metal Pipe,

Fittings, and Flanges

MSS (Manufacturers Standardization Society of The Valve & Fitting Industry)
MSS SP-25  Marking System for Valve, Fittings, Flanges and Union
MSS SP-44 Steel Pipe Line Flange
MSS SP-83 Steel Pipe Unions Socket-Welding and Threaded
MSS SP-95 Swage Nipple
MSS SP-97 Integral Reinforced Forged Branch Outlet – Socket Welding,

Threaded and Buttwelding Ends

KS (Korea Standard)
KS D3574  Polyethylene Coated Steel Pipe
KS D3592 Polyethylene Coated Steel Pipes By Powder Fusion

BS (British Standards Institute)
BS 5351 Specification for Steel Ball Valves for the Petroleum,

Petrochemical and Allied Industries
BS 5352 Specification for Steel Wedge Gate, Globe and Check Valves

50mm and Smaller for the Petroleum, Petrochemical and Allied Industries
BS 5353 Specification for Plug Valve
BS 6364 Specification for Valve for Cryogenic Service

DIN (Deutscher Normenausschuss)
DIN 30678 Polypropylene Coating for Steel Pipes



KS D 3507 KS D 3537 KS D 3583 KS D 3569

JIS G 3452 JIS G 3442 JIS G 3457 JIS G 3460

SPP
(SGP)

SPPW
(SGPW)

STWW290
(300A Below)

STWW370
(300A Below)

STWW400
(350A Below)

SPW 400
(STPY 400)

SPPS 38
(STPG 370)

SPPS 42
(STPG 410)

SPLT 39
(STPL 380)

STPH 38
(STPT 370)

SPHT 42
(STPT 410)

Carbon steel
pipes for

ordinary piping

Galvanized steel
pipes

for water service

Arc welded
carbon

Coated steel
pipes

Steel pipes for
low

temperature
service

- 0.25 0.25 0.25 0.25 0.3 0.25 0.25 0.3

- 0.35 0.35 0.35 0.10~0.35 0.10~0.35

0.30~0.90 0.30~1.00 1.32 0.30~0.90 0.30~1.00

0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.035 0.035 0.035

0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.035 0.035 0.035

Kgf/mm2 30 30 30 38 41 41 38 42 39 38 42

N/mm2 294 294 294 373 402 400 373 472 382 373 412

Kgf/mm2 22 23 23 22 25 21 22 25

N/mm2 216 226 225 216 245 206 216 245

No.11 specimen
No.12 Specimen 30 30 30 30 30 25 35 30 25

No. 5 specimen 25 25 25 25 18 18 25 20 25 25 20

Others

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)
(%)

Name of Specification

Mn (Max)

P (Max)

S (Max)

KS D 3565
KS D 3570

JIS G 3456

KS D 3562

JIS G 3454

Coated steel pipes for water works Carbon steel pipes for pressure
services

Carbon steel pipes for high
temperature service

C (Max)

Si (Max)

H=2/3D
(Electric resistance welded pipe)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

Welded Part
H=2/3D

Base metal
H=1/3D

H=
[4+e]t/[e+t/D]

e=0.08

H= [1+e]t / [e+t/D]

e=0.07

90º X 6D
[pipes of 50A

or below,
substitute with
flattening test]

90º X 6D
[pipes of 50A

or Below]

90º X 6D
[pipes of 40A or below,

substitute with flattening test]

90º X 6D
[pipes of
50mm or
below,

substitute with
flattening test]

90º X 6D
[pipes of 50mm or below,

substitute with flattening test]

H=2/3D H=2/3D

Sch 10 : 20      Sch 20 : 35
Sch 30 : 50      Sch 40 : 60

 Sch 60 : 90       Sch 80 : 120

Ultrasonic test or
eddy current test

Substitute with hydrostatic test
(Selection of one from ultrasonic test, eddy

current test, radiographic test)

Substitute with
hydrostatic test

substitute with
hydrostatic test

Test pressure
[Kgf/cm2] 25 25

STWW 290 : 25
STWW 370 : 35

STWW 400 (A) : 25
STWW 400 (B) : 20

25

Tensile strength test for welded part
(Arc welded steel pipes)Others

Galvanized
pipes

(uniformity test
5times)

• Weight of
zinc coating

(average
600g/m2)

• Uniformity
test 6 times

Tensile
strength test

for
welded part

Charpy
impact test

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 



STKM
11A

STKM
12A

STKM
12B

STKM
12C

STKM
13A

STKM
13B

STKM
13C

STKM
14A

STKM
14B

STKM
14C

STKM
15A

STKM
15C

STKM
16A

STKM
16C

STKM
17A

STKM
17C

STKM
18A

STKM
18B

STKM
18C

STKM
19A

STKM
19C

STKM
20A

0.12 0.25

0.35 0.55

0.6 1.6

0.04 0.04

0.04 0.04

Kgf/mm2 30 35 40 48 38 45 52 42 51 56 48 59 52 63 56 66 45 50 52 50 56 55

N/mm2 290 340 390 470 370 440 510 410 500 550 470 580 510 620 550 650 440 490 510 490 550 540

Kgf/mm2 18 28 36 22 31 39 25 36 42 28 44 33 47 35 49 28 32 39 32 42 40

N/mm2 175 275 356 215 305 380 245 355 410 275 430 325 460 345 480 275 315 380 315 410 390

No.11 specimen
No.12 Specimen 35 35 25 20 30 20 15 25 15 15 22 12 20 12 20 10 25 23 15 23 15 23

No. 5 specimen 30 30 20 15 25 15 10 20 10 10 17 7 15 7 15 5 20 18 10 18 10 18

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)
(%)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Name of Specification

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

By Agreement

By Agreement

0.25

0.35

0.6

Others

Ultrasonic test or
eddy current test

Test pressure
[Kgf/cm2]

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

180º X 4D 90º X 6D 90º X 6D 90º X 8D

H=1/2D H=2/3D H=3/4DH=2/3D H=3/4D

Others

0.04

H=2/3D

90º X 6D

0.04

0.04

KS D 3517
(JIS G 3445)

0.35~0.45

0.4

0.40~1.00

0.04

0.25

0.35

0.30~0.90

0.04

Carbon Steel Tubes for Machine Structural Purposes

0.25

0.55

1.5

1.04

0.25~0.35

0.35

0.30~1.00

0.04

0.04

0.3

0.35

0.30~1.00

0.04

0.04 0.04

0.18

0.55

1.5

0.04

0.04

90º X 6D 90º X 6D 90º X 8D

H=7/8D H=7/8D

0.04

0.45~0.55

0.4

0.40~1.00

0.04

0.04

H=7/8DH=7/8D H=3/4D H=7/8D H=7/8D H=7/8D

90º X 6D90º X 6D 90º X 8D 90º X 6D 90º X 8D 90º X 6D

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 



STK 290
(STK 290)

STK 400
(STK 400)

STK 500
(STK 500)

STK 490
(STK 490)

STK 540
(STK 540)

SPSR 400
(STKR 400)

SPSR 490
(STKR 490)

SPS 400
(SKK 400)

SPS 490
(SKK 490)

STKT 540
(STKT 540)

STKT 590
(STKT 590)

- 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

- 0.35 0.35 0.35

0.30~0.90 0.30~0.90 0.30~0.90

0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

Kgf/mm2 30 30 30 38 41 41 38 41 38 41 38

N/mm2 290 294 294 373 402 400 373 400 373 400 373

Kgf/mm2 22 23 23 22 23 22 23 22

N/mm2 216 226 225 216 225 216 225 216

No.11 specimen
No.12 Specimen 30 30 30 30 30 30 30

No. 5 specimen 25 25 25 25 18 18 25 18 25 18 25

KS F 3780

(JIS G 3474)

Name of Specification High tensile Strength Steel for
Tower structural Purpose

KS F 4602

(JIS G 5525)

KS D 3566

 ( JIS G 3444 )

Carbons Steel Tubes for General Structural Purposes

KS D 3568

(JIS G 3466)

Carbon Steel Square Pipes for
General Structural Purposes Steel Pipe Piles

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Others

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)
(%)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Others Tensile Strength Test for welded part
(Arc welded steel pipes 350mm or above)

Bending test for welded part
at the request of client

Ultrasonic test or
eddy current test By Agreement

Test pressure
[Kgf/cm2]

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

H=7/8D H=7/8D H=3/4D

(Electric resistance welded pipe)

90º X 6D 90º X 6D 90º X 8D 90º X 6D 90º X 6D

H=2/3D H=7/8D

(Electric resistance welded pipe)

H=2/3D

Tensile strength test for
welded part (Arc welded steel
pipes)

pipes of 50A or below, substitute with flattening test

By Agreement By Agreement

- Tensile strength test for
   welded part (Arc welded
   steel pipes 350mm or above)
- Impact test (STKT 590)
- 0.40 % or less for carbon unit
  quantity

By Agreement

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 



Class 1 Class 2

PSLⅠ 0.21 0.21 0.22 0.26 0.26 0.26 0.26 0.26 0.26 0.26 0.26

PSL Ⅱ - 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22

PSLⅠ

PSL Ⅱ

PSLⅠ 0.60 0.60 0.90 1.20 1.30 1.40 1.40 1.40 1.40 1.45 1.65

PSL Ⅱ 1.20 1.30 1.40 1.40 1.40 1.40 1.45 1.65 1.85

PSLⅠ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

PSL Ⅱ 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025

PSLⅠ 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

PSL Ⅱ 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015

PSI [PSL Ⅰ] 48,000 60,000 60,000 63,000 66,000 71,000 75,000 77,000 82,000

PSI [PSL Ⅱ]
63,000~
110,000

66,000~
110,000

71,000~
110,000

75,000~
110,000

77,000~
110,000

82,000~
110,000

99,000~
120,000 60,000 75,000 95,000 100,000

Mpa  [PSL Ⅰ] 331 414 414 434 455 490 517 531 565

Mpa [PSL Ⅱ]
434~
758

455~
758

490~
758

517~
758

531~
758

565~
758

621~
827 414 517 655 689

Kgf/mm2 [PSLⅠ] 33.7 42.2 42.2 44.3 46.4 49.9 52.7 54.1 57.7

Kgf/mm2 [PSLⅡ]
44.3~
77.3

46.6~
77.3

49.9~
77.3

52.7~
77.3

54.1~
77.3

57.7~
77.3

63.3~
84.4 42.2 52.7 66.8 70.3

PSI [PSL Ⅰ] 30,000 35,000 42,000 46,000 52,000 56,000 60,000 65,000 70,000

PSI [PSL Ⅱ]
35,000~
65,000

42,000~
72,000

46,000~
76,000

52,000~
77,000

56,000~
79,000

60,000~
82,000

65,000~
87,000

70,000~
90,000

80,000~
100,000

Mpa  [PSL Ⅰ] 207 241 290 317 359 386 414 448 483

Mpa [PSL Ⅱ]
241~
448

290~
496

317~
524

359~
531

386~
544

414~
565

448~
600

483~
621

552~
690

Kgf/mm2 [PSLⅠ] 21.6 24.6 29.5 32.3 36.6 39.4 42.2 45.7 49.2

Kgf/mm2 [PSLⅡ]
24.6~
45.7

29.5~
50.6

32.3~
53.4

36.6~
54.1

39.4~
55.4

42.2~
57.7

45.7~
61.2

49.2~
63.3

56.2~
70.2

P=2 St/D

Others

Tensile
strength

(Min)

S (Max)

Yield
point
(Min)

C (Max)

Si (Max)

Mn (Max)

P (Max)

31.6

25,000

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

17.6

Welded part
H = 3/4D

base metal
H = 0.6D

90° X 12D
(Nominal size 2

or below)

N80

API 5L [ PSL Ⅰ/ PSL Ⅱ ]

Line Pipe Casting Tubing

API 5CT

X 65X 56 X 60 X 70 X80 H40 J55
A25

A B X 42 K55X 46

Name of Specification

X 52

0.03

0.03

45,000

60,000~110,000

310

414~758

42.2~77.3

Elongation
(Min)
(%)

• U.S. Customary Equation e = 625.000(A0.2/U0.9)
• Metric Equation e = 1.944 (A02/U09)

e : Minimum elongation in 2 in. (50.80mm) in percent rounded to
     nearest 1/2 percent
A : Cross-sectional area of the tensile test specimen in sq. in. (mm)
U : Specified minimum ultimate tensile strength. PSI (MPa)

40,000~
80,000

172

e : Minimum elongation in 50.80mm in
     percent rounded to nearest 0.5%
A : Cross-sectional area of the tensile test
     specimen in sq.mm
U : Specified tensile strength
     in N/mm2

80,000~
110,000

28.1~
56.2

56.2~
773

38.7~
56.2

55,000~80,000

276~
552

379~
552

552~
758

  • Flattening test
    Welded part H = 2/3D
    Base metal H = 1/3D

• Weld ductility test
H= 0.07t / [ 0.07+3t/D]  (Grades less than X 52)
H=3.05t / [0.05+3t/D]  (Grades X52 or Higher)

D/ t ≥ 16
H = 0.5D

D/ t < 16
H=D(0.83-
0.0206D/ t)

D/ t ≥ 16 H = 0.65D

3.93 ≤ D/ t < 16
H=D(0.98-0.0206D/ t)

D/ t < 3.93
H=D(1.104-0.0518D/ t)

9 ≤ D/ t <
28

H=D(1.074
-

0.0194D/ t)

Others Residual Magnetism Measurement

- US customary Fomula
P = 2St / D

-Metric Formula
P=2000St / D

Electric resistance welded pipe :
Ultrasonic Test or Electromagnetic Test(Eddy Current Test)

submerged-arc weld pipe : Radiographic test

Ultrasonic Test or
Electromagnetic Test

P : Test pressure, PSI (MPa)

S : Fiber stress, PSI (MPa)

t : Wall thickness, in. (mm)

D : Outside diameter, in. (mm)

Ultrasonic test or
eddy current test

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on-destructive 

 Test 

STD ALT
A25 5_9/16 60 -
A 2_3/8 over 60 75
B 2_3/8 over 60 75

X42~X80 5_9/16 below 60 75
5_9/16~8_5/8 75 75

8_5/8~20 85 85
20 over 90 90

Grade Size
Designation

Percent of specified minimum yield strength (%)
ALT

H40 0.8 0.6 0.8
J55 0.8 0.6 0.8
K55 0.8 0.6 0.8
N80 0.8 0.8

STD
Smaller

than
10 3/4

10 3/4
and

larger
All sizesGrade

F factor



A B MT
1010

MT
1015

MTX
1015

MT
1020

MTX
1020 1025 1026 1030 1035 4130 8630

0.25 0.3 Heat
0.26

Product
0.30

Heat
0.26

Product
0.30

0.05~
0.15

0.10~
0.20

0.10~
0.20

0.15~
0.25

0.15~
0.25

0.22~
0.28

0.22~
0.28

0.27~
0.34

0.31~
0.38

0.28~
0.33

0.28~
0.33

0.15~
0.35

0.15~
0.35

0.95 1.2 0.30~
0.60

0.30~
0.60

0.60~
0.90

0.30~
0.60

0.70~
1.00

0.30~
0.60

0.60~
0.90

0.60~
0.90

0.60~
0.90

0.40~
0.60

0.70~
0.90

0.05 0.05 0.035 0.045 0.035 0.045 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035

0.045 0.045 0.035 0.045 0.035 0.045 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.040 0.040

Cu 0.20
(Min)

Cu 0.18
(Min)

Cu 0.20
(Min)

Cu 0.18
(Min)

Cr 0.80-1.10
Mo 0.15-0.25

Cr 0.40-0.60
Mo 0.15-0.25
Ni 0.40-0.70

PSI 48,000 60,000 R
45,000

S
45,000

R
58,000

S
58,000

Mpa 330 415 310 310 400 400

Kgf/mm2 33.8 42.2 31.6 31.6 40.8 40.8

PSI 30,000 35,000 33,000 39,000 42,000 46,000

Mpa 205 240 228 269 290 317

Kgf/mm2 21.1 24.6 23.3 27.4 29.6 32.3

Application

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Test pressure
[Kgf/cm2]

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

Others

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)(%)

Others

Ultrasonic test or
eddy current test

Ultrasonic Test
or

Eddy current test

Weight of zinc
coating

Average :
Min. 550 g/m2

Individual :
Min. 490g/m2

Welded part is
located at 90 degree

Weld H = 2/3D
Base metal H = 1/3D

Soundness Test H = Contact
Welded part is located at 90 degree

Welded part H = 2/3D
Base metal H = 1/3D

Welded part is located at 90 degree

ASTM A53

Ordinary Piping

A B

ASTM A500

General Structural Purposes Machine Structural Purposes

ASTM A513

e = 625.000
*(A0.2/ U0.9)

25
(56t + 17.5)

23
(61t + 12)

NPS2 over
Weld H = 2/3D

Base metal
H = 1/3D

Flaring Test
ID` = 1.15D`(60° tool)
D`: Inside diameter

ID`: Enlarged inside diameter

NPS2 below
90° X 12D

close coiling
180° X 8D

P=2St/D P=2St / D
S= allowable fiber stress of 14,000 PSI or 96.5Mpa

Eddy - Current Test or
Ultrasonic Test or Flux Ieakage Test

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 

Type Grade Tensile Strength
Min (PSI)

Yield Point
Min (PSI)

Elongation
Min (%)

1010 45,000 32,000 15
1015 48,000 35,000 15
1020 52,000 38,000 12
1025 56,000 40,000 12
1030 62,000 45,000 10
1035 66,000 50,000 10
1010 40,000 25,000 30
1015 45,000 30,000 30
1020 50,000 35,000 25
1025 55,000 37,000 25
1030 60,000 40,000 25
1035 65,000 45,000 20
1010 50,000 40,000 8
1015 55,000 45,000 8
1020 60,000 50,000 8
1025 65,000 55,000 7
1030 70,000 62,000 7
1035 80,000 70,000 7
1010 60,000 50,000 5
1015 65,000 55,000 5
1020 70,000 60,000 5
1025 75,000 65,000 5
1030 85,000 75,000 5
1035 90,000 80,000 5
1010 55,000 45,000 12
1015 60,000 50,000 12
1020 65,000 55,000 10
1025 70,000 60,000 10
1030 80,000 70,000 10
1035 85,000 75,000 10

Sink Drawn

As Welded

Normalized

Mandrel Drawn

Mandrel Drawn
Stress-Relieved



BS 1387

TYPE 2 TYPE 3 TYPE 4
(L)Light
(M)Medium
(H)Heavy

ERW320 ERW360 ERW430 ERW360 ERW410 ERW11 ERW16 ERW20 ERW23

Drive
Pipe

[Gr A]

Drive
Pipe

[Gr B]

Water-
Well

Reamed
and

Driven
Well
Pipe

(Grade

Water-
Well

Casing
Pipe

Ordinary
Piping

0.2 0.16 0.17 0.21 0.17 0.21

0.35 0.35 0.35 0.35

1.2 0.30~
0.70

0.40~
0.80

0.40~
1.20

0.40~
0.80

0.40~
1.20

0.050 0.050 0.050 0.050 0.050 0.045 0.040 0.040 0.040 0.045 0.045 0.060 0.060 0.060 0.060

0.060 0.060 0.060 0.060 0.060 0.045 0.040 0.040 0.040 0.045 0.045 0.060 0.060 0.060 0.060

PSI 48,000 60,000

Mpa 331 413 320~
460

320~
460

360~
500

430~
570

360~
500

410~
550 309 386 463 494

Kgf/mm2 33.8 42.1 32.7~
46.9

32.7~
46.9

36.7~
51.0

43.9~
58.2

36.7~
51.0

41.8~
56.1 31.5 39.4 47.2 50.4

PSI 30,000 35,000

Mpa 207 241 195 195 235 275 215 245 170 247 309 355

Kgf/mm2 21.1 24.6 19.9 19.9 24.0 28.1 21.9 25.0 17.3 25.2 31.5 36.2

20 25 25 22 24 22

e=0.10 e=0.08

TYPE 1

BS 3601 BS 3602ASTM A 589

Yield
point
(Min)

Elongation
(Min)(%)

48,000

331

Application

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Others

Ultrasonic test or
eddy current test

Others

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

P : Test pressure
S : Fiber stress,PSI(mPa)
D : Outside diameter(mm)
t : Thickness(mm)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

600/TS(700/TS)
TS : Ton/in2, Kgf/mm2

BS 1775

Pressure services High Pressure
Services

Machine structural purposes,
General structural purposes

33.8

30,000

207

21

e = 625.000(A0.2/ U0.9)

H`=8t or
H`=7/8D`
whichever

is the
smaller

H`=6t or
H`=3/4D`
whichever

is the
smaller

Tensile
strength

(Min)

DN 50below
Black pipes
180° X 6D
Galvanized

pipes
90° X 8D

Prescribed according to dimension and grade 51
(50 bar)

DN Over 50
Welded part
H = 0.75D
Base metal
H = 0.60D

Welded part
is located at
90 degree

H=(1+e)t / [e+t/D]

H=[1+e]t / [e+t/D]
H`=3t or
H`=1/2D`
whichever

is the
smaller

H`=6t or
H`=3/4D`
whichever

is the
smaller

P (Bar) = 20 St / D

S: 80% of the specified
minimum yield strength

Outside diameter of
bar is 4t

P = 20St / D
S: 80% of the

specified minimum
yield strength

Max:143Kgf/cm2

(140Bar)

Eddy
Current

Test
(substitut

e with
hydrostatic

test)

Ultrasonic Test

Bore
Test

(hotdip
zinc

coated
tubes)

The Charpy V-
notch

Impact test

Eddy Current Test
(Applied to pipes with Outside
diameter of 180mm or less as

substitution for hydrostatic
test)

Drift Expanding Test

1D =
1.125D

1D =
1.10D`

1D =
1.075D`

1D =
1.10D`

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 

Welded Part Base Metal
320 0.029 0.10
360 0.026 0.09
460 0.023 0.08

Constant
Class



A B A C D A B C

0.25 0.3 0.60~0.18 0.35 0.27

0.10

0.95 1.20 0.27~0.63 0.80 1.00~1.50

0.035 0.035 0.035 0.035 0.030

0.035 0.035 0.035 0.035 0.015 0.050 0.050 0.050

PSI 48,000 60,000 47,000 60,000 70,000 50,000 60,000 66,000

Mpa 331 414 325 415 485 345 414 455

Kgf/mm2 33.8 42.2 33.1 42.2 49.3 35.2 42.2 46.5

PSI 30,000 35,000 26,000 37,000 40,000 30,000 35,000 45,000

Mpa 207 241 180 255 275 205 240 310

Kgf/mm2 21.1 26.7 18.3 26.1 28.2 21.1 24.7 31.7

e=56t+17.50 e=48t+15.00 35 30
(e=48t+15.0)

30
(e=48t+15.0)

30
(e=48t+15.0)

25
(e=40t+12.5)

20
(e=32t+10.0)

Application

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Others

Tensile
strength

(Min)

Yield
point
(Min)

0°, 90°

P=2St/D

TEST

UT or ECT

Elongation
(Min)(%)

0°, 90°

P : Test pressure
S : Fiber stress,PSI(mPa)
D : Outside diameter(mm)
t : Thickness(mm)

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

P=2St/D

Others

Ultrasonic test or
eddy current test

ASTM A135 ASTM A178 ASTM A 252

Sprinkler Boiler & Heat Exchanger Steel Pipe Piles

TEST

UT or ECT

Flange Test,
Reverse

flattening Test

TEST

UT or ECT

Flange Test,
Reverse

flattening Test

Flange Test,
Crush Test,

Reverse
flattening Test

Eddy Current Test &
Ultrasonic Test

(Substitute with Hydrostatic
Test)

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 



CA 55 CB 60 CB 65 CB 70 CC 60 CC 65 CC 70

0.28 0.24 0.28 0.31 0.21 0.24 0.27

0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40

0.90 0.90 0.90 1.20 0.60~0.90 0.85~1.20 0.85~1.20

0.035 0.035 0.035 0.035 0.035 0.035 0.035

0.040 0.035 0.035 0.035 0.035 0.035 0.035

PSI

Mpa 380~515 415~550 450~585 485~620 415~550 450~585 485~620

Kgf/mm2 33.8~52.6 42.4~56.1 45.9~59.7 45.9~63.3 42.4~56.1 45.9~59.7 49.5~63.3

PSI

Mpa 205 220 240 260 220 240 260

Kgf/mm2 21.0 22.5 24.5 26.6 22.5 24.5 26.6

27 25 23 21 25 23 21

Class 10
Class 11
Class 12 TEST
Class 13 TEST
Class 20
Class 21
Class 22 TEST
Class 23 TEST
Class 10
Class 11 TEST (RT)
Class 12 TEST (RT)
Class 13
Class 20
Class 21 TEST (RT)
Class 22 TEST (RT)
Class 23

Mn (Max)

P (Max)

S (Max)

Others

Application

ASTM A671

Flattening Test

Bending Test

Hydraulic Test

Non-Destructive Test

P= 2St / D

Others

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)(%)

C (Max)

Si (Max)

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 



A45 A50 A55 B55 B60 B65 B70 C55 C60 C65 C70

0.17 0.22 0.28 0.2 0.24 0.28 0.31 0.18 0.21 0.24 0.27

0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40 0.15~0.40

0.9 0.90 0.9 0.90 0.9 0.9 1.2 0.60~0.90 0.60~0.90 0.85~1.20 0.85~1.2

0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035

0.040 0.040 0.040 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035

PSI

Mpa 315~450 345~485 380~515 380~515 415~550 450~585 485~620 380~515 415~550 450~585 485~620

Kgf/mm2 32.2~45.9 35.2~49.5 38.8~52.6 38.8~52.6 42.4~56.1 45.9~59.7 49.5~63.3 38.8~52.6 42.2~56.1 45.9~59.7 49.5~63.3

PSI

Mpa 165 185 205 205 220 240 260 205 220 240 260

Kgf/mm2 16.9 18.9 21.0 21.0 22.5 24.5 26.6 21.0 22.5 24.6 26.6

30 28 27 27 25 23 21 27 25 23 21

Class 10
Class 11
Class 12 TEST
Class 13 TEST
Class 20
Class 21
Class 22 TEST
Class 23 TEST
Class 10
Class 11 TEST (RT)
Class 12 TEST (RT)
Class 13
Class 20
Class 21 TEST (RT)
Class 22 TEST (RT)
Class 23

Bending Test

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)(%)

Flattening Test

P= 2St / D

P= 2St / D

ASTM A672

Hydraulic Test

Non-Destructive Test

Application

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Others

Others

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 



T1 T1a T1b 1 2

Heat Exchange
and Condenser

Tube

Boiler and Super
Heater Tubes

Steel Tubes
for Chemical

Industry

0.18 0.06~0.18 0.10~0.20 0.10~0.20 0.14 0.15 0.15 0.15

0.25 0.10~0.50 0.10~0.50 0.10~0.50 Min 0.10

0.27~0.63 0.27~0.63 0.30~0.80 0.30~0.80 0.30~0.80 0.55 0.55~1.00 0.27~0.63

0.035 0.035 0.025 0.025 0.025 0.06~0.16 0.040 0.035

0.035 0.035 0.025 0.025 0.025 0.060 0.050 0.035

Mo: 0.44~0.65 Mo: 0.44~0.65 Mo: 0.44~0.65
Cu:0.20~0.06
Cr:0.24~1.31
Ni:0.20~0.70

Cu:0.30~1.00
Mo:0.10

Ni:0.40~1.10
Al:0.02~0.10

PSI 47,000 55,000 60,000 53,000 60,000 60,000 48,000

Mpa 325 380 415 365 415 415 331

Kgf/mm2 33.23 38.9 42.4 37.3 42.4 42.4 33.8

PSI 26,000 30,000 32,000 28,000 37,000 37,000 30,000

Mpa 180 205 220 195 255 255 207

Kgf/mm2 18.4 21.0 22.5 19.9 26.1 26.1 21.2

35 40

e=0.09 e=0.09 e=0.08 e=0.08 e=0.08 e=0.08 e=0.08 e=0.09

Others

Ultrasonic test or
eddy current test

P : Test pressure
S : Fiber stress,PSI(mPa)
D : Outside
diameter(mm)
t : Thickness(mm)

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)(%)

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Others

Application

ASTM A214 ASTM A226
ASTM A250

Alloy Steel Boiler and Super Heater Tubes

P=2St / D

(S = 0.60 X Y.P)
The Maximum Pressure

:
D ≤ 3in. P = 2,500 psi
D＞ 3in. P = 2,800 psi

Weld Portion
H = (1+e)t /[e+t/D]

The weld shall be located at 90 deg. From the line of direction of force.

Each tube shall be
subjected

to the nondestructive
electric test.

(Eddy current test)

30
(48t+15.00)

ASTM A423

Corrosion Resistance Low Allow Steel
Tubes

25

ASTM A587

P=2St / D
(S = 16,000psi)

The Maximum Pressure (psi)
OD＜1in. P=1,000,   1in.≤OD＜1½in. P=1,500,   1½in.≤OD＜2in. P=2,000

2in.≤OD＜3in. P=2,500,   3in.≤OD＜5in. P=3,500,   5in.≤OD. P=4,500

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 



A106 A106 A106

1 6 1 6 Gr A Gr B Gr C

0.3 0.3 0.3 0.3 0.25 0.3 0.15

Min 0.10 Min 0.10

0.40~1.06 0.29~1.06 0.40~1.06 0.29~1.06 0.27~0.93 0.29~1.06 0.55~1.00

0.025 0.025 0.025 0.025 0.025 0.025 0.040

0.025 0.025 0.025 0.025 0.025 0.025 0.050

S : 0.1 S : 0.1 S : 0.1

PSI 55,000 60,000 55,000 60,000 48,000 60,000 70,000

Mpa 380 415 380 415 332 415 484

Kgf/mm2 38.9 42.4 38.9 42.4 33.9 42.4 49.5

PSI 30,000 37,000 30,000 37,000 30,000 35,000 40,000

Mpa 205 255 205 255 205 240 275

Kgf/mm2 21.0 26.1 21.0 26.1 21.0 24.5 28.1

35
(56t+17.50)

30
(48t+15.00)

35
(56t+17.50)

30
(48t+15.00) 35 30 30

e=0.07 e=0.07 e=0.07 e=0.07 e=0.08 e=0.08 e=0.08

ASTM A333

Seamless and Welded Carbon and Alloy-Steel
Tubes for Low-Temperature Service

Seamless and Welded Steel Pipe for Low-
Temperature Service

C (Max)

Si (Max)

Mn (Max)

P (Max)

S (Max)

Others

Tensile
strength

(Min)

Yield
point
(Min)

Elongation
(Min)(%)

Application

Ultrasonic test or
eddy current test

Others

ASTM A334

Seamless carbon steel nominal wall pipe for high-temperature
service, suitable for bending, flanging

and similar forming operations.

P=2St / D
(S = 16,000 psi)

The Maximum Pressure is
specified repectivly in size.

P=2St / D
(S = 0.60 X Y.P)

The Maximum Pressure :
D ≤ 3in. P = 2,500 psi
D＞ 3in. P = 2,800 psi.

 For A334 an alternate to the hydrostatic
 test N.D.T may be applied

Inspection test pressures produce a stress in the pipe wall equal to
60% or specified minimum yield strength

Testing (SMYS) at room temperature. Maximum Pressures are not to
exceed 2500 psi for NPS 3 and under and 2800 psi

for the larger sizes. Pressure is maintained for not less than 5
seconds.

H : Distance between
     Flattening plates(mm)
D : Outside diameter of the
     pipe(mm)
t : Wall thickness of the
    pipe(mm)

Weld Portion
H = (1+e)t /[e+t/D]

The weld shall be located at 90 deg. From the line of direction of force.

Bending angle X Inside
radius
(D : Outside diameter
of the pipe)

P : Test pressure
S : Fiber stress,PSI(mPa)
D : Outside
diameter(mm)
t : Thickness(mm)

Specification 

Classification 

C
hem

ical C
om

position (%
) 

M
echanical Properties 

Flattening Test 
Bending Test 

H
ydro Test 

N
on- destructive 

 Test 

Size of
Speimen

Min Ave. of
Each Set of 3
Specimens

(ft-lb)

Min.Value of
one

Specimens
(ft-lb)

10 by 10 13 10
10 by 7.5 10 8
10 by 5 7 5

10 by 2.5 4 3

IMPACT TEST TEMP : -50Ｆ
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