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2023 ASME Boiler &
Pressure Vessel Code | |- Tension Test (PW-
E%LESFORC ON O 53'?1) ( 000) k
24 ol mre NSTRUCTION OF Load: (5 ~ 1 N
AOSE BPVCSEC 195 % 2 | POWER BOILERS Elongation / Reduction | 42| N
: = Area: (1 ~ 100%)
PW-53.7 TENSION - Bend Test (PW-53.8) -
TESTS Load: (5 ~ 1 000) kN
PW-53.8 BEND TESTS
2023 ASME Boiler &
Pressure Vessel Code IX
Qualification Standard
for Welding, Brazing,
and Fusing, Procedures;
Welders; Brazers; and
Welding, Brazing, and  [Fracture Test (QW-
O WL BN RATCLE 1| Lo (5 ~ 1 000) kN
oA gl 7 oaaq: ~
AOMEBPVCSEC 1 2% 2 38 \WEIDING GENERAL . A7) N
: = REQUIREMENTS Tenstion Tets (QW-
QW-182 FRACTURE 192)
TESTS Load: (5 ~ 1 000) kN
QW-192 STUD-WELD
TESTS
QW-193 TUBE-TO
TUBESHEET TESTS
QW-196 RESISTANCE
WELD TESTING
Charpy Impact Test
2023 ASME Boiler & (UG-84)
Pressure Vessel Code VIII|Absorbed Energy: Max.
RULES FOR 500 J
CONSTRUCTION OF Temp. -196 C ~ R.T.
ASME BPVC SEC  |g4 2 2t&A| |[PRESSURE VESSELS Lateral Expansion: AR N
VIII Div.1:2023 = DIVISION 1 (0.01 ~5) mm -

UG-84 CHARPY IMPACT
TESTS A-3 SHEAR LOAD
TESTS

Shear area: Max. 100
%

A-3 Shear Load Test
Test Load: (5 ~ 950 kN)
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7M. |NE LB REL Aee] sz | HE
- Tension Test -
Load: (5 ~ 1 000) kN
Elongation / Reduction
Area: (1 ~100) %
- Bend Test -
2023 ASME Boiler & |-02d: (5 = 1. 000) kN
Pressure Vessel Code Il : . -
. Brinell(Load): (4 903
Materials Part A
Ferrous Material 29 420) N
ASME BPVC SEC.II-| 24 & 2t A ol Rockwell(Scale): B, C A
ASA370:2073 g Specification SA370 - Impact Test - A2 A N
' = TEST METHODS AND Absgrbed Energy: Max
DEFCINITIOQS FORS < 5007 9y- Viax.
MECHANICAL TESTIN . .
OF STEEL PRODUCTS | femperature: -196 ©
Lateral Expansion:
(0.01 ~5) mm
- Flattening Test/Flaring
Test -
Load: (5 ~ 1 000) kN
2023 ASME Boiler &
Pressure Vessel Code IX
Qualification
Standard for Welding,
Brazing, and Fusing,
Procedures ; Welders ; |- Tension Test -
Brazers ; and Welding, |Load: (5 ~ 1 000) kN
Brazing, and Fusing Elogation/Reduction
Operators Area: (1 ~100) %
- PART QW WELDING |- Bend Test -
GAERI\IIlECRfU WELDING L?adi (5_|~_ 1 000) kN
O gl npe: - Impact Test -
ASME BRYS g5 2 #EA | REQUIREMENTS Absorbed Energy: Max.| 2242 N
SO = QW-150 TENSION TEST |500 J
QW-160 GUIDED-BEND |Temperature: -196 T ~
TEST R.T.
QW-170 NOTCH- Lateral Expansion:
TOUGHNESS TEST (0.01 ~5) mm
QW-470 ETCHING - Shear area: Max. 100
PROCESS AND %
REAGENTS
QW-472 FOR FERROUS
METALS
QW-473 FOR
NONFERROUS METALS
Standard Specification
ASTM 22 0l apad Eor General for Ferriti
. |25 ¥ equirements for Ferritic — ~
,2A£11§H6/A1016|\/| = Alloy Steel, Austenitic Load: (5 ~ 950) kN S N
Alloy Steel, and Stainless
Steel Tubes
Standard Test Method
22 oy for Evaluating the
ASTM A247-24 g7 == Microstructure of - 2R N
= Graphite in Iron
Castings
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Fus |z o e 323 gl sy | RE

2 9l 224 Standard Test Methods
- =" |for Determining - 22 A N

ASTM A255-20a |2
= Hardenability of Steel

Standard Practices for
Detecting Susceptibility
to Intergranular Attack
in Austenitic Stainless
Steels

PRACTICE A - OXALIC
ACID ETCH TEST FOR
CLASSIFICATION OF
ETCH STRUCTURES OF
AUSTENITIC STAINLESS
STEELS

PRACTICE B—FERRIC
SULFATE-SULFURIC
ACID TEST FOR

DETECTING

SUSCEPTIBILITY TO
ASTM A262- 24 2 284 INTERGRANULAR ) A4 N
15(2021) = ATTACK IN AUSTENITIC -

STAINLESS STEELS

PRACTICE C—NITRIC
ACID TEST FOR
DETECTING
SUSCEPTIBILITY TO
INTERGRANULAR
ATTACK IN AUSTENITIC
STAINLESS STEELS

PRACTICE E - COPPER-
COPPER SULFATE-16 %
SULFURIC ACID TEST
FOR DETECTING
SUSCEPTIBILITY TO
INTERGRANULAR
ATTACK IN AUSTENITIC
STAINLESS STEELS
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FHHs | AE 2 72g N sy | RE
- Tension Test -
Load: (5 ~ 1 000) kN
Elongation / Reduction
Area (1 ~ 100) %
Standard tests Methods |- Bend Test -
and Definitions for Load: (5 ~ 1 000) kN
Mechanical Testing of |- Hardness Test -
Steel Products Brinell(Load): (4 903 ~
- TENSION TEST 29420) N
24 o maiz |- EEA%%EIEJ% TEST R?Ckwe”%scale): o
- =25 2 A |- - Impact Test - A
ASTM A370-24a = 17. Brinell Test Absorbed Energy: Max. A A N
18. Rockwell Test(Scale: |500 J
B, O Temperature: -196 C ~
- CHARPY IMPACT R.T.
TESTING Lateral Expansion:

A2.5.1.1 Flattening Test |(0.01 ~ 5) mm
A2.5.1.4 Flange Test Percent of shear
fracture : (0 ~ 100) %
- Flattening Test/Flaring
Test -

Load: (5 ~ 1 000) kN

Standard Specification
2 9l 224 for General

o Requirements for Load: (5 ~ 950) kN AR N
Specialized Carbon and
Alloy Steel Pipe

Standard Test Methods
for Detecting
Detrimental Intermetallic
Phase in Duplex
Austenitic/Ferritic
Stainless Steels

TEST METHOD A
SODIUM — HYDROXIDE
ETCH TEST FOR
CLASSIFICATION OF
ETCH STRUCTURES OF

Test Method B
SDTL{EIELLESX STAINLESS Charpy Impact Test

Absorbed Energy: Max. A2 N

500 J
TEST METHOD B . o
CHARPY IMPACT TEST Ieﬁ’erat“re' 196 C
FOR CLASSIFICATION OF|~ R-T-
STRUCTURES OF
DUPLEX STAINLESS
STEELS

TEST METHOD
C—FERRIC CHLORIDE
CORROSION TEST FOR
CLASSIFICATION OF
STRUCTURES OF
DUPLEX STAINLESS
STEELS

ASTM =)
A530/A530M-18 |&

I3

=)
2
e
=

ASTM A923-23

GHO
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S = gl 22 B0 o2 Sig
FAMs | AE Y2 Rl A ANz | g
ASTM Q- %tar&__}dard Slpecification
=25 =2 ud or Genera R
A999/A999M-23 |2 Requirements for Alloy |-02d" (5~ 950) kN A2 N
and Stainless Steel Pipe
A 0l 7 Standard Test Method . 5
ASTME1023 (27 2 HEM Iforprinell Hardness of 030" (4903 ~29420) | sz N
= Metallic Materials
S gl g Standard Test Methods
ASTM E112-24 g7 === for Determining - A2 A N
= Average Grain Size
) A 0 7 Standard Test Methods
’SZS(TZI\SZE;)181 %ﬁ = A for Characterizing - AZRA| N
= Duplex Grain Sizes
P ?tandarkd Te”st Mt(ejthod <l ( )
_ =& 2 22A4A| |for Rockwell Hardness cale: B (30 ~100) HRB
ASTM E18-24 = of Metallic Materials Scale: C (20 ~ 70) HRC A A N
(Scale: B, Q)
24 o 2243 Standard Test Method
ASTM E190-21 g7 == =71 [|for Guided Bend Test for|Load: (5 ~ 1 000) kN 22 N
= Ductility of Welds
Load: (5 ~ 200) kN
Standard Test Methods |Elongation/Reduction
22 0 preg| for Elevated of Area: (1 ~ 100) %
ASTM E21-20 27 ==="1 |Temperature Tension Elongation at Fracture: 2 Z2HA N
= Tests of Metallic (1 ~50) %
Materials Temperature: R.T. ~ 1
000 °C
- Impact Test -
Absorbed Energy: Max.
500
Standard Test Methods . o~
ASTM E23-24 =4 2 2 |for Notched Bar Impact E.eTrr.]perature. 196C AR N
= Testing of Metallic Lateral Expansion:
Materials 0.01 ~ 5) mm )
Percent of shear
fracture: (0 ~ 100) %
24 0 224 Standard Test Methods
ASTM E290-22 F === for Bend Testing of Load: (5 ~ 1 000) kN A2 A N
= Material for Ductility
S gl e Standard Practice for o
ASTM E340-23 g7 === Macroetching Metals Magnification: (~ x40) AR N
= and Alloys
Ss o peA Standard ﬁ/lethod of I
B} =2 0l 424%| [Macroetch Testing Stee P
ASTM E381-22 2 Bars, Billets, Blooms and Magnification: (~ x40) NP N
Forgings
S gl e Standard Test Method
ASTM E384-22 %ﬁ == for Microindentation (0.098 ~9.8) N A2HA N

Hardness of Materials
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w4d

A

ASTM E407-23

Standard Practice for
Microetching Metals
and Alloys

ASTM E45-
18a(2023)

OHOM

I

Standard Test Method
for Determining the
Inclusion Content of
Steel

12. Method A (Worst
Fields)

13. Method B (Length)
14. Method C (Oxides
and Silicates)

15. Method D (Low
Inclusion Content)

AZY2|

ASTM E562-19e1

GHOM

I

Standard Test Method

for Determining Volume |_

Fraction by Systematic
Manual Point Count

A

ASTM E8/E8M-24

GHO

P

Standard Test Methods
for Tension Testing of
Metallic Materials

Load: (5 ~ 1 000) kN
Elongation / Reduction
Area: (1 ~ 100) %

AR

ASTM E92-23

GHOM

I

Standard Test Methods
for Vickers Hardness and
Knoop Hardness of
Metallic Materials

HV 5, HV 10

22 A

ASTM F2328M-
17(2022)

oHO

g

=)

it
i
=

Standard Test Method
for Determining
Decarburization and
Carburization in
Hardened and
Tempered Threaded
Steel Bolts, Screws,
Studs, and Nuts (Metric)

AR

ASTM G28-24

oHO

I
Ng

rH
e
=

Standard Test Methods
for Detecting
Susceptibility to
Intergranular Corrosion

in Wrought, Nickel-Rich, |_

Chromium-Bearing
Alloys

Method A-Ferric Sulfate-
Sulfuric Acid Test

AR

ASTM G48-
11(2020)e1

OHOM

I

Standard Test Methods
for Pitting and Crevice
Corrosion Resistance of
Stainless Steels and
Related Alloys by Use of
Ferric Chloride Solution

Method A Ferric
Chloride Pitting Test

AZY2|
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4. Tension Tests Test
Load: (5 ~ 950) kN
Elongration/Reduction
of Area: (1 ~ 100) %
Elongration at Fracture:
(1 ~50) %
5. Shear Tests Load: (5
AWS B4.0: 2016 ~950) kN
Standard Methods for |6. Bend Tests Load: (5
Mechanical Testing of |~ 950) kN
Welds 7. Fracture Toughness
' Tests
22 o ey é gﬁnsm? Tests 7.7.1h. (AZb) ChgrEpy V-
. o5 2 Hd . Shear Tests notc sorb Energy: A
AWSB4.0:2016 12 6. Bend Tests Max 434 J, A4 N
7. Fracture and Notch  |Temperature: R.T. -196
Toughness Tests ~ T
7.7.1.(2) Charpy V- Lateral Expansion:
notch (0.01 ~5) mm, %
8. Hardness Tests Shear area: Max. 100
9. Break Tests %
8. Hardness Tests
Brinell: Test Load (9
800 ~ 29420) N,
Rockwell: Scale B, C
Vickers: HV 10
Microhardness: HV
0.01 ~HV 0.5
[6.10.3 Mechanical
Testing]
- Bend test: (5 ~ 950)
kN
LonsR 350) kn
AWS D1.1/D1.1M: 2020| £9ad- L~ .
Structural Welding Code O;)Lﬁgg?%@@gg%}'on
- Steel : °
22 0l 32 .
/S\1N1S/D1 M2020 |B = ZHAA| 6.10.3 Mechanical [Tfégt]o.él Macroetch AR N
. . . = $est|.ng, _?end Tests, 627 [CVN TeSting
ension Test [ |
6.10.4 Macroetch test ﬁ\?Asroered Energy: Max.
6.27 CVN Tests Te%nperature: -196 C
Lateral Expansion:
(0.01 ~5) mm, %
Shear area: Max. 100
%
. ) Absorbed Energy: Max
22 @ pe g/lhetalllc ma;[jerllals - ?OOJ 196
- o5 2 Hd arpy pendulum emperature: - T~ A
150 148-1:2016 = impact test - Part 1: test |R.T. A4 N
method Lateral Expansion:
(0.01 ~5) mm
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Destructive tests on
| welds in matallic
materials - Macroscopic |Magnification: (~ x40) AR N
and microscopic
examination of welds

P

=
kel
o
>

ISO 17639:2022

ojHOY

Petroleum,
petrochemical and
na(}uralgas Hod
industriesTest methods .

for quality control of éggojrbed Energy: Max.

microstructure of . "o~
ferritic/austenitic(duplex EeTmperature. 196 C

) stainless steels .
5.2 Microstructural %gtgqaLEg)p%nralon.
examination Percent of shear

5.3 Ferrite content A
measurement fracture : (0 ~ 100) %

5.4 Charpy V-notch
impact toughness test
5.5 Corrosion test

I3

=)
2
e
=

ISO 17781:2017 DAY A N

GHO

Determination of
resistance to
intergranular corrosion
c2)f Igtairjliess steels — Pa(rjt

- Ferritic,austenitic and |_ A
ferritic-austenitic A0 N
(duplex) stainless steels
— Corrosion test in
media containing
sulfuric acid

I
ng
i}
]
X

ISO 3651-2:1998

GHOM

Destructive tests on

welds in metallic e
materials - Transverse Load: (5 ~ 1 000) kN A N

tensile test

P
Ne
el
o
=

ISO 4136:2022

oHO

Steel - Determination of
content of non-metallic

A Ol 1 \ !
ISO 4967:2013 gﬁm 2 [ clusions - - PSR N

Micrographic method
using standard diagrams

24 o pagy |Destructive Tests on
SO 5173:2023 F === welds in metallic Load: (5 ~ 1 000) kN A2 A N
= materials - Bend tests
De?éruptive tes”ts on
welas In metallic .
2a ol nm = |Load: (5 ~ 1 000) kN
150 5178:2019-05 [g ™ = #&Al jmaterials - Longitudinal |gongation / Reduction | 2242 N
= ensile test on weld of Area: (1 ~ 100) %
metal in fusion welded :
joints
22 0 preg| Steels — Micrographic  [Magnification: ( x 50,
ISO 643:2024 g7 = =77 |determination of the x100, x200, x500) A A] N

apparent grain size Etching Liquid: Nital
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_ o B 2
FAds MBS ST NEHS sez | N8
) EIL_/.\_ al 'T’Ql‘E_Xﬂ I\/Ietalllc materials - Load: (4 903 ~ 29 420)
ISO 6506-1:2014 g7 = brinell hardness test- | DAY A N

Part 1: test method

2 9l 24243 Metallic materials -
= === Vickers hardness test - |HV 5, HV 10 2R N

ISO 6507-1:2023 |2
= Part 1: test method

2 gl iy Metallic materials -
= Rockwel hardness test - |Scale: B, C AZHZ| N

ISO 6508-1:2023 |2
= Part 1: test method

Metallic materials -

- =4 A 2#H | |Tensile testing - Part 1: e L
ISO 6892-1:2019 2 Method of test at room Load: (5 ~ 1 000) kN S N
temperature

Load: (5 ~ 200) kN

: e Elongation/Reduction
Metallic materials of Area: (1 ~ 100) %

- =4 U 2AH A |Tensile testing — Part 2: . )
ISO 6892-2:2018 2 Method of test at 5409%%t;%2 at Fracture: 2 2HA N
elevated temperature Temperature: R.T. ~ 1
000 °C
Z 0| 7| i H -
) =4 Y 2AA| |Metallic materials - Tube B
ISO 8492:2013(E) = -~ Flattening test Max. (5 ~ 950) kN 22 N
) =4 U 2AA| |Metallic materials - Tube B
ISO 8493:1998(E) = - Drift - expanding test Max. (5 ~950) kN A N
) =4 L 2#HA |Metallic materials — R
ISO 8494:2013(E) = Tube — Flanging test Load: (5 ~ 950) kN 22 N
Destructive tests on
s o welds in metallic
2 0Ol e 1 _
50 9015-1:2001 (g™ = #EAl materials - Hardness |y 5 v 10 2242 N
Hardness test on arc
welded joints
-Impact Test- '
Desl.éru;tive tes”ts on é(k))(S)Oered Energy: Max.
welds In metallic . o~
SO 9016:2022 =24 2 22A| |materials - Impact tests - EeTmperature. 196 AR N
: Z Test specimen location, Lateral Expansion:
notch orientation and 0.01 ~ _,_-)F)Jmm :
examination Shear area: Max. 100
%
SRS Destructive tests on
ISO 9017:2017 %ﬁ == welds in metallic Load: (5 ~ 950) kN A\ N

materials — Fracture test
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S o gl 23| B0 o2 Sig
A |NE LB mEl: N-EE g | RE
a4 TR Micros’guctL]JreGof cgst
- =5 2 2td irons - Part 1: Graphite |_
150 945-1:2019 = classification by visual A A N
analysis
24 g preyz |Steels-Micrographic
JISG0551:2020 |27 ==="" |determination of the |- 2212 N
= apparent grain size
- =4 U Z#H | |Steel - Macroscopic )
JIS G 0553:2019 = examination by etching A4 N
22 0 pe I\/Iic%os(cj%pic thesting
. =4 2 2| [method for the non- )
JIS G 0555:2023 = metallic inclusions in A A N
steel
P I\/Iethgds gfhmedasurig% ( )
: == 4 2424%| |case depth hardened by [(0 ~ 25) mm
JIS G 0557:2019 = carburizing treatment  |Scale: 0.001 mm A A N
for steel
L(ljad: (5~ 200(3 kN
Elongation/Reduction
Method of elevated asd
Jis G 0567:2020 |35 L BB |temperature tensile test (21 1eR Sl 2100 N
' = for steels and heat- (1 ~%0) % '
resisting alloys Temperature: R.T. ~ 1
000 °C
24 0 2243 Carbon steel pipes for
JIS G 3454:2017 |BE7 ==& pressure service Load: (5 ~ 1 000) kN AR N
= 6.2 Flattening Test
. =4 U 2AHA| |Stainless steel pipes R
JIS G 3459:2021 2 13.2.4 Flattening Test Load: (5 ~ 1 000) kN DA N
Spheroidal graphite iron
=2 gl 2| castings
JIS G 5502:2022 === 12.6 Test for - AR N
= Determination of
Spheroidal Graphite rate
Metallic materials - .
Aalm : 1eric Load: (5 ~ 1 000) kN
IS 722412022 |25 2 A | Tensile testing - Method | [0 +i5n/Reduction 2742 N
= of test at room Area: (1 ~ 100)%
temperature : °
Absorbed Energy: Max.
500} o
o4 ol ey Method for charpy EeTmperature. 196 ¢~
ISZ2242:2023 |27 == =1 |pendulum impact test of |25 o1 Exoansion: 22 A N
= metallic materials 0.01 ~ 5>pmm :
Percent of shear area:
(0~ 100) %
- =4 9l 24| |Brinell hardness test - |Load: (4 903 ~ 29 420)
JIS 22243-1:2018 = Part 1: Test Method N A4 N
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HS M= 0l 2l SHEHo R 3_4%:!'
FAvs  (HE ey 4 P sz | B3
24 0 2243 Vickers hardness test -
NSZ2244-1:2024 |27 ==+ Part 1: Test Method (HV [HV 5, HV 10 AR N
= 5, HV 10)
24 o 2243 Rockwell hardness test -
JISZ2245:2021 |7 = T()est Method (Scale: B, |Scale: B, C WA N
C
IS Z 2248:2022 E-_/_.} %1 'T';FEF_:‘X” tl\/letallic materials-Bend itzl N
= est
- =4 U 233 |Methods of tensile test e
JSZ3121:2013 = for butt welded joints Load: (5 ~ 1 000) kN A2 A N
- =24 L 232| |Methods of bend test e
JSZ3122:2013 = for butt welded joint Load: (5 ~ 1 000) kN A A| N
o N ]| _T'_|>E=|7\~” Sampllng methOd of
JSZ3128:2017 E == impact test specimen Max. 500 J A2 A N
= from welded Joint
24 9 A _ ota: (5 ~ 1.000) kN
KSB0802:2003 |27 ==="" |25 Mz AP A e [GAg / HESZE (1 A2 N
= ~100) %
a4 gl 7 _ _
ks B0804:2001 (% =¥ |24 = 38 A 5121 (5 ~ 1 000) kN A 2H2| N
a2 gl =P Ul A 5= -
ksB 08052000 (g% =TI B S SR 35S 1PhS:(4903-29420) | 4z N
= a od
o Ol 1peq 1| A H§o| =2 | o ﬁ?-"oa': B (30 - 100)
. =5 2 #dEA (25 38 Z=  |HRB
KS B 0806:2000 |E hER R3l: € (20 ~ 70) 2242| N
HRC
44 gl npa: «” gﬁ |L4916| _._ll:HA_'l-j)gOJ
. o5 2 HdA A = 5 == -] T~
KS B 0810:2003 = =25 Mz 24 A" YUY Jlzsler (0. 01 ~ 5) A2 A N
mm
2 0l 7 e~y A
ksB0811:2003 (g% = B ImGHEA A2 3= Ty s by 10 A2 N
- QI AR -
5t=: (5 ~ 1 000) kN
Ailg / HHSEZE (1 ~
100) %
o4 gl q o2 A Fol 22 B} )
KsB0821:2022 |E7 = WP IBAREEINIRSA | g2 nyr - A7) N
= =es S0l A]: 2|cf 500
=E1-196 T~ H=2
712 | (0.01 ~5)
mm
HdetmHE: 2T 100 %
KS B ISO =5 Y Ay Z5EE2 IAE -2 |51=. e
4136:2012 2 Get SIZNI 5&: (5~ 1 000) kN A N
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