
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

JPEC- TD 0003 (2020) 
 

 

 

 

 

 

 

 

 

3 (2021 ) 3 12   

 

 

 

 

 

 



 

i  

 

 

 

2020  

 

 

         

 

         

 

         

 

         

 

    IAS      

 

    

 

 

 

 

 

 

 

TF 2020  

 

 

      

 

   

 

    

 

    

 

   

 

 

 

 



 

ii  

 

 
 

 

1   1 

2   1 

3   2 

4   3 

4.1   3 

4.2   4 

4.3   5 

4.4   5 

4.4.1   5 

4.4.2   6 

5   6 

5.1                      6 

5.2                              7 

5.3                              7 

 

 

A   

A.1   8 

A.2   8 

A.3   8 

A.3.1   8 

A.3.2   8 

 

 

B   

B.1   10 

B.2   10 

 

 

C    11 

 

 



 

1 

 

1  

 

 

 

 : 40 MPa  

 : 

 

 : -30 200  

 :  

 

 

2  

1 27 6 29 2  

 51  

1 12 18 5  

7 12 18 5  

JIS B 8266:2006 -  

JIS G 0306:2009  

JIS G 0582:2015  

JIS G 0583:2012  

JIS G 0587:2007  

JIS Z 2244:2009  

JIS Z 2245:2016  

JIS Z 2320-1:2017 - - 1 :  

JIS Z 2320-2:2017 - - 2 :  

JIS Z 2320-3:2017 - - 3 :  

JIS Z 2343-1:2017 - - 1 : :  

 

JIS Z 2343-2:2017 ī ī 2 :  

JIS Z 2343-3:2017 ī ī 3 :  

JIS Z 2343-4:2001 ī ī 4 :  

JPVRC   , 2-1/4Cr-1Mo  



 

2 

 

KIH :1989 

KHKS 0220:2020  

NDIS 2431:2017  

 

ASME Sec. Div.3 KD-10:2019 Special Requirements for Vessels in Hydrogen Service 

ASTM G142-98:2016 Standard Test Method for Determination of Susceptibility of Metals to  

Embrittlement in Hydrogen Containing Environments at High Pressure,  

High Temperature, or Both 

 

 

3  

a)   

 

b)   

 

c)   

 

d)   

 

e)   

 

f)   

 

1.  

 

2.  

 

g)   

 

h)   

 

i)  Slow Strain Rate Tensile TestSSRT 

 



 

3 

 

j)    

 

k)   

 

l)   

 

m)   

 

 

 

4  

4.1  

 

ASTM G142-98

SSRT

SSRT SSRT

4.4

SSRT -

- 4.1(a) SSRT -

4.1(b) SSRT -

a) b)

SSRT  

a)   

ASTM G142-98

SSRT

-

 

b)  SSRT  

SSRT

-  



 

4 

 

:

 

: SSRT C C.1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 SSRT -  

 

 

4.2  

4.2

a) e)

 

a)  4.4

1/41/23/4 5  

b)  JIS Z 2244 JIS Z 2245

 

c)  

 

d)  

 

e)  

2  

 ( mm )  

(a)  

 ( mm )  

(b)  

 
( 

M
P

a
 )

 

 
( 

M
P

a
 )

 

 

H2  

Air  

 



 

5 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2   

 

 

4.3  

KHKS 0220 4.4.3  

a)  C-R :

: C-R

 

b)  

3 40 J 32 J

 

 

4.4  

 

 

 

4.4.1  

JIS G 0306  

a)d)

 

a)  

 

 ( פּ (  ( ) 
  

ṇ
אל

 
H

V
1

0 

0 1/4  1/2  3/4  

1000  

1200  

600  

800  

200  

400  

0 

1200  

0 

אל
 (

M
P

a
) 1000  

800  

600  

400  

200  

 אל

 אל



 

6 

 

b)   

c)   

d)   

 

4.4.2  

1

 

a) b)

 

a)  

 

b)  

3

 

 

 

5  

5.1  

a) b)  

a)  14

 

b)  

1)

3)  

1)  

 

2)  4.4



 

7 

 

 

3)  1) 14

 

 

5.2  

 

 

5.3  

A B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

8 

 

 

A 

 

 

 

A.1  

 

 

A.2  

a) b)

 

a)  C-R C-R

KIC  

b)  KHKS 02207 KIC

 

 

A.3  

A.3.1 A.3.2

 

 

A.3.1  

JIS B 8266 8 3

JIS B 8266 8 3.3  

KHKS 0220 6.3

Seq A.3.2

0 MPa

 

 

A.3.2  

a) c) A.1

 

a)  S-N A.1

KHKS 02206.4

107  

b)  A.3.1 Seq 2 Seq2



 

9 

 

A.1 Seq2 a)

 

c)  b)

 

: C C.2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.1   

 

 

 

 

 

 

 

 

 

 

︡  N 

 (
M
P
a
)

 

S
eq

 

2  

 

S-N  

 

S
eq 2

  

 



 

10 

 

 

B 

 

 

 

 

B.1  

 

 

 

B.2  

 

a)   

b)  KHKS 02206  

c)  b)

 

d)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

11 

 

 

C 

 

 

 

 

 

 

C.1C.4  

C.1 SSRT 

C.2  

C.3  

C.4  

 

 1 4  

1.  

2. 

 

3.  

4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

12 

 

C.1 SSRT 

C.1.1  SSRT1 

 

 

 

 

 

1. MATERIALS 

 

Table C.1.1.1  Details of processing and related data of SNCM439. 

Heat Production process Product form Dimensions (mm) 

B1) Hot-rolled Plate 
Length:870 mm  Width:130 mm 

Thickness:31 mm 

G1) Hot-rolled Plate 
Length:834 mm  Width:130 mm 

Thickness:30 mm 

J1) Hot-forged Cylinder 
Length:3630 mm  Outer diameter:320 mm 

Inner diameter:200 mm  Thickness:60 mm 

1) Reported by the manufacture. 

 

Table C.1.1.2  Chemical composition of SNCM439. 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 

B1) 0.43 0.22 0.82 0.012 0.002 1.81 0.86 0.25 

G1) 0.40 0.22 0.80 0.014 0.002 1.80 0.86 0.26 

J1) 0.40 0.27 0.89 0.009 0.015 1.84 0.92 0.28 

Ladle 

analysis 

B2) 0.42 0.22 0.82 0.016 0.002 1.80 0.86 0.26 

G2) 0.39 0.22 0.79 0.016 0.002 1.80 0.84 0.26 

J3) 0.42 0.26 0.80 0.010 <0.010 1.91 0.89 0.25 

Requirement4) 
Max 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 

Min 0.36 0.15 0.60   1.60 0.60 0.15 

1) Performed by HYDROGENIUS. 

2) Reported by the manufacture. 

3) After the inspection certificate. 

4) JIS G 4053 (2008), ñLow-alloyed steels for machine structural useò. 

 

Table C.1.1.3  Heat treatment conditions of SNCM439. 

Material Heat Shape Quenching Tempering 

Large-sized 

material 

B1) Plate 
850 ÁC/2 h, 

Oil-quenched 
650 ÁC/4 h, Air-cooled 

G1) Plate 
850 ÁC/2 h, 

Oil-quenched 
640 ÁC/4 h, Air-cooled 

J1) Cylinder 

860 ÁC, 

Water-spray 
620 ÁC, Air-cooled 

850 ÁC/2 h, 

Oil-quenched2) 
650 ÁC/4 h, Air-cooled2) 

1) Reported by the manufactures. 

2) A block of l 108 mm, w 320 mm and t 60 mm was heat-treated. 

 HYDROGENIUS DATABASE / No. A68(Tentative) / 2017  /  

 Database on Slow Strain Rate Tensile Test ( SSRT) Properties of JIS - SNCM439 Nickel 

Chromium Molybdenum Steel in 115 MPa Hydrogen Gas 
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2. MECHANICAL PROPERTIES 

 

Table C.1.1.4  Mechanical properties of SNCM439. 

Material Heat Shape 
Tempering 

Temperature 

(°C) 

Tensile Properties 
Vickers 

Hardness 

(HV) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction 

of Area 

ű (%) 

Large-sized 

material 

B1) Plate 650 7382)(7393)) 867 22 66 275 

G1) Plate 640 7462)(7473)) 873 23 66 270 

J1) Cylinder 
620 9252)(9213)) 1025 20 62 318 

650 7662)(7643)) 881 25 67 263 

1) Performed by HYDROGENIUS. 

2) Determined from ů-Ů curve. 

3) Determined from ů-stroke curve. See Fig. A1-6 in HYDROGENIUS DATABASE No.68. 

 

 

 

3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

Table C.1.1.5  Slow strain rate tensile test conditions. 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN Screw type, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment 

In 115 MPa hydrogen gas at -45 ÁC 

through 120 ÁC 

In 0.1 MPa nitrogen gas at -45 ÁC 

In 115 MPa nitrogen gas at RT 

In air at 120 ÁC 

In air at RT 

Gas purity 
Hydrogen gas : 99.999% (5N) 

Nitrogen gas : 99.999% (5N) 
--- 

Test speed 
1.5 × 10-3 mm/s2) ( 5.0 × 10-5 s-1)3) 

2.0 × 10-3 mm/s2) ( 6.7 × 10-5 s-1)3) 
1.7 × 10-3 mm/s2) ( 5.7 × 10-5 s-1)3) 

Specimen1) 

(dimensions in 

mm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide 

paper. 

2) Stroke speed or cross head speed. 

3) Determined on the basis of 30-mm parallel length of specimen. 5.0 × 10-5 s-1 is given  

by (1.5 Ĭ 10-3 mm/s) / 30 mm. 5.7 × 10-5 s-1 is given by (1.7 Ĭ 10-3 mm/s) / 30 mm. 6.7 × 10-5 s-1 

is given by (2.0 Ĭ 10-3 mm/s) / 30 mm. 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

    

(a-1) -40 ÁC, 106 MPa H2                           (a-2) RT, 115 MPa H2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a-3) 120 ÁC, 115 MPa H2 

 

(a) Heat B tempered at 650 ÁC (ůB=867MPa) 

 

Fig. C.1.1.1  Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas. 

 

(Figure continued on next page.) 

In 106 MPa hydrogen gas at -40 ϴ 

In 0.1 MPa nitrogen gas at -45 ϴ 
In 115 MPa hydrogen gas at RT 

In air at RT 

In 115 MPa hydrogen gas at 120 ϴ 

In air at 120 ϴ 
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(b-1) -45 ÁC, 106 MPa H2                           (b-2) RT, 115 MPa H2 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b-3) 120 ÁC, 115 MPa H2 

 

(b) Heat G tempered at 640 ÁC (ůB=873MPa) 

 

Fig. C.1.1.1  Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas. 

(Continued) 

 

(Figure continued on next page.) 

In 115 MPa hydrogen gas at 120 ϴ 

In air at 120 ϴ 

In 106 MPa hydrogen gas at -45 ϴ 

In 0.1 MPa nitrogen gas at 

-45 ϴ 

In 115 MPa hydrogen gas at RT 

In air at RT 

 ∆╢ ⅜ ⌂╢

↓≤⌐╟╡⁸↓─ ─

│ ∂ ╢ 
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(c-1) RT, 115 MPa H2
1)                           (c-2) RT, 115 MPa H2

1) 

 

(c) Heat J tempered at 620 ÁC (ůB=1025MPa) 

1) Two specimens were used for SSRT in 115 MPa hydrogen gas at room temperature. 

 

 

Fig. C.1.1.1  Stress - stroke curves of large-sized SNCM439 in 106 and 115 MPa hydrogen gas. 

(Continued) 

  

In 115 MPa hydrogen gas at RT 

In 115 MPa nitrogen 

gas at RT 

In 115 MPa hydrogen gas at RT 

In 115 MPa nitrogen 

gas at RT 
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C.1.2  SSRT2 

 

 

 

 

1. MATERIALS 

 

 

Table C.1.2.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

A Hot-forged Plate 
Length:950mm  Width:130 mm 

Thickness:30 mm 

B Hot-forged Round bar Outer diameter:430 mm 

C Hot-rolled Round bar Outer diameter:300 mm 

D Hot-rolled Round bar Outer diameter:300 mm 

 

 

 

Table C.1.2.2  Chemical composition of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo O(ppm) 

Product 

analysis 

A 0.42 0.22 0.81 0.017 0.002 1.81 0.85 0.26 6 

B 0.40 0.26 0.80 0.005 0.004 1.90 0.84 0.25 35 

C 0.40 0.27 0.80 0.012 0.014 1.74 0.74 0.23 12 

D 0.41 0.26 0.82 0.022 0.010 1.60 0.79 0.15 15 

Requirement1) 
Max 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 - 

Min 0.36 0.15 0.60 - - 1.60 0.60 0.15 - 

1) JIS G 4053 (2008), ñLow-alloyed steels for machine structural useò. 

 

 

 

Table C.1.2.3  Heat treatment conditions of SNCM439. 

 

Heat Direction Heat-treated shape Quenching Tempering 

A 
Axial Length:160mm  Width:130 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 

650 ÁC/4 h, 

Air -cooled Width 

B 
Axial Length:160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 

645 ÁC/4 h, 

Air -cooled Circumferential 

C 
Axial Length:160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 

645 ÁC/4 h, 

Air -cooled Circumferential 

D 
Axial Length:160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 

630 ÁC/4 h, 

Air -cooled Circumferential 

 

 

  

 NEDO  
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2. MECHANICAL PROPERTIES 

 

 

 

Table C.1.2.4  Mechanical properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

B 
Axial 739 885 22 61 

Circumferential 737 881 17 44 

C 
Axial 744 880 22 63 

Circumferential 765 892 16 37 

D 
Axial 762 894 20 59 

Circumferential 781 899 19 53 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

Table C.1.2.5  Mechanical properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

B 
Axial 739 885 22 61 

Circumferential 737 881 17 44 

C 
Axial 744 880 22 63 

Circumferential 765 892 16 37 

D 
Axial 762 894 20 59 

Circumferential 781 899 19 53 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

 

 

 

 



 

19 

 

3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

Table C.1.2.6  Slow strain rate tensile test conditions. 

 

Type and capacity 

of testing machine 
Servo-hydraulic, 100 kN 

Loading condition Uniaxial, Monotonic 

Environment In 90 MPa hydrogen gas at RT In air at RT 

Gas purity Hydrogen gas : 99.99999% (7N) --- 

Test speed 3.0 × 10-3 mm/s1) ( 1.0 × 10-4 s-1)2) 

Specimen3) 

(dimensions in 

mm) 

 

1) Stroke speed. 

2) Determined on the basis of 30-mm parallel length of specimen. 

 1.0 × 10-4 s-1 is given by (3.0 Ĭ 10-3 mm/s) / 30 mm.  

3) Surface finishing was performed by axial polishing with 800 grade silicon carbide paper. 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a-1) Axial direction                       (a-2) Width direction 

(a) Heat A 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b-1) Axial direction                  (b-2) Circumferential direction 

(b) Heat B 

 

 

Fig. C.1.2.1  Stress - stroke curves of SNCM439. 

 

(Figure continued on next page.) 
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(c-1) Axial direction                     (c-2) Circumferential direction 

(c) Heat C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(d-1) Axial direction                  (d-2) Circumferential direction 

(d) Heat D 

 

Fig. C.1.2.1  Stress - stroke curves of SNCM439. 
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C.1.3  SSRT3 

 

 

 

 

1. MATERIALS 

 

 

Table C.1.3.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

A Hot-rolled Cylinder 

Length:6000 

Outer diameter:356 

Thickness:62 

 

 

 

Table C.1.3.2  Chemical compositions of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 
A 0.40 0.24 0.73 0.007 <0.0010 1.77 0.74 0.22 

 

 

 

Table C.1.3.3  Heat treatment conditions of SNCM439. 

 

Material Heat Shape Quenching Tempering 

Seamless line 

pipe 
A Cylinder 

870 ÁC-80min, 

Oil-quench 
635 ÁC-160min, Air-cooling 

 

 

 

 

 

2. MECHANICAL PROPERTIES 

 

 

Table C.1.3.4  Mechanical properties of SNCM439. 

 

Material Heat Shape 

Tempering 

Temperature 

(°C) 

Tensile Properties 

Vickers 

Hardness 

(HV10) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB 

(MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction 

of Area 

ű (%) 

Seamless 

line pipe 
A Cylinder 635 

787 928 21.2 71.3 
280 

787 928 21.7 69.4 

 

 JFE☻♅כꜟ  

 NEDO  
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

Table C.1.3.5  Slow strain rate test conditions. 

 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment 

85ÁC: Air, 105 MPa hydrogen gas 

RT: Air, 105 MPa hydrogen gas 

0ÁC : 0.1 MPa nitrogen gas, 105 MPa hydrogen gas 

-30 ÁC: 0.1 MPa nitrogen gas, 105 MPa hydrogen gas 

Gas purity 
Hydrogen gas : 99.999-99.9999% (5-6N) 

Nitrogen gas : 99.999% (5N) 

Test speed 2.0 × 10-3 mm/s2) ( 6.7 × 10-5 s-1)3) 

Specimen1) 

(dimensions in 

mm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Surface finishing was performed by circumferential polishing. 

2) Crosshead speed. 

3) Determined on the basis of 30-mm parallel length of specimen: 6.7 × 10-5 s-1 is given by 2.0 Ĭ 10-3 

mm/s / 30 mm.  
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

 

Fig. C.1.3.1  Stress - stroke curves of SNCM439. 
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C.1.4  SSRT 4 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.4.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

L Hot-forged Plate 
Length:833 mm  Width:132 mm 

Thickness:31 mm 

E Hot-forged Plate 
Length:750 mm  Width:130 mm 

Thickness:31 mm 

R Hot-forged Plate 
Length:787 mm  Width:130 mm 

Thickness:33 mm 

 

 

 

 

 

Table C.1.4.2  Heat treatment conditions of SNCM439. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 

L Plate 
850 °C/2 h, 

Oil-quenched 
640 °C/4 h, Air-cooled 

E Plate 
850 °C/2 h, 

Oil-quenched 
650 °C/4 h, Air-cooled 

R Plate 
850 °C/2 h, 

Oil-quenched 
640 °C/6 h, Air-cooled 

 

 

 

 

 

Table C.1.4.3  Chemical composition of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 

L 0.39 0.22 0.80 0.016 0.002 1.80 0.84 0.26 

E 0.42 0.22 0.82 0.016 0.002 1.81 0.86 0.26 

R 0.39 0.22 0.82 0.015 0.0024 1.81 0.85 0.26 

 

 

 

 

 

◄Ⱡꜟ◑הכ (NEDO). ▬fiⱨꜝ

/ ⌐ ╦╢ / √⌂ ─ ⌐ ∆╢  
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.4.1  Schematic of specimen direction. 

 

 

 

 

Table C.1.4.4  Tensile properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

L Transverse 755 874 21 59 

E 
Longitudinal 749 874 18 62 

Transverse 767 889 25 58 

R 
Longitudinal 748 870 22 65 

Transverse 762 875 24 64 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

Table C.1.4.5  Charpy impact properties of SNCM439. 

 

Heat Direction 
Charpy Absorbed Energy at 20 °C (J) Charpy Absorbed Energy at -60 °C (J) 

Individual Average Individual Average 

R 
Longitudinal 147 143 138 143 112 122 116 117 

Transverse 123 126 125 125 104 103 105 104 

 

 

 

Longitudinal 

Transverse 

Forging Direction 
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.4.2  Schematic of specimen direction. 

 

 

 

 

Table C.1.4.6  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142 98(2016)1) 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment 

In 106 MPa or 115 MPa hydrogen gas at RT through 200 ÁC 

In 0.1 MPa nitrogen gas at RT 

In air at RT or 200 ÁC 

Gas purity Hydrogen gas : 99.999% (5N) 

Test speed 2.0 × 10-3 mm/s3) ( 6.7 × 10-5 s-1)4) 

Specimen2) 

(dimensions in mm) 

 

1) Excluding test specimen shape 

2) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide 

paper. 

3) Stroke speed or cross head speed. 

4) Determined on the basis of 30-mm parallel length of specimen. 6.7 × 10-5 s-1 is given by (2.0 Ĭ 

10-3 mm/s) / 30 mm. 

Longitudinal 

Forging Direction 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

Table C.1.4.7  SSRT properties of SNCM439 Heat L. 

 

 

1) RTS /  

2) REL /  

3) RRA /  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) RT                              b) 200 ÁC 

 

 

Fig. C.1.4.3  Stress - stroke curves of SNCM439 Heat L. 

 

 

 

 

 

Heat Direction Test condition sB (MPa) RTS1) d (%) REL2) ű (%) RRA3) 

L 

Longitudinal RT 

Air 880 - 24 - 69 - 

115MPa H2 
879 1.00 20 0.83 48 0.70 

903 1.03 19 0.79 40 0.58 

Longitudinal 200  

Air 879 - 22 - 65 - 

115MPa H2 
886 1.01 18 0.82 43 0.66 

890 1.01 18 0.82 44 0.68 
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Table C.1.4.8  SSRT properties of SNCM439 Heat E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   

a) RT                                       b) 200 ÁC 

 

 

Fig. C.1.4.4  Stress - stroke curves of SNCM439 Heat E. 

 

 

 

 

 

 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

E 

Longitudinal RT 

Air 856 - 23 - 65 - 

115MPa H2 
870 1.02 16 0.70 35 0.54 

855 1.00 18 0.78 37 0.57 

Longitudinal 200  

Air 861 - 21 - 60 - 

115MPa H2 
861 1.00 17 0.82 40 0.67 

884 1.03 17 0.80 39 0.65 



 

30 

 

 

 

 

 

 

 

Table C.1.4.9  SSRT properties of SNCM439 Heat R. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) RT                                       b) 200 ÁC 

 

 

Fig. C.1.4.5  Stress - stroke curves of SNCM439 Heat R. 

 

 

 

 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

R 

Longitudinal RT 

Air 851 - 24 - 68 - 

115MPa H2 
872 1.02 20 0.81 43 0.63 

849 1.00 19 0.78 41 0.60 

Longitudinal 200  

Air 859 - 21 - 60 - 

115MPa H2 
855 1.00 18 0.86 42 0.70 

875 1.02 17 0.82 38 0.63 
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C.1.5  SSRT 5 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.5.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

G Hot-forged Plate 
Length: 834 mm  Width: 130 mm 

Thickness: 30 mm 

 

 

 

 

 

Table C.1.5.2  Heat treatment conditions of SNCM439. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 
G Plate 

850 °C/2 h, 

Oil-quenched 
640 °C/4 h, Air-cooled 

 

 

 

 

 

Table C.1.5.3  Chemical composition of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 
G 0.39 0.22 0.79 0.016 0.002 1.80 0.84 0.26 
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.5.1  Schematic of specimen direction. 

 

 

 

 

 

 

 

Table C.1.5.4  Tensile properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

G Transverse 755 874 21 59 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Forging Direction 

Transverse 
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.5.2  Schematic of specimen direction. 

 

 

 

 

Table C.1.5.5  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142 98 (2016)1) 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN Screw type, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment In 115 MPa hydrogen gas at RT In air at RT 

Gas purity Hydrogen gas : 99.999% (5N) --- 

Test speed 2.0 × 10-3 mm/s3) ( 6.7 × 10-5 s-1)4) 1.7 × 10-3 mm/s2) ( 5.7 × 10-5 s-1)4) 

Specimen2) 

(dimensions in mm) 

 

1) Excluding test specimen shape 

2) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide 

paper. 

3) Stroke speed or cross head speed. 

4) Determined on the basis of 30-mm parallel length of specimen. 5.7 × 10-5 s-1 is given by (1.7 Ĭ 

10-3 mm/s) / 30 mm. 6.7 × 10-5 s-1 is given by (2.0 Ĭ 10-3 mm/s) / 30 mm. 

 

Longitudinal 

Forging Direction 
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 100MPa  

 115MPa SSRTKI,H  

 

 

Fig. C.1.5.3  Schematic of hydrogen charging before SSRT. 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

Table C.1.5.6  SSRT properties of SNCM439 Heat G. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.5.4  Stress - stroke curves of SNCM439. 

 

 

 

 

 

 

 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

G 

Longitudinal RT Air 873 - 26 - 67 - 

Longitudinal RT 115MPa H2 845 0.97 21 0.81 35 0.52 

Longitudinal RT 

115MPa H2 

(After H 

charging) 

841 0.96 21 0.81 34 0.51 
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C.1.6  SSRT 6 

 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.6.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

SN23 Hot-forged Plate 
Length:573 mm  Width:130 mm 

Thickness:33 mm 

 

 

 

 

 

Table C.1.6.2  Heat treatment conditions of SNCM439. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 
SN23 Plate 

850 °C/2 h, 

Oil-quenched 
640 °C/6 h, Air-cooled 

 

 

 

 

 

Table C.1.6.3  Chemical composition of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 
SN23 0.40 0.22 0.83 0.015 0.0026 1.81 0.85 0.26 
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.6.1  Schematic of specimen direction. 

 

 

 

 

 

Table C.1.6.4  Tensile properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

SN23 
Longitudinal 751 873 24 66 

Transverse 742 869 21 60 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

Table C.1.6.5  Charpy impact properties of SNCM439. 

 

Heat Direction 
Charpy Absorbed Energy at 20 °C (J) Charpy Absorbed Energy at -60 °C (J) 

Individual Average Individual Average 

SN23 
Longitudinal 149 143 139 144 124 127 123 125 

Transverse 122 125 124 124 102 107 105 105 

 

 

 

 

 

 

Longitudinal 

Transverse 

Forging Direction 
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.6.2  Schematic of specimen direction. 

 

 

 

 

Table C.1.6.6  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142-98 (2016) 

Type and capacity 

of testing machine 
Servo-hydraulic, 100 kN Servo-hydraulic, 500 kN 

Loading condition Uniaxial, Monotonic 

Environment 
In 99 MPa hydrogen gas at RT 

through 85 ÁC 
In air at RT through 85 ÁC 

Gas purity Hydrogen gas : 99.99999% (7N) --- 

Test speed 2.8 × 10-3 mm/s2) ( 5.0 × 10-5 s-1)3) 
(~Y.S.) : 1.6 × 10-2 mm/s2) ( 2.8 × 10-4 s-1)3) 

(Y.S.~) : 36.7 × 10-2 mm/s2) ( 6.5 × 10-3 s-1)3) 

Specimen1) 

(dimensions in 

mm) 

 
JIS Z 2201 (1998) 14A  

1) Surface finishing was performed by circumferential polishing with 800 grade silicon carbide 

paper. 

2) Stroke speed or cross head speed. 

3) Determined on the basis of 56-mm parallel length of specimen. Measured value. 
 

Longitudinal 

Transverse 

Forging Direction 
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4. EXPERIMENTAL RESULTS 

 

 

Table C.1.6.7  SSRT properties of SNCM439. 

◒כ꜡♩☻(1 ┘⅛╠  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Longitudinal specimens at RT                b) Longitudinal specimens at 85 ÁC 

 

 

 

 

 

 

 

 

 

 

 

c) Transverse specimens at RT                  d) Transverse specimens at 85 ÁC 

   

Fig. C.1.6.3  Stress - stroke curves of SNSM439. 

 

Heat Direction Test condition sB (MPa) d (%)1) REL ű (%) RRA 

SN23 Longitudinal 

RT 
Air 853 18 - 67 - 

99 MPa H2 856 11 0.61 25 0.37 

85  
Air 821 15 - 64 - 

99 MPa H2 820 13 0.87 39 0.61 

SN23 Transverse 

RT 
Air 851 18 - 60 - 

99 MPa H2 853 11 0.61 26 0.43 

85  
Air 817 14 - 64 - 

99 MPa H2 819 13 0.93 44 0.69 
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C.1.7  SSRT 7 

 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.7.1  Details of processing and related data of SCM435. 

 

Heat Production process Product form Dimensions (mm) 

J Hot-forged Plate - 

K Hot-forged Cylinder - 

 

 

 

 

 

Table C.1.7.2  Heat treatment conditions of SCM435. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 

J Plate 
900 °C / 60 min, 

Oil-quenched 
600 °C / 100 min, Air-cooled 

K Cylinder 
860 °C, 

Water-spray 
630 , Air -cooled 

 

 

 

 

 

Table C.1.7.3  Chemical composition of SCM435. 

 

 Heat 
Element (mass %) 

C Si Mn P S Cr Mo 

Product 

analysis 

J 0.36 0.18 0.78 0.013 0.005 1.04 0.20 

K 0.37 0.22 0.84 0.012 0.005 1.15 0.24 
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2. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.7.1  Schematic of specimen direction. 

 

 

 

Table C.1.7.4  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142-98 (2016) 1) 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN Screw type, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment 

In 106 MPa or 115 MPa hydrogen gas 

at -45 ÁC through 200 ÁC 

In 0.1 MPa nitrogen gas at -45 ÁC 

In air at RT through 200 ÁC 

Gas purity Hydrogen gas : 99.999% (5N) --- 

Test speed 1.5 × 10-3 mm/s3) ( 5.0 × 10-5 s-1)4) 1.7 × 10-3 mm/s2) ( 5.7 × 10-5 s-1) 4) 

Specimen2) 

(dimensions in 

mm) 

 

1) Excluding test specimen shape 

2) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide 

paper. 

3) Stroke speed or cross head speed. 

4) Determined on the basis of 30-mm parallel length of specimen. 5.0 × 10-5 s-1 is given by (1.5 Ĭ 

10-3 mm/s) / 30 mm. 5.7 × 10-5 s-1 is given by (1.7 Ĭ 10-3 mm/s) / 30 mm. 

Longitudinal 

Forging Direction 
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3. EXPERIMENTAL RESULTS 

 

Table C.1.7.5  SSRT properties of SCM435 Heat J. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) -45 ÁC                                    b) RT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) 120 ÁC                                  d) 200 ÁC  

 

Fig. C.1.7.2  Stress - stroke curves of SCM435 Heat J. 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

J 

Longitudinal -45  
0.1MPa N2 954 - 27 - 72 - 

106MPa H2 936 0.98 - - 25 0.35 

Longitudinal RT 
Air 824 - 22 - 72 - 

115MPa H2 840 1.02 16 0.73 30 0.42 

Longitudinal 120  
Air 864 - 23 - 70 - 

115MPa H2 829 0.96 17 0.74 42 0.60 

Longitudinal 200  
Air 862 - 22 - 70 - 

115MPa H2 886 1.03 15 0.69 37 0.53 
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4. EXPERIMENTAL RESULTS 

 

 

Table C.1.7.6  SSRT properties of SCM435 Heat K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) -40 ÁC                                    b) RT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) 120 ÁC 

Fig. C.1.7.3  Stress - stroke curves of SCM435 Heat K. 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

K 

Longitudinal -40  
0.1MPa N2 881 - 28 - 65 - 

106MPa H2 886 1.01 21 0.75 36 0.55 

Longitudinal RT 
Air 817 - 23 - 70 - 

115MPa H2 820 1.00 23 1.00 47 0.67 

Longitudinal 120  
Air 792 - 23 - 65 - 

115MPa H2 835 1.05 20 0.87 47 0.72 
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C.1.8  SSRT 8 

 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.8.1  Details of processing and related data of SA-723. 

 

Heat Production process Product form Dimensions (mm) 

D Hot-forged Plate 
Length:88 mm  Width:100 mm 

Thickness:30 mm 

E Hot-forged Plate 
Length:90 mm  Width:100 mm 

Thickness:30 mm 

 

 

 

 

 

Table C.1.8.2  Heat treatment conditions of SA-723. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 

D Plate 
850 °C / 2 h, 

50 °C/min. Air-cool 
640 °C/6 +6 h, Air-cooled 

E Plate 
850 °C / 2 h, 

50 °C/min. Air-cool 
640 °C/6+2.5 h, Air-cooled 

 

 

 

 

 

Table C.1.8.3  Chemical composition of SA-723. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo V 

Product 

analysis 

D 0.26 0.09 0.28 0.006 0.001 3.34 1.68 0.41 0.08 

E 0.26 0.09 0.28 0.006 0.001 3.34 1.68 0.41 0.08 
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.8.1  Schematic of specimen direction. 

 

 

 

 

 

Table C.1.8.4  Tensile properties of SA-723. 

 

Heat Direction 

Tensile Properties2) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

-1) Transverse 798 872 16 76 

1Heat DHeat E  

2) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

 

Table C.1.8.5  Charpy impact properties of SA-723. 

 

Heat Direction 
Charpy Absorbed Energy at 20 °C (J) Charpy Absorbed Energy at -30 °C (J) 

Individual Average Individual Average 

-1) Transverse 223 221 220 221 223 226 230 226 

1Heat DHeat E  

 

 

 

 

 

 

Transverse 

Forging Direction 
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.8.2  Schematic of specimen direction. 

 

 

 

 

Table C.1.8.6  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142-98 (2016)1) 

Type and capacity 

of testing machine 
Servo-hydraulic, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment 

In 106 MPa or 115 MPa hydrogen gas at -45 ÁC through 200 ÁC 

In 0.1 MPa nitrogen gas at -45 ÁC 

In air at RT or 200 ÁC 

Gas purity Hydrogen gas : 99.999% (5N) 

Test speed 2.0 × 10-3 mm/s3) ( 6.7 × 10-5 s-1)4) 

Specimen2) 

(dimensions in 

mm) 

 

1) Excluding test specimen shape 

2) Surface finishing was performed by circumferential polishing with 600 grade silicon carbide 

paper. 

3) Stroke speed or cross head speed. 

4) Determined on the basis of 30-mm parallel length of specimen. 6.7 × 10-5 s-1 is given by (2.0 Ĭ 
10-3 mm/s) / 30 mm. 

Longitudinal 

Forging Direction 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

 

Table C.1.8.7  SSRT properties of SA-723 Heat D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) RT                                       b) 200 ÁC 

 

Fig. C.1.8.3  Stress - stroke curves of SA-723 Heat D. 

 

 

 

 

 

 

 

 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

D 

Longitudinal RT 

Air 843 - 25 - 77 - 

115MPa H2 
841 1.00 17 0.67 30 0.39 

865 1.03 16 0.62 28 0.36 

Longitudinal 200  

Air 793 - 23 - 77 - 

115MPa H2 
802 1.01 16 0.70 44 0.57 

798 1.01 16 0.69 43 0.56 

0

200

400

600

800

1000

1200

1400

0 2 4 6 8 10

N
o

m
in

a
l 
s
tr

e
s
s
 (

M
P

a
)

Stroke displacement (mm)

SA-723M, D

Strain rate: 6.7x10-5 s-1 (CHS: 0.002 mm/s)

In 115 MPa H2 at RT

0

200

400

600

800

1000

1200

1400

0 2 4 6 8 10

N
o

m
in

a
l 
s
tr

e
s
s
 (

M
P

a
)

Stroke displacement (mm)

SA-723M, D

Strain rate: 6.7x10-5 s-1 (CHS: 0.002 mm/s)

In 115 MPa H2 at 200 oC



 

48 

 

Table C.1.8.8  SSRT properties of SA-723 Heat E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) -45 ÁC                                   b) RT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) 200 ÁC 

Fig. C.1.8.4  Stress - stroke curves of SA-723 Heat E. 

 

Heat Direction Test condition sB (MPa) RTS d (%) REL ű (%) RRA 

E 

Longitudinal -45  
Air 942 - 27 - 75 - 

115MPa H2 909 0.97 14 0.50 26 0.35 

Longitudinal RT 

Air 864 - 24 - 76 - 

115MPa H2 
862 1.00 16 0.65 29 0.38 

872 1.01 14 0.58 27 0.36 

Longitudinal 200  
Air 812 - 22 - 76 - 

115MPa H2 778 0.96 15 0.68 43 0.57 
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C.1.9  SSRT 9 

 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.1.9.1  Details of processing and related data of SA-723. 

 

Heat Production process Product form Dimensions (mm) 

SA Hot-forged Round bar Outer diameter:550 mm 

 

 

 

 

 

Table C.1.9.2  Heat treatment conditions of SA-723. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 
SA Round bar 

850 °C 

Water-quenched 
640 °C, Air-cooled 

 

 

 

 

 

Table C.1.9.3  Chemical composition of SA-723. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo V 

Product 

analysis 
SA 0.26 0.09 0.28 0.006 0.001 3.34 1.68 0.41 0.08 
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.9.1  Schematic of specimen direction. 

 

 

 

 

 

Table C.1.9.4  Tensile properties of SA-723. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

SA Longitudinal 743 865 22 71 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

 

 

Table C.1.9.5  Charpy impact properties of SA-723. 

 

Heat Direction 
Charpy Absorbed Energy at -15 °C (J) 

Individual Average 

SA Longitudinal 186 189 196 190 

 

 

 

 

 

 

 

Forging Direction 

Longitudinal 
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3. SLOW STRAIN RATE TENSILE TEST CONDITIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.1.9.2  Schematic of specimen direction. 

 

 

 

 

Table C.1.9.6  Slow strain rate tensile test conditions. 

 

Applied standard ASTM G142-98 (2016) 

Type and capacity 

of testing machine 
Servo-hydraulic, 100 kN Servo-hydraulic, 500 kN 

Loading condition Uniaxial, Monotonic 

Environment 
In 115 MPa hydrogen gas at RT 

through 85 ÁC 
In air at RT through 85 °C 

Gas purity Hydrogen gas : 99.99999% (7N) --- 

Test speed 2.8 × 10-3 mm/s2) ( 6.7 × 10-5 s-1)3) 
(~Y.S.) : 1.6 × 10-2 mm/s2) ( 2.8 × 10-4 s-1)3) 

(Y.S.~) : 36.7 × 10-2 mm/s2) ( 6.5 × 10-3 s-1)3) 

Specimen1) 

(dimensions in 

mm) 

 
JIS Z 2201 (1998) 14A  

1) Surface finishing was performed by circumferential polishing with 800 grade silicon carbide 

paper. 

2) Stroke speed or cross head speed. 

3) Determined on the basis of 56-mm parallel length of specimen. Measured value. 
 

Longitudinal 

Transverse 

Forging Direction 
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4. EXPERIMENTAL RESULTS 

 

 

Table C.1.9.7  SSRT properties of SA-723. 

◒כ꜡♩☻(1 ┘⅛╠  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Longitudinal specimens at RT                b) Longitudinal specimens at 85 ÁC 

 

 

 

 

 

 

 

 

 

 

 

c) Transverse specimens at RT                  d) Transverse specimens at 85 ÁC 

 

Fig. C.1.9.3  Stress - stroke curves of SA-723. 

 

 

Heat Direction Test condition sB (MPa) d (%)1) REL ű (%) RRA 

SA Longitudinal 

RT 
Air 850 16 - 73 - 

99 MPa H2 852 10 0.63 25 0.34 

85  
Air 814 15 - 71 - 

99 MPa H2 817 11 0.73 36 0.51 

SA Transverse 

RT 
Air 843 15 - 68 - 

99 MPa H2 850 10 0.67 22 0.32 

85  
Air 810 13 - 61 - 

99 MPa H2 815 10 0.77 31 0.51 
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C.2  

C.2.1 1 

 

 

 

 

 

1. MATERIALS 

 

Table C.2.1.1  Details of processing and related data of SNCM439. 

Heat Production process Product form Dimensions (mm) 

C1) Hot-rolled Plate 
Length:870 mm  Width:132 mm 

Thickness:31 mm 

H1) Hot-rolled Plate 
Length:830 mm  Width:132 mm 

Thickness:31 mm 

J1) Hot-forged Cylinder 
Length:3630 mm  Outer diameter:320 mm 

Inner diameter:200 mm  Thickness:60 mm 

1) Reported by the manufacture. 

 

 

Table C.2.1.2  Chemical composition of SNCM439. 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 

C1) 0.43 0.22 0.82 0.012 0.002 1.81 0.86 0.25 

H1) 0.40 0.22 0.80 0.014 0.002 1.80 0.86 0.26 

J1) 0.40 0.27 0.89 0.009 0.015 1.84 0.92 0.28 

Ladle 

analysis 

C2) 0.42 0.22 0.82 0.015 0.002 1.80 0.85 0.25 

H2) 0.39 0.22 0.79 0.016 0.002 1.81 0.84 0.26 

J3) 0.42 0.26 0.80 0.010 <0.010 1.91 0.89 0.25 

Requirement4) 
max 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 

min 0.36 0.15 0.60   1.60 0.60 0.15 

1) Performed by HYDROGENIUS. 

2) Reported by the manufacture. 

3) After the inspection certificate. 

4) JIS G 4053 (2008), ñLow-alloyed steels for machine structural useò. 

 

 

Table C.2.1.3  Heat treatment conditions of SNCM439. 

Material Heat Shape Quenching Tempering 

Large-sized 

material 

C1) Plate 
850 ÁC/2 h, 

Oil-quenched 
650 ÁC/4 h, Air-cooled 

H1) Plate 
850 ÁC/2 h, 

Oil-quenched 
640 ÁC/4 h, Air-cooled 

J1) Cylinder 

860 ÁC, 

Water-spray 
620 ÁC, Air-cooled 

850 ÁC/2 h, 

Oil-quenched2) 
650 ÁC/4 h, Air-cooled2) 

1) Reported by the manufactures. 

2) A block of l 108 mm, w 320 mm and t 60 mm was heat-treated. 

 

 HYDROGENIUS DATABASE / No. A6 9(Tentative) / 2017  /  

 Database on Fatigue Strength Properties of JIS - SNCM439 Nickel Chromium Molybdenum Steel 

in 115 MPa Hydrogen Gas 
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2. MECHANICAL PROPERTIES 

 

Table C.2.1.4  Mechanical properties of SNCM439. 

Material Heat Shape 

Tempering 

Temperature 

(°C) 

Tensile Properties 
Vickers 

Hardness 

(HV) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction 

of Area 

ű (%) 

Large-sized 

material 

C1) Plate 650 7382)(7393)) 867 22 66 275 

H1) Plate 640 7462)(7473)) 873 23 66 270 

J1) Cylinder 
620 9252)(9213)) 1025 20 62 318 

650 7662)(7643)) 881 25 67 263 

1) Performed by HYDROGENIUS. 

2) Determined from ů-Ů curve. 

3) Determined from ů-stroke curve. See Fig. A1-6 in HYDROGENIUS DATABASE No.68. 

 

 

3. FATIGUE STRENGTH PROPERTIES 

 

Table C.2.1.5  Fatigue test conditions. 

Type of test Uniaxial 

Testing 

machines 

100 kN servohydraulic fatigue machine in gaseous hydrogen and nitrogen up to 120 MPa 

50 kN servohydraulic fatigue machine in air 

Loading 

condition 
Constant stress amplitude test under zero mean stress (R = ī1) 

Waveform 

 

Sinusoidal 

Frequency 0.01 ï 1 Hz 

Environment 
115 MPa hydrogen gas, RT 

Laboratory air, RT 

Gas purity Hydrogen gas: 99.999 % 

Specimen1) 

 

 

1) The specimen surface was finished by buffing with a colloidal SiO2 (0.04 mm) solution. 

R = -1 load 

time  
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4. EXPERIMENTAL RESULTS 

 

(a) Heat C, tempered at 650 ÁC (ůB=867MPa) 

 

 

(b) Heat H, tempered at 640 ÁC (ůB=873MPa) 

Fig. C.2.1.1  S-N diagram of large-sized SNCM439. 

(Figure continued on next page.) 
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(c) Heat J, tempered at 620 ÁC (ůB=1025MPa) 

 

 

(d) Heat J, tempered at 650 ÁC (ůB=881MPa) 

Fig. C.2.1.1  S-N diagram of large-sized SNCM439. (Continued) 
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C.2.2 2 

 

 

 

 

1. MATERIALS 

 

 

Table C.2.2.1  Details of processing and related data of SNCM439. 

Heat Production process Product form Dimensions (mm) 

A Hot-forged Plate 
Length:950mm  Width:130 mm 

Thickness:30 mm 

B Hot-forged Round bar Outer diameter:430 mm 

C Hot-rolled Round bar Outer diameter:300 mm 

D Hot-rolled Round bar Outer diameter:300 mm 

 

 

 

Table C.2.2.2  Chemical composition of SNCM439. 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo O(ppm) 

Product 

analysis 

A 0.42 0.22 0.81 0.017 0.002 1.81 0.85 0.26 6 

B 0.40 0.26 0.80 0.005 0.004 1.90 0.84 0.25 35 

C 0.40 0.27 0.80 0.012 0.014 1.74 0.74 0.23 12 

D 0.41 0.26 0.82 0.022 0.010 1.60 0.79 0.15 15 

Requirement1) 
Max 0.43 0.35 0.90 0.030 0.030 2.00 1.00 0.30 - 

Min 0.36 0.15 0.60 - - 1.60 0.60 0.15 - 

1) JIS G 4053 (2008), ñLow-alloyed steels for machine structural useò. 

 

 

 

Table C.2.2.3  Heat treatment conditions of SNCM439. 

Heat Direction Heat-treated shape Quenching Tempering 

A Axial 
Length160mm  Width:130 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 
650 ÁC/4 h, Air-cooled 

B 
Axial Length160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 
645 ÁC/4 h, Air-cooled 

Circumferential 

C 
Axial Length160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 

645 ÁC/4 h, Air-cooled 

Circumferential 625 °C/4 h, Air -cooled 

D Axial 
Length160mm  Width:100 mm 

Thickness:30 mm 

850 ÁC/2 h, 

Oil-quenched 
630 ÁC/4 h, Air-cooled 

 

 

 

 

 

  

 NEDO  
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2. MECHANICAL PROPERTIES 

 

 

 

Table C.2.2.4  Mechanical properties of SNCM439. 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

A Axial 730 853 20 57 

B 
Axial 739 885 22 61 

Circumferential 737 881 17 44 

C 
Axial 744 880 22 63 

Circumferential 830 954 16 42 

D Axial 762 894 20 59 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 
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3. FATIGUE STRENGTH PROPERTIES 

 

 

Table C.2.2.5  Fatigue test conditions. 

 

Type of test Uniaxial 

Testing 

machines 
Servo-hydraulic, 100 kN Servo-hydraulic, 100 kN 

Loading 

condition 
Constant stress amplitude test under zero mean stress (R = ī1) 

Waveform 

 

Sinusoidal 

Frequency 1Hz 0.5 ï 5 Hz 

Environment In 90 MPa hydrogen gas at RT In air at RT 

Gas purity Hydrogen gas : 99.99999% (7N) --- 

Specimen1) 

 

1) Surface finishing was performed by axial polishing with 800 grade silicon carbide paper. 

  

R = -1 load 

time  
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4. EXPERIMENTAL RESULTS 

 

(a) Heat A, axial direction 

 

 

(b) Heat B, axial direction 

 

Fig. C.2.2.1  S -N diagram of SNCM439. 

 

(Figure continued on next page.) 
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(c) Heat C, axial direction 

 

 

(d) Heat D, axial direction 

 

Fig. C.2.2.1  S -N diagram of SNCM439. 

 

(Figure continued on next page.) 
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(e) Heat B, circumferential direction 

 

 

(f) Heat C, circumferential direction 

 

Fig. C.2.2.1  S -N diagram of SNCM439. 
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C.2.3 3 

 

 

 

 

1. MATERIALS 

 

 

Table C.2.3.1  Details of processing and related data of SNCM439. 

Heat Production process Product form Dimensions (mm) 

A Hot-rolled Cylinder 

Length:6000 

Outer diameter:356 

Thickness:62 

 

 

 

Table C.2.3.2  Chemical compositions of SNCM439. 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 
A 0.40 0.24 0.73 0.007 <0.0010 1.77 0.74 0.22 

 

 

 

Table C.2.3.3  Heat treatment conditions of SNCM439. 

Material Heat Shape Quenching Tempering 

Seamless 

line pipe 
A Cylinder 

870 ÁC-80min, 

Oil-quench 
635 ÁC-160min, Air-cooling 

 

 

 

 

 

2. MECHANICAL PROPERTIES 

 

Table C.2.3.4  Mechanical properties of SNCM439. 

Material Heat Shape 

Tempering 

Temperature 

(°C) 

Tensile Properties 
Vickers 

Hardness 

(HV10) 

0.2 % 

proof stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction 

of Area 

ű (%) 

Seamless 

line pipe 
A Cylinder 635 

787 928 21.2 71.3 
280 

787 928 21.7 69.4 

 

 

 

 

 

 

 

 JFE☻♅כꜟ  

 NEDO  
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3. FATIGUE STRENGTH PROPERTIES 

 

 

Table C.2.3.5  Fatigue test conditions. 

 

Type of test Uniaxial 

Testing 

machines 
Servo-hydraulic, 50 kN 

Loading 

condition 
Constant stress amplitude test under zero mean stress (R = ī1) 

Waveform 

 

Sinusoidal 

Frequency 1 Hz 

Environment RT: air, 105 MPa hydrogen gas 

Gas purity Hydrogen gas: 99.9999 % (6N) 

Specimen1) 

 

 

1) The specimen surface was finished by polishing. 

  

R = -1 load 

time  
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4. EXPERIMENTAL RESULTS 

 

 

 

Fig. C.2.3.1  S-N diagram of SNCM439. 
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C.3  

C.3.1  

 

 

 

 

 

 

1. MATERIALS 

 

 

 

Table C.3.1.1  Details of processing and related data of SNCM439. 

 

Heat Production process Product form Dimensions (mm) 

L Hot-forged Plate 
Length: 833 mm  Width: 132 mm 

Thickness: 31 mm 

E Hot-forged Plate 
Length: 750 mm  Width: 130 mm 

Thickness: 31 mm 

R Hot-forged Plate 
Length:518 mm  Width:130 mm 

Thickness:33 mm 

 

 

 

 

Table C.3.1.2  Heat treatment conditions of SNCM439. 

 

Material Heat Shape Quenching Tempering 

Hot-forged 

material 

L Plate 
850 °C/2 h, 

Oil-quenched 
640 °C/4 h, Air-cooled 

E Plate 
850 °C/2 h, 

Oil-quenched 
650 °C/4 h, Air-cooled 

R Plate 
850 °C/2 h, 

Oil-quenched 
640 °C/6 h, Air-cooled 

 

 

 

 

Table C.3.1.3  Chemical composition of SNCM439. 

 

 Heat 
Element (mass %) 

C Si Mn P S Ni Cr Mo 

Product 

analysis 

L 0.39 0.22 0.80 0.016 0.002 1.80 0.84 0.26 

E 0.42 0.22 0.82 0.016 0.002 1.81 0.86 0.26 

R 0.39 0.22 0.82 0.015 0.0024 1.81 0.85 0.26 
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2. MECHANICAL PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.3.1.1  Schematic of specimen direction. 

 

 

 

 

Table C.3.1.4  Tensile properties of SNCM439. 

 

Heat Direction 

Tensile Properties1) 

0.2 % proof 

stress 

ů0.2 (MPa) 

Tensile 

Strength 

ůB (MPa) 

Fracture 

elongation 

Ůf (%) 

Reduction of 

Area 

ű (%) 

L Transverse 755 874 21 59 

E 
Longitudinal 749 874 18 62 

Transverse 767 889 25 58 

R 
Longitudinal 748 870 22 65 

Transverse 762 875 24 64 

1) JIS Z 2201(2008), 14A specimen (diameter 8mm, gage length 40mm) 

 

 

 

 

Table C.3.1.5  Charpy impact properties of SNCM439. 

 

Heat Direction 
Charpy Absorbed Energy at 20 °C (J) Charpy Absorbed Energy at -60 °C (J) 

Individual Average Individual Average 

R 
Longitudinal 147 143 138 143 112 122 116 117 

Transverse 123 126 125 125 104 103 105 104 

 

 

 

Longitudinal 

Transverse 

Forging Direction 
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3. RISING LOAD TEST PROPERTIES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. C.3.1.2  Schematic of specimen direction. 

 

 

 

Table C.3.1.6  Rising load test conditions. 

 

Applied standard ASTM E399 

Testing machines Servo-hydraulic, 50 kN 

Loading condition Uniaxial, Monotonic 

Environment In 115 MPa hydrogen gas at RT 

Gas purity Hydrogen gas: 99.999 % (5 N) 

Test speed 2.0 × 10-4 mm/s 

Specimen 

(dimensions in mm) 

 

 

Forging Direction 
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 200115MPa 1hr 

 100MPa  

 115MPa SSRTKI,H  

 

 

 

Fig. C.3.1.3  Schematic of hydrogen charging before rising load test. 
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4. EXPERIMENTAL RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Heat L                                   b) Heat E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Heat R 

 

Fig. C.3.1.4  Relationships between Load and COD for SNCM439. 

 

 

 

Table C.3.1.7  Results of rising load tests for SNCM439. 

 

 

 

 

 

 

 

 

 

1) ASTM E399 KQ KIH  

 

Heat 
Displacement rate 

[mm/s] 
Test condition K

IH
 [MPa m] 1) 

L 

2×10
ī4

 RT 115 MPa H2 

50.5 

E 64.7 

R 56.9 
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SNCM439, R

Displacement rate: 2x10-4 mm/s

In 115 MPa H2 at RT

95% secant line


