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High and ultra-high temperature tensile tests on SUS304,
on SUS304, SUS321 and 214Cr-1Mo steels

Yutaka Tsuchida, Shoichi Kato,

Masaatsu Hirano, and Isao Nihei

Abstract

High temperature tensile tests were performed on SUS304, SUS321 and 2X4Cr-
1Mo Steel to verify  the tensile properties of Materials Strengh Standard for
Monju. Tensile tests were also performed at ultra-high temperatures (up to 900C)
on SUS304 and SUS321 steel plates and SUS321 steel forging. Evaluation of high
temperature and high strain rate tensile properties which simulate the tensile condi-
tion of sodium—water reaction was made. Major results obtained are as follows:
(1) Tensile properties of SUS304, SUS321 and 2YCr-—1Mo steel below 650T. 7

() Tensile strength and 0.2% proof strength did not fall below the design
tensile strengfh and design yield strength respectivety.

(i) Practure elongation and reduction of area agreed well with those of referen-
ces, and showed satisfactory values. |

(i} Elasto—plastic paramaters were almost comparable with those for Monju
design. This proves the validity of Elasto—plastic parameters for Monju.

(2} Tensile properties of SUS304 steel plate, SUS321 steel plate and forging at

650~ 900 T.

(I} Tensile properties data (tensile strength, 0.2% proof strength, fracture
elongation and reduction of area) were obtained up to 900TC at strain
rates of 1 and 10%/min.

(il Fracture elongation and reduction of area of these steels were high enough,
and improved as the strain rate increased.

(il An attempt to evaluate the effect of strain rate on tensile strength was
made. Applying this to the ultra—high temperature data at 1~10%/min,

‘tensile strength under JIS high temperature test condition was estimated.

* Materials Development Section, Systems and Components Division, O—arai

Engineering Center.
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Tablel  Certification Test Results of SUS304 stainless steel plate
{Heat No.524772-02).
a) Chemical composition
C Si Mn P 5 Ni Cr Co
product 0.05 0.59 0.87 0.027 0.003 8.97 18.47 0.12
check 0.05 0.60 0.87 0.026 0.002 894 18.59 0.12
b) Heat treatment
Annealed: 1100C X 48 min W. Q.
¢) Mechanical properties and grain size number
Temp. +0.2% proof Tensile Elongation Reduction Crain
.stress strength of area _ :
(CJ - (ke / mdt) (kg /md } (%) (%) size No.
R.T. 23.0 640 63.0 —
4.5
550 12.0 39.0 40.0 —
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Table 2 Certification Test Results of SUS321 stainless steel plate

{(Heat No.A 242905-1).

a) Chemical composition

C St Mn P S Ni Cr Ti
product 0.08 0.55 1.50 0.027 0.003 10.40 17.25 0.47
check 0.07 0.57 151 0.028 0.003 10.50 17.30 0.49

b) Heat treatment

Annealed: 1100T X 45 min W, Q.

c¢) Mechanical properties and grain size number

Temp. 0.2% proof Tensile Elongation Reduction Grain
stress strength of area
(cJ (ke / mt) (kg /mi) (%) (%) size No.
R.T. 29.4- 61.7 53.0 -
. 8.5
550 17.7 415 35.0 —
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Table3 Certification Tesu Results of SUS321 forged steel

(Heat No.80L95-1-3).

a) Chemical composition

C Si Mn P S Ni Cr Ti
product 0.065 0.82 . 1.62 0.024 0.008 11.33 19.28 0.52
check 0.065 0.81 1.61 0.023 0.007 11.26 19.44 0.53

b) Heat treatment

Annealed: 1020~1067C X 15 hr 55 min W. Q.

c) Mechanical properties and grain size number

Temp 0.2% proof Tensile Elongation Reduction
7 stress strength ~ of area
(c) Cky/mi) (ke /ud] (%] (%)
RT. 28.0 56.3 56.0 68.6 .y
550 - 19.0 38.6 345 719
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Table 4

128

Certification Test Results of 2 Cr-1Mo steel plate
(Heat No.81C625-4-1).

a) Chemical composition
C Si Mo P S Cr Mo
product 0.15 0.50 0.60 0.035 0.035 2.50 110
check 0.15 0.50 0.63 0.035 0.035 2.62 1.15
b) Heat treatment
Normailzed : 920~ 940°C X 3hr 25min A.C,
Tempered: 710~730CX S5hr 26 min A.C,
| TSR: 700~ 710Cx 8hr 24 min. (70C/hr )
¢} Mechanical properties* and grain size number
Temp. 0.2% proof Tensile Elongation Reduction Crain
. '~ stress strength of area o
(€] (ks /mi) (ke /ud) (%) (%) size No.
R.T. 440 63.0 295 68.6
8.0
550 37.2 47.9 20.6 68.6

* 695~710C X 8 hr 55 min F. C.® SR S ALIEE £
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Fig.1 Tensile test specimen.
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Table b

Specification of Tensile Test Machine.
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Table6 Condition of Tensile Test.

SUS 304 (plate)
7 FHERERE :
OTAH Q)| 20 | 100 | 200 { 300 | 350 | 400 | 450 | BOO | 550 | 600 | 650 | 700 | 800 | 900
BE(%/ min) ‘ _ .
JI1s# |[ololo|lolololololololo

0.3 olololoj|o

1.0 olol|o

10.0 . | O] O

- SUS 321 (plate)

* AEIRE ‘
DA (C) 20 1100 | 200 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 _800 900
1 (% /i) 1 | - |
JIirs#¥ lo|lo|lo|lolololololololo
0.3 | | olo]|o
Lo - | . 0|0 |0
10.0 | ololo

SUS 321 (forged)

* HERRE : :
VDR ) | 20 | 100 | 200 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 800 | 900
B (%/min) ‘ '
JI s ®E® |O| |
1.0 ' ® O olol|lo
10.0 O, O O 0[O

24 Cr—1Mo (plate)

x BRI

R {c) | 20 | 100 | 200 | 300 | 350 | 400 | 450 | 500 | 550

I (% /mi)

JI s /OO |]O|O|O|O|O|O]|O
0.3 ' |00 |0

JISERUVTAIFETO3 %/, 3BPULEDLOWHETILES/MTHS,
0.3, L0, 100 BRABRFTOWHE TOOTHEES/MmERDT,
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Fig. 3 0.2% proof strength and tensile strength of SUS304 stainless
steel plate. o
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Fig. 4 0.2% proof strength and tensile strength of SUS$ 321 stainless

steel plate.



PNC SN941 85-128

80 I — |
70 p - : —
Strain rate | JIS [1.0%/min|10.0%/nix
0.2%P.S. o} g AN
U.T.8 e & A
60 ‘\‘ design minimum’
A —— n . SUS 304 ]
\“ - T guarantﬁed value } steel plate
8\ . average

Stress (ke/mif)

0 | | 1 | | |

0 200 400 600 800 1000

Temperature (C)

Fig. b 0.2 % proof strength and tensile strength of SUS321 stainless

steel forging,
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0.2% proof strength and tensile strength of 2% Cr-1Mo
steel plate.
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Fig. 7 Fracture elongation and reduction of area of SUS304 stainless

steel plate.
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Fig.9  Fracture elongation and Reduction of area of 24 Cr-1Mo

steel plate.
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Fig.10 True stress—true strain curves of SUS304 steel plate at RT.
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Fig.11  True stress—true strain curves of SUS304 steel plate at 550C.
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Fig.12 True stress—true strain. curves of SUS304 steel plate at 800T.
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Fig.13 True stress—~true strain curves of SUS304 steel plate at 900TC.
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Fig.14 True stress—true strain curves of SUS321 steel plate at 550"C-
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Fig.15 True stress—true strain curves of SUS321 steel plate at 900C.
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Fig.16 = True stress—true strain curves of SUS321 steel forging at 900TC.



PNC SN941 85-128

(ke /mf )

True stress

20

80

60

W
fem’
|

O.3%/min

—r—

o b— —
—— i

True strain

(%)

Fig.17  True stress—true strain curves of 24 Cr—1Mo steel plate

at

500 TC.

3.0



PNC SN941 85-128

20.0
SUS 304 Strain rate
: plate - )
S 160 “\ O 0.3%/min
. B N . ’
2 : _ 0| 1.0%/min
Iy .
= 10.0 %/ min
®
120
£
’E -
.S 8.0
: Boct
3 est fit curve
o
St
[a M} s .
4.0 \\\
gp= 0.155X1072—-0.380 X 10T+ 0.716 X 10™*T?~ 0.467 x 10" T? A
0 I I I 1 I I [ 1 1
0 100 200 300 400 500 600 700 800 900 1000

Temperaturé (C)

Fig.18  Proportional limit of SUS304 steel plate.
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Fig.19 Proportional limit of SUS321 steel plate.
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Fig.20 Proportional limit of 24 Cr—1Mo steel plate.
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Fig.21  Strain hardening exponent of SUS304 steel plate.
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' Fig.22  Strain hardening exponent of SUS321 steel plate .

SUS 321
O 0.3% / min
plate
L O 10% / min .
At 100%/min
)
©8°9° o 8
= Q
© 0 ©
©
© 0)] /
BDS
ch
A
] | ) 1 | i ' ! 1 =
0 100 200 300 400 500 600 - 700 800 900 1000



PNC SN941 85-128

0.60 ‘
2% Cr—1Mo _ Strain rate
_ [ O | 0.3%/m |
0.50 - '
- Best fit curve BDS

g Q. m= 0.433-0.412x1072T
o 0.40 Q@
o .
@
o
Q
2
Y
Q
60 030
g
=
[+}]
o
5]
2

0.20 -
=
®
hel
w0

0.10

0 | 1 I | | 1
0 100 200 300 400 500 600

Temperature (TC)

Fig.23 Strain hardening exponent of 2YCr— 1Mo steel plate.
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Fig.25  Plastic coefficient of SUS 321 steel plate.
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Fig.26  Plastic coeccicient of 2} Cr—1Mo steel plate.
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Fig. 28 Strain rate dependence of (ou—ap) In SUS321 steel plate.
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Fig.31 Temperature dependence of exponent n in SUS304 steel.
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Fig.32 Temperature dependence of coeccicient B in SUS 304 steel.
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Fig.36 Temperature dependence of coefficient B in 24 —1Mo steel.
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Table 7 Calculated tensile strength at strain rate of 7.5%/min

(JIS strain rate),

STEEL TEMP, Ox
700 25. 7
SUS 304
800 13.5
{ plate)
900 . 7.8
700 30.1
SUS 321
800 19.7
{ plate)
900 10.1
500 40. 4
600 34.9
SUS321
o 700 26.5
{forged) S
800 16.8
g900 10.3
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Table8 Least square fitting curves for tensile strength up to 900T.
STEEL RT =T = 9007T
SUS304 0.179 X 10'—0.4479 X 1072 T + 0.1735 X 10~*T*— 0.2631 x 1077 T3 63.60
(plate) +0.1192 X 107°T*+ 0.6396 X 10~5 T ’
RT =T = 900¢C
SUS321 0.1058 x 10'— 0.3056 X 10 72T+ 0.9024 X 107°* T?— 0.6992 X 108 T® 62.95
(plate) —0.6992 x 107t T3—0.§634 X 107"+ 0.6764 X 10~*T* ‘
500 = T = 900°T
SUS321 0.1035 X 10* —0.1849 < 107 T +- 0.4301 X 1075 T?— 0.6260 x 10~ T3 5590
{torging) —0.1137 x 10™T*+0.8183 x 107* T* o
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TableAl Tensile test results of SUS321 steel (forged).

Specimen | Test Temp| 0.2%F.S. U.T.S. F.E R.A. U.E. Strain rate

No (t) (kg/md ) (kg/md) (%) (%) (%) (% / min)
EB127 19 21.8 63.3 72.3 80.3 61.9 0.3/17.5
EB128 19 21.8 63.9 71.5 81.3 61.3 0.3/17.5
EB129 100 17.6 49.2 65.2 83.7 53.3 0.3/175
EB130 100 17.5 48.7 64.7 84.2 52.8 0.3/17.5
EB131 200 15.1 44.2 51.6 78.4 40.0 0.3/17.5
EB132 200 14.9 44.0 52.1 82.9 40.7 0.3/17.5
EB133 300 13.9 44.1 47.6 76.5 38.3 0.3/175
EB134 300 13.7 43.7 492 76.0 40.1 0.3/7.5
EB137 350 13.8 44.2 46.7 76.9 37.8 0.3/7.5
EB139 350 13.6 43.9 46.6 76.1 37.6 0.3/7.5
EB135 400 13.1 43.8 48.0 75.9 38.8 0.3/7.5
EB136 400 13.1 43.9 48.4 73.4 39.9 0.3/17.5
EB103 450 12.7 42.8 47.4 75.7 38.4 0.3/7.5
EB104 450 12.7 42.8 47.4 75.2 38.4 0.3/1.5
EB101 500 12.5 41.3 44.1 72.3 34.5 0.3/7.5
EB102 500 12.4 41.2 43.9 74.2 34.6 0.3/7.5
EB105 550 119 38.7 44.1 76.6 34.0 0.3/7.5
EB106 550 11.7 39.0 45.2 74.7 32.7 0.3/17.5
EB107 600 115 35.2 45.4 76.7 32.4 0.3/1.5
EB109 600 12.0 35.1 46.1 76.7 33.2 0.3/7.5
EB110 650 12.1 30.0 49.3 67.6 30.2 0.3/175
EB111 650 11.8 29.9 46.9 67.4 26.9 0.3/17.5
EB114 700 10.9 20.8 67.8 62.0 24.5 .0 -
EB115 700 11.1 21.3 64.4 61.1 23.6 1.0
EB120 700 10:4 25.2 57.0 65.1 26.1 10.0
EB121 700 9.74 25.0 61.1 64.9 29.1 10.0
EB117 800 9.26 12.1 80.2 169.3 18.4 1.0
EB126 800 9,20 12.0 92.9 68.5 17.3 1.0
EB122 800 9.01 15.8 80.6 67.9 17.8 10.0
EB123 800 9.77 16.0 79.4 69.1 17.5 10.0
EB119 900 5.85 6.78 81.5 71.7 19.5 1.0
EB113 900 6.43 7.00 80.7 71.2 20.0 1.0
EB124 900 8.07 9.83 93.7 79.6 18.7 10.0
EB125 900 7.96 9.67 93.4 83.5 14.9 10.0
EB141 450 128 44.2 47.7 74.5 38.1 0.3
EB201 500 120 41.6 47.1 73.2 37.0 0.3
EB202 550 11.5 36.1 35.9 61.0 27.2 0.3
EB205 600 11.6 32.5 50.0 55.8 29.4 0.3
EB208 650 10.5 24.9 62.2 52.8 24.2 0.3
EB212 800 9.2 12.0 98.2 69.5 10.7 1.0
EB215 800 9.6 15.9 84.7 68.2 16.2 10.0
EB210 900 6.3 7.2 113.2 83.8 19.4 1.0
EB214 900 8.2 9.8 107.8 82.1 13.9 10.0
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TableA2 Tensile test results of SUS321 steel (plate).

Specimen | Test Temp| 0.2%P.S. U.T.S. F.E R.A U.E. Strain rate
No. (C) (kg /mid ) (kg /md ) (%) (%) (%) (% /min)
EE101 20 25.2 63.3 56.0 76.8 45.3 0.3/175
EE102 20 25.1 62.6 56.3 74.2 45.7 0.3/175
EE103 100 22,1 52.5 48.5 74.1 35.9 0.3/7.5
EE104 100 23.0 52.7 47.9 73.8 35.7 0.3/7.5
EE105 200 18.8 46.6 43.5 70.0 33.1 0.3/7.5
EE106 200 19.3 46.6 42.7 71.4 32.0 0.3/17.5
EE107 300 17.6 45,5 398.0 66.8 31.4 0.3/7.5
EE108 300 18.8 46.4 38.6 65.3 30.7 0.3/17.5
EE109 350 i7.5 46.2 39.9 63.8 30.4 0.3/17.5
EE110 350 16.9 45.8 39.5 64.4 31.7 0.3/175
EE111 400 18.0 46.7 38.3 64.6 30.0 0.3/17.5
EE112 400 16.7 45.8 38.6 65.1 30.8 0.3/75
EE113 450 16.2 45.2 37.8 63.3 30.2 0.3/175
EE114 . 450 16.1 45.6 36.1 62.7 30.9 0.3/175
EE115 500 15.6 43.8 39.5 65.3 30,7 7| 0.3/7.5
EE116 500 16.0 44.4 38.0 62.5 30.1 0.3/175
EE117 550 16.9 43.1 36.4 62.8 27.1 0.3/1%.5
EE118 550 16.6 42.6 37.8 64.2 27.9 0.3/7.5
EE119 600 15.8 40.1 '36.8 65.3 26.5 0.3/17.5
EE120 600 15.6 40.5 37.4 65.2 27.0 0.3 /7.5
EE121 650 15.0 34.8 42.3 70.3 23.2 0.3/7.5
EE122 650 14.7 36.1 40.2 67.7 24.4 0.3/175
EE124 700 16.1 28.2 50.3 62.7 15.6 1.0
EE135 700 15.0 27.3 58.9 66.1 17.5 1.0
EE125 800 13.2 16.6 69,4 86.4 114 1.0
EE136 800 12.6 16.2 64.4 87.4 13.4 1.0
EE127 900 8.6 9.0 94.5 91.7 7.9 1.0
EE128 900 7.3 8.0 88.5 96,7 9.2 1.0
EE130 700 15.3 29.6 51.8 73.8 20.7 10.0
EE137 700 14.6 29.5 51.8 72.8 20.8 10.0
EE131 800 13.7 18.7 74.2 88.4 15.3 10.0
EE132 800 15.1 19.8 72.4 85.4 12.7 10.0
EE133 900 10.2 113 87.0 97.9 10.1 10.0
EE134 900 9.4 10.9 101.8 98.2 10.9 10.0
EE138 500 14.9 47.0 38.3 58.7 30.9 0.3
EE139 550 17.1 449 36.7 61.6 27.8 0.3
EE140 600 15.3 40.7 36.6 65.3 24.9 0.3
EE143 800 12.8 17.0 67.3 85.6 12.7 1.0
EE144 800 13.1 19.1 74.4 86.1 14.7 10.0
EE141 900 7.5 8.4 i16. 97.7 7.8 1.0
EE142 900 10.0 11.2 101.2 97.8 12.2 10.0
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TableA3 Tensile test results of SUS321 steel (forged).

Specimen | Test Temp| 0.2%P.S. U.T. S, F.E R.A, U.E. Strain rate

No. (T) (kg /md ) (kg /md (%) (%) (%) (% / mm)
ED123 20 23.5 56.1 62.7 73.5 50.8 0.3/17.5
ED124 22 24.3 55.7 62.6 72.7 51.2 0.3/7.5
ED103 500 18,86 40.8 39.0 65.5 29.3 1.0
ED104 500 18.6 40.8 39.2 64.8 28.6 1.0
ED105 600 17.0 35.3 41.8 72.3 26.2 1.0
ED106 600 17.3 35.2 42.3 68.9 26.5 1.0
ED107 700 16.0 23.8 67.8 68.6 16.8 1.0
EDI108 700 16.0 24.4 67.4 67.6 16.9 1.0
ED109 800 13.6 15.4 70.4 81.3 9.87 10
ED110 800 14.0 15.3 67.3 82.0 8.34 1.0
ED111 900 8.50 8.66 96.8 97.6 3.08 1.0
ED112 900 8.47 8.59 86.7 97.9 3.75 1.0
ED113 500 19.9 39.0 38.1 68.4 29.0 10.0
ED114 500 18.8 40.1 40.5 69.4 30.0 10.0
ED115 600 20.6 35.2 36.5 67.4 21.7 10.0
ED1116 600 19.4 35.0 38.2 69.9 26.2 10.0
ED117 700 16.5 27.1 9.9 72.6 20.0 10.0
EDI118 700 16.2 27.4 63.6 74.0 20.3 10.0
ED119 800 147 18.6 91.2 82.2 i0.4 i0.0
ED110 800 14.8 18.2 93.8 83.3 10.2 10.0
ED111 900 10.5 11.0 122.0 a97.8 8.2 10.0
ED112 900 10.2 10.7 117.0 898.1 7.6 10.0
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TableAd4 Tensile test resuits of 24 Cr—1Mo steel (plate).

Specimen | Test Temp | 0.2%P.S. U.T.S. F.E R.A. U.E. Strain rate
No (C) (kg /md } (kg/md ) (%) (%) (%) (% / min)
EC101 20 42.7 61.3 28.0 76.7 11.2 0.3/7.5
EC102 21 42.9 61.3 27.8 76.2 11.2 0.3/7.5"
EC103 100 40.5 56.4 25.6 717.1 10.3 0.3/7.5
EC104 100 40.3 56.3 25.4 76.2 10.4 0.3/7.5
EC105 200 37.4 52.3 23.6 77.1 10.1 0.3/7.5
EC106 200 37.4 52.4 22.9 77.1 9.8 0.3/75
EC107 300 36.7 50.8 20.7 74.3 8.9 0.3/7.5
EC108 300 36.6 50.6 20.6 74.5 8.9 0.3/7.5
EC109 350 36.3 50.8 20.2 72.9 9.1 0.3/7.5
EC110 350 36.6 50.9 20.0 73.3 8.9 0.3/7.5
EC111 400 36.0 50.2 20.5 73.0 9.0 0.3/7.5
EC112 400 35.9 50.1 20.4 70.5 8.9 0.3/7.5
EC113 450 35.0 46.9 23.9 74.9 8.2 0.3/17.5
EC114 450 35.0 47.1 24.0 75.9 8.6 0.3/17.5
EC115 500 33.6 42.5 28.4 80.3 7.0 0.3/15
EC116 500 33.4 42.8 27.8 80.6 6.8 0.3/7.5
EC117 550 30.9 37.2 32.6 86.4 5.4 0.3/17.5
EC118 550 30.6 37.0 34.0 86.7 5.5 0.3/17.5
EC145 400 36.5 50.7 22.4 73.4 8.6 0.3
EC119 450 36.7 46.1 27.9 79.1 7.2 0.3
EC129¢ 500 34.8 40.0 36.2 85.4 4.3 0.3
EC121 550 32.6 33.8 51.8 90.9 1.9 0.3
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TableAb5 Elasto—plastic parameters of SUS 304 (plate).

Strain ratel Temp. T. P. E gp m K

é () No. (kg / md) (kg /mid) (—13 (kg /mf)
20 EB127 16,284.8 14,962 0.312 44,789

EB128 16,174.9 15.310 0.335 48,791

L0 EB129 14,711.2 12,212 0.361 46,655

EB130 11,422.4 11,868 0.356 47,295

200 EB131 10,267.5 10,201 0.391 49,807

EB132 17,385.2 8,125 0.305 42,482

300 EB133 13,453.3 9,468 0.404 49,946

EB134 14,405.6 9,764 0.431 53,880

350 EB137 13,6656 | 9,059 0.380 46,197

EB139 14,538.8 9,083 0.380 43,850

118 100 EB135 12,892.6 7895 0.371 47,512
EB136 11,637.5 7,908 0.362 44,535

450 EB103 14,059.7 8,588 0.412 48.638

EB104 18,147.3 8,561 0.427 53,270

500 EB101 18,723.3 8,886 0.427 49,021

EB102 12,482.5 8759 - -

550 EB105 15,929.1 7,333 0.390 47,871

EB106 16,959.5 7,301 0.391 46,778

600 EB107 10,929.9 7,467 0.414 48,009

EB109 11,174.3 7,944 0.413 47,117

650 EB110 11,523.8 8,562 0.426 45,953

EB111 14,837.7 7,341 0.370 41,317

_ 800 EB212 13,058.7 5,570 0.223 14,237

1,0 %/min _

900 EB210 11,129.5 4,679 0.139 3,760

800 EB215 11,098.5 5,551 0.306 25,434

10% /min

900 EB214 9,169.7 5,049 0.176 8.810
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TableA6 Elasto—plastic parameters of SUS321 (plate).

Stramrate] Temp. T. P. E Gp m K

é (C) No. {ke / md) (kg /md) (- Ckg / mi)
20 EE101 15,774.6 16,602 0.293 50,064

EEi102 15,198.8 18,870 0.360 55,707

100 EE103 14,796.6 14,359 0.295 44,983

EE104 12,746.6 14,946 0.294 46,630

200 EE105 18,670.2 13,431 0.389 56,749

EE106 16,169,4 12.721 0.322 43,724

500 EE107 10,645.9 13,097 0.430 57,454

EEi08 15,218.0 12,157 0.352 54,236

350 EE109 16,363.5 12.748 0.432 62,845

EE110 13,048.7 12.093 0.417 58,732

JIS 400 EE111 15,351.1 12,107 0.360 51,759
EE112 10,420.9 11,792 0.426 60,991

450 EE113 16,390.6 8,947 0.380 60,351

EE114 18,256.1 9,087 0.338 52,833

500 EE115 13,119.0 11,160 0.446 64,912

EE116 14,1187 10,411 0.401 61,865

550 EE117 14,263.8 11,339 0.379 54,853

EE118 14,506.4 11,393 0.385 51,774

600 EE119 11,480.9 11,180 0.412 54,775

EE120 10,929.6 10,855 0.426 60,759

650 EE121 11,657.3 10,719 0.453 60,638

EE122 10,0177 10,951 0.455 59,006

800 EE143 12,891.1 7,736 0.173 14,415

1.0 fmin

900 EE141 8,312.8 5833 0.137 3,940

800 EE144 10,160.0 6,853 0.179 18,212

10%/min

8900 EE142 10,238.4 6,468 0.103 6,495
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TableA7 Elasto—plastic parameters of 24 Cr-1Mo steel (plate).

Strain rate| Temp. T. F. E op m K

é (C) No (ke / mf) (ke / mif) (=1 (kg / nd)
20 EC101 19,881.7 34,629 0.434 95,343

EC102 19,591.0 33,989 0.401 86,580

100 EC103 19,472.7 31,215 0.375 78,275

EC 104 19,331.5 31,765 0.374 78,142

500 EC 105 17,811.3 30,275 0.407 77,289

EC106 | 17,664.1 28,725 0.358 69,442

300 "EC107 18,447.9 24,723 0.292 66,201

EC108 19,023.3 24,388 0.280 62,627

18 350 EC 109 18,764.6 23,252 0.277 64,678
EC110 18.544.4 24,136 0.284 66,190

400 EC111 16,830.5 26,829 0.342 71,460

EC112 20,125.3 25,896 0.328 72,063

45D EC113 17,7146 20,673 0.231 56,338

EC114 16,551.0 20,410 0.232 57,013

500 EC115 15,762.9 20,585 0.213 45,395

EC116 15,866.9 20,364 0.232 57,013

550 EC 117 14,359.1 18,551 0.186 35,987

EC118 13,532.3 19,368 0.180 10,670




