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A study on the Fracture Toughness Degradation in Cryogenic Structural
Material Using Single-Specimen Method

II-Hyun Kwon
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Abstract

This paper was investigated degradation of the fracture toughness caused by sensitizing heat
-treatment of the cryogenic structural material JN1 base metal using unloading compliance
method reported as useful a method in evaluating the elastic-plastic fracture toughness at
cryogenic temperature. The specimens used in this paper were 20% side-grooved 0.5T-CT
specimens which were machined in the JN1 base metal. Also, to investigate cryogenic fracture
toughness of the fusion line region in the JN1 GTA weldments, it was also used 20% side-grooved
0.5T-CT specimens that was machined fusion line to located in the middle of the specimen. The
cryogenic fracture toughness values of the JN1 base metal were significantly decreased with
increasing the time and temperature of the heat treatment. The fracture toughness value obtained
from the fusion line specimen was invalid, but it was lower value than that of the JN1 base metal.
Especially, this value was approximately equal with that obtained from the JN1 650°C -5h heat

-treated material.
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Table 1 Chemical compositions of JN1 forged plate and weld metal of GTA welded joint (wt%).

Material C Si Mn P S Ni Cr Al N Mo | Nb
Forged plate 0.040{ 0.97 | 3.88 {0.022| 0.001 [15.07(24.32(0.023| 0.32 | — —

Weld metal I-625" 0.035) 0.14 | 0.05 {0.008 [<0.001| 21.6 124.32| ~-- |0.029| 9.0 | 3.55
Weld metal [-625°"M | 0.008 | 0.10 | 0.15 | 0.001|0.0004 | 21.8 |24.32| — | 0.15 | 8.50 —

Table 2 Welding conditions for JN1 GTA welding.

. Current Voltage | Welding speed X X
Steel Plate size U(A) (V)g (cm/%nig) Welding wire
Solution treated YT-1625(1.2
" 200 tx 250 Wx 880 L| 250~270 | 10~11.5 10~12 (1.2¢)

JN1 forged plate

YT-1625M(1.6¢)

pil
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Fig. 1 Configuration and dimension of 0.5T-CT spec-
imen used for fracture toughness test.
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Fig. 2 Schemetic diagram explaining cryogenic frac-
ture toughness testing system.
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Fig. 3 Typical stress-strain curves of the JN1 B.M and heat treated materials tested at 77 K and 4.2 K.

Table 3 Mechanical properties of JN1 forged plate under the solution and sensitization conditions.

77K 4K
Material Oys ours | Elongation | Reduction of Oys ours | Elongation | Reduction of
(MPa) | (MPa) (%) area (%) (MPa) | (MPa) (%) area (%)
Solution treated | 843 1395 52 57 1349 | 1690 31 42
650°C -5h 989 1358 25 — 1318 1671 13 —
700°C -5h 969 1302 21 1310 1625 6.8 —
800°C -5h 967 1199 12.2 - 1299 1564 2.4 —

Here, o. and gurs are yield strength and ultimate strength, respectively.
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Fig. 4 Photographs of the surface appearance observerved from each of 0.5TCT specimens fractured at 4.2 K.

Table 4 Crack extension, crack aspect ratio ¢ and crack size obtained from 0.5T-CT specimens of
JN1 base metal and heat treated material tested at 77 K and 4.2 K.

Crack extension(mm) Crack Crack size
Predicted Averaged arszieigt (a1 — aave) /2ave
Hare S (dapre — Aauve) / daave N (i=1~9)
77 K
JN1B. M 1.35 1.156 16.7% 0.0656 —17.4~16%
650°C -5h 1.06 1.1375 6.81% 0.04 —20.87~14.28%
700°C -5h 3.19 2.96 7.77% 0.11 —15.61~21.51%
4.2 K
JN1 B. M 2.187 2.166 0.96% 0.038 —13.85~5.3%
650°C -5h 3.314 3.146 5.3% 0.047 —9.27~12.58%
700°C -5h 4.72 4.15 13.7% 0.066 —5.32~10.07%
Fusion line 5.93 4.86 0.146% — —14.65~14.40%
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(b) JN1650C-5h
Fig. 9 SEM photographs showing fracture surface transition between each of materials according to heat
treatment obtained from 0. 5 TCT specimens fractured at 4. 2 K.
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