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Abstract

Tensile tests were conducted at low temperatures for the steel materials which are used for outer shell of the vessels making

transit through the polar regions, The selected steel materials were GL-DH32, GL-DH36 and GL—EH36. In comparison with the

results at room temperature, the yield stress increases approximately by 10 to 13 percent at —=30° C and by 13 to 19 percent at
—50° C while the tensile strength increases about by 9 percent at —30° C and 11 to 14 percent at —50° C, To obtain true

stress—true strain, i.e. correct plastic hardening characteristics, Bridgman' s(1952) necking correction formula was introduced

taking triaxial state of stresses after onset of diffuse necking into consideration, Photographs of fractured surfaces were taken by

using Scanning Electron Microscope immedately after tensile tests completed and one for GL—EH36 has been presented in this

paper.

Keywords : Steel for marine use(EfZZXH), Tensile test(Q1AMAIS) Low temperature(X&), True stress— true strain relationship(XSE—

ZIHSEE ), True fracture strain(RILICHHSE)
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Table 1 Material type and temperature of specimens

Serial Type pf ,\%iﬂlal T§mp No.of
No. Material (mm) (°C) Specimen
1 GL- DH32 20 RT. 7
2 GL- DH32 20 =30 3
3 GL- DH32 20 =50 3
4 GL- DH36 20 RT 7
5 GL- DH36 20 =30 3
6 GL- DH36 20 =50 3
7 GL- EH36 30 RT 5
8 GL- EH36 30 -30 3
9 GL- EH36 30 =50 3
3.2 QIFAlH

ASTME 7|E2Z AlHO| X5-E 2YSICH JIS & KS+4
T SAlof| 2HE SHEF SICE AlE2 2Ae| B2 Wk 42

Ol E|=5 MZSIGICE Fig. 2 AlHe| x5 E0ix1 ct

16.0

Fig. 2 Scantling of specimen

3.3 QIEAE
QIEHAIS2 200kN 2ks QIEASTIE 0]85101 1.0mm/se
L2 HRNOE SIGICE Fig. 32 M2t{ol| QIFA[EHE &
Aot MBS 2oiFd o A™E2Ts 220 2ol tisiod
A2, -30°C ¥ -50°CoilA AA[SIRACL.
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Table 3 Material properties at RT of GL-DH36

Yield Tensile K
Label Stren. Stren. n [MPal

[MPa] [MPa]
S4-1 379.06 55217 0.21 947.29
S4-2 380.00 545.00 0.19 902.87
S4-3 380.00 547.00 0.21 929.79
S4-4 383.00 553.00 0.20 931.78
S4-5 386.00 548.00 0.21 932.53

S4-6 390.62 558.88 0.19 933.07
S4-7 396.69 560.40 0.19 929.46

Mean 385.05 552.06 0.20 929.54
S.D 6.564 5.900 0.01 13.25
cov 1.7% 1.1% 5% 1.5%

Table 4 Material properties at RT of GL-EH36

3.4 Mgz} Specim Yield Tensile K
en No Stren. Stren. n [MPa]
“ | [MPa] [MPa]

uny
9_,'_
i
N
L
i}

S7-1 404.87 524.58 0.16 822.39

1 2 S7-2 394.00 512.00 0.16 801.74

Fig. 4 ~ Fig. 60l LIELHRICE A2, -30°C & -50°C ZHzte| S7-4 383.03 519.15 0.15 791 87
2oMe B ASH-THYEE ¥ St ASH-TUHYES S7-5 41129 531 76 0.14 804.74
o 27| chHmat et Mean | 39524 | 51690 | 0.6 | 830.11

2

S.D 12.76 13.28 0.011 56.80
Ho{ FUct 2 oM MEHE 2ol e FAM A cov 309 2 6% 7.3% 6.8%
£ 2olE7| f5t0] QS| ALZEl ZAel ThEhE MR}

l

o|d 2dg AMAISIET Fig. 10 ~ Fig. 120 EH36ZAH Q| m} Table 5 Material properties at —30°C of GL-DH32

o=
tH ARl #S3%ict of

S ARIS2RE @XHgrain)Sol Yield Tensile <
X20iA Ab20f Hlsl =R HS geld 4= U1, ol A Al Stren. Stren. n
I ) j [MPa]
20| MZ7t F|Mst =dcks He BEsickn & 4 ot [MPa] [MPa]
(Anderson, 1995). S6-1 451.55 632.16 0.21 1095.22
S6-2 | 445.70 622.86 0.21 1075.36
Table 2 Material properties at RT of GL-DH32 S6-3 | 4%8.18 620.45 0.22 1082.66
Vield Tensile " Mean | 451.81 625.16 0.213 1084.41
AlH Stren. Stren. n (MPa] S.D 6.244 6.184 0.006 10.045
[MPa] [MPa] cov 1.4% 1.0% 2.7% 0.9%
S1-1 369.38 523.94 0.22 914.70
S1-2 370.00 520.00 0.19 862.40 Table 6 Material properties at —30°C of GL-DH36
S1-3 372.00 521.00 0.19 864.21 Yield Tensile <
Si-4 | 362.00 517.00 022 | 89%.21 Al | Stren. Stren. n [MPa]
[MPa] [MPa]
S1-5 385.00 521.00 0.22 900.88
- 29. . 2 .
S1-6 381.28 532.40 0.20 899.80 5o 42999 600.33 0.20 1013.40
> > S5-2 | 418.19 601.22 0.21 1034.22
St 389.86 533.44 0.20 902.57 S5-3 | 427.63 595.84 0.21 1016.21
Mean | 37565 52411 0.21 891.54 Mean | 42527 599.13 0.21 1021.28
SD 9.93 6.36 0.014 20.13 SD 6.244 2.88 0.006 11.30
cov 2.64% 1.21% 6.8% 2.26% cov 1.5% 0.5% 2.8% 1.1%
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Table 7 Material properties at =30°C of GL-EH36

Table 11 True fracture strain

B Yield Tensile K
AlH Stren. Stren. n (MPa]
[MPa] [MPa]
S8-1 442 .46 558.28 0.16 881.76
S8-2 444 38 565.39 0.16 887.07
S8-3 440.86 567.93 0.16 884.66
Mean 442 57 563.87 0.16 884.50
S.D 1.76 5.002 0.00 2.66
cov 0.4% 0.9% 0.0% 0.3%
Table 8 Material properties at =50°C of GL-DH32
B Yield Tensile K
Al Stren. Stren. n (MPa]
[MPa] [MPa]
S2-1 43591 572.13 0.22 992.90
S2-2 419.03 571.65 0.21 982.03
S2-3 422 .44 571.65 0.22 991.02
Mean 425.79 571.87 0.22 988.65
SD 8.926 0.375 0.006 5.81
Ccov 2.1% 0.7% 2.1% 0.6%
Table 9 Material properties at =50°C of GL-DH36
B Yield Tensile K
Al Stren. Stren. n [MPa]
[MPa] [MPa]
S3-1 439.66 602.90 0.23 1064.04
S3-2 454.83 594.80 0.23 1048.93
S3-3 449,53 591.08 0.22 1033.37
Mean 448.01 596.26 0.23 1048.78
S.D 7.70 6.04 0.006 15.34
cov 1.7% 1.0% 2.5% 1.5%

Table 10 Material properties at =50°C of GL-EH36

Yield Tensile K
AlH Stren. Stren. n [MPa]

[MPa] [MPa]
S9-1 446.21 576.61 0.18 939.22
S9-2 446.12 571.72 0.18 928.47
S9-3 435.15 569.41 0.18 922.26
Mean 442.49 572.58 0.18 929.98
S.D 6.36 3.67 0.00 8.58
Cov 1.4% 0.6% 0.0% 0.9%

Material Temp. (°C) True fracture strain( ¢ )
RT 1.24
DH32 -30 1.7
-50 1.14
RT 1.20
DH36 -30 1.18
-50 1.04
RT 1.70
EH36 -30 1.65
-50 1.52

Stress(MDPa)

0
0

0.1

0.2 0.3 0.4
Strain

Fig. 4 Nominal Stress—Strain relationships of GL-DH32
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Fig. 5 Nominal Stress—Strain relationships of GL-DH36
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Fig. 6 Nominal Stress—Strain relationships of GL-EH36
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Fig. 7 Average true stress—true strain and equivalent
true stress—true strain relationships for GL-DH32
steel at various temperatures
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Fig. 8 Average true stress—true strain and equivalent true
stress—true strain relationships for GL-DH36 steel at
various temperatures
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Fig. 9 Average true stress—true strain and equivalent true
stress—true strain relationships for GL-EH36 steel at
various temperatures

- « X &
Fig. 10 Scanning Electron microscopic examination of the
fractured surface of G—EH36 steel at room temperature

Fig. 11 Scanning Electron microscopic examination of the
fractured surface of GL-EH36 steel at —30°C
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Fig. 12 Scanning Electron microscopic examination of the
fractured surface of GL-EH36 steel at —50°C
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