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An Experimental Study on High Temperature Material Properties
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Abstract

High temperature material properties of a welded joint were experimentally studied. Tensile and creep
properties were measured for each part of weld metal, HAZ(heat affected zone) and parent metal at
538°C. HAZ metal was obtained by a simulated heat treatment. Results showed that the order of
tensile strength is weld>HAZ>parent both at 24C and at 538°C. Creep resistance was also the highest
for weld metal and lowest for parent metal. Creep rupture life curves were obtained and converted to
Monkman-Grant relation which is useful for life assessment. Use of the data obtained in this study is

discussed.
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Table 1 Chemical composition of the 1Cr-0.5Mo steel
Element | C Si Mn | P S Ni Cr Mo Cu [ Al Fe
wt. % | 018 | 027 | 068 | 0.016 | 0.014 | 0.095 | 094 | 044 | 0.12 | 0.008 | bal.
Table 2 Welding process specification for the tested 1Cr-0.5Mo block
Filler Metal Current/Polarity Voltage Travel Speed
Process ; j
AWS Class Size(nm) Type Amp. Range Range (V) (cm/min)
GTAW ER80S-B2 ¢ 24 DCSP 100-180 12-16 8-15
, ¢ 32 80-130
M - p 2-2 -1
SMAW E8016-B2 ¢ 4.0 DCR 110-180 22-28 8-15
Table 3 Chemical composition of filler metal (AWS E8016-B2)
Element C Si Mn Cr Mo Fe
wt. % 0.06 0.47 0.65 1.31 0.52 bal.
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Table 4 Tensile properties of the 1Cr-0.5Mo steel at 24°C and 538

] Test Yield Tensile Elongation Reguction Young's D
Material Teomp. Stress Strength (%) of Area Modulus (MPa™) m

(C) (MPa) (MPa) (%) (GPa)

Parent 24 291 477 35.6 72.8 187.97 4.481E-12 | 3.80
538 214 344 329 78.9 127.92 2.797E-17 | 5.97

HAZ 24 387 573 33.1 73.3 220.36 5.393E-19 | 6.21
538 323 461 28.0 75.5 147.27 1.091E-22 | 7.73

Weld 24 588 661 21.2 71.2 175.29 1.889E-26 | 8.58
538 —[ 408 461 30.0 81.1 151.92 5.310E-46 |16.29
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Table 5 Creep test conditions for parent metal of
1Cr-0.5Mo steel

Spec Applied | Area Fine.al Secondary Rupture
No.. Stress | Reduc. | Strain creep_lrate Time
(MPa) | (%) | (%) | () (hr)
P10-85 182 84.7 38.1 6.750E-4 101.0
P 2-75 161 87.5 43.6 3.130E-4 296.6
P 3-65 139 869 | 403 3.852E-5 1699.0
P 9-60 128 873 53.3 2.498E-5 3472.0
P 4-55 118 N/A N/A 9.548E-6 N/A
P 8-50| 107 88.7 | 40.2 | 6.262E-6 5899.0
P 7-45 96 N/A N/A 2.282E-6 N/A

Table 6 Creep test conditions for HAZ metal of
1Cr-0.5Mo steel

Spec. Applied | Area | F iné'll Secondary RuPture
No. | Stress Reduc. | Strain creep_lrate Time
(MPa) | (%) | (%) | (Ar) (hr)
H1-85 275 79.8 32.5 4.253E-4 66.8
HS-75 242 80.5 28.4 1.295E-4 379.2
H7-75 242 82.6 28.3 2.158E-4 291.4
H3-65 210 84.6 366 | 6.765E-4 329.2
H6-55 178 85.7 46.6 | 4.172E-5 1024.5
H4-45 145 N/A N/A 9.990E-6 N/A
Table 7 Creep test conditions for weld metal of
1Cr-0.5Mo steel
Spec. Applied | Area Fine_ll Secondary Rupture
No. Stress | Reduc. | Strain creep_]rate Time
(MPa) | (%) | (%) | () (hr)
W15-85 347 82.4 29.5 3.248E-3 11.0
W 7-80) 326 79.1 29.0 3.460E-3 10.7
W 2-75| 306 80.6 372 1.485E-3 32.0
WI1-70| 286 83.9 31.1 4.057E-4 77.5
W 8-65 265 84.5 35.7 1.396E-4 233.7
W 4-55 224 83.9 42.2 2.880E-5 863.2
W 5-45 184 77.7 26.6 | 7.325E-6 4390.8
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Table 8 Creep properties of the 1Cr- 0.5Mo steel

at 538C
reep Constant A n
Material (MPa” - ")
Parent 1.235E-24 9.18
HAZ 1.787E-17 5.52
Weld 3.358E-30 10.70
10 ~
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Fig. 9 Determination of secondary creep constants
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(a) Parent metal (P10-85 spcimen)

(b) HAZ metal (H6-55 specimen)

(c) Weld metal (W5-45 specimen)
Fig. 12 Microstructure and creep demage of creep

test specimens
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