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Properties of ASME SA387 Weld Metals for Pressure Vessels
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Synopsis:

Tensile strength of ASME SA387 submerged arc weld metals after stress relief heat treatment {SR) and ther-
mal embrittlement by GE type step cooling are examined to obtain the knowledge on designing the chemical com-
position of weld metals.

Tensile strengths at room temperature and elevated temperatures after SR in various conditions are correlated
lineally with tempering parameter. Linear relationships also exist between tensile strengths at room temperature
and elevated temperatures. Weld metals should be designed on the basis of tensile strength at elevated tempera-
tures. Although the effect of silicon addition on tensile strength is remarkable, thermal embrittiement is aggra-
vated by the additions of silicon, manganese and phosphorus. The optimum contents of each element are deter-
mined as follows to satisfy the tensile requirements for Class 2 welds, and to reduce the embrittlement: 0.30-
0.35% 5i, 0.45-0.65% Mn, and P as low as possible.

The formation process of ferrite band is also studied using manual arc welds.

Ferrite band is formed during SR within the limited regions of weld metal reheated to the temperature from
Ac, to Ac; by the succeeding weld passes, and it grows larger as SR temperature becomes higher and/or SR time
becomes longer when SR temperature is below Ac,. When SR temperature exceeds Ac,, it is not generated at

all. The ferrite band results from the growth of ferrite grain caused by abriormal coarsening of carbide.
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Chemical compositions of plates and wires used %)
C Si Mn P 8 Cr Mo

SA387 Gr. 12 Plate 0.15 0.25 0.57 0.005 0.002 1.97 0.56
(1Cr—"'4Mo} Wire 0.16 0.26 0.58 0.010 0.003 1.03 0.54

Plate 0.14 0.45 0.56 0.010 0.003 2.38 1.29
SA387 Gr. 22 Plate 0.14 0.24 0.51 0.006 0.003 2.43 0.97
(24 Cr— 1Mo Wire 0.14 0.47 0.95 0.011 0.004 2.35 1.05

- Wire 0.13 0,08 0.51 0.009 0.008 2.41 1.04

SA387 Gr. 21 Plate 0.14 0.51 0.57 0.007 0.003 3.10 1.06
(3Cr—1Mo} Wire 0.15 0.48 0.57 0.010 0.005 3.05 1.05

Plate .12 0.24 0.48 0.008 0.002 4,94 0.50

Plate 0.11 0.15 0.54 0.012 0.007 5.09 0.57
SA387 Gr.§

Wire 0.12 0.24 0.48 0.008 0.002 4.54 0.50
(5Cr— 4 Mo)

Wire 0.11 0.15 0.54 0.012 0.007 5.08 0.57

Wire 0.14 0.53 0.72 0.001 0.004 5.51 G.64

Table 2 Chemical compositions of weld metals 5

C Si Mn P S Cr Mo 0’ NT
SA387 Gr.12 0.09 0.25 0.53 6.011 $.009 1.51 0.64 430 76
SA387 Gr. 22 0.10 0.42 9.81 0.013 0.011 2.44 0.98 100 68
S5A387 Gr. 22 0.11 0.38 (.56 0.011 #.009 2.61 1.03 387 90
3A387 Gr. 21 0.12 0.44 0.60 0.012 0.010 3.33 1.05 310 110
SA387 Gr. 5 0.13 0.46 0.66 0.006 0.010 5.48 0.70 352 120
* ppm
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SAWT7 Gr. 21 19 .45 - 21.15 60.5 70,3 52.7 60.5 70.3
SA3R7 Gr. & 19.79 - 21.55 57.5-70.3 32.7 57.5 70.3
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