ez A =23 AP, A23A A7E, pp. 1147~1154, 1999 1147

SA508 CL.la ©27 W@A A H3AFEY G}

A
A

19

oz

<o

8 -
3 109 29 H+F)

2y

Evaluation of Fracture Resistance Characteristics of SA 508 CL.1a
Carbon Steel for Piping System
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Abstract

The objective of this paper is to evaluate the fracture resistance characteristics of SAS08 CL.1a
carbon steel, and their associated welds manufactured for primary coolant piping system of nuclear
power plants. The effect of various parameters such as pipe size, welding method and chemical
composition on the material properties were discussed. Test results showed that the effect of pipe size
on fracture toughness was negligible, while the effect of welding method on fracture toughness was
significant. In addition, Fracture toughness for carbon steel was influenced by silicon contents due to

the different steel refining processes.
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Table 1 Test specimen matrix for base metal.
Plant identification Product name Number of specimens
Hot leg pipe 6
Nuclear Power Plant A Cold leg pipe 12
Loop closure pipe 6
Hot leg pipe 6
Nuclear Power Plant B Cold leg pipe 12
Loop closure pipe ' 6
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Table 2 Test specimen matrix for weld metal.
Filler metal Welding Number of specimens
method Plant A Plant B
Wire : L-TEC40 SAW 8. -
E7016 SMAW (shop) 8 9
E7016 SMAW (field) 6 -
Table 3 Welding procedure specification.
. Filler metal Preheat Interpass PWHT Travel
Welding Si min. temp max. temp. Holdi speed
. thod 1Z¢ . ) . . . olding ! .
me AWS class (mm) (C) () time(40h) (cm/min)
Wire :
L-TEC40 ¢ 24 615% 20 20-35
SAW Flux - 95 60 )
L-TEC124 04 ' 30-45
SMAW E7016 ¢ 4 95 60 615+ 20 13-18
(Shop) E7016 d 4 (V) 13-18
E7016 $ 3.2 13-18
+
S;VIA;:;’ E7016 b4 95 60 61(5.,(_:)20 13-18
(Fie E7016 4 13-18
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Fig. 1 Configration of 1T-CT test specimen.
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Fig. 2 Effect of pipe size on J-R curve for SA508

CL.1a.
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Fig. 3 Comparison of J-R curves for SA508 CL.la
base and weld.
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Fig. 4 Effect of shop and field welding on J-R
curve for SAS08 CL.la.
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Fig. 5 Comparison of plant A and plant B hot
leg pipe J-R curves for SA508 CL.la.
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Fig. 7 Comparison of plant A and plant B loop closure
pipe J-R curves for SA508 CL.la.
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Fig. 6 Comparison of plant A and plant B cold
leg pipe J-R curves for SA508 CL.la.
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Table 4 Chemical compositions of SA508 CL.la steels for primary pipings of nuclear power plant A.

Chemical composition (wt.%)

Pipe name nilmeﬁter - _
C Si Mn P S Ni Cr Mo A% Al Cu

Hot 2B27871 | 0.240 | 0.060 | 1.310 | 0.006 | 0.002 | 0.270 | 0.210 | 0.020 | 0.003 | 0.002 | 0.040
leg 2B27910 | 0.230 | 0.030 | 1.290 | 0.006 | 0.003 | 0.320 | 0.180 | 0.020 | 0.005 | 0.004 | 0.030
2B27870 | 0.240 | 0.030 | 1.350 | 0.007 | 0.002 | 0.290 | 0.190 | 0.030 | 0.003 | 0.003 | 0.030
2B28142 | 0.240 | 0.030 | 1.350 | 0.007 | 0.003 | 0.300 | 0.210 | 0.030 | 0.003 | 0.005 | 0.050
Cold leg 2B27928 | 0.230 | 0.030 | 1.290 | 0.006 | 0.003 | 0.290 | 0.190 | 0.010 : 0.004 { 0.005 | 0.040
2B28266 | 0.230 | 0.030 | 1.330 | 0.006 | 0.003 | 0.290 | 0.180 | 0.030 | 0.003 | 0.003 | 0.050
Loop 2B28203 | 0.250 | 0.060 | 1.260 | 0.007 | 0.003 | 0.300 | 0.220 | 0.020 | 0.003 | 0.005 | 0.050
closure 2B28107 | 0.230 | 0.020 | 1.340 | 0.006 { 0.003 | 0.310 | 0.210 | 0.030 | 0.003 | 0.004 | 0.040

Table 5 Chemical compositions of SA508 CL.1a steels for primary pipings of nuclear power plant B.

Pipe Heat Chemical composition (wt.%)
name number C Si Mn P S Ni Cr | Mo \Y% Al | Cu
Hot leg 2B94687 | 0.210 | 0.230 1.20_0 0.006 | 0.004 | 0.300 | 0.150 | 0.040 | 0.002 | 0.006 | 0.040
Wl 2B94785 | 0.210 | 0.210 | 1.250 | 0.005 | 0.003 | 0.280 | 0.140 { 0.010 | 0.004 | 0.004 | 0.040
Cold leg
2C94906 | 0.225 | 0.216 | 1.210 | 0.006 | 0.004 | 0.290 | 0.160 | 0.010 | 0.003 | 0.004 | 0.045
cIl:)(:::e 2B94686 | 0.210 | 0.230 | 1.200 { 0.006 | 0.004 { 0.300 | 0.150 | 0.010 | 0.002 | 0.006 | 0.040
39 Fa9 FFo] AFEM] wA= FFL
Lolny) Aato AANINAL £9 Rl SO —
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Fig. 9 Comparison of plant A and plant B J-R
curves of weld metal for SA508 CL.la.
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Table 6 Base materials data summary of ¢ - ¢ test results for primary pipings of nuclear
power plant A (Si < 0.07 wt.%) at 316C.

. . Heat Yield strength | Tensile Strength | Elongation( | Reduction of area
Material Pipe name
number (MPa) (MPa) %) (%)
2B27871 271 471 31 64
Hot leg pipe
2B27910 294 466 27 63
2B27870 280 479 28 62
SA508 2B27928 285 473 28 64
Cold leg pipe
CL.1a 2B28266 282 455 24 65
2B28142 259 471 28 65
2B28203 269 473 27 64
Loop closure pipe
2B28107 295 469 22 63

Table 7 Base materials data summary of ¢ - & test results for primary pipings of nuclear
power plant B (0.20 < Si < 0.24 wt.%) at 316°C.

. . Heat Yield strength | Tensile Strength | Elongation( | Reduction of area
Material Pipe name
number (MPa) (MPa) %) (%)
Hot leg pipe 2B94687 227 475 40 77
SA508 2B94785 254 489 36 75
Cold leg pipe
CL.l1a 2C94906 275 475 36 77
Loop closure pipe | 2B94686 241 468 37 79
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