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A Study on the Characteristic of Fracture Toughness
in the Multi-Pass Welding Zone for Nuclear Piping
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Abstract

The objective of this paper is to evaluate the fracture resistance characteristics of SA508 Cl.la to
SA508 Cl.3 welds manufactured for the reactor coolant loop piping system of nuclear power plants.
The effect of the crack plane orientation to the welding process orientation and the preheat temperature
on the fracture resistance characteristics were discussed. Results of the fracture resistance test showed
that the effect of the crack plane orientation to the welding process orientation on the fracture
toughness is significant, while that of preheat temperature on the fracture toughness is negligible. The
micro Vickers hardness test, the metallographic observation and the fractography analysis were
conducted to analyse the crack jump phenomenon on the L-R crack plane orientation in the multi-pass
welding zone. As these results, it is shown that the crack jump phenomenon was produced because of
the inhomogeneity between welding beads and the crack plane orientation must be considered for the
safety of the welding zone in the piping system.
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Fig. 1 Schematic diagram of a material testing
system

Table 1 Chemical composition of SAS08 Cl.1a and SA508 Cl.3 steels

Material Heat Chemical composition (wt.%)
number | C Si Mn P S Ni Cr Mo Al Cu \% Nz
SA508 Clla 2B63574] 0.230 | 0.250 | 1.200 | 0.006 | 0.001 | 0.290 | 0.200 { 0.070 { 0.021 | 0,030 | 0.002 -
"7 [2B63352] 0.240 | 0.230 | 1.210 | 0.004 | 0.001 | 0.300 | 0.180 | 0.070 | 0.017 | 0.040 | 0.003 -
SAS08 Cl3 2C27916 0.190 | 0.090 | 1.440 | 0.007 | 0.002 | 0.850 | 0.150 | 0.510 | 0.016 | 0.040 | 0.004 |0.0047
" 12€27917] 0.190 | 0.090 | 1.440 | 0.007 | 0.003 | 0.850 | 0.160 | 0.500 | 0.017 | 0.040 | 0.004 |0.0044
Table 2 Summary of tensile test results at 316°C
Specimen 0.2 percent Ultimate tensile Ramberg-Osgood constant Percent
Material identification offset yield strength, (MPa) Material constant,| Strain hardening | elongation,
number strength, (MPa) g, a exponent, n (%)

8 CL1 RCL-T1 330 521 1.73 6.43 35
SAsot CllamReL2 352 527 161 7.04 30
SASOE(: Ci3 RCL-T3 350 531 1.48 7.09 26

) RCL-T4 349 528 1.50 7.14 29
Table 3 Welding procedure and PWHT conditions
. Preheat .Heat Current, (Voltage, . Welding Filler Fll}er metal PWHT PWHT
Material temnerature input, (A) V) Polarity | speed, metal diameter, temperature | time
emperalur® | y/in) (in/min) (mm) empera
12117
SA508 Cl.1a
(250°F) - _ . SFA 5.1 607~6117TC 8hr
to 65.6C 129.5 [131~150{25~33 | DCRP | 1.6~4.2 E7016 4.0 (1125~ 1132°F)| 40min
SA508 Cl3 (150°F)
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Fig. 2 Crack plane orientation code for
rectangular sections of welding plate
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Fig. 3 Geometry for J-R test specimen
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Table 4 Summary of fracture resistance test
results at 316C

Crack plane| Preheat |, Spe.c1me.n ke | G
L. identification 2 a C
orientation | temperature number (kJ/m”) |(kJ/m")

RHJ1 616 | 636 03]
RHJ2 640 | 657 10.36

g 5101;?) RHIJ3 662 | 671 {030

LR RHJI4 769 | 749 1035
RLJ1 256 | 364 |0.49

(6155(?2) RLJ2 351 | 391 |0.21

RLJ3 256 | 318 [031

CHJ1 373 | 447 1038

1211T CHJ2 434 | 495 (036

(250°F) CHJ3 443 | 505 {0.38

e CHJ4 347 | 450 |0.49

CLJ1 417 | 507 10.50
65.6C CLJ2 456 | 532 |047
(150°F) CLJ3 524 | 562 1031
CLJ4 460 | 535 (047
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Fig. 4 Load-load line displacement curve for

RLJ1 on L-R crack plane orientation
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Fig. 12 Comparison of fractography for different
crack plane orientation at same preheat
temperature 121.1°C(250°F), (a) L-C crack
plane orientation, (b) L-R crack plane
orientation, (c¢) ductile fracture, X100 (d)

fracture surface at crack jump, X100
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