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Abstract

Leak Before Break(L.BB) design concept is applied to piping systems of newly-built Yonggwang
3, 4 nuclear generating stations as a design alternative to the provision of pipe whip restraints, in
recognition of the questionable benefits of providing such restraints. The objective of this paper
is to evaluate the material properties (tensile and fracture toughness) of SA312 TP316 stainless
steel and their associated welds manufactured for shutdown cooling system of Yonggwang 3, 4
nuclear generating stations. Effect of various parameters such as specimen orientation, test
temperature, welding on material properties were examined.
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Table 1 Comparison of welding procedure specifications (SA312 TP316)

Welding Filler metal Preheat Shielding | Flow rate | Travel speed

location AWS No. Size (mm) & PWHT gas {1/my) (mm/sec)
Shop ER308 3.20 N/A Argon 12 1.02~3.28
Field ER308L 2.39~3.18 N/A Argon 10 0.97~2.20
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Fig. 2 Specimen orientation with respect to the speci-

men from a pipe of weld (BM: Base metal
WM : Weld metal)
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Fig. 3 Geometry for ¢-¢ test specimen

Fig. 4 Geometry for J-R test specimen
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Table 2 Number of LBB test specimens

o-¢ test J-R test

Material

Upper | Lower | Upper | Lower

Lowest toughness base metal | 4 1 4 1

Median toughness base metal | 8 0 0 0
Shop fab. weld metal 3 1 3 1
Field fab. weld metal 3 1 3 1

Table 3 Chemical composition of SA312 TP316 steel
(Wt.%)

C Si Mn P S Cr Mo
0.08 { 0.75 | 2.00 | 0.04 | 0.03 | 06.0 | 2.00

0=0n(1+¢n) (2)
e=1n(l+en) 3
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Table 4 Summary of g-¢ test results at upper temperature for lower bound value
Identification ori s, S,
rient. a n
Material Heat No. | Specimen (MPa) (MPa)
MC03 L 152 476 5.98 2.40
105418
Base MC04 C 159 462 4.75 2.48
metal MC11 L 159 469 3.19 2.53
105419
MCl14 C 138 462 8.21 2.20
MJ01 L 241 483 0.21 6.20
Shop fab.
105414 M]Jo2 L 221 483 1.49 4.61
weld metal
MJo3 L 241 483 0.65 4.79
MOO01 L 179 483 5.02 2.77
Field fab.
105414 MO02 L 186 476 7.14 2.68
weld metal
MO05 L 172 476 6.09 2.77
Table 5 Summary of 6-& test results at upper temperature for median value
Identification o Sy S,
rient. a n
Heat No. Specimen (MPa) (MPa)
MC21 L 166 476 8.21 2.38
MC22 L 131 469 6.87 2.40
105419
MC24 C 145 469 6.38 2.27
MC25 C 138 455 5.30 2.25
MC27 L 131 469 6.86 2.40
MC28 L 166 469 5.87 2.56
105507
MC30 C 173 476 5.44 2.63
MC31 C 173 476 7.01 2.62
0.0 A= L3k =g L-Cee 7 ol
= el . Hepd ALAdlAE L $9-H8EAY
: 3 L-Cussl HAAGAE S sHedsh,
- 1800.0 50° AFG A AR 249 744 4.1.2"0] 45
:ﬁ'j’ ok 3 A X GAE ATl A R 7} F4ql F
5 L - EWEQ ‘105419°% AAAeH, EAMY AL
. - 7 semsete @A Ade ARads,
0 - - o - J o]E A|HE o] &3t A& (lower temperature,

Crack Extension (mm)

Fig. 6 Fracture toughness test result for MC07 speci-
men

200C)elX FH-HYEAELS YA T FF

A=, ARRE, a n3he Table 734 e}

&, °]% AlHE o|&3le AF(room tempera-
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Table 6 Summary of J-R test results at upper temperature for lower bound value
Identification
Orient. Jie C C; Fracture
Material Heat No. | Specimen (KN/m) energy (N)
MCo7 L-C 1594 1094 0.55 2549
105418
Base MC10 C-L 1760 1220 0.47 2763
metal MC17 L-C 800 718 0.61 1811
105419
MC20 C-L 1113 933 0.41 2118
MJo6 L-C 956 890 0.60 -
Shop fab.
105414 MJo7 L-C 756 771 0.71 -
weld metal
MJos L-C 885 843 0,58 -
MO06 L-C 1665 1175 0.48 -
Field fab.
105414 MO07 L-C 2044 1272 0,55 -
weld metal
MO08 L-C 452 569 0.57 -
Table 7 Summary of o-¢ test results at room temperature
Identification Ori S, S,
rient. a n
Material Heat No. | Specimen (MPa) (MPa)
Base metal 105419 MC12 255 545 6.17 2.88
Shop weld metal 105414 MJo4 386 579 0.47 6.66
Field weld metal 105414 MO04 269 566 7.19 3.13
Table 8 Summary of J-R test results at room temperature
Identification Tic
Orient. G C.
Material Heat No. | Specimen (KN/m)
Base metal 105419 MC16 L.C 1804 892 0.50
Shop weld metal 105414 MJ09 L-C 1883 742 0.54
Field weld metal 105414 MO09 I..C 1316 947 0.50
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Table 9 Validity check for J,c data
Identification Validity
Orient. Temp.
Heat No. Specimen I 11 I v vV VI
MCo7 L-C X X O O O @)
105418
MC10 C-L X X O O O O
MC17 L-C X X O O O O
105419
MC20 C-L X X O O O O
MJ06 L-C X X O O O O
Upper
105414 M]Jo7 L-C X X O O O O
MJ08 L-C X X @) O O O
MO06 L-C X X O @) O O
105414 MO07 L-C X X O O O O
MO08 L-C X X @) O O O
105419 MC16 L-C x X O O O @)
105414 MJ09 L-C Lower X X O @) O O
105414 MO09 L-C X X O O O @
* Note O Valid X Invalid
1. Specimen size II. Juax 1. Data spacing

IV. Regression line

V. Crack shape

V1. Crack extension

9] <14 (toughness)ol =3 $317]

1 o) F-o] 2h
A7,

432 JRAMe

FEHEY
J-RTHo33E J.TeASE F§ o,
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Table 10 Validity check for J-R curve

Identification w > 1
Orient. Temp.
Heat No. Specimen da (mm) 0.1 bo 0.3 b
MCo7 L-C 8.128 O O
105418
MCI10 C-L 7.366 O O
MC17 L-C 9.144 O O
105419
MC20 C-L 7.620 O O
MJo06 L-C 8.636 O O
Upper
105414 MJ07 L-C 9.398 O O
MJo08 L-C 8.128 O O
MO06 L-C 7.112 O O
105414 MO07 L-C 7.874 O O
MO08 L-C 8.636 O O
105419 MC16 L-C 8.636 O O
105414 MJ09 L-C Lower 7.620 @) O
105414 MO09 L-C 8.382 O O
* Note O Valid x Invalid
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Fig. 7 Comparison of ¢-¢ curves for different temper- Fig. 9 Comparison of g-¢ curves for different speci-
ature men orientation
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