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Synopsis :

The characteristics of heavy section steel welded joints for nuclear rector pressure
vessels are introduced. Welded joints of 250mm in thickness were made by sealed metal
arc welding and submerged arc welding in exactly the same way as for an actual
nuclear reactor pressre vessel. The matallurgical structures and mechanical properties
of welded joints show soundness and satisfy the requirements of ASME Boiler and
Pressure Vessel Code Sec. Il at various locations of joint thickness. Various kinds of
tests to evaluate fracture toughness, Klc, KId, and Kla, including the tests with
full-thickness (250mm) specimens, were conducted and the results proved that the
heavy section welded joints were suitable for use as a nuclear pressure reactor vessel

materials.
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The characteristics of heavy section steel welded joints for nuclear reactor pressure vessels are introduced.

Welded joints of 250mm in thickness were made by sealed metal arc welding and submerged arc welding in ex-

actly the same way as for an actual nuclear reactor pressure vessel, The metallurgical structures and mechanical

properties of welded joints show soundness and satisfy the requirements of ASME Boiler and Pressure Vessel

Code Sec. I at various locations of joint thickness.

Various kinds of tests to evaluate fracture toughness, K|, , K1y and K|, including the tests with full-thickness

(250mm) specimens, were conducted and the results proved that the heavy section welded joints were suitable

for use as a nuclear pressure reactor vessel materials.
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Table 1 Typical material properties of A533 B Cl.1 steel plate tested®’

Plate Chemical composition (wt %) Tension test Charpy test tPeYi-;E]:l
thick- .

Analysis test
ness . . YP TS El |vTral vEwern | g Tuor
() C |8 |[Mn P S [Cu |[Ni [Cr |[Mo v al/men? | ket /mm? | % *C | kgfm _(N:D

Ladle | 0.18 | 0.24 | 1.40 | 0.004] 0.003| 0.01 | 0.69 | 0.09 | 0.53 | 0.005
250 51.1 64.8 26 | —25| 22.6 —30
Product| 0.19 | 0.24 ; 1.41 { 0.004| 0.003] 0.01 | 0.68 | 0.0% | 0.52 | 0.004

Tested after simulated stress relief annealing (620°C 26hrs)

-

Table 2 Welding conditions of steel plates tested

. Preheating & Welding Are Welding
Welding Weldi ial X I speed
method elding materta interpass temp. current voltage {em/ min}

{'c) {A) V)
Electrode :I;{;n-ISO
SMAW LBL-96 150/260 5 23--26 1316
Dia. 4mm and 5mm mm
180240
Wire
US-56B Dia. Smm LT L.T _
SAW Flax 150/260 600~ 650 2829 5070
MF.27
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(JIS Z 3121, 153k ), @EEm oy kil 3. RERER
(JIS Z 3111, A1 BB, © v B — R
g (JIS Z 2202, 4 Fallah), (EEAM (JEAC 3 BEMEOBRSM
4201, P3RER)T) 70 IR R S AU
TR E LI, 3oy Y ey (CT) B, () EREOLT M
G oo ik, Y= AR AL, MRL i’r‘é%f*‘-’wi&mTt"}’iuka}mjM.‘.‘L % Table 3 (275
Meyazov7 | idkis SUWESSO T e S [ T HEhoZ f--fw, e R AP AE STMIN BEAYI it 747!
s & Lo, A ki Tl CT bk AR LAY YL S T D, {2 P, Cuk
AR -~ 1000t T AmE SRR L D, % EStErSg i o) }JJ’J 1lmi‘rUiH &4 ’<) STETeIREA
72 ESSO AERT 8000t 72 b 1 72k =T, 4L ’Cb\éﬁ" Stk e L Tid-ra 'i'jjf—r'r:‘;f H'.‘esm i3
Zi250mm A TORBAEMRL, —HMLs  BELTRamRS e R b T s, %
SRR L L DR - B AR AT, Fo WL Y 4 1 bz 3 T i_ﬂ‘J"‘ e &
Tahle 3 Chemical compositions of weld metals _ )
{wt. %)
Welding method | Lhickness [} si Min v $ Cu Ni Cr Mo | Al
% 0ol | o4s | 123 | ooos | osos | sar | 07 | oot | 054 | 0.002
Y 007 | 044 | 124 | 0009 ; 0004 | 0O1 | 038 | 001 | 0.54 | 0002
SMAW Yt 008 | 042 | 122 | 0009 | 0.004 | 00L | 038 | 002 | 052 n.o02
¥t 007 | a4 | 122 | cooe | ooos | o001 | o3s | 00z | 05 0,001
K 007 | 043 | 122 | o010 | ©oo3 | 001 | 038 | o061 | 0.54 | 0.001
% 007 | 034 | 119 | 0009 | 0004 | G0 | 088 | 006 | 050 | 0.006
Yt 0.08 | 035 | 118 | 0009 | 0.004 | 004 | 088 | 006 | 0.5 9007
SAW %t 008 | 034 | 120 | 0008 | 0003 | 003 | ¢88 | 006 | 050 | 0.006
i 008 | 033 | 119 | ooto | c.o0a | 004 | 086 | 006 | 049 | 0.006
Wt 007 | 033 | 120 | 0009 | 0.00¢ | 004 | 087 | 006 | 050 | 0.007
Ladle analysis (plate) 008 | 024 | 140 | 0004 | 0003 | 001 | 069 | 009 | 053 | 0016
Welding method | [hickness & N Nb v Co B As Sh Sn Ti
Y%t 00167 | 0001 | 0007 | 0004 | <0000l 003 | 00002 | 0001 | 0011
i ¢ 0.0105 i 0.001 | 06007 | 0004 | ~0.0001| 0.003 | 00002 | 9.001 ooz
SMAW Y% e 0.0109 | 0001 | 0006 | 005 | <0.0001| 0.003 o002 | 0001 | 001
¥t omse | 0o | 0007 | 0001 | 00001 0003 | 00002 | 0.001 | 0012
Wit 0.0107 | 0001 | 0007 | 0004 <o 0001 - 0002 | 0.0002 0.001 | 0012
Yt 0.0090 |<0.001 | 0003 ; 0.02t 0.0006 | 0.002 | 00003 | 0003 | 0013
Yt 00089 | <000l | o003 | ooz1 | 00008 0002 | 0.0004 0003 | oot
SAW % 0.0105 [<¢.001 | 0003 | 0021 0.0008  0.002 | 0.0003 | 0.003 | 0.013
8 p 0.0103 |<0.601 | 0003 | 0.020 0.0006 | 0.002 | 0.0003 0.003 | 8.013
Wt ooz | <000t | oo | oors 0.0008 | 0.002 | 00003 { 0.003 , 0.013 _
Ladle analysis (plate) 0.0096 {<0.001 | 0.005 ‘ 0.005 | <£.0001| 0002 | 0.0005 | <0.001 I 0.001
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Table 4 Tensile properties of welded joints

. . Tensile
Welding method TIhI:;\lr;ess strength B:)r_?:(.e"
ccatlon (kgf;’mmzi position
I 66.4 WA
% 65.9 WM
SMAW
i 64.9 Wl
K 65.0 . WM
I 65.0 WM
# 64.9 WM
SAW
b 64.7 WAL
H 65.7 WM

Table 5 Tension test results of weld metals (SAW)

Thickness Lower yield] Tensile ‘Elcmgation Reduction
location point strength {G.L.=50mm)| of area

(kgf/mm?} | (kg f/mm?) %) ()

0 54.6 62.8 30 T4

) 54.5 63.1 29 74
o 55.1 63.1 29 73
54.6 63.6 31 72

3, 54.7 63.3 it 73

! 55.8 63.7 28 71

WM e g, HAZ (3imakiys: & Immbl
P FAFNYREFITL T b, MikT & LK
B AHND OV THEMERE TR BEA°50% & & B RS RIK
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vEaett, 0°CILoBIT M = A F— vFEi3HAZ
HIEEIC R EE L - T O EHS RS,
BEFFOOREEE (Y ¢ 802 BT v Trs [ —22~-25%C,
vEserr 1 22.6~23.9kgf-m)® 128 L TWMIRIT
M vz 3, HAZ 3 RERBORGSB LV
MBAOMB TR - e FLLILD,
Lo B A R TSR OBl & Fig. 312
T
(4) FRHELE R

SMAW #5 L (X SAW #kFo0 WM & HAZ {22
VT D E R AL A 4 Table 6 12801 72, FRIE
PEEFLME Tanr (3 2 » L — RBERT SR,
L, #0F £ ML RT ot & 4 227, WM,
HAZ » 412 SMAW Ti3—45°C LIT, SAW T3
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Table 6 Toughness of welded joints

SMAW SAW

Drop Drop
Thickness| Notched Charpy test weight Charpy test weight

location | position test test
vTrs | vTrso v Trasmos| vEshen vEy Tawr | vTrs | vTrse |vTrssmits| vEsheu vEy Twunt

) e ¢Cy | (kgfom) | lkgf-m) ("C} Cl o] ¢C) | (kgfom) | (kgim)| {'C)

v, WM —32 —45 —43 17.9 14.4 -3 —30 —36 —-37 18.3 16.2 -1
HAZ -79 | —108 —4&7 23.0 22.9 -175 —b58 —76 —72 21.9 218 —60

| WM —22 —34 -3 19.2 17.8 —45 -3l —41 —47 18.4 16.6 —75
A HAZ —b4 —68 —67 20.2 18.5 —50 —65 —76 —-73 23.1 23.1 —75

., WM —20 —32 -32 16.4 14.3 —55 —26 -3l -33 18.9 17.8 —60
A HAZ —49 —65 —66 19.8 18.9 —45 —55 ~62 —63 17.6 17.6 — B0

) WM —25 —32 —33 17.7 12.6 —45 —30 - 36 —38 18.4 18.0 —60
i HAZ —-63 { —91 —97 22.5 22,6 —65 —68 | —78 -77 19.7 19.7 —60

. WM =21 | —37 —38 18.5 15.4 —45 —-41 | 52 - 50 20.8 20.8 —70
i HAZ =70 —79 —78 231 22.6 ~75 —a3 —-72 —75 19.9 19.9 —60
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