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Synopsis :

Using a 170 mm thick plate specified by ASTM Specifications A533, Grade B, Class 1 for
reactor vessel and welding materials designed specially for the plate, characteristics of
weldments by a submerged arc and a covered arc are studied. The plate is fabricated by
Ladle-Refining-Furnace, a forging press of 6000t in capacity, a plate mill and by a series
of heat treatments in Mizushima Works. A combination of high basic agglomerated flux
KB-150A and wire KW-40C for submerged arc welding and an ultra low hydrogen type
electrode KS-86A for covered arc welding are prepared for securing the joint efficiency.
Both weldments by a submerged arc and a covered arc are found to have no weld defects,
excellent tensile properties and bending ductilities, as well as sufficient absorbed
energies and NDT temperatures for meeting the requirements of ASTM or ASME

Specifications.
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Synopsis :

Using a 170 mm thick plate specified by ASTM Specifications A533, Grade B, Class 1 for reactor
vessel and welding materials designed specially for the plate, characteristics of weldments by =
submerged arc and a covered arc are studied. The plate is fabricated by Lad!e-Relining-Furnace, a
forging press of 6000t in capacity, a plate mill and by & series of heal treatmenls in Mizushima Works.

A combination of high basic agglomerated flux KB-150A and wire KW-40C for submerged arc
welding and an ultra low hydrogen type electrode KS-86A for covered arc welding are prepared
for securing the joint efficiency. Both weldments by & submerged arc and a covered arc are found to
have no weld defects, excellent tensile properties and bending ductilities, as well as sufficient absorbed

energies and NDT temperatures for meeting the reguirements of ASTM or ASME Specitications.
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Table 1 Chemical comp051t10n of plate (Wt )

¢ | si f Mn P [ s | cu ‘ Ni ‘ r | Mo ‘ Al

— —— —_———— b } | — —
ASME Spec. | <o ‘o 13/0. 32‘1 1001, 55‘ <o. 033 <. 035‘ 0. /0. 73‘ 0.41/0, 64‘

i

Ladle analysis 0 19 ] 0.30 ‘ 1.35 ‘ 0.013 ‘ 0 007 | 0.02 ‘ 0.69 I 0.01 J 0.54 ‘ 0 032
B P P Sk [ Sl I kel

siee| 019 | 028 van | oo oow | o | 0w | ] 0w | aom

/et | 0.1 | 029 | 137 | oota| 0007 0.0 Do |~ | 055 | 0.03

Check |- — — -

2t | 020 | 030 | ra | o ot4| 0.008] o.02 o6 |~ | o7 | oo
analysis | |7 S Jf_T_k ————— : L — '

344 019 | 029 | (L38 | 0.014| 0.007 | .02 | 066 | — | o055 | 0.035

Bottom | ! y 1 e .

__|surface| 019 |_ 0 9 | L | o0tz | 00| 002 o | oo | oms

£ : Thickness

Table 2 Tensile properties of plate (JIS Z2201-100

T e - - . - - e L
Yleld strength : Tensnle . Reduction
(0.22 off set) strength Elongation of area
(kg/mmz) (kg/mmz) (%) (%)
ASME Spec. 295.2 " 56.2~70.3 >18 —
53 1 64,7 30 73
Top surface
53.2 64 4 28 73
]
——— e — L7 e
: 49 0 62, 0 30 71
1/4 ¢ !
48.5 : 62.2 i 30 72
- S N - S . B
47.4 1.7 30 71
1/2 ¢ 7 6
48.4 619 28 ’ 70
Stress relxevmg condmon 620°Cx45h heatmg and coalmg rate 48° C/h
Table 3 Charpy V-notch 1mpact propertles of plate (J[S 22202-4)
Sampling | Direction VE—lz (_!fg m} - ‘ 'VTrb v T
position " Individual | Mean ) )
— @ value | valke | NEJ -
. | \ 9.2 | |
op ! _
curface L 8.3 | 9.0 ! -1 24
9.0 | |
o | T
1/4 L 8.3 8.2 ‘ -7 =34 e
| J 9.3 | 4
' 6.4 | o
1/2 ¢ L ‘ 6.7 \ 6.3 ‘ +12 | —20 -y
‘ 5.9 | ‘
—_— —— —— ——— —_— _—.,7:7_?_-- ‘Y___‘
Stress relieving condition : 620°C x 45h, heating and coaling rate 48°C/h ‘ - V;N i

l ?
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T THEERLY 2 UB Loy, #8, JFHRE
ETRTHEOWE LT, Hhbl, BLEL
P ATV, 0%, 170mm x 1400mm x 2400
mma T A b7 —#F U, KETEOBE M H
w4 £925°C X 7 hOFERH L, 870°Cx 5 hin
g AKPEANL, 665°C x5 holiy K LaL:
B O A HEEUR & L,

FolbFdnin Table I T340 T, ¥o
s ASTM BR{EFIEL L T 5,

BB ORABEILR (620° C x45h [ IBRZEDE
M) AT LSS OBMO5IE R L CE AR
st Table 2, Table 3 \wRt., HEHEAD L
OEETL T ASTM #Hifiz#s 2 L < v
7

2.2 YTR—UT— T EERE

B AS533 B #it 60kg/mm? {REEERR
Wi BT, CENSVEHEELIESES
<, BEROERbLRAHILTALDITIL, &

EoBhoEEAERAYEN P T HAED
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S LSRR Y T 2 ARERTLC
LHHF LAY, Lo i F AR 7 e 2 A%
WEARDMCERT Hehieh, RERCHTS
s Y URE LERC L 5% EDAT, &
OFERYEETLIOENSD, £IT, REEM
Ch oo B LT T 2 AKB-150A L3
IR DM A 4 2SR DM A SRR 7 7
s 7 ZKB-80C % AT, +ORiEs L URREE
TN L, SRS Fig, 1, Fig. 2
b, PEEE T T s ATRREES DD, &
OEIEET — 7 EEEL D AP, X
Fo, Lo F ATRERE U oA 12007 C F TOMBAT
seerkahn o LA Fig. 2 omRESGl
BB OLLTHE D,

75 5 7 A GHLE VT, b LEREE
AEELEROEEAFEREC R LETEEY A
A, PRECEAEEONIER JIS oL, v

A\
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3.0

Absorbed moisture (%

LAY

35°C, 457,

307C, 80 %
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X
*T30°C, 0%

hY! |
6 B

Exposure time (h)

Fig. 1 Absorption characteristics of welding materials for HT-80 steel
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N _ Table 4 Relation between repeating use of
flux and diffusible hydrogen in weld
metal
N e e —
FB({Dried at 300°C) Repeating usage i D1ffu51b[e hydrogen
[ | in weld metal
T W times i (mi/100g}
E BA(Dried at 300°C) T T T 0.6"" T
&0 — 1 : 0.0
B BA(Humidified to ¢.66%) ’ 0.0
N N = . SR .
=7 I [ l i | [ 0.0
T J:ﬁl(Humidified to 6.75%,) 2 0.0
T/ W 0.0
l 0.0
i 3 0.0
2 FB : Fused flux 0.0
-3 BA T Agglomerated flux . TV T T T -
E . o 0.0
= Heating rate $5°C/min
4 0.0
0.0
. . 1 . [ e [ S -
0 =00 00 600 800 1000 0.0
Temperature (°C) 5 0.0
0.0
Fig. 2 Differential thermal analysis curves of T T 6_0 T
humidified f] 8
Ut AT 16 uxes P 0.0
0.0

T oy 7 ALEEERRIN L CESE R A et e, o
DRSS Table 4 ¢ b, 75 ., 7 208
RUMHG BIH T, JIS wBEshi-s
Ut ) RO T R ERFE R D,
MELBHC L5275 o 2 2805 ik Uk
LD A,

AER T, U Lob4ER L0, AS33 B

BEESBOERAR S L UEEORE IR ThE R
Table 7, Table 8 & /-2, - AL irsRB LG A
5 UNE —12° C e gl BRI = 5L % — 4.2kg-m
Plloskicw L, i bosiiczd - T85HBL
T %,

Table 5 Typical chemical composition of wire

HFRCBARE U Ao S B 5 » 2 A K B- KW-40C (wt %)
1504 GEATE BL=2.6) & 0.5%Mo ROl o A O
KW-40C (4.8mmf%) MG bw T LA, Lmm 1 N
KW-A0C oALFl ik plin Table 5 <4 48  0.00]0.04|1.53 ‘ 0.010 0.011‘ 0.53
B, SR Rv-T Table 6 O fffvikBE L4 S
Table 6 Submerged arc welding conditions for all deposited metal
7 Flux and We;l:ng Ar-c | Weldmg _He-at Interpass-
wire current voltage : speed input tempsrature
(A) (V) ‘ (Cm/mm) (J/em; °C)
K B-150A J J
X 600 32 38 400 <250
KW-40C | !
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Table 7 Chemical composition of submerged

arc all deposited metal (wt %)
== S ‘ - == : ——— —— e ‘
ol 1 S5i Mn P ‘ s ‘ Ni ‘
[P ‘
0.06 036 1.67: 0.0121 0006! 0.83

2-3 BET—7EERH
WET — 7 BERE LT AR R i F

Table 8 Mechanical pmpertles of cmbmerged arc all deposited metal

203

AR L, Wittt chioBERFER O
K S-86A &BFE LI,

Table 9 im Rt HEEH TLEF LB ¥ (F ]
L, %O R L OBEMOEE ANB LR
%51 Table 10, Table 11 ¢4 b, JlR@E, &
W= e — & 4 JRGRAR R ks L -127C T
MR = ¥ — 4. 2kg-m AL, v
— U7~ B Y BB SE ILE L CEal
Erho AL T ORIV S

Tensile propertles

Absorbed energy (kg m)

T u o - I [
Yield Tens:le . Reduction '
strengtl} strength Elongation of area vE g vE_5 vE g v,y vEs
(kg/mm®) | (kg/mm?) @ % |
1.82 592 | 9.02 9.24 | 20.08
554 63.6 3 72 1.66 5.88 | 6.04 18.32 | 19.9
55.5 63.7 31 71 2.69 | 440 | 902 | 1176 | 19.2]
(2. 1\ (5 4) 8.0 I (13.1) {19.7)
e S . I e L
Stress rellevmg condition : 615°C x 45h, heatmg’ and coo]mg rate 50 C/h
Table 9 Covered arc welding conditions for all deposited metal
Electrode Welding current Arc voltage Welding speed I Heat input ‘ {2;?;2?:?1118
(A V) (cm/min) ‘ (J/em) ¢cy
| { L . -
K S-B6A 210 1 24 ‘ 15 ‘ 20 140 \ =100
e ‘ S
Table 10 Chemical composition of covered arc all deposued metal (wt %)
o ] T Diffusible hydrogen -
c ‘ 51 Mn P S Ni Mao in weld metal
_ j . | (mi/100g) .
~ . ! i/ VNE )
0.06 ‘L 0.40 1.06 0.006 l 0.009 0.61 % 0.406 ‘ 1.35
_ L _ i S S
Table 11 Mechanical propertles of covered arc all dep031ted metal
Tensn]e propertle'a Absorbed energy (kg m)
—_— |
Yield Tensile . Reduction ‘
strength strength Elongatin | ", rea vE. vE_, vE o § vE, vExw
{kg/mm?*) (kg/mmz) (%) (%)
0.91 7.71 ‘L 12.63 17.49 19 95
1.06 71 13.67 14,48 19.95
60.8 67.0 30 67 7
777 9.48 14.25 17.88 17.93
1.0 " 8. 3 13.5 16 6 19.3

Stress rehevmg condition : 615°C x 45h, heating and caolmg rate 50° C/h
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3. FEEFORMEAE

bk o BEIFHA AB33B EEME A B T
TOFERT OB LA B RY T
T

31 BESIVHLERG

VT =TT — 2 BIUWET - 2 MERC

63 pass

8% pass

G0 pass

4 pass

Fig. 3 Pass sequence of submerged
arc welding process

BT DERES L B E i, Table 12, Fig. 3
B Lo Fig. 4 wmd, #7=—2F -2 HED
FEESERLRE I T A e, B, EE 3
[E2 b iR Uiz, BB 7 ~ o BB ES
Ty, ASdE: 35~40k]/cm o EERTE
sttty S A

FHEEROICBRERME E EE TE L b T
Fig. 5 WORT&BCiTie» 1

Preheating temperature : 200°C
Interpass temperature > 180--200°C
Welding current ! 170 [75A

Are voltage | 24— 26V

Welding speed © 60— 70mm/min

Heat input :35--40kJ/cm

Welding position © Vertical up welding

T

Fig. 4 Welding conditions and pass sequence of covered are
welding process

Table 12 Welding conditions for submerged arc welding process
e | Do | Mg | am | wede || R o
temperature
(mm) | (A v (em/min) ~ (J/em) e
1 48 | 500 24 ‘ 20 | 36000 200~250
2 ” 550 33 AT N '735'77'7177 Cmo0 |
3~7 \ " 60 | 33 ‘ 30 | 39 600 ”
8 ~82 ‘ " | 700 s | s '!Wiﬂoioﬂmw L,
85 __‘“ ” | 600 | 33 ‘ a0 ‘ a9 600 | .
Eackm 1 1 ” f 600 fiw a3 ‘ 30 ‘ 39 600 o '
side | 24 ‘ ” : 650 [ 33 ‘ a2 77{7 w20 | 4
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6151 15°C

200°C

BRI SRS R o g oV T 203

H15 1 15°C

I
W
i
ol
b
=

10h %55°C/h '] <55°C/h

Internat SR

30h "'—"‘ =5

Final SR

Fig. 5 Diagram of stress relieving for submerged arc and covered arc weldment

3.2 EFTI/0HER

IR X 2 ETHO W ~ 7 = 8 8 00
Photo. 1 & 1 7F Photo. 2 Thb, 277/ & %
AZ, Pe—k—n, bhds FORMEO W RET
pan 0 T (e

3-3 RERMFIIIRIEAE

WL R A4%5 LT, JISEHRE s i 23121
o1 BRTFHABRYERL, ZRTIERSRYIT
oty FRbOEEY Table 13 » Table 14

LRI ] TS | b gl
Photo. 1 Macrostructure of submerged arc
weldment

mamtas, O 7 -2 BERECE, JIE
WX IIREEME © ASME HifsErimaL, R
BEmAoREhRECE Lot ¥ 0T O M
EAREFREME LIET Lot 2l BA o
FTERASEE N F BT, MR O BE DY)
Bl atebDbELZBRSL, CHICHLTESR
7 — 7 FHERTEORS, BEEELT TR
=, B S 66~67.5kg/mm? AREMHFLTE
b, BHOTRCH~<EEEROPETC LA
- T 3~5kg/mm* o EANEZLRI,

ikt k) W e AT i

Photo. 2 Macrostructure of covered arc weldment
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Table 13 Results of tensile test for submerged arc butt weld joint

H 2
Notation Tensile strength (kg/rﬁnrzrl )] Location of
Individual value Mean value rupture
ASME Spec. 56.2~70.3 i -
62.4 Weld al
Al 62.7 ¢d meta
62.9 Weld metal
64.4 Weld metal
A2 64.0
63.6 Weld metal
64.8 : HAZ
A3 I 64.
64.9 1 9 Base metal
A4 66.0 66.3 HAZ
66.5 ’ Weld metal
Top surface Notation Specimen: JIS Z3121-1

Bottom surface

Table 14 Results of tensile test for covered arc butt weld joint

v o o
Notation E Tensile strength (kg/mm?) o Location of
¢ Individual vaiue ‘ Mean wvalue rupture
ASME Spec. | 56.2~70.3
M 67.4 7.5 Base metal
67.5 ’ Base metal
2 M 66.4 6.4 Base metal
66.4 ' Base metal
66.0 . Base metal
M 67.3 66.7 Base metal
AM 67.2 7.0 Base metal
66.7 ) Base metal
Top surface Notation Specimen: JIS Z 3121-1

Bottom surface

April 1974
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ig. 6 Dimensions of high temperature tensile

test specimen

Reduction of area
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e
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‘o

60 >

Tensile strength -

0

e _T.5 Spee.
M \‘\f—Q\__‘

Yield strength

Ao e
* - .
e Elongativn
x Heme /

i

5 off set, Tensile strength (kg mm?®}
Elongation, Reduction of area

aZ,

i

I | I !
1l 1 LI KLY [iE]]

Temperatura [}

A0
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a0

20}
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11.2% off set,
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 S—

e X

i ue 1 1 !

i} [1L1] 200 RilS) 4K
Temperature (C)

Fig. 7 Results of high temperature tensile test for submerged arc weld metal
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3/

-

1,29, off ser, Tensile strength (kg mm?}

Elongation, Reduetion of area (%}
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o 7%:?6{—;

£l NI

I

Elongation, Reduction of area (%]

el o

a0} Yield strength T,

o off set, Tensile strength 1hg ‘mm?)

X

0

1
1K

Temperature {°C

st

ok Reduction of area

&\n\(}mgength

“""-T..L T.5. Spec.

I L L L
i THH 200 Rl A0
Temperature ('C;

Fig. 8 Results of high temperature tensile test for covered arc weld metal



208 Al My &3 H R

April 1974

Table 15 Results of Charpy V-notch impact test for submerged arc weldment (JIS Z2202-4)

Samatine | Locat L 4a0°C +4.4°C —12°c | —20°C —40°C
ampling ocation ! . [ — o = S
D of notc 4 energy linity energy | linity energy llinity energy linity energy inity
kgem)| () |{kgemy (%) |(kgem)! (2) [(kgem)| (%) |(kg-m)| (%)
U 1823 0 15.56 | 10 11.86 | 10 7.71 | 30 1.78 | 90
W.M. ‘ 18.76 3 14.12 | 10 10.60 | 20 5.43 | 75 1.78 | 90
center | 16.83 3 14.67 | 10 | 12.79| 10 | 5.57| 65 | 1.61| 90
T . tare 2 [ aasy| e |18 (a3) | (6.2) | 7 | T1.7 | (90)
op ' 19.85 0 | 18.39 10 | 16.12 0 5.92 65 3.4l 75
. Bond | 19.85 0 17.94 5 11.76 | 20 13.74 | 50 3.411 90
surlace ' 19.98% 0 . 18.76| 5 | 13.74| 50 | 10.54| 50 | 7.88
omm | Q99 (o A8y | (7 [A3.9 | €23 | A0.13 | (55 | { 4.9) .
1807 0 1781 o 1054 | 40 7.94 | 65 355 |
HAZ. 18.13 . 0 14,96, 10 9.30 | 45 9.58 | 55 5.12
center | 16.23: 5 14,78: 10 | 14.68| 10 | 8.34| 53 | 4.40
- P75y 2y o (15.9y ! (7 (1.5 | (32) 1T86) | ¢58) | a4y,
15.56 5 13.231 20 6.67 | 30 4,391 60 1.78
WM. 15,22 5 9.48 ; 20 561 | 60 2.82 | 65 2.28
| center I11.69 | _20_ | 10.23: 20 ! 4.79| 60 | 3.91| 60 I.44
i (a2 | 10y | Gro | o ¢ 5001 6B | (30| 62 | (1.8 | (81
¢ ' ] 19,08, 0 ’ s e e
| . / // / 1434 1 3 ,// e e S
1/4 ¢ Bond y o s 14.621 10 ! - A e e
B O O A C N 4 i v A N P
s “ 1 VAR N:) g s 4 ‘
HAZ o yd O T B e e /'/ g
center 7 e / s 1866 5 | S 4 g g
v / S | (n LV S
19.03 3 11748 10 1 1484 51 547! 60 5.24 | 75
W.M. 20.12 o ! 17.96 5 14.73 . 5 | 9.64: 45 3.42| 75
center 19.03 3 0 17.42 5 11.26: 10 ' 8.9 30 5.47| 65
.41 2y |76 (7 1(13.6). (1) (80) @5 [ (47| (72)
19.27 1 0 18.70 0 | 13.22 | 30 13.16 | 60 8.13| 85
12 ¢ Bond 19390 0 18.39 5 1 13.56 | 30 13.16 | 20 4.46 | 85
19.68. 5 | 198 | 0 4§ 168l | 20 | 17.63| 0O .7.46 | 80
19.2) ; 2y |(9.03] (2 1145 | N Q4. | @7 1867 | (83
19.98 0 13.337 5 14.96 | 25 5.08: 75 3.27| 80
HAZ 18.64 0 1813, 0 14,78 ’ 20 9.30 | 60 2.69| 90
center 1985y 0 | 16230 0 | 12.64|_ 50 | 630 70 | 3.31| 8
- (Ag.5) | CO) | (159 (2) | 14.1)! (32) | (6.9)! (68 (3.1) | (85
19.08 0 17.20 5 14.56' 5 11.97 ; 20 5.71 | 60
W.M. 19.24 0 15.45° 5 12.24; 15 12.02| 10 5.61| 50
center 16.66 3 13.73; 5 | 16.33; 5 10.28 | 10 | 3.46| 50
83y | (1) 8.5 (5 (4] (8) | (L4, (13 | (4.9 | G
| ' ’ /| 18.80 ¢ s 7 Ve
3 Bond /'/? //i / | S 14,45 15 // o - S
3/4 ¢t on , N 15.72 0 4 7
P VA VA VAT~ {0 S Vi Vs
i P v (16.2) | (5) |, 7 e
7 g g 71716.33 ' 30 7 | y
H.A.Z ' / - // 18.71 0 e /‘/1 A /,-”
center / y / ‘ // 2038, 0 e S L e
- I A R §T- 5 N T N Ve .
16.66] 5 | 17.42 5 163 15 10,015 10 350 | 55
W.M. 17.09; 0 16.77 3 11.91 5 7.01| 20 4.56 | 55
center 14.'_?__8 ' 5 14.23 5 . 1_5le ____5__ _ __]EG_l _5 4. 1?_)_ a0
(16.2) 1 (3) 1U6.1) ' (4) (129 ] (8 |12y (123 jC4.1) | (83)
Bottom 17.81 0 15.60 0 17.18| 770 5.66] 65 9.12 | 65
¢ Bond 15.60 5 12.04 | 10 12.04 ¢ 20 5.12| 65 6.30 | 70
suriace 642 0 | 1883 0 o 1374 O 09.98| _45 | _3.55] 75
2 mm (16.6) | € 2) |{1553 ] (3) 1(14.3) . (7y (6.9 | G8) |(6.3) . (70)
18.13 0 14.50 . 10 13.56 | 30 6.14 [ 70 416 85
HAZ 14.68 0 13.33 | 15 13.74 | 40 9.74 | 50 4.921 85
center | 17.81| 0 | 16.23| 5 | 12.64| 45 9.30| 60 | 5.66| 8
- (16.9) | o) | 4.7y (10 | (13.3) | (38) | (8.4)| (60) | (5.0) | (85)
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WMEFAd—(Axd~<T0/, v FETHEL,
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Table 16 Results of Charpy V-notch impact test for covered arc weldment (JIS Z2202-4)

o | Lo ru'c +4.4°C ‘ e | —we | —avc
ampling acation ! e I . I
" £ notch é‘&et:isor Crysta- é\el?(rjsor Crysta- I;Aebdsar- Crysta I erdsor Crysta- .le:&ebdsor- Crysta-
0SH10N ) int ) T L.
p natc energy Hinity energy Hinity energy Hinity ! energy Linity energy 1linity
~ (kg-m) | (%) |Gkeem)| (%) | (kgemd| (%) |kgem)| (%) lckgem)| (9
Top 14.83| 20 13.44 | 25 6.37 i% 60 6.90 | 75 2.33| 9
WM. 11.75 | 20 8.50 | 40 8.92 1 160 2.8 | 70 1.581 85
surface
5 mm center | 12.05| 25 | 8.81| 40 | 8.76 | 450 4.89| 80
(1z.9) | (22) | (10.2)[ (38) |(8.0)| (57) | (4.9 75 [( 2.0 (88)
16.03 20 | 14.94| 15 5.70| 65 | 3.68| 75 2.90| 90
| ;
" WM. 16.87 1 15 15.86 | 15 9.31| 50 11.94 | 40
center 16.47 10 9.15| 30 | 9.03| 60 | 9.31| 45 e
(16.5) | (15) | (13.3)| (200 | 8.0)| (58) | (83| (53) | (29| (80
10.05| 25 6.43| 55 7.87| 65 | 368, 8 | 237 90
"y WM. 8.041 35 8.87 | 40 3.82° 80 | 3.63{ 85
center | i 7.821 45 | 4.40| 75 , 3.08| 80 o
C9.00 ] GO | (7.0 | D [( B (73 (3.5 | B3 |(2.4] (90
16.15 1 15 1171 20 7.02| 65 6.32| 75 3.17 | 85
34 ¢ W.M. 16.03| 10 | 11.48| 20 11.48 | 40 10,39 | 40 1.91| 85
{ center | 14.13) 5 | 14.94| 15 | 7.71| 65 | 7.66| 65 o
| 5.4y | (10 | (2.7 l (18) | (8.8) | (5D | (8.1} (60 | (2.5 (85)
15.17 | 15 10.56 | 45 8.42| 70 7.66 | 50 4.79| 85
Bottom
W.M. 16.64 | 10 17.04 | 10 7.71| 65 8.04 | 55 2.72| 80
surface
> o center | 11.65| 40 | 11993 40 | 7.49| 70 664 80 | |
(14.5) | (22 | (3.2 | 32 (79| 68 (7.4 | 62 | (3.8 | &)

Table 17 General specification of Charpy V-notch absorbed energy for nuclear reactor pressure vessel material

Applymg pnsxt:on of plate

Shell and head materlals

Connectmg to the main

closure franges

Spectmen

Pressure containg

materials other than in

the above

; Temperature Absorbed energy

5 + 4.4°C
JIS 72202 4 ~12.0°C Individual value: >3,5kg«m
1/4 ¢ ! ° Mean value of 3 specimens:
longitudinal . +4.4°C > 4.2kg-m

I
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Table 18 Results of NRL drop weight test for submerged arc weldment
(ASTM F208 P-3, drop weight energy: 41kg. m)
Location of rotch - Test temperature and results (“C mm) .NDT o
and sampling - temperature
position —12 —25| —30 | —35| —40 | —45 —50‘ _55 —60‘ 65 ¢
" HAZ center | | ® n B
; ! i —50
14 | ; © P @
Weld metal center : i ! @ “ ' @ l .
—60

TR IR kI it J _

Table 19 Results of NRL drop weight test for covered arc weldment
(ASTM E208 P-3, drop weight energy: 41 kg m)

T VLocation of Ill:tC;‘.l Test temperature and rt;s_u_lts (" &Z mm) - ;;IT); T
and sampling temperature
position —12 ‘ —25 ; -30 ‘ —35 ‘ 740 745 50 —55 ‘ - 60 "cy
HAZ center qp @ @ ’ . ‘ ]

‘ —30
o 51888%8 1 |
Weld 1 ‘ ’ W h|
eld metal center ‘ | 5o
LY @ | ® @ @ _

dlkg-m TREE s - 7. FOFEEMTable 18
L Table 19 w4 b, + 7 ~— U7 — 2 BEOE
HEZO NDTREL-50°C, BESRI R
DNDTREZ-60"CTHDH, LT I WHET
— P EEOEEITERENL-30"C & —h0°CiTi
b, FESBONDTEEILAZERD, SE
Hrp g T R 7 — 2 BHEOE 5 20200 C SR

YT
1/4 ¢

Fia
Top surface

st Lisl, WAL NDTRER-12C
LIFTcaab, MEEic o8 T T hiclA
Va4 o L ERTER,

3-7 BEFHTHE

W fjlm A 4 %451, WESmm, HiES7mm
O HMTRB S R L TRABRCHE LD, TO

[ Y.
1/2 ¢

Bottom surface

Photo. 3 Appearance of face and root bend test specimens of submerged arc weldment
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=0 Table 20 + Table 21 C& b, WiEIEMk P
T L L RROFRA LI 18018 E TiA D, ¥ FEFRRE L LT v = — 3 7 — 7 I ME T
O & FOEFEB[OMOER, WED Loy E bh, # BRI O A, BB 7 B
THIHLL L&t T SRR 4 2 a5 L MEET M A 1T - fo. L EEFEm,

Table 20 Results of free bend test for submerged arc weldment

; : I
Notation Gauge length(mm)!‘ Elongation { %) L Judgement
i
I S |
| 41.4 30.5 Good
1A
| 55.9 30.2 Good
_ | DR R _
2 A 34.1 ; 31.2 Good Specimen : 38 x 57mm
: 39.6 31.0 ) Good Top surface Notation
| _
\ 26.9 ! 31.0 Good
3A i 1
32.7 i 30.3 Good
20,5 32.6 | Good
4 A
24.7 30.7 Good
. I Bottom surface

Top surface Notation
1 A

Photo. 4 Appearance of side bend test specimens of submerged arc weldment



1/4 ¢, 1/2 ¢ & DOV BRIE 9.5mm, B
Bmm DR A, W RE Y 4 S50
Pl HFEEA AN LT, SokoRBE
=7, Photo. 3, Photo. 4 & L 7% Photo. 5
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Table 21 Results of free bend teat for covered arc weldment

Notation IGauge length{mm) Elo?ijﬁi}m“ | Judgement
%] !
. i [
41.7 30.0 Good
M1
32.0 30.6 Good
M2 27.6 32.9 Good Specimen : 38 x 57mm
16. 57 L 317'5777 Goo_d_ Top surface  Notation
: 11.8 5 32.3 Good 1 M
M3 i ! ) —ML
* 25.7 | 32.4 Good Mz
- - ! _ L M3
30.6 30.4 Goed M 4
M4 45.3 ‘ 30.5 Good
) o o0 Bottom surface

Top surface Notation

ML)
CMET M

M 3L (M 32!

Photo. 5 Appearance of side bend test specimens of covered arc weldment

— B2 -
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O, KEOBREEOL KRS T

3-8 BEFhicE
# Al [fx']lz ‘f{ﬁ,""xﬂi Lfze = Zh.ll:*f L?&%ET — 7 (ﬁj‘"g%f

FHMR T OB A X005 Ai%, o h—2 Tir Hy 270~313 bieh, 7 w07 — o
BE 10kg % AV CHRIEN OS5 ETRIE L fg‘f.—r‘:v Fiomic i { B, R i R
i Fig. 9 & Fig. W Tthsb, v7 -7 JLEEC ft;uumswav‘; Bt
— 7 EEXR v VoSS S By 242~306

Tep surface Zmm
1/4¢
Top surface 2mm 1724 -H*lmm
300 A
A Bottom
ZSDW —-""\'-ij%
200 . -
BMMAL T WM , HAZ BM.
150
300+ 174
2a0r
:n‘?: 200 HAZ HAZ
% 150 BM HAZ W.M. LG BM
2z b
300 172t
é 250
= a00f . ,
- BM. HAZ WM. HAZ.  BM.
£ 150 — A
a5
£ 2004 3741
2590F
M. AL W.M. BM.
150 bt —=
3601
Bottom surface Zmm B.M.: Base metal
300r HAZ.. Heat affected zone
WM. | Weld metal
2050+
20w Az HAZ
- M_'_;,;_*; W.M. Las BM

Location of measurement

Fig. 9 Hardness on cross section of submerged arc weldment

Table 22 Chemical composition of submerged arc weld metal (wt %)

Sampling position ‘ 7 ,,,C | s | Mn ‘ p \ s | Ni \
rwgfiggi;gﬁec ‘ <0.25 _{ E_IQ}B_QE_V_i'10/1"55 ‘ g 035 ‘ £0.040 ‘ 0. 37/0 73 ‘ 0. 41/0 6
" Top surface } 007 77‘7(;25”7‘7 159 | o.on ‘ 0.0z | .87 " 0.597
Ty X m'{ﬁ 0.32 ‘ tss |00 | 0.013 I 0.89 _.‘ 0.583
__‘71/2 ¢ % 0.07 } 03 | 1.5 | oot oo ‘ 0.8 | 0. 551
st ‘ 0.08 ‘ o4 \ﬂw 1.70 W} 0.014 1 0.0z | 0.90 “ 0.562
Bottom surface | 0.00 | 039 Y- 160 | oo | oom ;o ol \ 0.521 ”
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3-9 FREBOEFEK

YT =T — Y EEER, KIUERT -2
S BOWRIE N b LB ORI A
Bl Table 22 & Table 23 Tk b, + 7 ~—v
7T — 7 BEEEREERIC LN TCEREL LT

Nk B gk B W

April 1974

LAEOT S, Mn, Ni i ASME 88 Bl o
FRE A DT B T D8, R A O
FICRRABEE D70, BERE 7 5 5 7 A O
PR X B IRFHE S LR, LoiE S, B
#7 ~ 2 RSB TREHOERE L Vi <
H, WEHFAOTERMOESFEBLE BIcd i<

Top surface 2m

Top surface 2mm

/4t
Al_ﬁimm

m 1/2¢
Bottom surface 2mm

3741

WM L BM

WM

B.M.

(Hv10kg)

Vickers hardness

250
200

160

350
300
2504
200

Bottom surface Zmm

WM. _HAZ

BM.

BM HAZ
T

t

15¢

Location of measurement

Fig. 10 Hardness on cross section of covered arc weldment

Table 23 Chemical composition of covered arc weld metal (wt %)

Mo

Sal‘l"l[‘)‘lll-l"lg positiox:! C ‘ Si : Mn ‘ P t S | Ni 1
OAfSEEteSDBC' l ) 56,25 7 ‘ 0.13/0.32 ‘ 1.10/1.55 ‘ -30.035 7‘ 7;0.040— ‘"0.37/0.73 ‘ 0.41/0.64
?psurf—ace o 0 U;' 7 7 0.52 ‘ 111 ‘ 0005 1 0.0dé ‘Ii 0.61 ‘ 0.407
B .-1/4 t 0.07 0.51. w 1.14 0.005 ‘ 0.008 ‘ “ 0.68 ‘ 0.413
1/2 ¢ 0.09 0.51 | 7#1 24 0.007 7‘T 0.6076 ‘ 0.69 ! 0.482
3/4 ¢ 0.07 V j 0 52 -__i‘“ .-_i_._lzﬂ___i” 0.06757 ‘ 0.008 ‘ 0—66 : 0.432
Bottom SUI:f--Zice ) 0.67 7 757” 075?; ! L 1.4“"_‘_. 7065 7‘ B 0.007 7‘ 0.67 _‘_ TLISE -
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Photo 6 Microstructure of submerged arc
weldment at 1/4 ¢ (% 200)
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ASTM
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Weld metal

Band

HAZ
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Photo. 7 Microstructure of covered arc weldment
al 1/4 ¢ (%200
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