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Synopsis :

Characteristics of joints welded by a submerged arc and an electroslag process are
examined using 200 mm thick plate specified by ASTM Specifications A 387, Grade D
which was fabricated by Ladle-Refining-Furnace, a forging press of 6000 t in capacity
and a plate mill in Mizushima Works. Submerged arc welding is carried out by a
combination of high basic agglomerated flux and 2 1/4% Cr-1% Mo wire designed
specially for a hydrocracker. The weldment is found to have no weld defects,
homogeneous chemical composition and enough tensile strength and notch toughness to
meet the requirements of ASTM Specifications. The above combination of welding
materials is also found to satisfy the requirements of ASTM Specifications A542, class 4
when the weldment is subjected to postweld stress-relief treatments under the
tempering parameter ranging from 19.1x10 3 to 20.2x10 3. Electroslag welding is
carried out by a combination of fused type flux and the above 2 1/4% Cr-1% Mo wire.
When the weldment is quenched, tempered and stress-relieved, it showed to have

excellent tensile strength and notch toughness.
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Synopsis :

Characteristics of joints welded by a submerged arc and an electroslag process are examined using
200 mm thick plate specified by ASTM Specifications A387, Grade D which was {shricated by Ladle-
Refining-Furnace, a forging press of 6 000 t in capacity and a plate mill in Mizushima Works.

Submerged arc welding is carried out by a combination of high basic agglomerated flux and 24 %
Crl1% Mo wire designed specially for a hydrocracker. The weldment is found to have no weld
defects, homogeneous chemical composition and enough tensile strength and notch toughness to meet
the requirements of ASTM Specifications.

The above combination of welding materials is also found to satisty the requirements of ASTM
Specifications AB42, class 4 when the weldment is subjected lo postweld stressrelief treatments under
the tempering parameter ranging from 19.1 x 10" to 20.2 x 10%

Electroslag welding is carried out by a combination of fused type flux and the above 2% Cr-1%
Mo wire, When the weldment is qusnched, tempered and stressrelieved, it showed to have excellent

tensile strength and notch toughness.
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Table 3 (i~ <4,
2-2 FEMH

(1) =+ 7 7= 7 7 W
ASRTDHEL & i Cr, Mo GHE,N SV 12
AR A R LO T OT, HERERORR
A AV e TALENS S, Thins LT
ih, Varde COr AR RAERE D L 5L
P M AL 7 5, AT E b TG T
BHIENT T B ER TV AT, 0T
Lo OB L0 ASSTD BRI L
MG 7 5, 2 A (JEHEE Bu=2.6) 4
BWIEL, —hé 24Cr— 1Mo Ok % 4 » 2
4.8mmiE DR A HLE 1 T L7z, Table 4
N DB RO TH S,

S50 R 0 |5 R X YT R ER R i A Table 2, T G00A, FEIE 32V, FEMK 30cm/min,
Table 1 Chemical composmon of pld.te (Thlcknes&. t= 200mm) (wt %)
Components ‘ C ‘ Si l Mn | P ‘ S ‘ Cr | Mo | Cu | Ni iAl sol.
N : - ! : [ i J—
ASTM . ‘ 0.15 . u3o‘< ‘ .00 | 0.90 | ! ‘
specification <0.15| = ; '
0.30 | 0.60 0.035 | 0.0 } 2. 50 | 110 i ‘ |
— — ——— a— | - ! . - —_— . ———
Ladle analyms | 0.13 ‘0 2 ‘ 0.60 ‘ 0. 013‘ 0. 010 2. 40 o2 | 0.05 \ 0.03 ‘ 0.001
Top surface | 0.13 io.zs }0 58 *‘u 012 ‘o 010 iz 46 ‘0 o7 \0 05 ‘0 03 \ 0. 005
S R Rt R
1/4 t | 0.13 ‘ 0.28 | 0.57 | 0.012 ‘0 009 ‘z 9 | £ 0.96 ‘ 0.05 | 0.03 | 0.003
Check 1/2 t B o o 28 0.59 | 0.013 | 0. dfﬁ‘ 2.47 [ 0.98 | 0. 05 | 10.03 ‘ 0.004
analysis e |77 et i | b \ \ )
3/4 t 0 14 | 0.29 ‘0 60 ‘ 0. 014‘ 0.011 ‘2 43 ‘o o8 \ 0.05 0 03 1 0. 004
. Bottom surface 0 15 10.29 | 0.50 | 0.013 0. 011‘ 2.47 | 0. 97 | 0.05 ‘ 0.03 |0 004
Table 2 Mechanical propertlcs of plate (A‘STM A20)
Yleld Rtrength ‘ Tensile ) ‘ .7 B . | Reduct:on
Properties | ©(0.2% off set) strength Elongation | of area
(kg/mm*) | (kymm) ‘ (%) ‘ (%)
ASTM Spec1f:catmn | z;e | serem3 | =8 | 25
42.8 ‘ 572 30 73
/4t ! . ‘ '
Samypling - ) ‘ 12.8 572 I
position 42.5 ‘ 57.3 ‘ 28 | 76
1/2 t

| 57 2 | 28 i 76

Stress relieving condition: 680°C x 37h, heatmg and Coolmg rate 48° C/h

— 103 -



234 RS April 1974

Table 3 Charpy impact properties of plate (JIS Z2202- 4)

o ‘F,O (kg m) i
Sampling position Slre_ctlon of — e B viw (°C)
pecimen Inchvndual value | Mean value

| 25 7 :

L i 20.7 23.5 ‘ —29
i 26.1 |

1/4 ¢ o — S .

‘ 25.2 |

C 23.7 25.0 ; -3
26.2 |

Stress rehevmg condition : 680 C x 37h, heatmg and coolmg rate 48° C/h

Table 4 Chemical composition of weldmg wire (wt %)

Diameter |

(mm) | C ‘ Si Mn ‘ P ! 5 | Cr ; Mo
4.8 [ | ‘ ) T |
& o1z ) 0.4 0.60 |  0.013 0.010 2.40 ‘ 0.92
3.2 | e | o | | ,,
Table 5 Chemical composition of submerged arc all deposited metal (wt %)
= o= —_— —rm—= s T ____—‘—___ _— — e p— B :
C Si | Mn P s ‘ ¢ . Mo
| T a
¢.08 0.32 : 0.69 0.015 0.010 2.50 0.99
Table 8 Mechanical properties of submerged arc ali deposited metal
Tensde properties ‘ Absorbed encrgy (kg m)
T e P T T R I [ o
Yield strength Tensile . J Reduction | :
(0.225 off set) strength Elongation . of area : vEs vE, vE_y
(kg/mm?) Ckg/mm*) A N N
T o T T T a0 | s 9.3
47.2 “ 606.1 { 27 ; 73 21 21 21,08 2 60
46,8 i 59.8 28 3 20.99 ' 15.24 9.58
7.0y | (B0.0) 28 R I B ¢ e T N (A

Stress rehevmg cond:tlon 615 C x 10h + 691°C x 36h, heatmg and cooling rate 50"C/h {Tempering
parameter 20.8 x 10%)

IR 2007 ~250" C o Fe i T e L o S Tl 4 18.3kg-m €, Jeghicd Rl CAES® L Oy
B OALEHLE, & B e 2, 4% 41 Table 5, Do

Table 6 Z.x 9, {LEHi® 5+ Si, Cr, Mot () =uv2 A5 S EENR
FITw P ARLLBEENENL LS L D Tl R AT S EERRCLERR T 5, s
TP OEREOEHERI D LML T A KF-100 & 3.2mm o Table 4 775 Lo it

WA 51T % 0°C DYWL = 54 3 — on A B A A L THER L,
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Fig.1 Submerged arc welding pass sequence
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Table 7 Welding conditions of submerged arc welding process
Pass No. Diameter : Cwuiz‘g:'lr;g VAE;_]{;,agt: ;;':é?iing Heat input %E};E%gi:nd
(mm) i ay | j {em/min) | (J/em) p@C)
N Wl 500 B ‘ Zg o ‘ o 20 o ‘_ _23900:)__ T
2 0 om | s | sow
31 oo | owm | m | wew
s103 a8 | 0 | e ‘ ' | 47 600 200~260
R 104~106 o 600 ;_ ___3-;_ l 7 ”3(.7177777"” 33 600 7. "
Back | 1 60 o om | w0 | e
A 0 | s m | 4020
3. TR T -0 FE#ET

Table 7 s L7¢ Fig. 1 w45 L BE
T+ T e =T = C A T . TIEE
BETidaRoh ek T oo s\, W, EHE
A ESITHIR L 72,

BEREEOITIM RN, AR REATRIZ N
MM T OEMEFE A L€ Fig. 2 i+ 7w
75 AT o 1,

(C)

Temperature

691 £14"C X 36h

615£15°C X 10h

300°C

Heating and cooling rate : =55°C/h

{h}

Time

Fig. 2 Diagram of stress relieving on submerged arc weldment
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Photo. 1 Macrostructure of submerged arc
weldment

Table 8 Results of tensile test for submerged arc butt weld joint

Tensile strength (kg/mm?*)
Notation ; e s Location of rupture

Individual value : Mean value
! - - . .

ASTM specification ‘ 52,770, 3

CRI11 | 60.8 Base metal
‘ i 60.5

CRI12 ‘ 60.1 ' Base metal

CR21 61.4 1 1 Base metal

| 62.0 !

CR22 62.6 : ! Base metal

CR31 ‘ 62.3 ! Base metal
\ 62.8

CR32 | 63.3 Base metal

C R4l 61.8 ' 6.0 HAZ

C R42 | 63.0 | ' Weld metal

C R51 : 63.2 : HAZ
; . 63.4

C R52 ; 63.6 | HAZ

Stress relieving condition: 615°C x 10h+691°C x 36h, heating and cooling rate<<556°C/h

Top surface Notation Specimen: JI5 Z 3121 1

CRITICR12}

. R32)
CCR41FCRAZ

CRETCIE2S

Bottom surface
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Fig. 3 Dimensions of high temperature tensile
test specimen
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Fig. 4 Results of high temperature tensile test
for submerged arc weld metal
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ASME Section VI Division 1 o ##5{iti2. 8kg-m
IOl hBWEERR LI, HEv P vEy
LIREF R OMECBFRARC 19kg-m LLETH
st TOWHEBRE T, £ afiFEHT
RIEMEomE SR E , REhThoBEENO
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TRtk S, RERORA: A 180 2 Tl
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Table 9 Rusults of Charpy test for submerged arc weldment (JIS Z 2202-4)
| :
+320°C i 0°C —20°C | —40°C
I
g | o |Absorbed|Crystalli- | Absorbed Crystalli- | Absorbed Crystalli- | AbsorbedCrystalli- R
energy nity energy ‘mty [ENErgy nity energy nity
c(kgem) | (%) ! (kg-m) ‘ (% ‘ (kg-m} | (%) |(kg-m)| (%) |
WM 6.50 30 3.88 65 | 481 80 . i.29 | 95 t
R 9.64 © 35 6.24 65 7.30 | *70 0.91 B | g
center _glg_ ‘ _‘35 - 41,84, R 70, 4.88 70,. 095 . 95_ :
T TS TGy (s, | D | (5D RIS N NI
Top 20,03 0 19.52 Bg | ggg go 2.3(1) i gg
21.35 0 4.2 P 5 2.6
surface | Bond | Tg'pd | o | 1800 | 10| 18.64 0 166 | 95 | 2
Z2mm 0.9 |~ (o | 039 (23)77,\ (10.0) G8) |(z2 | (s |
HAZ | 19.98 0 19.80 | 0 | 19.01 0 12,64 | 70
19.08 0 19.66 0 ¢ 18.70 0 10.32 55 s
center 20.99 ____..0 - _..20‘31, R ,0 i 15},& ,70, ,10',82,_ - _4.5_._
b 20,00 | (o |(19.9) (o) [ dso | (o | Qs |67
WM | 1302 30 1.36 60 2.43 85 0.87 95
M| 108 25 3.94 65 3.08 80 1.29 95 47
center | ~9-18 | 46 | 454 | 60 | 2.39 | 8 | 1.08 | 95
(z.2) | (33 | (4.3 | (62 (26 | (& |11y ; (95
AN A A
: . ) .54 4
/4t Bond | yo'34 | o | 1800 0 5.82 | 75| 1.49 90 -3
s |3y 1ae2y | o | (s; | (T (29 . (8 |
HAZ 19.58 ‘ 0 | 1B.26 ) 18.64 5 \ 6.34 55
18.76 0 19.54 0 19.39 0 7.46 55 a9
center | 19-54_i 0 13.39 | 0 1895 | 0 1 6.98 50
. .0 | To larny  TTo lTeo Ty [Tew | Gy |
WM 1130 30 71477 651 3.8 L o0 0.79 95
©lo12.04 35 6.66 65 2.11 a0 1.08 90 48
center | A1.46_ | 30 5.34 60 | 112 | 90 | 1.61 95
|tie | | Con | e | (e | ooy | (L | Tt |
18.39 5 | 19.71 0 18.57 0 3.22 85
20.08 0 18.07 0 6.76 70 4.54 85
2o | Bond ) 199 | 0 | wesa | o | 614 6 | so8 | 8 |
o laes) (x| aah) | (» 1405y ; (45 | (4.3 | _ (85 | )
HAz | 18.64 0 ‘ 17.69 | 0 19.98 10 1502 7 40
18.64 0 17.52 0 14.56 30 0 13.44 45 42
center ﬂ& _p o 1800 .0 7.46 56, _ 6 1,4’__ _ﬂ_
BRECE Coy | (17.6) Coy 1(4.0) | (32 | LB | (48 |
WM | 1470 20 6.04 ' 75 I 4.02 90 0.75 95
: 17.50 5 7.61 60 | 1.57 90 1.18 95 v s
center | 1118 | 10 | 812 | 55 341 % | 137 1 9
T Qe a3y | T | Tay | ey | (s | (95 _
21.03 0 13.44 V20 2.74 55 350 ) 90
19,80 0 19.62 0 1 6.34 35 1.53 | 90
3/4 ¢ Bond 1 5551 0 o272 | __,,0,_‘ 1976 | 0 | 374 i 8 | ~28
ey o aEs | (| aLe | Go  (ze | @ B
HAz | 19.48 0 . 19.39 0 19.89 0 U T 04 50
“ | 18.89 0 19.54 0 14.20 0 9.18 60 10
center E’,,ZO 7,0 - ]‘8_§_2_ .__0_ _19‘58 Q — ,}‘152 45 .
o lase | o lasn | To (are | (o ey |G i
WM 12.68 10 6.08 60 | 274 90 0.99 7 95
1674 0 1.46 60 | 1.90 a0 0.79 | 65 + 3
center | 15-08 | 10 | 5.34 60 ‘ 3.64 | 90 ' 0.99 ‘ 95
1149 U7 | (53 6y | (2.8 | 90 (0.9 | (95 _
Bottom 20,03 0 20.53 | 0 ! 806 | 60 1.74 ] 90
surface Bond | 19-89 0 19.21 0 18.00 5 14.33 | 20 a3
1807 | 5 1 1506 | 5 | _14.32 20 4.46 ' BO_
emm )] (19.3) (2y [ (se | (» 1035 28) (69 | 6_|
HAz | 19.08 0 18.64 | 0 ‘ 1590 | 10 5.66 75
© | 18.32 0 18.57 0 17.69 0 14.62 30 40
center | 2008 0 | 17.88 | 0 1 1971 0 | 1763 | _ 0
' (19.2) Coy Q8.4 | (0 (17.8y | (3 |28 | 35 |
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Table 10 Results of free bend test for submerged
arc weldment

. Gauge length| Elongation .,
Notation (mm) (%) Judgement
CRIL 56.00 35.7 Good
CRI12 45.70 1 37.1 Good
——v. . R —— I - - e
CR2! 42.75 3.6  Good
CR22 37.60 44.2 | Good
C Rt 36.25 | 39.4 Good
CR32 29.15 1 39.0 Good
S U S
cra1 | 25.70 ! 42.0 Good
CR42  22.75 % 6.3 Good
C R5l 20. 40 42.2 " Good
C R52 17.70 ! 35.6 Good
Notation Photo 2 Appearance of s;de bend test
specimens of submerged arc butt
_ CRINCRI12) weld joint
CR21{CR22)
—_ CRAI(CR32)
e LD R ERT DIHCHRFE RO 5 (BT A
LA ST L i, FOEEA Table 11 T4
Bottom surface D, HBECET LRSEREIEC AR,

ZTHGEREER 7 7 7 ADOFERkA B
[ E N T A 1% SO

3-2.7 SAREEE

326 BELSEROLFBNOER
—BIEER TR CEBREY Y T T -

WET AR, GRS EACREE Y 5 WHER, Fv VI, SR bR s X UR
7 ARG R LT 0 TR EE 1WMMt®E&ﬁﬁ%#mejT%D,%%

TRENSDH B, BEREEMLEETHEOR TP e R e S o R A R L, vy

Harrogn bl xh, 75 » 7 AhCEERE A2 —ERERBROWN = F ¥ - NFVBHROU

-t o, Si, Mn, Cr, Mo e E o &2 5 #{kbic Lot T b bz bR b, WERROHES
LR A F i HRE T L oBRE& 25, DEGELRLL,

Table 11 Chemical composition of submerged arc weld metal (wt %)

5 Cr Mo Cu Abol. ) Alinsar.| N

Sampling .
posmon l > Si Mn P

Top surface ’ 0.075 | 0.50| 0. 86 ‘ 0 015 ‘ 0 006 ‘ 2 52 1.16 0.22 0.009; 0. 002 0.011

1t ‘ 0.079 | 0.52 l 0.86 \0 016‘ 253 | 115 | 0.22 | 0.008 ; 0.001 ¢ 0.010
1 .
12 t | 0.083 | 0.48‘ 0.83]0.015| 0.006] 2.52 | 111 | 0. 21 o oog} 0.002 | 0.010
Bl ol i o P e il Bl
3/4 t ! (.084 .48 0.83 } 0. 015 0. 006 l 2.51 [ 1.11 0,20 ‘ .008 ‘ 0.002 0. 010

1
Bottorm surface l U 089 0.44 0 77 ‘ 0.015 | 0.006 J 2.48 i 1. ()9 Co0. 17 ‘ 0. 008 i 0.002 | 0.010
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Pheto. 3 Microstructures of submerged arc weld metal, bond, HAZ and base metal at 1/4 t
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530°C % 6h
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Table 12 Fig 5 PC;JF%”FE?%%{’#t%?EﬂJ’U\' Quenching
v, 3Em L2 b e AT S AR LU

AR T/ - foff 8, U PO RAF T

RN e (W R 665°C x 8h

Table 12 Welding conditions of electroslag
welding process

Di i Weldmg| Arc Welding |Preheating
1AMELEr | o hrrent | voltage |speed temperature Tempering
(mm) (A>!<v>|uwm e
. |550~ 650 o P §15°C X 10
3.2 ‘><3 W1re 4555 70 | 100~150
Wit Fig. 6 o4 cliila s o Ak
Internal SR

(B00°C 75 400°C F T 1/4 t it 5 ¥
WEE L 44.4°C/minTHES), BRSO D
EL (540" C oo EEE L 62°C/min TH A ),
A LWL IEEREEA T ot BELELK IV
IR RER MBI R LRI & RFR2 B R
WL K L5 4 =2 —(T.P.)L20.85%x10°

695°C < 36h .,
7

“inal SR
BTz, , Final
Fig. 6 Diagram of heat treatment conditions
-— 42— on electroslag weldment
E Thickness :
200mm
o
& = Z
— 32 —

Fig. 5 Groove design of electroslag welding process

4-2 RBHER

4-2-1 w7 RER

=¥ rA TS SEELO < 2 o HE S
Photo. 4 T# b, | oBEAR—FEL &L o SRR O A R oY, BERTRLE
TIBRESL LR A B L 2o, B GIE  & F “52 Bt o fn,

11—

acrostructure of electroslag weldment

Photo. 4
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Fht (Table 3 £F) rA%THY, BESE
DREAYRA T &R & OB A o b &
I, EEREHC D LEEO FRIES bR,
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4-2-3 EESIRAR

BED 1/4t, 3/4t CRVCTEREGS T T+
hicEBA T Fig 3 wrntHEoEELER
BHAERLT, 4— 757 CEBRESRY %
AT - f. Table 15 RE R THH,
TATHBEAREE L, FHRY s Lo b
HEFEEOEILR B o to, 430°C T o 3%
BERYRHOER T2 L, 0.2% 0
88%, BIRM S84SR T LT 5,
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Table 13 Results of tensile test for electroslag weld metal (JIS Z3111-Al)

Yield strength Tensile ; Reduction
(0.2% off set) strength Elongation of area
(kg/mm?) {kg/mm®) (%) (%>
ASTM Spec. ‘ >31.6 | 52.770.3 >18 > 45
- e 1 N _
Top surface l 38.7 ‘ 55.4 31 75
4| 39.8 - 29 73
Sampling 1/2 t ‘ 39.2 ‘ 54.6 31 ‘ 73
position R s - - | -
3/4 ¢ ‘ 39.5 ’ 54.9 31 [ 74
Bottom ‘ ,-
surface ! 3%.0 ‘ 55.8 31 r 73
Table 14 Results of tensile test for electroslag weld joint (JIS Z3121-1)
Yield strength Tensile strength | Location of
(kg/mm?) (kg/mm?) rupture
ASTM Spec. ' >31.6 527703 |
o oo surface 39.5 J 55.3 Weld metal
v 38.0 | 54.1 Weld metal
V4t 41.2 ‘ 55.5 Weld metal
40.4 55.4 Weld metal
Sampling 1/2 t 40.1 55.4 Weld metal
position 39.5 55.1 Weld metal
. e ¢ 5 42.2 55.6 Weld metal
‘ 41.9 56.0 Weld metal
Bottom i 41.6 56.0 Weld metal
surface ‘ 41.5 55.0 Weld metal
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Table 15 Results of high temperature tensile test for electroslag weldment
Sampling Samplmg | Test Yield strength Tensﬂe Elongation ! Reductmn
direction position temperature (0.2% off set)| strength g I of area
S | dkegmmt | Che/my G | O
_ — o . e ! _
‘ w0 | 3.2 | 474 ‘ 0.8 | 69.6
1/4 ¢ I L o -
Parallel ‘ 430 | U8 46.1 | 21.1 ‘ 70.2
to we_iding - P ——— N O ——— e —— | [ —
direction y 400 | 35.2 47.4 | 20.1 604
3/4 t . - - -
| |
430 ‘ 34.7 46.1 ‘ 20.4 | 70.0
! / ‘ 400 \ 35.0 47.1 1 19.4 E 65.0
1/4 t : - . e
I
Transverse ‘ 430 | 334 455 2001 % 70.1
to we_lding A I - — T I‘ T —
direction y ; 40 | 30 471 | 193 694
3/4 t o _ N
I
| w0 Coass | 20 69.6
_ _ R R U
A HHE LiofE 5 % Table 16 i—ntd, —20°C T @4 % Photo. b i,

DM = ¥ — pE_y CHEEY S L, FE
{HirB@ g0l /4t B THHbA, 12.8kg-m
THhofo. BEMIT ChAZLAEYFEL TS
A%, 200mm ORIEH T H B fo s FEA R ERICIRE
BESBE SRR, POTOBIN = 5o ¥ — HER
FHAE S Ho» T by & DML AP EIHE
T S8 g I Aol

425 MIFRBEL UM TR

BE R ) 5 (LB A HRIEIOmm, HiE45mm
NEHETRBIYERL, KB LCERY
T%m17nﬁ$,¢&1%%ffm50,%0
FL49. 3% 0 a0, dEEe T Chic R
Lo,

¥, 4JE200mm oA T oL, 180
JETIE TR RE e o LR ER LA, F

Table 17 Results of free bend test for electroslag

weldment
Sampling position Elo?g/:)mn Judgement
Tap surfat;ii N | 54E;____‘_Gm)d -
Cwae | a3 Good
Y ot | G
Csme | s | Good
. Botomsuface | 9.6 | Good

Bottom surface

Ao a5 (B 10kg)
THEE Imm, 1/4t, 1/2t, 3/4t R I OEIN
ImmoOfECRIE Loy, BaEE (AR
Bed & L—IEBRERM) THD Y, £ v FE
oAt e, BEEBT L AEAVE <
TAUT He TIB0BIHTH - 1,

ﬁﬁﬁﬁ‘?‘\:g By -

Photo. 5 Appearance of side bend test specimens

of electroslag weld joint
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Table 16 Results of Charpy test for electroslag weldment (JIS 22202 43
+20°C 0°C \ —20°C
Samoling . e L o -
ampang Locatufn Absorbed ! Cl’y'utdill Absorbed I Crystalli- . Ahsorbed Crystallj-
position of notch : ; . | .
©oenergy nity energy s onity v energy nity
Ckgom) (%) (kgem) | (% | (keem) (%)
T o W 1842 N 1718 0 | 16.36 | e
WM. 17.38 ‘ 0 ‘ 16,99 ‘ ‘ , 0
17.81 0 17.94 _ 0
center et U A S . [ B i p———
i 7.2y oy | (74| | Tasm o
Top ! 22.29 0 ! 22.48 ‘ 0
I 9196 0 23.25 | 10
surface Bond 2211 0 22.06 | : 0
2mm - C 21 w226 ! N
' 21.44 0 | 2076 | a
bgﬁf 22.62 ¢ 1 2248 0
(2 mm) 21.81 0120083 0
I o220y Ch o ioensy b Lw
19.76 I 3 0
WM. 19.66 0 | 1845 | 20
center 15.01 0 ~ 18.45 _15 .
(9.5 1 (o (18.8) (12
23.50 0 17.25 25
23.34 | 0 23.58 0
ta Bord 23 0, 1883 10
. JZn o Coy o199 a2
18.64 | 0 TN 20
DA 19.71 o | 20008 25
(2 mm) 20,62 0 | 20.53 48
S N N O T A R A O B B S T X R L31)
[i
1744 0 17.18 43
WM. Co18lap 0 16.49 23
. 1832 0 18. 89 20
center AL R .09:0 A
= | s o) (17.5) (i
20.71 8 22,95 15
272 3 16. 61 43
Ve Bond 18610 13 e2lsy 20
o | 20 U8 (20.5) | %
T 19.80 0 19.89 30
HAZ L s 0 11,70 40
(rd) er 0 16,23 50
o e Tl oy | (w 5o | 53]
: 19.48 | 0 19.08 0
WM 18,95 | 0 16.74 15
18.89 0 19.48 25
cent; \ L : .-
e o (18.8) (377 e L a3
1769 0 19.85 0 18.20 28
20.03 0 19.54 10 7.08 63
34 ¢ Bond 15.60 | 0| 2118 0 _2049 | _ 0
) (17.8) ) (21.2) (| Teay | TG
HAZ 20.08 0 18707 0 17.38 25
b 21.12 0 16.49 13 14.62 28
(Bmm) | de2 |0 | iz ' a8 | ses o g0
0.2 (o {i7.2) 10y (13.7) (313
WM 17.18 0 17.12 0 17.74 | 0
M- 16.49 0 16.68 0 14.90 ‘ 0
17.44 0 17.31 0 16.87 0
t L S LT L -
et e v ) o0y 7.0 oy 1 Q6.s) o)
Bottom 3367 | 0 21781 0 1883 | 18
) Bond 23.05 0 22.15 0 21.17 0
surtace 24.26 o 2.3 0 2140 ¢ 10
2mm o (37 1 oyt e2ld) £ 0) _ (2.5 (9
HAZ | 2344 0 1 2578 7 0 | 18.64 18
bond 2487 0| 2.9 0 21.91 0
(e ) [ S T N O (N TR R
3 ool fesny | oy o 4285 0 (o i 2t | (6)
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Wi B O (hFRUk A Table 18 w3745, W
NHAOEMBEMCET AETEHTE® S h

Table 18 Chemlcal composxt:on of electroslgg weld metal {wt /)

4-2:6 AEEEBOEFHEK

T/ T B — [ — ‘
Samplin, ‘ | Si . ‘ | | i ‘
Sampling | . Si ‘ P Ni | Cr iMoo Cul| Al ‘ Vv | Ti | As| Sn | Sb
. ‘ ‘ | ' \7 : - o
sbace \o 15‘0 26‘0 61 ‘o 014 0. 010‘0 04| 2.2 004 0. 15‘ 0.001 0. 007<0.008 0. 004] 0. 002\0 005

1/4 t ‘015‘026‘061 0014 0010‘004‘240‘095‘014‘0001‘0006‘/0005‘0004‘0002‘0004
[~

1/2 t 016‘ 014‘0001{0006

0011‘003‘242‘095 \00050004‘00030005

i
;
i

0 OOZ‘ 0. ()04

3/4 t 016‘026 059|0015‘001000‘3|242!0.94 0.14 ¢ 0001‘0007}(0005

" Bottom
_surface

I
‘ 0.15 0.26‘ 0.59 ‘ 0.015‘ 0.010‘ 0.04 ‘ 2.42 1 0.9 ‘ 0.14 ;QD.OOI‘ 0.0071‘<0.005|
i B P W L . 1

0.004

T, WA

% 100 x50 HaE BT,

4-2:7
SR AR

R RA D
b 4 A,

v RT3 L OV
BERR O NS
41§ »° Photo.
6 tHL, HlEK
TR LY
LA FA b
THhHh, -~
7+ A T
WA D v
FEASAL o &L
NEL{ - T
. BRSO
MEEoET L
AR B R
Lo

Weld metal

Bond

HAZ

Photo, 6 Microstructures of electroslag weld metal bond HAZ at 1/2 t

— 115 —
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AB2CL A ~ A T4 2 X OBET AR L i,
600A, 32V, 30cm/min OEBEENTLEES
BEAEE L, Table 19 (= i3 4Ed L7 4~
F - CIENERERMER T, gl LR
WOBILE R/ T OER, ASTM AMM2 CL 4
DR BT A BB REORB Y RET S
LM TER,

IS A 1 35 RMBA TR 58 3 8 A
Fig. 7 TH b, AM2 ClL 4 OB HL ST 5
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iy
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. TS
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.S,
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Fig. 7 Effect of tempering parameter on tensile
properties

April 1974

Table 19 Heat treatment conditions on submerged
arc weld metal

Holding temperature Tempering parameter

and time T (20+1og )
ey, (w T;"K, ¢ h
0 x4 | 180x 100
B 660 X 25 ‘ 15.9 x 10° )
o eoxa | wexiw
680 x 10 ‘ 21.0 =% 10° -
o0 x38 | 2lax o1

Heating and cooling rate: 50°C/h

I3+ OFHES 4.2kg-m Llf, 14 affisn 3.5
kg-m I} FABRTAI0OEL Y L5 4 -4
— 189X I LA 2,

L7ohs o 53R I X OVE St A [RI R I I T
DPEL EL AT A =5 — OFHA 2 19.1x10°~

20t~
15+
E
to
=
hi -
L;i R
Z 10
o
Ea L
@
[~ -
&
o
a
-0
|3
<
o
=)
-
¥ Average for 3 specimens !
L min. 4.2kg'm
Minimum for ] specimen :
min. 3.5kg'm
g | PP B R BV R S
18 19 20 21 22 X1

Tempering parameter, T(20+ logt)

Fig. 8 Effect of tempering parameter on absorbed
energy at 0°C
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me and tempering parameter
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