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Table 1. Typical chemical compositions and mechanical properties (As welded).

. " . . Charpy impact COD value
Welding ~ Weld metal Chemical composition (%) Yield ensile  value Ckgf-m) (mm)
process type
C Si Mn Ni Mo T B (ke/mm?)  (kef/mm?y ToseTTepc Ti0C —s0C

SMAW* Conventional 0.06 0.50 1.10 1.50 — — — 52 61 7 5 1.0 0.15

Ti-B bearing 0.08 0.25 1.50 — — 0.03 0.003 50 58 12 10 — 0.5
SAW** Conventional 0.08 0.25 1.60 — 0.25 — — 54 63 7 5 0.3 —

Ti-B bearing 0.08 0.15 1.40 — — 0.02 0.003 49 56 25 20 >2.0 1.5

* Plate thickness : 25 mm, Hecat imput: 45 kJ/cm (Vertical position)

**Plate thickness : 65 mm (Nb-V steel), Heat imput : 45 kJ/cm (Flat position)
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Fig. 1. The schematic diagram of long

electrode distance SAW3).
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Fig. 2. The relation between the electrode distance
and the toughness of HAZ3).
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Fig. 4. Allowable stresses of 9Cr steels and

weld metals.
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Fig. 7. Example of magnetic control method for
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Fig. 8. Comparison of the groove between
conventional and narrow SAW.

15°

Photo. 2. Disbonding crack propergating along coarse-grain boundaries
in the overlay close to the transition zone?
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Fig. 9. Comparison of cross sectional area of
groovel®),

Photo. 3. Example of macrosection of narrow
SAW.
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%) <
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70F 33 SMAW electrode
70 7171
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Fig. 10. Annual products of welding consumables
of Japan and its constitution.
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Table 2. Chemical composition and mechanical properties of all weld metal in stainless
steel with CO, welding.

Wire

Chemical Composition (%)

Mechanical properties

Type c Mn si P s Cr Ni Mo N/mm? ¢hg/mm?) P
308 0. 060 1. 48 0.57 0. 020 0. 010 20. 15 10. 02 — 570 (58.1) 42
308L 0.034 1.43 0.57 0.019 0. 009 19. 98 10. 10 — 575 (58.6) 41
316 0. 050 1. 65 0.59 0. 027 0. 010 19. 41 12.24 2.33 559 (57.0) 40
316L 0.036 1.68 0.59 0.026 0. 010 19. 28 12.24 2.35 564 (57.5) 41
309 0. 051 1. 60 0.58 0. 026 0. 010 24.63 12. 69 — 607 (61.9) 33
309L 0.037 1.59 0.61 0.026 0. 011 24. 57 12.91 — 616 (62.8) 32
308MoL 0.038 1.63 0.61 0.025 0. 009 24.14 12. 61 2.38 730 (74.4) 32
Hu B MIG BEN—TE bR TRE, COPHTH o omall Cracks
759 PARD VAN XDRBIASY— ALY T — 21 tconveflltiina:j low —hydrogen crack up to 3mm* over 3mm*
. N . ype electrode °
EERLZh, BER, REEMNLRTREY BT Tw 5 Maisture resistant N ° °
%. Table 2 <, ﬁé@ H AT — 2 @%Fﬁ 75, 7 A A 1, - low—hydrogen type electrode
2 175k
b 71 i X BEBERBON L IR LB § oG, comeniond low_rytogen
o, 8 150F 0o 00 type electrode
[a%
£ 125F
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Al ﬁ* anE r] g 100 ¢ 30 Cluemee
B VR EEARROBERTTL o VHE 3 oy o or s
57 o) =5 - | |
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CoFERE, D) R 2) REdEKE, 3) R 350
BRAEGLCRETLZ RIS MBRAT WS, #D
T, BHESGETOEBIEAZEEOEBILE N L IEE
CHEBTHD, THEIOAAMEERELS T, PR
BV A BT X BT ERFRIR S KX,
ERCFERIIMBRER X LT, TOWERIR) & B
Glba < %5 LHRE CARKERDOFHEF I iz
b 5 BEKFRBEE MEHLR T3, Fig. 11 13—
WEEIRBEEYHE L b0 ThHY, Fig. 12 3E
Bl B N GRBR I X D T O EFURZ M2 ol U7cks
EThb.

—7J7 SAW ETL, BESBROLBBAKEEND
EL 2B 7 5 , 7 A BRI TS, 75y

15F

10k //

05l A/é 44 —(30°C X80%, 25.5mmHe)

/M
g%——a)—\25c><68/ 15.0mmHg)
L) ]
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T
001234
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ao—={35°C X 909, 38mmHg)

— o (30°C X809, 25 5mmHg)
A o——cp— (25°C X689, 15.0mmHg)
2 34 5 6 7 8 9101112

Test time (h)

% 1

(b) Moisture resistant low—hydrogen type

Fig. 11.
and

Relationship between moisture content
moistening time.

Tensile strength of weld metal (N/mm?)
(*total length)

Fig. 12. Window-type restralnt cracking test
resultsi?).
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content in weld metal and CO, content in flux.
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ultra—low hydrogen flux
(Bonded type)

Atmosphere : 30°C x80%
Low hydrogen fused type
flux

I 1 ! I
0 12 24 48
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14. Relationship between moistening time

and diffusible hydrogen content.
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Table 3. Multi-weld cracking test results.

Steel :}"ll::""% Edge . D'\::i _ ngding gondition Crack or no crack
(mm) preperation (mm) | S| Vo (e;‘ﬁn) P"j:::"ﬁ.g";‘"""‘ Bonded flus | Fused flux
ASTM 300y 50 | O =
A387 5
50 L1 40 | 600 [30/32] 30 ks O L
G22 8R[ & 100 O O®
Cl2 A 150 — O

Table 4. Amount of fume emission for covered arc welding electrodes!4).

JIS Specification

Welding current (A)

Amount of fume emission (mg)

per minutes

per g electrode per g weld metal

D4301 415 10.0 16.3
D4303 312 8.06 13.6
D4303 250 6.20 10.0
D4313 256 7.27 10.9
D4327 170 382 7.26 11.6
D4327 280 6.10 9.7
D4316 272 7.66 11.8
D5016 (A) 308 9.81 15.4
D5016 (B) 297 9.14 14.9
D5016 (C) 693 18.9 40.8
100 200 300 400 500 600

7 A EYBEORBEYEHRN L, BEh, BEH X
DTFR T LDT CO, AR FEZE, 77
FHSHOKESE LY FFCHESBHOKERRESL
540 THS. Fig. 131375, 7 2adho CO, &F
B LR ESBFPOIRBEAZRROMGRYRT. BFE, B
BEEEM L EE LT 15~20% o CaCO; ¥ L7
5o 7 ANKRALINTE D, IhEdEKEED 1mi/100
g DFEFEBIEL DTS, Ehik, ZOFED7 I
o VADHIIWEELIACL > CEHREBL 1 7OLD
LH b, Fig. 14 R TX5BBETHRHKLIBVD
HTRTGWLBMA 7 5, 7 2 X0 {EVWKESHBOR
BEENEB OIS X 51 inDT.

LU EaR 7o S K ZBE B RN SR I o & 75 BT,
Cr-Mo $TH 2DE2H H @A LicbornEibEh
T\ 7%, Table 3 (2, SAW BECRERFEHA IR T
BRI 7 5y 7 A LS SEL B LIcbOTHD, F
B, RFHREAKIBCERTE S 2 L0300 5.

BEMHOEE 1 — At

BEPCRETHHIEREe o -2 M Th, 7—7
BECILRCHEETSH. £ LT, ba— 2RO
AL ET HEBEFEEI RS HABRERATS
LT bRT, R EE AL SEH R D TND
METHD. 2O o —2 %P LTHE LT SILEE
EORBFEROHEMALIEENRZ L THD, LD X5
i7s bOBWEFHOBRIC S HAERR TV 5.

7 — VBB BT S 7 — 71k 5000~7000°C X5
RILTHY, BWEVA YO, Lo%im X D ERth~
BITHhOBR, BRAMLORE» DEBEIS D IET 7
v 7 AR T H2WEOEINIT LI RBE LTS,
CORRESS ARSI NS &, ALK

10.

A-3

Downhand bead on plate

Diameter : 4mm ¢

B-3 Current @ 170A, ac.
|

FC—1~7 : Fume controlied
electrode

E=Lime: -2 .
LLEC 6] E-1 l H0|rizontal fillet
P
FE7 Iron ﬁowder ron éxwde ’
- |
100 200 300 400 500 600

Fig. 15. Amount of fume emmission of fume
controlled electrodes (mg/min)15).
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