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Synopsis :

New covered electrodes KS-1000 suited to repair welding of such structures as bridges
and highways etc. under pulsating stress in service conditions have been developed by
examining the effect of chemical compositions on hot crack sensitivity of the metal
welded under pulsating stress. KS-1000 electrodes have excellent anti-cracking
characteristics, and the critical root gap opening displacement range for cracking of the
newly-developed electrodes under pulsating stress in much larger than that of
conventional electrodes. Though KS-1000 has only a strength level of 490 MPa, it is
possible to apply it to 590-MPA class high tensile strength steel by using it for the root
pass, where hot cracks in weld metal were mainly observed, and to apply conventional
electrodes to the remaining passes. KS-1000 electrodes are suited not only to repair
welding of the structure under pulsating stress but also to tack welding and restraint

welding for jigs.
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Newly Developed Electrodes KS-1000 for Repair
Welding under Pulsating Stress
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Synopsis:

New covered electrodes KS8-1000 suited to repair welding of such
structures as bridges and highways etc. under pulsating stress in
service conditions have been developed by examining the effect of
chemical compositions on hot crack sensitivity of the metal welded
under pulsating stress.

KS-1000 electrodes have excellent anti-cracking characteristics, and
the eritical root gap opening displacement range for cracking of the
newly-developed electrodes under pulsating stress in much larger than
that of conventional electrodes,

Though KS-1000 has only a strength level of 490 MPa, it is possi-
ble to apply it to 590-MPa class high tensile strength steel by using
it for the root pass, where hot cracks in weld metal were mainly ob-
served, and to apply conventional electrodes to the remaining passes.

KS-1000 electrodes are suited not only to repair welding of the
structure under pulsating stress but also to tack welding and restraint

welding for jigs.
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Table 1 Chemical compositions of all-deposited weld metals
with developed electrodes KS-1000 and conventional
electrodes D 4316 and D 5816 (wt. %)

Electrode C Si Mn P S Ni Mo

KS-1000 0.03 0.22 1.44 0,008 0.001 — —
D 4316 0.04 0.43 0.06 0.008 0.006 — —
D 5816 0.06 0.52 1.10 0.014 0.007 0.62 0.23
Table 2 Results of Trans-Varestraint tests
Bending strain
Electrode
204 4% 6% 9%
KS-100 O (0) O(0) 1 OC0) | OO0
D 4316 @ (5 | @27 | @148 —
D586 | @ (1.9 | @ (3.5) | @ (5.9 —

O: Nocracked @: Cracked ( ): Total crack length (mm)
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Fig. 1 Shape and dimension for weld cracking tests under pul.
sating stress {unit:mm)}
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Fig, 2 Displacement of specimens during weld cracking tests
under pulsating stress
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Table 3 Chemical compositions and mnechanical properties of steels used for weld cracking tests under pulsating stress
Type of specimen Spec. JIS Thickness Chemical composition (wt. %) Tensile property
G 3106 {mm) . YP TS ElL
C

S Mn 5 | MR _(MPa) (%)

Slit SM58 & 1i 0.12 0.25 1.69 0.018 0.003 637 686 34
Prerestraint free SMG8 ’ 12 0.15 (.38 1.39 0.019 0.006 500 G17 35
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Tahle 4 Welding conditions of weld cracking Lests under pul-
sating stress

- T [}

Type of | Welding Pass Current | Voltage | Speed Pass
specimen | position i (A) (V) |(cm/min){ sequence
Slit Flat 1 160 244 10

1 10
PIE' .
restraint fzg:;rtlal 2 150 24
free T~12
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Fig. 3 Variation of root gap displacement during weld eracking
tests under pulsating stress (Slit type specimen)
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Fig. 5 Results of weld cracking tests under pulsating stress
(Slit type specimen)
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Fig. 6 Distribution of cracks in specimens tested under pulsating stress (Prerestraint free type specimen)
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Fig. 7 Results of weld cracking tests under pulsating stress
(Prerestraint free type specimen)
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Table 5 Mechanical properties of all-deposited weld metal with

developed electrode

Tensile property CVN property*®!

YP TS EL | vEw vE_w vE: T,
(MPa) (MPa) (%) o) (N (I C

472 527 29 71.5 209 321

—32

* CVN property: Charpy V notch property
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Table & Chemical compositions and mechanical properties of KSA-86 (AWS A5 - 5 E 9016 G eqiv.)

Chemical composition {wt. %)

Tensile property CVN property

p \ YP TS El B2 v
¢ Si Mn P 5 Mo (MPa)  (MPa) (%) 0 )
0.07 0.45 1.35 0.010 0.0086 0.25 590 660 30 200 220

Table 7 Welding conditions for welded joint performance tests *1

. . Heat
Electrode Diameter | Welding Pass Current input

{mm) position (A) (K] /em)
Developed 4 Flat 1 130 18~20
KSA-86 4 Flat 2~7 170 18~20

Table 8 Results of welded joint performance tests

Tensile property CVN property Bend test
YP TS El vE_w vE—20 vEu v T',.s Root Face
(MPa) (MP2) (%) | (1) (I (h _ (°C) | bend bend
— 622% — 44.1 132 151 —29 | Good Good

¥ Location of fracture:
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