
- 1 - DESCRIPTION WELDED STRUCTURE HAVING EXCELLENT
RESISTANCE TO BRITTLE  CRACK PROPAGATION AND WELDING
METHOD THEREFOR 5 [Technical Field] The present
invention relates to welded structures,  having
excellent resistance to brittle crack propagation,
that prevent the propagation of brittle cracks
developed 10 in welded joints and to welding methods
providing such  welded structures. More concretely,
the present invention relates to  welding methods
providing welded structures, having  excellent
resistance to brittle crack propagation, that 15
prevent the propagation of brittle cracks, that might
occur in welded joints of welded structures formed by
applying large-heat-input welding to steel plates, and
to  technologies to enhance the safety of buildings,
civil  engineering steel and other structures. 20
[Background Art] Welding is indispensable for the
construction of  steel structures and large-heat-input
welding is  extensively applied to cut down
construction cost and  increase construction
efficiency. Particularly, as steel 25 plate
thicknesses increase, the time required for welding
increases greatly and, therefore, the need to perform
welding with the maximum large-heat-input also
increases. However, application of large-heat-input
welding  lowers the toughness of the heat-affected
zone (HAZ),  30 increases the width of the HAZ and, as
a result, lowers the toughness against brittle
fracture. Because of this, steels which are resistant
to a  drop in the fracture toughness in the HAZ even
when  large-heat-input welding is applied were
invented as 35 disclosed, for example, in Japanese
Unexamined Patent  Publication (Kokai) Nos. 06-88161
and 60-245768.  Having improved fracture toughness or
greater - 2  resistance to brittle fracture, the
steels according to  the above inventions seldom
undergo brittle fracture  under ordinary service
conditions. If, however, a  brittle fracture occurs in
an earthquakes or other 5 accident and disasters like
a collision between  structures, there are risks that
brittle fractures  propagate through the HAZ and cause
massive fractures. It has conventionally been
considered that, with  TMCP steel plates of
approximately 25 mm in thickness,  10 brittle fracture
diverts from welded joints to the base metal because
of the residual stress in the weld zone.  Therefore,
it has been considered that brittle cracks  occurring
in welded joints would be stopped in the base  metal
so long as the base metal has adequate crack 15
arrestability. With the upsizing of steel structures,
thicker steel  



plates have come to be used. Because the use of
thicker  plates is conducive to structure
simplification too, high  tensile strength steel
plates offering high design 20 stresses are finding
increasing use. The full-size breakdown test conducted
by the  inventors by using an 8000-ton large-sized
tester  revealed that brittle cracks developed in
thicker steel  plates of the type described above
propagate along the 25 heat-affected zone of welded
joints without diverting to  the base metal. In the
brittle fracture test conducted by the  inventors, a
stiffener (reinforcement) 3 fillet-welded to  a steel
plate 1, not greater than 50 mm in thickness, so 30 as
to intersect a butt-welded joint thereof as shown in
Fig. 1 often arrested the propagation of brittle crack
developed in the steel plate 1 and thereby prevented
the  fracture thereof. In thicker plates, however,
brittle cracks sometimes  35 propagated along the HAZ
or weld metal without diverting  to the base metal
despite the provision of the stiffener 3. - 3
[Summary of the Invention] The object of the present
invention is to provide  welded structures that
prevent fatal fracture thereof by  preventing the
propagation of brittle cracks that occur  5 in welded
joints at repair welds and methods for manufacturing
such welded structures. The inventors completed the
present invention based  on a finding that application
of specific welding to  welded structures prevents the
propagation of brittle 10 cracks that occur in welded
joints and can often lead to  large-scale fracture.
The gist of the present invention is as described
below. (1) A welding method for manufacturing welded
15 structures having excellent properties to prevent
the  propagation of brittle fracture occurring in
welded  joints, characterized by the step of forming a
repair  weld having a greater toughness than that of a
butt weld  and an outer edge whose angle ~, with
respect to the 20 longitudinal direction of the butt
weld, is not less than  10 degrees and not more than
60 degrees, by applying  repair welding to a region to
arrest a brittle crack in a  butt-welded joint where a
brittle crack is likely to  propagate. 25 (2) The
welding method for manufacturing welded  structures
having excellent properties to prevent the
propagation of brittle fracture described in (1)
above,  in which the toughness in said repair weld is
at least 20  C lower than the brittle-to-ductile
fracture transition 30 temperature vTrs of the
butt-welded joint. (3) The welding method for
manufacturing welded  structures having excellent
properties to prevent the  



propagation of brittle fracture described in (1) or
(2)  above, in which said repair weld is provided by
applying 35 repair welding to the pertinent region
after removing 1/2  or more of plate thickness from
either or both sides of  the butt-welded joint by
gouging or machining. - 4  (4) The welding method for
manufacturing welded  structures having excellent
properties to prevent the  propagation of brittle
fracture described in any of (1)  to (3) above, in
which compressive residual stress not 5 less than 1/2
of the yield stress of the welded member is  developed
in a direction perpendicular to the  longitudinal
direction of the butt weld in a region where  said
repair weld and butt-welded joint are in contact. (5)
The welding method for manufacturing welded  10
structures having excellent properties to prevent the
propagation of brittle fracture described in any of
(1)  to (4) above, in which repair welding is applied
by  controlling so that the angle 0 of the
longitudinal  direction of at least the last layer of
the repair weld 15 bead with respect to the
longitudinal direction of the  butt weld is not
greater than 80 degrees. (6) The welding method for
manufacturing welded  structures having excellent
properties to prevent the  propagation of brittle
fracture described in any of (1) 20 to (5) above, in
which repair welding is applied by  controlling so
that the angle ~ of the outer edge of the  butt weld
with respect to the longitudinal direction of  the
butt weld is not less than 10 degrees and not more
than 45 degrees. 25 (7) A welded structure having
excellent properties  to prevent the propagation of
brittle fracture occurring  in welded joints,
characterized by that the welded structure has a
repair weld having a greater toughness  than that of a
butt weld and an outer edge whose angle  30 with
respect to the longitudinal direction of the butt weld
is not less than 10 degrees and not more than 60
degrees in a region to arrest a brittle crack in butt-
welded joints where a brittle crack is likely to
propagate. 35 (8) The welded structure having
excellent properties  to prevent the propagation of
brittle fracture as - 5  described in (7) above, in
which the toughness in said  repair weld is at least
20 'C lower than the brittle-to- ductile fracture
transition temperature vTrs of the butt- welded joint.
5 (9) The welded structure having excellent properties
to prevent the propagation of brittle fracture as
described in (7) or (8) above, in which said repair
weld  is provided by applying repair welding to the
pertinent  region after removing 1/2 or more of plate
thickness from 10 either or both sides of the
butt-welded joint by gouging  or machining. 



(10) The welded structure having excellent  properties
to prevent the propagation of brittle fracture  as
described in any of (7) to (9) above, in which is
compressive residual stress not less than 1/2 of the
yield stress of the welded member is developed in a
direction perpendicular to the longitudinal direction
of  the butt weld in a region where said repair weld
and  butt-welded joint are in contact. 20 (11) The
welded structure having excellent  properties to
prevent the propagation of brittle fracture  as
described in any of (7) to (10) above, in which the
angle 0 of the longitudinal direction of at least the
last  layer of the repair weld bead with respect to
the 25 longitudinal direction of the butt weld is not
greater  than 80 degrees. (12) The welded structure
having excellent  properties to prevent the
propagation of brittle fracture  as described in any
of (7) to (11) above, in which the 30 angle ~ of the
outer edge of the butt weld with respect to  the
longitudinal direction of the butt weld is not less
than 10 degrees and not more than 45 degrees. Thus,
the present invention prevents the propagation  of
brittle cracks that occur in welded joints in welds by
35 applying specific welding to part of butt-welded
joints.  [Brief Description of the Drawings] - 6  Fig.
1 shows a welded structure with a stiffener.  Fig. 2
shows a welded structure with repair welding.  Fig. 3
shows a welding method for welded structures that
prevent the propagation of brittle fracture.  5 Fig. 4
shows a test specimen taken from an  embodiment of the
present invention. [The Most Preferred Embodiment]
Details of the best mode for practicing the present
invention are described by reference to Figs. 2 to 6.
10 Fig. 2 shows a butt-welded joint of steel plate to
which the welding method of the present invention is
applied. In Fig. 2, reference numerals 2, 5 and 6
respectively designate a butt-welded joint, a butt
weld  zone, and a repair weld. 15 The repair weld
according to the present invention  is a repair weld
6, as shown in Fig. 2, that has a  greater toughness
than that of a butt weld 5 and an outer  edge whose
angle 4) with respect to the longitudinal  direction
of the butt weld is not less than 10 degrees 20 and
not more than 60 degrees by applying repair welding
with a welding material providing excellent toughness
to  a region to arrest brittle crack in a butt-welded
joint 2  (which consists of the butt weld 5 and the
heat-affected  zone of steel plate 1) where brittle
crack is likely to 25 propagate after removing part of
the butt-welded joint 2  (which consists of the butt
weld 5 and the heat-affected  zone of steel plate 1)
in said region by gouging or  machining. 



A brittle crack developed in the butt-welded joint 2
30 propagates through the butt weld 5 or the
heat-affected  zone of the steel plate 1 where
residual tensile stress  is likely to occur. However,
it was discovered that the  propagation of the brittle
crack is arrested by forming a  repair weld 6 with a
greater toughness than that of the 35 butt weld 5 and
an outer edge whose angle 4) with respect  to the
longitudinal direction of the butt weld 5 is not  less
than 10 degrees and not more than 60 degrees in a - 7
region to arrest the brittle crack, thereby diverting
the  brittle crack from the butt weld 5 or the
heat-affected  zone of the steel plate 1 to the base
metal of the steel  plate 1. 5 When this repair
welding is applied to a welded  structure consisting
of a vertical member (steel plate 1)  and a horizontal
steel stiffener (reinforcement) 3  intersectingly
attached to a butt weld 5 thereon by a  fillet weld 4
as shown in Fig. 1, the effect described 10 above is
more pronounced because the repair weld 6  prevents
the propagation of the brittle crack by  diverting it
from the butt weld 5 or the heat-affected  zone of the
steel plate 1 to the steel stiffener  (reinforcement)
3. 15 Even in welded structures having no stiffener
(reinforcement) 3 shown in Fig. 1, the repair weld 6
prevents the propagation of the brittle crack by
diverting it from the butt weld 5 or the heat-affected
zone of the steel plate 1 to the steel plate 1. 20
Therefore, the present invention is not limited to the
welded structure of the type shown in Fig. 1. In the
present invention, forming said repair weld 6  having
excellent toughness after removing 1/2 or more of
plate thickness from either or both sides of the butt
25 welded joint by gouging or machining favorably
arrests  the propagation of crack more surely and
increases  resistance to brittle crack propagation. In
the present invention, the brittle crack that has
propagated through the butt weld 5 in the butt-welded
30 joint 2 or the heat-affected zone of the steel
plate 1  will pass into the repair weld 6 without
diverting to the  steel plate 1 or stiffener 3 if, for
example, the angle 4  of the outer edge with respect
to the longitudinal direction of the butt weld is
relatively large. If,  35 then, the roughness of the
repair weld 6 is lower than  that of the butt weld 5,
the crack having passed into the  repair weld 6 does
not stop but, instead, sometimes - 8  continues to
propagate along the butt weld 5 in the butt- welded
joint 2 or the heat-affected zone of the steel  plate.
In the present invention, therefor, forming a repair
5 weld 6 with such excellent toughness as at least 20
C  lower than the brittle-to-ductile fracture
transition  



temperature vTrs of butt weld 5 by applying repair
welding with a welding material providing excellent
fracture toughness is preferable because such repair
weld 10 arrests the propagation of crack therein even
when the  brittle crack having propagated along the
butt weld 5 of  the butt-welded joint 2 or the
heat-affected zone of the  steel plate 1 passes into
the repair weld 6 without diverting to the steel plate
1 or stiffener 3. 15 In addition, the method to
enhance the fracture  toughness of the weld metal in
the repair weld 6 is not  limited to any particular
one. The toughness of the weld  metal is controlled to
said range of toughness by  applying repair welding
with welding materials providing 20 excellent
toughness such as a welding wire containing not  less
than Ni of 2 mass%. Fig. 3 is a detail view of a
repair weld made by the  welding method of the present
invention. In Fig. 3, reference numerals 2, 5, 6 and 7
25 respectively designate a butt-welded joint, butt
weld,  repair weld and weld bead. The inventors also
made various empirical studies  about optimum
conditions for the repair weld. The  studies revealed
that forming said repair weld 6 with 30 excellent
toughness and making the angle 4 of the outer  edge
thereof with respect to the longitudinal direction  of
the butt weld not less than 10 degrees and not more
than 60 degrees in a region to arrest brittle crack in
a  butt-welded joint where brittle crack is likely to
35 propagate prevents the propagation of brittle crack
in  the base steel plate by diverting the brittle
crack that  would propagate along the butt weld 5 of
the heat - 9  affected zone of the steel plate 1 to
the steel plate 1  or stiffener 3. Even a brittle
crack having entered the  repair weld 6 can be surely
arrested therein. The main technical idea of the
present invention is  5 to divert the brittle crack
that propagates along the  longitudinal direction of
the butt weld 5, under the  influence of the residual
stress that occurs in the  vicinity of the outer edge
of the repair weld 6, that is,  in a region where the
butt-welded joint 2 and the repair 10 weld 6 meet,
from the butt weld 5 in the butt-welded  joint 2 or
the heat-affected zone of the steel plate 1 to  the
steel plate 1 or stiffener 3. The inventors studied
the conditions that make it  possible to divert the
brittle crack propagating through  15 the butt weld 5
in the butt-welded joint 2 or the heat affected zone
of the steel plate to the steel plate 1 or  stiffener
3 by varying the angle $ of the outer edge of  the
repair weld 6 with respect to the longitudinal
direction of the butt weld 5. 20 The study led to a
finding that if said angle  exceeds 60 degrees brittle
fracture cannot be arrested  unless the fracture
toughness of the repair weld 6 is  



sufficiently high because brittle fracture often
passes  into the repair weld 6. If said angle 4 is
less than 60 25 degrees, brittle fracture propagates
along the boundary  between the repair weld 6 and
butt-welded joint (base  metal) and is arrested after
being led to the steel plate  1 or stiffener 3. To get
a fuller effect, it is preferable to make the  30
angle 4 is the outer edge of the butt weld with
respect to  the longitudinal direction of the butt
weld not greater  than 45 degrees. However, if the
angle 0 is less than 10 degrees, the  brittle crack
propagating along the boundary between the  35 repair
weld 6 and butt-welded joint 2 (base metal) approaches
so close to the butt weld 5 after passing - 10
through the region of the repair weld 6 that the
brittle  crack sometimes re-propagates along the butt
weld 5 or  the heat-affected zone of the steel plate
1. Therefore,  the lower limit of the angle ~ is set
at 10 degrees. 5 It was also found that controlling
the angle 0 of the  longitudinal direction of at least
the last layer of the  repair weld bead 7 in the
repair weld 6 with respect to  the longitudinal
direction of the butt weld 5 creates a  large residual
stress in a region where the repair weld 6 10 and
butt-welded joint (that is, the heat-affected zone of
the steel plate 1) meet. By thus changing the
direction  of the principal stress in the same region
from the  direction of the principal stress working on
the butt- welded joint 2 (that is, the butt weld 5 and
the heat is affected zone of the steel plate 1), the
brittle crack  propagating along said butt weld 5 in
the butt-welded  joint 2 or the heat-affected zone of
the steel plate 1  can be more stably diverted from
the butt weld 5 or the  heat-affected zone of the
steel plate 1 and guided to the  20 base metal.
Through various experiments the inventors discovered
that the residual stress occurring in the region where
the repair weld 6 and butt-welded joint 2 meet is
greatly  affected by the angle 0 of the longitudinal
direction of 25 at least the last layer of the repair
weld bead 7 in the  repair weld 6 with respect to the
longitudinal direction  of the butt weld 5. When
solidifying, the repair weld bead 7 tends to  shrink
more in the longitudinal direction thereof, while  30
the matrix of the butt-welded joint (that is, the heat
affected zone of the steel plate 1) near the end of
the  repair weld bead 7 does not deform much. As a
consequence, residual stress occurs near the end of
the  repair weld bead 7. 35 Although a repair weld 6
having a large thickness is  made by multi-pass
welding, the residual stress having - 11  occurred
near the end of the last layer of the repair  weld
bead 7 remains unaffected because no more pass will  



heat the last layer of the repair weld bead 7. In
order to create a great residual stress in the  5
region where the repair weld 6 and butt-welded joint 2
meet, it was discovered that the angle 0 of the
longitudinal direction of at least the last layer of
the  repair weld bead 7 in the repair weld 6 with
respect to  the longitudinal direction of the butt
weld 5 plays an  10 important role. If said angle 0
exceeds 80 degrees, the longitudinal  direction of the
repair weld bead 7 approaches the  direction that is
perpendicular to the longitudinal  direction of the
butt weld 5 and, thus, agrees with or 15 approaches
the direction of the principal component of  the
tensile residual stress that occurs when the bead
solidifies and shrinks and causes the crack to
propagate.  Therefore, the brittle crack that has
propagated along  the fusion line (FL) cannot be
diverted to the vicinity  20 of the repair weld. It is
therefore preferable to make the angle 0 of at  least
the last layer of the repair weld bead 7 in the
repair weld 6 with respect to the longitudinal
direction  of the butt weld 6 not greater than 80
degrees. 25 It is preferable that the angle 0
approaches 0 degree  and the direction of the tensile
residual stress  occurring at the end of the repair
weld bead 7 becomes  perpendicular to the direction of
the principal stress  that causes the crack to
propagate because the resultant 30 of the directions
works to arrest the rectilinear  propagation of the
crack and thereby enhances the effect  of to divert
the crack to the vicinity of the repair  weld. In
order to create as great a residual stress as  35
possible by forming a repair weld bead 7 in the repair
weld 6, it is desirable to keep the temperature - 12
difference between the repair weld bead 7 and the
vicinity of the repair weld bead 7. If the repair
welding is performed with a large heat  input, the
temperature in the vicinity of the repair weld  5 bead
7 rises greatly, with the result that the repair weld
bead 7 takes longer time to cool to approximately
room temperature and the residual stress decreases. In
order to raise the residual stress, a smaller heat
input  is more advantageous. 10 [Example] Various
tests were conducted to determine if repair  welds
made after removing part of butt-welded joints by
gouging have abilities to arrest the propagation of
brittle cracks. 15 The tests were done to evaluate the
abilities to  arrest the rectilinear propagation of
brittle cracks  along the longitudinal direction of
the butt weld. Test  specimens were prepared by using
steel plates, 2,500 mm  square and having various
thicknesses, and machining a 



20 dent having a depth approximately equal to half the
thickness and a diameter approximately equal to the
thickness on each side of the specimen. Then, weld
metals of various compositions and structures were
made  in said dents by using welding materials of
various 25 compositions under various welding
conditions as listed  in Tables 1 to 4. Then a V-notch
cut to create a brittle crack by  forcing in a wedge 8
was made so as to agree with the  fusion line of the
butt weld (that is, a large-heat-input 30 welded joint
by electro gas welding) at a point 200 mm  away from
the edge of each test specimen. The  temperature at
the center of the test specimen was  controlled to -10
'C by cooling the edge thereof to  approximately -40
'C. After applying a given stress, the 35 wedge was
driven in to said V-notch cut to create a  brittle
crack that was then allowed to propagate along  the
fusion line of the butt weld. - 13  After the
propagated brittle crack reached the  repair weld,
whether the same brittle crack propagates  further or
not was evaluated. Table 1 shows the results. 5 The
toughness of the weld metal in the butt and  repair
welds were determined by taking specimens so that  the
longitudinal direction thereof is perpendicular to
the longitudinal direction of the butt weld, applying
a  V-notch Charpy impact test to each specimen, and
finding 10 the brittle-to-ductile fracture transition
temperature  vTrs (C). The differences in vTrs (C)
between the  repair and butt welds shown in Table 1
are the  differences thus determined. The residual
stress in the vicinity of the repair  15 weld was
determined by x-ray radioscopy at a point 2 mm  closer
to the welded base metal from a point where the  outer
edges of the repair and butt welds meet (that is,  the
point 11 where the Charpy test specimen was taken, as
indicated by  in Fig. 3). 20 The direction of the
determined residual stress is  perpendicular to the
longitudinal direction of the butt  weld and equal to
the direction of the principal stress  along which
brittle crack propagates along the butt weld  or the
heat-affected zone of the steel plate. 25 The residual
stresses (MPa) in the repair weld shown  in Table 1
are the residual stresses thus determined,  with the
negative sign - designates compressive stress  and the
positive sign + designates tensile stress. The point
of brittle crack propagation shown in 30 Table 1 means
the point at which the crack developed at  the edge of
the test specimen propagates to the repair  weld. FL
(fusion line) indicates that the crack  propagated
along the fusion line of the repair weld and  WM (weld
metal) indicates that the crack propagated 35 through
the weld metal of the repair weld. 



In the description of the resistance to brittle  crack
propagation in Table 1, "Diverted to and arrested - 14
in the base metal" means that the crack diverted to
outside the repair weld region and became arrested in
the  base metal, without causing fracture and
"Propagated  after entering the weld metal (WM) and
through the butt 5 weld again" means that the crack
that has entered and  propagated through the weld
metal continues to propagate  through the butt weld,
thereby causing fracture. "Propagated again through
the butt weld after  propagating along the repair
weld" means that the crack  10 guided to the vicinity
of the repair weld propagated through the repair weld
and then along the butt weld  again. "(Part of the
crack branched and became arrested in  the repair
weld)" means that the crack branched and 15 entered
the repair weld because the residual stress in  the
region where the repair and butt welds intersect was
not sufficiently compressive, though the principal
component of the crack was diverted and arrested in
the  base metal. The repair weld was partly damaged
but did 20 not lead to fracture because the main
component of the  crack was diverted to the base
metal. Test specimens Nos. 1 to 13 were examples of
the  present invention to which repair welding was
applied  after removing part of the butt-welded joint
according to 25 the method of the present invention.
All specimens  showed good resistance to crack
propagation. In test specimens Nos. 11, 12 and 13,
residual  stress did not reach the predetermined level
because said  angle 0 was too great. Although part of
the crack, 30 therefore, branched to the repair weld,
the principal  component of the crack was diverted to
and arrested in  the base metal. Test specimens Nos.
14 to 21 are for the purpose of  comparison. In test
specimens Nos. 14 to 17, repair 35 welding was done
after removing part of the butt-welded  joint.
However, cracks entered and passed through the  repair
weld without being arrested therein, propagated - 15
along the butt weld again, and caused fracture because
toughness differed little between the repair and butt
welds and the toughness in the repair weld was low. In
test specimen No. 18, the value of the angle $ was  5
too small though the repair weld had adequate
toughness.  Therefore, crack propagated along the
repair weld and,  then, propagated through the butt
weld again and caused  fracture. In test specimens
Nos. 19 to 21, part of the butt- 10 welded joint was
not removed before applying repair  welding.
Therefore, the brittle crack created in the
butt-welded joint propagated therealong and broke the
specimen into exactly two halves. 
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W w 0 W O H - 18  Table 2 Chemical compositions of
steels (mass%) Type of CSiMnPSNiTi Steel
YP320.130.191.280.010.003-0.01
YP360.120.211.270.0070.004-0.01
YP400.110.211.30.0060.003-0.01
YP470.080.241.220.0070.0021.020.01 Table 3 Chemical
compositions of welding materials in  butt-welds
(mass%) Welding CSiMnPSMoNi Material
EG-10.10.331.450.0150.010.27-
EG-30.080.291.850.0110.0080.2-
EG-600.10.341.680.0160.0150.29-
EG-60M0.070.291.810.0110.010.41.5
YM260.10.521.110.0170.011-- Y-Dx
0.070.241.380.0140.009-- NB250H Y-DMx
0.10.251.400.0140.0090.36- NSH55E
DWS-1LG0.060.201.510.0150.01-2.0 5 Table 4 Chemical
compositions of welding materials in  repair welds
(mass%) Welding cSiMnPSMoNiCr Material
YM36E0.050.331.20.0040.002---
YM55H0.080.441.360.0060.0020.18--
YM60C0.070.381.380.0050.0120.35--
YM-1N0.050.391.250.0070.0050.220.98-
YM-3N0.040.30.70.0060.004-3.56- YAWATA
0.060.32.910.0080.0040.7668.516.7 WELD B YAWATA WELD
0.090.243.270.0080.0032.3265.115 B(M)
YM309L0.0220.471.520.020.007-13.124.1
YM316L0.0150.491.320.020.0072.5912.818.9
N-120.060.441.020.0020.005-2.38-
N-130.050.420.460.010.008-3.35-
N-160.040.170.280.010.05-6.65-
L-600.070.481.120.010.060.220.76- [Industrial
Applicability] 10 As described earlier, the present
invention prevents  the propagation of brittle cracks
in the weld, even when  



such cracks have occurred in welded joints, by
applying - 19  specific repair welding to part of
butt-welded joints.  The present invention, which thus
provides welding methods for welded structures capable
of preventing fatal  fractures thereof, has remarkable
industrial advantages. - 20  CLAIMS  1. A welding
method for manufacturing welded structures having
excellent properties to prevent the  propagation of
brittle fracture occurring in welded  5 joints,
characterized by the step of forming a repair weld
having a greater toughness than that of a butt weld
and an outer edge whose angle $, with respect to the
longitudinal direction of the butt weld, is not less
than  10 degrees and not more than 60 degrees, by
applying 10 repair welding to a region to arrest a
brittle crack in a  butt-welded joint where a brittle
crack is likely to  propagate after removing part of
the butt-welded joint in  said region by gouging or
machining. 2. The welding method for manufacturing
welded  15 structures having excellent properties to
prevent the  propagation of brittle fracture described
in claim 1, in  which the toughness in said repair
weld is at least 20 C  lower than the
brittle-to-ductile fracture transition  temperature
vTrs of the butt-welded joint. 20 3. The welding
method for manufacturing welded  structures having
excellent properties to prevent the  propagation of
brittle fracture described in claim 1 or  2, in which
said repair weld is provided by applying  repair
welding to the pertinent region after removing 1/2 25
or more of plate thickness from either or both sides
of  the butt-welded joint by gouging or machining. 4.
The welding method for manufacturing welded
structures having excellent properties to prevent the
propagation of brittle fracture described in any of 30
claims 1 to 3, in which compressive residual stress
not  less than 1/2 of the yield stress of the welded
member is  developed in a direction perpendicular to
the  longitudinal direction of the butt weld in a
region where  said repair weld and butt-welded joint
are in contact. 35 S. The welding method for
manufacturing welded  structures having excellent
properties to prevent the  propagation of brittle
fracture described in any of - 21  claims 1 to 4, in
which repair welding is applied by  controlling so
that the angle 0 of the longitudinal  direction of at
least the last layer of the repair weld  bead with
respect to the longitudinal direction of the 5 butt
weld is not greater than 80 degrees. 6. The welding
method for manufacturing welded  structures having
excellent properties to prevent the  propagation of
brittle fracture described in any of  claims 1 to 5,
in which repair welding is applied by 



10 controlling so that the angle 4) of the outer edge
of the  butt weld with respect to the longitudinal
direction of  the butt weld is not less than 10
degrees and not more  than 45 degrees. 7. A welded
structure having excellent properties  15 to prevent
the propagation of brittle fracture occurring  in
welded joints, characterized by that the welded
structure has a repair weld having a greater toughness
than that of a butt weld and an outer edge whose angle
4)  with respect to the longitudinal direction of the
butt 20 weld is not less than 10 degrees and not more
than 60  degrees in a region to arrest a brittle crack
in butt- welded joints where a brittle crack is likely
to  propagate. 8. The welded structure having
excellent 25 properties to prevent the propagation of
brittle fracture  as described in claim 7, in which
the toughness in said  repair weld is at least 20 C
lower than the brittle-to- ductile fracture transition
temperature vTrs of the butt- welded joint. 30 9. The
welded structure having excellent  properties to
prevent the propagation of brittle fracture  as
described in claim 7 or 8, in which said repair weld
is provided by applying repair welding to the
pertinent  region after removing 1/2 or more of plate
thickness from 35 either or both sides of the
butt-welded joint by gouging  or machining. - 22  10.
The welded structure having excellent  properties to
prevent the propagation of brittle fracture  as
described in any of claims 7 to 9, in which
compressive residual stress not less than 1/2 of the 5
yield stress of the welded member is developed in a
direction perpendicular to the longitudinal direction
of  the butt weld in a region where said repair weld
and  butt-welded joint are in contact. 11. The welded
structure having excellent 10 properties to prevent
the propagation of brittle fracture  as described in
any of claims 7 to 10, in which the angle  0 of the
longitudinal direction of at least the last layer  of
the repair weld bead with respect to the longitudinal
direction of the butt weld is not greater than 80 15
degrees. 12. The welded structure having excellent
properties to prevent the propagation of brittle
fracture  as described in any of claims 7 to 11, in
which the angle  $ of the outer edge of the butt weld
with respect to the 20 longitudinal direction of the
butt weld is not less than  10 degrees and not more
than 45 degrees. 


