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Fig. 1.6 Some problems in on-site joint and each chapter considered in this paper 

Decreasing the shielding 
performance, porosity defec, and 
embrittle of the beam-end weld 
metal with on-site environment 
(Chapter 6) 

Hot crack problem at the weld end in 
the narrow groove process by 
semi-automatic welding at the on-site 
(Chapter 7) 

Stress concentration to the toe of 
scallops cause to be difficulty the 
non-scallop design 
(Chapter 2, 4, 5) 

Stress concentration to the slit between the 
backing plate and the beam flange cause to be 
inner welding groove of lower flange in on-site 
design 
(Chapter 3, 4, 5) 
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Photo 1.8 Uranami welding by using 
the backing material 

Photo 1.9 Ceramic backing material for T-joint and cross section shape of weld joint applying it41-1) 

Ceramic backing material for T-joint 

Fig.1.15 Overhead welding all pass by robot 
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Photo 1.10 Brittle destruction accident of the liberty 
ships in USA at the 2nd. War46-1) Fig.1.18 Impact test result of steel used for the ships 

happened brittle fracture45-1) 
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A V 6 
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A : Current (Amp.) 
V : Arc voltage (V) 
R : Welding speed (mm/min) 
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Q

RC 2
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Q
hcRC 3
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2
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)540( 0Tc
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ρ

C.R : Coling rate /sec) 
 : Thermal conductivity (cal/cm sec )=0.083 

C : Specific heat (cal/g )=0.230  
H : Plate thickness (mm) 
Hc : Limited thickness (mm) 

 : Density(g/mm3)=7.61 10-3 
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Q : Heat input (cal/mm) 
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Fig. 1.19 Difference of mechanical properties control method between thick plate and weld metal49-1) 
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Table 1.1 Partial extract of JIS Z 3312:2009 “Solid wires for MAG and MIG weding of mild steel, high strength 
steel and low temperature service steel” 

 

Kind 
name 

Chemical composition of wire Mechanical properties of deposited metal 

C Si Mn P S Cu Ti+Zr Mo Y.P. 
(MPa) 

T.S. 
(MPa) 

El. 
(%) 

vE0  
(J) 

YGW11 0.02 
-0.15 

0.55 
-1.10 

1.40 
-1.90 

- 
0.030 

- 
0.030 

- 
0.50 

0.02 
-0.30  400 

- 
490 
670 

18 
- 

47 
- 

YGW18 - 
0.15 

0.55 
1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.30 

- 
0.40 

460 
- 

550 
740 

17 
- 

70 
- 
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Fig.1.20 Comparison of the conventional solid wire YGW11 (Left side) and developed high tensile and 
toughness performance solid wire YGW18 (Right side)6-6) ,53-1) 

YGW11 YGW18 

Heat input 
:4.0kJ/mm 

Interpass temperature 
:max.350mm 

View point 
:Unreheated area 

0.1mm 

Photo 1.11 Microstructure of CO2 gas weld metal applied YGW11 and YGW18 wire5-5) 
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Table 1.2 “ 3- a)b)” in JIS Z 3312:2009 

  
 

 
kJ/cm 

 
 

400MPa  YGW11, 15, 18, 19 
15~40 350 
15~30 450 

490MPa  
YGW11, 15 15~30 250 
YGW18, 19 15~40 350 

520MPa  YGW18, 19 15~30 250 
a)   
b)  
c)  

 

Weld metal 
performance 

Chemical 
composition 

Cooling 
rate 

Welding wire composition 

Steel plate composition 

Shielding gas composition 

Plate size(thickness, width,length) 

Joint design 

Welding current 

Arc voltage 

Arc length ( Arc voltage) 

Shileding gas flow 

Wind velocity 

Wire extension 

Oscillate(Weaving) width 

Fig.1.21 The factors and relashionship influenced to metallurgical and mechanical performance 

Material factor Management factor 
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(Poor shield) 

Welding speed 

Pre.heat and interpass temp. 

Heat input 
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 Fig.1.22 Shematic diagram of shielding mechanism from the air each kind of mainly arc welding55-1) 

Solid 
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(Fig.1.24, Fig.1.25)  
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Fig.1.23 
The condition table to get 70J and 
more from

56-1) 

Fig.1.24 Relationship between wind velocity, 
shielding gas composition, and blowhole57-1~2) 

Fig.1.25 Relationship between wind velocity, 
CO2 flow and RT performance57-1~2) 
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(Fig.1.26)59-1~3) ( )
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(Fig.1.27) 
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Fig.1.28

 

 

 

 

Fig.1.26 Example of calculation result about relationship between wind velocity, shielding gas 
flow, position, and mixing concentration of atomsphere 59-1~3) 
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Absorbed energy = 255.0-912.4 C-65.1 Si+34.2 Mn-105.9 Mo-680.3 Ti+4842.6 B-4287.0 N+7.02 log( ) 

(Formula 1.2) 
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Fig.1.27 Relationship between nitrogen content and mechanical properties of deposited metal 
(YGW18, 40kJ/cm,350 )9-1,62-1) 

Fig.1.28 Influence of some elements and cooling rate to absorbed energy by Formula 1.2 
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1) 2) 2

 

 
1.4.5  

( ) mm
63-1) (Photo 1.12) 

CO2

 

 
 
 
 
 
 
 
 
 
 

JASS6

(JSSC)

35 7mm

( )

 

25 5mm

Photo 1.12 Narrow TIG welding for pressure vessel with large thickenss 
(From left, welding situation, bead appearance, and cross section) 
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21 ~23

26 25

(Fig.1.29) 

25

 
20-1~2)

(Fig.1.30) 

25

 

Fig.1.29 The target of 25deg. Narrow gap welding by “

” 

Fig.1.30 Robot welding is not suitable for on-site 
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a) ( ) b)

3) (Fig.1.31) 

25 a), b) c)

 

 

 

 

 

 

 

 

 

 

 

a)~c)

(Fig.1.32)  

2

(Fig.1.33, Photo 1.13) 

(Fig.1.34) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.32 Relationship between current, welding speed, and solidification crack64-1) 

Wide groove Narrow groove 

a) Solidification crack 

b) Lack of fusion b) Shallow penetration 

Short Long 

c) Poor gas shielding 
ability 

Fig.1.31 Some problems in use of narrow groove 
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Fig.1.35 Relationship between aspect ratio of molten pool 
and solidificaiton crack ratio65-1 

Fig.1.34 Relationship between groove angle, direction of solidification and cross section shape 

Solid Liquid Direction of solidification 

Large 

Small 

Groove 
angle  

 

 

(a) (b) (c) (d) 

(a’) (b’) (c’) 

Fig.1.36 Relationship between phosphorus in the
weld and solidification crack ratio66-1) 

Solid phase 

Compression 

Solid phase 
Liquid phase 

Fig.1.33 Mechanism of solidificaiton crack Photo 1.13 Typical solidificaiton crack 

Tensile stress 
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2  
 
2.1  

1

37-1~10) (Fig.2.1) 

(1)

(2)

 

 

 

 

 

 

 

 

 

2.2 2  

 

 

2.3  

Table 2.1  

 

Table 2.1 Necessary factors of practical on-site joint process 

(a)  

(b)  

(c)  

(d)  

(e)  

(f)  

 

2

Fig.2.1 Brittle fracture of the beam flange by stress concentration at the toe of scallop 
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Fig.2.2

Fig.2.3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

1.4.2 Fig.1.15
40-1~2) (Fig.2.2 and Fig.2.3 No.1) 

 

2

(Fig.2.2 and Fig.2.3 No.2) 

 

1.4.2 Fig.1.14
39-1~3) (Fig.2.2 and Fig.2.3 No.3) 
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Fig.2.2 Correlation of the factor to improve the scallop problem 

No.1 

No.2 

No.3 

No.4 

No.5 

No.6 

No.7 

No.8 

(No.is supported with Fig.2.3) 

Exsisting the past report This paper’s item Only idea, Unreported 
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(Fig.2.2 and Fig.2.3 No.4) 

 

3

No.1 No.2 No.3 

No.4 No.5 No.6 

No.7 No.8 

Non-scallop and overhead 
welding all layer 

Closing off the scallop 
by welding 

Mini-size scallop and 
closing off by welding 

Attachments plate same as 
scallop and fillet welding 

Scallop shape having smooth 
contact angle 

Attachments blocks to reinforce 
around toe of the scallop 
and fillet welding 

Multi-pass overlay welding 
around toe of the scallop 

Increasing flange thickness 
of the beam 

Fig.2.3 Some plans to improve the stress concentration or distortion around the toe of scallops 

(No. is supported with Fig.2.2) 

Exsisting the past report This paper’s item Only idea, Unreported 
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2

(Fig.2.2 and Fig.2.3 No.5) JASS6

1/4

 

3

3

(Fig.2.2 and Fig.2.3 No.6) (Fig.2.2 and Fig.2.3 

No.7)

H

 

3

 

(Fig.2.2 and Fig.2.3 No.8) 

H H

 

Fig.2.2 Fig.2.3 No.6, 7

 

 

Table 2.1 (a)~(f) Fig.2.2 Fig.2.3 No.7
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2.4  

Table 2.2 6 ( ) 

2.4.1  ( ) 
1)  

H

 

2)  

( )

250mm( ) 200mm( ) 16mm( ) 19mm( )

H 300mm 25mm JIS G3136 SN490B 16mm(

) 250mm 205mm( ) BCR295( )  

3 19mm H

 

3)  

Fig.2.4 (1) (

) (2)

(1)

 

 

 

 

 

 

 

 

 

Table 2.2 Test Number and condition 
Test 

Number 
Type of the beam-to-column joint 

(Ref. Fig.2.11) 
Condition of the overlay welding 

around toes of scallops 
FW (a) On-site joint None 

(Conventional) SW (b) Shop joint 
FW -P (a) On-site joint Development target 

(Ref. Fig.2.11) SW -P (b) Shop joint 

FW -s1 (a) On-site joint Shorter length to the beam direction 
(Fig.2.11 LB=20mm) 

SW -s2 (b) Shop joint Shorter length to the column direction 
(Fig.2.11 LC=10mm) 

(1) Welding (2) Shear plate and bolts 
Fig.2.4 Joint style of the beam web to the column 
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YGW11 6mm  

4)  

35

 

(a) (b)  

(a) ( ) 

(b) ( ) 

5)  

JASS 6( )

r35 r10 38-1)

(Fig.2.5, Photo 2.1) 

 

 

 

 

 

 

 

 

 

6)  

(a) , (b) Fig.2.6

(2.4.3 ) 

2.4.2  ( ) 
1)  

490MPa JIS Z3312 YGW11 1.2mm

YGW18 1) ( ) YGW11

2) YGW11

YGW18  

Fig.2.5 Conventional condition around toes of scallops38-1) 

r2 
r1 

35 deg . 

10 7 

r1; 35  r2; 10 
X 

X’ 

X X’ 
cross section 

r2 r1 

7 

X 

X’ 

(For on-site joint, lower flange) 

35 deg . 

(For shop joint) (Unit; mm) 

Submerge arc 
welding bead 

Photo 2.1 Scallop 
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2)  

JIS Z3312 (Table 1.2)

490N/mm2 YGW11

3.0kJ/mm 250  

3)  

Fig.1.8

1.4.2  4)
42-1~2  

 

4)  

(a) (b)

(a)

1  

 

Fig.2.7 Table 2.3  

 

 

 

 

 

 

 

 

 

 

5)  

( ) (HAZ)

Fig.2.8 JIS Z3111 A0 ( 10 , 50mm)

JIS Z3111 4  

(HAZ) Table.2.4

490MPa

(0 ) 150J

YGW11

154J 70J  

 
 

Table 2.3 Welding condition of the beam-to-column joint 
Control parameter Face side 

Welding wire 
   classification 
   diameter(mm) 

JIS Z3312 
YGW11 

1.2 
Shielding gas CO2  25 l/min 
Position Flat 
Polarity DC EP 
Current (A) 260-280 
Arc voltage (V) 31-34 
Wire extension(mm) 20-25 
Heat input control (kJ/cm) 30 or less 
Interpass temp. control (deg) 250 or less 

 

Fig.2.7 Welding pass sequence of 
the beam-to-column joint 

1 
2 

3 
4 

5 
6 

7 8 
9 10 

11 12 

Backing plate 

Face side 

19 25 
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2.4.3  ( ) 
H ( H)

( H)

(Fig.2.5) 

Fig.2.9

3

JIS Z3312 YGW11 1.2mm

3.0kJ/mm 250 Fig.2.10

Photo 2.2

 

Table 2.4 Mechanical properties of the base plates and the weld metals 
 Position YP 

(MPa) 
TS 

(MPa) 
EL 
(%) 

vE0  
(J) 

YR 
(%) 

Base plate 

Beam/flange 401 553 25 175 72 
Beam/web 391 549 27 168 71 
Column/diaphragm 410 559 26 212 73 
Column/pipe 342 505 30 232 68 

HAZ Beam/flange - - - 152 - 
Column/diaphragm - - - 196 - 

Weld metal Beam 522 578 30 154 90 
Pipe column 530 594 28 138 89 

Fig.2.8 Position of mechanical test pieces about the base metals and weld metals 

19 

5 2.5 10 

2 

19 

2 2.5 10 

2 

19 

2 2.5 10 

2 

Diaphragm 

Square pipe 

Upper flange 

Web 

Beam weld metal 

Lower flange 

Beam 

4 

19 

5 

10 dia. 

19 

10 

25 

10 

10 

16 

10 dia. 

16 

25 

1 

2 

5 

[Beam weld metal / TS] 

[Beam weld metal / IV] 

[Beam flange HAZ / IV] 

[Diaphragm HAZ / IV] 

[Column weld metal / TS & IV] 

[Diaphragm / TS & IV] 

[Beam flange / TS & IV] 

[Square pipe / TS & IV] 

Column weld metal 
10 dia. 

10 dia. 

10 dia. 

(TS: Tensile strength test, IV: Charpy impact test) 
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A 

A’ 

A A’ 

Welding torch 

Groove weld 

Beam flange 

Overlay welding bead 

Scallop 

Beam web 

Beam web 
Toe of scallop 

Step 1 
in Fig.2.9 

Move and rotate 

A A A’ 

Welding torch 

Diaphragm Column 

Beam flange 

Scallop 

Beam web 

Beam web 

Toe of scallop 

Step 2,4,5,7, 
8 in Fig.2.9 

Move 

Move and 
lay down 

Fig.2.10 Schematic of welding torch movement in the scallop 

<Upper view> <Cross view> 

A’ 

Overlay welding bead 

Fig.2.9 Welding pass sequence of the overlay welding method around toes of scallops 

Step 1 (Start) 2 3 4 

5 6 7 8(Finish) 

Beam flange 

Diaphragm 
Butt welding joint 
or backing plate 

Beam web 

Scallop 

Photo 2.2 Welding situation and welding torch position at the tip of overlay welding in the scallop 
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Fig.2.11

FW , SW

FW-P, SW-P

5
 

1 1 FW-s1, SW-s2

( 5 ) Table 2.1

6  

Photo 2.3

Photo 2.4 Photo 2.5  

Photo 2.3 Example of appearance of the overlay welding around toes of scallops 
(Lower flange side of No.FW-P) 

Beam flange 

Beam web 

Column-to-beam butt weld 

Overlay welding 

Scallop 

Pipe 
column 

Fig.2.11 Management target of the overlay welding method around toes of scallops 

LB=100 

20 20 Top 

X’ X’ 

LB=100 Lc Lc 
16 

X X’ 
cross section 

(For on-site joint) (For shop joint) (Unit; mm) 

20 

X 

LB=100 Lc 
16 

20 

X 

LB=100 Lc 
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2.4.4  
3

Fig.2.12 1.96 106MPa

0

(a) (b) 300mm

0 Photo 2.6

(2.1) (2.7)  

Photo 2.4 Cross section of the overlay welding around toes of scallops of lower flange side 

Diaphragm 

X X’ cross section 

Beam-to-column 
butt weld Beam flange 

Beam web 
Overlay 
welding 

Backing plate 

(Shop joint type) 

(On-site joint type, lower flange) 

Submerge arc welding 
bead for manufacturing 
H-shape steel 

Beam flange 

Overlay 
welding

Beam web 

Z 

X’ 

Z’ 

X 

Z Z’ cross section 

Z Z’ 

X 

X’ 

X 

X’ 

X 

X’ 

Beam flange 

Beam web 

Beam-to-column 
butt weld 

Diaphragm 

Backing plate 

Overlay 
welding 

Photo 2.5 Appearance of the full-size beam-to-column test assembly 
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Fig.2.12 Schematic of three points bending test equipment 

Photo2.6 Situation of bending test 
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(1)  (mm3) 

 

 

 

(2)  (N mm) 

 

 

 

 

 

 

  

 

c p 1c p 2c

p 4c p 6c p 1c p 2

Fig.2.13

1~3mm/sec

Fig.2.14  

 

 

 

 

 

 

 

 

 
Fig.2.13 Load sequence image of bending test 
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Fig.2.14 Position of the strain gauges 

35 25 

20
0 

  

UO: Upper flange / outer side 

28 

20
0 

65
 

65
 

 

 

UI: Upper flange / inner side 

25 

10
 

10
 

20
0 

55
 

55
 

 
 

 
 

LI: Lower flange / inner side 

32 28 

10
 

10
 

20
0 

40
 

40
 

 
 
 
 
 

 

LO: Lower flange / outer side 

Diaphragm Beam flange 

LO 
LO 

UO 
UO 

LI 
LI UI 

UI 

WZP = 
tw(D-2tf)2 

4 

fZP = B tf(D-tf) 

wMP = WZP w y 

fMP = fZP f y 

CMP = wMP fMp 

Web 

Flange 

Web 

Flange 

Beam 

CPP = 4 CMP 
L (3)  (N) 

(4)  (mm) C P = CPP L3 
48EI 

(2.1 ) 

(2.2 ) 

(2.3 ) 

(2.4 ) 

(2.5 ) 

(2.6 ) 

(2.7 ) 

D Height of the beam (mm) 
B Width of the beam (mm) 
tw Web thickness of the beam (mm) 
tf Flange thickness of the beam (mm) 
wσy Yield point of the steel for web of the beam 
  (N/mm2) 
fσy Yield point of the steel for flange of the beam 
  (N/mm2) 
L Distance between the fulcrum (mm) 
E Young's modulus (N/mm2) 
I Moment of inertia of area (mm4) 
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Fig.2.15 Calculation method of the cumulative
plastic deformation factor( s) using
skeleton curve 

Fig.2.16 Calculation method of the cumulative 
plastic deformation factor( A) including 
energy absorption in Bauschinger effect 
area 

2.4.5  
37-4) 67-1~5)

0

(Fig.2.15) 

A (Fig.2.16)

Ws s  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4.6  
-

Table 2.5(1)(2) Table 2.6 s

s Fig.2.17 ( 10mm)

Fig.2.18  

 

 

Ws : Total absorbed energy 
cPp : Proof stress at the beam end 
cδp Deformation at cPp 
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Table 2.5 (1) Result of bend test applying full-size beam-to-column assemblies 

 Test 
No. 

Load-deformation 
curve 

Photograph of fracture 
Upper; scallop side 
Lower; outer side 

Position and situation 
of fracture pass 

and Average s 

Conv. 

condition 

 

FW 

  

 

2.6 

 

SW 

   

6.1 

Target 

condition 

 

FW-P 

  

 

9.3 

 

SW-P 

  

 

9.3 
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Table 2.5 (2) Result of bend test applying full-size beam-to-column assemblies 

 Test 
No. 

Load-deformation 
curve 

Photograph of fracture 
Upper; scallop side 
Lower; outer side 

Position and situation 
of fracture pass 

and Average s 

Incomplete 

condition 

 

FW-s1 

  

 

5.8 

 

SW-s2 

   

1.3 

Table 2.6 Analyzed results 

Test 
No. 

End of 
fracture 

cycle 
time 

Positive side of bending Reverse side of bending 

Average 
s 

Max. 
load 
×106 

(MPa) 

Max. 
displace 
-ment 
(mm) 

Absorbed 
energy 
Ws×106 

(MPa mm) 

Skeleton 
Deform 
-ation 
(mm) 

ηs 

Max. 
load 
×106 

(MPa) 

Max. 
displace 
-ment 
(mm) 

Absorbed 
energy 
Ws×106 

(MPa mm) 

Skeleton 
Deform 
-ation 
(mm) 

ηs 

FW +4 _n1 1.161 16.0 22.95 31.0 3.14 -1.159 -16.0 14.89 -24.2 2.04 2.6 

SW +6 _n1 1.340 31.7 44.51 48.0 6.09 -1.360 -31.7 44.29 -48.1 6.06 6.1 

FW-P +6 _n2 1.435 47.9 62.38 64.0 8.54 -1.441 -48.3 73.83 -66.0 10.10 9.3 

SW-P 6 _n2 1.448 47.8 65.35 64.7 8.94 -1.469 -47.4 69.87 -68.8 9.56 9.3 

FW-s1 +6 _n1 1.391 43.1 54.64 57.4 7.48 -1.310 -31.8 28.86 -38.0 4.02 5.8 

SW-s2 +4 _n1 1.249 23.8 14.57 24.5 1.99 -1.092 -17.0 5.21 -15.8 0.70 1.4 
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2.4.7  
1)  

(No.FW) (No.SW)

 

( ; ) s 2.6

6.1

Fig.2.18

Fig.2.17 s

 

2)  

(FW-P) (SW-P) s 9.3

3.2

s 5~7 1.5~2 31-5) 37-2)

5  

(No.FW-P)

(No.FW, SW)

0

2

4

6

8

10

12

Conventional 
(Non-overlay) 

On-site joint 

Shop joint 

Positive side 

L B
=2

0m
m

 

L C
=2

0m
m

 

Fig.2.17 Relationship between the overlay welding around 
toes of scallops, the joining designs, and cumulative 
plastic deformation factor( s) 
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Overlay 
(Target) 
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Fig.2.18 Strain ratio of outside by center
in the lower beam flange 
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(No.SW-P)

V

V

 

s

 

3)  

 

No.FW-s1 LB 100mm 20mm

LB s Fig.2.19(a) 20mm

LB (20 LB 100mm)

4  

No.SW-s2 LC LC s

Fig.2.19(b) s

s

 

LB

5 LC
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2.4.8  

Fig.2.20

(a)(c)

TC2

 

(b)(d) S

TC2

S

LB

TC1

 

(a)(c)

(b)

 

 

Fig.2.19 Relationship between horizontal length of the overlay welding around toes of 
scallops and cumulative plastic deformation factor( s) 
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Fig.2.21

 

S

 

5  

 

Fig.2.21 Schematic of stress points and fracture pass
of the non-scallop when the large force 
applies. (Lower flange side) 

Diaphragm 
Backing plate 

End tab 
Beam flange 

fracture pass 

TC2 

S 

Shop joint shape 

On top 

Cross 
section 

Outlook 
Non scallop 

Beam web 

Beam web 

TC2 

F 

Diaphragm 
Beam end groove welding 

End tab 
Beam flange 

Beam web 

F 

TC2 TC1 

Overlay 
weld metal Diaphragm 

Backing plate 

Beam flange 

Beam web 

Fracture pass 

TC2 TC2 TC1 

F 
F 

On-site joint shape Shop joint shape 
(a) Conventional 

(As scallop) 
(b) Overlay welding 

around toes of scallops 

On top 

Cross 
section 

Outlook (c) Conventional 
(As scallop) 

(d) Overlay welding 
around toes of scallops 

Fracture pass 

Fig.2.20 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding 
around toes of scallops when the large force applies. (Lower flange side) 

F : Force as earthquake 
TC1, TC2 : Effective thickness at the stress concentration points 

End tab 
Overlay 
weld metal 
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2.5 2  
-

(Photo 2.7) 

 

 

 

1) 

3

(Fig.2.22, 2.23) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) 

(Photo 

2.8 (FW)) 

3) /

(Photo 2.8 (FW-P)) 

 

 

 

 

 

Photo 2.7 
The overlay welding around toes of scallops 
(Same as Photo 2.3) 

Beam flange 

Beam web 

Column-to-beam butt weld 

Overlay welding 

Scallop 
Pipe 

column 

Fig.2.22 Relationship between the overlay welding around 
toes of scallops, the joining designs, and cumulative 
plastic deformation factor( s) (Same as Fig.2.17) 
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Overlay 
(Incomplete) 

Overlay 
(Target) 

Reverse side 

Average 

η s
 

FW SW 

FW-P SW-P 

FW-s1 
SW-s2 

Fig.2.23 Load-deformation curve of 
conventional on-site design (FW) 
and overlay welded design around 
toe of scallop (FW-P) 
(Partially extracted from Table 2.5) 

No.FW 

No.FW-P 

Photo 2.8 
Fracture pass of conventional on-site design 
(FW)and overlay welded design around toe 
of scallop (FW-P) 
(Partially extracted from Table 2.5) 

FW FW-P 
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4) /

 

5) 

 

6) 

(Fig.2.24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) 

 

8) 

5 ( 19mm 100mm) 

(Fig.2.25) 
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Beam end groove welding 
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Beam web 
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TC2 TC1 

Overlay 
weld metal Diaphragm 

Backing plate 

Beam flange 

Beam web 

Fracture pass 

TC2 TC2 TC1 

F 
F 

On-site joint shape Shop joint shape 
(a) Conventional 

(As scallop) 
(b) Overlay welding 

around toes of scallops 

On top 

Cross 
section 

Outlook (c) Conventional 
(As scallop) 

(d) Overlay welding 
around toes of scallops 

Fracture pass 

Fig.2.24 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding 
around toes of scallops when the large force applies. (Lower flange side) (Same as Fig.2.20) 

F : Force as earthquake 
TC1, TC2 : Effective thickness at the stress concentration points 

End tab 
Overlay 
weld metal 
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Fig.2.25 Relationship between horizontal length of the overlay welding around toes of 
scallops and cumulative plastic deformation factor( s) (Same as Fig.2.19) 
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3  

3.1  
-

1.4.2  3) (Fig.1.8(2)) 

H

Fig.3.1

(Fig.3.2)
2-1~2)  

68-1~4)

( )

 

( )

(HAZ)

 

  

 

 

 

 

 

 

 

 

 

 

3.2 3  

 

 

3.3  

Table 2.1

( ) Fig.3.3

Fig.3.4  

 

Fig.3.1 Position of the backing plate for the groove welding 
in the column-to-beam connection of the on-site  
bracket-less joint style. 

Fig.3.2 Bending stress, strain, and position 
by earthquake force 

Large tensile 
stress and strain 
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No.1 No.3 

Steel backing plate at upper side 
and overhead welding all layer 

No.2 

All round welding the steel 
backing plate at under side by 
overhead position 

Non any backing material and 
penetration welding (Uranami) 
by flat position 

No.4 No.5 

Non-steel backing material and 
penetration welding (Uranami) 
by flat position 

Non any backing material and 
penetration welding (Uranami) 
by overhead position appling 
conventional welding wire 

Fig.3.4 Some plans to improve the stress concentration at the slit between the steel backing plate and the 
under side beam flange  (No.is corresponding to Fig.3.3) 

Non any backing material and 
penetration welding (Uranami) 
by overhead position appling 
new suitable welding wire 

No.6 

Exsisting the past report This paper’s item 

Exsisting the past report This paper’s item 

 

 
 

 
&  

No.1 

 
 

 
( ) 

 
( ) 

 
 

 
( )  

 
( )  

 
 

 
 

 
 

 

 
 

Fig.3.3 Correlation of the factor to improve the outer backing plate problem 

No.2 

No.3 

No.4 

No.5 

No.6 

(No.is corresponding to Fig.3.3) 
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1

(Fig.3.3 and Fig.3.4 No.1) 

(Fig.2.2 and Fig.2.3 

No.1) 

1.4.2 Fig.1.15

 

2

(Fig.3.3 and Fig.3.4 No.2) 

”

” 69-1~4)

 

 

( ) (

) 2

Fig.3.2

(Fig.3.3 and Fig.3.4 

No.3)

 

(Fig.3.3 and Fig.3.4 No.4) 

1.4.2 3)

 

(Fig.3.5) 

 

 

 

 

 

 

 

Uncotrol the backside shape 

Flat position 
welding 

Possible to control the backside shape 

Ovehead position 
welding 

 Uncontrol stress concetration 

 Possible to control stress concetration 

Fig.3.5 Advantege of overhead position welding the lower face of flange 

Impossible overlay welding 
Possible overlay welding 
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70-1~4) (Fig.3.3 and Fig.3.4 No.5, 6) 

(Fig.3.3 and Fig.3.4 No.5) 

(Fig.3.3 and Fig.3.4 No.6) 

(3.4 ) 

Fig.3.4 No.1

2~3

CO2  

Table 2.1 

(a)~(f) Fig.3.3 Fig.3.4 No.6 2

 

 
3.4  

Fig.3.6

 

(Fig.3.7 (b))

 

(Fig.3.7 (c)) 

3.3
( Fig.3.4 No.3, 4) Fig.3.7 b) Fig.3.7 a)

L1

U1 U2 Fig.3.7 b)

 

Fig. 3.6 Relationship the backing plate position and 
each beam flanges in the conventional on-site 
joint design 

Upper flange 

Lower flange 

Stress concetration 
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Fig.3.6 c)

L2

U1 U2

(

)  

(Fig.3.8) 

 

 

 

 

 

 

 

 

 

 

 
 

Weld metal by flat position welding 
Weld metal by overhead position welding 
Heat area zone 
Non heat area zone of base plate 

Stress concentration point 
Fracture direction and pass 

a) Conventional b) Non-backing plate design and 
only root gap closing process 
(Uranami) by overhead welding 

c) Non-backing plate design and 
overlay process after root gap 
closing (Uranami) 
by overhead welding 

Fig. 3.7 Relationship the fracuture direction and steel microstructure, and the concept of developed process 

L1 
L1 L2 

U2 

U1 

U2 

U1 

U2 

U1 

High toughness area 
Low toughness area 

Fig.3.8 Temporary work space system for on-site welding71-1) 



- 63 - [ 3  ]

3.5  
3.5.1  

3

Fig.3.9  

1)  

2)

 

3)  

 
 
 
 
 
 
 
 
 
 
 
 
 
3.5.2  

JIS Z 3312

YGW11(490MPa ), YGW18(550MPa )

UT

 

(a)

(b) (c)

(d)

 
3.5.3  

(a) (b)

(c) (d)

JIS Z 3313

T49J0T5-1CA-U FCW

Fig.3.9 Some problems for the flat and overhead mixture welding process, and each improvement targets 

1) 3) 2) 

Easy 
overhead welding 

Difficult 
overhead welding 

Flat and good  
wet-ability shape 

Convex shape High stress 
concentration 

Easy 
burn through when flat 
position welding 

Toughness against 
burn through when 
flat position welding 
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YGW18 Table 3.1  

(Fig.3.10) 

(Fig.3.11) ( )

 

FCW Table 3.2

JIS G3136 SN400A~C SN490A~C

FCW Table 3.3  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 3.1 Comparison of the welding wire chemical composition of the conventional solid wire 
and the developed flux cored wire suitable for overhead welding 

 
Kind 
name C Si Mn P S Cu Ti+Zr Mo Al Mg [M]Fx  

YGW18 - 
0.15 

0.55 
1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.30 

- 
0.40 - - - 

Developed 
Wire(FCW) 

- 
0.05 

- 
0.20 

0.75 
1.25 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.05 

- 
0.40 

2.00 
3.00 

0.50 
1.00 

2.00 
4.00 

[M]Fx ; Fluoride( ) 

 

 e 
 

Positive ion 
has heavy weight Electron 

 

 

 

e 
 

Positive ion 
has heavy weight Electron 

 

Attack to base plate 

Attack to molten 
droplet in the 
wire tip 

  

Deep and narrow 
penetration 

Shallow and wide 
penetration 

Large size droplet 
has large heat 
volume 

Small size droplet 

Solid wire 
with 

negative polarity 
(Conventional) 

Developed flux cored wire 
with 

positive polarity 

Movement of ions and electrons Droplet and penetration characteristics 

Fig.3.10 Comparison of the conventional solid wire process and the developed process 
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3.5.4  
( FCW)

SN490A 25mm T

35 Fig.3.12 0 13mm

Table 3.4 Fig.3.13

FCW 7mm  

Table 3.2 Mechanical characteristics and chemical composition of deposited metal 
applied by developed flux cored wire 

Tensile strength Absorbed 
energy 

Chemical composition 
(%) 

Y.P. 
(MPa) 

T.S. 
MPa

El. 
 

vE0 

J  C S Mn P S O N 

458 582 30 119 0.12 0.15 1.14 0.015 0.005 0.012 0.0025 

(Shielding gas: CO2, Heat input: 1.7kJ/mm, JIS Z 3313 test condition) 

Table 3.3 Comparison of characteristics of developed flux cored wire and 
conventional solid wire for building construction manufacture 

 Developed Flux cored wire Conventional solid wire 

JIS standard Z3313 
T49J0T5-1CA-U 

Z3312 
YGW11,YGW18 etc. 

Polarity DC& electrode negative DC& electrode positive 

Wire diameter 1.4mm 1.2 or 1.4mm 

Shielding gas CO2 CO2 
Spatter quantity and dia. 

at low current zone Few and small Much and large 

Deposit efficiency Low High 

Hang down toughness Difficult hang down Easy hang down 
Bead shape 

at overhead welding Flatter Convex 

Penetration Shallow Deep 

Conventional CO2 weld 
metal by solid wire 

CO2 weld metal by developed 
flux cored wire 

Fig.3.11 Relationship with oxygen content and surface tension of molten iron72-1) 

O 120ppm, 1550mN/mm 

O 500ppm, 1180mN/mm 

31% 
increase 
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Fig.2.4(2)

2mm

4~5mm

FCW 1  

 

3.5.5  

1 2  

5mm Fig.3.14

(a) 1 (b) 1 2 (c)

1 2 (d) 2 2

Table 3.4  

 

 

 

 

 

 

 

Table 3.4 Welding test condition of the root gap tolerance 
Welding 

Wire 
Developed flux cored wire for overhead welding 
JIS Z3313 T 49J0T5-1CA-U 1.4mm dia. 

Polarity DC & electrode negative 
Current 130 150A 

Arc voltage 18 19V 
Wire extention 15 20mm 
Shielding gas 100%CO2 25 l/min 

 

Fig.3.12 Welding test method of the root gap 
tolerance 

13 

25 
35  

A A’ 

B B’ 

25 
35  

A A’ B B’ 

Fig.3.13 Result of root gap tolerance has the 
developed flux cored wire 

250 

200 

150 

100 

Acceptable area 

6 7 82 3 5

  

  

  

W
el

di
ng

 c
ur

re
nt

 (A
) 

4

G 

G: root gap (mm) 

35

1 1 
2 1 2 

1 

2 

(a) 1 pass only (b) 2 pass in 1 layer (c) 2 pass in 1 layer (d) 2 pass in 2 layers 

Fig.3.14 Tested layer and pass sequence applied to overhead welding 

Overlay  
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Photo 3.1 Fig.3.14(a) 1

(Photo 3.1(a)) Fig.3.14(b)

(c) 1 2 1

(Photo 3.1(b)(c)) 

Fig.3.14(d) 2 2 1

2

(Photo 3.1(d)) 

250 300A

Photo 3.2

 

 

2 2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 3.2 Cross section applied to the overlay by overhead and flat combination welding process 
Over head welding is done by 2 layers & 2 passes  

 

    

(a) 1 pass only (b) 2 pass in 1 layer (c) 2 pass in 1 layer (d) 2 pass in 2 layers 
Photo 3.1 Cross section of each layer and pass sequence 

Refer to the sign show in the Fig.3.14
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3.5.6  
FCW

3mm, 5mm, 

7mm (JIS Z 3312 YGW12, 1.2mm )

FCW( , JIS Z3313 T 49J0A1-1CA-U, 1.2mm )

100 CO2 Table 3.5  

2 2

 

Table 3.6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 2

1 1 2

2

 

FCW

Table 3.5 Welding condition of overhead position 
Welding condition Kind of Welding wire 

JIS No.  wire dia. Polarity: Current
(A) 

Arc voltage
(V) 

Wire extension 
(mm) 

Shielding 
gas 

Developed FCW 
JIS Z3313 T 49J0T5-1CA-U 

1.4mm dia. 

DC & 
Electrode negative 130-150 18-19 

Conventional FCW 
JIS Z3313 T 49J0A1-1CA-U 

1.2mm dia. 

DC & 
Electrode positive 180-200 19-21 

Conventional solid wire 
JIS Z3312 YGW12 

1.2mm dia. 

DC & 
Electrode positive 120-140 20-22 

15-20 100%CO2 
25 l/min 

Table 3.6 Comparison of welding wires in overhead position 

Root Gap(mm) Developed FCW Conventional FCW Conventional solid wire 

3    

5  Impossible welding  

7  Impossible welding  
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3mm 5mm

FCW

 

 

FCW 3mm, 5mm, 7mm

3.5.3

 

 

 

3.6 ,  
3.6.1  

FCW

25mm SN490B

 

3.6.2  
Fig.3.15 Table 3.7 Table 3.8 Fig.3.16

JIS Z 2241 JIS Z 2242 JIS Z 2244

JASS6 3  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 
2 

3 4 5 

6 
7 

8 9 
10 

Overhead position; 
Developed FCW 

Flat position; 
Conv. solid wire 

25 

Pass No. 

(a) Overlay by overhead and flat combination 
welding process without backing plate 

1 
2 

6 

5 

8 

7 

25 

Pass No. 

Fig.3.15 Pass sequence for cruciform weld joints 

3 
4 

Steel backing plate 
;SN490A 
9mm 25mm 

SN490B SN490B 

(b) Conventional flat welding 
with steel backing plate 

Flat position; 
Conv. solid wire 
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3.6.3  
Table 3.9  

Table 3.7 Welding Condition for cruciform joint 
 Overhead welding 

(Fig.3.15 (a)only) 
Flat position welding 

Welding wire Developed FCW 
JIS Z3313 T49J0T5-1CA-U 

Conventional solid wire 
JIS Z3312 YGW11 

Wire dia.(mm) 1.4 1.2 
Shielding gas 100%CO2, 25 l/min 
Polarity DC, Electrode negative DC, Electrode positive 
Current (A) 130-150 260-280 
Arc voltage (V) 18-19 31-14 
Wire extension (mm) 15-20 20 
Heat input management Max. 3kJ/mm 
Inter pass management Max.250 degrees Celsius 
Pass sequence (include overlay) 2 pass in 2 layers 8 pass in 6 layers 

 

Test piece for tensile 
strength of weld metal 

(L) 

Fig.3.16 Each pieces dimension and position for weld metal or joint performance test 

Test piece for Chary absorbed 
energy of weld metal 

(C) 

Measurement line of 
Vickers hardness test 

Tensile test of cruciform weld joint 

R 50 

Parallelism part 

Table 3.8 Base metal for cruciform weld joints 
Standard Thickness Chemical composition (%) 

JIS G 3136 
SN490B 

25 
mm 

C Si Mn P S Ceq. 
0.16 0.25 1.50 0.014 0.003 0.43 

Mechanical properties 
Y.P 

(MPa) 
T.S. 

(MPa) 
El 

(%) 
YR 
(%) 

Min.IV 
(J) 

Ave.IV 
(J) 

401 553 25 72 168 175 
Spec. 325~445 490~610 21 80 19 27 
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Table 3.9 Mechanical properties of weld metals and joints 
Weld metal Joint 

Tensile Test Charpy absorbed 
energy 

Test 
assembly YP 

(MPa) 
TS 

(MPa) 
El. 
(%) Ave.vE0  (J) 

TS 
(MPa) 

Fracture
position

Situation of 
fracture 

Developed 
(Fig.3.15(a)) 542 617 29 C: 58 

L: 48 581 Base 
Metal 

 

Conventinal 
(Fig.3.15(b)) 541 620 29 C: 81 

L: 79 586 Base 
Metal 

 

 

SN490B

: 490MPa :325MPa :vE0 :27J )

 

Table 3.2

FCW :119J

Table 3.10

 

Fig.3.17  
 

Table 3.10 Chemical compositions of weld metals (%) 

 Position 
(Fig.3.16) C Si Mn P S Ti O N 

C 0.08 0.48 1.25 0.010 0.010 0.03 0.051 0.0092Developed 
(Fig.3.15(a)) L 0.12 0.15 1.04 0.010 0.006 0.01 0.022 0.0110

C 0.07 0.49 1.29 0.011 0.009 0.03 0.049 0.0070Conventional 
(Fig.3.15(b)) L 0.08 0.45 1.25 0.011 0.010 0.01 0.052 0.0074

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3.17 Hardness test results of cross section of the joints 
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(b) Conventional flat welding  
with steel backing plate 

HAZHAZ Weld metal HAZ HAZ
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3.7  
3.7.1  

-

-

-
70-4)

 

3.2
FCW

3.6 3  

3.7.2  
3 Fig.3.18 Table 3.11

3.1  

 

 

 

 

 

 

 

 

 

 

 

 

3.1 [ ]

 

LOH Table.3.12

LOH=20mm 2 2

1  

 

 

 

 

 

 

Table 3.11 Fatigue test condition of cruciform weld joint 

Fatigue 
method Control Stress 

ratio 
Frequency 

Hz  

Distance between 
the fulcrum  

mm  

Bending Load 0.1 15 150 
 

150 

Fig.3.18 Schematic diagram of fatigue test 
for cruciform weld joint 

: Nominal Stress (MPa), P: Load(N) 
L: Distance between the fulcrum (=150mm) 
w: Plate width(=30mm), b: Plate thickness (=25mm) 

22
3

=
wb
PL

 Formula 3.1 

Table 3.12 Parameter LOH and these pass sequences 
LOH (mm) 11 14 20 

Pass sequence 
of overlay 

by overhead 
welding 

   1 
2 

11mm 

1 
2 

14mm 

1 
2 

20mm 
3 

LOH 
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3.7.3  
S-N Fig.3.19 Photo 3.3

 

1)  

2) LOH  

3) 

 

4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.7.4  
 

2  

1 -

 

2 Fig.3.20

Bond

Fig.3.19 Bending fatigue test results 
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Cycle (Number) 
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LOH=14mm 

LOH=11mm Conventional flat welding 
with steel backing plate 

LOH 

LOH=20mm 

105 106 107 

Overlay by overhead and flat combination welding 
process without backing plate 

Photo 3.3 Typical fatigue fracture of conventional and developed process 

Conventional flat welding 
with steel backing plate 

Overlay by overhead and flat combination welding 
process without backing plate (LOH=11) 

Weld metal/ base metal 
Interface (Bond line) 

Backing plate 

Fracture Toe of 
overhead 
welding 
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(Ave.48J, Table 3.9) (HAZ)

(Ave.168J, Table 3.8)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.20 LOH  

2

Fig.3.20 LBase

 

 

 

3.4 Fig.3.7

U1

HAZ

1

(Fig.3.21, Photo 3.4)  

 

 

 

 

 

 

 

 

Small 

Gap closing only 
(Overhead:1pass) 

( Non-tested) 

Conventional flat welding 
with steel backing plate 

Overlay by overhead and flat combination 
Welding process without backing plate 

Gap closing and overlay 
(Overhead: more than 2 pass) 

Short LOH Long LOH 

Large 

Toughness of 
crystal structure 

High; Base plate of non-heated (vE0 :168J) 
Heat area zone 
Weld metal (vE0 :48J) 

Low: 
Direction of fracture 

Fig 3.20 Consideration of the mechanism improving the fatigue strength for developed welding process 

LOH LOH 

Crack spread resistance 

LBase LBase 

Short LBase Long LBase 

LBase 

Longer LBase 

LBase 

Cap layer: 2 passes 
Cap layer: single pass 

Stress 
concentration 

Fig.3.21 Further improvement suggestion by cap layer welding 

1 1 2 

Photo 3.4 
Example of cap layer 
treatment by single pass 
welding 
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BCP325T

NBFW 73-1~2) NBFW Fig.3.22

U

35

 

NBFW

U

NBFW

LOH

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HAZ

3.5.3

 

Conventional 
(1) 

NBFW process 
(2) 

Diaphragm 
Skin plate of 
column 

Bead U  

Orbital 
groove 
welding 

Toughness of 
crystal structure 

High; Base plate of non-heated 
Heat area zone 
Weld metal 

Low: 
Direction of fracture 

Fig.3.22 Mechanism of NBFW process in BCP325T column73-1~2)  
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3.8 3  
-

(Photo 3.5) 

 

 

1) (Table 3.13) 

Al ,Mg, 

 

 

 

 

 

 

 

 

 

2) 1 1

HAZ

(Fig.3.23, Photo 3.6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.13 Comparison of the welding wire chemical composition of the conventional solid wire 
and the developed flux cored wire suitable for overhead welding (Same as Table 3.1) 

 
Kind 
name C Si Mn P S Cu Ti+Zr Mo Al Mg [M]Fx  

YGW18 - 
0.15 

0.55 
1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.30 

- 
0.40 - - - 

Developed 
Wire(FCW) 

- 
0.05 

- 
0.20 

0.75 
1.25 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.05 

- 
0.40 

2.00 
3.00 

0.50 
1.00 

2.00 
4.00 

[M]Fx ; Fluoride( ) 

Photo 3.5 
Overlay by overhead welding 
process without backing plate 

1 
2 

High 
toughness area 

Low 
toughness area 

Fig.3.23 
Moving effect of fracture start from 
low to high toughness area 
(Partially extracted from Fig.3.7) 

Photo 3.6 
Typical fatigue fracture of conventional
and developed process 
(Same as Photo 3.3) 

Conventional flat welding 
with steel backing plate 

Overlay by overhead and flat 
combination welding process without 
backing plate (LOH=11) 
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3) 

 

4) 

 

5) HAZ

 

6) LOH (Fig.3.24) 

450MPa 2 105 LOH 11mm 3 105

LOH 20mm 5 105 4)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HAZ

(Fig.3.21) 

 

1) 2) 

3 1)

-

-

 

 

Fig.3.24 Bending fatigue test results (Same as Fig.3.19) 
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with steel backing plate 
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Overlay by overhead and flat combination welding 
process without backing plate 
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4.1  

2

 

3

 

 

 

4.2 4  

 

 
4.3  

2

2
Table 4.1 Fig.4.1 3 ( ) 

 

 

 

 

 

 

 

 

 

4.3.1  
1) 2  

H

 

2) 2  

250mm( ) 200mm( ) 16mm( ) 19mm( )

H 300mm 25mm JIS G3136 SN490B 16mm(

) 250mm 205mm( ) BCR295( )  

3 19mm H  

Table 4.1 Test Number and condition 

Test 
Number 

Type of the 
beam-to-column joint 

(Ref. Fig.4.1) 

Condition of the overlay by 
overhead welding 

without baking plate 

Condition of the overlay welding 
around toes of scallops 

FL 

On-site joint 2 passes 
LOH=12mm 

None 
(Conventional) 

FL -P Target 
(Fig.4.1 LB=100mm) 

FL -s3 Shorter length to the beam direction 
(Fig.4.1 LB=50mm) 
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3) 2  

(Fig.2.4 (1)) YGW11

6mm  

4) 2  

r35 r10 (Fig.2.5) 

5)  

 

(Fig.4.2) 

6)  

Fig.4.2 Fig.4.3 2
Fig.2.6(a)

 

4.3.2  
1) 2  

 

1.4mm 490MPa

JIS Z3312 YGW11 1.2mm

 

2) 2  

3.0kJ/mm

250  

3) 2  

 

Fig.4.1 Management target of the overlay welding method around toes of scallops and the 
overlay by overhead welding without backing plate. 

Fig.4.2 Base design of beam-to-column 
joint considerd in chapter 4 

X X’ 
cross section 

LB=50, 100 

20 Top 

X’ 

Lc 
16 

(For on-site joint) 

(Unit; mm) 

16 

20 

X 

LB=50, 100 Lc 

LOH 
=12 

X X’ 
cross section 

X’ 

(For on-site joint) 

X 

LOH
=12

No.FL of Table 4.1 No.FL-P and FL-s3 of Table 4.1

Overlay welding 
by overhead  

Overlay welding 
around toe of scallop 
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4)  

3
( ) 1

Photo 4.1

YGW11 2
 

1

Fig.4.4 Table 4.2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5)  

2
Table 2.4 (Table 4.3)

(Fig.4.5) Table 4.4

0

122J  

 

 

 

Table 4.2 Welding condition of the beam-to-column joint 

Control parameter Face side Back side 
(Without backing plate) 

Welding wire 
   classification 
   diameter(mm) 

JIS Z3312 
YGW11 

1.2 

JIS Z3313 
T490T5-1CA-U 

1.4 
Shielding gas CO2  25 l/min CO2 
Position Flat Overhead 
Polarity DC EP DC EN 
Current (A) 260-280 150-230 
Arc voltage (V) 31-34 18-19 
Wire extension(mm) 20-25 15-20 
Heat input control (kJ/mm) 3 or less 3 or less 
Interpass temp. control (deg) 250 or less 250 or less 

Fig.4.4 Welding pass sequence of 
the beam-to-column joint 

19 25 

B1 B2 

Face side 

Back side 
1 

3 

5 

7 
10 

11 12 

4 

6 

2 

12 

Photo 4.1 
Overlay by overhead welding without backing-less 
process applied the special welding material at the 
full-size beam-to-column assemblies test production 
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4.3.3 2  
No.FL No.FL-P No.FL-s3

2
(Fig.4.6) 

5

 

 

 

 

 

 

 

 

 

 

 

Table 4.4 Mechanical properties of the mixture area of the overhead and the flat weld 

 Position YP 
(MPa) 

TS 
(MPa) 

EL 
(%) 

vE0  
(J) 

YP 
(MPa) 

Weld metal Mixture area of overhead and flat 
position welding    122  

Fig.4.5 Position of mechanical test piece about mixture area of the overhead weld and the flat weld 

19 

2.510 1 

Square pipe 

Upper flange 

Web 

Beam weld metal 

Lower flange 

Beam 

[Beam weld metal(2) / IV] 

Column weld metal 

Cross area of overhead and 
flat position welding 

Table 4.3 Mechanical properties of the base plates and the weld metals (Same as Table 2.4) 
 Position YP 

(MPa) 
TS 

(MPa) 
EL 
(%) 

vE0  
(J) 

YR 
(%) 

Base plate 

Beam/flange 401 553 25 175 72 
Beam/web 391 549 27 168 71 
Column/diaphragm 410 559 26 212 73 
Column/pipe 342 505 30 232 68 

HAZ Beam/flange - - - 152 - 
Column/diaphragm - - - 196 - 

Weld metal Beam 522 578 30 154 90 
Pipe column 530 594 28 138 89 

Fig.4.6 Welding pass sequence of the overlay welding method around toes of scallops (Same as Fig.2.9) 

Step 1 (Start) 2 3 4 

5 6 7 8(Finish) 

Beam flange 

Diaphragm 
Butt welding joint 
or backing plate 

Beam web 

Scallop 
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2 LB

100mm 20mm

No.FL-s3 50mm  

4.3.4 2  
3

Fig.2.12 1.96 106MPa

0

(a) (b) 300mm

0  

c p 1c p 2c

p 4c p 6c p 1c p 2

Fig.4.7

1~3mm/sec

Fig.4.8  

Fig.4.7 Load sequence image of bending test (Same as Fig.2.13) 
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Fig.4.8 Position of the strain gauges 
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UO: Upper flange / outer side 

28 

20
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UI: Upper flange / inner side 
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LI: Lower flange / inner side 
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LO: Lower flange / outer side 
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LI 
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Fig.4.9 
Calculation method of the cumulative plastic 
deformation factor( s) using  skeleton curve 
(same as Fig.2.15) 

4.3.5 2  

2.4.5 Fig.2.15 s (Fig.4.9) 

4.3.6  
-

Table 4.5 Table 4.6 s  

s 2 Fig.2.17

Fig.4.10 ( 10mm) 2
Fig.2.18 Fig.4.11  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.6 Analyzed results 

Test 
No. 

End of 
fracture 

cycle 
time 

Positive side of bending Reverse side of bending 

Average 
s 

Max. 
load 
×106 

(MPa) 

Max. 
displace 
-ment 
(mm) 

Absorbed 
energy 
Ws×106 

(MPa mm) 

Skeleton 
Deform 
-ation 
(mm) 

ηs 

Max. 
load 
×106 

(MPa) 

Max. 
displace 
-ment 
(mm) 

Absorbed 
energy 
Ws×106 

(MPa mm) 

Skeleton 
Deform 
-ation 
(mm) 

ηs 

FL +4 _n2 1.152 31.5 24.82 36.2 3.40 -1.212 -31.7 33.45 -44.7 4.58 4.0 

FL-P 6 _n1 1.451 47.2 58.48 58.1 7.64 -1.385 -31.1 68.18 -66.7 9.33 8.5 

FL-s3 +6 _n1 1.452 44.7 62.41 59.4 8.54 -1.383 -31.9 50.42 -45.2 6.90 7.7 

Ws : Total absorbed energy 
cPp : Proof stress at the beam end 
cδp Deformation at cPp 

Fig.4.10 Relationship between the overlay welding method around 
toes of scallops, the joining designs, and cumulative plastic 
deformation factor( s) 

0

2

4

6

8

10

12

On-site joint 

Shop joint 

Positive side 

L B
=2

0m
m

 

L B
=5

0m
m

 

L C
=2

0m
m

 

Reverse side 

Average 

η s
 

Conventional 
(Non-overlay) 

Overlay 
(Incomplete) 

Overlay 
(Target) 

FW 
SW 

FW-P SW-P 

FW-s1 

SW-s2 

FL 

FL-s3 

FL-P 

On-site and 
Overay by overhead 
without backing plate 

Fig.4.11 Strain ratio of outside by center 
in the lower beam flange 

( /  or /  in Fig.4.8) 
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(Target) 

means 
same as 
Fig.4.10 
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4.3.7  
1)  

No.FL

2 No.FW, SW

s 2.0(FW) 4.0(FL)

s 4.0

 

Table 4.5 Result of bend test applying full-size beam-to-column assemblies 

 Test 
No. 

Load-deformation 
curve 

Photograph of fracture 
Upper; scallop side 
Lower; outer side 

Position and situation 
of fracture pass 

and Average s 

Conv. 

condition 

 

FL 

  

 

4.0 

Target 

condition 

 

FL-P 

   

8.5 

Incomplete 

condition 

 

FL-s3 

  

 

7.7 

Other crack 
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2)  
No.FL-P

s 8.5

2 No.FW-P, SW-P 9.3

 

s No.FW-P No.SW-P

Fig.4.12

No.FW-P (A) No.SW-P

(B) No.FL-P (C)

(A) (B)

(C)

(C)

 

 

3)  
2 LB

LB No.FL-s3 LB=50mm

s 7.7 LB=100mm No.FL-P No.FL-P

Fig.4.12 Comparison of the height from beam flange face to the top of overlay weld metal  
toe around the scallop in some designs 

For on-site joint 
with backing plate 

For shop joint 
with backing plate 

For on-site joint 
without backing plate 

DA1 

DA2 

DB1 

DB2 DC2 

DC1 

[DA1=DB1=DB2] > [DA2=DC2] > [DC1] 

(A) (B) (C) 
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mm (Photo 4.2) 

LB=50mm

 

2 LB s Fig.2.19(a) 4
Fig.4.13 LB 2

(LB=20mm)

(LB=50mm)

(LB=100mm)

 

 

Fig.4.13 Relationship between length of the overlay 
welding around toes of scallops, cumulative 
plastic deformation factor( s) and their fracture
passes 

LB (mm) 
0 2 0 4 0 6 0 8 0 1 0 0 1 2 0 

0 

2 

4 

6 

8 

1 0 

1 2 

Av
e.

s 

FW 

SW LB 

(Length to the beam direction) 

FL 

Photo 4.2 Fracture above the overlay welding 
around toe of scallop in the beam 
web (No.FL-s3) 
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4.4 4  
-

2
3

 

(Fig.4.14)  

 

1) (No.FL-P)

(No.SW-P) (No.FW-P)

s (Fig.4.15) 

 

 

 

 

 

 

 

 

 

 

 

 

2) 

(Fig.4.14) 

 

3) 

 

4) LB

LB

LB 2

Fig.4.14 
A problem when two new overlay 
welding processes are mixed 

Fig.4.15 Cumulative plastic deformation factor( s) of combination with the overlay welding around toes of 
scallops(Overlay 1) and the overlay by overhead welding without backing plate(Overlay 2) 
(Partially extracted from Fig.4.10) 
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4

6

8

10

12

Overlay 1 for on-site joint 

Overlay 1 for shop joint 

Positive side 

Reverse side 

Average 

Overlay 1 and 2 for on-site joint 

η s
 FW-P SW-P 

FL-P 
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5  

5.1  
2

3

4

 

Fig.5.1(a)

 

 

5.2 5  
2 4

 

 

5.3  

(Fig.5.1(b)) 

(Fig.5.1(c))  

 

 

 

 

 

 

 

 

 

 

 
Fig.5.1 (a) Realistic problem of upper side in the on-site joint design applying the overlay welding 

around toes of scallops, (b)(c) Improving design solved the upper flange problem 

(a) (c) (b) 

Non-scallop 
design 

Ovelay welding 
around toe of scallop 

Overlay by overhead
welding without
backing plate 
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5.4
 

2 4
 

2 4
 

Table 5.1 2 5 7

( ) 

 

 

 

 

 

 

 

 

 

5.4.1  
1) 2  

H

 

2) 2  

250mm( ) 200mm( ) 16mm( ) 19mm( )

H 300mm 25mm JIS G3136 SN490B 16mm(

) 250mm 205mm( ) BCR295( )  

3 19mm H

 

3) 2  

(Fig.2.4 (1)) YGW11

6mm

 

4) 2  

r35 r10 (Fig.2.5)

(Fig.5.1 (b)(c)) 

5)  

Table 5.1 2 5 7 No.FX10a

10b Fig.5.1(b) ( Type X)

Fig.5.2 (1)

Table 5.1 Test number and the beam-to-column joint design 

Test 
Number Type 

Upper flange Lower flange 

Scallop Back Scallop Leg length 
TD(mm) 

Artificial 
defect Back 

FX10a,10b 
Type X 

(Fig.5.1(b)) Non 
Steel plate Scallop 

+ 
Overlay 
welding 

10 Non 

Steel plate FX15 15 Non 
FX15U Defect 
FX20a,20b 20 Non 

FZ20 Type Z 
(Fig.5.1(c)) 

Dev. 
backing-less* 20 Non Dev. 

backing-less* 
* “Dev. backing-less” means the overlay by overhead welding process without backing plate 
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(2) 100mm( 5 ) (3)

16mm (4) TD 10mm

FX15 FX20a

20b TD 15mm 20mm  

No.FX15U

No.FX15

Fig.5.3

(PT)

PT Photo 5.1  

No.FZ20 Fig.5.1(c)( Type Z)

TD=20mm

Fig.5.2

1 2 ( 3 ) LOH=20mm

 

No.FZ20 (1

) (2 )

No.FZ20  

6)  

Fig.5.4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LB=100 

TD 

X 

X’ 

X X’ 

Fig.5.2 Dimension of the overlay welding around toes of scallops and the overlay by overhead 
welding without backing plate of the Fig. 5.1(b) and Fig. 5.1(c) types 

16 

TD 

LOH=20 (by 3pass) 

Pass Number 
by each side 
10mm ; 3 
15mm ; 3 
20mm ; 7 
 LB=100 

TD 

X 

X’ 

Bonding steel plate  
(3.2t 16w 16L) 

Overlay welding aound toe of 
scallop, and penetration test 

Close the fusion lack 
by overlay welding 

Fig.5.3 Production process of artificial defect (No.FX15U) 
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5.4.2  
1) 2  

 1.4mm

490MPa JIS Z3312 YGW11 1.2mm

 

2) 2  

3kJ/mm

250  

3) 2  

 

4)  

Type-X YGW11

2

1

Type X Fig.5.5(1)  

Type Z 3
( ) 2

Type X

YGW11 Type Z Fig.5.5(2)  

Table 5.2  

 

 

Photo 5.1 Appearance of penetration test in the production process and cross section of No.FX15U 

Result of penetration test 

Cross section 

Bonding steel plate After overlay welding After closing by overlay 
welding 

Result of re-penetration test 

Lack of fusion 
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5)  

( ) (HAZ)

Fig.5.6 JIS Z3111 A0 ( 10 , 50mm) A2 (

6 , 30mm) JIS Z3111 4

(HAZ) Table.5.3

2 4  

490MPa

(0 ) 150J

YGW11

166J 144J

70J  

 
 
 
 
 
 
 
 
 
 
 
 

Table 5.3 Mechanical properties of the base plates and the weld metals 
 Position YP 

(MPa) 
TS 

(MPa) 
EL 
(%) 

vE0  
(J) 

YR 
(%) 

Base plate 

Flange of beam 416 543 27 266 77 
Web of beam 391 549 27 168 71 
Diaphragm of column 410 559 26 212 73 
Pipe of column 349 520 31 266 70 

HAZ Flange of beam - - - 158 - 
Diaphragm of column - - - 225 - 

Weld metal 
Face side of beam 518 566 29 166 89 
Back side of beam  522 577 27 144 90 
Pipe column 532 606 27 121 89 

Non-backing plate type only 

Table 5.2 Welding condition of the beam-to-column joint 

Control parameter Face side Back side 
(Without backing plate) 

Welding wire 
   classification 
   diameter(mm) 

JIS Z3312 
YGW11 

1.2 

JIS Z3313 
T490T5-1CA-U 

1.4 
Shielding gas CO2  25 l/min CO2 
Position Flat Overhead 
Polarity DC EP DC EN 
Current (A) 260-280 150-230 
Arc voltage (V) 31-34 18-19 
Wire extension(mm) 20-25 15-20 
Heat input control (kJ/mm) 3 or less 3 or less 
Interpass temp. control (deg) 250 or less 250 or less 

Fig.5.5 Welding pass sequence of the beam-to-column joint 

1 
2 

3 
4 5 
6 

7 8 
9 10 

11 12 

B1 B2 

1 2 
3 4 
5 

6 
7 8 

9 10 
11 12 

(1) Type X 
(Backing plate type) 

(2) Type Z 
(Without backing plate type) 

Face side 

Back side B3 

Face side 

19 25 

19 25 
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5.4.3  
2

TD TD=20mm 10mm 15mm

TD

Fig.5.2 TD 20mmd

7 15mm 10mm 3

TD=15mm Fig.5.7  

Photo 5.2(1)~(3)  

 

Fig.5.7 Welding pass sequence of the overlay welding method around toe of scallop 
in the case of TD=15mm condition 

Step 1 (Start) 2 3 6(Finish) 4 5 

Beam flange 

Diaphragm 

Beam web 

Scallop Butt welding joint 

Square pipe 

Web 

Beam weld metal 

Lower flange 
Column weld metal 

Fig.5.6 Position of mechanical test pieces about the base metals and weld metals 

19 

5 2.5 10 
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19 

2 2.5 10 
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19 

2 2.5 10 
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Diaphragm 

Upper flange 

Beam 

4 

19 

5 

10 dia. 

19 

10 

25 

10 

10 

16 

10 dia. 

16 

25 

1 

2 

5 

[Beam weld metal (Face side)/ TS] 

[Beam weld metal (Face side)/ IV] 

[Beam flange HAZ / IV] 

[Diaphragm HAZ / IV] 

[Column weld metal / TS & IV] 

[Diaphragm / TS & IV] 

[Beam flange / TS & IV] 

[Square pipe / TS & IV] 

10 dia. 

10 dia. 

10 dia. 

(TS: Tensile strength test  IV: Charpy impact test) 

2.5 

19 
6 dia. 

[Beam weld metal (Face side)/ TS] 19 

[Beam weld metal (Back side)/ IV] 

1 

2.5 

10 
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Test No. Appearance 

FX10a 

 

FX10b 

 

FX15 

 

FX15U 

 

 

 

 

 

Photo 5.2 (1) Examples of appearance after production of the full-size beam-to-column assemblies (1/3) 
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Test No. Apperance 

FX20a 

 

FX20b 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 5.2 (2) Examples of appearance after production of the full-size beam-to-column assemblies (2/3) 
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Test No. Appearance 

FZ20 

 

 

 

 

5.4.4 2  

3

Fig.2.12 1.96 106MPa

0

(a) (b) 300mm

0  

c p 1c p 2c

p 4c p 6c p 1c p 2

Fig.5.8

1~3mm/sec

Fig.5.9  

 

 

Photo 5.2 (3) Examples of appearance after production of the full-size beam-to-column assemblies (3/3) 
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Fig.5.10 
Calculation method of the cumulative plastic 
deformation factor( s) using skeleton curve 
(same as Fig.2.15) 

5.4.5 2  
2.4.5 Fig.2.15 s (Fig.5.10) 

 

5.4.6  
-

Table 5.4(1)~(2) Photo 5.3 Table 5.5

s Table 5.5 2 No.FW
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UO: Upper flange / outer side LO: Lower flange / outer side LI: Lower flange / inner side 

Diaphragm Beam flange 
50 

 

 

 

 

  

50 50 

 

10
 

40
 

 

 

Backing plate or 
overlay weld metal by overhead welding without backing plate 

Beam end groove weld 

Overlay weld metal 
around toe of scallop 

Beam end groove weld 

LO 
LO 

UO 
UO 

LI 
LI 

Fig.5.9 Position of the strain gauges 

Fig.5.8 Load sequence image of bending test (Same as Fig.2.13) 
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Table 5.4 (1) Result of bend test applying full-size beam-to-column assemblies (1/2) 

Test 
No. 

Load-deformation 
curve 

Photograph of fracture 
Upper; scallop side 
Lower; outer side 

Position and situation 
of fracture pass 

and evaluated s 

 

FX10a 
  

 

5.2 

 

FX10b 

   

3.6 

 

FX15 
  

 

6.5 

 

FX15U 

   

3.6 

 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-100 

 

-2 

106MPa 

mm S--GW--S 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm 

Lower side 

Lower side 

S--GW--S 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm

Lower side 

S--GW--S 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm

Upper side 

BF--B 

Meaning of the sign; BF : Beam flange, TS : toe of scallop, S : Slit between end-tab and beam flange, 
GW : Groove weld metal, B : Bond between groove weld and beam flange 
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Table 5.4 (2) Result of bend test applying full-size beam-to-column assemblies (2/2) 

Test 
No. 

Load-deformation 
curve 

Photograph of fracture 
Upper; scallop side 
Lower; outer side 

Position and situation 
of fracture pass 

and evaluated s 

 

FX20a 
  

 

7.1 

 

FX20b 

   

7.2 

 

FZ20 
  

 

10.3 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm 

Upper side 

BF--B 

Meaning of the sign; BF : Beam flange, TS : toe of scallop, S : Slit between end-tab and beam flange, 
GW : Groove weld metal, B : Bond between groove weld and beam flange 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm

Lower side 

S--GW--S 

 

0 20 40 60 80 -20-40 -60 -80 

2 

 

1 

 

 

-1 

 

-2 

106MPa 

mm 

Lower side 

S--GW--S 

FX10a FX10b FX15 FX15U 

    

FX20a FX20b FZ20  

    

Photo 5.3 Appearance of fracture faces 
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5.4.7  
1)  

Type X(No.FX )

No.FW

(Fig.5.11(a))  

TD=10mm 2 (No.FX10a, 10b)

( ) (Fig.5.11(b)) 

TD=15mm (No.FX15)  

TD 20mm 2 (No.FX20a, 20b) 1 1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.5 Analyzed results 

Test No. 
Type and 

Leg length 
TD(mm) 

Artificial 
Defect 

Positive side of 
bending 

Negative side of 
bending End of 

fracture 
cycle time 

Evaluated 
s 

Max 
load 

(MPa) 

Max. 
displace 
-ment 
(mm) 

s 
Max 
load 

(MPa) 

Max. 
displace 
-ment 
(mm) 

s 

FW Conventional Non 1.161 +16.0 3.14 1.159 -16.0 2.04 +4 _n1 2.0 
FX10a 

Type X 

TD=10 Non 1.437 +35.9 5.23 1.378 -30.5 3.87 +6 _n1 5.2 
FX10b 1.419 +30.5 3.58 1.399 -30.8 3.48 +8 _n1 3.6 
FX15 TD=15 Non 1.492 +45.8 6.47 1.419 -30.7 3.32 +6 _n1 6.5 
FX15U TD=15 Defect 1.420 +30.7 3.58 1.444 -30.7 3.48 +4 _n2 3.6 
FX20a 

TD=20 Non 
1.459 +45.8 7.02 1.453 -46.1 7.07 -6 _n1 7.1 

FX20b 1.486 +44.7 7.15 1.513 -45.2 7.49 +6 _n2 7.2 
FZ20 Type Z TD=20 Non 1.541 +56.1 10.31 1.510 -45.7 8.64 +8 _n1 10.3 

 

Fig.5.11 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding
around toes of scallops when the large force applies at lower flange side (Partially same as Fig.2.20) 

TC2 

Diaphragm 
Beam end groove welding 

Steel tab 
Beam flange 

Beam web 

F 

TC2 TC1 

Fracture pass 

(a) Conventional 
(As scallop) 

(b) Overlay welding 
around toe of scallop 

On top 

Cross 
section 

Overlay 
weld metal 

TD 

F 

F : Force as earthquake 
TC1, TC2 : Effective thickness at the 

stress concentration points 
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No.FX10a, 10b, 15, 20a, 20b

s FX15U s

TD Fig.5.12  

2
20mm

1

s 7.1 7.2

20mm

Fig.5.13  

 

 

 

 

 

 

 

 

 

 

2
(Fig.5.11) 

TD s  

Fig.5.12 Relationship between leg length(TD) of the overlay welding around toes of
scallops and cumulative plastic deformation factor(ηs) 

1 0 1 5 2 0 
TD (mm) 

 

Non 

TD 

2 0 

TD 

 
2 

4 

6 

8 

10 

12 

0 

FW FX FZ 

Fig.5.13 Fracture passes of each same assemblies of TD=20mm overlay welding around toe of scallop 

No.FX20b Fracture pass in scallop 
design side 

s=7.2 

Fracture pass in non-scallop design side 

No.FX20a 

s=7.1  
Plastic 

deformation 
ability 

Non scallop 

Scallop 
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Table 5.6 5

+4 :1 R : (Fig.5.9 ) E : (Fig.5.9 

) E R

E/ R

s

Fig.5.14 E/ R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TD E/ R s

Table 5.6 Measurement result of strain at the end of lower and inside beam, and calculated strain ratio εE/εR 

Test 
No. 

Strain 

Ref. 
s 

Left side of beam end Right side of beam end 
Max. 

E/ R 

( E> R) 

Edge 

E (%) 
* 

Side of 
Rein.weld 

R (%) 
* 

E/ R 

Edge 

E (%) 
* 

Side of 
Rein.weld 

R (%) 
* 

E/ R 

FX10a 3.6 (Failure) - 3.6 2.0 1.8 1.8 5.2 
FX10b 5.2 2.0 2.6 2.2 2.2 1.0 2.6 3.6 
FX15 3.0 2.0 1.5 3.7 2.9 1.3 1.5 6.5 
FX20b (Failure) 2.9 - 3.0 2.5 1.2 1.2 7.2 
FZ20 2.5 2.9 0.9 3.0 2.1 0.7 - 10.3 

*Fig.5.9 position No. 

Fig.5.14 Relationship between strain ratio at the beam end and the cumulative plastic deformation factor ηs 

0.5 1 2 3 
0 

2 

4 

6 

8 

10 

Max. strain ratio E/ R 

 

E R E R 

FX10a 

FX10b 

FX15 

FX20b 
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TD

Fig.5.15(a)

( E/ R )

( s: ) 

TD Fig.5.15(b)

( E/ R ) 

( s: ) 

FEM

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
2)  

Type Z(No.FZ20) Type X (FX )

 

(FZ20)

s 10.3 (Fig.5.12) 

Type X

Table 5.5 E/ R 1.0

Fig.5.15(c)

1

E/ R 1.0

Fig.5.15 Image of the relationship between strain εE , εR , and designs 

εR 

(a) εE εR 1.0 (b) εE εR = 1.0 (c) εE εR 1.0 

Steel tab 
Beam flange 

Groove weld 

Diaphragm 

Overlay weld around 
toe of scallop 

Beam web 

(d) εE εR 1.0 

Overlay weld 
with small leg length 

Overlay weld 
with large leg length 

Overlay weld 
with large leg length 
without backing plate 

Conventional scallop 
design 

Center of  
beam width 

Condition 

Steel backing 
plate εE 

εR 

Strain 
distribution 

εE 
εE 

εR 

εE 

εR 
Strain 
distribution 

Strain 
distribution 

Strain 
distribution 
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E/ R 1.0

FEM  

E/ R 0 Fig.5.15(d)

2
 

 

 
3)  

Type-X(FX ) TD=15mm No.FX15U R

R

+4 1 4 2

s 3.6

FX20a s =7.1  

 

4
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5.5 5  

(Fig.5.16) 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) 

 

2) (Fig.5.17 FX) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3) 

20mm 2 1

(Fig.5.18) 

Fig.5.17 Relationship between leg length(TD) of the overlay welding around toes of 
scallops and cumulative plastic deformation factor(ηs) (Same as Fig.5.12) 

1 0 1 5 2 0 
TD (mm) 

 

Non 

TD 

2 0 

TD 

 
2 

4 

6 

8 

10 

12 

0 

FW FX FZ 

[Conventional design] [Developed design] 

Fig.5.16 Conclusion: The design and welding process suitable for on-site joint 

Non-scallop 
design 

Ovelay welding 
around toe of scallop 

Overlay by overhead
welding without
backing plate 
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4) 

(Fig.5.19 (a) (b)) 

5) 

(Fig.5.17 FZ) 

( )

(Fig.5.19 (b) (c)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

6) 

 

 

 

6  

Fig.5.18 Fracture passes of each same assemblies of leg length TD=20mm overlay welding around toe 
of scallop (Same as Fig.5.13) 

No.FX20b Fracture pass in scallop 
design side 

s=7.2 

Fracture pass in non-scallop design side 

No.FX20a 

s=7.1  
Plastic 

deformation 
ability 

Non scallop 

Scallop 

Fig.5.19 Image of the relationship between strain εE , εR , and designs (Same as Fig.5.15) 

εR 

(a) εE εR 1.0 (b) εE εR = 1.0 (c) εE εR 1.0 

Steel tab 
Beam flange 

Groove weld 

Diaphragm 

Overlay weld around 
toe of scallop 

Beam web 

(d) εE εR 1.0 

Overlay weld 
with small leg length 

Overlay weld 
with large leg length 

Overlay weld 
with large leg length 
without backing plate 

Conventional scallop 
design 

Center of  
beam width 

Condition 

Steel backing 
plate εE 

εR 

Strain 
distribution 

εE 
εE 

εR 
Strain 
distribution 

Strain 
distribution 

Strain 
distribution 

εE 

εR 
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6  

6.1  
2 5

2

 

(Fig.6.1 Step 1) 

(Fig.6.1 Step 2) ( 6 ) ( 7 )

 

 

6.2 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    

From backing plate 

Brittle fracture 

and ductile fracture 

From toe of scallop 

The overlay welding  
around toes of scallops 

The overlay by overhead  
welding without backing plate 

Ductile fracture 

Improving toughness 
of the material (weld metal) 
to prevent brittle fracture 

A few brittle fracture 

<Conventional> 

<Chapter 2~5> 

<Chapter 6~7> 

mixed 

Fig. 6.1 Steps to improve the plastic deformation capacity and relations with the chapter 

Step 1 

Step 2 

Decreasing each stress concentration 

Improving material characteristics 
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6.3  

1

1.4.3  

1.4.4  

Fig.6.2

(Fig.6.3) 

1.4.4
2m/sec 18-1) 25 l/min 18-3)

 

6.3

 

6.4

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shutter 

Wind 

Fan, Circulator 

Equipment 
of fume 
absorption 
or exaust 

Fig.6.2 Wind invasion or gereration factor in shop welding 

Fig.6.3 It is necessary to make temporary and partial wall 
to prevent nature wind in on-site welding 
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6.4
 

1)

2)

 

6.4.1  

JIS Z3312:1999 Z3313:1999

Fig.6.4 20mm 300mm

YGW11 CO2

YGW15 Ar80%+CO220%

YFW-C50DR CO2 3 Fig.6.5 3

0( ), 0.5m/sec, 1.0m/sec

Fig.6.6 6

25 l/min 1.0m/sec

35

50 l/min  

Table 6.1 Table 6.2 X

Fig.6.7

JIS (0 -20 )

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6.6 Measurement point of the wind velocity 

0.5m 

0.5m 

0.5m 

Wind direction (T) 
; Traverse 

Wind direction (S) 
; Slant 

Wind direction (L) 
; Longitude 

Fig.6.5 Electrical fan and weld test plate positions 
and the wind directions 

Welding direction 

Table 6.1 Parameters of welding condition 
Combinations of welding wire and 

shielding gas composition 
Wind 

direction 
Wind velocity 

(m/sec) 
Shielding gas flow 

(l/min) 
Solid wire (YGW11) / CO2 

Solid wire (YGW15) / Ar80%+CO220% 
Flux cored wire (YFW-C50DR) CO2 

T; Traverse 
S; Slant 
L ; Longitude 

0 
0.5 
1.0 

25 
(Partially 35, 50) 

12 125 125 

20 

300 

22.5  

Base plate Backing plate 

9 

Fig.6.4 Size and groove condition of the welding test 

(Unit: mm) 
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6.4.2  

( )
74-1) Fig.6.8

75-1~4)

 

Fig.6.9 Z

Z

(Fig.6.10)  

Table 6.2 Common welding condition 
Welding equipment By semi-automatic welder 
Base metal material JIS G3106 SM490A 
Base metal size 20mm(thickness) 125mm(wide) 300mm(length) 
Groove 45deg. V-shape Root gap:12mm 
Welding position Flat 
Power source Conventional inverter type max.500A 

Current, Voltage, 
and heat input(H.I.) 

Solid wires;YGW11, YGW15: 
270-280A, Each suitable voltage,  H.I.:3.0kJ/mm target 

Flux cored wire; YFW-C50DR: 
280Amp, Suitable voltage, H.I.:2.0kJ/mm target 

Torch and shield nozzle type For 500A (Inner dia. 19mm nozzle) 
Distance between the contact 
tip and base metal 25mm 

Preheat and interpass 
temperature 

Solid wires;YGW11, YGW15: None/ 150~250 deg. Celsius 
Flux cored wire; YFW-C50DR:135~150 deg. Celsius 

Fig.6.7 Positions of mechanical and chemical analyze test pieces 

Tensile test piece 
Charpy impact test pieces 

Nitrogen 
analysis 

100 15 20 60 45 25 15 20 

Welding direction 

Base 
metal 

20 

12 

45 deg. 

10 
10 

20 

12 

10 
10 

45 deg. 

JIS Z3111 A2 (6mm dia.) JIS Z3111 

Weld metal 
composition 
analysis 

Nitrogen 
analysis 

Deposited 
metal 

Base 
metal 

Tensile test piece Charpy impact test piece 
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Fig.6.11 Fig.6.12

350A 500A

15mm 25mm CO2

350A 5~20 l/min 500A 25~50 l/min  

 

 

 

 

 

 

 

 

 

 

 

 

6.4.3  
Tabel 6.3

” ”

” ”

 

Fig.6.9 Weak point of gas flow observation in 
the groove 

Schlieren equipment and video camera 

X 

Y 

Z 

Main flow direction of 
shielding gas 

Wind velocity: 
1.0m/sec 

No wind 

Fig.6.10 Example of shielding gas flow behavior in the 
groove 

(Groove: Fig.6.4, CO2, 25 l/min, 19mm inner dia. nozzle) 

Wind velocity measurement point 

Fig.6.11 The observation method of shielding gas 
flow behavior 

Schlieren equipment and video camera 

4 
25 15 

0 

Contact tip 

Fig.6.12 Shield nozzle size and distance from plate 
and the contact tip applied to the observation 
test 

Welding 
wire 

(a) Inner dia. 10mm 
shield nozzle 

(b) Inner dia. 19mm 
shield nozzle 

for 350A special use for 500A conv. use 

Point light source 

Lens 1 Lens 2 

Parallel 
ray 

Observation 
target 

Shielding gas 

Video camera 

Knife edge 

Fig.6.8 Principle of the schlieren method to visualize shielding gas behavior 
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Fig.6.13~6.15 1.0m/sec

Fig.6.16  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6.3 Influence of the wind velocity and the shielding gas flow against the porosity generation, nitrogen 
content in the deposited metal and the mechanical properties 

 
Combination of 

welding wire and 
shielding gas 
composition 

Wind 
direction 

(Ref.  
Fig6.5) 

Wind 
velocity 
(m/sec) 

Shielding 
gas flow 

l/min 

Porosity 
generation 

Nitrogen content in the 
deposited metal. (ppm) Tensile test Charpy impact test 

Start 
side Center Finish 

side Max. 
0.2% 
P.S. 

(MPa) 

T.S. 
(MPa) 

El. 
(%) 

R.A. 
(%) 

Temp. 
(deg.) 

Absorbed 
energy 

(J) 

YGW11 
+ 

CO2 

0 

25 

- 88 83 93 93 444 540 37 73 

0 

152, 152, 152 

- 28 30 30 30 422 518 35 73 153, 170, 167 

T 
0.5 - 97 88 81 97 450 554 35 75 136, 129, 133 

1.0 Much 140 - 210 >200 - - - - - 

S 
0.5 - 96 85 82 96 462 560 33 77 140, 148, 148 

1.0 Few 130 160 180 180 476 577 30 68 82, 92, 98 

L 
0.5 - 29 31 32 32 428 524 33 72 145, 167, 167 

1.0 - 85 46 36 85 459 546 32 74 145, 156, 153 

YGW15 
+ 

Ar80%+CO220% 

0 
- 99 95 96 99 440 531 36 77 

-20 

132, 136, 135 

- 41 42 49 49 385 470 36 77 202, 209, 219 

T 
0.5 - 98 100 83 100 450 554 35 75 104, 107, 116 

1.0 Much 160 - 580 >200 - - - - - 

S 
0.5 - 160 140 150 160 441 548 35 75 92, 93, 83 

1.0 Much 310 - 290 >200 - - - - - 

L 
0.5 - 64 72 100 100 391 478 35 76 207, 214, 209 

1.0 Much 225 170 661 >200 410 494 35 75 59, 47, 156 

 
 

YFW-C50DR 
+ 

CO2 

0 
- 63 58 51 63 470 556 31 72 

0 

123, 100, 101 

- 54 57 58 58 538 603 29 61 112, 109, 117 

T 
0.5 - 59 59 60 60 494 572 30 72 103, 81, 94 

1.0 - 67 110 70 110 528 601 25 72 98, 35, 49 

S 
0.5 - 70 52 46 70 500 581 30 72 87, 117, 101 

1.0 - 98 67 52 98 515 588 30 68 97, 93, 99 

L 
0.5 - 63 60 59 63 538 607 27 63 109, 106,112 

1.0 - 100 90 120 120 556 624 27 62 106, 106, 101 

0 
35 - 37 38 36 38 485 559 30 75 115, 118, 119 

50 - 43 38 37 43 489 562 30 73 105, 116, 93 

T 

1.0 

35 - 36 38 35 38 477 553 32 73 106, 120, 110 

50 - 38 38 37 38 484 556 33 75 115, 115, 108 

S 
35 - 36 37 37 37 481 555 34 75 102, 113, 102 

50 - 41 37 39 41 480 554 33 74 119, 113, 113 
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Fig.6.13 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal 
applied YGW11 solid wire and CO2 shielding gas 
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Fig.6.14 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal
applied YGW15 solid wire and Ar80%+CO220% shielding gas 
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Fig.6.15 Relationship of wind velocity, nitrogen content and impact absorbed energy of deposited metal
applied YFW-C50DR Flux cored wire and CO2 shielding gas (  Start side Center Finish side) 
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1) CO2 Ar80%+CO220% 1.0m/sec

150~200ppm

(Fig.6.13, 6.14) Ar+CO2 Ar

Ar CO2

76-1)  

2) 1.0m/sec 1

(Photo 6.1) 1

 

 

 

 

 

 

 

 

3) (YFW-D50DR) 1.0m/sec

(Fig.6.15) 

1.0m/sec 100ppm  

4) 

0.5m/sec  

Photo 6.1 Example of porosity generating at cap pass 
(Ar80%+CO220%, Wind velocity: 1.0m/sec) 
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6.4.4  
Photo 6.2 350A 10mm Photo 6.3 500A 19mm

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1) Fig.6.17(a)
77-1)

Photo 6.2, 6.3 15mm 25mm

-

( )

 

2) 

(Fig.6.17(b)) 

 

Wind 
velocity 
(m/sec) 

Shielding gas flow (l/min) 

5 10 15 20 

0     

0.5     

1.0     

2.0     

Photo 6.2 Influence of the wind velocity and the shielding gas flow against shielding gas behavior 
in the case of inner dia. 10mm shield nozzle 

(Evaluation of air invasion to the wire tip position: :very little, :little, :large) 
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Photo 6.3 Influence of the wind velocity and the shielding gas flow against shielding gas behavior 
in the case of inner dia. 19mm shield nozzle 

(Evaluation of air invasion to the wire tip position: :very little, :little, :large) 

Whirlpool 

Fig.6.17 Schematic of shielding gas behavior and the wind 
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No wind 
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Arc 
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3) 

(Fig.6.17(c), Photo 6.2: 

1.0m/sec-5 l/min Photo 6.3 1.5m/sec-25 l/min 2.0m/sec-35 l/min) 

 

4) Photo 6.2 2m/sec Photo 6.3 1.5m/sec( 2m/sec )

2m/sec

 

5) Photo 6.2, 6.3

Fig.6.18

0.5m/sec

6.4.3 4)

0.5m/sec 61-1~2) 0.3~0.5m/sec

(1.4.4 ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6)  

” 2.0m/sec ”

0.5m/sec (Fig.6.19) 
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Fig.6.18 Relationship of shielding gas flow, wind velocity, and qualitative evaluation of shield performance 
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7) CO2 1.0m/sec 25 l/min

100ppm 35 l/min

50ppm (Fig.6.16) 

 

8) 35 l/min 1.0m/sec 50 l/min

1.5m/sec (Photo 6.3) 

6.5  

 

6.4.5  

a) b) c)

3 c) 6.1

(Fig.6.18) Fig.6.20  

58-1) 2

(Fig.6.21) 

 

 

 
 
 

 

 

Vnozzle Shielding gas velocity at the nozzle out (m/sec) 
L Shielding gas flow (l/min) 
D Inner diameter of the shield nozzle (mm) 

60
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)
1000

2/(

1000/
2D

LVnozzle Formula 6.1 

Conventional torch 

About 25 l/min 

Conventional 
shield torch 

Wind velocity 
Max.2.0m/sec 

Fig.6.19 Conventional and corrected management level for multi-pass welding about shielding gas flow 
and wind velocity 

Conventional torch 

About 25 l/min 

Conventional 
shield torch 

Wind velocity 
Max.0.5m/sec 

Heat input 
2kJ/mm 

Interpass temp. 
150  

(JIS condition) 

Coventional management 

True 
Incorrect 
image 

New and correct management 
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Fig.6.20 Relationship of calculated shielding gas flow 
velocity at the nozzle out, wind velocity, and 
the evaluation of shield performance 

Vwind=Vnozz
le/2

 

Wind velocity 

2 times over 

Fig.6.21 Recommendation of the necessary gas
flow quantity 

Wind velocity 1.5m/sec 
Distance from shield nozzle to base metal 25mm 

Shielding gas velocity 
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6.5 70J  
6.5.1  

2 500A

25 l/min 18-1~4, 54-1) 0.5m/sec

2m/sec

 

JIS 1.7kJ/mm

25 l/min

4kJ/mm 53-1) JIS

(Fig.6.22) 
76-1)

 

 

 

 

 

 

 

 

 

 

6.5.2  

50 l/min 100 l/min

4m/sec
16-2)

4m/sec

 

6.5.3  
SN 0

27J

70J

550N/mm2 JIS Z 3312 YGW18 2

(Fig.6.23) 

Fig.6.22 Influence of current and arc voltage condition to nitrid reaction in the arc 

(a) 

Air 
Wind 

(b) 

Air 
Wind 

Arc length Arc length 

High current 
& High voltage 

Ligh current 
& Low voltage 

Difficult to nitrid reaction Easy to nitrid reaction 

(Generally condition) (Architechture condition) 
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6.5.4  
25mm SN490B Fig.6.24

Table 6.4 Table 6.5 4.0kJ/mm

3.2 3.7kJ/mm 350

500A 19mm

6.4 Fig.6.5, 6.6 (Longitude)

0 2.5m/sec 0.5m/sec 30

90 l/min 20 l/min  

Fig.6.25
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Steel tab 

35  
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Strong back 

Backing plate(12t, 40W) 

Fig.6.24 Welding test assembly 

Conventional torch Conventional torch 

Max.about 25 l/min 

Conventional 
shield torch 

Wind velocity 
Max.0.5m/sec 

Wind-toughness 
special shield torch 
and nozzle system 

Max 100 l/min ? 

Wind velocity 

Fig.6.23 Chapter 6.4 result(Left) and Chapter 6.5 purpose(Right) 

Heat input 
2kJ/mm 

Interpass temp. 
150  

Heat input 
4kJ/mm 

Interpass temp. 
350  

Max.4m/sec ? 

New and corrected management for general Management for architecture condition 
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6.5.5  
YGW18(a)

Table 6.6 YGW18(b) Table 6.7

X

300ppm ”over 

300”  

Fig.6.26

Fig.6.27

Fig.6.28  

Table 6.5 Welding condition 
Welding equipment Automatic welding machine 
Base metal material SN490B 
Welding position Flat 
Power source Conventional inverter type max.500A 
Welding wire Typical YGW18 (a) and (b) of YGW18 standard  1.2mm dia. 
Shieldind gas compostion CO2 
Current, Voltage 330A, 37V 
Heat input 3.2 3.7kJ/mm 
Interpass control max.350  
Torch and shield nozzle type For 500A (Inner dia. 19mm nozzle) 
Distance between the contact tip and 
base metal 25mm 

Wind velocity 0, 0.5, 1.0, 1.5, 2.0, 2.5m/sec 
Shieldind gas flow 
(Calculated shielding gas flow 

velocity at the nozzle out [Vnozzle]) 

30, 50, 70, 90 l/min 
(Each 1.8, 2.9, 4.1, 5.3m/sec) 

Table 6.4 Chemical compositions of base metal and tested welding wires (%) 
 C Si Mn P S Ti Mo B 

SN490B 0.14 0.38 1.35 0.009 0.002 - - - 
YGW18(a) 0.06 0.90 1.77 0.010 0.005 0.20 - 0.0025 
YGW18(b) 0.06 0.92 1.60 0.010 0.010 0.18 0.20 0.0060 

Fig.6.25 Position of charpy impact test piece in cross section 

10 

25 

Table 6.6 Result of charpy impact test at 0 (upper section, J) and nitorogen content (lower section, ppm) 
in weld metal appling YGW18(a) 

 Wind velocity (m/sec) 
0 0.5 1.0 1.5 2.0 2.5 

Shileding 
gas (CO2) 

flow 
(l/min) 

30 130,122,120 
(46) 

98,90,88 
(90) 

77,68,54 
(146) 

B.H. 
(220) 

B.H. 
(over 300) 

B.H. 
(over 300) 

50 136,136,130 
(44) 

130,110,96 
(76) 

94,76,76 
(104) 

64,47,40 
(166) 

B.H. 
(245) 

B.H. 
(over 300) 

70 134,130,126 
(42) 

118,112,99 
(70) 

106,84,68 
(90) 

60,52,50 
(145) 

B.H. 
(222) 

B.H. 
(over 300) 

90 144,140,130 
(50) 

118,116,102 
(68) 

88,82,82 
(93) 

68,60,52 
(130) 

46,22,12 
(212) 

B.H. 
(over 300) 

[B.H.] means blow holes in weld metal, therefore impact test was omitted 
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Fig.6.26 Relashionship between shielding gas flow and nitrogen content YGW18(a)   YGW18(b) 

Table 6.7 Result of charpy impact test at 0 (upper section, J) and nitorogen content (lower section, ppm) 
in weld metal appling YGW18(b) 

 Wind velocity (m/sec) 
0 0.5 1.0 1.5 2.0 2.5 

Shileding 
gas (CO2) 

flow 
(l/min) 

30 126,122,120 
(40) 

106,92,82 
(84) 

68,60,58 
(152) 

B.H. 
(246) 

B.H. 
(284) 

B.H. 
(over 300) 

50 142,130,115 
(42) 

114,110,100 
(72) 

78,70,66 
(123) 

B.H. 
(210) 

B.H. 
(245) 

B.H. 
(over 300) 

70 124,118,99 
(46) 

106,104,96 
(71) 

92,86,74 
(102) 

54,50,46 
(166) 

B.H. 
(240) 

B.H. 
(over 300) 

90 116,116,112 
(42) 

120,102,102 
(75) 

92,90,68 
(90) 

70,66,54 
(126) 

B.H. 
(226) 

B.H. 
(268) 

[B.H.] means blow holes in weld metal, therefore impact test was omitted 
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6.5.6  
1)  

1.1) 70J(0 )

YGW18 3.7kJ/mm 350

Fig.6.28 110ppm

(Fig.1.27)  

 
2)  

2.1) Fig.6.26

6.4  

2.2) 
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6.4.4 7)  
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2.5) 
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4)  

6.4

6.4
6.2 (1) 27J

(2) 27J 70J

” ” (3) 70J

Fig.6.29

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1) 6.4 JIS Z3312 (1.7kJ/mm 150 )

Vnozzle

Vwind 2 (Vnozzle 2 Vwind)

(3.7kJ/mm 350 )

Fig.6.29

Vwind=Vnozzle/2 Vnozzle 2.9m/sec  

4.2) 3.3), 3.4) 27J

1.5m/sec 70 l/min(Vnozzle=4.1m/sec) 70J

1.0m/sec 50 l/min(Vnozzle=2.9m/sec)

(Fig.6.30) 

4.3) 6.4 Fig.6.20 Fig.6.29 1.5m/sec 2.9m/sec
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Fig.6.29 Relationship of calculated shielding gas flow velocity at the nozzle out, wind velocity, 
and the evaluation of shield performance 
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Fig.6.30 Management level for multi-pass welding considered of the architecture condition 
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6.6 6  
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(Fig.6.31)  
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( ) b) c)  
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(Photo 6.4) 
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Fig.6.31 Management level for multi-pass welding considered of the architecture condition 
and charpy absorbed energy required value(vE0 )  (Same as Fig.6.30) 

Heat input 
4kJ/mm 

Interpass temp. 
350  

(Architecture condition) 

vE0 27J vE0 70J 

Wind velocity : 0.5m/sec 
Shield gas flow : 25 l/min 

Wind velocity : 1.5m/sec 
Shield gas flow : 25 l/min 

Photo 6.4 Observation of shielding gas flow behavior against wind (Extracted from Photo 6.3) 

Wind velocity : 1.0m/sec 
Shield gas flow : 25 l/min 
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4) 

 

5) JIS

Vnozzle( ) 2 Vwind( )

 

6.6.2  
6) Vnozzle( ) 2 Vwind( )

 

7) 6)

 

8) YGW18 3.7kJ/mm 350

0 27J 1.5m/sec

70 l/min (Fig.6.31, 6.32) 
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(Fig.6.31, 6.32) 

10) 9) 110ppm (Fig.6.33) 
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7  

7.1  
6.1 2 5
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( 6 )

 

 

7.2 7  

(Fig.7.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.7.1 Solidification crack problem when the groove angle make narrow to improve the weld metal toughness, and 
preventing method by new composition welding wire improving the solidfication crack resistance 

Improving toughness 
of the material (weld metal) 
to prevent brittle fracture 

Improving material characteristics 

35  35  25  

25  

[Conventional on-site design] [Developed on-site design] 
(by Chapter 5)

Generating 
solidification 
crack defect 
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YGW18 wire 

Conventional 
YGW18 wire 

Non-defect 
High toughness 
weld metal 
by low heat input 
and low interpass 
temperature 
welding condition 

(by Chapter 7)
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7.3  
7.3.1  

1.4.5 1.4.6 (
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(Fig.7.2) 
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Fig.7.2 Welding procedure of the beam flange 

Steel tab or ceramic tab 

Beam flange 

U-turn 

U-turn less 
(Discontinuous) 

Molten pool 

P/W 
large 

W 
P 

Fig.7.3 Mechanism of increasing the aspect ratio (P/W) parameter by U-turn welding 
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Fig.7.4

(Fig.7.5) 
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JIS Z3155 C FISCO

 

 

 

 

 

 

 

 

 

 

 
7.3.2  

Fig.7.6

Fig.7.4 Mechanism of solidification crack following with welding direction 

Arc 

Liquid phase Arc 

Liquid phase 

Solidification crack 
Solidification crack 

Fig.7.5 Solidificaition crack remained and exposed after cutting the steel end-tab at the weld edge 
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Photo 7.1
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7.3.3  

JIS Z3312 YGW18

 

1)  

Table 7.1 YGW18 4 Table 7.2

5mm 35 ,30 ,25

4  

Table 7.1 Chemical composition of YGW18 welding wires for U-turn solidificaiton crack test  (Unit:weight %) 

Test No. C Si Mn P S Ti Mo B 

YGW18-A 0.07 0.91 1.57 0.009 0.016 0.18 0.16 - 
YGW18-B 0.04 0.83 1.94 0.006 0.004 0.22 0.11 - 
YGW18-C 0.03 0.85 1.90 0.005 0.006 0.19 0.12 0.0022 
YGW18-D 0.06 0.91 1.60 0.009 0.005 0.24 0.25 0.0055 

Ceramic end-tab 

Welding pass sequence 
Fig. 7.6 Schematic diagram of developed “U-turn solidification crack test” method 

Appearance 

Photo 7.1 Example of solidification crack generated by “U-turn solidification crack test” 

Cross section 
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Table 7.2 Test condition of U-turn solidificaiton crack test 
Base metal SN490B  40mm Thickness 200mm Width 400mm Length by each side 
Groove angle 30, 25, 20 degree 
Root gap 5mm 
Welding wire dia. 1.4mm 
Shielding gas CO2 25 l/min 
Current 420A 
Arc voltage 42V 
Welding speed 300mm/min 
Pass sequence 4 pass continuous 

Table 7.3 Chemical composition of SN490B as base metal  (Unit:weight %) 

 C Si Mn P S 
SN490B 0.16 0.35 1.10 0.009 0.002 

2)  

Photo 7.2 X

 

3)  

X

Fig.7.7  
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Fig.7.7 Relationship between groove angle, kind of wire, and crack length ratio 
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Photo 7.2 Radiographic tests result of U-turn solidification crack test applying conventional YGW18 wires 

 

 

 

Wire Groove angle : 25degree 

YGW18-A  

YGW18-B  

YGW18-C  

YGW18-D  

Wire Groove angle : 30degree 

YGW18-A  

YGW18-B  

YGW18-C  

YGW18-D  

Wire Groove angle : 35degree 

YGW18-A  

YGW18-B  

YGW18-C  

YGW18-D  
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7.4  
7.4.1  

 

1)  

Table 7.4 Table 7.2

4mm  

 

Table 7.4 Chemical composition of trial wires (Unit:weight %) 

Test No. C Si Mn P S Ti Mo B 

Trial-A(base) 0.063 0.75 1.58 0.010 0.011 0.20 - - 
Trial-B 0.012 

Same as 
trial-A 

Same as 
trial-A 

Same as 
trial-A 

Same as 
trial-A 

Same as 
trial-A 

Same as 
trial-A 

Same as 
trial-A 

Trial-C 0.110 
Trial-D 

Same as 
trial-A 

1.75 
Trial-E 2.00 
Trial-F 

Same as 
trial-A 

0.002 
Trial-G 0.022 
Trial-H 

Same as 
trial-A 

0.003 
Trial-I 0.027 
Trial-J Same as 

trial-A 
0.0031 

Trial-K 0.0070 

 

2)  

Fig.7.8

 

3)  

C 0.10%

C 0.06%

(SN490B) C 0.10%

C

 

Mn Mn

MnS S  

P S P S Mn-S

 

B  

Table 7.4 Ti, Mo, Si
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Fig.7.8 Influence of each chemical composition to U-turn solidification crack length raito 

 

 

 

7.4.2  
JIS 

YGW18 YGW18

Table 7.5  

 

 

 

 

 

 

 

 

 

 

1) C( ) Fig.7.8 C

Mn Mo  

Table 7.5 Chemical composition of conventional YGW18 wire and new developed YGW18 wire 
considerd solidification crack toughness (wt%) 
 
 C Si Mn P S Ti+Zr B Mo 

JIS YGW18 
Spec. range 

- 
0.15 

0.55 
-1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.30 

- 
- 

- 
0.40 

Coventional YGW18 
Actual range 

0.05 
-0.08 

0.75 
-0.90 

1.55 
-1.90 

- 
0.015 

- 
0.015 

0.10 
0.25 

0.0020 
0.0060 

- 
0.25 

Developed YGW18 0.01 
-0.04 

0.75 
-0.90 

1.90 
-2.10 

- 
0.015 

- 
0.008 

0.10 
-0.20 

- 
0.0005 

0.15 
0.30 

S 
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P  an d   S   i n   t h e   w e l d i n g   w i r e   ( % ) B   i n   t h e   w e l d i n g   w i r e  ( % ) 
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=Conv.18 
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Conv.18 

Conv.18 : Conventional JIS YGW18 standard wire 
Dev.18 : Developed YGW18 wire considered solidification crack toughness 
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2) Mn( ) Fig.7.8 Mn

C B

 

3) Mo( ) C Mn

 

4) B( ) Ti-B

1.4.3 JIS Z3312 (

) YGW18 B

YGW18 70J Ti-B
50-1~8) Fig.7.8 B C

B  

5) P( ),S( ) Fig.7.8

S P

S Mn

 

 

7.3.3 YGW18

Fig.7.9 YGW18 25

35  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7.9 Solidificaiton crack performance of developed YGW18 wire 

Example of conventional 
YGW18 wire 
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Root gap: 4mm 
Current: 400A 
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7.5  

 

7.5.1  

25mm SN490B Fig.7.10

Table 7.6 Table 7.7

Table 7.8 330A

1 4

350  

Fig.7.11

 

200 200 

R 

10 

12 

300 400 

Ceramic tab 

 
25 

10

Strong back 

Backing plate(12t, 40W) 
Fig.7.10 Welding test assembly 

Table 7.6 Chemical compositions of base metal and tested welding wires (%) 

 C Si Mn P S Ti Mo B 

SN490B 0.15 0.34 1.38 0.008 0.002 - - - 

A: Conventional YGW18 0.06 0.92 1.60 0.010 0.010 0.18 0.20 0.0060 

B: Developed YGW18 0.02 0.85 2.05 0.010 0.009 0.13 0.28 - 

 

Condition A: =35 , R=7mm 
Condition B: =25 , R=5mm 

Table 7.7 Combination of welding wire and groove shape 

 Welding wire Groove angle (degree) Root gap R(mm) 

Condition A (Coventional process) A (Tabel 7.6) 35 7 

Condition B (Narrow process) B (Tabel 7.6) 25 5 
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7.5.2  

RT, UT

Fig.7.9 Table 7.10  

 

1) 25

-  

2) 6

5 1 (20%)  

 

Table 7.8 Welding condition 
Welding equipment Non (Manual by skilled welder) 
Welding position Flat 
Power source Conventional inverter type max.500A 

Welding wire Typcical conventional YGW18 
and developed YGW18 

Wire diameter 1.2mm 
Shieldind gas compostion and flow CO2 , 25 l/min 
Current, Voltage 330A, 37V 
Interpass control max.350  
Torch and shield nozzle type For 500A (Inner dia. 19mm nozzle) 

Fig.7.11 Position of tensile test of weld metal and charpy impact test piece in cross section 

10 

25 

10 

Table 7.9 Welding process records and nondestructive test result 

Process 

Condition Welding process record Crack 
length 
ratio 
(%) 

No. Groove 
shape 

Welding 
wire 

Total pass 
number 

Max. 
heat input 

Max. 
interpass 

temperature 

Conventional A 35 deg., 
7mm Gap 

A 
(Conventional) 6 3.8kJ/mm 350  5 

Narrow B 25 deg., 
5mm Gap 

B 
(Developed) 5 3.0kJ/mm 320  0 

25 

Table 7.10 Mechanical properties of weld metal 

Process 
Condition Welding process record 

No. Groove 
shape 

Welding 
wire 

YP 
(MPa) 

TS 
(MPa) 

El 
(%) 

vE0  
(J) 

Conventional A 35 deg., 
7mm Gap 

A 
(Conventional) 442 575 30 94,96,100 

(97) 

Narrow B 25 deg.,
5mm Gap

B
(Developed) 484 594 29 130,134,140

(135)
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7.6 7  

(Fig.7.12) 

 

35 25

 

 

 

 

 

 

 

 

 

 

 

 

 

1) 

(Fig.7.13, Photo 7.3) 

2) 

(Fig.7.14) 

3) 550MPa YGW18

(Fig.7.14) 

4) C, P, B Mn

Si, S, Mo, Ti  

5) 25 35

(Table 7.11, Fig.7.14) 

6) 35 Gap7mm 25 Gap5mm 25mm 20%

 

35  25  

Developed YGW18 wire 

High toughness 
and good 

solidification 
crack resistance 

weld metal 

Fig.7.12 High toughness weld metal by combination with narrow goove and new welding wire 
has good solidification toughness (Partially extracted from Fig.7.1) 

Ceramic end-tab 

Welding pass sequence 

Fig. 7.13 
Schematic diagram of developed “U-turn solidification
crack test” method (Same as Fig.7.6) 

Appearance 

Photo 7.3 
Example of solidification crack generated by “U-turn
solidification crack test” (same as Photo 7.1) 

Cross section 
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7) 3.8kJ/mm 3.0kJ/mm 21%  

8) 350 ( ) 325 7  

9) (0 ) Ave.97 135J

39%  

10) 

(a) (b)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7.11 Chemical composition of conventional YGW18 wire and new developed YGW18 wire 
considerd solidification crack toughness  (Same as Table 7.5) (wt%) 
 
 C Si Mn P S Ti+Zr B Mo 

JIS YGW18 
Spec. range 

- 
0.15 

0.55 
-1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.30 

- 
- 

- 
0.40 

Coventional YGW18 
Actual range 

0.05 
-0.08 

0.75 
-0.90 

1.55 
-1.90 

- 
0.015 

- 
0.015 

0.10 
0.25 

0.0020 
0.0060 

- 
0.25 

Developed YGW18 0.01 
-0.04 

0.75 
-0.90 

1.90 
-2.10 

- 
0.015 

- 
0.008 

0.10 
-0.20 

- 
0.0005 

0.15 
0.30 

Fig.7.14 Solidificaiton crack performance of developed YGW18 wire (Same as Fig.7.9) 

Example of conventional 
YGW18 wire 
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8  

8.1  

 

 

8.2  
a)~d) 4  

< > < > 

a)   

b)   

c)   

d)  

 

8.3  
Table 8.1 Necessary factors of practical on-site joint process (Ref. Table 2.1) 

(1)  

(2)  

(3)  

(4)  

(5)  

(6)  

a) 

b) d) 

Fig. 8.1 Some problems in on-site joint (Ref.Fig.1.6, 1.8) 

c) 
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8.4  
Table 8.1(1)~(6)

3 8.2 a)~d)  

 

 

 

8.5  
8.1~8.4 2 7

Fig.8.2  

Fig.8.2 Summary of this papor’s research flow, relashionship, improving suggesitions, and results 
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 (b)  
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2 (d)  
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3  2  
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8.6  
8.6.1 2 )  
1) 

(Photo 8.1) 

2) 250( ) 200( ) 16( ) 19( ) -

3

(Fig.8.3, 8.4) 

3) 

(Fig.8.4) 

4) 

 

5) 

(Fig.8.5) 

Photo 8.1 The overlay welding around toes of 
scallops (Ref. Photo 2.3) 

Beam flange 

Beam web 

Column-to-beam butt weld 

Overlay welding 
Scallop 

Pipe 
column 

Fig.8.3 Relationship between the overlay welding around 
toes of scallops, the joining designs, and 
cumulative plastic deformation factor( s) 
(Ref. Fig.2.17) 

0

2

4

6

8

10

12

Conventional 
(Non-overlay) 

On-site joint

Shop joint 

Positive side 

L B
=2

0m
m

 

L C
=2

0m
m

 
Overlay 

(Incomplete) 
Overlay 
(Target) 

Reverse side 

Average 

η s
 

FW SW 

FW-P SW-P 

FW-s1 
SW-s2 

Fig.8.4 Fracture pass and load-deformation curve each of the conventional on-site design (FW) 
and overlay welded design around toe of scallop (FW-P) (Ref.Table 2.5) 

(FW) s=2.6 (FW-P) s=9.3 (FW-P) (FW) 
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6) 

5 ( 19mm 100mm) 

(Fig.8.6) 

 

7) 

 

TC2 

F 

Diaphragm 
Beam end groove welding 

End tab 
Beam flange 

Beam web 

F 

TC2 TC1 

Overlay 
weld metal Diaphragm 

Backing plate 

Beam flange 

Beam web 

Fracture pass 

TC2 TC2 TC1 

F 
F 

On-site joint shape Shop joint shape 
(a) Conventional 

(As scallop) 
(b) Overlay welding 

around toes of scallops 

On top 

Cross 
section 

Outlook (c) Conventional 
(As scallop) 

(d) Overlay welding 
around toes of scallops 

Fracture pass 

Fig.8.5 Schematic of stress points and fracture pass each of the conventional scallops and the overlay welding 
around toes of scallops when the large force applies. (Lower flange side) (Ref. Fig.2.20) 

F : Force as earthquake 
TC1, TC2 : Effective thickness at the stress concentration points 

End tab 
Overlay 
weld metal 

Fig.8.6 Relationship between horizontal length of the overlay welding around toes of 
scallops and cumulative plastic deformation factor( s) (Ref. Fig.2.19) 
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8.6.2 3 )  
1) 

(Photo 8.2) 2~3

(Photo 8.3) 

 

 

 

 

 

 

 

 

 

 

 

2) (1) (2)

 

3) 

(Table 8.2)

Al ,Mg,  

 

 

 

 

 

 

 

 

4) 1

2 3

(Fig.8.7, Photo 8.4) 

 

 

 

 

 

 

 

 

Photo 8.3 Cross section applied to overhead and flat 
combination welding process (Ref. Photo 3.2) 

Overlay by overhead welding process 
without backing plate applied 
developed welding material 

Conventional 
flat positionwelding 

Photo 8.2 
Overlay by overhead welding process 
without backing plate (Ref.Photo 3.5) 

1 
2 

Table 8.2 Comparison of the welding wire chemical composition of the conventional solid wire 
and the developed flux cored wire suitable for overhead welding (Ref. Table 3.1) 

 
Kind 
name C Si Mn P S Cu Ti+Zr Mo Al Mg [M]Fx  

YGW18 - 
0.15 

0.55 
1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.30 

- 
0.40 - - - 

Developed 
Wire(FCW) 

- 
0.05 

- 
0.20 

0.75 
1.25 

- 
0.030 

- 
0.030 

- 
0.50 

- 
0.05 

- 
0.40 

2.00 
3.00 

0.50 
1.00 

2.00 
4.00 

[M]Fx ; Fluoride( ) 

High 
toughness area 

Low 
toughness area 

Fig.8.7 
Moving effect of fracture start from 
low to high toughness area 
(Partially extracted from Fig.3.7) 
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5) 

(Photo 8.4) 

6) 

 

7) HAZ

(Photo 8.4) 

8) LOH (Fig.8.8) 

450MPa 2 105 LOH 11mm 3 105 LOH

20mm 5 105 4)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9) 

2~3

 

 

 

 

 

 

Photo 8.4 
Typical fatigue fracture of conventional
and developed process 
(Ref. Photo 3.3) 

Conventional flat welding 
with steel backing plate 

Overlay by overhead and flat 
combination welding process without 
backing plate (LOH=11) 

Fig.8.8 Bending fatigue test results (Ref. Fig.3.19) 
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Overlay by overhead and flat combination welding 
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8.6.3 4 )  
1) (No.FL-P)

(No.SW-P) (No.FW-P) s

(Fig.8.9) 

2) 

(Fig.8.10) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3) 

 

Fig.8.9 
Cumulative plastic deformation factor( s) of combination 
with the overlay welding around toes of scallops(Overlay 1) 
and the overlay by overhead welding without backing 
plate(Overlay 2) (Extract partially from Fig.4.10) 
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8
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12

Overlay 1 for on-site joint 

Overlay 1 for shop joint 

Positive side 

Reverse side 

Average 

Overlay 1 and 2 for on-site joint 

η s
 FW-P SW-P 

FL-P 

Fig.8.10 
A problem when two new overlay 
welding processes are mixed 
(Ref. Fig.4.14) 
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8.6.4 5 )  
1) 

(Fig.8.11) 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) 

 

3) (Fig.8.12 FX) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4) 

20mm 2 1

(Fig.8.13) 

[Conventional design] [Developed design] 

Fig.8.11 Conclusion: The design and welding process suitable for on-site joint (Ref.Fig.5.16) 

Non-scallop 
design 

Ovelay welding 
around toe of scallop 

Overlay by overhead
welding without
backing plate 

Fig.8.12 Relationship between leg length(TD) of the overlay welding around toes of 
scallops and cumulative plastic deformation factor(ηs) (Ref. Fig.5.12) 
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5) 

(Fig.8.14 (a) (b)) 

6) 

(Fig.8.12 FZ) 

( )

(Fig.8.14 (b) (c)) 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) 

 

Fig.8.13 Fracture passes of each same assemblies of leg length TD=20mm overlay welding around toe 
of scallop (Ref. Fig.5.13) 

No.FX20b Fracture pass in scallop 
design side 

s=7.2 

Fracture pass in non-scallop design side 

No.FX20a 

s=7.1  
Plastic 

deformation 
ability 

Non scallop 

Scallop 

Fig.8.14 Image of the relationship between strain εE , εR , and designs (Ref. Fig.5.15) 

εR 

(a) εE εR 1.0 (b) εE εR = 1.0 (c) εE εR 1.0 

Steel tab 
Beam flange 

Groove weld 

Diaphragm 

Overlay weld around 
toe of scallop 

Beam web 

(d) εE εR 1.0 

Overlay weld 
with small leg length 

Overlay weld 
with large leg length 

Overlay weld 
with large leg length 
without backing plate 

Conventional scallop 
design 

Center of  
beam width 

Condition 

Steel backing 
plate εE 

εR 

Strain 
distribution 

εE 
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εR 
Strain 
distribution 

Strain 
distribution 
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distribution 

εE 
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8.6.5 6 )  
1) ( )

 

2) JIS

(25 l/min)

”2m/sec ” ”0.5m/sec ”

(Photo 8.5)  

 

 

 

 

 

 

 

 

 

3) JIS

Vnozzle( ) 2 Vwind( )

 

4) Vnozzle(

) 2 Vwind( )  

5) YGW18 .3.7kJ/mm 350

0 27J 1.5m/sec

70 l/min (Fig.8.15, 8.16) 

6) 70J 1.0m/sec 50 l/min

(Fig.8.15, 8.16) 

 

 

 

 

 

 

 

 

 

 

 

Fig.8.15 
Relationship of calculated shielding gas flow 
velocity at the nozzle out, wind velocity, and 
the evaluation of shield performance 
(Ref. Fig.6.29) 0 1 2 3 4 5
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6

70  
27~70  

27 or 
 blow hole generation. 

70J 

27J 

50l/min 30l/min 70l/min 90l/min 
(Shielding gas flow) 

Wind velocity : 0.5m/sec 
Shield gas flow : 25 l/min 

Wind velocity : 1.5m/sec 
Shield gas flow : 25 l/min 

Photo 8.5 Observation of shielding gas flow behavior against wind (Ref. Photo 6.3) 

Wind velocity : 1.0m/sec 
Shield gas flow : 25 l/min 
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7) 6) 110ppm (Fig.8.17) 
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Fig.8.17 
Relashionship between nitrogen content and 
absorbed energy (Ref. Fig.6.28) 

YGW18(a) 
YGW18(b) 

110

Conventional torch Conventional torch 

About 70 l/min 

Wind velocity 
Max.1.5m/sec 

Wind-toughness 
special shield torch 
and nozzle system 

About 50 l/min 

Wind velocity 
Max.1.0m/sec 

Fig.8.16 Management level for multi-pass welding considered of the architecture condition 
and charpy absorbed energy required value(vE0 )  (Ref. Fig.6.30) 

Heat input 
4kJ/mm 

Interpass temp. 
350  

(Architecture condition) 
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8.6.6 7 )  
1) 

(Fig.8.18) 

 

 

 

 

 

 

 

 

 

 

 

 

2) U

 

3) 

(Fig.8.19, Photo 7.3) 

4) 

(Fig.8.20) 

5) 550MPa YGW18

(Fig.8.20) 

6) C, P, B (Fig.8.21) Mn

Si, S, Mo, Ti  

7) 25 35

(Table 8.3, Fig.8.20) 
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35  25  

Developed YGW18 wire 
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and good 
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Fig.8.18 High toughness weld metal by combination with narrow goove and new welding wire 
has good solidification toughness (Ref. Fig.7.1) 

Ceramic end-tab 

Welding pass sequence 

Fig. 8.19 
Schematic diagram of developed “U-turn solidification
crack test” method (Ref. Fig.7.6) 

Appearance 

Photo 8.6 
Example of solidification crack generated by “U-turn
solidification crack test” (Ref. Photo 7.1) 

Cross section 
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Table 8.3 Chemical composition of conventional YGW18 wire and new developed YGW18 wire 
considerd solidification crack toughness  (Ref. Table 7.5) (wt%) 
 
 C Si Mn P S Ti+Zr B Mo 

JIS YGW18 
Spec. range 

- 
0.15 

0.55 
-1.10 

1.40 
-2.60 

- 
0.030 

- 
0.030 

- 
0.30 

- 
- 

- 
0.40 

Coventional YGW18 
Actual range 

0.05 
-0.08 

0.75 
-0.90 

1.55 
-1.90 

- 
0.015 

- 
0.015 

0.10 
0.25 

0.0020 
0.0060 

- 
0.25 

Developed YGW18 0.01 
-0.04 

0.75 
-0.90 

1.90 
-2.10 

- 
0.015 

- 
0.008 

0.10 
-0.20 

- 
0.0005 

0.15 
0.30 

Fig.8.20 Solidificaiton crack performance of developed YGW18 wire (Ref. Fig.7.9) 
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8.7  
(Fig.8.22)

Fig.8.23

 

 

Fig.8.22 Conventional design, welding wire and management for on-site 

35 degree groove 

Conventional YGW18 solid wire 

Scallop 

Backing plate 

Wind velocity 2.0m/sec 
Wind guard 

25 l/min shielding gas 

25 degree groove 

Developed new YGW18 solid wire 

Non-scallop 

The overlay by overhead welding
without backing plate 
using developed new flux cored wire 

Wind velocity 1.0m/sec 
Wind guard 

50 l/min shielding gas 

Scallop 
The overlay welding 
around toe of scallop 

Fig.8.23 Suggestion design, welding wire and management for on-site 
to prevent brittle destruction and improve plastic deformantion performance 
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