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Comparisons of  materialsComparisons of  materials
NNNNNNNN58~8058~80NNN / NN / N0 050.050 040.04P SP, SA36A36

UTUTCVNCVNZRZRNN
(%)(%)fyfy/fu/fuR of R of 

fufuR of R of fyfyCE / CE / PPcmcmS(%)S(%)P(%)P(%)TypeType

NNNNNNNN58~8058~80NNN / NN / N0 050.050 040.04P SP, SA36A36

UTUTCVNCVNZRZRNN
(%)(%)fyfy/fu/fuR of R of 

fufuR of R of fyfyCE / CE / PPcmcmS(%)S(%)P(%)P(%)TypeType
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47J47JNNNNNN0.0350.0350.0350.035P, SP, SSMSM--CC

610610GR 400 & QGR 400 & Q
N / NN / N

NNNNNNNNNNN / NN / N0 050 050 050 05P SP SSNSN--AA

NN00
47J47JNNNNNN0.0350.0350.0350.035P, SP, SSMSM--CC

610610GR 400 & QGR 400 & Q
N / NN / N

3535
400~400~
510510

NN
00

NN0.800.8016~40mm16~40mm(QT)(QT)
4004000.0150.0150.030.03P, SP, SSNSN--BB

NNNNNNNNNNN / NN / N0.050.050.050.05P, SP, S400400 400~400~
510510

NN
00

NN0.800.8016~40mm16~40mm(QT)(QT)
4004000.0150.0150.030.03P, SP, SSNSN--BB

NNNNNNNNNNN / NN / N0.050.050.050.05P, SP, S400400

490~490~
610610 YY

3/253/25
1/151/150.800.800.0080.0080.020.02P, SP, SSNSN--CC

00
27J27J235~355235~355

325~445325~445

0.36 / 0.260.36 / 0.26
490490

0.44 / 0.290.44 / 0.29

490~490~
610610 YY

3/253/25
1/151/150.800.800.0080.0080.020.02P, SP, SSNSN--CC

00
27J27J235~355235~355

325~445325~445

0.36 / 0.260.36 / 0.26
490490

0.44 / 0.290.44 / 0.29

ESWESW WPSWPS 3636

(a) T joint (b) Butt joint (c) Cross joint(a) T joint (b) Butt joint

( AWS)

(c) Cross joint
JASS 6 (2007)

( AWS)

18

NCREE

NCREE



CVNCVN (A572 GR50)(A572 GR50)
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UTUT
Taiwan StandardTaiwan Standard

CNS 12618, Appendix ACNS 12618, Appendix A˙

Sensor:Sensor:
AIJ, 2008

Sensor:Sensor: Sensor:Sensor:
D 20D 20--25mm/25mm/
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D 10 mm/  D 10 mm/  
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Diaphragm ColumnColumn
Plate

Electro-Slag
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ImprovedImproved
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26

NCREE

NCREE



ESW

ESWESW

5353

Thank you forThank you for
your attentionsyour attentions

5454
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• dilution
mixing of melted parent meta and deposited meta 
expressed as a ratio of the melted parent metal to the 
total melted mass

• dilution rate
dilution expressed as a percentage

C: 0.05%
C:0.13~0.18%

%
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22 380 46 -

32 380 46 12

40 380 49 22

50 380 52 32

60 380 52 42

AWS A5.25M JIS Z3353

metal cored
•490~590MPa
•
• 2013

•
•

•
•

•

•
•
•

2.4mm 2.5mm 3.0mm
50mmX25mm V

25mm
500±50A 40±2V

1.6mm
25X25mm

1.6mm
380±30A 48±3V

FESXXZ: Not speci ed
FESXX2: 20@-20
FESXX3: 20@-30

400~550MPa
YESXX1: 27@0 YESXX2: 40@0
590MPa
YES601: 27@-5 YES602: 40@-5
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AWS  
This speci cation requires a minimum of 15 ft·lbf[20 J] at the speci ed temperature while most other 
AWS ller metal speci cations require 20 ft·lbf [27 J]. Considerable improvement in mechanical 
properties can be effected by a postweld heat treatment. Subcritical stress relieving heat treatments 
are generally less effective for electroslag welding than for arc welding. For this reason, many code 
requirements require an austenitizing, or normalizing, postweld heat treatment. All of the 
aforementioned postweld heat treatments (i.e., subcritical stress relief, austenitizing, normalizing) 
may have a pronounced effect on weld metal mechanical properties, both strength levels and Charpy 
V-notch toughness. The strength levels of the beat-treated weld deposit can be expected to be lower 
than those in the as welded condition. For this reason, the user is cautioned to conduct actual tests 
to determine the effect of the beat treatment on the mechanical properties obtained.

JIS

I 

II 

10

NGI-ESW or ESW-NG 
• Gap ¾ inch 
• Cored electrode(s) 
• Fixed guide (one sample cross section 

shown here) 
• Computer controlled ux addition 
• Water-cooled copper shoes with 

regulated ow and temperature (not 
shown for simplicity) 

• Electrode oscillation prohibited 

ESW
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• SM570 32mm J
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=0.8 =3.0
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JASS 6 3. 

8. 
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical EngineeringMaterials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

OutlineOutline

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

2
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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----

In welding, carbon equivalent (CE) calculations are used to 
predict heat affected zone (HAZ) hardenability in steels. These 
CE equations can be used to establish criteria to predict coldCE equations can be used to establish criteria to predict cold-
cracking, as they can predict maximum hardness. 
1967,International Institute of Welding (IIW)
CE=C+Mn/6+(Cu+Ni)/15+(Cr+Mo+V)/5
1968, Y.  Ito and K. Bessyo, IIW

Ceq= C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+ Mo/15+V/10+5B

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

3
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

1973, Japanese Welding Engineering Society (JWES)
CEWes = C+Si/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14

Martensite microstructure
High hardness

SNSN

High hardness
Welding cold cracking
Brittle fracture
Weldability without concern:
Ceq<0.40

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

4
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

+ + etc.
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SNSN ((cracking parametercracking parameter))

After investigating 200 types of steel, Ito and 
Bessyo’s Pc equation was established to be:
Pc =C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+ 

SN Pcm

Mo/15+V/10+5B+t/600+H/60
As a material parameter, Pcm, (the so-called 
weld cracking parameter) was proposed to 
be:

Pcm =C+Si/30+Mn/20+Cu/20+Ni/60+ 
Cr/20+Mo/15+V/10+5B 

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

5
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Ito and Bessyo developed a linear function 
between the pre-heating temperature and 
the cracking parameter for field applications:

Tpre-heating = 1440Pc – 392 

HSLA steel Pcm< 0.35 OK!

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

6
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

7
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

8
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Residual stress/welding stress
Moisture/contamination--Moisture/contamination
Hydrogen
Susceptible microstructure
(Martensite)—due to Ceq

Stress relief/welding design

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

9
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

g g
Cleaning/ shielding/ low H
Low carbon/ low Ceq

Preheat

Large weld bead/ depth to 
width/high heat inputg p
P, S, susceptible elements
Shrinkage strains

Lower heat input/welding 
parameters

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

10
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

p
Cleaning/ low P, S, Ni etc
Low constraint
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering
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Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

12
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Lamellar tearingLamellar tearing

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

13
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Lamellar tearingLamellar tearing
Cold crackCold crack

Diaphragm

B

ESW

nn um
n 

Cold crackCold crack

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

14
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

15
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

——

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

16
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Welding of Medium/High Carbon Steels

Welding of low Carbon Steels
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

17
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

——

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

18
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

FerriteFerrite
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High High Toughness SteelsToughness Steels for ESW for ESW 

High toughness through refined grains in HAZ due 
todispersing of high–temperature–stable finetodispersing of high temperature stable fine 
oxide inclusions. oxide
Inhibition of austenite grain coarsening by fine
particles such as TiN
Nippon Steel HTUFF steel– 490-590MPa grad, Mg, CA 
are added.

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

19
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

are added.

NIPPON STEEL TECHNICAL REPORT No. 90 JULY 2004 

Nippon Steel HTUFF steelNippon Steel HTUFF steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

20
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

54

NCREE

NCREE



Nippon Steel HTUFF steelNippon Steel HTUFF steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

21
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Nippon Steel HTUFF steelNippon Steel HTUFF steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

22
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Fracture strength of Fracture strength of electroslagelectroslag welding joint welding joint 
withwith highhigh--performance steelperformance steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

23
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Journal of Constructional Steel Research 153 (2019) 495–508

Jun Iyama a,�, Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

Fracture strength of Fracture strength of electroslagelectroslag welding joint welding joint 
withwith highhigh--performance steelperformance steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

24
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Journal of Constructional Steel Research 153 (2019) 495–508

Jun Iyama a,�, Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

56

NCREE

NCREE



Fracture strength of Fracture strength of electroslagelectroslag welding joint welding joint 
withwith highhigh--performance steelperformance steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

25
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Journal of Constructional Steel Research 153 (2019) 495–508

Jun Iyama a,�, Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada

Fracture strength of Fracture strength of electroslagelectroslag welding joint welding joint 
withwith highhigh--performance steelperformance steel

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

26
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Journal of Constructional Steel Research 153 (2019) 495–508
Jun Iyama a,�, Yuka Matsumoto b, Takumi Ishii c, Hiroumi Shimokawa d, Masato Nikaido e, Satoshi Yamada
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering
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plateplate
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-6 -3 0 3 6
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M
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ESWESW

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

28
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

29
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Fusion zoneHAZ HAZ HAZFusion zone

2 3 4

2 3 4
6 7 8

Cross joint jass 6 

6 7 8

10 11
12

6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

•

10 11
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2 2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

3

2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

32
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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4 2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

33
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

6
2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

34
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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7

2 3 4
6 7 8
10 11 12

ESW 7 Horizontal

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

35
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

2 3 4
6 7 8
10 11 12

7

ESW 7 Vertical

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering
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8
2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

37
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

•

ESWESW

8

ABCDEFGHIJKLMNOPQR

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

38
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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A B C D
BMBM HAZHAZ

E F G H
Weld Metal Coarse grainsWeld Metal Coarse grains Weld Metal Weld Metal fine grainsfine grains

Weld MetalWeld Metal fine grainsfine grains

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

39
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

I J K L
Weld MetalWeld Metal fine grainsfine grains

POM N

Q R Weld Metal Weld Metal centercenter

HAZHAZ

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

40
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Weld Weld MetalMetal
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10

2 3 4
6 7 8
10 11 1210

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

41
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

2 3 4
6 7 8
10 11 1211

•

11

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

42
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical EngineeringESW 11 Vertical
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12
2 3 4
6 7 8
10 11 12

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

43
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering

Q&AQ&A

Materials LaboratoryMaterials Laboratory
Mechanical EngineeringMechanical Engineering

44
Materials LaboratoryMaterials Laboratory

Mechanical EngineeringMechanical Engineering
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1. 

2/22

1. ( )

3/22
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25
25

60

4/22

ESWESW
CNS 12618

:
( )( )
( ) (A)
A

(GAP)(GAP)
A

5/22
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25
25

60

50 110

6/22

( )
A ESWA ESW

7/22
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TYP

80%

TYP.

40%
A: -6dB

B: 6dB

A
B

B:-6dB
( A)

C

C

BC:
( )

8/22

( )

9/22
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30 mm

1 2 3 4 5 6 7 8
63 67 61 71 68 56 67 75
37 36 29 28 35 37 36 25

 A ( )

( )

(l)

(a)

37 36 29 28 35 37 36 25

78 82 76 86 83 71 82 90

52 51 44 43 50 52 51 40
26 31 32 43 33 19 31 50(L-R)

(r)

(L=l+0.5a)

(R=r+0.5a)
( )

(P_L)

(P_R)

60

80

100

120

WPS 22A (

0

20

40

1 2 3 4 5 6 7 8

10/22

WPS 22A (
)

1 2 3 4 5 6 7 8
85 0 0 0 70 75 74 63
54 0 0 0 31 34 38 32

 B ( )

(r)
(l)

100 15 15 15 85 90 89 78

69 15 15 15 46 49 53 47

31 0 0 0 39 41 36 31(L-R)

(L=l+0.5a)

(R=r+0.5a)

(P_L)

(P_R)

60

80

100

120

WPS 22 B

0

20

40

1 2 3 4 5 6 7 8

11/22

WPS 22 B
( )
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1.3  

gap=25
A: -5mm
B 2

12/22

B: -2mm
C: +2mm

A B C

4MHz
88.8 84 85.7 86.1 81.7 82.1
89 84 86 86 82 82 

10 MB4F
89 85 86 85 82 82
87 85 85.5 85 82 81
88 84 86 86 82 82

AVG 88 85 86 85 82 82AVG 88 85 86 85 82 82 
1 -1 0 1 0 0 

24 K4G24 K4G
89 85 88 88 83 84
88 84 85 89 85 87
87 86 86 88 81 8387 86 86 88 81 83

AVG 88 85 86 88 83 85 
1 -1 -1 -2 -1 -3 

13/22
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5MHz
A B C

88.8 84 85.7 86.1 81.7 82.1
89 84 86 86 82 82 

10 KGK 
C10N10 5C10N

88 83 86 86 81 81
88 83 86 86 82 82
88 83 86 86 82 8188 83 86 86 82 81
89 83 85 85 80 80

AVG 88 83 86 86 81 81 
1 1 0 0 0 1 

24 GE B5S
91 80 85 85 86 82
90 82 88 85 86 8390 82 88 85 86 83
92 81 88 86 86 82
91 77 91 84 89 79

AVG 91 80 88 85 87 82

14/22

AVG 91 80 88 85 87 82 
-2 4 -2 1 -5 1 

:
1. (Near Field): N=(D2- 2) / 4

D:D:
: ( = X f)

D(mm) N f

24 1.48 212.3096 4MHz

24 1 184 170 0811 5MHz24 1.184 170.0811 5MHz

10 1.48 36.18955 4MHz

10 1.184 29.18505 5MHz

15/18
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44. :
A. UT
B 6 dBB. -6 dB

C. CNS 12618-
78 81

CNS 12618 

17/18

,

18/18

75

NCREE

NCREE



76

NCREE

NCREE



關關於防止ESW(電熱熔渣焊接)部分

脆性斷裂的技術

2019年1月18日

JFE鋼鐵株式會社

建建築鋼結構的樑柱連接方式

建築鋼結構中最一般的方式

一般可應對至40mm的板厚

焊接熱量輸入基本為40kJ/cm以下

以機器人自動焊接為主

超高層大樓等使用的一般方式

可應對至19mm～100mm的板厚

焊接熱量輸入極大（几百kJ/cm）

用ESW、SAW自動焊接施工

77
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EESW施工狀況實例

3

ESW施工 施工時的外表面

EESW施工狀況實例
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ESW部位脆性斷裂的危險性

EESW部位脆性斷裂的可能性

6

四面焊接箱型柱

H形鋼樑

ESW
(電熱熔渣焊接)

SAW
(潛弧焊接)

內隔板

電熱熔渣焊接部分

可能斷裂的位置

79
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斷斷裂因素② 多軸應力集中

7

狹縫前端

内隔板

面板

樑翼緣
CO2焊接金屬

樑翼緣
斷裂面

ESW

柱翼緣
墊板

存在缺口

材料韌性低

抗拉力作用

墊板導致的潛在缺口

 ESW導致極端的韌性下降

多軸的抗拉力＋拘束力

脆性斷裂的形成條件 斷裂因素

從狹縫前端開始斷裂的狀況

小小型研討委員會的目標、目的

8

課題 問題點：

■ 脆性斷裂的危險性、發生條件不明確

■ 對於ESW部分的過度要求 施工成本上漲的原因

最終目標： 對象：490N/mm2級鋼材

■整理和制定有關避免斷裂且經濟合理的設計施工

技術指標

目標、目的：

■確立防止斷裂的技術 提高鋼筋結構的抗震可靠性

■確定發生斷裂的條件 避免過度要求

■確保經濟合理性 普及推廣穩健的鋼筋結構
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接接合部分實驗掌握發生斷裂的條件

9

通過接頭部分實驗整理和分
析斷裂耐力和Charpy衝擊值
的對應關係

卜字形負荷實驗 十字實驗體抗拉實驗

ESW部分Charpy衝擊實驗

CL

再再現FEM分析掌握發生斷裂的條件

10

整理和分析狹縫前端的局部應
力與Charpy衝擊值的對應關係

Charpy
衝擊實驗

卜字形實驗 十字接頭實驗

CL
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EESW部分斷裂

11

韌性值雖小但足够的情況
鋼材必須保證充足韌性值的情況

 ESW熔深量大小

 隔板板厚大小

 樑翼緣擴寬

 面板板厚大小

（樑腹板的應力，柱翼緣的面外變形）

多種因素繁複影響

實實驗探討

12

□-400×ｔ

BH-500×200
×tw×tf

3
0
0
0

2
6
5
0

實驗體概要

參數

1）韌性值大小
2）板厚大小

3）熔深量大小

4）有無偏離
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軸軸力比、韌性值的影響

13

十字接頭實驗的研討

試試驗片焊接條件

面板:SN490C, 内隔板:SN490B, DIA:内隔板厚，R.G.:根部間隔
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機機械性質（拉伸試驗結果）

YS:降伏應力(N/mm2), TS:抗拉強度(N/mm2), vE(T):Charpy衝擊値(J)

CCharpy衝撃試驗結果(1)
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Charpy衝撃試驗結果(2)

系列3(PL-28A)：360A，49V，452-470kJ/cm 面板厚28mm

系列3(PL-40A)：360A，50V，462-476kJ/cm 面板厚40mm
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CCharpy衝撃試驗結果(3)

系列4(TH28-1,2,3)：360A，45V，372-425kJ/cm 熔深量小

系列4(TH28-4)：360A，47V，413-434kJ/cm 熔深量大
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斷斷裂實驗概要

19

參數

軸力比N/N0：0,0.3,0.6

韌性值vE：溫度,焊接條件

熔深

W.M：F.L.+ Depo方向1mm

HAZ：F.L.+ HAZ方向1mm

負負荷情況

20

往實驗體安裝冷卻箱

實驗體配置情況

86
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實實驗結果

21Pmax:最大荷重(kN), ⊿u:変移(mm), vEbr:斷裂点Charpy

cPy

cPu

wPy

從ESW部分的狹縫前端起焊接金屬斷裂

位移

負荷條件：1軸，軸力比 0.0

實驗條件：0℃，HAZ+1=39J

實驗結果例（斷裂Mode-1）

22

位移⊿u(mm)

負
荷

P
(
x
1
0
0
0
k
N
)

韌性值:大，面板軸力比:小

U0b-0

cPy

cPu

wPy

位移

負荷條件：2軸，軸力比 0.57

實驗條件：-20℃，HAZ+1=100J

位移⊿u(mm)

負
荷

P
(
x
1
0
0
0
k
N
) No.4-2
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從從ESW部分的狹縫前端起焊接金屬斷裂

實驗結果例（斷裂Mode-1）

23

韌性值:大，面板軸力比:小

斷裂状況例 斷面宏例
No.4-2

cPy

cPu

cPy

cPu

位移

從ESW部分的狹縫前端起沿F.L，HAZ斷裂

實驗結果例（斷裂Mode-2）

24

負荷條件：2軸，軸力比 0.6

實驗條件：0℃，HAZ+1=39J

位移⊿u(mm)

負
荷

P
(
x
1
0
0
0
k
N
)

韌性值:小，面板軸力比:大

U0b-6

位移

負荷條件：1軸，軸力比 0.0

實驗條件：-20℃，HAZ+1=18J

位移⊿u(mm)

負
荷

P
(
x
1
0
0
0
k
N
) U2a-0
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從從ESW部分的狹縫前端起沿F.L，HAZ斷裂

實驗結果例（斷裂Mode-2）

25

韌性值:小，面板軸力比:大

斷裂状況例 斷面宏例
U0b-6

cPy

dPu

dPy

位移

内隔板斷裂

實驗結果例（斷裂Mode-3）

26

負荷條件：2軸，軸力比 0.59

實驗條件：-10℃，HAZ+1=63J

位移⊿u(mm)

負
荷

P
(
x
1
0
0
0
k
N
)

韌性值:大，内隔板強度:小

TH28-1
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對對於斷裂的考察

27
【cPy：基於面板降伏應力的計算值】

ESW部分脆性斷裂

無
量

綱
的

斷
裂

負
荷

軸力的影響

ESW部分最小韌性位置的

偏偏離量、韌性值的影響

28

卜字形實驗體探究
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實實驗探討

29

□-400×ｔ

BH-500×200
×tw×tf

3
0
0
0

2
6
5
0

實驗體概要

參數

1）韌性值大小
2）板厚大小

3）熔深量大小

4）有無偏離

試驗片詳細

面板:SN490C, 内隔板:SN490B, R.G.:根部間隔柱
BH-DｘBｘtwｘtf

D
I
A

t

t
w

R.G.

試驗片焊接條件參照

十字接頭實驗
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機機械性質（拉伸試驗結果）

YS:降伏應力(N/mm2), TS:抗拉強度(N/mm2), vE(T):Charpy衝擊値(J)

卜卜字形實驗體概要

實驗前

實驗體Set-Up

92
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載載荷狀況

實實驗後之試驗體

93
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（（1）基於偏離的影響

35

樑：BH-500×200×16×32
柱：□-400×400×28×28

3
0
0
0

2
6
5
0

PL-36

無偏離

内偏離

外偏離

實實驗參數

36

無偏離 内偏離 外偏離

No. 面 板 試験温度 偏離量 偏離方向

No.1
以往材料 0℃

0mm -

No.2 -14mm 翼缘背面内偏離

No.3 +14mm 翼缘背面外偏離

No.4 高韌性材料 -10℃ -14mm 翼缘背面内偏離
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系列1(No.1,2,3)：400A，48V，486-540kJ/cm

Charpy衝撃試驗結果(1)

系列4(No.4)：360A，45V，372-425kJ/cm 熔深量小
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實實驗結果(1)

38

-8 -6 -4 -2 0 2 4 6 8
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-1

0

1

2
M/Mp

/ p

No.1

-8 -6 -4 -2 0 2 4 6 8
-2

-1

0

1

2
M/Mp

/ p

No.2

-8 -6 -4 -2 0 2 4 6 8
-2

-1

0

1

2
M/Mp

/ p

No.3

無偏離,ｖE=39J 内偏離,ｖE=39J 外偏離,ｖE=39J
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實實驗後写真(1)

39

無偏離,ｖE=39J 外偏離,ｖE=39J

實實驗結果(2)

40

内偏離,ｖE=39J
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2
M/Mp

/ p

No.2

-8 -6 -4 -2 0 2 4 6 8
-2

-1

0

1

2
M/Mp

/ p

No.4

内偏離,ｖE=71J
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實實驗後写真(2)

41

内偏離,ｖE=39J 内偏離,ｖE=71J

斷斷  面 鋼　材

L-1 □-400×28 0

L-2 □-400×40 0

H-1 -20

H-2 -40

H-3 -40

SN490B
BH-500×200×22×40

SN490B
BH-500×200×16×32

高韌性材料
SN490C

No.
溫度
℃

梁  斷  面
柱

以往材料
SN490B

□-400×28

（２）韌性値大小，板厚的影響

柱

L-1 0 92 47 31 82 19 83

L-2 0 118 58 40 83 40 77

H-1 -20 69 73 75 77 74 72

H-2 -40 44 82 14 97 29 91

H-3 -40 14 92 18 93 19 94

F.L HAZ-1

vET
(J)

Cr
(%)

vET
(J)

Cr
(%)

vET
(J)

Cr
(%)

No.
実験
溫度
℃

Depo-1

鋼  材

以往材料
SN490B

高韌性材料
SN490C
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Charpy衝撃試驗結果(2)

系列3(L-1)：360A，49V，452-470kJ/cm 面板厚28mm

系列3(L-2)：360A，50V，462-476kJ/cm 面板厚40mm
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Charpy衝撃試驗結果(3)

系列4(H-1,2)：360A，45V，372-425kJ/cm 熔深量小

系列4(H-3)：360A，47V，413-434kJ/cm 熔深量大
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實實驗結果(3)

面 板 t=28mm
HAZ-vE(0)=19J

面 板 t=40mm
HAZ-vE(0)=40J

-8 -6 -4 -2 0 2 4 6 8
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-1

0

1

2
M/Mp

/ p

L-1

-8 -6 -4 -2 0 2 4 6 8
-2

-1

0

1

2
M/Mp

/ p

L-2

實實驗後写真(1)

46

面 板 t=28mm
HAZ-vE(0)=19J

面 板 t=40mm
HAZ-vE(0)=40J
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實實驗結果(4)

-8 -6 -4 -2 0 2 4 6 8
-2

-1

0

1

2
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/ p

H-1

面 板 t=28mm

HAZ-vE(-20)=74J

-6 -4 -2 0 2 4 6
-2

-1

0

1

2
M/Mp

/ p

H-2

-6 -4 -2 0 2 4 6
-2

-1

0

1

2
M/Mp

/ p

H-3

面 板 t=28mm

HAZ-vE(-40)=29J

面 板 t=28mm

HAZ-vE(-40)=19J

實實驗後写真(1)

48

面板 t=28mm

HAZ-vE(-20)=74J

面 板 t=28mm

HAZ-vE(-40)=29J

面 板 t=28mm

HAZ-vE(-40)=19J
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實實驗結果一覧

Mmax δmax

Mp δp

No.1 4δp(+1) 1.24 2.84 8.17 ESW

No.2 2δp(+1) 1.07 1.88 0.81 ESW

No.3 6δp(-1) 1.42 6.02 34.9 梁端

No.4 8δp(+1) 1.54 6.23 53.0 梁端

η
斷裂
位置

斷裂時期No.

Mma x δmax

Mp δp

L-1 6δp(+2) 1.44 6.03 48.5 梁端

L-2 6δp(+1) 1.40 5.31 31.5 梁端

H-1 6δp(-1) 1.47 6.00 39.3 梁端

H-2 2δp(-1) 1.13 2.01 1.66 ESW

H-3 2δp(+1) 0.99 1.39 0.39 ESW

斷裂時期No. η
斷裂
位置

基於偏離的影響

韌性値大小，板厚的影響

累
範

性
變

形
倍

率
η

ESW部分最小韌性位置的vET(J)

L-1 No.4

H-1
No.3

L-2

No.1

H-3 H-2
No.2

韌性値vET大
↓

累範性變形倍率η大

L-1：韌性值小，延性的材料主要原因(延性破面率20%)

ＦＥＭ解析的討論
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再再現FEM分析掌握發生斷裂的條件

51

卜字形實驗 十字接頭實驗

為破壞起點的局部的工作應力著眼

十十字接頭實驗再現FEM解析
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最最大主應力的分佈（弾性時）

ESW

200

200 450

200

200 450

450 600

600 750

750 850
850 950
950 1005

Max:1005N/mm2

ESW

200

200 450

200

200 450

450 600

600 750

750 850
850 950
950 1005

Max:1005N/mm2

ESW

Max:1028N/mm2

200

200 450

200 450

450 600

600 750

750 850
850 950
950 1028

ESW

Max:1028N/mm2

200

200 450

200 450

450 600

600 750

750 850
850 950
950 1028

ESW

200

200 450

200 450

450 600

600 750

750 850

850 950
950 1043

Max:1043N/mm2

ESW

200

200 450

200 450

450 600

600 750

750 850

850 950
950 1043

Max:1043N/mm2

1軸載荷 2軸載荷：30％ 2軸載荷：60％

P=2013 kN P=2118 kN P=2124 kN

Depo Max:1005      Depo Max:1028       Depo Max:1043 

HAZ  Max: 850      HAZ  Max: 920       HAZ  MAX: 950

破破断時最大主應力與靭性値関係

内隔板應力估計

發生最大主應力的推定

σm
2/σy估計

必要韌性值0 20 40 60 80 100 120 140
0

1000

2000

3000

4000

5000

6000

是考慮瘸腿斷裂時的ESW部最大主應力
種種的影響變成考慮可能
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22016年6月刊行

内隔板 電熱熔渣焊接部分
脆性斷裂預防指南

56

此此書的概要
CONFIDENTIAL

第１章 此書的定位

第２章 預防斷裂所需的設計 施工
條件指標

第３章 預防斷裂的設計 施工條件的
相關詳細研究

第４章 電熱熔渣焊接部分的持有韌性
水平的相關調査 研究

附錄 預防斷裂的設計 施工條件的
相關詳細研究的補充
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57

第第１章 此書的定位
CONFIDENTIAL

此書的目的在于通过電熱熔渣焊接（ESW）接

合内隔板的四面焊接箱型柱（BOX柱）中，預

防柱樑接合部分以電熱熔渣焊接部分（ESW部

位）為起點的脆性斷裂。

58

此此書編制的過程
CONFIDENTIAL

兵庫縣南部地震發現樑端焊接部分發生脆性斷裂

制定預防鋼構樑端焊接接合部分脆性斷裂的指南

ESW部位的斷裂隱患和ESW部位的韌性要求

以明確ESW部位所需韌性為目的，實施實驗、分析研究

隨著普及CFT柱，減薄BOX柱面板

針對變動較大的現象，雖然實驗數據有限，但鑒於斷

裂的危險性及其預防對策的必要性，總結設計 施工方

面的注意事項
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59

適適用對象
CONFIDENTIAL

此書適用於抗拉強度490N/mm2級鋼材用於柱

面板的四面焊接箱型柱內，安裝樑部的柱樑

接合部分的電熱熔渣焊接部分。

以使用490N/mm2級鋼材的研究結果為基礎編寫此書

雖然不適用于490N/mm2級以上的鋼材，但預防斷裂的

思路是相同的，憑藉同樣的研究提高安全性、可靠性。

60

第第２章 預防斷裂所需的設計 施工條件指標
CONFIDENTIAL

預防斷裂的基礎在於參照電熱爐渣焊接部分

的韌性水平，降低作用於內隔板的抗拉應力。

無法依賴ESW部位樑端CO2焊接部分的韌性水平

基本思路是參照ESW部位的實際韌性水平，降低

作用於墊板狹縫前端的抗拉應力水平
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61

預預防斷裂的研究流程
CONFIDENTIAL

標準韌性水平
27J（0℃）

設定ESW部位的韌性水平
參考既有數據等

實施焊接施工試驗

基於韌性水平，
確認内隔板的作用應力

作用應力上限以下

完成接合部分的設計

再研究接合部分的detail
(通過擴寬等方法降低應

力)
標準韌性水平下

的應力:240N/mm2以下

Yes
No

預防斷裂的詳細研究

ESW部位持有韌性
水平的確認方法

韌性水平

應力上限

内隔板作用應力上限指標

62

實實驗結果總結
CONFIDENTIAL

圖2.3 内隔板作用限度應力與發生脆性斷裂領域的
夏比衝擊吸收能量的關係
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63

考考慮韌性水平后的接合部分設計

對應焊接部分的韌性水平，降低作用於内隔板的抗拉應力

ESW部位的韌性水平 15J以上 27J以上 47J以上

作用應力上限值指標
160N/mm2以下
（0.5×F）

240N/mm2以下
（0.75×F）

325N/mm2以下
（1.0×F）

※F：490N/mm2級鋼材的設計基準強度（F=325N/mm2）

表2.1 内隔板的作用應力的上限值指標

( ) ( ) ( )tBtHtt

M

sbbfbd

cf

d 2+⋅−⋅Δ+
=σ Mcf

td

Hb

tbf

ts

tΔ

Bb

：熔深寬度（mm） ※兩側熔深寬度和

：樑緣寬（mm） ※包括樑端擴寬部分

CONFIDENTIAL

64

第第３章 預防斷裂的設計 施工條件的相關詳細研究

所需耐力＜限度耐力

設定設計條件
（detail，外力）

計算内隔板作用應力

Dσ

計算斷裂起點的最大主
應力reqσm

計算所需耐力σreq

設定施工條件
（韌性水平vE）

計算限度耐力σlim

完成

NO NO

YES

CONFIDENTIAL
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65

持持有韌性等級的確認實驗要領
CONFIDENTIAL

柱面板直交取样 垫板狹縫旁斜向取样

部位韌性等級

試片取樣選擇以上兩個方式的其中一個

以接合部分為中心在鋼材一側和焊接金屬一側共3處製作開槽試片

各開槽以3個為1組實施衝擊試驗并以平均值評價

定義各開槽平均值以內的最低值為ESW部位的韌性等級

22018年1月改定

JASS6，鉄骨工事技術指針
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67

JJASS 6 鉄骨工事，関連指針
CONFIDENTIAL

JASS 6 目次
付 則
1.削除（SAW サブマージアーク溶接の承認試験）

工場製作編 付7.へ
2.欠番

3.削除（ESW エレクトロスラグ溶接の承認試験）
工場製作編 付8.へ

4.削除（スタッド溶接技術検定試験）
5.完全溶込み溶接 部分溶込み溶接の開先標準
6.鉄骨精度検査基準
7.寸法精度受入検査基準（精度指針より）
8.完全溶込み溶接に用いる開先の承認試験（工場製作編より）

68

【【溶接】 5.2 溶接方法の承認
CONFIDENTIAL

（１）新規追加：『設計図書の溶接基準図および付則５の
いずれにも該当しない場合，付則８「完全溶込み溶接に用
いる開先の承認試験」に従って試験を行い，工事監理者の
承認を受ける』

（２）サブマージアーク溶接、エレクトロスラグ溶接の場
合, 当該工事の仕様を加味した試験を行ない，工事監理者
の承認を受けることとし，旧付則１，３の各承認試験を削
除し，工場製作編の付録7,8に移動した。

（３）溶接ロボットによる溶接を採用する場合の試験は，
施工する部位に対応した試験を行ない，工事監理者の承認
を得ることとした．また、試験を省略できる場合として，
建築鉄骨溶接ロボット型式認証を取得している溶接ロボッ
トの場合，その認証範囲で使用することとした．
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69

溶溶鉄骨工事技術指針 工場製作編
CONFIDENTIAL

付則８ ESW部施工試驗例

表1

図1 H字形完全熔込熔接試驗材之形状，試驗片採取位置

70

溶溶鉄骨工事技術指針 工場製作編
CONFIDENTIAL

付則８

図2 拉伸試驗片採取位置

図4 宏試驗片，硬度試驗片

図3 衝撃試驗片採取位置

a) 熔接金属 b) BOND部 c) 熱影響部
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終終 了

感謝大家的聆聽
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