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NBFW® (Non Brittle Fracture Welding) Method,
Preventing Joint Part of Structural Members
from Occurring Early Brittle Fracture

AT %4 KINOSHITA Tomohiro JFE 2F— AF— VIR Aok - @ERmIZEE  LAERHEEE RIRE)
R b 47Kk MURAKAMIYukio  JFE 25— Hbe>x— HMEFES EEHE G
FJE A2 MATSUI Kazuyuki B €A 74 BITRE GEE)

EE

NBFW® i3, RFMHlicA—s—F v 73€Tz—F (b—FU) 20 LICKELZHERE—F (e—F1D
EPRIFB LY, REIIBT AL HAZ (BU28) oMEdEY, 3L RMANGAEE T2 sk
2 O MR R DRERIE R IR E 2 S ¥ D5 T E B, K- K4 77 5 LVABEE & ORIsvAREC NBFW® ik %
W U720 & a TR 2 2 L, FUNCHEMERINT T 2 2 ¢ e B RZIBIERED RIES N5 2 ¥ R LT,

7z, HERPRE L7 FEM (IREZ0E) fATic k), £ HAZ 1B 24803405 M s g 2 ¥ i
Ll Liz,

Abstract:

Application of NBFW® (Non Brittle Fracture Welding) method which provides overlapped bead to base metal, bead
U, and temper bead T to weld joint part makes it possible to improve the quality of surface heat affected zone (HAZ)
and plastic deformability by leading the crack to the base metal. This paper gives the outline of loading test of column-
diaphragm member specimen and column-beam member specimen in which NBFW" is applied to weld joint parts. It
was verified that applying the NBFW® leads good deformability without early brittle fracture. Also by finite element
method (FEM) analysis it was verified that NBFW® decreases the effective strain on surface HAZ.
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Table 1 Spec of press column (Product by SEIKEI Column Corp. and JFE Steel)

Mechanical properties Chemical composition (mass%)
Designation YS TS YR El RA E P S C P P
(N/mmz) (N/mmz) (%) | t(mm) |Testpiece| (%) (%) o) eq M HAZ
Bcp23s | | | ] 2 18< — <0030 <0015
1 235-355 |400-510| <80| 12<¢=<16| JIS 1A sTae | 27'= <036|=<026| —
BCP235C <=0 e | smpaeh | (0C) | =0.020] <0.008
Bcp32s | | | ] 2 7= — <0030 <0015
1 325-445 |490-610| <80| 12<¢<16| JIS 1A szae | 27's <044|=<029| —
BCP325C e<i=a0 1= | smpaat | (0C) | =0.020] <0.008
12=t=<16 17< 707<
BCP325T | 325-445 |490-610| <80 | NS 1A [~ — L= 1=0.020]=0.005 | <0.44| 0.29| =0.58
16<t=<40 21 0°0)
G385B 1ss | ses - e [Z0030[=0015
385-505 |550-670| <80 | 19=t=<50 = < o <0.40| =0.26| <0.58
G385C NS4 | 20= | 29=AVe | (0°C) | <0,020| <0.008
15=Each
G385T vEERL e D BE L = el
1 385-505 |550-670| =80 |32<¢=40 165 icave | (0c) |=0.020] S0.005| <0.40| 026|052
G385T-225 32<t<50| JIS4 | 20= | [5=<Each
G440B WEERL L BE L = | =0030| =0.008
440-540 |590-740| <80 | 32<¢=<40 16= = <044|=<022| —
caoe | 740 0070 SSUREIEN LS B=Ave. | (~400)[ _ T
20<i<50| JIS4 | 20= | 15=Fach =0.020| =0.008

YS: Yield strength TS: Tensile strength El: Elongation YR: Yield ratio vE: Charpy absorbed energy

RA: Reduction of area in through thickness tensile test

" Flat part  Flat part and corner part

Carbon equivalent: Ceq = C + Mn/6 + Si/24 + Ni/40 + Cr/5 + Mo/4 + V/14

Weld crack sensitivity composition: Pey = C + Si/30 + Mn/20 + Cu/20 + Ni/60 + Cr/20 + Mo/15 + V/10 + 5B

The HAZ toughness estimation parameter for MAG welding: fiaz = C + Mn/8 + 6 (P + S) + 12N-4Ti (If the chemical composition of
Ti=0.005%, it is regarded as zero.)
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Table 2 Bending specimens of G385T

No.| mDm) t(mm)| D/t (mrm) LD (kf\lwf’m) 6 (rad)
TI | 450 | 19 | 237 | 66.5| 45 | 1993 |0.0114
T2 | 500 | 32 | 156 | 112 | 45 | 378 |0.0106
T3 | 500 | 32 | 156 | 112 | 45 | 3729 |0.0105
T4 | 400 | 32 | 125 | 112 | 45 | 2288 |0.0138
TS | 500 | 32 | 156 | 112 0° | 4194 (00118
T6 | 500 | 32 | 156 | 112 | 45 | 4045 |0.0114
T7| 600 | 32 | 188 | 112 | 45 | 6115 |0.0093

D: Width of cross-secton t: Thickness of cross-secton

7: The outer diameter of the corner of square tube secton

LD: Loading direction Mp: Calculated full plastic moment
6): Calculated rotation angle at Mp

*Column-diaphragm joint are all weld by NBF w* (F ig. 1(a)).

Cross-section of specimen Model to the cantilever

Loading Loading
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Fig.3 Overview of G385T bending test
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a: Equivalent width-thickness ratio = (o,/E)(D/t)’
o,: Yield strength of column on flat part E: Young's modulus
D: Width of column #: Thickness of column
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Table 4 Specimen (Beam-column member)

Case Section Column Welding No. Section Flange Web Welding

1 NBFW" 1B 500 X 200 X . ] Nominal

[1500 mm X 32 mm | G385T (Press column) BH-500%200 % | 11y #3058 | HBL"385B-L I

2 Nominal 2B 1219 NBFW
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Fig. 6 Result of finite element method (FEM) (Effective plastic
strain)
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Table 5 Tensile test result (Test by JIS 5 test piece)

Designation Thickness YS TS El YR
& (mm) | N/mm’) | N/mm®) | % | %
HBL"385B 19 452 573 45 | 79
HBL"385B-L 12 394 555 47 | 71

YS: Yield strength
YR: Yield ratio

TS: Tensile strength El: Elongation

9 RBEBMETHASTEROLER
Fig. 9 Test result (1)

M: Moment at weld joint

M,: Full plastic moment of beam section
6 : Angle of the beam member

6,: Calculated rotation angle at M,

n: Cumulative plastic deformation ratio
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Fig. 10 Definition of n
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Fig. 12 Contour of effective strain
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