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Improvement in Toughness of Large Heat-Input Weld Bond of
60 kg/mm?* Grade High Tensile Strength Steel Plates due to Boron
Addition and Low Silicon Content

Hiroo OQuTANI, Seiichi WATANABE,

Yoshiaki KawacucHi, and Yoji YAMAGUCHI

Synopsis:

In order to obtain superior toughness of weld bond of large heat-input welded steel plate, the roles of
boron addition and low silicon content have been investigated. BN particles precipitate on the austenite
grain boundaries in weld bond during cooling after welding. Boron addition less than B/N=0.5 promotes
the formation of polygonal ferrites, suppressing degenarate pearlite and martensite islands, and decreases
the free nitrogen of weld bond, and consequently notch toughness is largely improved. However, excess
boron addition (B/N>>0.5) produces degenerate pearlite and or martensite islands and deteriorates the
toughness. The role of low silicon content is to reduce the formation of martensite islands by replacing
pearlitic reaction and this also improve the toughness of weld bond. The newly developed low Si—Cu-—

. Ni-Mo-V-B steel which has 60 kg/mm? grade tensile strength shows very excellent notch toughness at the
weld bond after large heat input welding.
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Table 1. Chemical composition of laboratory heats (wt%).
Steel Steel Chemical composition Melting
groups c S Mn P S v SX{ . B N 0 atmosphere
A—1 10,12 0.051.34 | 0.005 | 0.007 1 0.04 | 0.071 — 0.0087 | 0.003
@ A—2 [0.12]0.17 | 1.35 | 0.006 | 0.008 | 0.035 | 0.064 — 0.0085 | 0.002
A—3 10.13]0.32]1.35 | 0.005 | 0.007 | 0.04 0.073 — 0.0093 | 0.004
B—1 |0.14|0.27 | 1.37 | 0.005 | 0.009 | 0.04 0.075 — 0.0023 | 0.002 Vacuum
® B—2 |0.13/0.26 ) 1.37 | 0.005 | 0.009 | 0.04 | 0.067 | 0.0014 | 0.0025 | 0.003 or
B—3 | 0.14|0.27 | 1.38 { 6.005 | 0.008 | 0.04 | 0.075 | 0.0026 | 0.0027 | 0.002
. N, gas charged
C—110.1510.26{1.37 {0.003|0.008|0.04 | 0.075 — 0.0054 | 0.003
© C—2 ]0.1410.26 | 1.38 ]| 0.003 | 0.009 | 0.04 | 0.067 | 0.0040 | 0.0074 | 0.003
C—3 [0.130.26 | 1.37 | 0.004 | 0.011 | 0.04 | 0.071 | 0.0102 | 0.0061 | 0.002
D—1 ]0.15]0.28 | 1.35 | 0.004 | 0.008 | 0.04 | 0.064 — 0.0055 | 0.008
O D—2 1 0.14/0.24 | 1.39 | 0.004 | 0.008 | 0.04 | 0.059 | 0.0026 | 0.0057 | 0.005
D—3 | 0.14 | 0.30 | 1.38 | 0.004 | 0.008 | 0.04 | 0.064 | 0.0055 | 0.0053 | 0.006
E—1 10.15)0.29 | 1.34 | 0.004 ) 0.008 | 0.04 0.054 — 0.0095 | 0.006
® E—2 10.15(0.26 | 1.32 { 0.005 | 0.009 | 0.04 | 0.053 | 0.0063 | 0.0121 | 0.006
E—310.12/0.28 | 1.31 | 0.003 | 0.005 | 0.04 | 0.070 | 0.0073 | 0.0094 | 0.0028
E—4 | 0.14|0.26 | 1.37 | 0.005 | 0.009 | 0.03 | 0.052 | 0.0106 | 0.0091 | 0.0055 A
ir
F—1 10.13{0.28)1.31]0.005|0.009 | 0.04 | 0.052 — 0.0247 | 0.009
® F—210.14/0.32|1.36 | 0.004 | 0.008 | 0.04 | 0.055 | 0.0067 | 0.0239 | 0.007
¥F—3 10.13]0.24 | 1.34 | 0.003 | 0.005 | 0.03 | 0.064 | 0.0103 | 0.0204 | 0.0033
F—4 10.14)0.26 | 1.38 | 0.004 | 0.002 | 0.04 | 0.055 | 0.0123 | 0.0181 | 0.0054
G—1 {0.12]0.24|1.29 | 0.005 | 0.005 — — — 0.0064 | 0.0074
©) G—2 | 0.12]0.23 | 1.26 | 0.006 | 0.005 — — 1 0.0023 | 0.0060 | 0.0070
G—3 | 0.13|0.24| 1.31 | 0.004 | 0.008 — — 0.0059 | 0.0082 | 0.0102
Table 2. Welding condition for laboratory heats.
Flux Welding condition
Groove and wire i
Electrode| Current |Voltage| Speed [Heat input
=402 |
e L [PrHose) 1100* | 40"
l/ o X 38“%%in| 130%m.
o
— | ( |usaoAush| T |900* | 42"
4

UM O bk % Table 1 1wRd. ML
— 7 @ BERERTCE JETE Si{boshiz, £ ®
~@ITX VR FEM: itk XIET B o EE s et
Lic. 2095 ® kX0 O REREMRIFHIZN, =%
BEHALLOSERZ 2 TCNAHREY Y o — L
T, @ ®FIT®RRIBH RN TELH
iz X O NE#FRh2h 0.0055 9, 0.0091~0.0155 9,
Bt 0.0181 ~0.0249% D 3 L AT X 7R
#, Fe @ WRBILMEERITTRERTHS VIR Al 24
BHLEWRTH 5.

B R IUCERICXDIRE 30mm » Lizfs, Zhbd
zouC Table 2 iR FIEESKHCIEIET % &L FET,

Gleeble FRERHSIC XD CTIHEEY 1 s v Z 52 X Pl
R IR 7 a2 T/,
2-2 EBRANEOAWMBLUHER
Ko 3P ORENBICASREE L XIS L H
ZbN5HDT, Mrv—7 8,0, ® X OF DOKEH
i Gleeble BABp I X D CIFEEEV 4 2 V2 52, T84
R LU A BRIR LT N ORERIS A 7707, B
213 b — %1 N-N as nitride & LTRSS b —2
WV NI A 25 X 0, $72 N as nitride (27 o
AT AF VIR LD ThFhskdiz. 2h b oohE%
F = v 7T 5700, F—SITF 5% OEZINZ I
100°C X 2 h ORFEHAAIRE 1T W R O G N5 4o
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SULEFIBIC I\ C 250t LD-DH TR CiE® L, A
oD S LTEARTCELE I R A RS R HT60
(1R 40mm) 3} XA Mo-V & HT60 (i/E 46
mm) O R X O ERER Table3 Rd. &
EABEAEZ B bI->T, WEFERREBE, v
A v U— AR TLZ b aFRAT7 - IBERIV

E N &

Synthetic welding
thermal cycle

(Time)
Chemu:‘al Strain aging
analysis of
total N (1) tests 0
and R ~
N(2)as 8 (m
Nitrides 5 (”'/ (2) [Aging treatment
/‘ ot 2hr at 100°¢
(%)
(Strain)
-2 [N]* Measurement
(-(2)= (N of A%

=

Estimation of [N)
content in weld

bond —--{ (NJ¥)

Fig. 1. Experimental procedure to obtain [N]

content at weld bond.
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!
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Fig. 2. Specimen geometry of the cross weld
notch test.
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VA ABSHEREER R > R vIs 2xl4 % B XN
DFEVE B/N TEHTE, N=50~250 ppm D5 (B
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. 2oz liE VEIW solAl 257 Lin\W s v —
FOIONWTHBTIEELDT, VEITCAl B
I EAERNWT Eavbnd.  Zhickt L N=20 ppm
oA (LLTENH £529.), B %5 vid B/N ofn
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Table 3. Chemical composition and mechanical properties of industrial heats.

Chemical composition (wt%) Plate YMSCCh;m?l prop ert1‘e,;“0

Steel Sol thickness (kg/ (I;g/. El. (kg-
a|si|mn| P[5 |cuNi]Cr Mo | VI SU| B IN |y ek mmd) | (%) | )

X 0.120.081.400.0160.0060.310.260.010.08‘0.040.0350.00300.008 40 56.2 | 67.2 | 26.9 | 18.8
Y [0.130.31/1,300.0220.014f — | — | — 0.20)0.050.044 — lo.008 40 62.1172.1{25.3|19.0

X : Weldable HT60 developed for large welding heat-input
Y : Ordinary weldable- HT60- Vo o '
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B/N

B/N=0.

B/N=~0.8

on the microstructures of the weld bound.

of B/N and N content

Photo. 1. Effects
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Fig. 3. Effect of B/N on the Charpy transition
temperature (vTs) of the weld bond of
large heat input welding.
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Fig. 4. Time temperature transformation (TTT) diagrams for steels with various B/N and N cotents.
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Fig. 5. Influences of B/N and temperature on
the transformed fraction of high nitrogen
steel.
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Photo. 2. Effects of B/N and N content on the microstructure transformed at 625 C.
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Fig. 6. The relation between 4o and [N].
4o :increase of yield strength due to
strain aging
[N] : nitrogen content in solid solution
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Fig. 7. The relation between B/N and [N].
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Fig. 9. Influences of silicon content and tem-
perature on the transformed fraction.
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Photo. 3. Effect of Si content on the microstucture.

Table 4. Results of charpy impact test for weld bond.

. Heat input vE-20 vEo vTs
Steel plate Weldlng method (kJ/ cm) ( kg- 1’1’1) ( kg .m) (oC )
17 15.4 15.8 —66
Shielding metal arc
71 12.3 16.6 —40
Developed steel Delta oscillation gas shielded 49 11.2 14.7 —35
(thickness 46 mm) arc 101 8.9 18.4 —90
Electrogas are 334 2.9 9.0 —11
Consumable nozzle electrostag 595 6.3 12.8 —13
Shielding metal arc 17 9.3 18.0 —20
Ordinary Mo~V Delta oscillation gas shielded 95 6.5 9.8 -1
steel are 106 8.4 8.9 —~7
ickness 46 mm
(thickness ) Electro gas arc 450 1.9 3.1 +40
Consumable nozzle electroslag 680 1.7 4.2 +35
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Fig. 10. Influence of welding heat input upon
the vTs of weld bond of industrial heats.
(Numerals show the number of welding
passes.)
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Fig. 11. Results of the cross weld notch test on
the developed steel plate.

Photo. 4. BN particles on the intergranular fracture surfaces.
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