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Lamellar tearing and the shorttransverse tensile ductility of 50kg/mm? class tensile strength stsel plates produced by

ordinary processes have been studied.

Decreases in contents and sizes of sulfide inclusions result in an increase of the reduction of area in the short-transverse

tensile test, with further reduction in lamellar tearing susceptibility.

The plates with 0.004 ~0.0062;5 wers produced using LD-RH or ASEA-SKF processes on the basis of above menticned

results. These plates had more than 552 in the short-transverse teduction of area, especially cne of them had no

anisotropy of tensile properties including the shorttranaverse direction.

These plates were safe from lamellar tearing on the usual condition of welding.
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Table 1 Welding conditions for cracking tests
Welding- | D;ying condi- | Hyd!-‘ogen con- | Welding C‘;naifif;n | Tr’t‘.e;le:;tingméndi 77777
b Electrode : tion of weld- . tent in weld- | Voltage | Current | Speed |interlayer tem- Remarks
method 7 ‘77 ing rods | ingrrods (v} {A) ! {em/min) . perature
| KS-76EL" | .o st

Manual ' 350°C % th Oce/100g 23 170 15 See note shonass

(4.0mmep) ; only

M ks | i ]  Afte

welding ‘ 300°C % 1h ‘ 27cc/100g 25 200 | 25 =50 After
o (SOumel ] | j L i o 2 eass

Corresponds to JIS D5016, AWS E?UIG

»+ Preheated at room temperature for Cranfield test and at 150°C for window type through-thickness

restraint eracking test

Plate
thickness

Detail of A
Cracking ratio - ;- 100743
g Magnitude of angular distortion

Fig. 1 Specimen of Cranfield test
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hend test

- 26 —



ot AT

B .

g
oo
-z,
o
3]
~J
ke
o
-\|

g CJ){iU\ 50kg/mm? %&?M}AU’)E&'

©_2mm

Photo. 1 Lamellar tearing in Cranfield test
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Fig. 5 Relation between cracking ratio in
Cranfield test and specific crack
length in slice bend test
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Fig. 7 Effect of hydrogen contents on cracking
ratio in Cranfield test
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{a) H content ! 2.7cc/100g (bl H content ! &.4cc/100g

Photo. 2 Scanning electron micrograph of

fractured surface of Cranfield

test specimen
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Fig. 8 Effect of cleanness on reduction of
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50kg/mm? steel plates by various steel-
making and degassing processes
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B B Table 2 (ﬂ:hemical -compositions of stee!s‘ - ) (wt%}__

Steel | Process C Si Mn F 5 Al ! REM | C, Py Remarks

A LD-RH 0.16 0.46 1.44 0.014 | 0.006 | 0.037 — 0.40 0.247 .

R R B B Trial heats
B EF LRFi 0.16 0.42 1.33 0.008 | 0.004 | 0.026 — 0.38 | ¢.227 for anti-lamellar
| R ,

C |EF-LRF| 0.14 | 051 | 132 | 0010 | 0.004  0.032 | 0.035 | 036 | 0.223 steels

D | LD-RH | 006 | 050 | 138 | 0028 | 0017 | 0.05 | — | 039 | 0246 Reference heat
c —C+MM6 Pey=C+Si/30 t Mn/20

Table 3 Results of microscopic testing
for the non-metallic inclusions

Cleanliness (%)
Steel - T
dAG(:x_-zDD dBnulem dcsuxum dﬁﬂw_uo__
A 0.04 0.00 0.02 0.06
B 0.01 0.00 0.02 0.03
C 0.02 0.01 0.03 0.06
D 0.15 0.02 0.05 .22

a2 RBHL, BN 30t AL,
GMEHETE, &L THIE 32mm OERHEIC FEAL L
I, —EO 2T 7L EE 25mm 202 50mm
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TR E S gt L Bne L aes
TEreADLE L, BRIz L TELOFE
FTIToA, —EEn b LB L FERL 72,

R a5 % Table 2 2, %72 JIS
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Location from ingot top (%)

Fig. 13 Distribution of sulfur and shorttrans-
verse tensile properties in steel B
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Tahle 4 Tensile test results
Di ! As rolled Normalized
Steel irec- . e e e
tion | Y.S. T.5. El R.A. Y.S. T.5. El RA.
(kg/mm?) (kg/mmz) {553 (%) {kg/mm?} | (kg/mm?) (%) (%)
Long. 35.3 55.7 7 71 36.9 55.0 ; 38 73
A Long: 34.6 54.7 3 70 37.0 54.8 )
trans B L §
Short 36.2 55.5 22 55 35.7 55.8 27 60
trans
Lang. 36.0 55.7 34 71 36.3 55.7 34 68
‘ng_ e . _
B trans. 36.3 ) 55.8 i 34 70 36.3 56.3 33 67
Short i
trans 35.3 7551 28 70 34.8 55.1 28 74
Long. 34.0 53.7 36 71 38.0 54.0 36 73
1 Long-
C i trans. 34.7 54.6 35 69 38.0 54.7 36 70
5 ?hOrt 34.6 54.7 28 86 374 ! 830 32 63
! trans |
! [ e !
Long. ' 34.0 55.6 33 77 e — : -
D Loog- 54 g 54.7 32 70 e — - —
trani L 5
Short | 350 8.7 6 9 — — — —
rans N
Thickness (mm}
X107 50 32 25
£ st
A OO OO ORO-OROmOmO=OmOmCO-O-0 70+
3
S gl £ sof mﬁ
— . [es)
< 7 O_O\D/)\O < gyl o
=" = 2 °
— s0r 40r Steel A, as rolled
"5 O O——— 0 . . .
£ T.5. 20 30
= 50f Rolling ratic ’
%)
= Fig. 14 Relation between R.A.in short-trans-
'g 40 Y. S. verse direction and rolling ratio
- [ N . . o e T P ety &
20 REELDZ TIT- IR HIk ) OlC R =
0 25 50 75 100 Fig. 16 (o717,

— R R AN D B HERE (T D
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SPEREh L, AR HARRCREEEL WL
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s0r ! =25 -50mm
o Steel A
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R.A. as rolled (%)

Fig. 15 Relation in the

in short-transverse direction between

reduction of area

as rolled and normalized states
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Fig. 16 Effect of specimen size on reduction
of area in shorttransverse direction
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Fig. 17 Effect of specimen size on reduction
of area in longitudinal direction
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Table 5 Results of slice bend test

St | Locaton | lesn ek [ e oot
s 056 0.75
A ¢ | e 1 am
s2 | o | 175
s 060 | 050
B ¢ | s 0.22
s-2 | 0.50 008
s 0.64 0.75
p | ¢ 1.18 5607
s 2 054 | 333

314 HEHHTERRR

MO HFRL TR L 722 2mm V /v F o ¢
B BRI (10X 10mm) FHGTRb I A RS
g+ Fig. 18 omd,

Fig. 18 (a) BFEN L 2 OHIF 32mm o C #
FDMERBLFERTHEY, DM TN 2
WE=HLCHRY ¢ LA Riligs i o fn
VT ET L, CHITIZY L7 2R F—Am



L —

Vol. 8 No. 3 25T P REHO{Ey: 50kg/ mm? RIWEO W% 333
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Fig. 18 Transition curves for 2mm V-notched
Charpy specimen parallel to short-
transverse direction
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Fig. 19 Results of Cranfield test
‘Table 6 Results of window type through-
thickness restraint cracking test
Restraint Sectional cracking ratio (%)
intensity
(kg/mm.mm)} |Steel A]Steel B| Steel C|Steel D
2 800 2.7 0 0.7 90.2
4 480 13.3 12.5 13.9 —_—
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properties of commercial product
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