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Effect of Non-Metallic Inclusion on Susceptibility to Lamellar Tearing

K. S. Bang* J. B. Lee*

Abstract

Lamellar tearing susceptibility and through-thickness tensile ductility have been investigated in

40kg/mi and 50kg/m# class tensile strength steel plates in terms of cleanliness of non-metallic inclusion

and welding condition.

The plate which had 0.01% cleanliness of A-type inclusion (MnS) had 61% of the reduction of area

in the through-thickness direction and did not show lamellar tearing.

Lamellar tearing susceptibility decreased with increasing the preheat and interpass temperature.

The plate which had 0.04% cleanliness of A-type inclusion did not show lamellar tearing under the

condition of 75°C of preheat and interpass temperature.

1. #

g

2| HEER mERED S T2 BREAED
KA B REHS SR A @R A HiEe A
vhel #REESe] fRMshE MEEEdde] wel JEkd
A Sl olHa #iEyd e #MEEE ¥
73 Bk az, = vzl d o] (Lamellar tear)7}
sy 49 F MEE sz ek Y

olgl gl e} wlold) BABEe 2E WP FIE
i SEeBAED (T e, Kl o3 ) 5
Hrnel WHEES, KEMEE E o8 JXE ALY+
2l E=H? @k HME RS MBEEAE SRR Al
i #ife] LESel

& Bzl e sulfur 489 &TF, 2=z Ca Hin

* WS MEBGD BINTTRR
Eigis, gl

7t 4 nEpsl Sfek Bkl wlAE HRE B
Fasle ol MFol oa e W et Elo
PeoE kB EERWEES Bt dokd] #Hetd et
ol JEEE MeEfegrse] MREEERfR] =& bt o
of BREE obgd Wafstilch

2. REAHE

2.1 REH
REGA = BIAREE 40kg/mi k% 2 50kg/miik HMEER
A Table 1¢] {LZE4 2 R WES el sivh
& @9 e vhae) dol ERMEs: s BBl
vtz A A5 = sulfur 48S 3K¥E BLAHA 5
5] steel Co} Foll= A7Ef BiR s@ikdl T RS
Aol #Esk $15ke] Cas Fimstsieh.



4 FHET - FER

Table 1. Chemical compositions and mechanical properties of steels

Thic- Chemical comp. (wt. %) Mechanical prop.
Steel |kness Ceq* Remarks
e} c Jsijua] P [ s Jcu|No| V [ca | JBF TS TEL &
N | 0.1650. 26[0. 74 0.017] 0. 02210.01 ‘ | R E ‘o. 30 | 40kg/mi grade
B | 25 |o. 1330. 240. 82] 0. 015] 0. 007)0. 01 | ’ | 20 | 45 |50 [o.0g | Mildsteels
¢ | 25 |o.120. 24’0 78] 0.015] 0. 005' [ I 37opm| 203 | 44.5 | 20.8 | 0.26
D | 25 | 01350 41\1 36 0.014 0.0100.000.04 | [ s | 55 ' 27 | 0.38 | 50kg/mi grade
E | 25 lo. 152!0. 4211.42[ 0.014] o. 007}0. 02 o056 | s | s5 |27 |o.an | Pih strensih
i ; — 1 ‘ ‘ ‘ steels
F | 25 | 0.1550.4350 0.014 0.005 | | l4sppm| 40.7 | 56.7 1 26.6 | 0.42
*

Ceq=C+Mn/6+S5i/24+Cr/5+Ni/40+Mo/4+V /14 (25
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Table 2. Chemical compositions and mechanical properties of weld metals
D Chemical comp. (wt. %) ‘ Mechanical prop.
esignation Type - -
. YP | T.5 | EL
c [ st | M| P | s layielagm
KS E 4301 ‘ Tlmenite | o.08 [ 0.08 } 0.53 ‘ 0015| o.011| 412 | 46.1 i 32.0
KSE4316 | Low Hydrogen | 0.07 { 0.48 I 0.78 ’ 0012{ 0.010} 46.4 | 54.7 | 33.6
KS E 5016 | Low Hydrogen ] 0.08 | 0.53 { 9 | o. 014{ 0.010] 8.2 | 573 [ 32.6
[0/
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Table 3. Welding condition

KSE 4301(4¢) | For 40kg/mi

grade steels

Electrode KSE 4316(4¢»)
For 50kg/m
KSE 5016(4¢ ’ grade steels
Current ‘ 170-180 A
Voltage ‘ 22-24V

Welding Speed f 15¢m/min.,

Heat Input i 17-18K]/em

Preheating and

Interpass Temp. ’ Room Temp., 75°C, 150°C

Deposition

Sequence

tack
welding

RBEEBERE 35 £ 13 19855 55

vieb gl 40kg/md 8% 2 50ke/mii% PR OSHFE ET
sulfur 8] KT =2l BEgs mLd s &
e 53] A type Adeiysl EEEST KiE mlbs
et ol% Calmmbre] s A type NiEH2 A Y
Holx] ¥a R C type AfEdml 23 A Ca B
ol 23 iy HREE MEVF FERHEA BRI
sirh

Photo. 14l Steel A, Photo. 29 Steel Co} =

[ ]~Ctype
a5 7]~ Btype
Vi~ Atype
< |5
2 oo —
-l -
g Z %
Z % — | G
Cm_ —
/ 2
%,
Steel A B C D E F
Grade 40 kg/mm2 50 kgym m2

Fig. 4. Results of non-metallic inclusion test.



Photo. 1. X-ray microanalysis of inclusion in
steel A Al
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Photo. 2. X-ray microanalysis of inclusion in
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Fig. 5. Relation between cleanliness of A-type
inclusion and reduction of area in Z-

direction.
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Fig. 6. Relation between cleanliness of A-type
inclusion and crack ratio.
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Photo. 5. Fracture surface of lamellar tearing
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