SA508-cl.3 £ 4993 R 9 FRAH9Y (Local Brittle Zone)dll
#3 A

A study on the local brutle zone in HAZ of SA508-cl.3 steel
ANA, AFY, FFF, o133

dFdeE S53 %%
R P b

1.4 8

$HAYYE (HADE A3 SUeEziHe Add me L7t 23 4% 9
Arol2 s sy dEC) 24 2 BAAe Asy} dAHE GGl ey AHASS
Axo] BAHOZ WEY AGolth 55 SAS8-cl3 T AT FALVRE XA 2
A7) g Aol e Z253 BN AR TR AT NERA F ZAA o
@ o3 HAZOM e 4de ASs vlAz2e dstel 42 1AM 54 977 gasith

2. 2437y o A4
214 =

AYAE dA2 G417 02 AR SAS08-cl3 Bx&A o1, dx Fo QT A
g Fden FA wd 1/4t9} 3/4t zonedld AFHAT MBS FHA A2 AFJ1,
Thermal simulation test ¥ charpy impact test® 3l7] $& charpy blank Al:B 3} dilation
242 9% round AlH o2 J1E 3

2.2 Thermal simulation conditions

221 #4749

HAZE simulation 37] $18 FulE thermomechanical simulator?l Gleeble 1500 Model
2 A% 3. Zt dAlo]E 2P WFE peak 2ET AFE-3lA 1 heating rate$t Atgs
= QA o8 Aa £3F FAE Foe2 H4A IUY peak €& DTA
(Differencial Thermal Analysis)& ©]&3d intercritical region® 3<}dt¥ CGHAZ,
FGHAZ, ICHAZ, SCHAZ) W3l Zd peak €& AARL, 72F AR 4&Hde
28 3o AANFHEZ 47) HAZ Zzte] dis] ©A 479 sub-HAZ7} Bz oz A
= A% E simulationdtgth. ASTM E23¢] wa} Charpy impact test (-40T)E Al o
absorbed energyZ AL Hrlsld AEE UAAEYR 29T SEM#A TEM2 R
HAZ® vjy 7z 938 #asigoen], £3 fracture surface 32 SEMo =2 A &4t}

222 LBZ Ald 449

Z2A3ANHo) osiA Aol ZHF A #Hrlg LBZ (£, ICCGHAZ)Y oigt A¥e A%
EAME 939 thermomechanical simulatordl Gleeble FH] & o] 83X WASKEE WA

-133-



7}3 C-strain fixture(¥ % dilatometer)& Al8-3l4 dilationg &7, ©] & o838l CCT
diagram$ #FA4J&Hn FE9 njAzzL BFsYo

3. 4948% 4 13
31 FF3A4

#A3ANE Z3E= Fig. 19 Jelden 16 2749 $3AY A7 E 29std o3 2o

- 2nd peak’t 780C (IC)o]® E = oi¥] AWy oz Q4o Ymn PHE yojyo
EQ BAY £7 oA ojs & ZrEcrlk EF 2nd peak’t 780T<Q AL FolA Ist
peak7} 1350TC (CEHY 713 Y A48 7k

~ 2nd peak’} 1350C¢! A%, 2AY FAEAY 40 R &2 YT

- 2nd peak7} 900C2 A% st peak’t F7He4E AL A3 HAU

- 2nd peak7t 650CQ A% AAHo=z= A FASRAY 22 £ A4 & 7HAH,
E3] SCFG2 7A$E "% & 394 ¢g Zed oL Z2AY 9Ag FeodA
tempering 3712 dervzd v = :

H

e 94 &g 2A & Rez Ay T gy
49 23, R ge e 2 / s

sub-HAZ+ ICCGHAZZ #d¢ HYx, 7 = / X" envT

W YHE 49 2 dimple 39 W 3 /

¥ F29 cleavage’t AviHA Iy = g W ase metal /

=97 ZAYAS Bt Yol RNY 3 [ s/

F¢e 2oln At WA peak 2= ol ->l“k’* - 1

27 QArolZe WALEE WA Ty

ICCGHAZW S} nlAzHe el ASL e w0 wm | wo oo

248 "dest 9o 1st peak temp. {C)

Fig. 1Charpy impact energy of 16 sub-HAZ
3.2. LBZ9] 9Ax3

3.2.1 CGHAZ9| " A =3

gAlo) g 20 Wt dilationd &A YT SA508-cl3 steel?] CGHAZ CCT diagram$
Ayste] Addg AFE Lo} Bt sl2dAlo)E HHE P dAYTEEE At}
Bsecz VERon ojurt Mg WAL due TR w2l E HEjs dolit
. BE 018%C steel?l ¢ viZHAlolE Z&& Hv 5000139 A=ge 7HAE A=
dAA dom ¥ 2R3AT Atgs7t 3secEt WE F$ o Hv 600 o|4E dojch &v]
A 242 2YE ZAAY A7) % 100pm o3 ZoiF 2 vl2RAolES] FFE JHA L
Aom G2Ee Fgol A HAHX Fu @27t AARAZA U EFS AU

AtgsZt 40, S0sec AEE =X WA lath Hiol] u|AE A7)e] 42 E0] lath 33 EF
o dsl EF BFgL AT P4 Hol Y& duloldolEF F2 o2 YEIYT Ates
7} 100sec ©1422 =AW lath AA @3=ol FP=E FRulolUolEr} Yehn
AR spuololE AAYPYA oFztel widmanstatten ferrite™ @& HAo. 22y 4
A SHA Y Atss7t 3Bsec Bt BWE FSolA dojuyn wetA ICCGHAZY 2A=
Mol CGHAZE AE7 ¢ 2 P2 vf2drolEdde RE ¢ & At

- 134 -



3.2.2 ICCGHAZ9} v A=A 3 M-A constituents

ICCGHAZ+= Fig. 2914 B %0) 1st pass? %3¢ CGHAZS Fd3st=z AR He] ¢ &
vl2elAbe]EFl FAHUI o] F 2nd passolAE peak X7} 780CZ intercritical % gl
fFaes AgUoE 7] 2ARAY st2dAlolE B2 AAAMN FAHE F peak
SEE Ay Y4=EAdA A 24o2 ey, 4457 wE S fresh vtE AL ES
ofzte] WlojuelEZ, =¥ AL HiololES} Fa oz EA3A nfEdAllE ¥
A% AF e2dUolERZ At ol A 242 AAYPAL EZHol FHZ 2ol
H49 A28y AAH WE ARe H¥HY A 24, 28 "HFH matrix2 Yrods
21t} matrixs 1st passrl A E #A vl2Z Ao EL 2nd passoll 93] #HY @ Ao
wdEn ZALAY A 23 15~20me) o2 FAHY Jon AFY W A2
10~20me 2718 71AY A 24 B&S Atys7t 710 we g0z el sisd A
=2 A3 Zasv 53 AAUAY A 24 5| P A& AR BAS 44
2 uHo] Atgs7t ul$ =¥ 500sec ol FolME AFYA A 2% E&LS dA8] FAas
I EFRLE AAE + g RO

AEE A uAZAGA AT FEHGY AolE YeEtdon AFYAY A 249 =@t
& Y& E7 wE S Hv 6003 %
oy Wzt& st =2 AFE ool
o e Add 1 WA 23
AA 433 data scatteringg 29
A AMPor AEge U
o] dAL AFHUY A 249dA
5 #AHEY matrixes 99 ¥y g3
o8 ZABAL B AN ANI=
A 25dM A= AAYA] Al 2
ol NAFExn AAY U A 24,
matrix <°lth.

AF 22HYolES £3H& X-ray
diffraction(XRD)¥ & F3X AA R
v ICCGHAZ9 8 Z=3& BCT +
ZE 717 vtE2RAOlESE BCC T&
Q) HolUolE oy LFolY &
AW FOC F2E 710 L2HUE

£ oo jm

Fig. 2 Optical microstructures of the simulated
"ICCGHAZ; a)Atsm@ = 4sec, bYAtes@2) = 60sec,
o) Atgme) = 100sec, d)Atgse) = 500sec

9| peak® BEHU Fig. 34 B | )

t AAY intensity’} vl®A & peak o BCT.BCT
£e BCC 72 nag azv g b

F 20%0M AHE BA peak’t Ut g [

g Aoz B v cubicd U3 §M'

o2 W34 tetragonal +Z9 RAez = |

@ea, 28y FOCY peaks F& [

peakol] ®l3te] AU FEr 2olA M v v M

AF L2HUEE AFYe Bud e T T e w
F Arh 20

Fig. 4& AFLe2HUojEe EAE
gAstyl 9% TEM #&& ZAdolq.
a)E ZA YA ¥48 A 24e=H

Fig. 3 X~Ray Diffraction Pattern of the
simulated ICCGHAZ (Atss 60sec)

-135-



B HE2 selected area diffraction ;e - B CC 001} ZONEAXTS
pattern (SADP)o|lA HE ulgl o] ; /
BCC FZ()& 7H HlojupojEs}t M (©30)
22 HJAL A FRANE FCC 7 #
ZE 71 AF L2HYUEE
#Z ¥ £ AU (deE A FRe
dark field A}2M @we REo) 5 d :
£ 9AHUOEE salvm Ao & ,/ §/ it ')
AA Y9 ICCGHAZ o8& cleavage '
7t F4 13 Zzoly A PA A
2 Z2A4Ye] £ Ho| "ol A
£ EF en olRE F7HA
AFE [ L2 YolES nlzdl
AtolE 9] B3 FTZ  (high carbon
martensite  with some retained
austenite; M-A constituents) > * ¥
ot F, =7 ol$ & M-A
constituents’t AR YA Aol A3t
3 Aoz BT @ 7)A e Fig. 4 Transmission electron micrographs of the
BAANN A5 FAAN] 47 =327t grainboundary 2nd phase in the simulated
dojgd £ Ae 9717 84 Hol  ICCGHAZ: a) bright-field image, b) SAD pattern
ICCGHAZ® QA< A&AlFl7] O of A point, ¢) SAD pattern of B point and d)
olr}, 567 . dark-field image of A point

“ (200

¥
(200

4.4 &

SA508-cl.3 steel®] B3 sub-HAZAA LBZL ICCGHAZolR, A AEA nH9 e
cleavageZl A WiZQ! 3 r=gon AAPAE wet AP YPo] ¥ sHe YA Bt

ICCGHAZY: CGHAZE 7/a 24 99o2 AZIGAn w2 YAAgezs do
A # Aoy A7EAl CGHAZE Zuld d& ul=2dAlo]lER 74 Hu 22HYOEE
%71 L2HUolE AAYPA ¥ vl2eAllE g2 AN APAPsa G Ao
A HAh WA 42 exdHYolEJF WGl AN AFEA Hed olne g
4 vlERIALE HHE A% A 737 5317 g Eoldt, o) A= XRD9 TEM
B2z g9 Holeon ojd WHAS M-A constituents2} dth, ZAA QA Az vr2dA)
olE #2 ZAAd A M-A constituentst FE=7F vl Fom JuHoz FAxrt e
NA z3A e AANA Hast 4A dojd + Ae £9717F 94 = ICCGHAZY
4& AsNIIe ALz Alg 9

5. Future works

A 7R = SA508-cl.3 steel?] t}2 HAZAIA LBZe] ICCGHAZ = A3 oo tigt 4
Hel ASE 2ZAEA Y. a2y intercritical regionollA] Tpeel W39} Atgseo] ¥ 8ol
02 7 A4 Frirt ojFojx R Yk} o]F el ICCGHAZE Wl 3l Tpeo ¥
ste} Atasel Wl we 7 4 it 28 8 Roly AFAA EAvt gA "
M-A constituents 2 7|g} 4 &89 AFE W] wE FF g RAojrth -

- 136 -



Reference

1. William F. Smith, ’'Structure and properties of engineering alloys’, McGraw-Hill,
1981, 32

2. Okada H et al, 'Study of behavior of M-A constituent and its effect on
simulated HAZ in single-pass and multi-pass welding thermal cycles’, QJ Jpn Weld
Soc, 1994, 12(1), 126~131

3. Okada H et al, ‘Investigation of metallographic properties of M-A
constituent’, QJ Jpn Weld Soc, 1994, 12(2), 236~242

4. H. Okada, K. lkeuchi, F. Matsuda, I Hrivnak and Z. Li, 'Metallographic
investigation of M-A constituent; Deterioration and improvement of HAZ
toughness in 780 and 980 MPa class HSLA steels welded with high heat imputs (2nd
report)’, Welding international, 1994, 8(11), 886~892 .

5 J Y. Koo and A. Ozekcin, in Conf. Proc, on Welding Metallurgy of
Structural Steels, Denver, Co, J. Y. Koo, ed. TMS-AIME, Warrendale, PA, 1987, 119~
135

6. T. Haze, S. Aihara, and H. Mabuchi, in Proc. Int. Symp. of Accelerated
Cooling of Rolled Steel, G. E. Ruddle and A. F. Crawley, eds., Pergamon Press, Oxford,
1987, 235~247

7. M. Koso, M. Miura, and Y. Ohmori, Met. technol., 1981, 482~487

-137-



