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Influence of the L.ocal Brittle Zone on Critical CTOD of Weld HAZ
in 50 kgf/mm? Tensile Strength Steels
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Kouichi UcHINO, Sachio ToMIiTA and Rikio CHUIIWA

Synopsis :

An investigation was made to clarify the influence of Local Brittle Zone (LBZ) on critical CTOD (§¢) of
multi-pass weld Heat-Affected Zone (HAZ) and metallurgical factors controlling the toughness of the LBZ
by using four HT50 structural steels of various chemical compositions. The multi-pass welded joint exhi-
bited low §¢ in case the fatigue-crack front of a COD specimen reached LBZ. The LBZ was identified to
be a grain-coarsened zone reheated between Ac, and Ac; by the subsequent welding pass. Simulated HAZ
with double thermal cycle reproduced the main microstructure of the LBZ. In the simulated HAZ COD test,
cleavage fracture was initiated from a high carbon-martensite-island formed by the reheat-thermal cycle.
By temper-thermal cycle due to further welding pass, the martensite-islands were decomposed into cemen-
tite-ferrite aggregates to various degree, depending on the chemical compositions of the steels. The higher
degree of the decomposition resulted in the greater increase in §¢. Close correlation was found between the
minimum value of the measured §¢ in the welded joints and §¢ of the simulated HAZ with triple thermal
cycle.

Key words : welding ; Heat Affected Zone (HAZ) ; toughness ; CTOD ; steel plate ; high strength low alloy
steel ; weld thermal cycle ; martensitic island ; simulation.
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Table 1. Chemical compositions of steels tested (wt% ).

Steel C Si Mn P S Cu Nb v Al Ti N Ca Cu™®
A 0.09 0.36 1.47  0.004  0.002  0.21 0.026  0.040  0.033  0.007 0.0026 0.0044  0.370
B 0.11 0.37 1.50  0.004  0.001 0.22 0.027 — 0.027  0.006 0.0024 0.0046  0.39
C 0.08 0.26 1.44 0.003  0.003 0.013 - 0.029  0.008 0.0027 0.0030 0.337
D 0.18 0.35 1.6 0.002  0.002 — - — 0.032  0.007 0.0027 0.0040  0.423

o o—ca Mn+Cu+Ni Cr+Mo+V
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Photo. 1. Typical macro-etched section of the
weld HAZ COD specimen, which shows straight
fusion line and the location of fatigue pre-crack
front close to the fusion line : steel A.

Table 2. Mechanical properties of the base metals.
Steel YP TS El o s
ee {MPa) (MPa) (%) (°C)
A 398 498 37 —-101

B 390 519 35 —- 87

C 430 519 32 — 93

D 328 525 33 — 28

7o, BB A 7 VEN% Fig 11273, £3, FL
i ok L& * BBLT % 72 0 12 i s DBV K ¢
1400°C DH—EY 1 7 L% 5 2 72, WEED 800°C »»
5 500°C & TOGHEFH TP OBESFTOZ
MICHETH 20s L L7z, RWT, BEBE S2IZX
LHMAREHRT A0, TOH—8Y 1 7 L2
KEH A 7NV E L, 450°C 5 1300°C £ THTHES
BREINEREEE (T,) & 3 HE KRBT A 2 VAR 7
THEHRHAOINEG . 8510, BEDBE/IAICL
LRELELEEBT L0, ZHBRY A4 7 VAT,
350, 450, 500°C % & = K#H 4 7 VO RSN IRE
(T,,) L3 A=FEMI A 2 VELS 2. ZOBO T, ik
ZHEY A VMO COD HERTHREKD §c R L7{E
& L7,

— 166 —



519R5EHE 50 kef/mm? #ie i) B H B EHORA CTOD 2 Bix ¥ Rk o % 1107

By A 20t 5 2 58 A 5 10X20 X100 mm D/
Bl COD RERF 20U, Iy FERTEARK, 5t 7
LAT—RERKEIZX D, —10°C THERL 72. REAK
WHEFH3ARLE L7 BRH o—3iz 2 v TR R O
AR FEHRER s L 7o

3. R B B R

3-1 #F COD #H8

Fig. 2 IZ8F COD RERD 6¢ % 7 4 7 VHEFEHK LI
Ty LR ERT. MALHBIRIEVHEERTH
dc M L7, MCI120.18mm DIk 5 D1 Lk fp x4
NTHEEHEC LD RAWELZ/RLA. @D ML D
VIR §¢ BIR LAY, MEMEBIR A U SR8 C
BQR=Y/ ROPAS

Fig. 312 0.25mm AT D §c 2R L 7-ilkBER ot
B MOMBITHET A R 7T L 5RT. RIS
A& 3T HAZ @ FL 30650 gk 4 <24 7o HURHL

1600

1200f

|
Tp2=450 ~ 1300 T

temp. (T)

Fig. 1. Thermal cycle patterns for simulated HAZ
COD test.
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Fig. 3. Histogram on microstructure at the
initiation point of brittle fracture : As-Welded
HAZ (AW), 6 ¢<0.25 mm.
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Photo. 2. Microstructures of simulated HAZ : steel A, single and double cycle, Tp]: 1400°C, a: T

=RT (single), b : T,,=700°C, ¢ : T,,=800°C, d : T,,=900°C, e: T, =1100°C, f: T,,=1300°C.
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Photo. 3. Fracture surfaces at the
initiation point of fracture in the
simulated HAZ COD test piece (scanning
electron microscopy) : steel A, double

cycle (T, = 1400°C, T, = 800°C, §c=
0.013 mm at —10°C.
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Fig. 5. Critical CTOD (§¢) of simulated HAZ at —10°C : double (T,,=RT) and triple
cycle, T, =1400°C, T,,=800°C, (a) steel A, (b) steel B, (c) steel C, (d) steel D.

M* : Undecomposed martensite island D : Decomposed martensite island P : Degenerated pearlite
Photo. 4. Microstructures of simulated HAZ (extraction replica) : double (T, =1 400°C,
T,,=800°C) and triple (T, =1400°C, T,,=800°C, T,,=450°C) cycle, a : steel A, double
cycle, b : steel A, triple cycle, ¢ : steel C, double cycle, d : steel C, triple cycle.
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Fig. 6. Relation between critical CTOD (§¢) and
area fraction of martensite island (£, ) : simulated
HAZ, triple cycle (T, =1400°C, T,,=800°C, T,,=
350, 450, 500°C). &¢ is the average of each
3  specimens. f,, was measured in the
10 pm-wide-band along the prior austenite grain
boundary.

& (1) ROSRAMBEOMIKE LTHEE L. Fig
T3 Ty % gt PHECHERRE LTERLAZHOT
b5, PO IELER 2 SAW SFI2BT5 ¢,
DEPEDOTHTHAH. KEEBRTIE ¢=45kI/em TH
N, 1,134 0.65cm & %A, /S ZBIREE AT 100~150°C
THOrIens, T, d3# 450°C LHEE S h b,
Fig. 8 123 HAZ COD SRERO=FH# % 1 7 VM iC
BT T, #°450°C O sc(=ADTHflE) L#HF COD
REOBEK oc 2B LR ERT. 2721, @B
& REBEABAS R B0, Fig 2 128w T REHEE
PHOEEF L 1/15 £ 2 B0 §c #RA L2, FHIK
2o, CALWMEDOHICIELVHMESHEET S 2 Eab
0, MFPEUEEICEZERS A I V252 -HE
HAZ COD REVERTHH I L HSh L D7,
EZAHT, MCIIHT COD REIZBVWT 1 ADOAIK
W ode BRL, ZOMIZTNTESBIECTH O, Ei
FCI L, FEEREC-FIL LR B0, T, bE
BTHr Lo TFEIND. BCORE, T, 7°450°C %
e LT ICGC DML 28ICEIET A, 1 25/h& L,
T,, #450°C ¥ @2 Mkt %) 5 ICGC o ¥t i E
{728, #F COD RERH DT & R A K
D ICGC IC—H T HHENET L, K oc O HBESR

PEr2LOEHEESINS.

(s

—%, $D® 3IBEHOEI HAZ COD RKEEE % It
BYaL, B84 4 7 VIckDEEIND, Bt
i 7 v ol KL #B (Unaltered Grain-Coarsened Zone :
UAGC) D §¢ i3 T, #* 450°C » 5 500°C @ = HE #
A7 NVTHBEINS ICGC O §c L DKL, UAGC #°
AL L 22 X0 ICRA D, £ 2505, BREISAI
L nAER s NS UAGC i#F COD RABkCldikERA »
W T EREE LBV TR E AR AL LR IS T W
METHOETPICHEET AT THY, UAGC 3HEER
HAEIC R DE ok, K sc BB L LD
LoOrEZONL, 51, DO X IC T,, »° Ac
LT OERWEPH T SCGC @ o MEAE % /7354 (Fig.
4-(d)) i3 b LT ICGC i2fnx, SCGC i
FTAHERBLULEIZLA. SCGC DK T, % Fig. 7
ERBR FETHETHLEH600°C L2, ZORE
WBITAHMD D SCGC D §¢ i Fig. 4-(d) £ # 0.3
mm T, I Oflix T, #¥450°C 5 500°C ® ICGC 2
B3 6c ? 0.15~0.4 mm(Fig. 5-(d)) & I FFEIFLHEE
Ee A, 62T, DX SCGC 76 ICGC {ZH i TIL
WHEIBHIC D7D, BRI R AT A S L AR &
N5, #F COD RERTHMD ORI sc 4 WP RS
PO 2bbL Y, MCEERL TE L ORERK T

— 171 —



1112 B M %74 % (1988) 5 6 B
1.4 T T T T
FL Acs Tps
f o
[Tp.=1400“c] S Lo 8 e
iLTe,= 800C, % S E 04 A
o
w ~
/ <
_ I r h
el
/ L bl
& s o2t i
’é ' 1
S o 7 8
+~ 2 H -~
| 1 !
0.0 01 02

interpass temp.

0.2} 100°C —
— —150C
=== measured tp
0 | ] 1 I I
20 40 60 80 100

q (kJ/cm)

Fig. 7. Isotherms of third peak temperature (T,
at the ICGC as a function of the bead thickness (1,)
and heat input (g). Thick broken line is the
measured i, (average) for submerged arc-welded
joints.

ISR o ¥R LT &2, T OFHEB HAZ
COD HBDHFHENDERE L BT B.

Fig. 2 1R L2 X ) IZ#KEF COD B D 5¢c d—FED
REREMTORELCELBL. sc DEBHERE LTI
(1)HAZ NO#EFHFa @B ICERNTAERE (2)&
LR BRoMMEER AN shs. oL, %
& HAZ O & MEibEid FL 2> 7228 mm 2%
OHKIBHNICHFAET A, K& 2 1mm LT D ICGC
Thbh. 0L BM/NEEIET T SR emITeEc A
PTAHROEILH - EABI—BT 2EERIEKG (1)
RN s EHOTELRFTHLLEZONS, —F,
(2)OEHERE LT, H—LBTHLAENICETLH
MEBOMIZ, EROLIICICCCIZBTD T, DX
fLicENT2HEOLEHIEZOND. MCOLIH IS
Ty, 2 & 1) ICGC OBMEN K E CEBTHHEI1(2)
DERPKEVDDEEZEZLNS,

5. #& E ]
50 kgf/mm? i & 5% ) 9 O % & R S HAK T COD ABR
K UHHE HAZ COD kB ol oh - £ mid LT
DEBNTH5.

(1)#F COD KERICHB VLT WVRFE CTOD(sc) *
RLUREBR ORMWIERALIE Acy & Ac; OFBR

6o (simulated HAZ) (mm)

Fig. 8. Relation between critical CTOD (§¢) of
as-welded HAZ for F(¢)= 1/15 and & of simulated
HAZ with triple cycle at T, =450°C.
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