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Effect of Post-weld Heat Treatment on the Fracture Mechanics
Behaviour for Electroslag Welding Joints of SM41B Heavy

Thickness Plate

Synopsis:

Kozo MATSUMOTO and Kohichi TAKAL

The effect of post welding heat treatments on the notch toughness and fracture mechanics behaviour of
110 mm thick JIS SM41B steel electroslag welding joints has been 1nvest1gated The results obtained are

summarized as follows:

ks

1. Notch toughness of welded joints normalized became excellent in heat—affected zone, but in weld
metal it became lower. In case of stress relief annealed condition weld metal showed best notch toughness.
This reason is considered to the variation of microstructure.

2. Fracture toughness values (Kic) of welded joints showed an excellent trend in heat-affected zone
with both normalized and stress relief annealed conditions.

3. Fatigue crack growth property of welded joints under stress relief annealed condition was more ex—
cellent than those of normalized joints and base metal.

4. There was good correlation between Kjc and Charpy transition temperature for both base metal

and its welded joints.

5. Dynamic fracture toughness values (Kiq) estimated by instrumented Charpy tests can be correlated
with static fracture toughness values (Kjc) by rate parameter theory.
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Table 1. Chemical composition of SM41B steel
plate tested (wt%).

c | s Mn } P8

0.16 ‘ 0.14 0.75 } 0.011 ) 0.003

Table 2. Electroslag welding conditions.

Electrode Current | Voltage] Velocity Ej;l:
(mmg) (Number (A) (V) | (cm/min) (kJ/cm)
2.4 2 800 45 13.8 2600
2.4 3 1 000 45 16.0 2 800

50°C/h 50°C /h
Cx2h AC300°C ——— 625°C x4h ———

300°C AC
50°C/h

@ IshksEEELEL (SR) :300°C ——— 625°

50°C/ h
Cx4h —— 300°C AC
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Photo. 1. Microstructure of SM41B welded joints.
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Table 3. Tensile test results of SM41B electroslag
welded joints. (Heat-imput=2 600 kJ/cm)

Heat Position YP TS EL RA
treatment (kg/mm?) |(kg/mm?2) | (%) | (%)
BM 25.6 43.3 46.2 74.1

NT HAZ 25.1 43.3 34.3 1 72.5
WM 25.5 42.7 35.2 ) 73.3

SR HAZ 26.9 46.1 38.3 | 65.4
WM 27.8 47.0 39.6 | 67.4
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Fig. 1. Charpy transition behaviour of SM41B

welded joint under normalized condition.
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Fig. 2. Charpy transition behaviour of SM41B
welded joint under stress relief annealed
condition.
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Table 4. Charpy impact test results of SM41B electroslag welded joints.

Heat treatment Heat-imput WM HAZ Bond BM
SR 2 600 —5/10.0 12/ 7.0 32/4.0 —24/28.0
NT 2 600 28/ 3.5 —16/29.0 — —20/26.5
SR 2 800 20/ 5.0 33/ 2.5 — —

vTrss °C/vEo, kg'm
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Fig. 3. Temperature dependence of fracture tough-
ness of SM41B welded joints under norma-
lized condition.
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Fig. 4. Temperature dependence of fracture tough-
ness of SM41B welded joints under stress
relief annealed condition.
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Fig. 5. Temperature dependence of dynamic frac—
ture toughness of SM4IB welded joints.
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Fig. 6. Fatigue crack growth rate of SM4IB welded
joints under normalized condition.
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Fig. 7. Comparison of fatigue crack growth rate in
air and in water of SM41B welded joints -
under normalized condition.
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Fig. 8. Fatigue crack growth rate of SM41B welded
joints under stress relief annealed condition.
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Photo. 2. SEM fractographs of fatigue fracture surface for SM41B steel plate.
(4K=115 kg/ mm?3/2)
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Photo. 3. TEM fractographs of fatigue fracture surface for SM41B. steel plate, -
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Fig. 9. Summary of fracture toughness Kic as a
function of excess temperature T,r.

<, WH ORI ZARBEBRSTREST 5 LTRSS, £
LTwbdsREY 7 bR Teor (Ter=Kic WIERE—
FATT) T&HT 5 Z L X>T, TN OEMIRE
rk1F5 Kic #EETELZERPELPICINTET
W5,

Fig. 91z Kic & Tor L OBRERT. (NiidEFE
BAMESESRk D 72 SM41BN JEGHHR DRIE S Mgk f O 7
—&3Fuy MLz, E72Xrho SM41BN (3 NT LB,
SM41B % SR L% 7RT.) TOHIETEET S L K¢
LB L OBFSEHRE VD K OFBERD /HSL
mY, ZOBBROBESMESTIEINS. Fig. 9 OTIRM
WEIRATREINS.

Kijo—100=5.212-exp {0.0338(T,p+140)}--- (5)

Z Dk X OMEEENE 0.956, FEHE(EEVE 0.382 1ix
%. >% D SM4IB LA Dx L ka3 5 EERTIE
FATT »EEacdhhE, BRI VEREECRT S
BIXFD Kic ZIEETEH LTS,

F 7~ Kic &I 5 v ¥ — OEfRIc 2 WTiE Rovre
9 B E-FEESY X o TEA ORBRBRES
NTW5ER, RERTZ LT — 213 2h 5 ORER
X O TR BIFHEEZESLT 5 Z LIETERPD.

—7, EREY & BhREEERIME B DARB W DV Tid SHOE-
MAKER 510 12 Lo THE SN T WS, EH1k (6) Ric
IoTRHRBBEOEFEREZHB L, SOICREE LIRE L
OMEREE (7)) R0XS5KRb L, h%i rate para-
meter X L'CT\5.

§=20y/(1-E) rereeeemrennnniiinninen (6)

T, & BB (secm?)

oy : BRI ( kg/ mm?)

t o HEEEE T ORRH (sec)

E : ¥ 7% ( kg/ mm?)
rate parameter= TIn(A/J&) cveeerveeveeneenns (7)

— 148 —



SM41B Efiffi-=v 7 v A S FESRTOPRMEIC S L ETHRBLEOPE 977

zzw, T :RBREK)

¢ : BHE (sec?)

A g (108 PR RS T 5)
SHOEMAKER 512)% ABS-C, HY-130 7 & 0fifE, JaMmes
5113 ASTM-A 516 RO & BEEREIEEE O
rate parameter TESH L T BIFh R E 2 Twb.

AEBTz N Ke & K OFfR% rate para-
meter TEEHL L 7SR OHIE Fig. 10 Rd. X
VIS SiC Kie & Kia VERIFARBERCR D —&
OBTRENS. D EDX St SM4IB itk W T, B
HROBHELEET L L X > T K & Ka O
AT 5 EBHELNTHS. Thid SM4IB O
MR B RE R EE LTWhH & B BE LT
Wb EEbh5S. :

F7: Kie 83X Y Kig O3zt & v, i
rate parameter DA L5 & Fig. 11 oX Sk s.
W& OB{%RIL rate parameter DfEH 2.6X10-4 K-?
DUF CHIEEURMRSL LCR D, ZofRE R/ Nk
EDOTHRDD ERBDOX SIS

500 T T T T
WM (SR)
o CT1 A
4001 R c12> Kic (<-ka)
g 38T
3001 ® Kid y -
N &
£
£ 200F o Vo M J
2 ¥
= A
T A co/',//:’
< j00f —© g ° _
4 s
x
o 1 1 1
3000 4000 5000 6000 7000
Rate parameter - Tin (A/€ ) (°K)

Fig. 10. Correlation between fracture toughness
and rate parameter.

T T T T
4 4
300 & <4
.¢.
& +
250}~ -4 A ¢é> dss
*
%
.\200_ & = o
i o . a )
s Kic_[Kid #¢;~¢> 4’1‘3 T * =
£ BM.L [cT20 | @ ks LN oo i
21507 IaM.z[cT28 [4A] 44 S04 ~Na o 450 2
= NTIHAZ [cT28 ° N v c
2 wM_ | cT2Y R B s\ﬁ"’ s ° =
N CTio N 4 Ny té'. o
o HAZ [CcT20 | @ o o & a
xlOO“SR 3BT ® 2a a C‘ll
cnae ° . 45
wMm [CTzo | o , °
80 3BTE (--ke ) [
1 ] o3 - 4
10 15 20 - 25 30 x16
Tin (ATE) (°K')

Fig. 11. Correlation between fracture toughness
and reciprocal rate parameter.

4
Ko (Kpqg) =856-exp [_M]m _

T In (4/¢) weee(8)
Z ORI I AR 0.290, fmueinasrx 0.237,
Z U THBEGENE —0.704 it/ 0T\ 5.

BERRC B 2 BEE LREAb AT BT X0 T
W (Kie B X Ka) 2EHCES. TP
SKER) T BHMETAET: K TR VT EREMSL L TR
iE, KIEREBRETRkOONEG K ZHETH I BT
RELT8 5.

PEoXdic, bAHECEWTIE Kg X0 Kic &
WETEXHZLPPELPTHS.

4. B

6T F KBRS S Ep A i F R S B RS 110mm o SM
41B ERIR = L & b u R 5 J AEEEROWIEREE, IR
WM 3 X OVREEERIMEE & i S B R E S RET R
A (ABEE) I OHBBYLHEORE T OWTERE
FFieotz. Fiz, FELEHEORNTS HICVIE & BN
BERIVEE & OB Eic o T b RETE FENE L.

AERTZONELERIROLSCEHSNDS.

1) pEEEER OB [BEREE NR uE3 % & SR LB X
DGRV 58, AT 5. EmER LB
M OB EEREIT IR & RIS bR DT,

2) Vb ®—THiiXhs UK NT L8
CRBESE (WM) 23dok b9k, HAZ T4
LTRSS ORI 5. SR QUERTIE HAZ X h WM
DI BIFIT DT,

3)  EEYRLEERIME (Kic) & NT jusfis Lot SR 4L
L3z HAZ 58 WM X0 EWERZR D, HEoT<
NTWB &R L. NT L7 HAZ @ K¢ X
B e B ERETH Ok, Ko RIRESGEIEEL LTR
B 5tz 2 O FIREZRVSOXBEHITHS. Zh
W EzE vy he T U EERE NT Q452 &
wEoT WM @ K¢ pMET LT 5D THRBYLHE L
LTk SR MEDHRT I\ iz,

4) sl v vV ¥ — T EHl U 7 SRRk (E
(Kia) v Kic &Rikic WM—-HAZ—>EH ORI LA
L7z

5) Ko v x V¥ —BEEBIRE (FATT) OfiC
VEARBRIRASRSE L, FATT %3 Lic R BT
% Kic #WETE D ZENHALPIIL D Fio K
L Kiqg OBF{%&IT rate parameter DEZFHEATD
C L X oT BRI IGERE XS T LB TE .

6) Vi vt —i XUOMEHMEEOZRIIEL LT
Py uilEo B BEMAIGLTVWSZ LB EDLN

— 149 —



978 & &

o 64 42 (1978) 157 =

7z,

7) RS BRI IS 35 X O NT J0Ee psbs i
XU SR QED S H/NE L I AR L. E7- NT
WEETIE HAZ BBk E < k> TWw55, SR s
O HAZ 2 WM iR ORMEL R L. kibo
HNSEERFEIIAGP LV AZL 05, B LA
EREOERIA LR, X DICHENRXZYAER
DIEFEE C & m ORNICIEMIEEMRANESE L7z,

DI, BRI ORKEHTINE-LERREE (k)
FRRBRZERT - BIEIRRFTE L & O ARSE B Bl 72 vl
MF ORUYER Y LT W72 s VB S B - R 5B
£ LT - BLE RO BATH LIRS R L& 3.
F7CARERORITIC YD TRIAB T 1 S i s b
ERT - BB OIREHF R, 1T H K Ok
BlECHEERELET.

g 53
D) Bz, &RES, WWF—%, FHEME BAK
IB: A LEE, 45 (1976) 2, p. 128 i &

2) BT, HBER, LRES, &5IEH, EE
SBE, JNPRIBEE: &k L 8W, 63 (1977) 2, p. 303

3)
4)

5)

6)

7)
8)
9)
10)
11)
12)

13)

WA, IRMFKR, HREWER: BAMEHES
KEREIRCE, (1977), p. 5

TG, MARMEE, ERXME: BRbE e
LERTEER 08, (1977), p. 67

ANERRE, UTHEMAL, B, SH#—, &\
WR, BHE— BE¥YALEKRSHBENE, ¥
21 4 (1977), p. 162

NERZRE, UTHEANAL, BAWEE, SiH—, &\
wmR, MHE— BEBEXLLFEKRSBEEE, $
21 #£ (1977), p. 164

BNk, ZAEE: BARERYESHBEGR S,
No. 714-10 (1971), p. 67

H. D. GREENBURG: Paper on 5th International
Forgemasters Meeting, (1970) Terni

J. M. Barsom and S. 7. Rorre: ASTM STP,
446 (1970)

R, Hd B, EE O BAERELAH
ek, 4 181 2 (1972)

H. T. CorTEN and A. K. SHOEMAKER: Trans.
ASME, 89 (1967), p. 86

A. K. Sumomaker and S. 7. Rovrre: Trans.
ASME, 91 (1969), p. 512

Lee A. Jamrs: Weld J., 51(1972), 506 S~507 S

— 150 —



