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Effect of Plastic Constraint on Brittle Fracture Initiation of _Soft Welded Joints

by Kunihiko Satoh, Member Masao Toyoda, Member
Kenji Sakano, Member Masahiro Toyosada, Member

Summary

In the soft welded joints having notches in the weld metal, plastic deformation at the notch tip
‘will be held in check by the stronger base metals. In the present report, effect of plastic constraint
<caused due to mechanical heterogeneity on brittle fracture initiation is investigated. Notched wide
plate with groove tensile tests (Groove Deep Notch Test) were carried out as a clue to elucidate
effects of plastic constraint on plastic behaviors at crack tip and critical crack opening displacement,
-and deep notch test of soft welded joints which have saw cut notches in weld metal was carried
out. The main results obtained are summarized as follows :

(1) As the plastic constraint factor becomes larger, the applied stress required to produce a
<onstant crack opening displacement becomes larger (Fig.9) and the critical crack opening displace-
ment Qc becomes smaller (Fig.10). The brittle fracture net stress is maximum at a certain
value of plastic constraint factor (Figs. 3, 11).

(2) 'The relations between the applied stress and crack opening displacement for various values
of plastic constraint factor can be calculated by considering increase of the general yield stress
-due to plastic constraint (Figs. 9, 16).

(3) In the practical soft welded joints, the brittle fracture strength is affected more consider-
ably with fracture toughness than yield strength of weld metal.
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Table 1 #:3#M OLFEMAR L BHRAHEE

Chemical composition (%) Y.S. | T.S. |[Elong.| yTs |Thick-
Steel - (kg/ (kg/ ness
C|si|Ma| P | s |M| N || mmt mm (|| (mm
SM50(1)|0.17 | 0.21 | 1.38 | 0.016] 0. 015| Tr. 0.010.03| 37.4 55.8 37 —36 44
SM50(IL) | 0.18 | 0.35 | 1.44 | 0.013 0.015| Tr. 0.02 | 0.02 36.9 56.5 29 —15 40
Tr. : Trace
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Table 3 $tR#M 3 L UCBERSBOLFHR L BRIKEE

Chemical composition (%) Y.S. { T.S. vTs

Steel (kg/ (kg/
C Si Mn P S Mo Ni Cr A% mm?) mm?)| (°C)
B. M, 0.1410.23|0.90]0.012 0.008 0.44 | Tr. | 0.73/0.03! 753 82.1 —88
W.M. (80) 0.10 | 0.47 | 1.25 | 0.014] 0.016/ 0.45 | 1.20 { 0.59 { 0.01 | 59.0 81.3 —43
W.M. (60) 0.10 |1 0.37 | 1.31 | 0.015{ 0.013; 0. 45 | 0.04 | 0.39 | 0.01 56. 3 70.8 —75
W.M. (50) 0.13(0.24 1 0.91 | 0.011/ 0.009 0.40 | 0.02 | 0.79 | 0.025] 49.4 64. 4 —53

Tr. : Trace

Tabled % # % &

Submerged arc welding y .
B E B M 750 Amp. s | In: ] 2 Welded ot
B B B E 35 Volt. © Lipod Li20- * izod k120
B OB £ B 35 cm/min. l
A ® 45 kJ/cm —400 ® b ioo——d H
groove Base metal Dm“dno‘:v:‘med joint
¢ 80% —
[
o
A80° -~
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h ZBEE T slow bending HE# 1T\, Rotational Factor=0.4 } LT}k edge -COWERERFEOM AL
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32 2 B # R
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QRN B IUCBBESBORRIET (0.2% WH) OBREERFHEEXRLESDOTHS. AERTO HT 80 Fok
EHHOBRBIIRHED T D ELLLVHARRENIBHCHETEL e o T bo

BEMRFOWEIL H—REMET HT 80 SH R Tre v BRACBITLTEY, 3EOBE&FOKL,
Tk HT 60 F oM Ao #FEr e h~ERMwH v, HT 80 F& HT 50 BoE#E k2 Avic
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#loEOHAERME Nk EEL, KRS
BERF T, BESROBELVANEL LN
HEOR\ B R A5 &I < /s
BLENELOND, FAKREBRIAMC X
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BiAuvi#FoRm: HT 80 #4 HT 80 AoBHESRYAVIH#TF LRIL> T 5, &, TR
ChEhERAbR, HT 80 HoRERFCRENERITXToREGH TR E BT tbbEESRA
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& 5o

Fig.17 (3. deep notch RER DWIEE L VIR EHICHBE L1 O,
L/NE COD TR BB SR Dorr EDBBEHEAY 7w w F L
7eb DTH Do COD HMIFRBTEB ORI Dors RO EE
DRABNER O LE2 5L, ¥HEMO deep notch R
Bontc @ b Deee DBEFET 7 v v FTHIFEBOD DB
T ERIeBo BF®, GO HT 50 Ak kv HT 60 Hopgs
Bt LT (7) ReACTEHELLE O & Do (=) DB
ERLICLDT, AERCTOREBREHRFO L > BZ1.2 0
BT EBHERRIC L5 O ORI 10% BECTE
Vo —F, BERAREDVDAAZYFIIDNBELRBEOOT
fled b, (7) R XHHEMENMIETRYTHD o L ER LT
o ARBIL P12 25 BHERROEKBERNIVBETHS
TORAAPOEN P OWMUMEIC LI ZETIIZEA S A bR
ehr oo, MEROERES (Hy)awlts BE LTI L st
BECOWTRSEHOMC LTS BELRSA 5,

3.3.2 /Bl COD BFRBRC X 2 BB B E#H F Ok deep

notch test OEBIFEE

BREBEMTF O deep notch RBK TOMNE L XHUBMA B D
BItRy: (1) Ric & » THETE 50T, /N COD #iiFRB & &
> TIRABREN O H3RD S NWTBEBEHS T O AR D deep
notch RERNCOWBIL IV HEETE 5, Fig 18 12/H, Rt ot
HT 60 fi& HT 50 MoBE#&FOWEIE LR BIE E DG
7wy PLICLDOTHY, Hboihigid/ A COD i
Lo THRLAK Porr & (1) ADSHEHBBEHAYHELLEL O
Thbo sTEMBIIEREL JW—KAR LTk h, EERERE

FOLSCEBHROFATIHSGOBRIC N, BHEHRRC L A2LERRIET ove DLRYER Lo L O
DR &/ COD BTRBA LB ORI Dorr XAWTHET L Z ENTETH B,
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ARRC L > THBOLRBREYENT L L ROBYTH 5,

(1) YRZIOHEBEMFLHE deep notch REBA DYIXEROBOERL 01, BHHFTLI VR
ST 0 % 53 %R D deep notch ABH DO X h /I b COBED 0 & & DRIRILBHHIFIC T
SEEERIENDO LR EETA el Q) RO BET LI LNTE D,

(2) BEREORAMNEMREIBPEHIRIHL LT ONTEACHAT Do FORMA O BRE T WK
BRETDRTA-2BEHNT () AbRDLR L,

(3) WHERRLAFET HEOMUEBERE RN S EMEOL ZATRALL Y, WEIAFECH 5
&mKOKV%%K%&fﬁTTéo:@ﬁ%d%ﬁ@ﬁﬁmlo1ﬁu¢%$f5mﬁgmmﬁa@gm&m
REAELOETOBREHRE LTHBETE S,
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(5) /B COD HFRBIC L > THLIESBRMOEL LAV TAERCORE B EMFDO LA deep
notch HEBDOER L ERBMCITMET5 = L 23C & %,
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