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Effect of Residual Stresses on the Behavior of Brittle Fracture Propagation
By Hiroshi Kihara, Member Tadao Kusuda, Member
Kunihiro lida, Member  Toyoo Maeda, Member
Tadahiro Matsuoka, Member .

Summary

In the tests on brittle fracture of longitudinally welded wide plate specimens or welded spherical
containers it was frequently observed that the propagating brittle crack in the direction oblique to
the weld line changed its direction when the brittle crack approached to the welded joint, or the
brittle crack initiated from the weld flaw was branched off and arrested by the base metal. The’
similar phenomenon was also observed in the brittle fracture of welded structures in a service
condition.

Consequently it may be considered that the residual stresses due to welding affect considerably
the propagation of brittle fracture as in the case of initiation of brittle fracture. In order to
study these effects of residual stresses on brittle fracture propagation, especially on the direction
of propagation, the tests were conducted by using several types of welded plate specimens having
an unsymmetrically placed longitudinal joint, adjacent two joints parallel to each other, or a dia-
gonally placed oblique joint. The test specimen with a trapezoidally impressed artificial notch was
fractured by applying impact under the terﬁperature lower than the arresting temperature.

The principal stresses in the welded specimens were measured in order to analyse the direction
of brittle fracture. . ’

It may be concluded from the test results that the brittle crack propagates in the direction
perpendicular to that of the maximum tensile stress resulting from the residual stresses due to
welding and the applied stress, and the direction of brittle crack becomes unstable in the compre-

ssion region of the resultant stress field.
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Table 1 Chemical Composition and Mechanical Properties
Chemical Composition of Base Metal (%)

c f si } Mn } P 1 s | Mn/C
0.24 | 0.02 i 0.40 j 0.040 | 0.026 ; 1.7

Mechanical Properties (kg/mm?)

Base Metal : Deposite Metal

oy i oy » Elong ’ oy i Ty Elong
2.1 { 45.2 ‘ 28.7% 1 33.1 | 52.2 21.8%
Impact Value kg-m/cm?
l V-Notch [ U-Notch '} Press V-Notch
E, | 1.2 l 7.6 } 0.48
Eazo ] 3.6 1 9.8 { 1.2
E-20 [ 0.89 | 1.9 ] -
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Table 2 Test Results

Type Test : Applied Impact j
og Codse of Temperature | Mean Stress Energy * Remark
Joint pecimen °C kg/mm? kg-m .. :
3 KOwW-1 -31.8 0 20 Not Initiated
= 2(0) —98.0 0 30 Crack started after 2nd I
*g KOW-; 830 0 0 Crack started after 2nd Impact
2
Tgn KOwW-3(1) —-59.5 0 40
A KOW-4 -43.5 12.1 20
-9 —49.7 3.0 20
_%' - i KOW-5 57 370 40 Completely fractured after 2nd Impact
g 3 | KOW-6 |~ 5.4 1.0 40
g g | KOW-T —61.9 2.0 40
P A Row-8(D —58.1 0.1 40
—t —58.0 0 50 rs
g K5w-1 ZE9.0 0 50 Not Initiated
g ~61.8 30 40
2 KS5W-2 %10 41 0
i K15W-1(0 5 0 40 Crack started af dai
3 - } ] o 50 rack started after 2nd Impact
-
] _g K15 w-2(0 —59.2 3.0 40
k) -
85 | KBWAW —60.0 0 50
LS
28| KBsWwow —54-3 3.0 40
N15W-1 ~54.0 12.1 20 e
N 15 W-2 —50.5 6.1 20
N 15 WR-1(2) -50.5 6.1 20 Stress Annealed
b= N30W-1 —49.5 8.9 — Crack started without Impact
5 N 30W-2 —40.7 5.7 — Crack started without Impact
o
B ~50.5 0 70 ’
i N30wW-3 ~50.0 0 30 Completely fractured after 3rd Impact
) . =50.0 0 40
%‘ N 30 WR-1(2) ~51.4 6.1 20 Stress Annealed
© N 60 W-110 —40.2 6.1 20
N 60 W-2 —48.9 4.6 — Crack started wilthout Impact
N 60 WR-1(2 -39.2 6.1 20 Stress Annealed

Note: (1) Started brittle crack was arrested in the specimen.
(2) Stress annealed at 900°C for 1 hour.

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

388 BERBEHRXE F18F

3-2 BEILHAE

BT, BIOEEETFRRAIE 15D, vY PRIt T v AORBIGNOBEFCHEAH O Y R
St CORDROBLEEVBEF LERLT AR ERY 28 KOWEELRY, FRAORRACHER 28
¥y 1} (GL=4mm, 5mm; RV =AF) BRI LE, v FY -~ X ) EZ & DIER 30mm O A

F Yy SR UCENERE et NV F YR I BYMIRELEARIZ LA DT Ute o TR
R ST BRI R R 15,

HEFC KT 3 BAOEREBRICET 2EELY TS kb 0=30° ORBRACOWTHEFE IU&M‘TOEFE\?}S
DR T ot BMESRITE 7 HCRTED 54 AT, ZAOREHEK 1.6mme DR~k 60° OFAW
£y PP RA . BEBIL 2V X 7+ 2 — X~ (QEHE 1/1,000mm) ZEHL G.L % 20mm &L
Fro BEy FESUESRISHEET Bl ) T OB T EERE TR, (G.L.+8)

‘mm ¥ CRAERECHEOR D LR DR, SERIROKEG ey ML 40mmX40mn FHIY) Y
W UCIEIBBRE 1027,

4 B B & R
4-1 HEFERA

Petk i AR R R 8 2 R L,

WEEN WA TR bR U R AEE= XA — B JOBREIE D X BBHE= RV ¥~ i X
T P OBRERET Y BT 9, WIRERRET RN o KOW-1 (1 —381.8°C ¢ 20kg-m OEE%E ML
Fe N ELE S LT ot 2T KOW-2 % X L fERCEHH L 30kg-m, 40kg-m & 2 BOEELTIL>
for 25 2EB D TEERKE LTEEL, ERE,D 210mm MHETH 3-1 RO X5l IbE
YA TH BEL L, BEMAETARSD KOW-3 ORBRETieokt 2h KOW-2 2z A ER UALE TE
EU7, (M:?&%i&lf X v 0.1kg/mm? OFEHCEREL, LI RBEET KOW-3 X H—OFR=F V¥~

kgnm?

30

Oappsi2.l Kgmm2

o
O T

S

Ouge=304Sfo”

LONGITUDINAL RESIDUAL STRESS
MEAN OVER THICKNESS
LONGITUDINAL RESIDUAL STRESS

MEAN OVER THICKNESS
o

-10r Oapp=2.0%mnm? 7|
ool !\\ CENTER OF WELDS _
m
5000 L - 500
a
400r 400r KOW- 4(12.1kg/mm?) | ‘
i =0T b
KOW-5(30kg/mm?)| :
200r 300F 4
200 :‘% 200
1 KOW-7{20kg/nm?)
100} a 100y
L éﬁ |
ok 2 0~
6 TIEo 260 300 400 Boomm 0 100 200 300 400 500"
Fig.3-1 Crack Paths and Longitudinal Fig.3-2 Crack Paths and Longitudinal
Residual Stresses in KOW-2, Residual Stresses in KOW-7,
Kow-3, KOW-6 and KOW-8 KOW-5 and KOW-4 Specimens:
Specimens

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

e BmEo BB L ETRRRERN IoME 389

F ke y 7 (KOW-8), [l LT KOW-6 i35 % lkg/mm? o> TRBR L, ChbORBA KT 24
WOBEE X KOW-3 X b EFEV, AZIELR D E 5> 170mm BETKE (T LR TS, @R
DEBELHDAY v FLHHERT v v O OBRBERIOSHilRY LR Ui, REOEEHFACEAL» Y YO
ST EGECERIE T, EFTBECEOEMGN LY, WETCIFIREN L BO T, FIRIEAO
B 5 HIE I ORBRRE OTEHRC L 2D LEL DD,

§ThT®%%ﬁm§%5kﬁ%%ﬁ@H%hhb,KmVZO%Q#ZOKﬁWLt%%LK,mz&&%
EOFEHBHEILINFEL T LD %o

& 3-2 PICLEEE= 3L ¥ ~% 40kg-m —EL L (KOW-42 ) A e EX cHEORBERZRL TS
% BEBEFANE ML LA OBEIEHOTEDOWTIL I CRRHEO LT, ZOERC I
13 Fig.3-2 BEOATIAMIOREOBERADOSMEHIIKBARKO X 5 KELTELILR . COHE
bR DRSS L ATk MNEE LTS 70 A g O BB TMERSE CHIE O EE T A O T\ Do BLED
SREGEEE D SARR A T ASEREILOBRIGIIIH 1kg/mm?® Th D LAbh %,

4-2 EEEFHBRA

EERLBOMREL 50mm OERBEFRBRS KSW-1 3GH%E, —58C T 50kg-m OEFRE 2 EFX
S NATR R L ote, £ o CRERA R EL 3. 0kg/mm? OEASRD 40kg-m OEEE AL AAILY
BINIIAE L0k DT, R bIENE EF 4 1kg/mm? THO 40kg-m OEEL 5L 2HE 41 K
DY 5 ERAOEFOEN,N LD 2 CEl L TEFLEE VEEBEEL TEECHER L, COBRELP
WY ERBEEHOBRERES THh T TIIh BRI DT W5,

BEREL 150mm & L7z K15W-1 RERHIE 500mm A0 ¥ ¥ CHRCE R I fo 5 2 H OEEC
I D EERE 42 MO X 5 EEL 2 kB OBFRL T OFIE L, ZWRE? D 140mm BETRE <
A ORECERBEE O TH D, ¥k 2B B OBEFASEIN CHOET LEATACH > OXET
kg tnme
30r _

: |

STRESS

20

IDUA
THICKNESS
S

ESID!

MEAN OVER THICKNESS

LONGITUDINAL RESIDUAL STRESS

o
C _ch } L & .
S ) | E W / |
é() v ! N4
-0 =2z -0 \ 1/ ]
=2 N
\?fg i A
S
-20 — -20
< \Lé_msa OF WELDS
mm :Omm
500 - 500 o7 -
AN A A
: A A ]
yo TN
ACT- N 4 SO0k 2 2 §
’ ? R 83 B\ kisw-l
A b S :
oy E ~ 2
300k A 7 — 300r i // A M
AEa 2 G
=i 1 \KEY-2 (41 Gt . K152 (30"
200F 2 A 200r A a 1
EXEEN 28
‘B A :
1001 2l - 100 o 5 .
A L : 1 &
N b = ?
o LB ] ok ; ]
L L . : : 1 1 et | — L T T— L s ) J .
) 120 2 300 400  Sog m 0 100 200 300 400 s00™™

Fig.4-2 Crack Paths and Longitudinal
Residual Stresses in K15W-1
and K15 W-2 Specimens

Fig.4-1 Crack Path and Longitudinal
Residual Stresses in K5 W-2 Specimen
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Fig.6 Crack Paths in As-Welded (N30W-2)
and Stress Annealed (N30WR-1)
Oblique Specimens
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(1) “Initation and Propagation of Brittle Fracture in Welded Steel Plate”, by H. Kihara, T. Yoshida
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