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Brittle Fracture Initiation Characteristics of Twin Notches (2nd Report)

by Kin-ichi Nagai, Member Kazuo Ikeda, Member
Mitsumasa Iwata, Member Hiroshi Maenaka, Member
Katsuya Kajimoto, Member Shigeru Kitamura, Member

Nagio Minami
Summary

A series of research for clarifying the brittle fracture initiation characteristics of narrowly
spaced notches, has been carried out following the research reported previously (1st Report).
Firstly, tensile tests were conducted at room temperature by using test specimens of 200 mm
width, and thereby interaction effect of narrowly spaced notches were analysed by means of
measuring the crack opening displacement by Moiré method. Secondly, brittle fracture tests were
conducted at a low temperature (—160°C) by using test specimens of 400 mm width.

The above analyses and tests were respectively carried out for four kinds of neighboring notches,
viz. equal length collinear notches, unequal length collinear notches, equal length parallel notches
and equal length parallel staggered notches. Steel material tested was a 60 kg/mm? high strength
steel.

The results of test were summarized as follows :

1) From crack opening displacement which is measured at room temperature by Moiré method,
it is possible to estimate fracture stress of narrowly spaced notches.

2) Fracture stress of notches arranged in a straight line which is perpendicular to load direction,
becomes lower in comparing with that of a single notch, and decreases with distance between notches.

3) Fracture stress of notches, which are arranged in parallel and perpendicularly to load
direction, is higher in comparison with that of a single notch and increases with decreased distance
between notches.

4) Fracture stress of equal length parallel staggered notches, having the characteristic which
combines the equal length collinear notches and equal length parallel notches, varies complicatedly

depending upon the location of notches.
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(Z2eg) Xha&mikE WD, HEEL 0.01<P<0.04mm OFHECHHL T D ERNERITEL, 1
D;=0.02mm CHEEIBELTWHLELAZENTE S,

TERERUXBEBA OBBREI, TXTHK 15 BEFRT L5 b ROGRTEI SBEANRE LB i
HONRERDRBXRE L THEN T3 E T3,

4.2.2 EERYFIGIR

FRUTIRRBA OBRRBEIL T & BEER v OBIRYE 16 RerT. [AIARIIE0E7 vk X 24,
AMNEMLOBMEY S LK LTRDEBRERNTH 50 XFIROBEIEHERLFFCAZF T BE—
ORBBRF OBBRRBERNICID ZEXTFHEINEDT, v=0 CHE—HRBRBA OB VIV —FK I BT,
YFNWVRARA I EEER v 2N X {75 L EEREETIN ERT 200K ThHH, EHEENTIREXD
12 P ERLIXE—RABRE ORBRBERNCRES LD, T -REEE NIVWRBECRYREIOHE
BEX > THERABEEICZXE U WX 5 Th %,

FYIR A THHRILI: P D>, TOBRKERE-TH 17 AR Lico 9 VP 7 THEBRAE
NABRERTBE O XHMATIEACD D, ThBRRANUMOTIr—E HRMATIE 0,=0.02mm) i
HEEBRRETEEVSEEELHRL TS,

SRYTIIRBBRF OBHRIIL 2 > oMk Eh, HOYRCEBIRIC—HOHRH»HA/WIRE LR
BRAYEHLTn530%, # 18 RRABIS X 5KFRFhOERIGRMANTE Lic B IR EmE Dl
Do THM LIcb DB 5o BIED XA 7 OB, BEUhEEEESTIRKEZD 12 M ETH3BEEH
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4.2.3 FEBRYIX

EEEBYIR L EFITIR LA S He BRI D 5 BERIROTHHR M2, 2c=40mm OHBH
¢ 9=20, 40mm KOWTh ¥ELILBEOBRBRELHLE 19 M, 2¢=80mm T v=20, 40mm
ONT bR B RS ORBBEENYE 20 REEhEFhTT. 19 BT [A] [A] Hkiido €7
VERXAEREYL LR LTHELL 2c=40mm, v=20mm OPADAAK I VBROBERELTITH S,
HE RS K X A MY AV TROLERIRTOAAB LU BAOWRRERLNER T 7 VER L > THE
LE-SEOREMORMY b & KR LB B EENIYREA~F vy 7 LTB L& (h<40mm) 1B
ARABLODEL, A=37 9 7 LTS (A>40mm) (LFEOEAKILB T LERL TS0 Tib
b, MECXBALD, BETITAA»OERNRRBETS L L), SHELY OBRMBOBEA L —HL T
Bo FT-EREIZ, 2c=40, 80mm DWThOBHFLEWTH, FOEMIERS OBRER L BE—KLT
A Do

DEK, FRERORBRAOVIRER A, BTHM UL O & hf2c OBFRARTLEE 21 RO X 5K %,
AL [OIFRMA AT, [Al [@BAMBATHMLE & 2 ThThEbT, YRFA -7 y7 LT
WHEE (B2e<l) BAED O BREML AR, F—2F g LikvwiE (B2c>1) ZRNEARAUD Do
HkE i BEACD BN, h2c=0.5 OBALEKRL LiiE O=0.02 mm CHBYEZ LT BEEXBEL
NT& %o

BEEVIR )R AR H D BITHR BULIZIE 300D X 1 TSI h 3o 05 b 1Ol O YR I RBITRIC—T5 D
FRHLER LTV b DT, IREEEE» BEPIRES 2¢ 0 12 UETHEBACTNTIOXM 7 ORR
MG bRt FBEEENTREZD 12 UTT, PRNA—-237 97 LTWERARIZE 22 Brbbh b
I 5k 2 BOWUROMIEEI CREIREL, REHRACES LRCIROANMERN D RANRBELTH
W Lo e REGORTREMEF LR, 077, BEHEERIRRIO 12 UTFT, IR13F~-17 »7 Lk
Wi xoEmE 23 Reabhs X5k, ¥ 2E00RONMERY» LRANREEL, TOoRIRON MR
ML OBBOREEEC X > THET L1

v Anp_i
»
y 0o ot ¥ o1 4
] 4 e __!_
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T1Qi%WWI@cmBX&tﬁ%%iﬁﬁ@ﬂ%ﬁ%%ﬁﬁ&%&?%Ckﬁﬂ%ﬁ%éo%24@m$§E
BUIROBEREISNE A=2¢c/h DBEFEXT Lich DT, EE7— e
FIREIRO b O X5 Lico BRI K OBRA L AT Ko 23k P2 {70
TBRBERIS 2, ERIOOERR LS LICB—EIRD O, 7b sk i g
DIBRRBEEN TN ERRTo ¥, RPRIZETVEL LS @
T LHEE L TR BEREIE IS ER TREIAT N 5o MERLY
b LI RDIPEREEING, —180°C TITEAUT L A L b hicts
ﬁ,_MWCfmmkbmﬁbfvao%%%%KdBO%mﬁé
DY ADKEL LB Lictin TSI BB » TETFTLTH D,
BRRBEIET) OBRHEE TR 2 L 2R LT\ B0 £ LTKOE
WAL O DHERAD TR L D FMAHEERE L BT, —140°C
DRERER PO LD X 5K X MR BERE SN 25 < R |26280(:180°C) o
BTERIED, ORISTHE LI FNL VELETHS = & i
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%K%M%K#B%ﬁﬁﬁﬁibi%oiié#ﬁ%mﬂckoUbiﬁmlfﬂK%MKﬂVXUwF%%H
&mokXﬂ4f©ﬁ$#fR2&&§%ECLTM%%,:hmﬂvﬂkﬁbbzkmlbﬁﬁ%émﬁ#k
B ERT2DEEL RS,
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&fbb,%%Kﬁﬁ%k%@&%ﬁbkﬁhdnammo:@%%%%ZMZK%T%EEﬁWKQ%?»m
%Q%D%&ﬁ%&ﬁ%bf%%bf&aoﬁm&mﬁ%ﬁﬁuxﬁé¢c&Taa,mﬁac@%afﬁ%w
K@WM%@%MM?%EWKRA@@%DE&%4%m%bf%b.Bﬁ@%uﬁmm¢ﬂa>%)?@5o
=7, RE (det]) DHE—GIRMD o, BFHHOBLL O, Th

S T s v D, PriZ Oy LOKRE G, LT, SEBYIR D REINEH BN LT
No-Load No-Load ‘é—ﬁlk & f.ﬂ ")ﬁ:%ﬁaﬁpc B ,‘\{‘;\OE’E DEﬁZki A¢=¢l—¢2 f\fw%ﬁy:tﬁ

) M3 %o ZORKIBLWEIETL » TREbI S BEN S 2, +
Dy Rt b, BIRIRR AN BB RIS T o D ES . Lie
Load (6c) Lood (&) Mo TPRIDNIWICH>TH 2 BBEENES 5 FF0 ¥ 2450
+ S B bl EL BT EATE . LinL, X i O R L,

e Fracture PRI G R SE80s & O BB R A AT B E 7o B L, B—YJi & 75

RBN FREGIROBE =72 LHEONMIGKERCOBHBEIVINS fed & L AFHEIH, © 0k
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B2RBREECTRELN D 5. COMLEET IERIRXOEEYRIE )B4, FECHYSLHETH
GRIDRIRT 2 LE LD 5o

6 #& E

MEIR OB OV T, €7 VIC X 29RO FHRE ORI & SR T AR HERBR % 1T -
THER, 2¥oBHRAE.

1) E7VECI->TRHEMNEMYEE, BEIHNTEZ EATETH S,

2) WEVIRH OREBEREIETINT, 7 VR X » CTRIE LSRRI ST 2 BHB N M2 b BT T
H5Do

3) EEVROTHCOWTRUMAENERYERT 584, TOTEHREEIIEHE L L BT 5,
4) ERURHMOBEREE N IDRAELT B L > TETT %0 —F, ZEEFGIRHC IS TIZY)
RBBRT B LI - TERT 5. SREERVIAME, SRERVIRM L EEWFIYRHOBENES LT
¥Y, TOBERELTIYRBALOMBERIRIC X b @ BT 2,

5 UVIRNHE—CHEETHERLLS 2BRAVKHEERI IR Tho¥D X b kb, SEBEBYX OBA
X, AIUGIRRIEEEE [ 23 1520 RERERVROBAE, 1>2¢ @WHOURER); SELFYROBE
0, EEEEEY S v SREBRRUROBEE, BEERE X 20 H5VIEKFEE AN h>4dc TH Do

6) EMRURMOBEIL, BEMOEEIE—NRHMTRO-BRAMATE O ET 5 L BELRE
To FRUSIIKMOBE, YRBEBEEINZ s EWEREEIN LTS L L O, T ERL, 9
B—ETHEENREETZ LW EEEHET 5,

E &
APRICH L, EMFRBELZALE I THEFESRRAB LI ULDEERS I ORGHEEERLFERBIX
HMEDZREMNN OB ARE R CH R L Bboto HREDEITCHI: > CURRRAABMTIT T Gl 5 4 R
’ ZFETEMOEEVRNTERR RAEGHENEEFECKASZBY e, & B #EY

FLETo FNEROFTCHI ) TRV RS RFTEFHPRT, MR GESERo%
AR b /P E KB SUCEFEETEGD LS AT OMEARCEH L T

Z2 £ X ®

1) ME-—X, #d W, N R ERUROBEBMER AN (F1R), BXENFELRTES 129 5,
(1971), p. 257.

2) F.Erdogan: On the Stress Distribution in Plates with Collinear Cuts under Arbitrary Loads,
Proc. 4th U.S. Nat. Cong. App. Mech., (1962), p.547.

3) G.C.Sih: Boundary Problems for Longitudinal Shear Cracks, Development in Theoretical and
Applied Mechanics, Vol.2, (1964), p.117.

4) M. Ichikawa, M. Ohashi, T. Yokobori : Interaction between Parallel Cracks in an Elastic Solid and
its Effect on Fracture, Rep. Res. Inst. Strength and Fracture of Materials, Vol.1, No.1, (1965),
p. 1.

5) BUERE, REBEK WAL MBORGIERE, P47 CVRVENK2 5y 27 0ETHIROWT,
BAMBREEGEHE6%25, (1971), p. 39.

6) AHE W:EEOEHRIUNLEF ORI KT HICTIEKARRORET, BBRFE AR 35 %277 £, (1969),
p. 1815.

7) B.A.Bilby, A.H. Cottrell, E.Smith, H.K.Swinden : Plastic Yield from Sharp Notches, Proc.
Roy. Soc., A279, (1964), p.1.

8) E.Smith: The Spread of Plasticity Between Two Cracks, Inst. J. Eng. Sci, Vol.2, (1964), p.
379.

9) EHE— HKF B: hooBM¥E:RUBEORLE, HAEMFELHCES 127 =2, (1970), p.
227.

10) wE—FK, dbK X, @i 5 BREREREOFANE—BEAEBERC X 5 Deep Notch Test ©
Pt B R ARt —, BEREMFELRIUES 1295, (1971), p. 277
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f+ 23

ZRICBT2E7 VAROKER,S, BRECSIHBEREEN2HET 5BONEDR, BR AR L ORA
BHHANEMOEECOWTHAT 5, RBIH—YXARK IOV T oo RBA OEE - 08 - VR EX
PRI TIEGRY, BEYEX THERRLTS 2Lk VBRAS I URAGHBOLMOBE L H~
oo B Y — X MHRICR T, BEMNIEMOMBIEE LTET VL L - TiTo7edt, 2v a2k & b
VAVE DRIV 2Y o7 ¥F— S X558 80 Lo

FRDOFIRABRT, VIREMTHT 2 BHM OB & & FTEER c e
WMUICHERY, TRty nEQBcoy, Hlha o/oy TH-TRL i A
7oo BHEIMEL B.C.S. =5 X B BEREICH TS/ NI WHEEYRL
T3, BIF—ROHBR LD - Tk, AEBRCHGIERBE O
ERECRTEDRC L 2ZIRVEDERTIWVE Ealbh ot

DER, EROMBEEEFAR CRAGNMO LA LR L M
BR Lico EBRERCLREL DX 11550, [RABABEOEL O,
TEKTCAL LI, A—D oloy WRT2EROBHBMOTMAER
TAELIfEE IEHE LW ER M 2 Do SO IR, T7VERY
S TRDILEFZRE BT HBUMOET 44 Lie, RFEBECRT MR
BRBEEND oy ZA LU THETRERZ EXRETILDOTH D, Lic Y - A
Do TRARLFEXACT, &7 VRABROKEREY HEEYIR O RS R s,
EHEHRET D 2 EXFRETH B,

o|lw

o

m

.4
Bc Sy é

X OoEKTE LBREOBEEK
i O CRETIEHRS IOBREAOEELFARIdORB Y — X

Test S Yi;gml:gint Dimension of Test Specimen Test
teel . - _ .
. at . . Slit Testing . Measuring
Series Room Temp. Thickness] Width Length Temp. Measuring Item Method
A S S41 26 40
. Moiré Method
B 10 200 20 Crack Opening and
HT60 58 Room Temp.| Displacement .
c 40 Contact Strain
vs. Stress
Gage Method
D HT60 58 20 400 80
—65°C
76°C Critical Moiré Method
E HT60 58 20 400 80 99°C Crack Opening| and Clip Gage
_146°C Displacement Method
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