The Society of Naval Architects of Japan

387

(3645 ALMBIGLBEEREAT BV THERE)
ikt DY) RIBEEEPE 7o\

TR ¥ T E £ FEA Kk A <
FR H O 2= BY.

A Consideration on the Notch Sensitivity of Steel

By Masaki Watanabe, Member Midori Otani, Member
and Yoshiharu Ideguchi, Member

Summary

The nominal yield stress was measured on centrally perforated plate specimen which was machined
from various steels with a wide range of transition temperature measured by V-Charpy test. The
‘load for yielding was determined from the stress-strain curve -which was obtained using SR 4 gauge
“put in touch with the circumference of the hole. The maximum stress atyieding (oym) was calculated
“from thus measured nominal yielding stress (ojn) taking into account the shape factor of the
perforated specimen. The values of oym of each steel were evidently higher ,thén their own yield
‘points, and the degrees of rise in oym fairly varied after each steel. Accordingly the existence
-of notch sensitivity was proved in the phenomenon of ‘yielding of notched specimen about steel.-

Then the relation was searched between those amounts of ‘rise in oym and the transition tempera-
-tures, and it was found that the more marked the rise in yleldmg was, the higher the transition
‘temperature in every steel. ' '

The meaning of notch sensitivity in yielding phenomenon was discussed after the stress theory about
‘the yielding of notched specimen set forth by Prof. Tshibashi, and also after the conception of
-elastic notch sensitivity proposed by. H.Neuber. After those theories the relative values of material
-constant were deduced for each stéel as'the measure of its notch sensitivity in yielding. Further
-the literatures were cited to refer the characteristics of similar constant in the study of notched
‘fatigue, taking into consideration the Neuber 'S conceptlon and’ presummg the tendency towards
“brittle fracture of each steel reported. :

As the result of all-inclusive considerations ab‘ove; it was denoted that some common factor must
‘have controlled all those notch sensitive phenomena, since there existed similar relations between
‘the material constants of steels deduced front each notch sensitive phenomenon .and close correla-

‘tions of these constants w1th the transmon temperature
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Table 1 Properties of steels tested (1)

Steel Plate Compositions (%)
N Quality thick.
°. (mm)| C | Si | Mn | P s €u
1 Rimmed mild steel, as rolled 13 0-20 tr. 0-44 0-035| 0-013| 0-29
2 Semi-killed m.s., as rolled 20 0-21 0-06 0-78 0-014 | 0-022| Q19
3 | Killed m.s., as rolled 20 0-14 0-22 0-80 0-017 | 0-023| 0-18
4 Killed m.s., normalized 20 0-10 0-24 1-07 0-020 | 0-015} 0-18
5 High tension s., normalized 15 0-16 0-42 1-25 0-013 | 0-012| 0.23
6 2H steel, quenched & tempered 20 0-16 0-44 1-30 0-017 | 0-013| 0-22
Table 2 Properties of steels tested (2) IhicHEFEC I RE Table 2 0T &
. < -V Y L B —E 53
Mechanical properties Transition temperatures CTH2o Vyyre aﬁ(*b
S}t‘zel Yiel({ —{ensili kElongation V-Charpy test X BREE (Trs-Tre-Trs) %, AFE
. poin strength | . = 3 -1.2.3
(kg/mm?) (k_g/mm’)l (%) (7:n§ (7;655 (?Ef) PRI L Th %o Sh bigf;
1 vt (- D J
1 30-2 15-6 23-8 6 32 48 b0 1 AnSeic ~EERRRIEOPE
2 28-0 16-8 26-5 -19- 5 27 OB AV 0TS Y, S
3 32.9 48-7 30-3 -29 -2 12 4+5.6 & LB\ TER:
4 32-2 47-0 -1 ~50 -5 2 &1B$Eﬂﬁﬁfﬁat&iﬁk B TER
5 39-9 557 22:4 —57 0 -5 FAESROYIREE LB LIz DD
. 61-5 20-1 - ! - - -
S i > %8 —EONBHTHDT, EOL X EER

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

MM o BERSZHT 2T ‘ 389

A ERLTROLEBBEENRBOETEL B, B TRTOY v ¥ —~RBHII, RESD (core) #ah HEA
REEO AR I e, @M 51235 Tre BN THLOEERT, 6 No. [RICEBREMEL, »
D8+ 1 12FEEC notch brittle Tk b, 88 6 13 » T notch tough THAB I LAURIN T3,

3% B O/ %

(nH & B K
R R0 EARWET 5HRH L LT, Fig.1 OBROMAFARBI & A e, $7cbbiE 18mm E X Smm
DR DHLICERT B ER 6 mm D LA, @Jk‘iﬂ%?ﬁ:—?—x a@%ﬂlam%mf%“)f% FOAALD S
6#&@%Aﬁ%ﬁfﬁﬁﬁﬁﬁ%ki&bnfu5@
T, COBORBAYEVE L, BROBHCERAT
5%, Howland OFHEHER®ICIZL, ROoZ <R
BHBLPLABROEN3DBAR, TOHMREK o
(FIRMoRKIETI L, mwk‘ﬁi@#%mﬁ@kﬁ)bi 3.5

T
FFLRBRA 1, W fﬂ%@ﬁﬁﬁ@ﬁﬁ* L (cone) “M? ' }Fi_azs as ‘ as 2;_~_i

D, TOEEFFCH YL, ¥ 8EIE in Tk S S

RRBSCRIALI SR, EELTOo hegL LI R e e

oo BICHOFLEHIS & EiL, COREZEECL Fig.1 Centrally perforated specimen
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Fig.1 shic FRT 2 BT, a&%©§ﬁhﬁﬁﬁﬁﬁ0¢&ﬁ(GL4mm)%Hﬂkﬁ§LT%ﬁbto
VPRI TE HRIFUSEMT T, EFRIIBCD L5 CET 5 X3l TOX 3R LTEIRRRY
ﬁ&kﬁ,a&ﬁwrﬂ%¢%#%ﬁ?émG%ﬁ%&rﬁévf&ﬁM&;%ﬁ%%ﬁbf#B@mﬂ~0f
BB OEFBECHRT DL LN TE B LEL DRD,
o RBRERABAT 51, B TR e BER A & 515 & & AL TR
"Table 3 Yield point of steel %o L L Table 2 04“@{[301@&?@#*4%&16{@6 B AR DEE
measured Dy TouUnd DRI SPST (L FBHRAOU T, EIBBICII 51035\ TIRBERAA b I B
bbhkni &) ARETHD, HORREEBOEDOUEND B b AR
VWOT, TRTES—EHELE L. Tibbiif o core s LEEHR

Steel No. Yield point (kg/mm32)
1 27-8

2 28.0 @, FATHOEE Tmm OELEIDHL, 2KOBKBRKRO T2
3 29-8 WCE DN~ THRREERD, BRELRE L. MEERRATNZ I
: o DT EBRAIZ LA X3 Db, LEnoTRD bhicb O TFRRA
6 | 54-4 THOT, Table 3 KENLOREME (o) HRT. RBREROMITICIL,
ORI B, '
4 X B R #

FILDO R R ole R ED O 45t (gaugel, 2) x, ffllo0F4Er (gauge 3, 4) Zric, FHR L0
ADME (6) ZERERFHLT, HE (P) Ry LTABTHE, —f i 4) % Fig.2 KRT X 5 ol
NBE LR 5,

COBOEETRRRIBEMTIHELRELEOT, LK Ple L POBRCEEE Licd 0, Fig.3
Thbo ARPITHEN 4 DR TR, LMHMCHTIRBENTALTH D, BHEBICI\VTIL Ple Ol
—ELIBETHDN, BHHREEROERERCRRED FAHORROERNEIAZL, AdIE SOV
DT, BRMECEVESOREMECE L UTHEHLLTES Y o BIREOBERTRY S bbT gL 0%
R b, FIRBH OILEIBRYBBRTAHELREL, Shi &M 0 RBH LW EE T 585 H
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Fig.2 An example of stress-strain curves (steel No.4)
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Fig.3 Relation between P and Ple.

Table 4 Yield stress of specimen with central circular hole

i

| Gross sectional : Load at yieding (kg) 5 Nominal yield
Steel No.! area ; : stress (o,,)
l (mm?2) i Gaugel, 2 l Gauge 3, 4 Mean ‘{ (kg/mm?)
1 I 91-0 | 980 1120 1050 F1-55
2 88-2 | %60 - 920 940 10-66
3 l 89-5 ] 970 ' 1000 985 11-00
4 ! 89-8 , 960 960 960 10-70
5 i 913 | 1250 1320 1285 14-19
6 | 8-3 | 1610 1500 1555 1749

(oyn) WHRE LT Table 4 iR, IekBFOTREHE, FUECD X5 YBT2 X 5 Lo, Bamci
MEOETOEVAERLOITEHSL 5o EDDHBP OEKT S Ple OffiE, OF43E I 200
L7y, SO il Fig.3 ORFTRRFELRET 503D LS ik bioh ot
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Table 5 Yield stress ratio of specimen with and without central circular hole.
i i . . .
N { Yield point in Table 3 (7,0) Stress at yielding Ratio
Steel No. :
i Nominal stress (o,) Maximum stress (o,,)* "rm

(kg/mm?) | Chg/mm " Gegrmms ™ | (e
1 27-8 i 11.55 40-4 1.45
2 28-0 10-66 37-3 1.33
3 29-8 11-00 38-5 1-29
4 29-4 10-70 37-4 1.27
5 39.2 14-19 49.3 1.26
6 54-4 17-40 60-9 1.12
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EBRE (Trs) 0BT RDHH L, Figd i
R L BEOHC I E R B EE LB b
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ttle Th 2, YIRM OBERIGT % & ¥ TIERIC
CRETHILIIDBLAARETHD, ABEOH
B X>TH Fig.3 o g 05| & HOMESE
T d B3 ETOEENRSH DT, Table 5 D
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0 VB EDIEHT, 0(0)=0ym, 6(}) 1T HBOK (FLr LEX I OFF) TOfE
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BT hEOFRE= AN F —CBRT BHRER
— R @ DEITIERTPNE DD LHEEINDDT, EROAADE 2EII—~ICER L TEX Ly ZD LD

T 5rzoRiz, BREBECETIEVCTIRORI L RTURL bR VBEDIET o) &, BRER
L AERT % o OFHEE O, HEDOI BRTEHEN, MROBREICE L L TRRIBHBTILEE
BR LT\ B,

COEBEHA LT, Table 5 KL oymfoy SLOEOERBETH L, KOOI IR ID, TinbbER
BRCBTORBEWCELRD D L, PIRBCRUCETITIROES | 2MRHM Z LB DT, F0kd
Oym DENETNTHEET AL ERDDTHD, ABRBEEROHER/END, FREOHARBI TN L TEER
MOl DRIERDDHL

Oymfoye X 1.45 O & 143 0.90mm
" O MR112DrE 113 0.25mm  DEHEBBRB,

Lo T Fig.d ofRI1I, YIRHMOBRRASEYIETA2E I NAZWVWEME Y, MERERSCSTE
BEEARVIEEZRLTVS, ZOZ LPIRERBTCOC) ORECHLLEDOE=XNF —FORFEY L
BErT50T, ZhiBETAEENEVE S i3y, BRCERETMIURIETRETE » 8\ 3 03
Y. BHEEELRTWI L RERTALOTH B,

(4) Neuber OUJREMEMEDES &L DMK

YR OB ROV T A MOIREZE 2 BET 52 L R RB I h, BB ST 5RRE LD
HEMARRFEINOTHE A, EORERMOBEFEEC ST AUREZEY I EHTRENCERT 515
¥, Neuber DRE LR BUREOHEOFEATIONIVTELA S,

Neuber LTS X 51K, ERINLBHHTCISRERIFEL T 505, ThrERI/PXL
BEIL T THHETH D L EL B LIRT R, —HEEESCRERNOGEER L EEOKMRH &
505, MEBEENEDTIIOREGROBECIL, BERLHEIEN L EROEH & ORI FERETS
DThHS, ZOMBEBIT 578, BIIRFFROEMBTRE ¢ O/PNKEFBATE, THBR—BSMTRE
THHLELT, BEMCHE LRGSR EYBET 2BHRYRDT, 2O e MBI LB EDOfEX k5
EOMBERTH 2T, Neuber X /2 ZYIRBMERE (0) LAfTIco LD Fischer®® 3RO 4
St AV THIRM OB T2 ER L, Neuber OREDELWE LR EH LT, FRCHGHEM (515EH
X 65kg/mm?) TiL 0 OfEMN 0.48mm (e} 0.96mm) THD
Fo L BRT B,

ZOBORBROEEIDIDTHA 55, BEAHFIZOWTeD
fE% R Lc R S0 WOIBE T 5248, —It Neuber 0]
REERE VRN Z LB BIDTHD LRELT, & O
PIRM ORI LISTHEELETELDL 2T %,

Fig.5 X 28DOH (AL B) OREIT, FEHMO L 2 ORBREIT
RUTHDM, ThOoDYRBEBRENRLD (ea & €8) OT,
R—ER L THREAE O RO L 1AM Ric 5 RE L
BEHCTTOTH B, bDDHA e PNIVHHR, & ORKEM
PR IGHERKRE  7do WEREIRM OBRBET 2 FRER» B

= T30, Fig.5 WRTEEORKBEE A, BEE OBER
Npoor  DISTANCE FROM NOTCH B (ALBTRELWEELTWS) CELLL ¥, YIRMOR

Fig.5 Elastic stress distribution as ﬂiﬁ;gﬁﬂﬂ?% LHBREELX 0 £5THE =0 L LTHEL

affected by Neuber's ¢ value. ZHMEHOBRXEIHEHOBRRACET AHECIRBRRIIELE
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LY, ZOdYRMTE—BRCERIENIO EANEDORDZ L LD, IHREITHE ¢ O/PIVEHMB
DFHH, A XD SBERFEN, LD T oy BITEFNK @’ ZHITCHETS om 25, B BB LB L
PThb, COLIRELDL eDVNI VI LI, THROEIINEWZ L LABRRHREE VO THSLE
LGB .

BEAMO c [HX AN TNV OT, ThEZHRORI T LB LBV, Neuber DFRE‘BDOH
% Fischer DERYRIBT 5L, MEIIZTIH order DD THBELTIVTEHS5, LindbdL e>1
Thiu¥, Fig.5 DEEOIEHS AT L TABEBIC 2T (1) AnbBERISEHYRD S L, TOKRITE
WO XS CBMICHR L ARERLE LD, Flo e<U THOTH, MAEDCHEIRD EbihE, Rz
N B UTEBRMNMIGENRAZ LI LN TH B,

DX 5 YIRM OBERBIZE, Neuber @ e D& e dBIHE L THRLEB S Z L 22,

(5) HEHFCHETIUVNRERHEECODWT

YIR¥ DIEH I D LML, TOBRERHR EEEMTITHM LR T Wi\ X 5T, B0 L < Mk y):
RED B HHEEE (c0) RITEENIC SR OEHRICETIE, EHREIESS LERE S OX—KT
Bbho HXDERBELXBRTHLD, Z0 e OEINH 0.2%C DREMTH 0.02~0.06mm, # 0.5%C
DIRFEMTHY 0.06~0.08mm, Ni-Mo HHTH 0.06mm, K TH 0.25mm O order Thb, —FHERDM
BRERR CHER I N, SHOLER G PHENEBRECE JFTHEYHRLARNDIOBEYRIETS L,
YIRM DFEHT eo D/PIVEIMT Y, BHERECRE N TIIHRREN M BBREDEWTHLAS ZENHEL
PEHETESD X5 Th b,

X BIK Moore |3 Neuber DOEJRBUREOHEZY, VIRMOBEXESCIFTHLT, WhPAFIEA X
DEFCTIRIE LIRDOARE S 2 T 5,

B—1 _ 1
a—1 4. \/2_5{; (2)
il (TS YR F P DR
- FERBE, Tebhb e=0 » UTHEHE LYRBORAET L AFIEH
(BIREDFHIET) © M _
B GIRGRH, TIbbFEMOESR L, AHENTH bbb LIcYIRH DREY
FR GRS BEARAE LR WRAIEN) Ol
2D (2) AR LhE, H2URBREF LT e PIWBEBITKERD, Lkh>oT e XAWTHREY
BEEEITE eo DEDPXLInD, EROT L g0 DHZIVH OB EEBBEENEVTHAS S & OHE
HIELTHE, BRURMOBEFARCEEL CTHEL c DPIVWRE LYEBRELENTHEAI I LWVWIZ L
Wigh, ZHIECERHOBIRBEE» b e BHRmLCEBOBRLIBL—&KTHLELDRS,
(6) LAEDOEER XOT, SHOURRZIHIETHIRDOIE
(2) YIRMOBRCBTERMOTHE 1 ’
(b) BIRMOEHFCENTBEEDD €
(c¢) Neuber OHJRMMRE ¢ /2
DRPOEEZEL —FK L, »OMERECRT 29REE L EFRYET S LAERI N, ThbbiIk
MOBRRBSCBE LT, I AVPNIWEERE CBBREDOEVC LTI, A 20 X 5 e ii T,

EXPIVTESL S LEZ iz, ¥EUIRMOBEHHRCBEEL TE, 0 D/PINH DI ERITY e pVh &L,
DL XRRARCEBRENMETT5THS 5 L#EEI R,

S OYIRIEHR S L, 38 (Iee) ODBESETAHERLIL, WThd 20 L5 K MHOEREZENEEN
KRR T 23D LEXLDRBIC Db bd, HREIZTAZHEY L TREbRTER, L LEELIZERD
FRC D EOWT, ThORECEELHEEYETAEETHY, »ORBOURBZIUHOELEOL LT, &
FERC BRI NAE R bR WL EL D EDTH 5,

6 # £l
ST OYIRBEZME N BIST B L E X bR AEBREOMOMEN Y BRET 5 -», REYRIC L6 EOMER
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WA EHCTHARBEYSEL, YRDBEOLDEFEN N LD L5 LBEREHOMEL T T ETHA L.
ERORERC L TV FROMM T LBRIENI LR Lich, ERAEIHET Ltehlk VEELE, O EAE
REEMOV v v M —RBROBBEE (Trs L Trs) 2HET3E, BRICHEABED KE VW EES
BREEME L, notch brittle 75 & & AVHIBE Lo '

— R ORRRICEET B BRSO BRI LT, BRBIBERC S bbh sz DROEE (1) BV &
i3, BRSO ERED L I Bis b, BT notch tough 7ol CLXMIREED | 2MEL, PIROEMTH
RIZERT AN L, LERO T OYRBEETAE=RAF—FOB VP ILI TTL &L%o

X 51 Neuber DYIRBEREOBATMA L TRETS &, RSHIROEMRTRWEL N5 — L KE
THNRBEOMR () PWPIWIRE, PIRMOBRIEND EAERD W 2 XERLE S,

EHBEC KT D URBRSHE, FIBH OBESE L SIS HELRTERO, YIREX Y ODER () I X
DOTHREINDA, 0 co Db ¢ L ARLEROELEYTHTHA S L FHIA TV %, ERIRM ORI
REEDFERLBRET DL, —HIC 0o DA X VM CIHUBELLT VL LAHEI D,

SO XS EBROMCIECHEELEENNEEL, TR ERETET AHMRERR (e o) TR
\» order OET, 2 OVLThOBEKRF VT HHOECE U TH—OBMORE({LE T2 L XEES NI,
LT o i b0EEECH L TE, tELE 1 DOHKESEOEED S LT, FOXELBIEMCENT
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