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Experimental Relationships between the Fracture Behaviour and
the Specimen Thickness in Fe-Ni-Co-C Martensitic Steels

Akio TakmMoro, Shunji Snopa, Hatsutaro Kajiwara and Tetsuya Yuce

Abstract

Thin film specimens of both about 5¢m and 20xm thickness and the ASTM standard sheet specimens
of 1.6mm thickness were prepared using Fe-Ni-Co-C martensitic steels and were fractured in tension at
room temperatue and at —196°C. Results of thin film specimens were compared with those of the ASTM
standard specimens which showed very brittle behaviour. Fractography was investigated under both an
optical microscope and S. E. M., and even cleavage facets were observed in the 5um thick specimens. The
observed behaviour supports mechanical results pretty well. Discussion is made on the view points of
plane stress and plane strain conditions and of machine stiffness. The technique employed here and the
results obtained are also examined to give a good information on studying mechanical properties of

amorphous metal films.
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Steel G , Fe-31.8%Ni-4.0%Co-01%C, Martensitic Steel
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A:.Tested at Room Temp. B:Tested at -196°C

Fig.l Specimen geometries (mm).
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Fig.2 Experimental relationships between nom-
inal stress and tensile extension for smooth
specimens of the 3S type [2(a)] and of the
2S type [2(b)] both at room temperature and
at —196°C for the steel G.
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Fig.3 Experimental relationships between nom-
inal stress and tensile extension for smooth
specimens of the 3S type [3(a)] and of the
2S type [3 (b)] both at room temperature and
at —196°C for the steel H.
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Fig.4 Experimental relationships between the
ultimate true stress and the logarithmic
cross sectional area for smooth specimens
tested both at room temperature and at —
196°C for the steel G [4(a)] and for the steel
H [4b)] .
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Fig.5 Experimental relationships between the
absorbed energy to fracture and the loga-
rithmic cross sectional area for smooth spec-
imens tested both at room temperature and
at —196°C for the steel G [5(a)] and for the
steel H [5(b)] .

518&D) DFICRL, BEEOEHCEE® AN, B

ATIKERSIR) R TORBER S OVEWE L B EE

iRl MINs e TORBEETRIBENLED S

ENGEELTw2, XEBEHOBREERNSVRL 2

S, BIROWL HOBHORIKRLTL2HDRFL

7zo HEGOBA~TNLT 44 M, FR/RHEE, =B

BOEBBKSR (Photo. 1a) Tit, L DF 4> 7R

HohsdouerL, 20um BRE OBE (Photo. le) T

WK TH ERE ek



12 (222)

i3, T4 ZUbRRERSHT, DL AREMSET
DANEBIGEWEE2ET %, 2O Z ki, Fig. 4(a)
U Fig. 5 (@)D 20um BERF OBBKEEDES 28
FF2HDTHB, RIEATNLT >4 M, YIR
xR, FEBERB O R % Photos. 1b KU 1f IZ7R
Lo ASTM O&R (1b) B R R AR % %
CHEL, B—EZO T 4 IABKERRLTED, &
AL 20um BObDIR, BLAET 4 v IVERGS
EAPANEHBEAEL TS, WBEFZ T, Z
NOMBEOTDOA — AT F A4 SRR IF KA 40um
BETH- ., R, FERAA - EERBIEEROD b
® % Photos. 1c R 1g B LTz, RIHEXIER I
WEEEELTW R0 L, BEFIFRCT 4 7
LOER 2 EEREOS Y, RIFOEEEEL Tw b,
IR & R OFER b FBEI Photos. 1d XU 1h ittt
LTz, COBFRBEFECLASHBEEIFEE A
5#%, Photo. 2 1213, S H OBEA~ LT ¥4 b
WORME %< L7, Photo.2a i3 ASTM FlEHF +E
ERERBORER T, IERCHROBEEHEEL T 545,
20um EHEA D b D (Photo. 2e) REWT 4 ¥ 7 VE
5 2 EM L REETERL TV, BYIREHO
ASTM RH (Photo. 2b) IMEMBEIZ DD ERL T
WB DKL, 20um ERF O Photo. 2f I3 FEF 1Tk
F 4 v N EELLGAEFRGEOEREEZEL TV 5,
RICBEAR VT 94 Ml - (BRBBERD D b, ¥
12DV Tt Photos. 2¢ RU 2g WHER L 7z, Al
ZREHHRERS S, FRICBUIHOHRRELOEE
DELEET 1+ IVBELEL A 50, REHND
20um BERA THOHESESRNT 1 ¥ 7V THbAT
By, ZhEESECACERCSTIZECHERL
OEELHHCEA TV EEbS, YIRER
B O{EEREER % Photos. 2d R U 2h o L 72,

HERR~HEE 74 > 7VORET 2HE %, BE
EEREE BT 4 Y TVORELI DD ERXR
FLTW5, o<, 20pm B OESSTRBERA
BT b A XA LREEEC, EEOEE
BB EWT 4 I RES RERERIILIVD D,
BOREBOKEVENT 4+ > IVEEBR Sh, B
PN OREEE R © 1Ll 2 o 12 IR Spm EEK
DS .EMBABEOKREVZBNT 5, @I D
RHE R, EFEITC E AHEENEFENTIT 28
ON>5,S.EMBEDO—HESFEZLLLDTHD
2%, W HERUCH OBFEALT YA MEOFNCD
2T Photo. 3 I27x T, Photo. 3a i3 #ifE H OREHIFE
%3 X10METCHEL: LT, BNRE KR T 2K
HHE L Tw3, Photo. 3bid, & V&R (1045 T

Vol. 33 No. 2 (1983)

BEARE - FEM# T - RIFEYIRES - SHEH

BEL-H0T, RERREGTREOXET %K
Frsabnb, LhL, B—RFOoMmoHs (A—H
F ofhsz) Tix, Photo. 3¢ WKWHLNABERICRIE D ANE
BERETE & & S, 72 & % Spm BEA T b EMEDOR
N5 LehEs,

4. EBE
—RCRE OB L 2D EHIG R,
Plastic Zone Size
(v=03)
E
AlB|{CI|D £

Koty
oy |%5 | 10|15 |20

For Ptane Stress

’P.El.—:%{“ —g—sireeocose}

expressed in real lines

Sharp Crack
150 (mm)

For Plane Strain

rniﬁ%{%sir?ev(l—zv)z(l’cos 6)}

expressed in dotted lines
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Photo.1 S.E. M. photographs of fracture surfaces of smooth and notch specimens tested in tension both at
room temperature and at —196°C are shown. Results at the left side for the ASTM standard specimens
are compared with those at the right side for the 20um thick specimens for the steel G.
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Steel H Quenched Martensite
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Photo.2 S.E.M. Photographs of fracture surfaces of smooth and notch specimens tested in tension both at
room temperature and at —196°C are shown. Results at the left side for the ASTM standard specimens
are compared with those at the right side for the 20xm thick specimens for the steel H.
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5um Thick Specimens
Tested at Room Temp.

Steel H

Steel H’

Steel H’

Photo.3 S. E. M. photographs of fracture surfaces
of the 5um thick specimens are shown for
steels H and H’. Photo.3b is in the same
magnification with Photo.3c.
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Fig.7 Experimental relationships between the
ultimate true stress and the width to thick-
ness ratio for smooth specimens tested both
at room temperature and at —196°C for the
steel G [7(a)] and for the steel H [7 (b)]
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Fig.8 Experimental relationships between the
absorbed energy to fracture and the width to
thickness ratio for smooth specimens tested
both at room temperature and at —196°C for
the steel G [8(a)] and for the steel H [8(b)]
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Fig.9 A relationship between nominal stress and
tensile extension is shown at the left for the
Ni-base amorphous metal sheet (MBF-75) of
504m thickness. The optical photographs of
fracture surface are shown at the right.
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