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Synopsis :

Fatigue crack propagation rates have been measured for various structural steels and
several experiments on brittle fracture have been performed. The propagating rate of
fatigue crack at room temperature is well expressed by Paris' formula, dI/dN=C (AK)m,
and material constants, C and m have a good correlations to yield stress, oy, and
work-hardening exponent n. In weldments, a crack propagates at the rate expected from
its hardness. The value of m varies with test temperature and shows the same
temperature dependence as n. Scanning electron-miorograph reveals 'brittle surface
units' on fatigued surface at low temperature and they influence crack propagation rate
and initiation of brittle fracture. The compressive residual stress existing at crack tip

suppresses the initiation of brittle fracture.
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Fatigue crack propagation rates have been measured for various structural steels and several experi-

ments on brittle fracture have bheen performed.

The propagating rate of fatigue crack at room temperature is well expressed by Peris' formula,

dl/dN=C(4K)™, and material constants, C and m have a good correlations to vield stress, oy, and

work-hardening exponent #. In weldments, & crack propagates at the rate expected from its hardness.

The walue of m varies with test temperature and shows the same temperature dependence as #.

Scanning electron-micrograph reveals dotted ‘brittle surface units’ on fatigued surface at low temperature

and they influence crack propagation rate and initiation of brittle fracture. The compressive residual

stress existing at crack tip suppresses the initiation of brittle {racture.
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Fig. 21 The effect of temperature on the crack
propagation rate (9 % Ni steel)



frigt il

oY E B

-mm eyclel

10

dl A

L[

lis l

a0 oo T TEo T 14
AK [kg/mm')

) 200

The effect of temperature on the
crack propagation rate (HT 60)

Fig. 22

AW, Fig. 235 m L )R X SF L%
Flto. R LEHE 6§ wIvRro0T, &2
¢.1/min & 1.0/min ©TFRFIEHI, € %
0.1/min & U Tksbic n ik, 9% Ni g '
o THEAREREBAORE ik ey~ 21X
FLibisioiod, HT 60 1220 T
135 C e~ 270AbRhE, SHITE%
1.O0/min & LCHebdc = iE, 9% Niflic
DL TIRLEF Y — 2R mEicns, HTG60
D -7y —75°C &R E R L,
E MARE L E, n LR TIT AR
oo EEM b {les T D 2 & A
B, 9% Nifficov-rdabodfoo§F
LEETABAY TR L — 2 b D Z
EHTEEND, EREOEHRBICSL T
i, OTREEE IR X Do
ek, m ORI 2B n O
held—HLTuAE WTo LNt
L, Fig. 11, I3 Lok 5 iiERiC s
L omit, oy, mOTRE S DB
HaH, KETom T LEIIER S
Fheiig—Hiikv, Thbb, BREA
LY o i EHL, mdELT 5L TH
Xhas, EPtFig. 22 0k 5 B
B Lisys, Lioata T om i s

0 m
—— nl e L0/ mind
& nlé-Dl/mint

47

~{-m
—a— nlé=10/min}
& qt & 01 min)

Temperature (°C)

(a) SM50 JK=-68. kg/mm¥

(¢) HT100 4K 57kg/mm¥

Photo. 1 Scanning electron microfractogrphs of the

[ERE1]

HTE0 015

947K sterd
ol ®

“a

005

b L i
=1k} {1 204 =100 1]
Temperature (°C)

Fig. 23 The effect of temperature on the m value and work-

hardening exponent #, of 9 % Ni steel and HT 60

Tl TOZEE DEBOER Tl fore
n i X0 L5 CHEREROBBCEET L ER S
wrpEr AR A EOLOTRA S LHESR D,

3.4 WEOTENETHHMRCL S8R

FEF EHOBEIMCE T 2 HFEREAY F 7

TS L P fov, FoTERS D VRER
TEELCES S RAOREY AT ENET
ﬁgLTCo

(b) HT80 AK=158.6kg/mm?¥

(d) HT100 4K=103kg/mm%

specimens tested at room temperaiure (Crack
propagating direction is shown by white
arrow mark. & striation @ intergranullar
fracture surface @ valley patern © devided
crack)

—- 47 -



48 Nl B gk B4R

January 1974

Lo BHRWEOL - & LB -A2 — vk AL
V== e VEFITR SR CH S, (aNz®
TR L1z SMA0 CRBEI AP ) = —
YavTHhH, SM 4l & SM 50 OB T,
ALY == 5 vid 4K A 50kg/mm¥% & E T
TTRRESHLNRTE Y, 4K pRKEL{edicoh
TLEGELEHLRL, OTmLitl oA
R TEH O 2 RPRFICE - TERT 854
HLIEERRLTS, RIFHEmL HT 80 T4
KD E G & XCEES R, COBEEESD
SHOF—A27F4 FRRATHAS, Zhbily:
Thi dK pkE{hhatBbnidind, A
BRI CIEA MY =— g vitEbhhe{ ¢,
AL T EREERED (1) Rebi+hid
IBEEBAERL TS TBEI R, (b
HT 80 THEREZEIhI ANV =—va ¥ THH,
4K 13 158 6 kg/mm¥% o A, (¢), (dNiFAHE
SEMMRE S o RENLERTH S, ()
WLHT 100 @ 4K 7% 57 kg/mm¥ & L & OFEG
THY, FUOMTHMCEL oo fmiko M
(LIS AEEEEI - 5) Aabhb, FLkRx
5, FELETHRCEAELO TR LEE R, =
CF TR LACXHESSIELCERELICLDT
$5, (d) HRLEHELELCERL, 4K A8
103 kg/mm* 2t » 2 (U BOWETH S, ()T
RehiomMEfir < Fh it e adFore
BECTELL VA, T4 Bl &
X > CEEENTOMEERRE AWML ISR
THAHEEZLRL, ¥, HEEMANEEEL
hood, FL{ 4K o L b TRRBENE
BAIs b1 THH 5, 0L 5 BROREY
F LG BT 4K 0 50kg/mm¥% kb
TA MU =— g v, RIFEEIR S X R R
H, 4K m50kg/mm¥% L h k& {hHEALY
== g VRSE XA AT A, FHESE
STz 4K 23 50kg/mm¥ Bich CTx e PO
FH R, RRBE S Do X3,
AK 2% 70~100kg/mm¥% C = o o5 O FLL AR
e, K 2 100kg/mm¥ Bl RTi &
HoFEEHE ALYy 2—v s YARBRE,
hoRESLOBRBSER L BN LIS —HLT
Wi,

Photo. 2(a) (b) (¢ )it 9% Nigioo —196°C
CEGD BHEETH D, (a) ik 4K 2 741
kg/mm* OfIFETHY, EFC I HHEHLER
DIFE & FMRCAEBE S R L0545, etk

(¢) 4K=195.5 kg/mm%

Photo. 2 Scanning electron microfractographs
of 9% Ni steel tested at —196°C (Crack
propagating direction is shown by
white arrow mark)



vol. 6 No. 1

HHEEEREORY & 2SRk 49

—

fid BHh D, ZOMEEBEAY L BETS
L, EHEHRRI OB L BIAYRESE LT
S AL T, FloREEASRT LI L
CEELELOTHL ENbED, THDLHT
A AR ) SHEST LT 5, etk
B o N EGE MRS 0P LETNCH D
Fosh, RRVERETE & o OEEH L OB CITE
AT T LA, BtEETi oD TR D
ST E OB L Tl 5 T B, Lt
FroTo X5 elptEimoiEHshEREHD
EEHEML ENTED, ok, TRLS
Cf7AEHAEE ] DRE JEmOA - AF > 1 b
FIOAE X TE—FHL T3, (b)) ik 4K
97.0 kg/mm¥ ONETHO [ HIREMEWT ] O
St A, VWPFRGIMT LTV B, () i dK
#3122 Skg/mm¥ B TH D, FEHWRMO ST
CIEROBSLRABEA P Y - s VB
CBbR TS, FEBRCREEEA RS RD
pY, FLMRA LA VHGEREEE] ThD, o0
AREA VIR IR LR B L A

Photo. 3 (a)(b)(cHtHTGE0 »—-135°Cic
I AERETH D, ()11 dKH79. 6kg/mm¥
DB TR —on [ BEEEEE H 5,
()it 4K 2 97.0kg/mm¥% D{IED O TH
b, FiEe THAERMESEE] PBRbh 105,
FORIAEEPIDIPILILDOTHL, A
FieReh58or 3 Mo [ ERER Y 2o
BigoteboThs, (¢) L XHENAZLIICHEA
= AK A 107.2kg/mm¥% 0L EDLDTHD,
o TBEUMEER] Aobit-TH bR T
Vi, TOREHI 0 S aEi ol
WL o T LA, - © X 5, [HBUE
W@ 2% it Uah 5 &, X AER
W L wmL, Fig. 20, Fig. 21 i
NEEE - THPR D LB O LR TH

;:Ju

35 MEMMECHLEITEHORE

WELTE B, R L T L8,
B, ISl IRR X Cle ) I
ET L, WEOFoEINT Lkcs I
D&k, UL, SRCEFREEFOLOMN

et E A B LT E SO L U
SHEMHL, HT 80, HT 60, SM 50 %#H
W OMDILASETES 2 v TR AR,
~140°C & i AREHISE R AN I ME L ks

(¢) 4K=107.2kg/mm¥*

Photo. 3 Scanning electron microfractographs
of HT 60 tested at —135°C (Crack
propagating direction is shown by
white arrow mark)

. 49 -—



50 Jmy % gk B

January 1974

K ot HT &
E!; 400t u»«*)”/u HT &0
k_E
4
— 300
W 0 4 SME)
200k ()
+ o Pre stressed
T{H)

T 20 w0
K. max. (kg/mm*?)
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