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Safety Assessment of Steels under Cyclic Loading at Low Temperatures
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Summary

In order to investigate the mechanisms and the factors to govern the brittle fracture ini-
tiation during the fatigue crack propagation at low temperatures,

(1) Fracture toughness tests under wide range of loading rate

(2) Fatigue tests at low temperature

(3) Fracture toughness tests suffered from pre-loading were performed. And detailed
observations and analyses were carried out on the load, the load-line-displacement and the
strain near crack tip at around the fracture initiation, and on the fractography by means of
the scanning electron microscope.

The main results obtained were as follows,

(1) The fracture load was always lower than the maximum load of cyclic loading, the-
refore, the loading rate was non-zero value at the brittle fracture initiation.

(2) Since the residual stress due to the cyclic loading was less effective on the brittle
fracture initiation if it were compared with the loading rate effect, the fatigue fracture
toughness Ky, was estimated as equivalent value as the fracture toughness K, under the
monotonic tensile loading. If the Ky, and the K, were analyzed as a function of the K(=
dK/dzt), there is no significant difference between them. '

(3) The residual stress due to the cyclic loading, though, showed large effect on the
fatigue crack extension as usual manner.

The calculated fatigue life based on the Paris’ formula with taking into consideration of
the residual stress showed good one-by-one correspondence with the observed fatigue life up
to the brittle fracture initiation.

Therefore, a design curve to determine the fatigue life at low temperature was prelimi-
narily proposed.

(4) Comparing with the results obtained from the fracture toughness tests after having
been given monotonic tensile pre-load, the pre-loading effect of cyclic loading at low tempe-
rature was shown to be explained by the p* theory.
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Table 2 Mechanical properties
Yield Strength U.T.S. Impact Test Energy
Ckgf/mm2) | Ckgf/mm?) Ckgf-mD
Steel E 34.8 52.5 11.1 C-40C)
Steel H 47.3 §9.1 —
—-—:-—~ Strain
________ Gauges
---------------- T, | |o
................. S St N
}
Bs30 a=300r18
w=60
Fig.1 Specimen configurations and
geometry (unit: mm)
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Table 1 Chemical composition (weight %)

Fig.2 Layout .of experimental set-up
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Steel E| 0.16 0.34 142 [ 0.022 | 0.005 | 0.001 | 0.002 | 0.022 . = = 5 =
LWAEROEF EY BECHAET
Steel H| 0.09 0.30 1.49 | 0.018 | 0.003 | 0.025 | 0.030 | 0.041

Hriiwky 0°C~~150°C =&k |
s, SR oBRELS i —150

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

366 HAEMFLRIE HF153 5

C BT +£2.5C PUTTHo7o FERBREDOESY
BAEIOWECIEBA TR L 72 5 7 ¥—
¥, MESBAUMNAEMNECRUEXZY » Fr— %
Wl Tote BB Y » 77— 2 DHRINITIEHHESRS
EROFIVF—EEELTHER L, BEYaiIERE
BAFBIOCTHELYEX BOBREIEHT X 52 8%
BnEBHoHBE i Fig | RT3 EE TS BB Y — o
RBIRIRICHA L, ToBELHEOBFRYRET S
TEWEIDER L,
HREREFEOMIEN % Fig 210R44, HE, [HELAS
RN EMER IV, 5EF - COBERILBERSTE
FE (NI Ax—v g VHED ZBLTXv L a—&—
WERER L, BEMISEORAET B OB T2 I EE
Lic, ARBREOWEOBEL, FICHEFRE b IR
HICEBR T 5 e hor, EERETEREY AT
=y AN

3 X B B R

Fig. 3 w E4MD —100°C iz 3132 A 1 Hz 0%
B B R L L S ERE LRWE, WEA
BAEOENELERS IO HEY - XD BEEED
EEOELE LI & OB E R T, BMANABEL
THRPBEERERTHD, BORDORENDITHRA
EZE S DRI CHENEAE LT 5 & Lavboh b Fig 4
i, MEEEREOMRYEEOCREA TS L Oy
1 7r (ER LWEEROMELENT AL ES &
EORE W HEBCHTWSD, BENRE L
TRIAE, BEIRAELUNTHSZ LR ORI
bbb, ok, HEEECECD F58REFECHE
NTEDOHAE Y, CHIIBIEZOE L KEETDOR

Steel E T=-100C tHz
Sl T T T T Fracture Point (P )

Load (ton)

Adload Line
Displacement (mm)

4 Strain Cpd

Time
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records with respect to time at the onset
of fracture (Steel E, T=-—100°C, 1Hz)

Load

Strain

Fig. 4 Relationship between load and
strain during fatigue test (Steel
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Fig.11 Relationship be-
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intensity factor range
AK (Steel E, T=—
100°C)
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Fig. 13 Comparison between observed load cycles

and calculated load cycles up to the brittle
fracture initiation
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