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The Influence of Size and Aqueous Environment on Fatigue Crack
Growth Behaviours in Large Structural Low-Carbon Steels™*

by Masazumi TANAKA**

Abstract; Structural elements in large scale machines and constructions are often used under the
condition of low cycle fatigue where heavy loads are slowly repeated, and besides, in the
corrosive environment such as in rain and sea water.

In this study, as part of the investigation to clarify their fracture characteristics and
ultimately to prevent possible fracture accidents under such conditions, fatigue crack. growth
experiments have been carried out on large plate specimens of two kinds of low. carbon
structural steels under low cycle, that is , high stress fatigue conditions . And the effects of
width and thickness of specimens and the influences of salt and pure water environments under
free corroding condition on crack growth behaviours, the application limit of formula dl,/dN=C

(AK)™, and the relation of macroscopic crack growth rate dI,/dN and microscopic fracture
morphology have been examined by means of fracture mechanics and fractography.

Main results obtained are as follows, _ .

(1) The relation between macroscopic crack growth rate dl,/dN and stress intensity factor range
AK is not remarkably affected by specimen sizes : width from 70 to 500mm and thickness from
3 to 28 mm, and can be represented by the following simple formulae;

d/dN=4.9x10"°x AK*®- - ... for SB42,
and  d/dN=37x107*x AK'®.-.-. for HT80 ,
respectively in the‘w'ide range of dl/dN up to about 2 #m_ “c. For higher rates, the narrower
the specimen width is, the earlier the dl/dN value deviates upwards (to higher side) resulting in-
the narrower range where these formulae are applicable. Final fracture occurs under the net
stress condition influenced by the maximum stress intensity factor Kmax
(2) Macroscopic fractures of thick plate are of rectangular type both in air and in water for
SB42. Those for HT80, however, change from rectangular-shear transition type in air to
rectangular type in water, showing remarkable environmental effects.
(3) Aqueous environment under free corroding conditions remarkably a_ccelefates subcritical
fatigue crack propagation, regardless of the existence of desolved oxygen and salt in water. And
the lower the load frequency, the larger the acceleration effects.
(4) This acceleration effect relates with the brittle fracture mechanism represented by thevbrittle
striation of SB42 and the quasi-cleavage fracture of HT80.
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(5) The width of ductile striations formed dominantly in air practically coinsides with the dl/dN
value. On the other hand, the width of the brittle striations of SB42 is fairly larger than that of
ductile striations and also dl,”dN at the corresponding A K , increasing with the decrease of load

frequency.

(6)  Such brittle fracture behaviours in water environment seems to be caused by local embrittlement

of crack tip region due to hydrogen cyclically induced by the plastic deformation.
Keywords: Low Cycle Fatigue, Crack Growth, Size Effect, Environmental Effect, Steels, Fracture
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Table 1 Chemical compositions of test materials(wt%)

HEMOIL2R Y (EE%)

C Si Mn P S Cu Cu Mo B
SB42 0.18 0.22 0.72 0.014 0.010 - - - -
SB42(T6) 0.14 0.24 0.70 0.018 0.006 - - - —
HT80 0.11 0.26 0.88 0.008 0.003 0.21 0.71 0.40 0.001

Table 2 Mechanical properties of test materials

HEM OBBHER
oy ds ) é Hv
MPa | MPa % %
SB42 238.3 | 433.5 36 60 125
SB42(T6) 294.2 | 431.5 32 — 161
HT80 747.3 | 796.3 22 61 268
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Fig. 1 = Configuration of fatigue specimens
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Fig. 2 Effect of water environments on macroscopic
features of fractures
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Table 3 Relation between specimen width and conditions
of crack growth and final fracture for SB42
ZFRGREB S URBREHESD
WIE=HE&KEE (SB42)

Nt AN | ANs Iy dnet* | Kmax*
mm c c c mm | MPa | MPa-m'?
240 | 31179 | 6680 | 8579 |57.5| 442.3|114.6
160 | 28771 | 8220 | 11071 40.7| 466.8| 98.2
110 { 22380 | 8790 | 12830 (29.5| 497.2( 96.0
70 | 15708 | 8100 | 13008 | 18.5| 520.7| T71.2

Table 4 Relation between specimen width and conditions
of crack growth and final dracture for SB42
ZFREEB L UBRREEEGO
WIETEEFE (HTD)

Ni AN AN; I dnet* | Kmax*
mm c c c mm MPa | MPa-m'?
500 | 173180 | 33920 | 39745 | 178.5| 806.1 | 222.9
240 | 133920 | 48310 | 53060 89.6 | 910.1]205.0
160.| 78200 [ 32970 42450 61.0| 968.91161.7
110 | 76407 | 34280 44707 43.01 1050.3 | 150.8
70| 34577 | 24610 29767 27.211033.6 | 120.4
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Fig. 3 Effect of plate width on fatigue crack growth
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Fig. 5 Effect of plate thickness on crack growth rates
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Fig. 7 Effect of load frequency on crack growth rates
in pure water
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(@) Fracture at a pearlite particle
(0.05Hz, dIdN = 0.60 2 m, c)
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(b) Wide striations with fine parallel stripes
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Photo 1 Microscopic feature of the fractures of SB42
formed in air (Arrows show crack growth directi-
on)
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