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INTRODUCTION

The fracture mechanisms map first introduced by M.F. Ashby is becoming

quite widely accepted[l’Q]

. The extension of this concept of Ashby's map to
fatigue fracture has been studied recently.

On the da/dN-AK plane, the relationship between da/dN and fatigue
fpacture mechanisms for a given material was offered by R.O. Ritchietg]_
After the fashion of his work, C.Masuda et al.have constructed fatigue
fracture mechanisms maps (or fatigue crack propagation mechanisms maps) for
F/P steels, high and low temperature temperEdjsteels, etc[u], €n§ther
5 .[6

way of making FCPM maps was presented by us and H. Kobayashi separ-
ately. Ky . (or AK) and tempering temperature as a material parameter of

a given steel were employed in Kobayashi's map[sj; while in our maps the
material parameter used is the ratio of oy’S/ch[Sj_ Our maps are construct-
ed with the intention to correlate fatigue crack propagation rate da/dN

and micromechanisms of fracture with the material property cy.s/Kic and
loading factor AK (Kj,4). Data are compiled from tests of medium or low
carbon structural alloy steels at room temperature in air. The way of FCPM
map construction is discussed in this paper and some of the maps are pre-

sented as well.
THE METHOD OF MAKING FCPM MAP
The most important parameter of macro-features for fatigue crack
propagation is the crack growth rate da/dN. Although da/dN is dependent on

many factors, the fundamental ones are material property, environment

(test temperature and surrounding medium) and stress-strain state (related
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to loading condition and sample geometry). When the environment is kept
constant, close attention should be paid only on the effect of the material
factor (M) and stress intensity factor AK opr K - If a three-dimensional
space diagram with the axes of da/dN, M and AKm:E K was drawn, da/dN is
a spatial curved plane, as shown in Fig. 1. The cas?:;adows of da/dN curved
plane cut by constant M planes are a group of da/dN-AK(or K ) curves on
the da/dN-AK or Kmax plane. When cut by constant AK (op Kma:?xplanes, a
group of dafdN-M curves on da/dN-M plane are created. The projections of
intersection of curved plane and constant dafdN planes on M-AK (op K )
plane are another series of curves corresponding to different dafan :zxshown
on the bottom of Fig. 1. We can see clearly regions with different da/dy
levels in this M-AK (or Kmax) plane. Because dafdN is closely related to
fracture mechanisms, it is our basic point of view that the FCPM map should
be constructed on the two~dimensional plane of M and AK(or Kmax) for which

Some comments have been given by K. Iida and H. KobavashiW].
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Fig. 1 Schematic illustration of da/dN

curved plane

different structures.

Oy,s and ch are important material parameters both in relation to
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design and to fatigue fracture. It is well known that fatigue crack pro-
pagation mechanism may be different for materials with different cy)s or
ch. The ch/cy’sratio is a parameter related to the critical plastic zone
size at the crack tip when unstable propagation of fatigue crack is im-
pending. Kic/cy’S is an important parameter in the ratio analysis diagram
(RAD) for fracture control design in mechanical engineeringggj It has also
been used on fatigue design procedures for welded structural steels.tg]

YaS/Kic
Of course, further work has to be done to find a more appropriate material

Thus, we have chosen ¢ as a material parameter for map construction.
parameter.

The fracture micro-mechanisms were determined by electron fractographic
observations. They can be divided into three types:

{1) "Structure sensitive" transgranular mechanism (STG) and inter-
granular fracture mechanism (SIG) at low crack growth rate region (The STG
is called "slip plane separation" showing the like-cleavage pattern or the
"hill and valley" pattern roughly parallel to the crack propagation direc-
tion).

(2) Fatigue striation mechanism (8) at medium crack growth rate pre-
gion.

(3) At high crack growth rate region, the static type fracture mech-
anisms including dimples (D), cleavage or quasi-cleavage (C) and inter-

granular fracture (IG).
FATIGUE CRACK PROPAGATION MECHANISMS MAP

Fig. 2 (R~0.35) and Fig. 3 (R<0.1) are FCPM maps with GY’S/K1C and
AX (or Kpax) coordinates in log-log scale. For a given material state the
fatigue crack propagation process can be described by a horizontal straight
line crossing different fracture mechanism regimes, in which the fracture
mechanisms are labeled. From the maps it is shown that the variations of
fracture mechanism during the whole' crack propagation process can be ex-

pressed by three modes for different material characterstics.
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fig. 3 a FCPM map. R<0.1 Fig. 4 another type of FCPM map

fracture mechanisms are as follows:
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(1) For (Kmax/ch)ZO.S region, static type fracture mechanisms, plus
striation. )

(2) For (R;/d)go.s region, STG and SIG.

(3) For (R§/d)20.5 region and (KmaX/ch)go.S region, striation is the
unique fatigue mechanism ( A100% F.A.P.). The above rvule agrees well with
Fig. 2 and Fig.3. For high Oy,s/ch values, for example, in low temperature
tempered steel, Uy’s is high and ch is low, it is difficult to find the
crack propagation mode with striation mechanism only.

When AK(or Kmax) is kept constant, why should fracture mechanism

f10]

change from STG to SIG with o /X increasing? V. Weiss gave

ys.8" lc
€
_ f.l4n 1/2 1/2
K= cy’sf(g;) ~13777(Tey) (1)

where Py is the critical curvature radius at crack tip, €e is fracture
strain. From (1) K, /o_ _ is regarded as a parameter related to the
1"y, [11a] [11b]
ductility. It has been pointed out by us™"""" and C.J. Beevers that
5IG only occurs under high three-dimensional stress, e.g. in hard plastic
constraint. On the contrary the STG occurs in plane-stress condition.It is
likely that the plastic constraint at the fatigue crack tip should be in-

creasing if o /K is increasing. Thus, the fracture mechanism will change

ves 1o
from STG to SIG.
Further work need be done to find out how good the agreement will be

for the FCPM maps with more experimental data.
CONCLUSION

(1) The FCPM maps give an overview of the micro-mechanisms and their
variation by which low alloy structural steels may fracture by fatigue,
and help identify the one most likely to be dominant in a given experiment
or an engineering application.

(2) The FCPM maps should be beneficial to the fatigue failure analysis

as well as the selection and improvement of materials.
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