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ABSTRACT

A quantitative model of fatigue orack propagation by striation
mechanism has been proposed. The model is based on the data of
fracture surface stéreofraotographic analysis for aluminium
alloy AMIC sheet speoimens with a orack tested in axial oyeclio
tension. The model ocomprises the derivation of a quantitative
relationship belween the orack prop tion rate and the stress
intensity faotor range and a three—gﬁensional‘soheme.
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INTRODUCTION

A study of the laws of striation formation as a purely fatigue
fracture mechanism atracts special attention of investigators
since it gives a olue to understanding the processes of fati-
gue orack growth (FCG).

The model of striation formation by oraock tip plastio blunting
of Laird and Smith (1963, 1967) belongs to the most well-known
models of FCG by striation mechanism. Similar ooncepts were
also used by MoMillan and Pelloux (1967) and Sohijve (1967) in
the oreation of models whioh differ from the mentioned one in
that the groove is formed at the end of a striation rather
than at its beginning owing to the orack tip olosure at unloa—
ding. The model of Tomkins and Biggs (1969? involves fraoture
by tearing along with plastic blunti.n?;] the whole striation
together with the groove is formed with the load half-oyole.
In the experimental model of Tomkins (1980) attention is also
paid to the formation of traces arranged regularly in between
the striations. Their appearance resembles normal small stria-
tions, though they differ from the latter by the discontinuity
of the front, less rigorous regularity and the absence of
correlation between their spaoing and the FCG rate. Tomkins
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line relief on the fracture surface
and, in partiocular, on the
g(‘griation body as a result of intense pla’;tio deformation.
nigle models assume the action of orystallographio shear mecha-
5 ms (Broek, 1974; Pelloux, 1969) with the striations forming
Y Beveral Bequential oocourrences of shear in slip planes.
modgl.iWSky and Stepanenko (1879) built a sifgnirioa.nt geometrio
of the oyole-by-oyole FCG basing on the data of stereo-

However, this model, as well as
most ot
Bpecifio mathematioal 'expression. Feie Gnge, ks @

MATERTALS AND METHOD OF INVESTIGATION

An aluminium - based allo
; ¥y was ochosen for investigations
it belonf:gto the olass of materials whioh are w dely usgé:ng:

Stereorraotographio anal
ysis was made by the method desoribed
ztzgliet enko (1985). Stereo pairs of fraoture surface mtoro—
oan 84_:78? obtained in a scanning electron mioroscop"Stersos—
B » the miororelier stereometric model was oonstructed
ili-ngta Precision stereocomparator "Stecometer E". F 1
matgg rates an example of Beleoting the reference points for
pck jfngt the miororelief stereometrio models. Fracture surfra-
o WO oorresponding areas of the fraotured specimen are

;gggging'e with hill w1 ip Fig.1a to depression "{1" in Fig.1b

RESULTS AND DISCUSSION
The striation morphology ohanged depending on the SIF amplitu-

de. Shallow, not quite regular striat
bt amplitu'de L Wigtuﬁl striations were observed at low

striations assumed regular and olear o
5 ut appearance. A furth
1%norease) In the SIF Ted to the formation oI} blocks of stri:i'

As an example, Fig.2 shows the results of a stereometrio
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Fig.1 Matohing areas of the fractured AMUC alloy sheet speci-
men tested in low-oycle fatigue. Arrows indicate the
main FCG direotion. Figures mark ocorresponding to each
other elements on the fraoture surfaces of the speoimen
halves. In Fig.1a the specimen side surface is seen on
the right, and in Fig.1b it is on the left.

Fig.2 The profile of the stereomet-
rioc mating of the oorrespon-
ding areas of fraoture surfa-
oes exhibiting striations for
a sheet specimen of the AMIC
alloy. In the upper part of
the graph the specimen halves
are positioned in such a way
as if the loading had been te-
mminated after one of the oyo-
les and the specimen had been
left in the grips of the test-
ing machine. The grips axis is
rarallel to the Figure verti-
oal. Numbers 1, 2, 3 denote
the oorresponding striations.

orack growth

matohing of two corresponding arsas of fracture surfaces exhi-
biting striations. The data presented here and in what follows
refer to the high-rate FCG region where the geometric parame-—
ters of striations varied dynamiocally that allows the laws of
their shape evolution to be illustrated olearly enough. One of
the seotions of the speoimen two halves is shown in the upper
part of Fig.2 and in the lower part their profiles are brought
together artificially. In their seotion the striations are
shaped as a socalene tri le. The signs of fraoture by shear
are prevalent on the short side, and by tearing on the long
side of the striation.

The profile of the fracture surfaces mating in the lower part
of Fig.2 and the F ©8 representing the models of MoMillan
and Pelloux (1967), Sochijve (1967) are aotually identioal, but
this is only the ocoinoidence of the experimental data. But as
far as their interpretation is conoerned, the fractographio
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analysis of the striation formation features, when the orack
nhaving grown-through the sheet thickness reaches the specimen
adge opposite the ooncentrator, suggests a different version.
In the idea of the authors mentioned above, the formation of a
short part of striation is assooiated with pressing of the
matirial at thedmﬂertlt 8:111 orgok faces olosure in the part of a
oycle correspon o} oading, i.e. at the

oyole rather than at the initila].% one. he Tinal stage of a

Pigures 3a and 3b show the ocentral area of the fracture sur-

Pig.3 Striations in the vioinity of the side surface o
to the concentrator (here it 1is on the right)ppr%szittg
sheet AMIC speoimen. The FCG direotion in the photo
;aighg is from left to right. b is the site enframed
.3a.

face. The last striation, before the orack reaches the sid
surface, (point A) is formed when the semi-elliptical oraole{
tip almost touches the side surface. The distance between them
is less than 12 um. Yet its shape differs but little from the
preceding ones. The photograph in Fig.3c is taken somewhat
lower than the fraoture ocentre. Here this striation is the
last but one on the right, and the striation whioch was formed
after the orack became a through one is the last on the right.
As is seen, the shape of the latter is not distorted either.
If the idea of the authors mentioned were right, the fraoture
relief would have a sBlightly different appearance. The slope
of the striation short side formed within the last load oyole
would differ from that of other striations. This difference
should necessarily oocour also in the ocase when after the oomp-
letion of the last load oyole there is some part of the mate-—
rial left ahead of the orack tip whose thickness is less than
the width of the long side of the next striation should have
been. However, in practice the situation is different (Fig.3).
In Fig.30 between figures 1 and 2 a short side of a "trunca-
ted" striation is shown which was formed at the moment when
the oraock reached the speoimen side surface. Its slope differs
but 1ittle from the slope of the preceding striation short
side and from that of the same striation but somewhat lower
along its front.

Taking Into account the above considerations, as well as the
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results of analysi the relation between the tear and shear
signs on the striation short and long sides, the FCG process
by striation mechanism can be visualized as is shown schemati-
ocally in Fig.4.

22
|
1.

With the completion of the prece-
ding load oyole a plastio zone is
Byole—y . ¢ . formed in the vioinity of the
net ,j) J\, ® i\ orack tip pointed after the unloa-
, Y " ding half-oyole (position 2). At
G v 1M @ Y 1~ the beginning of the next load
n'b" I >:>"T . oyole shear fracture mechanisms
. s i predc;rfr:inate (pos.B—f). iifre the
n @ N @ Ynl /M plastic zone oconfiguration oan
>“\~ e —=|_+ 1influence the fraoture initiation
>( . B zra;jeotory. Subsequenit inorease in
n @ 1M >i>‘w’f \ he load is accompanied by a gra-
N IRY “iL dual transition to the phase of
plastio blunting (pos.5-7) and the
shear mechanisms are replaced by
Fig.4 Sohematio of the tearing ones. After the unloading
fracture proocess half-oyole the orack tip sharpens
development in a again (pos.8).
load oyocle when fa-
tigue orack grows Stereometric measuremernts of stri-
by striation mecha- ations profiles revealed that in
nism. the range studied the height as
well as the width of the "tearing"
and "shearing" parts of striations inoreased linearly with the
striation spacing, while the spacing ratio of the subsequent
and preceding striations and the width ratic of the "tearing"
() and "shearing" (Sh) parts of a striation remained oonstant
#ithin the measurements scatter (Fig.5).The above observation
was used in the derivation of a relationship for the
evaluation of the kinetios of a orack propagating by the
striation mechanism. Let I.Lk be the specific area of the
fraoture surface formed by the action of the i-mechanism
within the x-th loading oyole. Then the fraoture surface
inorement per load oyole, which is oontrolled by the same
mechanism, 1is AF = I“‘-ASk where AS,_ is the total inorement
in the fracture surface area per one, kx—th, load oyocle. Taking
the sum of the ocontributions of all the mechanisms into the
fracture surface formation within one load oyocle and relating
this value to the specimen thiockness h, we get an expression
for the orack rate
P P
%-%_EAFL*-—A—EIW-AS,‘ ' 1)
i=1 =1 ’

#here p is the number of mechanisms involved in the fracture
process in the k-th load oyole. This summation is undoubtedly
an extremely complicated problem, but in our ocase, when only
striation mechanism is considered, it is appreciably simplifi-
ed. Based on the above data, the formation of a striation ocan
be divided into two more simple processes: shear and tearing.

103




In this ocase, the specifioc fraoture surface area oooupied by
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Fig.5 Variation of the magnitude of sfriation geometrio
parameters with an 1inorease in striation spacing (A):
M = T/Sh, K = An/An-1, H - striation hight.

striations Ifl; can be oconsidered as oonsisting of the sum of
speoifio areas formed by shearing I’:hk and tearing f;°°":

r ear h
f‘::’k - ft +f:‘k ( 2 )

i,k -
In this ocontext, the value of striation spaoing is the oraock

velooity. For this reason we represent the expression for its
determination as oonsisting also of two terms. The structurs
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of those terms is seleoted to be similar to the known Paris's
expression n n
dl/dN = C A *+ C_AK * (3)

where C’, C,» n,, N, are the oonstants; the first one corres-

ponds to tearing, the seocond to shearing. According to the
data of stereomeiric measurements (Fig.5), the ratio of those
terms is oconstant value (M):

c A !
: =L oM, (4)

nl
C,AK

This implies the necessity of equality n,=n,=nand M =C‘/Cz.
Tak the n value as 2 and following the model of Laird -
(1967), we get:

dl/dN = C.C /M +1>-&* . (5)

At plastio blunting the magnitude of orack inoremenn} is ap-
proximately equal to its half-opening 6_/2. Henoe C, A" ~ &/2.

For small values of °oo/°'y :

»C

G-az——c‘“z aw~1; (6)
¢ GY,CI ‘ ’

where %0 is the oyolio yield stress, E is the Young modu-
lus, a is the proportionality cocefficient. Then

a
C‘H rOTE - ( 7 )
The expression for the estimation of the kinetios of the fati-
gue orack growth by striation mechanism takes the form:

d1l ~ a(1éM "‘1) sz . (8)
Y.

The model proposed, as well as any other one, is not free from
oertain conditionality that is associated with the assumptions
resorted to when the proocess is being sohematized. But in such
ocases one should realize the range of its appliocability. The
use of the model will be most effioient in the following oca-
ses: rirqu, when the striation mechanism is the dominating
one in the fatigue oraock wth, whioh is often encountered in
praotioce; seocondly, when there is a necessity of a retrospec-
tive loocal evaluation of the kinetio - foroce situation at the
orack tip when there are striations on the fraoture surfaces.
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