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ABSTRACT

The crack length measuring method on flat specimen with sin-
gle edge crack based on the crack opening value measured at
the specimen‘’s edge is presented in this paper. This method
was applied in 18G2A steel specimen tests,loaded at constant
amplitude and also at constant amplitude with onefold overlo-
adings.
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INTRODUCTION

The crack length determination during flat specimen fatigue
tests remains yet a crussial task especially at constant amp-
litude loadings.The crack length measurement method on a flat
specimen with single edge crack (SEC ) based upon crack ope-
ning value measuring results on the specimen’s edge is prese-
nted in this paper. It was applied in tests of 18G2A steel
specimens loaded at constant amplitude and also at constant
amplitude with some onefold overloadings applied at equal ti-
me intervals repeatedly.

EXPERIMENTAL TECHNIQUES

A standard clip gauge with the base of 10 mm was used to mea-
sure the crack opening quantity. The standardisation and cali-
bration of the gauge was assured by the testing machine it-
self at its corresponding measuring units.The appropriate fa-
tigue tests were carried out after the initiation. They con-
sist of two investigation sets. The first one - at constant
amplitude loading at G .. equal 160 MPa; the other one also

at constant amplitude but interrupted every 10000 half cycles
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Fig. 1 The experimental record of the fatigue crack
opening value versus the cycle numbers for
specimen without overloadings
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Fig. 2 The experimental record of the fatigue crack

opening value versus the cycle numbers f
overloaded specimen 4 °r
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In the case without overloadings ( Fig. 1 a characteristic
continuous rise of the crack opening value from the initial
to the critical point was obtained., For the tests with over-
loadings (Fig. 2 ) the changes of the crack opening levels ta-
kes place only 1in the overloading events on the other hand
and stayed approximately at constant levels between them also
in the subcritical crack developement range. Characteristic
pictures of fatigue fracture micrographs in both cases are
presented in Fig. 3 and Fig. 4 respectively.

Fig. 3 Microfractograph of a SEC specimen tested
without overloadings

In the first case - tests without overloadings - the fatigue
fracture has a marked fatigue zone with different initiation
part at fhe top of the crack and also a brittle crack zone
(Fig. 3 ).

Fig. 4 Microfractograph of a SEC specimen tested
with overloadings

In the second case - test with overloadings - the fatigue zone
along the crack propagating path from the initial to the cri-
tical length is characterizied by overloading lines /Fig. 4/,
The spaces between the overloading lines increases systemati-
caly in the fatigue fracture area with the rise of the crack
length. Since the overloading 1lines number at the sample
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fatigue fracture surface equals the standed through ovelro-
ading events - one can draw a simple relation a = f(N) using

the distance measurement results of the specimen fatigue over-

loading lines. A microphotographic analysis of the specimen
fatigue fracture areas with the use of electron- or scanning
microscopes shows clearly that the fatigue crack developement
takes place both in the overloading events and also between
them - what can be seen in the form of fatigue striations lo-
cated between the overloading lines. For the specimen without
overloadings we can not expect the presence at the fatigue
fracture area of the overloading lines, therefore we can not
get the experimental relation for a = f(N) ., For this case
a method of the propagating crack length value estimation
based upon the changes of crack opening values - a parameter
which can be recorded in both cases of testing - is here pre-
sented., This method was first tested on specimens with over-
loadings by comparing the calculated and experimentaly mea-
sured crack length. The crack opening value changes recorded
during the tests versus increasing force values applied at
0.01 Hz frequency in the overloading events were used.The re-
cords in half cycles of tension and reverse runs of the cur-
ves force - crack opening value for specified overloading cy-
cles and corresponding crack length are shown in Fig. 5.
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Pig. 5 Loading force versus crack opening value
recorded from SEC specimen for succesive
overloading cycles

The crack opening value after each overloading event has in-
creased and remains only to the defined force level 1linear
relation versus the loading force. The inerease of the crack
opening value in Fig. 2 is caused by permanent plastic defor-
mation in the overloading events,this is shown by an increase
of the extensometric signal value. After eliminating the per-
manent deformations from this crack opening values and esti-
mating the zero value of the crack opening in each overloading
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event the plot in Fig. 5 can be transformed to the form shown
in Fig. 6. There are only the tension half cycles presented
and the transformation is based on assuming a linear relation:
force - crack opening value in the range of O to 50 kN,

The specified curves correspondes to the sequential overlo-
ading events and are equivalent in meaning assigned to the
determined on base of fatigue fracture crack lsngth measure-
ments. The defection from the linear relation d = f(F, a) [1]
which markes the overcrossing the linear-elastic fracture me-
chanics area in the course of testing and also the essential
drop of the plastic deformations in the tested material.

The runs of the first overloading events ( which correspondes
to the nondeformed material under overload of the range

kov = 1,75) shows another character, which argues that in the

linear-elastic range, the presented relation can bear a quite
different character.
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Fig. 6 Loading force versus crack opening value
recorded from SEC specimen for succesive
overloading cycles after elimination
of permanent deformations

Using the plots of Fig. 6 one can at given force level

F = constant express the crack length - crack opening value
relation as the individual curves are univocal with the mea-
sured length connected. In Fig. 7 for F = constant e.g. 70;
85 and 149 kN respectively  the curves crack length - crack
opening value ( a = f(J)) approximated by the curvelinear
regression method are shown., We have got this relations res-
pectively:

B, = -2.451 + 231.4843 - 370.062J' 2
g5 = -2.148 + 201,482 - 296.304J 2
8449 = -0.308 + 97.477d - 127.92492 + 58,0697
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The estimation of a crack length based on the recorded crack

obpening value gives good fitness in the central part of the
relation range.

23Fj@ﬂ . e

26 7 S B B PN e o B
24 170kM] gy | |

2 ZEL: T O e
20, 7 A I B
18 A 7- o 1 B D
161 i i T

148 ?f *"‘““:;:j“““_

12 0”2 022 0% 047 057 067 077 2 102

& mm]
Fig. 7 The crack length change versus crack

opening value for chosen load levels
measured on a SEC specimen

The relations a = f({J)at F = constant adequate for testing
without overloads create the possibility to determine the
fatigue crack length from the crack opening values measurement
results also at specimens without overloadings,
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Fig, 8 The recorded crack opening values versus
half cycle number runs on SEC specimen
tested without overloadings
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In Fig, 3 the measured in test runs without overloadings on
18G2A steel SEC specimens crack opening values versus the cy-
¢le numbers are presented, The tests were carried at Fmax =

19 kN, on unwelded specimen - 2KN and on specimen with a wel-
ding Joint - 2KS,

In Flg, 9 the correspondinﬁ’plots of a = f£f(N) based on res-
pectively relation a = f(J) are ahown.

KN
A
~

Z 1 b 8 10 17 14
N-10"pc)

Fig., 9 Fatigue crack length estimation results
based on the crack opening values for SEC
specimen tested without overloadings
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FINAL REMARKS

The fatigue crack length estimation method based on the crack
opening values measuring results on flat specimens with a si-
ngle edge crack presented here reflects good the crack propa-
gating length values. It was in good agreement confirmed ex-
perimentaly. Using this method one can check the length of
a propagating crack also in the case of permanent plastic de-
formation appearance.
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