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I INTRODUCTION

The authors proposedl that crack initiation in notched specimens
can be interpreted as the failure of a small ligament near the notch
root subjected to the same strain cycling history.

The present work is an extension of the previously reported work.
Careful measurements and analyses of the strain distributions near
notch roots made it possible to devise a simple method for directly
measuring the strain range at the notch root. Experimental studies
on low cycle fatigue of four materials and three notch geometries
(notch depth 30%, Kt = 2,3,4) are presented and analyzed in light of
this more detailed understanding of the stress and strain distribu-
tion in the plastic range near the notch root.

II. EXPERIMENTAL
A. Local Strain Distribution Near the Notch Root

The plastic strain distribution has been studied for a variety
of notch geometries in annealed AM-350 steel sheet (ultimate strength
1310 N/mmz, 0.2% yield strength 1172 N/mmz, thickness 1.57 mm). Theo-
retical elastic stress concentration factors ranged from 2 to 12.5.
The strain distribution was obtained from measurements on a 200 lines
per inch grid printed on the flat surface of the specimen by photo-
resist methods.

B. Fatigue Crack Initiation Studies
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The specimen geometries are shown in Fig. 3. The notch depth
was 30%Z and root radii were chosen corresponding to theoretical elas-
tic stress concentration factors, Kt’ of 2,3 and 4. The strain cycl-
ing was symmetrical about zero mean strain and controlled by means of
the 0.3 in. gage length extensometer attached to the specimen across
the notch.

III. RESULTS AND CONCLUSIONS

(1) An experimental study of the plastic strain distribution
near notches was undertaken to aid in the analysis of low cycle fa-
tigue crack initiation. It was found that the strain at the notch
root can be readily obtained from measurement of the root radius
change and is given by st,NR = lniég-(where p and o, are the root

o
radii after and before loading respectively) as showm in Fig. 2.

Away from the notch root, the longitudinal strain decreases as (1/dis-

tance)m, with m = 0.5 to 0.67, i.e. not too different from the strain
distribution predicted from the theory of elasticity as shown in Fig.
12. This similarity between elastic and plastic strain distribution
for AM 350 steel sheet is further confirmed by the experimental re-
sult that the true strain concentration factor is approximately
equal to the elastic stress concentration factor, and is certainly
related to the strain hardening behavior of the test material.

(2) Notch effects on crack initiation in low cycle fatigue were
studied on Al 2014-T6, Al 7075-T6, AISI 4340 steel heat-treated to a
yield strength of 1127 N/mmz, and HY-80 steel.

(i) The results show that crack initiation follows a Manson-
Coffin type relationship between the number of cycles to crack ini-
tiation, NO, and the total strain range at the notch root, Aet,NR’

ﬂ’
. = i
i.e No AEt,NR Cl(Kt) where the constant Cl(Kt) is a function of
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the notch geometry. The exponent a' has a value of approximately
0.25 to 0.33 for all materials investigated.
(1i) When the number of cycles to crack initiationm, No is pre-
sented as a function of the average plastic strain range in a small

ligament near the notch root, Ae the data become independent of

p,NR’

notch geometry, i.e. N(;AE = C2 where C, is material constant. The

p,>NR 2

exponent a has a value of 0.62 to 0.96. This averaging procedure was
done considering the plastic constraint factors u as listed in Figs.
4a to d.

(111) From the hystersis loops on Al 2014-T6 and Al 7075-T6 (see
Fig. 5), it was also possible to relate the plastic energy absorption
per cycle, Wp, to the number of cycles to crack initiationm, No. The
data show that WP.NO = CB(Kt) where the constant, C3(Kc)’ is a func-
tion of notch geometry; it is proportional to Ki. Furthermore,
wp/(cy.pzt) is proportional to (AEP,NR)Z’ the square of the range of

the maximum strain as measured at the notch root, and hence
w Ae
1 1/2
[—Ez—.——z-.No]/ =N1/2.—P—’ﬂ-=const.
o K
cYp t Kt t

The logical relationship, that the maximum strain range at the notch

root Ae is proportional to the product of the elastic stress

p,NR’
concentration factor Kt’ and the average strain range inside the
critical strained test volume, may prove to be of practical use in

the analysis of low cycle fatigue in construction elements with stress

concentrations.
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