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and ’tl}i]e latter view is the one which has been wide'ly held,
'd the endurance limit has been regarded as coincident
;mitb Fhe “true’’ elastic limit of a material. In favor qf
tio:l View may be cited the fact that th.e nurpber of repeti-
ra ‘ZIOf stress necessary to cause failure increases very
t Pldly as the fiber stress is lowered; that a nu{nber of
tEStS have been made in which test specimens w1tl1§tood
anrlls of millions of repetitions of stress Without fallu're ;'
4 that at low stresses, even with delicate measuring
PParatus, there can be detected no signs of structural
mafm‘age' Various methods have been used for de.ter-
Ning the value of the endurance limit for a material ;
se different methods yield widely varying results.
und XIAn favor of the view that dam.age is done to materla!s
eVe;;l low stress and that there is a probability of their
o -ual failure under repeated low stress, the following
OSiderationg may be cited :
I. The occurrence of “‘slip lines” in metal under re-
S:;?t?d Stress seems to be the result of cumulative damage
hin a crystal of metal. No sharply defined lower limit
iis been found, either for the appearance of these slip
¢ € or for their tendency to spread and develop Into
Facks_
repez' The gradual development of permanent set, un:eé
s O“';lted stress so low that preliminary static tes’ci‘3 a
indic nt~n0 measurable set, seems to the writers to ar;
is g ation of damage at low stresses. This developmen
Own especially by the tests of Bairstow for cycles of

st .
Se‘;est not involving complete reversal. He found that the
Or any stress gradually increased, though for a

S;ntgle cycle of stress no mechanical hysteresis.c.ould Ee
set '(Dited; and that after several t‘housand repetitions ;tl e
thig 'd not further increase durmg.the test. .Whet er
cl‘easset- would have shown fLLrther increase w1tl'3 an In-
"Vou](_fl3 In the number of repetitions, or Wl']ether increase
n have been shown by more delicate instruments, 1S
. Undecided question. In the opinion of the writers the

si
Shificant fact is the cumulative development of perma-

Nt set under repeated low stress. :
Peatg(i The sudden sharp brealfages wl'}ich oc(;ull‘dm re-
0 ind; Stress tests, even of ductile materials, would seem
ri;ll ICate that structural damage may be done to ma-
Who, Without any undue deformation of th.e membetl; a(si zf
ecteg'- The fact that no undue dcfoymatlon can be de
d is no sure sign that a material is free from danger
Alure under repeated stress. G
titi(,: - Data of tests involving more than a million rgPe-
Part S of stress are very few, yet frequently machin€
S Must be designed to endure several hundred millions

» {;petitions. The repeated stress problems of the time

Toaq gh.ler and Bauschinger were mainly problems ofh{'a:?l;
Whic, ridge members and other structures and mac.lxlr_x :
tepat; Wwould be called on to with§tand .Only a few mi 1l’on
inveslt-lons of stress. From the viewpoint qf these earlier
Cove tigators experiments under a few million repetitions
the red the ground; for machines of to-day reliance on

'esults of such experiments involves enormous €X-

tr :
ﬁzprlatmn of test results. The data seem har.dly suf-
mit for infinite repe-

o
tit;(c;r;t fOr estaBliShing an e.n.durance 11 ‘ i i i
Milfje,, Or even for repetitions numbering hun .;et o
alonens' Moreover, the results of some tests, 1 ? 4
dury,, Seem to indicate that some exp(.mentlal. law oThenSe
unllsm:e holds up to the limit of experimentation. e
ual tests are discussed later.
meassu. As instruments of increased delicacy arﬁ utsee
are forlng deformation, evidences of mechanical hyster
actualund at lower and lower stresses in static tests.d 5
Stregeq, TAterial these evidences have been foun
SeS not much above ordinary working stresses:

d in
sis
In

-
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When the cumulative action of repeated stress is con-
sidered, the indefiniteness of the elastic limit becomes
apparent. While the statically determined elastic limit
has some significance for static loading, it apparently has
no significance as a criterion of endurance strength.

6. If elastic vibrations are set up in metal test speci-
mens such vibrations soon die out. This dying out would
seem to indicate loss of energy in heat, with accompany-
ing internal friction, wear, and structural damage.

To the writers it seems that a negative argument
against the use of a definite endurance limit is furnished
by the indefiniteness of its determination. A common
method of locating this limit is to plot from test a curve
with stresses as ordinates and number of repetitions to
cause failure as abscissas. The curve becomes nearly
horizontal at a few millions of repetitions and the hori-
zontal line to which the curve is asymptotic is judged by
the eye. The ordinate of this horizontal line is taken as
the endurance limit, and in this case gave a value of
18,000 1b. per sq. in. :

Another method is to plot stresses (N) as ordinates
and values of 1/N as abscissas. The endurance limit is.
taken as the ordinate of the intersection of this curve (ex-
tended) with the zero axis. This method, for the same
test data as the first method, gives a value for the en-
durance limit of 17,500 1b. per sq. in.

A third method is to plot stresses as ordinates and
some root of 1/N as abscissas. Using the fourth root of
1/N in the given test data, the endurance limit is found
to be 15,000 Ib. per sq. in. The eighth root of 1/N as
abscissas gives the endurance limit as 7,000 lb. per sq.
in. This series of tests involved one test at 19 million
repetitions and one at 132 millions. If these various
methods were applied to tests covering no more than one
million repetitions of stress the results would show still
greater variation.

Effect of Rapidity of Repetition of Stress.—A certain
amount of time is required for any member of a machine
or structure to assume the deformation corresponding to
any given load, and if repetitions of load follow each
other at intervals shorter than this time, the deformation
in the member, the stress set up, and the number of repe-
titions it will withstand may be appreciably affected. A
few recent British tests of material under repeated stress.
seem to indicate that for small members there is no ap-
preciable effect produced by varying the rapidity of repe-
tition of stress below about 2,000 repetitions per minute..
Above that speed very little test data are available.

‘Effect of Rest on Resistance to Repeated Stress.—If
metal is stressed beyond the yield point so that plastic:
action is set up, its strength and its elastic action are:
improved under subsequent stress, if the material is
allowed to rest. Recent experiments by British investi-
gators seem to indicate that, for steel and iron at least,
the effect of rest on the Tesistance to repeated stress is
negligible for unit stresses below the yield point of the.
material.

Effect of Sudden Change of Outline of Member.—.
Every sharp corner in a piece subjected to repeated stress.

facilitates the formation of micro-flaws in the piece. From
results of repeated stress tests made by Stanton and
Bairstow, at the British National Physical Laboratory,

on test specimens of different shape, the superiority of the.

test specimens in which sharp corners are avoided is
obvious. The relative values for strength under repeated
stress for the shapes tested seems to be about as follows:
Rounded fillet, 100; standard screw thread, 70; sharp.

corner, 50.




