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ABSTRACT

The sfress-afrain hehavior and fatigne resistance of two structural steels
are investigated, Specimens were cut from thin steel sheets and cylindrical steel
bars. The thin sheet specimens were designed so as to prevent buckling. Total
axial strain for these sheet specimens was computed from the transverse strain
and load by an analytical expression programmed through an analog computer.
The monotonic and stable cyclic stress-strain propertics for both stecls are similar.
Cycle dependent hardening and softening were not as evident for the sheet steel,
Three different procedures for determining the stable cyclic behavior produced
considerably different results. Strain-life data showed the effects of a single
initial overstrain and periodic overstrains. Both types of overstraining of the bar
steel produced siinilar Latigue data to that of the non-overstrained and initlally
overstrained sheet steel results.
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INTRODUCTION

In step with the increasing necessity to prevent fatigue failures in structural
compohents, new procedures continually appear that more closely aceount for the
actual causes of fatigue damage. These analyses are obtained by basing failure
predictions on the behavior of the metal at the highly strained region where cracks
initiate (1-8)*. Figure 1 shows the concept behind this approach. Any procedure
of this type assumes that the necessary data to perform a fatigue analysis can be
generated by laboratory specimens. As part of the Fracture Control Program at
the University of Illinois, a fatigue damage analysis of an automotive fan blade was
made. The procedure (9) modeled the uniaxial cyclic behavior of the fan blade
material, and utilized this model in a mechanics analysis to calculate the stress-
strain response at the highly strained zone. From the stresses and strains at the
critical location, a cumulative damage procedure based on uniaxial fatigue data pre-
dicted the number of reversals for crack initiation.

This report presents the stress-strain and fatigue properties (2, 4, 10-15) of
the fan blade metal. Because of the thin specimens machined from the sheet metal,
various specimen designs and testing techniques were used in attempts to prevent
cyclic buckling,

Behavior of another structural steel, supplied in round bars, was compared

with the sheet steel. This bar steel is a common type, the properties of which might

exist in a "data bank". Similarity in the properties of these two steels are determined.

*Numbers in parentheses refer to references.



COMPOSITION OF METALS*

Although both metals can be classified as structural steels, their composi-
tions are quite different. One steel was in the form of a2 thin (0.070 inch thick)
sheet. This sheet was removed from the assembly process just prior to the
forming operation for the fan blade. The other steel was supplied in the form of
round 3/4 inch diameter bar stock, Table 1 lists the composition of both steels.
Haxrdness measurements are given in Table 2.

The metal supplied in the form of a thin sheet can be characterized as a
spheoridized annealed cold rolled 1020 steel. Figure 2 shows the microstructure
containing grains of ferrite with spheoridized carbide particles located primarily
at grain boundaries.

The bar stock steel is difficult to classify. Figure 3 shows microstructures
at a depth of 0.18 inch below the surface and at the core. The ferrite and pearlite
content up to a depth of 0.25 inches would classify the metal as a 1018 steel.
However, the increased pearlite near the core makes the material more equiva-
lent to a 1030 steel, This can be seen in the micrographs and in the hardness
measgurements listed in Table 2. Because of the variation in composition, this

metal will be simply reterred to as the bar steel.

*The metallurgical analysis was supplied by Mr. D. ]J. Borich of the Noise
and Vibration Laboratory, General Motors Proving Ground.



EXPERIMENTAL EQUIPMENT AND SPECIMEN DESIGN

The closed-loop mechanical test system and testing techniques are similar
to those described in Refs. 11 and 16. Figure 4 shows an over-all view of the
equipmeit.

Specimen configurations for the sheet and bar steel samples are shown in
Fig. 5. Figure 6 is a photograph of the bar steel specimen mounted in the load
frame and the extensometer used to measure strain over a one-half inch gage
length. This same extensometer also measured strains for the axial sheet steel
specimens, Fig. 5b.

For the sheet steel it is necessary to choose a specimen configuration and
loading fixture that will minimize the possibility of buckling., Both axial and trans-
verse specimens, Figs., 5b and 53¢, are mounted in two stages. First, each end
of the specimen is mounted to one of the mouuting fixtures (indicated by the letter
"A") shown in Fig. 7, The rectangular slot of A is partially filled with Wood's
metal, which is an alloy used with other types of specimen grips (11, 16). A
fixture is heated until the Wood’s metal melts, One end of the specimen is then
placed in the slot. With one end of the specimen in the molten Wood's metal, an
alignment device (B) is placed on the flat surface of the mounting fixture with its
slot aligned with that of the fixture. In this position a portion of the specimen will
be in the slot of B. The screw is slightly tightened and the fixture cooled. The
other end of the specimen is mounted in the second fixture in the same manner.
Second, this entire assembly is secured to the load frame and ram, Fig. 8.

The first fatigue tests of the sheet steel were performed on samples of the
configuration shown in Fig. 5b. All specimens had rectangular gaged sections,

For different specimens the width, W, wvaried from 0.070 to 0.4 inches and the



straight section length, L; from 0.25 to 0.5 inches. None of these configurations
prevented buckling during 100 cycles of reversed strain limirs of +0.005. Marsh

et al. (17} report fatigue test results for 1015 sheet steel specimens, machined

from plates varying in thickness from 0.1 to 0.2 inches. Cyclic strain amplitudes
up to +0.0075 were obtained using specimens with straight cylindrical gaged sections.

Figure 5¢ shows the final specimen design. This design is similar to the hour
glass shaped specimen which is commonly used for testing at large strain amplitudes.
Slot et al. (18) tested hour glass shaped specimens under axial strain control. Total
axial strain was computed from load and diametrical strain. The techniques dis-
cussed with regard to the transverse sheet steel specimens are similar to those
in Ref. 18.

Figure 9 shows the transverse sheet steel fatigue specimen and the extenso-
meter for measuring strains across the thickness of the specimen. The points of
contact to the specimen from extensometer consist of a flat surface on one side
and a point contact from a rounded surfacc on the other side., The thickness of
the specimen is the gage length, For a 0.070 inch thick specimen, a strain of
0.02 would be a deformation of 0.0014 inch. To calibrate the extensometer for
this small range of deformation, a micrometer was used that possessed a vernier
scale for 0.0001 inch. Figure 10 shows the transverse extensometer on the cali-
brating fixture.

Equation 1 relates transverse strain, €op? and total axial strain, e,

e=2 - le, +u ()] (1)

Llp

where E is the elastic modulus, ¢ the stress, H, and Mo the elastic and plastic

Poisson's ratios, respectively. The quantity o/E is the elastic component and



l/;_lp [et + He (c/E)] the plastic component of total axial strain. A plastic Poisson's
ratio of 1/2 was assumed, thus changing Eq. 1 to Eq. 2,

<G - 2 - 2 @

For testing purposes, axial strain was obtained by programming an analog
computer for Eq. 2. Figure 11 shows the analog circuit. Inputs to the circuit are

the load, P, and the negative, - ¢ of the transverse strain. The transverse

tr’
strain gage was wired so that an expansion of the contact points produced a negative
voltage output and contraction a positive output. Therefore, the transverse strain,

€ is inverted upon entering the analog circuit.

tr’

By adjusting the value of the variable potentiometer, V., the analog equiva-

1!
lent of elastic strain, €, Can be obtained, To set Vl_. a known dummy load is
applied to the input of amplifier #1 before the specimen is mounted. By knowing

the area of the specimen and elastic modulus, E, V., is adjusted for the desired

1
analog output of amplificr #1, With the specimen mounted and cycling in the elastic
range under load control, potentiometer V2 is adjusted for zero output at amplifier
#2., Amplifier #3 sums the elastic and plastic strains. From this circuit, total
axial strain can be recorded and controlled directly.

The shape of the transverse sheet steel specimen, Fig. 5¢, produces an uneven
stress distribution across the mid-section. An elastic finite element program, ICES
STRUDL; which is available on the 360/75 IBM Computer System at the University
of Nllinois, was used to determine this stress distribution. TFigure 12 shows the

finite element grid and Fig. 13 the computed stresses. A theoretical elastic stress

concentration, Kt’ of 1.3 was calculated.



STRESS-STRAIN BEHAVIOR

The monotonic and cyclic stress-strain data of both the sheet and bar steels are
presented and discussed. Table 3 summarizes the entire testing program. Compar-

isons of the data for the two metals are made.

Monotonic Stress=-Strain Behavior

Ome specimen of the bar steel and two specimens, one axial and one tranaverse,
of the sheet steel were pulled in tension to fracture. The axial specimen, Fig. S5b,
had a width of 0.127 inch and strain was measured over a gage length of 0,45 inch.
The test results from these specimens determined the monotonic stress-strain prop-
erties, For each test, the displacement of the ram was controlled. Monotonic engi-
neering stress-strain curves are shown in Figs. 14 and 15. Tigure 14 shows the
test results of both specimen configurations of the sheet steel. During initial loading
the strain sensitivity is high enough to enable determination of the elastic modulus.
At a strain of approximately 0,025, the strain sensitivity is reduced by a factor of
ten for further recording of strain up to necking. Once necking occurs, the X-axis
is switched to record the deflection of the ram and the Y-axis records the stress to
fracture.

True* plastic strain, Ep’ versus true stress, o, data are plotted in Figs. 16
and 17. Two least square approximations of the data for each plot are made. One
line is to fit the relatively flat top portion of the stress-strain curve and the other
line fits the more rapidly hardening segment. Each line is expressed in the form

of Bq. 3.

o = K(ep)n (3)

*All engineering stress and strain data are converted to true stress and strain (11),



where:

il

K = Monotonic strength coefficient

n = Monotenic strain hardening exponent

Equation 3 can be rewritten as

e = () (3a)

Since the total strain, ¢, is the sum of the components of elastic, o/E, and plastic

strain, the following equation can be written.

1/n

g
K

S

(4)

where E is the elastic modulus. Table 4 lists all the tension properties of both steels,
Least squares approximations for the data of both the transverse and axial sheet

steel specimens are included in Flg. 16. Both specimens produced almost identical

initial stress-strain behavior. The latter segments of the stress-strain curves and

the final fracture properties of the two specimens were different.

Cyclic Stress-Strain Behavior

All test results for determining the cyclic stress-strain behavior of both steels
were obtained under strain control. Figure 18 defines stress and strain ranges for
a hysteresis loop as might be recorded during a test.

During cyclic loading, most metals undergo a transient period of cyclic harden-
ing or softening. Both the sheet and bar steels will either cyclically harden or soften
depending on the strain range. Figure 19 shows these phenomena for the bar steel.
In Fig. 19a the strain amplitude is small enough so as to produce cyclic softening.
For a larger strain amplitude, this same metal cyclically hardens, Fig. 19b.

Figures 20 and 21 show the variation of stress with reversals of strain. The data




for Fig. 20 are obtained from the sheet specimens. A much more complicated situa-
tion is shown in Fig. 21 for the bar steel. Siuce the bar specimens exhibit an upper
yield point, a large stress range can be initially obtained for a small strain range,
which does not result in stresses that exceed the upper vield point. An example of

this is shown in Fig., 22. The specimen was controlled between constant strain limits
of £0.0013, producing an initial stress range below the lower yield strength. However,
cyclic goftening still occurred.

Although the material stress-strain response as shown in Figs. 20 and 21 is
complicated, a relatively stable condition is reached during the initial portion of the
life of each specimen. Morrow (1(1) describes this stahle behavior in terms of a
cyclic stress-strain curve, which is defined as a curve passing through the tips of
a set of stable hysteresis loops. If the plastic strain and stress amplitude data for

the cyclic curves are fitted by a straight line on a log-log plot, the curve may be

described by an expression similar to Eq. 3 and 3a.

n
FAYS
AT _ 1 P
S (5)
Ae 1/m'
P - AV (5e)

The (') denotes cyclic, therefore, K' is the cyclic strength coefficient and n' the

cyclic strain hardening exponent. For total strain,

N N Nk

A
TE I +( K'! (6)

Equation 6 represents the stable cyclic stress-strain curve in terms of stress and

strain ranges.,




Landgraf et al. (13) suggest several experimental techniques for determining
the cyclic stress-strain curve. The techniques applied to the sheet and bar steels
include using companion specimens, incremental step strain test results, and
menotonic tension after cyclic straining,

The companion specimen test results are those shown in Figs. 20 and 21.
Representative stable data for each strain amplitude were taken at approximately
one-half the fatigue life. Figure 23a shows the strain-time sequence for the incre-
mental step strain spectrum. Maximum strain amplitudes are +0.015. Strain is
increased or decreased in 40 increments. Figure 23b illustrates the resulting
stress~strain response of the sheet steel. To obtain a stable condition before
pulling in monotonic tension, the specimens were subjected to 13 blocks of the
incremental step strain spectrum. By pulling the sample in monotonic tension a
single curve is generated for the material in a stable condition.

Data for determining the cyclic stress-strain curves are plotted in Figs, 24
through 29. A straight line fit on the log-log coordinates for each set of data are
made by the least squares method. The least squares lines for the companion
specimen data are included in Figs. 26 through 29 for comparison.

Each method produced significantly different results. For both steels, the
companion specimen line crossed that of the incremental step strain, Figs. 26 and
27, A smaller K' and n' resulted from the incremental step strain data. Figures
28 and 29 show a similar but even more pronounced situation for the precycled
monotonic tension data. Comparisons of the cyclic stress-strain curves, as obtained
by the three methods, are represented in Fig. 30. This large discrepancy hetween
the data for the different methods does not exist for the higher strength metals cited

in Ref. 13.
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Figure 31 shows the stress response of the bar steel to a block strain spectrum.
The first level consisted of 30 cycles of +0.0125 strain, at the end of which the stress-
strain behavior appeared stable. For each new strain amplitude, a transient period
existed during which cyclic hardening or softening occurred. During the transient
phase, the stress amplitudes varied as much as 8 ksi. This type of phenomenon
continually occurs during incremental step straining. The monotonic tension after
precycling is not characteristic of any one particular stable strain range. A stable
condition is never actually reached, partially explaining the different results of the
cyclic stress-strain curves.

However, for each technique, a close similarity exists between the two steels.
Figure 32 shows this agreement. The cyclic properties of both steels are listed in
Table 5.

The summary of the stress-strain data shown in Fig. 32, indicates that the
bar steel properties would be an accurate approximation of those of the sheet steel,
The choice of the appropriate method of determining the eyclic stress-strain curve

will depend on the type of load history to be modeled.
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FATIGUE RESISTANCE

Data pertinent to the ability of the sheet and bar steels to resist a fatigue
environment are presented. Three types of test results generated these data:

(1) constant amplitude completely reversed strain,

(2) an initial cyclic overstrain followed by completely reversed strain, and

(3) initial and periodic cyclic overstrains between every 105 cycles of com-

pletely reversed strain.

The constant amplitude data are that shown in Figs. 20 and 21. Further data
were generated with an initial overstrain and periodic overstrains. An example of
the overstrain spectrum is represented in Fig. 33. This overstraining is similar
to the decreasing portion of the incremental step strain spectrum. In this case,
the sequence consisted of only twenty steps and a maximum strain of £0.01. One
sheet and one bar specimen were strained according to the incremental step spec-
trum, similar to that shown in Fig, 23a, except the maximum strain and aumber
of increments were the same as for the overstrain sequence. Both samples pro-
duced fatigue lives greater than sixty blocks. This would be equivalent to 120
overstrains, if the increasing and decreasing portions of each block are equally
damaging,

Results of these tests in terms of strain and reversals to failure are presented
in Figs. 34 through 39. Tables 6 through 11 list the fatigue test results and Table 12
gives the fatigue properties. Data for determining the strain components were taken
from a stress-strain loop at approximately half the fatigue life. For the periodically
overstrained samples, the representative loop was selected as that just before an

overstrain., Large strain test results with no overstraining are also included with

the overstrained data.
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Total strain is separated into elastic and plastic components for the strain
reversals to fallure, 2 Nf, data. Elastic straln 1s computed by dividing the stress
amplitude by the elastic modulus. Plastic strain is this elastic strain subtracted
from the total strain.

A straight line is fitted to the elastic and plastic strain data, Figs. 34 through

39, by the least squares method. The elastic strain line has an equation of the form

A ol
a

_ ., f b
—— = () (2Np (7)

where U'f is the fatigue strength coefficient and b is the fatigue strength exponent.

For plastic strain

Aep c
where e% is the fatigue ductility coefficient and c the fatigue ductility exponent.
When added, Eqs. 7 and 8 form a relation between total strain and reversals to

failure.

0.1
De f b . c
5= @NYT + (2N ©)
The constants b and c are the respective slopes of the elastic and plastic strain
lines. Values of cr%/E represent the elastic strain and e% the plastic strain at
2 Nf = L

Data for the sheet steel specimens that were not subjected to any overstrains,
Fig. 34, do not allow an accurate straight line fit. The major inconsistencies occur
in the long life region. At small strain amplitudes, the sheet steel specimens exper-

ienced a shift of mean stress in either tension or compression. Due to the extremcly

small deflection range, any small change of the temperature or position on the specimen
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of the extensometer resulted in relatively large strain changes. For the bar steel,
Fig. 33, no mean stress shifts occurred. Figure 40a compares the fatigue resistance
of both steels.

Initially overstrained data, Figs. 36 and 37, were generated to approximate
the condition of the metal at the critical location of a struictural member, which had
been overloaded during the manufacturing process or early in its life. Included in
Figs. 36 and 37 are the strain-life lines for the specimens which were not over-
strained. Initial overstraining did not appreciably affect the sheet steel. Since the
sheet steel was overstrained during the rolling process, one more additional over-
strain would not be expected to reduce the fatigue life. The initial overstrain scquence
applied to the bar specimens did increase the slopes of the strain-life lines, Fig, 37,
indicating less resistance to fatigue loading. It might be anticipated that the fatigue
resistance of the initially overstrained bar specimens would be similar to that of the
sheet specimens. Figure 40b compares the initially overstrained strain-life lines
for both steels. The resemblance is close.

Watson and Topper (19, 20) reported the same effect of overstrain on four
other structural steels. One steel (20), with a yield stress of 84 ksi, was not
affected by an overstrain., Overstraining was also shown (15, 21, 22) to reduce
the fatigue lives of a 4340 alloy steel and 2024-T4 aluminum.

Since many structural members experience frequent overloads during normal
service, the parameters used in the fatigue analysis of such structures should also
reflect this type of loading. Test results with periodic overstrains every 105 cycles
were obtained. The overstraing were the same as shown in Fig. 33. Strain-life
data for this series of tests are represented in Fig. 38 for the sheet steel and
Fig. 39 for the bar steel. The least square lines from the non-overstrained data

are also included in the figures. Little difference exists between initial and periodic
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overstrain data for the bar steel. [Iatigue lives of the sheet steel are significantly
reduced due to repeated overstraining. Figure 40c compares the perlodically over-
strained data for both steels. Due to the similarity thus far between the two steels,
this sudden deviation was unexpected.

Dowling (21) reported a reduction in fatigue life of a 4340 alloy steel due to
periodic overstraining every 105 cycles. It was observed that the metal would
harden slightly at small strain ranges. By periodically overstraining, a softer
condition could be obtained and, therefore, more plastic strain would be present
throughout a greater portion of the fatigue life. The opposite situation was observed
for both the sheet and har sreels. After each averstrain, a very small degree of
hardening was observed. Therefore, no explanation for the effect of pericdic over-
straining on the sheet steel can be given.

The effect on the fatigue resistance due to mean stress was not investigated.
Watson and Topper (19) reported fatigue data with mean stress for a 1015 steel,
concluding that two parameters fit the data reasonably well. Onc mcan stress par-

ameter, proposed by Morrow (14), involves the fatigue strength coefficient, o!

3

and mean stress, O,

A = R (10)

cr 1 - ovo/o“f

where (Ac/2)  is the equivalent value of stress amplitude which would be used to
cr ,

calculate the elastic strain from a strain-life diagram. Smith et al. (23) proposcd

a mean stress parameter which did not rely on any experimental fatigue constants.

a AcE %
., (11)

where Onax is the maximum stress peak. Both relations were shown to be equally
accuratc correction factors for a SAE 1015 steel, FEquations 10 and 11 would

almost certainly prove reasonable corrections for the bar and sheet steels.
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CONCLUDING REMARKS

The following comments can be made concerning the techniques for testing

thin plate specimens, and the stress-strain behavior and the fatigue resistance of

the sheet and bar steels.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Successful testing of the sheet steel was acomplished with the
specimen design shown in Fig. 5c.

Transverse strains can be measured and converted to total axial
strain with the aid of an analog computer.

Companion specimen, incremental strain step, and precycled
monotonic tension test results all produced significantly dif-
ferent properties for the cyclic stress-strain curve of both
steels, Fig. 30.

The stress-strain propertes as determined by any one procedure
are in close agreement for the two steels, Fig. 32.

An initial overstrain and periodic overstrains resulted in similar
reductions in fatigue life for the bar steel.

Only periodic overstraining reduced the fatigue life of the sheet
steel.

The initial and periodic overstrain data of the bar steel are similar

to the non-overstrained and initially overstrained data of the sheet

steel, Fig. 40,
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TABLE 1

CHEMICAIL COMPOSITION OF THE SHEET AND BAR STEELS

Element Sheet Steel Bar Steel
Carbon 0,20 0.17Y
0.28'%)
Manganese 0.41 0.50
Phosphoxus 0.010 0.008
Sulfur 0.011 0.010
Silicon 0.058 0.010
Aluminum 0.043 3. 006
Chromium 0.01 0.04
Nickel 0.04 0.03
Niobium < 0.003 < L 0U3

(1) Average amount of carbon to a depth of 1 inch from thc surface.

(2) Average amount of carbon at the core.
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TABLE 2

HARDNESS MEASUREMIENTS OF SHEET AND CYLINDRICAL BAR STEEL

Sheet Steel

Microhardness (DPH) 123 £ 2

Equivalent Rockwell B

62 + 1

Bar Steel
120 + 29
145 + 22
60 & 1(1)

73 & 1(2)

(1) Hardness measurement taken at a depth of 0. 18 inch below surface of bar.

{2) Hardness measurement taken at the core.
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. TABLE 3

OUTLINE OT TESTING PROGRAM

Type Test Remarks
Monotonic (1) Monotonic tension Both configurations
Tension under stroke control
properties
Steady State (1) Constant strain Constant strain controlled
cyclic stress- tests were also used for
strain properties data for fatigue resistance

(2) Incremental step

(3) Monotonic tension
after incremental step

Fatigue resistance (1) Constant amplitude Overstraining was
strain control accomplished by
decreasing incremental
step test

(2) Initial overstrain
followed by constant
amplitude strain
control

{3) Constant strain control
with oversqtraining
every 10* cycles
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TABLE 6

COMFLETELY REVERSED STRAIN CONITROLLED
TEST RESULTS OF THE SHEET STEEL

Total Strain Total Stress Plastic Reversals
Amplitude Amplitude Strain to Failure
INT Ac/2, ksit? Aep/Z(l) 2N,
0.00785 46.4 0.00630 3,480
0. 005835 42.0 0.00387 6, 690
0. 00259 30.4 0.00158 49, 400
0.00200 28.4 0.00103 126, 000
0.00160 24.7 0.00077 194, 000
0.00134 22.1 0.00061 484,000
0.00107 19.9 0.00040 3, 840, 000
0.00081 20.3 0.00014 4,480, 000

(1) Fifth place after the decimal is an estimation.

(2) First place after the decimal is an estimation.
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TARLE 7

COMPLETELY REVERSED STRAIN CONTROLLED
TEST RESULTS OF THE BAR STEEL

Total Strain True Stress Plastic Reversals

Amplitude Amplitude Strain to Failure
INYIS ro/2, ksit? L\.ep/Z(l) 2N,

0.01545 55.5 0.01360 496
0.01034 54.0 0.00854 1,900
0. 00778 51,1 0. 00607 2, 600
0.00513 45,7 0.00301 3, 390
0.00334 40.5 (.00198 34,300
0.00231 32,8 0.00121 139,000
0. 00174 26.8 0.00084 326, 000
0.00159 26.1 0.00072 580, 000
0,00125 22.8 0. 00049 1, 500, 000

(1) FFifth place after the decimal is an estimation.

(2) FirsL place after the decimal is an estimartion.
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TABLE 8§

IN[TIALLY OVERSTRAINED TEST RESULTS

OF THE SHEET STEEL

Total Strain

True Stress

Plastic Reversals
Amplitude Amplituder Strain to Failure
AestY) AG/2, ksit?) Aep/2(1) 2N,
0. 00106 20.4 0. 00038 634, 000
0. 00081 19.3 0.00018 6, 330, 000
TABLE ¢
INITTALLY OVERSTRAINED TEST RESULTS
OF THE RAR STREEL
Total Strain Truc Strcess Plastic Reversals
Amplitude Amplitude Strain to Failure
NS Ac/2, ksit2) Aep/z(l) 2N,
0. 00200 29.3 0.00102 147, 000
0.00125 23.0 0.00048 500, 000
0.00107 22.0 0. 00030

did not fail

(1) Fifth place after the decimal is an estimation.

(2) First place after the decimal is an estimation.
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TABLE 10

PERIODICALLY OVERSTRAINED TEST RESULTS

OF THE 5

HEET STEEL

Total Strain True Stress Plastic Reversals
Amplitude Amplitude Strain to Failure
Aey2th) Ac/2, ksit?) Aep/z(l) 2N,

0. 00108 19.5 0.00043 464, 000
0. 00081 20.5 0.00013 1, 070, 000
0. 00081 21.2 0.00011 1,470, 000
TABLE 11
PERIODICALLY OVERSTRAINED TEST RESULTS
OF THE BAR STEEL

Total Strain True Stress Plastic Reversals

Amplitude Amplitude Strain to Failure
T A2, ksit?) Aep/2(l) 2N,
0.00136 23.0 0. 00059 324, 000
0.00121 23.8 0.00042 560, 000
0.00105 21.1 0.00035 1, 880, 000

(1) Fifth place after the decimal is an estimation.

{2} Firar place after the decimal is an estimation.
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gcnfical Zone
Notch |

~—— Smooth Specimen

Fig. I Smooth Specimen Representation of
Material at the Critical Zone



(a) (b)

Fig. 2 Microstructure of Spheoridized Annealed
Cold Rolled 1020 Sheet Steel




(a) 018 inch from Surface (b)) Core

Fig. 3 Microstructure of 3/4 Inch Diameter Bar
Steel
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Fig. © Bar Steel Specimen Mounted in
Load Frame and Extensometer




Fig. 7 Mounting Fixtures-Sheet Steel Specimens
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Fig. 30 Monotonic and Cyclic Stress-Strain Curves



|99JS DG JO s|INsay sal 3oo0jg [04uo) ubus ¢ big

~00I-
n
=
140)
w
LS
=~
@
Jool
~200-
0]
awI| =
=
3

~200




100

o
—
—
—

o
]

. ——— Sheet Steel

/ — — Bar Steel
—

oCr

True Stress, ksi
o
T

— —— Sheet Steel
— — Bar Steel

(b) Incremental Step Strain

100

|

—— Sheet Steel
— — Bar Steel

(c) Prestrained Monotonic Tension

| L L 1 1 I}

0.0000I

|
00001 0001 o] o]! 0.
True Plastic Strain
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Cyclic Stress-Plastic Strain Curves for Both Steel
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