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bstract

The mechanical behavior of 316LVM 1 × 7 cables were evaluated in uniaxial tension and in cyclic strain-controlled fatigue with the use of a Flex
ester operated to provide fully reversed bending fatigue. The magnitude of cyclic strains imparted to each cable tested was controlled via the use

f different diameter mandrels. Smaller diameter mandrels produced higher values of cyclic strain and lower fatigue life. Multiple samples were
ested and analyzed via scanning electron microscopy. The fatigue results were analyzed via a Coffin–Manson–Basquin approach and compared
o fatigue data obtained from the literature where testing was conducted on similar materials, but under rotating bending fatigue conditions.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

A team of materials scientists at CWRU is supporting
he development of Networked Implantable Neuroprostheses
NNPS) Systems on an NIH-Bioengineering Research Partner-
hip. The Materials Group is leading the material and structural
valuation, analysis, and testing of implantable lead wires and
nterconnects that form part of the NNPS. These implantable
lectrodes are constructed from small diameter wires in order
o develop systems for restoration of extremity function in
atients with spinal cord injuries [1–4]. The electrodes in totally,
mplantable functional electrical stimulation (FES) systems

ust be reliable and withstand both static and cyclic loading
or long durations. In order to understand the factors affect-
ng the performance of such implantable electrodes, the tensile
nd fatigue properties must be characterized on representa-
ive wires/cables of candidate materials. Previous studies have
nvestigated the rotating bending fatigue behavior of a range of

ire/cable geometries and chemistries [5–8].
In the present study, the response of 316LVM 1 × 7 cables to

tatic and cyclic mechanical loading is reported. Monotonic ten-
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ntable electrodes

ile tests were performed and the fracture surfaces of the cables
ere observed under a scanning electron microscope (SEM) to

eveal the fracture mechanisms involved. Fully reversed cyclic
ending fatigue tests of the cables were conducted in a flex tester
nder various strain loading conditions in order to determine the
atigue behavior of the cables both in the low cycle and high
ycle regime. The fatigue behavior of the cables was modeled
sing the Coffin–Manson–Basquin relationship and compared
o studies conducted under rotating bending fatigue. This work
s part of a larger study investigating the cyclic bending fatigue
ehavior of a range of different candidate materials for use in
ext generation FES systems.

. Experimental procedures

.1. Materials

The 316LVM stainless steel cables evaluated in the present
tudy utilize a 1 × 7 configuration [9], right angle twisted with
ay length of 0.0423′′ (inverse of twists per inch). The cable

s comprised of seven wires (1 core and 6 outer wires) of
qual diameter (0.00135′′ ± 0.0001′′). All cables used in the
resent study were coated with Perfluoroalkoxyethylene-PFA
roducing an overall cable diameter of 0.01025′′ (±0.00075′′).

mailto:jjl3@case.edu
dx.doi.org/10.1016/j.msea.2007.11.016
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he 316LVM stainless steel used in these cables was prepared in
ccordance with ASTM F138-92 [10], Grade 2 specifications,
nd supplied by Fort Wayne Metals, Fort Wayne, IN in the
Hard” condition. The Perfluoroalkoxyethylene-PFA coating
as removed prior to testing via the use of “hot tweezers”

hat remove the Perfluoroalkoxyethylene-PFA layer without
ffecting the stainless steel. This enabled imaging of the each
ndividual wire of the cable via scanning electron microscopy
SEM) as well as eliminating the effect of the polymer coating
uring testing. SEM examination confirmed the removal of the
erfluoroalkoxyethylene-PFA coating via the use of the “hot

weezers”.

.2. Tensile testing

Tensile testing of small size wires with conventional fric-
ion grips typically produces failure at the grips. However, due
o the relatively low load required to break the 316LVM wires
because of their small diameter), they were directly glued to
he grips (without the need to use the gripping action) using
cetocyanoacrylate (i.e. super glue). In all cases, this produced
ensile failure in the gage section away from the grip region. All
ensile tests were carried out to failure using a 25 mm span with
isplacement rate of 0.5 mm/min using a screw driven table-
op Instron Model 1130, Instron corporation, Norwood, MA
quipped with a 10 lb load cell and MTS Testworks software,
TS systems, Eden Prairie, MN. Both load and displacement
ere monitored via the MTS Testworks data acquisition system

t a rate sufficient to capture the load and displacement data
ast the UTS. The load vs. displacement data were analyzed
sing 0.2% offset for yield stress, while UTS was calculated
t maximum load. Engineering stress was calculated using the
pplied load divided by the total area of the cable (i.e. number of
ires × cross-sectional area of each wire). Elastic modulus was
btained from the manufacturer, while the reduction in area (Eq.
1)), was determined by examining the final cross-sectional area
f each of the wires in a Philips XL30 ESEM (Philips Electron
ptics, Eindhoven, Netherlands) operated at 5 kV in secondary

lectron imaging mode.

A = A0 − Afw

A0
(1)

here A0 is the initial cross-sectional area of each wire in the
× 7 cable and Afw is the final cross-sectional area of each wire

n the 1 × 7 cable.
The true fracture strain, εf, for each wire in the 1 × 7 cable

as calculated via Eq. (2):

f = ln

(
100

100 − %RA

)
(2)

hile the true fracture stress of the 1 × 7 cable, σf, was calcu-
ated via Eq. (3):
f = Pf

Af
(3)

here Pf is the fracture load of the 1 × 7 cable and Af is the final
ross-sectional area of all the 7 wires in the 1 × 7 cable. The

m
l
s
w

ig. 1. Flex tester machine showing configuration of mandrels, wire sample,
nd break detector.

racture load was obtained using the high-speed data acquisition
ystem.

.3. Fatigue testing

Fatigue tests were carried on the 316LVM 1 × 7 multi-strand
able using the Flex tester shown in Fig. 1. Techniques using this
evice were developed for the determination of the ductility and
ow cycle fatigue behavior of thin metallic foils used in the elec-
ronics industry, as summarized in an ASTM-STP [11] and an
STM standard [12]. Results obtained on thin foils using this

echnique are also provided elsewhere [13–15]. As reviewed
lsewhere [13–15] some of the advantages of the Flex tester
nclude: the ability to apply symmetric load; cyclic strain appli-
ation; cyclic fatigue in strain-controlled mode; constant strain
mplitude throughout test duration; the capability to impose
train amplitudes for the range from low cycle fatigue to high
ycle fatigue.

As shown in Fig. 1, the sample is first placed between
dentically sized mandrels of chosen dimensions. Reciprocal

ovements shown by the double-sided arrow will impose a well-
efined radius of curvature to the wire, and hence definite strain
mplitude as calculated below. The cyclic frequency can be var-
ed from 1 Hz to 17 Hz, although all current tests were conducted
ith 1 Hz (i.e. 60 cycles/min). The sample is also connected to
small break detector that shuts off the machine when a cur-

ent/voltage break is detected. A small dead load (e.g. 84 gms)
s used to keep the sample from wandering off the mandrels.
ests can be run under fully reversed (i.e. R = −1) conditions by
lacing the sample as shown in Fig. 1 and using the full range of

otion of the machine. R = 0 tests can be conducted by simply

imiting the range of motion of the machine, thereby loading the
ample with the mandrel in only one direction. In the present
ork, multiple tests were conducted at R = −1 for the follow-
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Fig. 2. Fracture surface of 316LVM 1 × 7 cable tested in tension.

ng mandrel diameters: 1.15 mm, 1.95 mm, 3.95 mm, 5.92 mm,
.92 mm, 9.88 mm, 12.6 mm and 19.05 mm.

.4. Fracture surface analysis

The failed tension and fatigue samples were examined in a
hilips XL30 ESEM operated at 5 kV. Tension samples were
xamined to determine the mechanism(s) of failure (e.g. dim-
led fracture, ductile rupture, shear, etc.), while samples failed
n fatigue were examined to determine any differences in the
racture surface appearance of any of the wires in the 1 × 7
onfiguration.

. Results
The tensile properties of the 316LVM 1 × 7 multi-strand
able are summarized in Table 1. Included in Table 1 is other
ata [7] reported on as-drawn, and annealed, 316LVM single

ig. 3. Magnified view of wire #1 in 1 × 7 cable shown in Fig. 2. Dimpled
racture with high RA (∼90%) is demonstrated.
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ig. 4. Effect of mandrel diameter on the cycles to failure for 316LVM 1 × 7
able.

ires. The true fracture stress, true fracture strain, and percent-
ge reduction in cross-sectional area were calculated by using the
ross-sectional area measured from the fracture surface as shown
n Fig. 2. A magnified view of wire #1 in the 1 × 7 cable is shown
n Fig. 3. The fracture surface of each individual wire in the
able exhibited similar features, with extremely high reduction
n area (e.g. ∼90%) and a dimpled fracture surface. The effect of
hanges in the mandrel diameter on the cycles to failure, Nf, is
ummarized in Fig. 4, while Table 2 provides the individual data.
s expected, the cycles to failure increased with an increase in

he mandrel diameter. This results because an increase in man-
rel diameter produces a smaller applied strain, as discussed
elow. The samples tested with mandrel diameters 9.88 mm and
2.6 mm did not fail after >1,623,123 and >2,710,000 cycles,
espectively, and were removed from the machine.

. Discussion

.1. Tensile properties

The high tensile strength and ductility (i.e. RA, εf) exhibited
y the 316LVM 1 × 7 cable is not unusual, as it is known that
ustenitic stainless steels are highly ductile, while the cold work
mparted in the wire drawing process significantly increases the
trength. The combination of high strength and high ductility
as been demonstrated in a number of drawn wires, including
atented steel wire, as reviewed elsewhere [16]. For compari-
on, handbook values for annealed AISI 316LN are yield stress
05 MPa, UTS 515 MPa, RA 60% [17].

The values for true fracture stress reported in Table 1 include
hose calculated in earlier work [7]. Previous data [7] utilized
he peak load divided by the final cross-sectional area, thereby
roducing a very large true fracture stress due to the extremely

igh reduction in area (i.e. fracture strain) reported in that
ork [7]. Unfortunately, this early work [7] was not conducted
ith sufficiently high data acquisition rates to capture the non-
niform strain and resulting load drop that occurs in this regime.
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Table 1
Tensile properties of 316LVM 1 × 7 cable tested presently

ID Wire diameter
(mm)

Cable diameter
(mm)

0.2% offset yield
stress σy (MPa)

UTS
(MPa)

Elastic modulus
Ea (GPa)

RA (%) True fracture
stress, σf′ (MPa)

True fracture
strain, εf′ (MPa)

316LVM 1 × 7 0.034 0.1 1135 1239 193 89.9 ± 3.8 5400 ± 1490 2.3 ± 0.3
316LVM as-drawn [7] 0.1 N/A 2224 2550 225 40 4250 0.5
3 884
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16LVM annealed [7] 0.1 N/A 592

ensile properties of 316LVM as-drawn and 316LVM annealed wire [7] also pr
a Manufacturer data.

he present work was conducted with data acquisition rate of
0,000 Hz, thereby enabling the load reduction past the peak
oad (as well as the fracture load) to be recorded accurately. The
rue failure load was then divided by the final cross-sectional area
n order to obtain the true fracture stresses reported in Table 1.
his still produces a true fracture stress in excess of 5000 MPa

or the present wires due to the extremely high (e.g. approx.
0%) reduction in area, Figs. 2 and 3, although still less than
he theoretical strength, estimated as E/10. Such high fracture
tresses are not necessarily unreasonable in the light of other
ork [16] on patented steel wires which exhibit significantly
igher strengths in addition to non-zero failure strains.

.2. Strain range (�ε) calculation for 316LVM 1 × 7 cable

The general observation of a decrease in fatigue life with
ecrease in mandrel diameter is expected and is consistent with
uch previous work on similar testing conducted on thin foils

13–15]. In those works [13–15] as well as the ASTM stan-
ard [12], the results are analyzed via a Coffin–Manson–Basquin

train-life approach [18–20] since the mandrel imparts a fully
eversed and repeatable cyclic strain. The present work adopts
similar analysis and builds upon detailed analyses for stresses
nd strains in stranded cables which can be found elsewhere

able 2
ffect of mandrel diameter on cyclic strain range and cycles to failure for
16LVM 1 × 7 cable tested presently

andrel diameter (mm) Cycles to failure (Nf) �ε

1.15 1,145 0.05973
1.15 1,333 0.05973
1.15 1,647 0.05973
1.15 1,893 0.05973
1.95 3,088 0.03524
1.95 3,103 0.03524
1.95 3,171 0.03524
1.95 3,474 0.03524
3.95 6,818 0.01739
3.95 9,422 0.01739
3.95 19,355 0.01739
3.95 23,981 0.01739
5.92 17,271 0.0116
5.92 20,837 0.0116
5.92 23,993 0.0116
5.92 45,227 0.0116
7.92 265,792 0.00867
9.88 1,602,123 (DNF) 0.006958
2.6 2,710,000 (DNF) 0.005453

NF denotes sample did not fail after number of cycles listed.

w
ρ

s
a
t

F
d

196 90 8840 2.3

d.

7,21]. For the purpose of the present study, it is known [7,21]
hat the strains and stresses for the straight core wire in the cable
re higher than the helically twisted outer wires. As analyzed
lsewhere [7,21], consider pure bending of a thin straight wire
f diameter, d, around a well-defined and much larger radius, ρ.
his can be approximated as bending of a thin slender rod, where

he radius of curvature, ρ, is related to the bending moment, M,
s

= EIwire

ρ
where Iwire = π

64
d4 (4)

nd the normal stress due to bending is given by

= My

Iwire
= Ey

ρ
where the maximum stress occurs at y = d

2
.

(5

he strain range for a fully reversed strain cycle under this
ituation is given by

ε = 2σ

E
= d

ρ
(6)

here d is the diameter of the individual wires in the cable and
is the mandrel radius.

The calculated strain ranges, �ε, for the various mandrel

izes used presently are listed in Table 2. It should be noted that,
lthough these calculations provide a conservative estimate for
he strain range in the cable, the contact stresses between the

ig. 5. Fatigue fracture surface of 316LVM 1 × 7 cable tested using mandrel
iameter 1.15 mm and 1647 cycles to failure.
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sequently propagates towards the center of each wire, eventually
producing catastrophic fracture of the wires/cables in the man-
ner shown in Figs. 5 and 6. This is somewhat different than that
reported in the other studies [5,8] where fracture initiates and
ig. 6. Magnified view of fatigue fracture surface of wire #1 (Fig. 5) from
16LVM 1 × 7 cable tested using mandrel diameter 1.15 mm and 1647 cycles
o failure.

ires in the cable are not included. A detailed analysis to account
or contact and frictional stresses between the wires is beyond the
cope of the present work and requires finite element modeling.

Examination of the cables fatigued to failure revealed similar
eatures in each of the individual wires comprising the 1 × 7
ables as shown in Fig. 5. A higher magnification view of wire
1 is shown in Fig. 6. SEM examination of each of the wires in
he 1 × 7 cable revealed that fatigue fracture initiated at the top
nd bottom of each wire, Fig. 6. Fatigue fracture then propagated
owards the center of each wire producing catastrophic fracture
n each wire that was located roughly at the central axis of each
ire. The final fracture exhibited ductile rupture (i.e. necking

o a point) while some degree of lateral strain was also present
s shown in Fig. 6. This indicates that each individual wire in
he 316LVM 1 × 7 cable experiences very similar cyclic strain
alues for a give mandrel size.

.3. Strain-life relationship for 316LVM 1 × 7 cable

The strain-life approach to fatigue considers the plastic defor-
ation that may occur in localized regions where fatigue cracks

egin. The relationship between the strain range and the num-
er of cycles to failure obtained by flex fatigue tests conducted
sing various mandrels is summarized in Table 2 and is plotted
n Fig. 7. The data points with an arrow indicate that the speci-

en did not fail after the number of cycles listed. As expected,
ending over a small mandrel produces a larger cyclic strain,
hereby reducing the fatigue life, as shown in much previous
ork on thin metal foils [13–15].
In order to put the present data into perspective, Fig. 8 com-

ines the present data from Fig. 7 with those obtained in other
atigue evaluations of similar materials [5–8]. It should be noted

hat all of the other fatigue studies [5–8] summarized in Fig. 8
ere conducted whereby the wires/cables were rotated around a
xed radius so that the complete circumference of the wire was
tressed alternately in a tensile manner followed by a compres-

F
i

ig. 7. Presently obtained fatigue (Table 2) data plotted as �ε vs. Nf. Arrows
ndicate sample did not fail.

ive manner, analogous to rotating bending fatigue testing. This
echnique enables the generation of high cycle fatigue data in
elatively short periods of time since the rotational speed can be
et to high RPM, although it does not necessarily stress/strain the
aterial in the same way that is encountered in the biomedical

pplications considered presently. Deformation-induced heat-
ng of the wires/cables at high cyclic strains may also become

factor in the high RPM tests. The present testing cycles the
ires/cables over a fixed mandrel radius, thereby imparting a

ully reversed strain cycle, but not around the whole circum-
erence of the wire/cable. The low cyclic frequency (i.e. 1 Hz)
sed presently will also minimize any temperature rise in the
ires/cables. The fracture surfaces (Figs. 5 and 6) illustrate that

racture starts at opposite sides of each wire in the cable and sub-
ig. 8. Literature data [5–8] along with the presently obtained fatigue data shown
n Fig. 7.
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other studies [7] conducted on 316LVM as-drawn and annealed
wire and is included in Table 1. Fig. 11 summarizes only the
fatigue data obtained by Meyer [7] on 316LVM single wires in
52 J.J. Lewandowski et al. / Materials Scie

ropagates both around the circumference of the wires as well
s into the cross-section of each of the wires. The larger volume
f material sampled (i.e. circumference of the wires/cables) in
ddition to the fatigue crack propagation both around the cir-
umference and into the cross-section of each wire is one of the
ources of the lower fatigue lives exhibited in those studies [5,8]
n comparison to those obtained presently in Figs. 7 and 8. How-
ver, the same general relationship is obeyed whereby cycling
round a smaller radius (i.e. higher cyclic strain) produces a
eduction in fatigue life.

.4. Analysis of fatigue behavior

The fatigue-life behavior exhibited in Figs. 7 and 8 has been
nalyzed in a number of ways. One of the popular approaches
o analyzing fatigue life utilizes the Coffin–Manson–Basquin
elationship whereby the total strain amplitude and fatigue life
s given by

�ε

2
=

(
σ′

f

E

)
(2Nf)

b + ε′
f(2Nf)

c (7)

here �ε/2 is the strain amplitude (half the total strain range),
′
f the fatigue strength coefficient, ε′

f the fatigue ductility coef-
cient, b the fatigue strength exponent, c the fatigue ductility
xponent and E is the elastic modulus [18–20]. This approach
elates the uniaxial tensile behavior to the strain-life behavior
hrough an equation of the type shown in Eq. (7). Attempts at
redicting the strain-life behavior via the use of uniaxial ten-
ile data have evolved from earlier works [22,23] while just the
resent data is analyzed in the light of these previous works
22,23].

Eq. (8), the Universal slopes equation [22] was proposed in
965 after correlating the fatigue data of 29 different materials
nd assumes

ε =
(

3.5Su

E

)
(Nf)

−0.12 + D0.6(Nf)
−0.6 (8)

= ln

(
100

100 − %RA

)
(9)

here Su is the ultimate tensile stress, D the ductility, and %RA
s the percentage reduction in area.

The modified universal slopes equation [23], Eq. (10), was
roposed using the fatigue data of 50 different materials:

ε = 1.17

(
Su

E

)0.832

(Nf)
−0.09

+0.0266D0.155
(

Su

E

)−0.53

(Nf)
−0.56 (10)

he uniaxial tensile data determined in Table 1 have been used
n conjunction with Eqs. (8) and (10) in order to compare the
redicted response of the 316LVM 1 × 7 cable to that obtained

xperimentally, noting that the value for elastic modulus was that
rovided by the manufacturer. Fig. 9 reveals that the modified
niversal slopes equation (i.e. Eq. (10)) significantly under-
redicts the fatigue life, particularly in the low cycle regime.

F
C
o
p

lopes equation [22] and modified universal slopes equation [23] in comparison
o experimental data obtained presently. Arrows indicate sample did not fail.

hile the universal slopes equation (i.e. Eq. (8)) more closely
epresents the low cycle fatigue data, it under-predicts the high
ycle fatigue data.

Fig. 10 provides the best fit Coffin–Manson–Basquin curve
btained by fitting Eq. (7) with the fatigue strength and ductility
oefficients obtained from the tensile tests and manufacturer sup-
lied elastic modulus (Table 1). The fatigue strength exponent,
= −0.14 and fatigue ductility exponent, c = −0.65 calculated

rom the present data, are consistent with that exhibited by most
ngineering metals. For example, the fatigue strength and duc-
ility exponent ranges from −0.14 to −0.05 and −0.8 to −0.5,
espectively, for the range of structural metals reported else-
here [24,25]. While it would be useful to fit the rest of the data

hown in Fig. 8 using a Coffin–Manson–Basquin type analy-
is, the uniaxial tension data was only provided for one of the
ig. 10. Strain-life behavior of 316LVM 1 × 7 cable using
offin–Manson–Basquin relationship [18–20] with b = −0.14, c = −0.65,
btained from fitting fatigue data to Eq. (7) with uniaxial tension data obtained
resently, Table 1. Arrows indicate sample did not fail.
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ig. 11. Data of Meyer [7] on individual wires of as-drawn 316LVM and
nnealed 316LVM fitted with Coffin–Manson–Basquin relationship. Uniaxial
ension data of Meyer [7] used for analysis.

he as-drawn and annealed conditions, respectively. The uniax-
al tension data of these wires [7], summarized in Table 1, was
sed to calculate the fatigue strength and ductility exponents in
rder to fit the data with the Coffin–Manson–Basquin relation-
hip. The fatigue strength exponents were b = −0.16, −0.2 for
he as-drawn and annealed wires, respectively, while the fatigue
uctility exponents were c = −0.5, −1.0, respectively. The fitted
urves are shown in Fig. 11 along with the original data [7].

hile the scatter in the data for a fixed cyclic strain combined
ith the fewer number of cyclic strains tested contributes to the
oorer fit of this previous data in comparison to the present data,
ome general trends are clear. The as-drawn 316LVM wire pos-
esses higher tensile strength and lower ductility in comparison
o the annealed 316LVM wire [7]. This is reflected in the fatigue
erformance whereby the higher strength, as-drawn 316LVM
ire exhibits longer life when cycled at low strain amplitudes

n comparison to the lower strength, annealed 316LVM wire.

owever, the high ductility, annealed 316LVM, exhibits longer

ife than the low ductility, as-drawn 316LVM when cycled at
igh strain amplitudes, generally consistent with observations
n a number of different materials [18,19,22,23,25].

ig. 12. Stress-life data of previous work [5,7] along with the presently obtained
ata.
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.5. Stress-life behavior for 316LVM 1 × 7 cable

Fig. 12 presents a summary of previous work [5,7] on
16LVM wires conducted in rotating bending, where the bend-
ng stress is plotted against the number of cycles to failure.
tress-life data from the present work is also included in Fig. 12.
he data generated presently is included in Fig. 12 by calculat-

ng the maximum bending stress in the cables, assuming that the
ore wire is subjected to maximum bending stress [21].

As shown in the strain-life plots in Figs. 7 and 8, the present
ex bend testing also produces a longer fatigue life for an
quivalent bending stress compared to the rotating bending
xperiments also summarized in Fig. 12 [5,7]. As discussed with
he strain-life plots, this likely results from the larger volume of

aterial sampled (i.e. circumference of the wires/cables) in the
otating bending tests, in addition to the fatigue crack propaga-
ion both around the circumference and into the cross-section of
ach wire/cable [5,7] in contrast to that exhibited by the samples
ested in flex bending.

. Conclusions

The mechanical behavior of 316LVM 1 × 7 cables was
valuated in uniaxial tension, and in fully reversed cyclic strain-
ontrolled bending fatigue with the use of a Flex tester. Cyclic
trains were controlled via the use of different diameter man-
rels. The following was observed:

. The 316LVM 1 × 7 cables exhibited high tensile strength and
fracture strain. Each of the individual wires in the 1 × 7 cables
tested in tension exhibited similar fracture surface features
(i.e. ductile fracture) and reduction in area/fracture strain.

. The fatigue life of the 1 × 7 cables increased with an increase
in mandrel diameter (i.e. decreasing cyclic strain). SEM anal-
ysis revealed similar fracture surface features in each of the
wires present in the fatigued 1 × 7 cables. Fatigue failure
started at the top and bottom surfaces of each individual wire
and propagated towards the center of each wire, eventually
producing tensile failure near the mid-plane of each wire.

. The present fatigue results were analyzed with the
Coffin–Manson–Basquin relationship with the aid of the
presently generated uniaxial tension data. The fatigue
strength coefficient, b, and fatigue ductility coefficient, c,
were determined to be −0.14 and −0.65, respectively, for
the presently tested 316LVM 1 × 7 cables. These values are
in the range of those exhibited by other structural materials.

. The fatigue behavior of other 316LVM wires/cables tested in
rotational bending fatigue [5–8] was compared to the present
data. In all cases, the fatigue life obtained in rotating bending
fatigue [5–8] was lower than that exhibited presently where
fatigue was conducted in flexural bending using the flex tester
shown in Fig. 1. This likely results from the initiation and

propagation of fatigue from the whole circumference of the
wires/cables in the rotating bending fatigue tests, thereby
producing shorter fatigue life than flexural bending fatigue
when compared at the same cyclic strain.
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