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The strain concentration factors were determined for aluminum alloy 7085 in the T7651 temper using
multi-hole structural coupon specimens. Samples of the alloy were evaluated for both the 6.25 mm (0.25 in.)
thick and 10 mm (0.4 in.) thick specimens having widths of 50 mm (2 in.) and 100 mm (4 in.), respectively.
For the case of the specimens that were 50 mm in width, the mechanical tests were conducted for both the
open-hole and filled-hole conditions and the corresponding strain concentration value was determined. For
the filled-hole test specimens, threaded fasteners having collars were used. In order to provide for some
interference, the fasteners had a shank diameter that was slightly larger than the nominal hole size. The
strain concentration values were evaluated at both the failure strain (ef) and the strain at maximum load
(emax). The average strain concentration value was then used to predict the results for the stack-up tests.
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1. Introduction

In recent years, several advanced alloys of aluminum have
been developed and commercialized. These alloys offer
noticeable improvements in intrinsic fatigue crack nucleation
and fatigue crack growth resistance coupled with increased
strength and toughness as compared to incumbent alloys
(Ref 1). However, when these aluminum alloys are tested in a
realistic manner relevant to structures, such as in a joint
connection test, the effective improvement in strengthened
endurance is not as noticeable or large (Ref 2). Through the
years, conventional tests make use of a simple one-piece
specimen to establish the strength, fatigue life and cyclic
resistance of the specific aluminum alloy. In this situation, the
crack usually nucleates at one of the larger microstructural
heterogeneities in the microstructure such as a constituent
particle, a fine microscopic pore or void. However, when the
same alloy is tested in a joint and/or structural configuration,
the situation becomes complex with additional factors contrib-
uting to the �quality� of the test specimen. Typically, failure is
associated with the structural detail representing a stress
concentration condition. In a typical aerospace joint, the overall
condition of the test specimen depends on the quality of the
following interactive and interrelated factors (Ref 2):

(i) Machining to include the production of fastener holes
and surface finish of the hole bore.

(ii) Surface quality and treatment to include anodizing and
priming.

(iii) Specimen assembly to include alignment, fastener type,
fit of the fastener and type of joint and preload force of
clamping.

(iv) Amount or extent of fretting between the surfaces of
the plates and between the fastener and the plate.

Mechanically fastened joints have become a common
feature used by airframe manufacturers and are often consid-
ered to be a critical detail in metallic aerospace structures. In
many instances, the covering or ‘‘skin’’ of the aircraft is a
different alloy than the members making up the skeleton. The
optimization of alloy combination requires tests with relevant
structural details, in this case, fastener holes coupled with a
relevant analysis method. The ultimate acceptance of an
aerospace structure that is made from the new and emerging
aluminum alloys and the related advanced structural systems is
largely dependent upon a successful demonstration of consis-
tent, reliable and predictable performance of the structure while
in service. This requirement has necessitated the need for novel
methods, spanning the domains of experimental and analytical
that can accurately predict the strength, redundancy and
durability of these systems while concurrently meeting devel-
opmental deadline.

Tension-dominated loading and resultant mechanical behav-
ior is an important consideration in the design, load carrying
capability, and overall assessment of stiffened shells. Presently,
a vast majority of the structures, spanning the domains of both
critical and non-performance critical, used in the aerospace
sector make use of mechanical fasteners to either connect or
assemble the various components. Testing new design concepts
and aluminum alloy combinations for a large aerospace
structural system is often tedious, time consuming and taxing
by way of expense or cost incurred. Use of simplified tests
coupled with judicious use of the principles of solid mechanics
to both effectively predict and measurably assess the tensile
capacity of skin and stringer combinations prior to committing
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to full-scale structural simulations is of importance in control-
ling costs while concurrently meeting developmental deadlines.

The basic premise behind an analysis method that utilizes
strain concentration factors for predicting the tensile capacity of
a built-up structure views the surrounding material to be subject
to strains that are significantly lower than in the immediate area
that is either adjacent or local to the fastener (Ref 3). Failure
normally initiates at the edge of a fastener hole when the local
strain reaches a critical value that is characteristic of what the
chosen material can support. The intrinsic differences between
the ‘‘bulk’’ strain and the ‘‘local’’ strain are best provided by a
direct comparison of results from tests conducted on standard
tension specimens and structural coupons having fastener holes.
The strain concentration factor concept is illustrated in Fig. 1.

An effective and prudent approach for the determination of
strain concentration factor involves mechanical tests that are
carefully performed at the level of the material and the
structural coupon. Standard material tests were used to evaluate
the stress versus strain response up until failure. The structural
coupon samples are subsequently tested to provide the stress
versus strain characteristics in the presence of relevant engi-
neering detail. For those aerospace structures that make use of
mechanical fasteners, holes were employed and a typical
sample is shown in Fig. 2. The strain concentration factor is

best rationalized as the ratio of the strain at failure for the
material to the strain at failure for the structural coupon.
Alternatively, the characteristic strains can also be obtained at
the point of maximum load. Typical stress versus strain curves
obtained from the mechanical tests are shown in Fig. 3.

The objective of this research paper is to present and discuss
the refinement in methodology used for determining strain
concentration factors for stiffened aerospace structures made
from aluminum alloy 7085-T7651. The strain concentration
factor values were determined both at strain at failure (ef) and
the strain at maximum load (emax). The experimental test results
are used to calculate the strength of the stack-up specimens that
are intended to represent a built-up skin-stringer structure.
Table 1 summarizes the specimens tested for the chosen
aluminum alloy 7085-T7651.

2. Material

The 7000 (7XXX) series aluminum-copper-magnesium-zinc
alloys, such as existing aluminum alloys 7085 and 7050, are
candidates that are preferred for use in aerospace applications
because of the combination of high strength and toughness,
along with very low sensitivity to gage length and thickness
(Ref 4). The strength is ascribed to the precipitation and
presence of strengthening precipitates, Mg(Zn,Cu,Al)2, both

Strain

S
tr

es
s

B
A

Strain Concentration

A

B

Element with hole

Fig. 1 The strain concentration factor concept

Fig. 2 An aerospace structure that utilizes mechanical fasteners,
holes are employed

Fig. 3 The determination of the strain concentration factor from
mechanical tests

Table 1 Summary of structural coupon samples tested
on alloy 7085-T7651

Number
Sample
type

Width,
mm

Thickness,
mm

Number
of replicates

1 Open hole 50 6.25 2
2 Open hole 50 10 2
3 Filled hole 50 6.25 2
4 Filled hole 50 10 2
5 Open hole 100 6.25 2
6 Open hole 100 10 2
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within the grain and along the grain boundaries, and
Al7Cu2Fe constituent particles (Ref 4). To meet the continuing
demand for stronger and tougher aluminum alloys coupled
with an attempt to both enhance strength and toughness and
enabling an improvement in the safety of existing airplanes,
spanning both the military and commercial sectors, a new
Al-Cu-Mg-Zn alloy was developed and put forth by ALCOA
(Aluminum Company of America) (Ref 5) and was subse-
quently designated by the Aluminum Association (Washington
DC, USA) as 7085. This new alloy was essentially based on
aluminum alloy 7050.

The nominal chemical composition of the alloy is given in
Table 2. Compared to the incumbent aluminum alloy 7050,
alloy 7085 has lower levels of iron (Fe), silicon (Si), and copper
(Cu), but contains a small amount of chromium (Cr) and
titanium (Ti). The alloy was provided in the T7651 temper,
which essentially includes a solution heat treatment, water
quench, and a stretch of 1-3% followed by overaging.

3. Test Specimens

The material, i.e., aluminum alloy 7085, was provided by
the manufacturer ALCOA as specimen blanks, in some cases
milled to the desired thickness prior to final machining. Blanks
of the as-received alloy were placed on a computer-controlled
milling machine (type: MAHO) and precision cut to the final
dimension. The geometry of the test specimen chosen was a
‘‘dog-bone’’ shape having a single row of holes. The effect of
specimen width was meticulously evaluated by testing both the
50 mm (2 in.) wide and 100 mm (4 in.) wide samples
containing a single row of seven holes. Also examined was
the role of fasteners by testing specimens having open holes as
well as specimens having holes filled with an aerospace type of
fastener. The structural coupons were evaluated for both the
6.25 mm (0.25 in.) thick and 10 mm (0.4 in.) thick conditions.
The intricacies of the test specimen geometry are described in
detail elsewhere (Ref 6, 7). The alloy (7085) was provided in
the T7651 temper as extrusions that can be used as stringers or
stiffeners in aircraft structures. The 7085-T7651 alloy provided
was considered to be of commercial quality.

4. Experimental Procedures

4.1 Mechanical Testing

The test specimens were mechanically deformed to failure in
uniaxial tension. All of the mechanical tests were conducted on
a 1330 kN (300,000 lb) Universal Testing Machine manufac-
tured by Warner-Swasey (UK). The load ranges for the Warner-
Swasey machine include the following: (i) 50 kN (12,000 lbs),
(ii) 270 kN (60,000 lbs), and (iii) 1330 kN (300,000 lbs).

The loads were determined to precision using a calibrated
pressure transducer that was positioned on the hydraulic
cylinder. The strain was measured using a long gage-length
extensometer that was acquired from Epsilon Technology. The
extensometer used in this research study was unique for two
reasons:

(a) It can be left in place through failure of the test specimen.
(b) Its gage length can be easily changed using a variety of

inserts.

Test data were recorded on an ADMET controller and were
subsequently down-loaded onto a personal computer (‘‘PC’’)
for purpose of analysis. Wedge action grips were used for all of
the test samples with ends less than 100 mm (4 in.) in width.
Plate grips were utilized for several samples whose grip ends
were greater than 100 mm (4 in.) in width.

The stress versus strain curves or plots for the structural
coupons are compared to the stress versus strain behavior of
aluminum alloy 7085-T7651. The strain concentration factors
were then calculated using either the strain at failure (Eq 1) or
the strain at the ultimate (maximum) load (Eq 2).

Kf ¼
eUM
eUSC

ðEq 1Þ

where Kf is the strain concentration using the strain-at-failure,
eUM is the failure strain for the material at the point of failure
or rupture, and eUSC is the failure strain for the structural cou-
pon at the point of failure or rupture.

KML ¼
eMML

eSCML
ðEq 2Þ

where KML is the strain concentration using the strain at max-
imum load, eMML is the strain for the material at maximum
load, and eSCML is the strain for the structural coupon at the
maximum load.

The strain concentration factors were calculated and com-
pared. The comparisons were made in an attempt to determine
and/or establish the intrinsic influence of specimen thickness,
presence of fasteners, and the role of specimen width on strain
concentration factor. The results put forth for both specimen
type and calculation methodology are based on an accuracy of
the maximum load prediction for the stack-up sample sequence.
A single stack-up tensile specimen was built that comprised
several layers that included both the skin and stringer material,
fastened together using mechanical fasteners.

4.2 Failure-Damage Analysis

The fracture surfaces of the alloy samples that were
deformed and failed in tension loading were carefully examined
in a scanning electron microscope to (i) determine the
macroscopic fracture mode and (ii) to characterize the fine
scale topography and microscopic mechanisms governing
tensile fracture. The distinction between the macroscopic mode
and microscopic fracture mechanism is based entirely on the
magnification level at which the observations are made. The
macroscopic mode herein refers to the overall failure, while
the microscopic mechanism relates to the local failure process,
spanning (i) microvoid formation, (ii) microvoid growth and
eventual coalescence, and (iii) the nature, extent and severity of
cracking spanning both fine microscopic and macroscopic
cracks.

Table 2 Nominal chemical composition of aluminum
alloy 7085 (in %)

Element: Si Fe Cu Mn Mg Zn Ti Cr Al

<0.06 0.08 1.3 0.04 1.2 7.0 0.06 0.04 Balance
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5. Results and Discussion

5.1 Initial Microstructure

In the last few years, few studies have been conducted to
ascertain the intrinsic microstructural features of aluminum
alloy 7050 and their influence on stress versus strain response
as obtained from a simple tension test (Ref 8, 9). The
microstructure of the as-provided 7085-T7651 was fully
recrystallized, with the recrystallized grains flattened and
elongated in the longitudinal direction as a direct consequence
of mechanical deformation introduced by the extrusion oper-
ation. At higher allowable magnifications of the optical
microscope, the coarser second-phase particles, i.e., the insol-
uble iron-rich intermetallics (Al7Cu2Fe), were observed to be
randomly distributed through the alloy microstructure. In an
earlier study on an alloy having near similar composition, these
particles were identified as Al7Cu2Fe (Ref 8). Overall this type
of particle is intrinsically brittle and is a preferred site for crack
nucleation. The Mg (ZnCuAl) 2 strengthening precipitates were
found decorating the grain boundaries.

5.2 Mechanical Test Results

Table 3 succinctly summarizes all of the strain concentration
factors determined for alloy 7085-T7651 for the following
conditions:

(a) The 50 mm width and 100 mm width.
(b) Open holes and filled holes.
(c) 6.25 mm thickness and 10 mm thickness.

The strain concentration factors that were found using the
failure strains (ef) are denoted as Kf, while those determined
using the maximum load (emax) are denoted as KML. The strain
concentration values presented are the average value based on
multiple tests.

The effect of specimen width on strain concentration factor
of aluminum alloy 7085-T7651 is shown in Fig. 4. The strain
concentrations presented in Fig. 4(a) are based on the strain at
failure, while those shown in Fig. 4(b) are calculated using the
strain at maximum load. For this 7085 aluminum alloy in the
temper (T7651), the strain concentration does appear to be
sensitive to width of the test specimen for the samples. The
100-mm-wide test specimens provided large strain concentra-
tion values when compared to the corresponding 50-mm-wide
test specimens. This was consistent for both thicknesses, i.e.
6.25 and 10 mm.

The intrinsic influence of fasteners on strain concentration
factors for aluminum alloy 7085-T7651 is shown in Fig. 5. A
comparison of the test specimens having open hole with those
having a threaded fastener revealed that the largest effect occurs

Table 3 Strain concentration factors for aluminum alloy
7085-T7651

Number
Sample type

Width/thick/open/filled Kf KML

1 50/6.25 and 10/O and F 2.57 1.74
2 50/6.25/O 2.74 1.83
3 50/6.25/F 2.91 1.91
4 50/10/O 2.36 1.59
5 50/10/F 2.31 1.62
6 100/6.25 and 10/O 3.28 2.09
7 100/6.25/O 3.33 2.12
8 100/10/O 3.24 2.06

Fig. 4 Effect of specimen width on strain concentration of aluminum
alloy 7085-T7651 using (a) failure strains and (b) maximum load

Fig. 5 Effect of fasteners on strain concentration using (a) failure
strains and (b) maximum load for 50-mm-wide test specimens of
aluminum alloy 7085-T7651
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for the 6.25-mm-thick specimens. The 10-mm-thick specimens
appeared to have a smaller difference in strain concentration
when comparing the open hole with the filled hole specimens.

The influence of test specimen thickness on strain concen-
tration factor for aluminum alloy 7085-T7651 is shown in
Fig. 6. The strain concentration factor based on failure strain is
shown in Fig. 6(a) while the strain concentration factor based
on strain at maximum load is shown in Fig. 6(b). The 10-mm-
thick specimens had a noticeably lower strain concentration
when compared to the 6.25-mm-thick specimens of the alloy.
Also, an increase in specimen width appeared to reduce the
extent of the difference in the two strain concentration factors
calculated either at the failure strain and maximum load.

A direct comparison of the strain concentration factor data
for aluminum alloy 7085-T7651 calculated both at the failure
strain (ef) and strain at maximum load (eML) is shown in Fig. 7.
It is observed that for both thicknesses (6.25 and 10 mm) and
widths (50 and 100 mm) the strain concentration value based
on failure strain is consistently higher than the strain concen-
tration values calculated using the strain at maximum load.

5.3 Tensile Fracture

The tensile fracture surfaces provide useful information on
intrinsic microstructural effects on strength, ductility and
fracture properties of aluminum alloy 7085-T7651. The scan-
ning electron micrographs of the test samples that were
deformed and failed in tension revealed identical macroscopic
failure mode regardless of width and thickness of test specimen.
However, noticeable differences in the microscopic fracture
mode were clearly evident as revealed by the microscopic
features on the tensile fracture surface. Representative fracture
features of the deformed and failed samples are shown in Fig. 8
and 9.

At ambient temperature (27 �C) microscopic fracture of the
7085-T7651 alloy was normal to the major stress axis with an
overall mixed-mode, i.e., ductile-brittle appearance (Fig. 8a).
Fracture was predominantly transgranular with cracking along
the recrystallized grain boundaries (Fig. 8a). The transgranular
regions were essentially flat and neat featureless (Fig. 8b).
Isolated pockets of fine microscopic voids and shallow dimples
were evident along the grain boundary regions (Fig. 8b). Higher
magnifications in the scanning electron microscope revealed
distinct cracking along the high-angle grain boundaries with fine
shallow dimples decorating the grain boundary regions (Fig. 8c).
The cracking occurred with ease along the grain boundary triple
junctions. Coalescence of the fine microscopic voids initiated at
the grain boundary precipitates resulted in dimple formation type
intergranular fracture. The recrystallized grains were large with
distinct cracking along the recrystallized grain boundaries
(Fig. 9a) and running parallel to the major stress axis (Fig. 9b).
The array of coplanar cracks along with the presence of
microscopic voids and dimples along the grain boundary regions
suggests that failure of the sample was predominantly intergran-
ular at the microscopic level. This can essentially be attributed to
a large area fraction of theweakened high-angle grain boundaries
parallel to the longitudinal direction. This intergranular fracture
and resultant delamination brings about a loss of through
thickness constraint causing an essentially plane strain brittle
fracture process to be divided into several plane stress ductile
fracture at the microscopic level (Ref 10, 11). The beneficial
effect of crack tip plasticity is offset by the presence of
intergranular precipitates coupled with coarse constituent parti-
cles. These intrinsic microstructural features promote the
occurrence of brittle intergranular fracture and cracking of
the coarse second-phase particles, i.e., Al7Cu2Fe, spread through
the alloy microstructure (Fig. 9c). The nucleation, growth and
eventual coalescence of the finemicroscopic voids initiated at the
grain boundary precipitates and particles occur at low to
moderate stress levels (Ref 11, 12). The halves of these voids
are the shallow dimples covering the intergranular fracture
regions (Fig. 9b).

5.4 Model Development

The failure load for the sample having a single line of
fasteners was estimated using an idealized stress distribution at
failure. This stress distribution is based on a numerical
simulation and is shown in Fig. 10. The stress distribution is
taken as blocks across the width of the sample. Extending one

Fig. 6 Effect of sample thickness on strain concentration using (a) fail-
ure strain and (b) maximum load for aluminum alloy 7085-T7651

Fig. 7 A comparison of strain concentration of aluminum alloy
7085-T7651 at failure strain and maximum load
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diameter on either side of the hole the stress is taken to be equal
to the ultimate tensile strength. Immediately adjacent to the
ultimate stress, for one full diameter, is a flow like stress, which
is taken to be the average of the yield strength and ultimate
tensile strength, i.e., [(rYS + rUTS)/2]. The remainder of the
cross section is taken to be at the level of the yield strength of
the alloy.

The test results obtained from using the simplified model to
predict the failure load for a 50-mm-wide, 6.25-mm-thick
specimen is shown in Fig. 11. It is noted that the strength of
aluminum alloy 7085-T7651 is taken from the same lot of
material as the coupon specimen. Further, the average strength
was used for the purpose of prediction and comparison with the
failure load obtained from mechanical testing. For purpose of
comparison test, data from an emerging aluminum alloy
designated as C460-T8E67 and having near similar composi-
tion are also provided. The predicted failure load is compared
with the structural coupon test results for the 50-mm-wide,
10-mm-thick specimen and is shown in Fig. 12. Figure 13
compares the predicted and experimental test results for the
100-mm-wide, 6.25-mm-thick samples of the emerging alumi-
num-lithium alloy C460-T8E67 (AA designation 2099) and the
established 7085-T7651 alloy having open holes. Results for
the 100-mm-wide, 10-mm-thick coupons of the two alloys are

compared in Fig. 14. For the cases considered, i.e., sample
width and thickness, the predictions were generally well within
5% of the average structural coupon test results for alloy 7085-
T7651. A near similar trend was observed for the aluminum-
lithium alloy C460 in the T8E67 condition with the predicted
load being lower than the test value.

The research personnel at ALCOA Technical Center
(Pittsburgh, PA) provided test results from tension tests on
built-up samples, referred to henceforth as stack-up samples,
comprising outer layers of the skin alloy (7085-T7651) and
a single middle layer of the extrusion or stringer alloy
(C460-T8E67). Each of the stack-up samples made from the
chosen alloys was mechanically deformed in tension until
failure. The strain concentration factors determined from the
stack-up tests were used to predict the results of the built-up
samples using a weighted average stress approach. As put forth
in the published literature (Ref 3), the expression put forth for
the failure stress of the built sample is given by:

rF ¼
Asnrts þ Aenrte

Ag

where Asn is the net or effective area of the skin along the
failure plane, Aen is the net or effective stress of the stringer

Fig. 8 Scanning electron micrographs of the 7085-T7651 alloy sample deformed in tension, showing the following: (a) overall morphology
showing mixed mode, i.e. ductile-brittle failure; (b) array of coplanar cracks along the recrystallized grain boundaries; (c) cracking at grain
boundary triple junctions, voids and shallow dimples
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along the failure plane, rts is the net skin stress correspond-
ing to failure strain of the panel and rte is the net stress in
the stringer at failure strain of the panel, Ag is the gross area,
and rF is the failure stress of the gross area. The numerator

of this expression reduces to load (the product of stress times
area), which when divided by area provides the failure stress
of the structural member.

Fig. 9 Scanning electron micrographs of the 7085-T7651 alloy sample deformed in tension, showing the following: (a) cracking at the recrys-
tallized grain boundary; (b) coplanar cracks along the high-angle grain boundaries and near featureless transgranular region; (c) cracking around
a coarse second phase constituent particle

Fig. 10 Assumed stress distribution at failure close to fastener
holes

Fig. 11 A comparison of the simplified model and test results for
50-mm-wide, 6.25-mm-thick specimen of aluminum alloy 7085

Journal of Materials Engineering and Performance Volume 19(5) July 2010—711



A precise determination of the predicted load for the built-up
sample starts with plotting the stress versus strain curves for the
alloys and a subsequent identification of the critical element.
Typically, the critical element is found for the layer whose
behavior is limited or constrained by ductility. In other words,
when the stack-up specimen layers are firmly connected and
acts as a complete unit, then mechanical deformation of the
different layers is the same. Failure of the sample is essentially
dictated by the layer of the alloy that has a smaller or limited
deformation capacity. The strain concentration for the alloy and
relevant details, i.e., open-hole and filled-hole, is then applied
to the stress versus strain curve of the critical element to
determine the ultimate failure strain of the panel. The critical
stresses for each element are determined for failure strain of the
panel. The gross area panel failure stress [Ft] is then computed.

The results of an estimation of the failure load for the stack
up sample are shown in Fig. 15. Besides the independent
testing in our laboratory, several sets of data for a combination

of alloys C460 and 7085 were made available by research
personnel at Alcoa Technical Center (Pittsburgh, PA, USA).
As the thicknesses of the layers were marginally different
(example: top layer 7085 is 5.5 mm in thickness, the middle
layer is alloy C460 of 9.9 mm thickness and the bottom layer is
alloy 7085 of 5.5 mm in thickness), the C460-7085 alloy
stack-up combination was treated as an independent unit. For
each plot, the predictions utilizing the strain concentration factors
at (i) the failure strain and (ii) the maximum load are shown.

An inspection of Fig. 15 reveals that the difference between
the average test result and the predicted maximum load varies
between 3 and 5%. In order to provide a valid recommendation
on the preferred specimen geometry, the experimental data were
evaluated by calculating the professional factor, which in this

Fig. 12 A comparison of model predictions and test results for the
50-mm-wide, 10-mm-thick specimens of aluminum alloy 7085

Fig. 13 A comparison of the predicted and test results for the
100-mm-wide, 6.25-mm-thick test specimens of aluminum alloys
7085 and C460 having open holes

Fig. 14 A comparison of predicted and test results for 100-mm-
wide, 10-mm-thick specimens of aluminum alloys 7085 and C460

Fig. 15 Exemplification of stack-up test results for alloy C460-
7085 combination
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study is referred to as the ratio of the predicted maximum load
to the actual test result obtained for the specific sample
configuration chosen as well as definitions of the two strain
concentration factors.

6. Conclusions

A series of structural coupon tests were performed with
precision on samples fabricated from aluminum alloy 7085-
T7651. The tests were conducted on samples having both open
holes and filled holes. The filled hole samples utilized a
threaded fastener that contained a collar. The test specimen
configurations included widths of 50 and 100 mm and thick-
nesses of 6.25 and 10 mm. The following are the key findings:

1. Strain concentration factors were developed for all the
samples tested, utilizing the strain at failure (ef) and the
strain at maximum load (eML).

2. A comparison of the 50-mm-wide and 100-mm-wide
samples revealed that an increase in width of the test
sample resulted in an increase in strain concentration fac-
tor. The presence of a hole should only have a small
influence as the width of the test specimen increases
since a large portion of the specimen cross-section expe-
riences a significantly smaller strain when the failure ini-
tiates at or close to a hole.

3. Filling the holes in the test sample with threaded fasten-
ers resulted in a noticeable increase in strain concentra-
tion value for this aluminum alloy 7085-T7651. The
increase was particularly noticeable when using the strain
at failure. The intrinsic influence of the presence of fas-
teners is of value in bearing-type connections.

4. Increasing the thickness of the test sample resulted in a
concomitant decrease in strain concentration factors for
this alloy in the T7651 condition. The effect of thickness
can be ascribed to differences in stress distribution from
the surface of the test sample to the interior of the test
sample particularly adjacent to the hole.

5. The predictions of the failure load for the sample having
a single line of fastener were estimated using an idealized
stress distribution at failure and were generally well with-
in 5% of the average structural coupon test results. A
similar trend was observed for the ternary alloy C460 in
the T8E67 condition.

6. The difference between the average test result and the
predicted maximum load varied between 3 and 5%.
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