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Abstract

Small specimen test technology (SSTT) has enabled the development of fusion materials by efficiently using available
irradiation volumes. The technology has also evolved in anticipation of the construction and operation of a high-energy
neutron source for development and verification of an engineering database for materials for fusion power reactors.
Work to date has brought SSTT to a robust state of maturity. SSTT specimens and techniques now routinely serve as
the foundation for a number of ongoing and planned experimental programs. Moreover, the need to use small spec-
imens has given rise to the development of new approaches to fracture assessment, such as the master curves-shifts
method. Nonetheless a wealth of opportunities exists to further develop new and very innovative SSTT methods not
only for characterizing standard mechanical properties but also to enable both large matrix single variable experiments
and highly controlled basic mechanism studies. This paper reviews briefly the recent progress on developing a more
science-based SSTT, including some future opportunities. The importance and utility of applying a variety of quasi-
non-destructive evaluations to a single specimen and closely integrating finite element simulations and fundamental

models of deformation and fracture are emphasized.
© 2002 Elsevier Science B.V. All rights reserved.

1. Introduction

Small specimen test technology (SSTT) has been an
integral part of fusion materials development since the
beginning. In part, this has been driven by limited
availability of effective irradiation volumes in test reac-
tors and accelerator-based neutron and charged particle
sources. Consequently, a substantial effort has gone in to
the development of small specimens and corresponding
test techniques from which useful mechanical property
information can be derived. These developments have
been the subject of at least six international symposia [1—
6] and several review papers [7-9]. The efforts have re-
sulted in a substantial array of specimens with major
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dimensions less than a few centimeters, from which a
host of mechanical properties can be derived. These in-
clude specimens that are miniaturized versions of their
full-scale counterparts:

(a) tensile,

(b) low and high cycle fatigue,

(c) fracture toughness (both compact tension and bend
bar geometries),

(d) fatigue crack growth,

(e) pressurized creep tubes,

(f) notched and pre-cracked impact specimens.

In addition, a variety of tests have been devised to
extract mechanical properties from existing small vol-
ume specimens. For instance, the following tests have
been developed for typical application to 3 mm diameter
transmission electron microscopy (TEM) discs or cou-
pon specimens:
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(a) hardness and microhardness, including various elab-
orated and instrumented variants,

(b) ball punch,

(c) shear punch.

A subset of these specimens and test techniques have
been tentatively selected as candidates for materials re-
sponse verification in the international fusion materials
irradiation facility, a D-Li based high energy neutron
source currently undergoing conceptual design [10].

To some extent, then, SSTT has become ‘mature’
with a number of widely accepted test techniques and
specimen geometries. In addition, a number of collateral
advantages have been derived from specimens with such
small dimensions. These include reduced temperature
uncertainties in irradiation environments with high
gamma heating; reduced dose uncertainties in the pres-
ence of significant flux gradients; more efficient use of
limited amounts of material, such as experimental heats
or specially doped alloys; and lower radiation dose rates

and activities of irradiated materials that must be han-
dled and ultimately disposed. Further, the success in
deriving flow and fracture data from small specimens
has forced a physically based consideration of ways of
translating these data into the integrity assessment of
large structures. Given the breadth of techniques and
literature associated with SSTT, it is important to em-
phasize that this paper cannot present a comprehensive
review or even a complete set of references.

Rather, in reviewing recent progress and new op-
portunities, we will focus on more recent efforts to de-
velop a fundamental understanding of basic flow and
fracture mechanisms. Achieving this objective requires
close integration of experiments and models. The latter
rely heavily on finite element (FE) simulations of both
macroscopic test observables (e.g., loads, displacements
and geometry changes) and internal distributions of
stress and strain (e.g., crack tip fields). Such enhanced
understanding and modeling enormously extend the in-
formation that can be derived from SSTT. Along with
providing important measures of mechanical properties,
small specimens greatly increase the range of irradiation
and material conditions that can be explored in basic
mechanism and single variable experiments. Moreover,
they are consistent with developing multipurpose speci-
mens and the design of composite specimens to address
outstanding issues, such as the effect of high helium
levels on fast fracture.

2. Fracture

The most recent efforts in fracture SSTT have been
pursued within the framework of the master curves-
shifts, MC-AT, method proposed by Odette and co-
workers [11,12] for bec alloys currently being considered
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as candidates for fusion reactor structures — namely, tem-
pered ferritic/martensitic steels (FMS) and vanadium-
based alloys. The MC-AT represents a significant
extension and modification of recent developments in
measuring cleavage initiation toughness for heavy sec-
tion component integrity assessments [13]. As illustrated
in Fig. 1, the shape of the effective fracture toughness K.
as a function of test temperature, 7, is assumed to be
described by a universal MC, or small family of curves,
Kine(T — Ty), which is indexed by a reference tempera-
ture T at a reference toughness K, (heavy dashed curve).
A relatively small number of small specimens can be
used to index a baseline K, (solid curve). Within limits,
the testing conditions may deviate from small scale
yielding (SSY) and the data can be adjusted to condi-
tions of higher or lower constraint (e.g., larger or
smaller dimensions) associated with size and geometry
by an amount A7, [14]. The position of the curve is
also adjusted using additional shifts, AT, to account
for strain rate, AT, (not shown) and irradiation, AT;
(dashed-dotted curve) as well as a margin of safety,
ATy, (not shown). Additional shifts can also be imposed
to account for statistical weakest link-type size effects
[15].
Moreover, a variety of small specimens can be used
to measure the shifts due to strain rate and irradiation
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Fig. 1. Schematic illustration of the MC-AT method. The
heavy dashed curve shows the basic MC shape on a T — T
reference scale. The solid curve represents a small specimen MC
with a steeper slope and lower 7; (referenced at 75 MPam) by
AT, than the corresponding SSY curve dotted line. It has been
temperature indexed with a small number of small specimens.
Irradiation shifts the SSY curve by an additional increment AT;,
shown by the dashed-dotted line.
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Fig. 2. Schematic illustration of integrating SSTT, confocal micrscopy/fracture reconstruction techniques and FE to obtain critical
stress ¢* and critical area A* parameters dictating the local conditions for cleavage fracture. This example is for subsized notched

impact specimens.

both directly or based on mechanism based correlations
[11,16]. Ultimately, microstructurally based models will
be developed to predict the shifts as well as the shape
and position of the reference curve [17,18].

To this end, a number of experiments are either un-
der way or in the planning stages that involve a range of
specimen sizes and crack geometries to determine values
of AT, in both the unirradiated and irradiated condition,
along with corresponding values of AT;, as well as to
verify the invariance of the MC shape. For example the
master curve experiments — a collaborative effort among
UC Santa Barbara, CRRP (Centre de Recherches en
Physique des Plasmas, Switzerland) and NRG (Nuclear
Research and Consultancy Group, Petten) — focus on
obtaining such data on both F82H and Eurofer97, using
both the Petten high flux reactor (HFR) and the Buda-
pest research reactor (VVRSz-M10). These experiments
include a range of fracture specimen sizes, crack length
to specimen width ratios, tensile specimens to obtain
constitutive behavior for reasons discussed below, as
well as an array of microstructural specimens.

In addition, small specimens can be used to derive
micromechanically based local fracture properties,
which can in turn be used in models of K.(7) and AT.

Figs. 2 and 3 illustrate this point. Fig. 2 shows how both
small fracture specimens and miniature tensile specimens
can be used in conjunction with confocal microscopy/
fracture reconstruction (CM/FR) techniques [19-21] to
determine values of critical stress ¢* and critical area A*
within this stress contour, describing the local conditions
ahead of a blunting crack at the onset of unstable
cleavage crack propagation [22]. In this particular case,
the specimens are subsized Charpy V-notch (CVN) im-
pact specimens, rather than pre-cracked fracture speci-
mens. Both specimen types provide direct local measures
of effective toughness as a function of test temperature.
The fracture surfaces are analyzed by CM/FR to de-
termine the critical notch or crack tip opening 6" cor-
responding to the onset of crack initiation. Miniature
tensile specimens are used to obtain the materials con-
stitutive equation, o(e,de/dt, T), over strains, ¢, strain
rates, de/d¢, and temperatures, 7, pertinent to the de-
formation ahead of the crack. The constitutive law is
then used in a FE analysis to simulate the deformation
ahead of the notch or blunting crack tip in various
specimens. The locus of the area (4) enclosed within a
specified stress contour (o) at the fracture loading con-
ditions reflects possible combinations of 4* and ¢*. The
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Fig. 3. Illustration of the application of 4*(¢*) to FE calcula-
tions of crack tip fields to determine toughness—temperature
curves for both SSY conditions and subsize specimen testing.
The dotted lines are MC comparisons [12].

A(o) corresponding to cleavage initiation are deter-
mined from these simulations at various test tempera-
tures and for different specimens. Ideally, the A(o)
curves intersect at a common value corresponding to
A* (o).

The inverse problem is illustrated in Fig. 3 [12]. Here
the constitutive equation for an FMS has been used in
an FE analysis to simulate the deformation of a fracture
specimen under conditions of SSY at K;(7) = Kj.(T) at
the specified critical 4*(¢*) condition. The agreement of
the predicted Kj.(7) curve with the MC shape is seen to
be quite good. The corresponding calculated curve for a
pre-cracked 1/3-sized Charpy specimen, which experi-
ences large scale yielding, is shown for comparison. In
this case, the reduced constraint in the smaller specimen
leads to a downward shift in temperature of about 40 °C
at a reference toughness value of K; = 100 MPam. The
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MC shifted down by 40 °C is also shown to be in rea-
sonably good agreement with this smaller specimen
K.(T). However, the model predicts that the smaller
specimen loses its ability to undergo cleavage at a lower
toughness of around 120 MPam; and in general, the
K.(T) slope in the transition region is steeper for smaller
specimens [11,14].

The success in utilizing small specimens to obtain
meaningful and useful fracture toughness information
has led to an even more aggressive approach to reducing
fracture specimen sizes. As described in a companion
paper [23], recent efforts at UCSB have been successful
in developing a small pre-cracked bend bar nominally 1/
6 in size in all dimensions compared to a standard CVN
specimen for measuring toughness at dynamic loading
rates, Knq. The small volume of the so-called deforma-
tion and fracture minibeam (DFMB) permits a very
large number of specimens to be irradiated in a small
volume (e.g., nominally 216 in the volume of a standard
CVN specimen). Note the small notched and un-notched
DFMBs will also be used in deformation studies. Fur-
ther, the actual DFMB dimensions will be adjusted for
the particular material to assure that the microstructures
fall within limits imposed by factors such as statistical
sampling requirements and restrictions imposed by the
particular application.

Fig. 4 shows recent dynamic Kiq(7T) data for the IEA
heat of modified F82H. A relatively sharp toughness
transition occurs at a temperature Tp,g ~ —70 £ 10 °C.
This is significantly higher than the static Kj. = 100
MPam T; (= —100 £ 25 °C) found with larger speci-
mens with nominally similar material, but taken from
different plates or plate sections. However, the results
can be interpreted to indicate that the higher dynamic
loading rate somewhat overcompensates for the reduc-
tion in the miniature specimen dynamic transition tem-
perature (7,4) associated with the very small ligament
size. Similar tests on a reactor pressure vessel (RPV)
steel suggested that the two competing effects are ap-
proximately equal in this case.

Although the shape of the K.(7) for the DFMB
specimen deviates from the MC shape, the sharper
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Fig. 4. (a) Ilustration of K;,q(7) data obtained on 1/6-sized bend bar specimens for F82H; (b) and (c) show how such data might be
applied to a determination of the effect of transmutant He on fracture behavior.
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transition temperature actually facilitates the quantifi-
cation of T4, and hence the determination of individual
contributions from multiple variables to AT; — such as
the possible effect of helium. This is also illustrated in
Fig. 4. It is expected that DFMB type specimens will
be used in an upcoming series of irradiations in the
HFIR reactor as part of US-Japanese collaborations.
DFMBs, with even smaller. 1 x 1 mm cross sections, are
planned for irradiation in high energy spallation proton
beams.

To date the current development of the MC-AT
method has not included consideration of statistical
weakest size effects, which is a central part of the stan-
dard ASTM MC approach [13]. A recent mechanism
based analysis of a large single variable database on a
RPV steel showed that both constraint loss and statis-
tical effects are important and can be quantified based
on FE simulations incorporating either deterministic or
statistical micromechnical models [15,24]. Thus future
research will carry out a similar evaluation of the fusion
materials of prime interest and refine the MC-AT
method to appropriately account for statistical size ef-
fects.

Before leaving the subject of fracture SSTT, it should
be noted that work also continues on deriving fracture
information from various kinds of punch tests. Zhang
and Ardell have analyzed ball punch test parameters to
suggest that fracture toughness of several ceramics could
be obtained by applying analytical solutions to equa-
tions of elasticity theory [25]. Foulds et al. applied FE
simulations of the ball punch process to determine
critical strain energy densities for ductile failure in a
number of materials, which they propose can, in turn, be
used to predict fracture toughness [26]. It is also argued
that the biaxial stress state in these tests is a better
representation of failure conditions pertinent to fracture
of cracked specimens. However, the validity of these
claims depends on the situation, and biaxial results are
not directly transferable to fracture under conditions of
high levels of triaxial constraint.

3. Fatigue

Efforts have continued both in Germany and Japan
to reduce the size scale of fatigue specimens. Based on
detailed FE simulations, Moslang [27] have developed
an optimized miniature fatigue specimen with a cylin-
drical gage section approximately 2 mm in diameter and
7.6 mm in length. The results to date indicate excellent
agreement between S-N (stress amplitude, S, versus
number of cycles to failure, N) data from these small
specimens and much larger standard specimens. Hirose
et al., have developed a similarly sized, but hourglass-
shaped, specimen with commensurately good results
[28]. The hourglass geometry offers the ability to achieve

higher strain ranges in push-pull fatigue tests, and
greater ease in temperature control. On the other hand,
the strain ranges of technological interest are achievable
with the cylindrical gage section; in addition, a greater
volume and surface area can be tested for the same
overall specimen size, and the results are more
straightforward to apply in design.

There have been similar efforts to reduce the size of
specimens for generating fatigue crack propagation
data. For instance, Li and Stubbins have developed a
bend bar that is 8 x 4 x 1 mm?® in dimension. Room
temperature tests to date on an austenitic 304 stainless
steel, a high-nickel Inconel 718 alloy and a modified
9Cr-1Mo steel have shown that crack growth rates
da/dN versus stress intensity range AK data are in very
good agreement with the trend curves obtained on these
materials with large standard CT specimens [29]. This
small specimen size, similar to a DFMB, also promises
to provide opportunities to include large numbers of
these specimens in irradiation experiments. Moreover, as
discussed below, these specimen geometries may lend
themselves to opportunities to perform multiple tests
before fatigue crack growth tests are performed.

4. Deformation

Test techniques to characterize the constitutive be-
havior o(e) of irradiated materials have continued to
evolve, based on miniature tensile tests, various kinds of
punch tests as well as microhardness and instrumented
hardness tests.

Miniature tensile specimens for fusion materials ap-
plications have largely focused on the flat, dogbone ge-
ometry, with typical specimen gage length widths in the
range 0.5 mm < w< 4.5 mm and thicknesses 0.05 mm <
t<1 mm [9]. The smaller dimensions are typically me-
diated by considerations of surface defects introduced in
the fabrication process and/or grain sizes. A detailed
characterization of the size limitations of miniature
tensile specimens was carried out in a recent US-Japan
collaboration for several austenitic and ferritic/marten-
sitic steels. It was shown that to obtain yield stress data
independent of specimen size requires specimen thick-
ness/grain size greater than a limiting value (e.g., t =~ 0.2
mm for the FMS investigated). On the other hand,
geometry independent ultimate tensile stress (UTS)
and uniform elongation required an aspect ratio
(gage thickness to width) greater than a minimum value
(e.g., ~0.2 for the FMS investigated) [30]. Extension of
such studies to irradiated materials is an important
objective.

Odette and coworkers have recently demonstrated the
utility of analyzing the deformation of a tensile specimen
by FE analysis [31,32]. By comparing experimental en-
gineering stress—strain behavior to the corresponding FE
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predictions, self-consistent true stress—strain constitutive
equations are derived. This work demonstrated that yield
drops and loss of uniform elongation in irradiated ma-
terials is a function of both irradiation hardening and
loss of strain-hardening capacity. The irradiated material
constitutive equations show some initial softening over a
few percent strain, followed by a modest but finite strain
hardening regime. Notably, significant irradiation hard-
ening persists up to high strains. Further, the results
support the use of incremental flow plasticity laws in FE
studies [31,32].

Shear punch tests can be used to estimate yield
strength and UTS [33,34]. In the shear punch test, a flat
cylindrical penetrator is forced through a clamped cou-
pon or disc specimen. Loads at deviation from linearity
and maximum loads are used to obtain effective shear
yield and ultimate stresses, which in turn empirically
correlate to the corresponding uniaxial properties
[33,34]. Tolozcko et al. have used FE to simulate the
shear punch test with emphasis on assessing load train
compliance effects. This has lead to several improve-
ments in the test apparatus, including a shortened, stiffer
penetrator, and more direct measurement of the punch
displacement, resulting in improved correlation between
shear punch-uniaxial tensile properties [35]. In a related
series of tests, Toloczko et al. found little dependence of
yield and ultimate stress on the specimen thickness (¢) to
grain size (d) ratio for ¢/d = 5 [36]. Gelles et al. have
recently reported the use of a shear punch specimen for
multipurpose applications [37]. They demonstrated that
the 1 mm blank produced from a shear punch test on a 3
mm TEM specimen of irradiated steel can be inserted
into an unirradiated TEM disc with a corresponding 1
mm hole, and the composite specimen jet thinned to
produce an electron transparent specimen. Remnants of
the irradiated ring were then used to measure the
transmutant H and He concentrations. Opportunities to
optimize information that can be obtained from a single
specimen are discussed further below.

Changes in hardness and microhardness have long
been used to track yield and tensile stress changes in
irradiated materials. Moreover, instrumenting the
hardness or microhardness tests has led to semi-
empirical expressions that relate various features of
the load-penetration data to the constitutive equation
[38-40]. It has also been shown that post-test mea-
surements of the indentation pile-up geometry can be
used to estimate the strain hardening [41-45]. How-
ever, the overall effectiveness of these methods is
limited. Recent FEA simulations of the ball indenta-
tion process showed that the semi-empirical relations
used to predict o(¢) from instrumented ball indenta-
tion data are only applicable to a limited range of
material behavior [46]. Constitutive equations of the
following form were used in FE to simulate the ball
penetration process

Ee¢  for e<oy/E,

o, for0<eg, <er,
oep for ep < g, < &,
OB for &p > &.

()

That is, the material is taken to deform elastically up to
the yield stress, o,. Between the yield point and a strain
of &, the material deforms plastically at a constant
stress of oy, simulating Luders-type strain (but distrib-
uted homogeneously). Between plastic strains g, of &
and &, the material strain hardens by a degree charac-
terized by the strain hardening exponent n. The strain
level ¢, is taken to be a saturation strain, beyond which
no further hardening occurs. The simulations were car-
ried out for combinations of: (a) two different values of
the yield stress (g, = 500 and 792 MPa); (b) five strain
hardening exponents (n = 0.0, 0.05, 0.1, 0.2 and 0.3); (c¢)
four Luders strains (¢ = 0.002, 0.005, 0.01 and 0.02);
(d) and six levels of saturation strain (¢, = 0.0625, 0.125,
0.25, 0.5, 0.75 and 1.0). The elastic modulus E was taken
to be 200 GPa (typical of steel). Load-penetrator dis-
placement P-h, pairs obtained from the simulations
were then used with the set of semi-empirical relations
that converts P—A, pairs to o—¢ data pairs [38,40]. As one
example, Fig. 5 compares the predicted o—¢ data pairs
with the input constitutive equations for several repre-
sentative cases. While reasonable agreement is obtained
between predicted and nominal input values for values
of 0.1 < n < 0.2, the predicted data fall above and below
the input constitutive equation for small » and large n,
respectively. Moreover, the semi-empirical relations (by
virtue of the nature of the instrumented ball indentation
data) do not capture the low strain (the yield stress) and
high strain (saturation stress) features of the constitutive
equation.

2000

1500 |

1000 [

500

0 0 002 004 006 008 01 012

&
Fig. 5. Comparison of the ball indentation based estimates of o
versus ¢, (symbol points) with the input stress—strain curves
(solid lines) for four constitutive laws: oy, = 500 MPa and n = 0
to 0.3.
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As described in a companion paper [23], insight from
FE simulations of the penetration process has led to a
new approach to more accurately predicting yield stress
from a combined analysis of load-penetration curves
and indentation pile-up geometry. This is based on FE
simulations of a cone penetrator indentation with vari-
ous constitutive equations similar to the type described
in Eq. (1). As illustrated in Fig. 6, the aspect ratio of the
indentation pile-up — that is, the pile-up height 7, to
width L,, ratio — correlates with the strain hardening
exponent, and is only slightly sensitive to yield strength.
The load (P)-penetration (A4) curves can be fit by a
parabolic function of the form

P=Ci4 + CA. 2)

The second derivative (curvature) of P(4), Cs, is sensi-
tive to both » and o,. Hence, in principle, the aspect
ratio gives an estimate of n, and the n and measured C,
can be used to estimate gy. By iterating, a value of o,
with decreasing uncertainty is obtained. Experimental
verification of this approach is currently underway.
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Fig. 6. Illustration of a method for combining indentation pile-
up data with instrumented penetrator load-displacement curves
to determine yield strength.

5. Future opportunities

The demonstrated success in applying FEA simula-
tions to analyze and understand the flow processes in-
volved in both uniaxial tension tests and hardness
indentation tests provides a context for using other de-
formation tests to obtain constitutive behavior under a
variety of stress-state and flow geometry conditions that
are more directly pertinent to many applications than
the uniaxial tensile test. Examples of these applications
include triaxial stresses at crack tips, shear dominated
flow geometries, high strains and deformation with in-
ternal damage evolution. Hence, it will be important to
interrogate constitutive behavior under a variety of
loading conditions. In addition to the tests described
previously, these include: (a) bending of smooth and
notched DFMBs that can be combined with mi-
crohardness traverses across the neutral axis to obtain
constitutive behavior at high plastic strains, (b) bi-not-
ched-specimen and torsion tests to characterize constit-
utive behavior and deformation patterns under shear
dominated conditions; (c) the use of notches, dimples
and holes in axially loaded coupons to locally vary the
deformation stress-state [47]. The overall objective is to
develop fundamental constitutive and micromechanical
failure descriptions of material behavior used in FE
simulations to self consistently predict the array of test
results, hence, provide a reliable basis for component
level deformation and fracture predictions for arbitrary
stress-state and flow geometry conditions. Enriching our
basic understanding of the flow and fracture of irradi-
ated materials in this way will permit not only better
structural integrity assessments but it will also enable
improved designs that optimize materials performance
capabilities and help guide development of improved
materials systems.

As illustrated earlier, a number of attempts have been
made recently to measure a series of different properties
using a single specimen. With the advent of numerous
new techniques that are non-destructive or semi-
non-destructive in nature, the opportunity exists to sig-
nificantly extend the development of multipurpose
specimens. As described briefly in a companion paper
[23], it is be possible to obtain mechanical property,
microchemical, and microstructural and other data from
small coupon-type specimens not only following irradi-
ation but also post irradiation annealing. This involves
applying a sequence of tests to the same specimen — e.g.,
microhardness, resistivity, Seebeck coefficient, small
angle neutron scattering and positron annihilation. Ul-
timately, the specimens can be subject to destructive
mechanical testing and/or microstructural analyses (e.g.,
tensile, bending and punch deformation and fracture
tests, TEM, atom probe and so on). The opportunity to
apply multiple techniques to a single specimen also
opens the way to accelerate material development. For
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instance, arrays of small specimens, systematically var-
ied in composition and/or heat treatment can be inter-
rogated by multiple semi-automated techniques as a
means of rapidly sampling property changes as a func-
tion of a large matrix of material variables.

Finally, as discussed elsewhere [23], there are nu-
merous opportunities to apply composite specimen
based methods to interrogate limited quantities of ma-
terial. For example, in principle only a few grams of *Fe
can be used to produce a large number of composite
fracture specimens to explore the effects of He and H on
the fast fracture of FMS. In this case an embedded 3*Fe-
based alloy is limited to the process zone at the trip of a
crack by diffusion bonding it to a larger volume of
normal steel to provide load transfer and appropriate
stress-state constraint.

6. Conclusions

This review shows that the past development of a
wide range of techniques has brought SSTT to a robust
state of maturity. Tests that were considered novel a
short time ago, now routinely serve as the foundation
for a number of ongoing and planned experimental
programs. Efforts, such as developing the MC-AT
method, have also provided sharp focus on the challenge
of using any laboratory test result to predict the in-ser-
vice integrity of actual structures, and have highlighted
the imperative of integrating closely these mutually de-
pendent and complementary tasks. Nonetheless a wealth
of other opportunities exists to further develop new and
very innovative SSTT methods. This must be aimed not
only at characterizing standard properties, but also en-
abling both large matrix single variable experiments and
highly controlled basic mechanism studies. Future SSTT
will marry a variety of quasi-non-destructive evaluations
including microstructural and microchemical analysis. It
has also been shown that to be effective SSTT must be
closely integrated with FE simulations and fundamental
models of deformation and fracture.
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