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Siomatly Why we talk about SSTT

Energético

Mechanical properties are driven by the
«  Materials used in engineering microstructure and stress state and thus “relevant
applications as structural volume” should be tested to determine properties
components are subject to loads, that are independent of the specimen size to be

defined by the application transferred to engineering structures
purpose.

* The mechanical properties of T f E@OHO:&

materials characterize the IT@ [m§ @IT@ ” ” W
response of a material to loading. | )

 Mechanical properties are — ¢ S

determined following standards, Test sy
which define testing machines, . —
specimen shapes and sizes, specimen 0

experimental procedures, and
data interpretations.

— Consistent,

— Uniform, and Structure

— Reproducible
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* The verification of the structural
components of a fusion power reactor
requires design criteria developed
specifically for those components at the
unique conditions at which they are st | s T
operated

* The RCC-MRXx design and construction
Code Constitutes a Single document that Max dose for core ~1 dpa ~30-150 dpa ~150 dpa <60 dpalfpy

internal structures

(Gen.l)  (Gen.lV)  (DEMO/PROTO)
Structural alloy T,,, | <300°C | 500-1000°C 550-1000°C 400-600°C

covers in d ConSiStent manner the deSign Max transmutation (~0.1 appm| ~3-10 appm ~1500 appm ~2000
and construction of mechanical helium (~10000 appm for|  appm/fpy
. concentration SiC)
Components for hlgh temperature . Particle Energy <1-2 MeV <1-3 MeV <14 MeV several
reactors, research reactors and fusion E max \ ) hundred Mev
—
reactors
* Need to acquiring and gathering the data ﬁ

which describe the physical and
mechanical behaviour of the material,
necessary to apply the component design
rules available in the RCC-MRXx code

e Materials and Design rules have been Key @%ﬁ@@?ﬁ@@ for tusion reactor —>
extended in order to be applicable for fhain 1
nuclear components likely to operate: -

— in creep conditions (significant creep)
— inirradiated conditions (significant irradiation)

Mechanical data at RELEVANT irradiation
conditions
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Irradiation Capsule
Instrumentation
Assembly

Rim of Capsule
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Top Heater
(HT)

Middle Heater
(HM)

Bottom Heater
(HB)

" Capsule Sleeve

Irradiation Capsule
Closer

Valve

Surrogate
(for illustration only)

Specimen
Stack

(for llustration only)

Mini-Channel in
Specimen Bin for
Brazing

Specimen Bin

Neutron flux (n/cm2/s) distribution on the horizontal cut-plane

Qiu, Y. “IFMIF-DONES HFTM neutronics
modeling and nuclear response analyses”
Nuclear Materials and Energy Volume 15,

May 2018, Pages 185-189

Why we talk about SSTT

* Each capsule of
IFMIF/DONES offers
a cuboid volume 79
mm x 39 mm x 16.5
mm (54 cm?) for
specimens

e Astandard fracture \
toughness specimen,
with a thickness of 16
mm to be
accommodated within
the capsule, has a
dimensions of 40 mm x

o

4 hardly two standard\ ne“"ﬂe the
dimensions of the
- testing specimens

specimens should be
irradiated within the
same capsule

\\ 38.4 mm x 16 mm //
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Energético

e The miniature (or small) specimen mechanical test technology refers to
methods of characterizing the mechanical behavior of materials using
specimen sizes smaller than the standard specimen sizes

— Sub-size specimens: Same shape but smaller dimensions than the ones on

standards
— New designs: Small punch

Small Specimens Test Techniques

Miniaturized Test Techniques

based on novel, unconventional technique
In-Situ techniques

/

Sub-size specimens A

based on a miniaturization or scaling
down of what might be termed
"conventional" test specimens
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Energético

* The first attempts to miniaturize mechanical test specimen arise in
the 70’s for testing irradiated materials in fission reactors due to

— the limited space in material tests reactors,

— concerns about gamma heating or fluence gradients in large
specimens

— dose to personnel in post-irradiation testing

Surveillance Capsule

CIEMAT
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Energético

Neutron radiation source of energy and fluence
similar to those that will exist in a Fusion
Reactor, to study and select the materials that
will be needed for that project and in future
fusion power plants

e Blue Ribbon (Cottrell) Panel in 1983

e Fusion materials irradiation test
facility (FMIT) project (1978-85)

* International fusion materials
irradiation facility (IFMIF) 1980s

e |IFMIF/DONES

Tensile

Liquid Li Target Fatigue

D* Beam(10MW) .
eutron DFT
"u 1x1017n/s) Creep
' : EZ[”F! | 5 Crack growth
Injector o4 —
Specimen toughness

D* Accelerator

Concave Back-wall

to Increase Boiling
Point beyond 340°C

by Centrifugal Force

A. Moslang
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e |t should be noted that apart from the use of SSTT to
characterize the mechanical behaviour of irradiated
materials, the application of SSTT is also quite useful in
areas as:

— Insufficient material to make full size specimens when a new
material is being developed,

— In-use component tested, such as when a scoop sample is
taken from an operating component, e.g. reactor pressure
vessel, steam pipes, gas turbine blades

— Environmental tests, e.g. liquid metal embrittlement, stress
corrosion cracking, environmental assisted fatigue.

— Determination of properties of small components, e.g.
coatings, spot welds.

— High-throughput screening techniques to support quality
control and certification tasks, e.g. for the rapid screening of
large materials design spaces.
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e The lack of standardization, not only for

the specimen geometry but also for the The Use of
testing protocol and data uncertainty Small-Scale Spec ~ Smal Speinen. T
analysis, is highlight in all the SSTT for Tesiing . f{’
activities since decades liradiated Mat 1 © <% A€
Nermal Annea
o Early effort for standardization on the ' Plant Life Ext
use of SSTT for fission and fusion CorvinHi TR R =
applications was launched by ASTM in ‘ SR T A MR AND
the 80’s and a task group was thus formed Emic van WALz, cormons

under the auspices of ASTM
Subcommittee E10.02 on “Behavior and
Use of Metallic Materials in Nuclear
Systems” to consider whether a set of
recommended practices for individual
small-specimen techniques might be
useful and, if so, to write such practices.

e They agree to organise a serie of el peamen

Test Techn

Symposium on small-gpecimen testing, 5 ¥ Small.. Test Techniques:
being the first held in 1983 in i G eC|m‘ 6th Volume
Albuquerque, New Mexico, and focused O p

on test techniques for fusion reactors and

the last one was held in 2014 in Houston. 'smms
" M.A. Sokolov, J.D

okolov
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e TAEA Coordinated Research Project
(CRP) Towards the Standardization of

. . _ i) Sehila M. Gonzalez De Vicente (IAEA)
Sma” SpeCIr_nen_ TeSt TeChanues for @ Eberhard Diegele, senior advisor (Independent consultant)
FUS|On App|lcatI0nS (F13017) 2017'2021 | IAEA Roland Heidinger, senior advisor (Independent consultant) D
T '}-‘I: ! { = = Mario Walter
FLOE TR Emile Gaganidze Takuya Nagasaka
k'k 1 i MI e J ________ lingji: Shei
I :_.’. I. ‘-‘_ Takashi Nozawa
. Tensile “ Creep W 2 e J Shuei Nogami
OAK ¥iang [Frank) Chen |
. L R_[m—E Mikhail A. Sakalaov ¢ Mitsuru Ohata
N : 1, i sy YUL1 Katoh ) )
. Low Cycle © — = Fracture - J S
. Fatigue | | toughness | | (@) | = R
E ek ’. _‘ - Fgﬁmu N | i UK - Davikd Anl(l:ln.es
[ | _.._:.A ‘° Fa t | gU e C ra Cl;] L ENERGY J \ I Eﬂah?ﬂtv Yic.|ians W:.i.ns
x| growt

-éulmhglﬁﬁl _" /IAEA CRP 'Towards the Standardization of Small Specimen Test\

“““"‘25‘3;EMAT il 450*1%?‘ Techniques For Fusion Applications - phase |l
T e somzsulllm_I’_.EE_ ' To focus the experimental campaign on High
SIS0 25 T —— temperature (3002C-5502C) tensile (1st priority) and
el e P e Fracture toughness (2nd priority).
OmmESE (M RR Emaaa——m- Same heats as in the 1st CRP (eurofer 97-3 plate, CLAM
and F82H).
] - J

===______=________-E
TOHOKU 1

920x125x33




Cie"'?"g' SSTT Standarization

Energético

Zf‘\ EUROfusion

H2020 EUROFUSION 2015-2020 HE EUROFUSION 2021-2024

Statistical analysis of the

- Recommended number of effect of specimen size transve rsal aCtIVIty
and procedures to tests : .
specimens/test - Tensile, creep (i) between ENS / DONES

and analyse small . .
- Procedure to obtain specimens Impact IAEA

specimen tests from irradiated coupons Fracture toughness Ciemat and MAT (DEMO EDDI /

ftenSHE, Fatigue crack growth
impact,

A review of existing data

Cerero de Investigacones.

g SDQ / HHFM / IRRAD;

low cycle fatigue Critical evaluation of specimen size already included in the TB M)
fracture toughness, | testing standards
fatigue crack growth | -> Geometry recommendations
Specific requirements for small specimens tests techniques RAFM, CUCFZ, W
Effect of specimen size ) Tensile, LCF, FT
- Low cycle fatigue ﬂ( T P
- Fatigue crack growth | = Roadmap for
- Ductile fracture &) darizati
toughness J IAEA j \_ Stan arlzatlon )
- Tensile tests; 3PB N\ _
tests; Fracture ﬂ(IT % CC FE
toughness tEStS SCI * en Karlsruhe Institute of Technology FUsiew ot bhd
- Non irradiated and LN . S | Energistucominy
. . - iatu i
irradiated W and % ":I]I |_"I @ Kutatokizpont
EU97 / / —
sckcen
[ g"‘ e s Ciemalt
2 DE ESPARA s(-smm {::,::muw
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e Some mechanical properties by the use of small specimens
has already reached the sufficient maturity to 6e included
in tegting standards.

— Miniature V-notch impact specimens that are already
included on the ISO 14556 and ASTM 2248 testing methods.

— ASTM E3205 and EN 10371 8mall punch testing

— Mini-CT international Round Robin for T, determination of
RPV steels

e New actions

— Small tensile ISO 6892 Metallic materials -- Tensile testing -- Part
5: Guideline for testing miniaturised test pieces (NEW CEN
WORK ITEM LAUNCHED by aluminium industry)

— CEN Workshop (CEN/WS) 'Fracture toughness evaluation
methodologies applied to advanced high strength steel sheets'. -
>fracture toughness evaluation in metal sheets.
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[ Challenges for a new standard }

Effect of specimen size BEICERENAS

e Tensile—- TTL e Specimen preparation e FEM analysis
J Impact—TTTi e Dimensional control e Uncertainty analysis
e Fracture toughness e Testing parameters ® Precision and bias
o DBTT- ™1 Ductile - 4 e Monitoring e Interlaboratory exercices

Creep ™M ° .
LCF

°
Serrano
o FCG TTT! .
600 — ~ : i
T 500 Ferr|t|cfmar:en5|t|c ' |
€ 40 :
a o Austenitic
g 300 "'ﬁ'“dEEﬁ """"""" ot m ol 0,50 1
@ 200 —djiﬁ & Mlchael Mahler
g 100
5 3 Ehgg
0 Y. Kohno | | ik Teoh
Planman VTT
0 02 04 06 08 1 <
. L kst ey & — -
Thickness (mm) ’ ,-'l_'_" .E: 1 }—I #.T?Ta 9 i1 12 13 II-: ;
, EW) . x;/-fﬁ |
{1 M. serrano CIEMAT Ta1 | = " "{ e e e R
T asoec B —-.-"';‘ s . u.ﬁ?'_;m % 3
Y A | - A
g L Pk et aommsanm WangziZhang
< L T L Wawrzyniak
E(J) 1SC-V
£ 5 1.0 Da‘(:‘m] .
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Energético

e Standardization needs depends on the type

of mechanical tests .

—Complete new testing standard? Ny
o Small punch tests %ma

—Modification of existing one ?

o Non mandatory annex for small impact test
o Modification of testing analysis for T, determination

—One single standard for testing technique or one
that include all the SSTT ?

—ASTM or ISO ?
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Energético

www.astm.org

e ASTM example New Standard Activity

Determine if new standard is needed

”’“) EUROfusion

[Identify key stakeholders E— &% M Dec-MR

: : . C ittee E10 — Nucl
[Identlfy Committee and Subcommittee | jonmiee BTt

: N ASTM Stimulates participation
[ Rengter d Work ltem :‘> from outside of task group
Balloting :>

Final publication
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Standarization route
/~ minterlaboratory
* ASTM Work Item study (ILS) is a multilab
— 1. Scope study done for the specific purpose
— 2. Referenced Documents of producing data that will be used

to develop a Precision & Bias

— 3. Terminology statement and

o 3.1 Definitions Research Report in order to
— 4. Significance and Use demonstrate the expected variability
—5 Apparatus \ of a test method. /
: a )
— 6. Test Specimens Where numerical data have been
— 7. Procedure generated to establish the precision

and bias of a test method, a

— 8. Post-Test Examination
Kresearc:h report i required/

— 9. Report
— 10. Precision and Bias (MANDATORY)
— 11. Keywords
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e Interlaboratory study — ASTM E691 -
19 An American National Standard
Standard Practice for Conducting an
Interlaboratory Study to Determine the
Precision of a Test Method

— Minimum laboratories: 6

— Minimum materials representing
different test levels: 3

— Minimum n? of tests per laboratory: 3

— “Before investing laboratory time in the
full scale ILS, it is usually wise to conduct
a pilot run with only one, or perhaps two,
material(s)”

— Main statigtics

o h=the between-laboratory consistency
statistic

o k =the within-laboratory consistency statistic
o r=Repeatability ranges
o R=Reproducibility ranges

25/09/2022

Standarization route

This international standard was developed in accordance with internativaally l!(npun-d s principles an amdardization csblished i the Decisn an Principies for the
ol

Development of International Standards, Guides and Recommendatias issaed by

A Y Designation: E691 - 19

mrEANATIONAL

Standard Practice for

Trade Organization Techsical Barriess ta Trade (TBT) Conmitiee.

An American National Standard

Conducting an Interlaboratory Study to Determine the

Precision of a Test Method'

he year of last rovisian
al change since the lust e

superscript epsilan o (e} incbcss an

1; the number immediately following the designation indicates the year of

mber in parcoibeses indicates the year of last reapgroval. A
or reapproval.

This standard has been approved for use by agencies of the U.5. Department of Defense.

L S

1.1 This practice describes the techniques for planning,
conducting, analyzing, and treating the results of an interlabo-
ratory study (ILS) of a test method. The statistical techniques
described in this practice provide adequate information for
formulating the precision statement of a test method

1.2 This practice does not concern itself with the develop-
ment of test methods but rather with gathering the information
needed for a test method precision statement after the devel-
opment stage has been successfully completed. The data
obtained in thc interlaboratory study may indicate, however,
that further effort is needed to improve the test method.

1.3 Since the primary purpose of this practice is the devel-
opment of the information needed for a precision statement, the
experimental design in this practice may not be optimum for
evaluating materials, apparatus, or individual laboratories

1.4 Field af Application—This practice is concerned exclu-
sively with test methods which yield a single numerical figure
as the test result, although the single figure may be the outcome
of a calculation from a sel of measurements.

1.4.1 This practice does not cover methods in which the
measurement is a calegorization; however, for many practical
purposes categorical outcomes can be scored, such as zero-one
scoring for binary measurements or as integers, ranks for
c(;\mp\c for well-ordered categories and then the test result
can be defined as an average, or other summary statistic, of
several individual scores.

1.5 This standard may involve hazardous malerials,
operations, and equipment. This standard does noi purpoer! io
address all of the safety concerns, if any, associated with ils
wse. It is the responsibility of the user af this standard 1o
establish appropriate safety, health, and environmental prac-
tices and determine the applicability of regulatory limitations
prior fo use.

* This practi
Statistics and is the &
Evaluation and Quality

i1 on Quality and
o Test Method

1.6 This internalional standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for ihe
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers iv Trade (TBT) Commitiee.

2. Referenced Documents

2.1 ASTM Standards:™*
E29 Practice for Using Significant Digits in Test Dala to
Determine Conformance with Specifications
E177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods
E436 Termino Relati
£1169 Practice for Cond
2 Guide for Sampling Design
E2282 Guide for Defining the Test Result of a Test Method

7 Quality and Statistics
ting Ruggedness Tests

3. Terminology

3.1 Definitions—Terminology E456 provides a more exten-

ve list of terms in EI1 slandan’.i

3.1.1 accuracy, n—the closeness of agreement belween a
test result and an accepted reference \alue E177

3.1.2 bias, n—the difference between the expectation i‘f the
lml results and an accepted reference value. 77

313 imterlaboratory study, (ILS) in ASTM, n—a designed
procedure for obtaining a precision statement for a test method,
involving multiple laboratories, each generating replicate test
resulis on one or more materials.

3.1.4 observation, n—the process of oblaining information
regarding the presence or absence of an attribute of a test
specimen, or of making a reading on a characleristic or
dimension of a test specimen E2282

315 precision, a—the closeness of agreements between
independent lest results oblained under stipulated conditions.
1T

forenced ASTM standards, visit the ASTM website, www.astm.org. or
i For Annual Book of ASTM
Document Summary page on

(Copyright & ASTM Intematioral, 100 Barr Harbar Deva, PO Box C700. West Gonshohockan, Pa 19428-2950. Urited Statcs
Copyrishs by ASTM Inr] {2 righes reserved): Thoe Now 708:13:50 25T 2019
‘Downloaded printed by
Universidad Nacionl De Calombia (Uriversidad Nacional De Colomsbia) pursaact o License Agreement No firther reprochuctions authorized.
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Balloting

Committee on Standards

Society Review

Final Review and Approval of Procedures
(9 Member Group)

Society Review

Main Committee

NO % Return Required
NO % Affirmative Required

Main Committee
60% Return Required

90% Affirmative Required 'u I ll

Subcommittee
60% Return Required
2/3 Affirmative Required

Task Group
Membership Not Required
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ASTM SMALL PUNCH standard

~ 6 years

e Standardization Schedule (small punch)

6™ International Decision on the start of R- )
Symposium Small R as a basis for the ILS1408 results submitted to
Specimen Test standard preparation Start of LS1408 the ASTM ILS section for
Techniques (ASTM), Data coIIect_lon and approval
Houston evaluation

. Standard in the
Ballotting of the draft  ASTM Book of Standards

standard
‘(}%
AP
& <
X >
& (\b
o8 3®
& &
$©
0‘%%

~ 3 years >
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* The need to validate SSTT is common for different
material qualification process (Fusion, Fission, In-
service, High througthput..)

e Some mechanical properties by the use of small
specimens has already reached the sufficient
maturity to be included in testing standards
(small impact, small punch)

* |nternational efforts are on going for the
standardization of SSTT needed to obtain
engineering relevant mechanical properties
(IAEA, EUROfusion, other H2020 projects)
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