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1. SCOPE

This procedure covers the evauation of uncertainty in tensile test results obtained from tests at
ambient or elevated temperature, carried out according to any of the following Standards:

EN 10002-Part 1-1990: “ Tensile testing - Method of testing at ambient
temperature’

EN 10002-Part 5-1990: “ Tensile testing - Method of testing at el evated
temperature’

ASTM E8-1998: “ Sandard Test Methods for Tension Testing of Metallic

ASTM E111-1997: “ Standard Test Method for Young's Modulus, Tangent
Modulus, and Chord Modulus’

The Code of Practice is redtricted to tests performed at ambient and elevated temperatures
with adigitd acquigtion of load and displacement. The tests are assumed to run continuoudy
without interruptions on specimens that have uniform gauge lengths, and the procedure is
restricted to tests performed under axid loading conditions.

2. SYMBOLSAND DEFINITIONS

For a complete list of symbols and definitions of terms on uncertainties, see Reference 1,
Section 2. The following are the symbols and definitions used in this procedure.

3 origind thickness of a sheet type specimen, (mm)

a minimum thickness after fracture, (mm)

bo width of the pardld length of a sheet type specimen, (mm)

by minimum width after fracture, (mm)

C sengtivity coefficient associated with uncertainty on measurement
Xi, [see Appendix A]

do diameter of the parald length of acircular test gpecimen, (mm)

dy minimum diameter after fracture, (mm)

E Y oung's modulus, (GPa)

F force, (N)

Fey forcea Rey, (N)

Fe. forcea Re., (N)

Fn maximum force, (N)

Lo extensometer gauge length= L, (mm)

Ly find gauge length, (mm)

n evauated data pairsin the linear regresson
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Rey upper yield srength, (MPa)

Re. lower yidd strength, (M Pa)

Rm ultimate tendle strength, (MPa)

Ry stress a a permanent strain, (MPa)

So origind cross-sectiond area, (mn)

S, minimum cross-sectiond area after fracture, (mnt)
u(x) standard uncertainty

Ucgy) combined uncertainty on the mean result of a measurement
Z percentage reduction in area

e strain (extension)

S stress

e(DL) displacement increment, (mm)
3. INTRODUCTION

It is good practice in any measurement to evaluate and report the uncertainty associated with
the test results. A statement of uncertainty may be required by a customer who wishes to
know the limits within which the reported result may be assumed to lie, or the test laboratory
itself may wish to develop a better understanding of which particular aspects of the test
procedure have the grestest effect on results so that this may be controlled more closdly.

This Code of Practice (CoP) has been prepared within UNCERT, a project funded by the
European Commisson’'s Standards, Measurement and Testing programme under reference
SMT4-CT97-2165 to smplify the way in which uncertainties are evauated. The am is to
avoid ambiguity and provide a common format which is easly understood and accessible to
customers, test laboratories and accreditation authorities.

This CoP is one of seventeen produced by the UNCERT consortium for the estimation of
uncertainties associated with mechanical tests on metalic materids. The Codes of Practice
have been collated in asingle Manua ™ that has the following sections.

Introduction to the evauation of uncertainty

Glossary of definitions and symbols

Typicad sources of uncertainty in materids testing

Guiddines for the estimation of uncertainty for atest series

Guiddines for reporting uncertainty

Individual Codes of Practice (of which thisis one) for the estimation of uncertaintiesin
mechanicd tests on metalic materias.

Sk wpdNE

This CoP can ke used as a stand-aone document. For further background information on
measurement uncertainty and vaues of standard uncertainties of the equipment and
ingrumentation used commonly in materid testing, the user may need to refer to Section 3 of
the Manual ™. The individua CoPs are kept as Smple as possible by following the same
dructure, viz:
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The main procedure.

UNCERT COP 07

Details of the uncertainty caculations for the particular test type (Appendix A)

A worked example

: 2000

This CoP guides the user through the various steps to be carried out in order to estimate

the uncertainty in tendle testing.

4. A PROCEDURE FOR THE ESTIMATION OF UNCERTAINTY IN

TENSILE TESTING

Step 1. Identifying the Parameter s for which Uncertainty isto be Estimated

The fird gep is to lig the quantities (measurands) for which the uncertainties must be
cdculated. Table 1 shows the parameters that are usudly reported in tensile testing. None of
the measurands are measured directly, but are determined for other quantities (measurands).

Table 1 Measurands, measurements, their units and symbols

M easurands Units Symboal
Original cross-sectional area mn? S
Modulus of Elasticity GPa E
Proof strength, non proportional elongation MPa Ruo.29
Upper yield strength MPa Ren

L ower yield strength MPa Ra
Ultimate tensile strength MPa Rn
Percentage el ongation after fracture % A
Percentage reduction of area % Z

M easur ements Units Symboal
Specimen original thickness (rectangular specimen) mm 2
Specimen original width (rectangular specimen) mm by
Specimen original diameter (circular specimen) mm do
Original gauge length mm Ly

L oad applied during test N F
Axial displacement during the test mm e(DL)
Final gauge length mm L,
Mean diameter of acicular specimen after fracture mm d,

None of the measurands are measured directly, instead they are caculated from the following

formulee
S=a b (rectangular test piece)
So=do? pl4 (round test piece)
E=(DF Lo/ (DL S)

Ro=Frp/ S
Rei=Fsi/ S
Re=Fa /S
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Rn=Fn/ S (6)
A =(L,- Lo) 100/Lo (7
Z=(S-S) 100, (8)

Step 2. Identifying all Sour ces of Uncertainty in the T est

In Step 2, the user must identify all possble sources of uncertainty which may have an effect
(ether directly or indirectly) on the test. The lig cannot be identified comprehensvely
beforehand asit is associated uniquely with the individual test procedure and gpparatus used.

This means that a new list should be prepared each time a particular test parameter changes
(eg. when a plotter is replaced by a computer). To help the user list al sources, four

categories have been defined. The following table (Table 2) lists the four categories and gives
some examples of sources of uncertainty in each category.

It is important to note that Table 2 is NOT exhaudtive and is for GUIDANCE only - reative
contributions may vary according to the materiad tested and the test conditions. Individua

laboratories are encouraged to prepare their own list to correspond to their own test facility
and assess the associated significance of the contributions.

Table2 Typica sources of uncertainty and their likely contribution to uncertaintiesin tensle

testing measurands for a cold rolled sted (sheet type specimen) a ambient temperature

performed by a screw driven tendle testing machine
[1 = major contribution, 2 = minor contribution, O = no contribution (zero effect), ? = unknown]

Sour ce of uncertainty

Type E

Rpo.2%

1. Test specimen

Dimensional compliance

Surface finish

NN

Residual stresses

Shape and size of specimen

Shape of fracture

o

Location of failure

0|00 (00|00 |0 |

o

2. Test system

Cross-sectional area measuring unit

Original gauge length

Extensometer angular positioning

Alignment

Test machine stiffness

Uncertainty in force measurement

Uncertainty in displacement measurement

0|00 (00|00 |o|Co (0O

RlRr|RrR(k|R]-

RlRr|RrR[(k k]~

olkr|r|r|lo|lo]|r

o|lkr|rk|r|lo|lo]|r

OIFRININ|O|O |

N(OINININ[FN

3. Environment

Ambient temperature and humidity

os}

N

N

N

N

N

N

4. Test Procedure

Zeroing

Stress rate

Strain rate

Digitizing

@ |0 |00 (O

TSI

I T

I TN T I

I T

N[k~

N(RININ
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Sampling frequency 1 1 1 1 2 2 0
Uncertainty in fracture area measurement 0 0 0 0 0 0 1
Software 1 1 1 1 2 1 0

To amplify the uncertainty cdculaions it is advissble to regroup the sgnificant sources
affecting the tensle testing results in Table 2 in the following categories:

Uncertainty due to errors in the measurement of cross-sectional area
Uncertainty due to errors in the force measurement

Uncertainty due to errorsin the displacement measurement
Uncertainty due to evaluated quantities (e.g. Y oung's modulus)

The worked examples in Appendix B use the above categorisation when assessng
uncertainties.

Step 3. Classifying the Uncertainty Accordingto Type A or B

In this third step, which is in accordance with the GUM @, the sources of uncertainty are
classfied as Type A or B, depending on the way their influence is quantified. If the uncertainty
is evduated by datisticd means (from a number of repesated observations), it is classfied as
TypeA. If it is evaduated by any other means it should be classfied as Type B.

The values associated with Type B uncertainties can be obtained from a number of sources
including a cdibration certificate, manufacturer's informeation, or an expert's estimation. For
Type B uncertainties, it is necessary for the user to estimate for each source the most
appropriate probability distribution (further details are given in Section 2 of Reference 1).

It should be noted that, in some cases, an uncertainty can be classfied as ether Type A or
Type B depending on how it is estimated.

Step 4. Estimating the Standard Uncertainty for each Sour ce of Uncertainty

In this step the standard uncertainty, u, for each mgor input source identified in Table 2 is
estimated (see Appendix A). The standard uncertainty is defined as one standard deviation
and is derived from the uncertainty of the input quantity divided by the parameter, d,,
associated with the assumed probability distribution. The divisors for the typica distributions
most likely to be encountered are given in Section 2 of Reference 1.

The standard uncertainty requires the determination of the associated sensitivity coefficient, c,
which is usualy estimated from the partid derivatives of the functiond relationship between the
output quantity (the measurand) and the input quantities. The calculations required to obtain
the sengtivity coefficients by partia differentiation can be a lengthy process, particularly when
there are many individua contributions and uncertainty estimates are needed for a range of
vaues. If the functiond relaionship for a particular measurement is not known, the sengtivity
coefficients may be obtaned experimentdly. In many cases the input quantity to the
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measurement may not be in the same units as the output quantity. For example, one
contribution to Ry 2 is the test temperature. In this case the input quantity is temperature, but
the output quantity is the stress which is MPa. In such a case, a senstivity coefficient, ¢
(corresponding to the partia derivative of the proof strength/ test temperature relaionship), is
used to convert from temperature to MPa (for more information see Appendix A).

Step 5. Computing the Combined Uncertainty u.

Assuming that individual uncertainty sources are uncorrdated, the messurand's combined
uncertainty, w(y), can be computed using the root sum squares:

N
uc(y)a/é [Gu(x)]? 9
i=1

where ¢ is the sengtivity coefficient associated with x. This uncertainty corresponds to plus or
minus one standard deviation on the normad distribution law representing the studied quantity.
The combined uncertainty has an associated confidence level of 68.27%.

Step 6. Computing the Expanded Uncertainty U

The expanded uncertainty, U, is defined in Reference 2 as “the interval about the result of a
measurement that may be expected to encompass a large fraction of the distribution of values
that could reasonably be attributed to the measurand”. It is obtained by multiplying the
combined uncertainty, u, by acoverage factor, k, which is selected on the basis of the level of
confidence required. For a norma probability distribution, the most generaly used coverage
factor is 2 which corresponds to a confidence interval of 95.4% (effectively 95% for most
practica purposes). The expanded uncertainty, U, is, therefore, broader than the combined
uncertainty, W. Where a higher confidence level is demanded by the customer (such as for
Aerospace and electronics indudries), a coverage factor of 3 is often used so that the
corresponding confidence level increasesto 99.73%.

In cases where the probability distribution of y is not norma (or where the number of data
points used in Type A andyssis smdl), the vaue of k should be caculated from the degrees
of freedom given by the Weldh Satterthwaite method (see Reference 1, Section 4 for more
details).

Tables B1 to B4 in Appendix B shows the recommended format of the calculation worksheets
for estimating the uncertainty in Y oung's modulus and proof stress for a rectangular test piece.
Appendix A presents the mathematica formulae for calculaing uncertainty contributions.

Step 7. Reporting of Results

Once the expanded uncertainty has been estimated, the results should be reported in the
following way:
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V=y+U (10)

whereV isthe estimated vaue of the measurand, y isthe test (or measurement) mean result, U
is the expanded uncertainty associated with y. An explanatory note, such as that given in the
following example should be added (change when appropriate):

The reported expanded uncertainty is based on a standard uncertainty multiplied by a
coverage factor, k = 2, which for anorma distribution corresponds to a coverage probability,
p, of approximately 95%. The uncertainty evaluation was carried out in accordance with
UNCERT COP 07:2000.
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APPENDIX A

MATHEMATICAL FORMULAE FOR CALCULATING UNCERTAINTIESIN
TENSILE TESTING

To dmplify matters sections AO to A10 are limited to uncertainty affected by cdibration,
determination of cross-sectional area, and evaluation procedure. With the exception of A1l
and A12 it was not necessary to study the mechanicd behavior of metadlic materids under
different conditions or to consult published andlyses. Basic concepts should be used. The
methods of DOE (Design of Experiments) should be used for further sudies to consider many
parameters that affect the results.

AO. Uncertainty of Measurements (see Table 2)

Generd
The GUM @ says “In other cases it may only be possible to estimate bounds (upper and
lower limits) for X, , in particular, to state that - the probability thet the value of X, lieswithin

therange LL to UL for al practical purposesis equd to 1 and the probability that X, lies

outsde this range is essential O. If there is no specific knowledge about the possible vaues of
X, within the range, it can only be assumed thét it is equaly probable for X, to lie anywhere

within it [a uniform or rectangular distribution of possble vaues]. Then X, , the expectation or
expected valueof X, isthemidpoint of therange: x; = (LL +UL) /2, with variance

Ug,) = % (11a)
If the difference between two bounds, UL-LL, isdenoted by 2a, then

ug) = %2 (11b)
InthisCoP“d’ isreplaced by “d ”.

Ug,) = d—; (11c)

Example: Specimen origina thickness (rectangular specimen) a, :

ag 3
If the thickness has been measured n times (and a least 5 times) The recommended
procedure for esimating the bounds is as follows:
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a) Determinethe mean value of a, and the standard deviation s
b) Determine the confidence region of the mean vaue

u, = % (12)

t ... factor of Students distribution

P... confidence leve

f ... (1) degrees of freedom

n ... number of measurements

For P=68.27% and n =5 thefactor t = 1.15

Al. Uncertainty dueto Errorsin the M easur ement of Cross-Sectional Area

For a Rectangular Test piece:

$=8,by,
Sengtivity coefficients ¢ associated with the uncertainty on the measurement X :

™ -p

M = 13
o, (13)

1b, =a, (14)

Uncertainty in &

Ug, :\/(bo)zui +(ao)’u? (15)

For a Circular Test piece:

_pd§
4

Sengtivity coefficients ¢ associated with the uncertainty on the measurement x :

o 2
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Uncertainty in &
2.2 2
dop Ug.
USO= T

A2. Uncertainty in Stress

A3.

Bs_1
T S
B __F
SIS
Uncertainty in s

Uncertainty in Strain

e=DL (displacement)

fe_1
* L
Te_.e
T L
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(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)
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Uncertanty in W :
2l o , ®ed
U, = Jg—: u2 +§%z uz (25)
Lo a I-0 (4]

A4. Uncertainty in Young's M odulus

The determination of Young's modulus is standardized in ASTM E 111-97. Thistest method
only applies to the range of materids, temperatures and stresses where eagtic behavior occurs
and creep is negligible compared to the strain produced immediately on loading.

ASTM E 111 says “For most loading systems and test specimens, effects of backlash,
gpecimen curvature, initid grip dignment, etc., introduce significant errors in the extensometer
output when gpplying a smdl load to the test specimen. Measurements should therefore be
made from a preload, known to be high enough to minimize these effects, to some higher load,
dill within the proportiona limit of the materid.”

The procedure includes two steps:

1. Determination of the upper limit (end of proportiond region) by linear regresson The
upper limit is reached if the variance of the dope is a minimum (see Eqgn. 35). The sarting
point of the caculation by linear regresson depends on the preload, and is adjustable by
the operator of the tendle test machine.

2. After gep 1 the linear regression starts again a the upper limit but in the opposite direction
to determine the lower limit of the proportiona region. If the variance of the dope is a
minimum we get the lower limit and the associated dope for further calculaion of Young's
modulus.

Formulaefor Linear Regression:

y=mx+Db (26)
Slope:
g d d
na xiyi-axayi

— =l i=1 =1
m= i g : IJ\ |2 (27)

na x - (@ %)

i=1 i=1
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I ntercept equiation:
y $
avyi-maX
b= i=1 i=1
n

¢ AVENW

1 &n axaviu

- és i1 izt 0

Sxy_ éaxiyl- U
n-1%. n

é U

e B

Standard deviation of x-vaues.

é 2 U
e Bl
1 € , &1 pl
S,= |—éq X - a
X n-lg7 n
| e ;
e 8]
Standard deviation of y-vaues.
2 20
S fany
S = 1 % y2_ i=1 9 H
y n-1lg; ! n 0
¢ G
e u
Correlation coefficient (r):
r= >y
SkSy
Standard devition of the dope (Sy):
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(29)

(30)
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- r? Sf
(33)

- 22

Standard deviation of the intercept (S,):

& o
&%
(n-nsZ+==22
2 n

Sp = | Sm

- (34

Bound regarding the upper and the lower proportiond limit for the determination of Young's
modulus

Sm(rd) = S—n;n ® minmum (35)

The data pair for theminimumof S, represents the upper and the lower proportiona limit.

m(rel
Combined Uncertainty of E :

The linear regresson is used to determine the linear relationship between force and
displacement.

e=flo_p Lo (36)
€So So

F=mge+bg (37)
Therefore:

F =y, see EQn.26 e= X; see Eqn.26

m. = m; see Eqn.27 be =Db; see Eqn.28

S.r =S, ;see Eqn.29 S, =S,; see Eqn.30

S =5, see Egn3l re =r; see Eqn32
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S

m,

. =S, see Egn.33 S, =95,;see Eqn34

Me(ra) Sm(rel); see Egn.35

Sengtivity coefficients G associated with the uncertainty on the measurement x :

me S
TE_m (39)
L S
E _ ml (40)
= s
. 5 gLy O

ug = 3_02 2 +EET u2 +GTEDT 2 (41)

Sog - &g €SS 5

A5. Uncertainty in the Deter mination of Proof Stress
€, =€p+€ -6, (permanent displacement) (42
e, ... Input data n displacement; (e.g. recorded in ASCII-file)
e,..calculated Zero- point; F=0P e, =- r:_E see Eqn. (37) 43)
E
e, =1 (destic displacement) (a4)
rnE
F. ...Input data of force; (e.g. recorded in ASCII-file)
b, - F

b.20P e £0 b e =g, +—= (45)

Mg
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Figurel
FIP
[ ]
Bl
fim- E]P
" : EP et Fel »
e be - F :
=P, E IP (permanent strain ) (46)

P Ly melg
e, =0.002eg.R,,) P €, Fe, is the associated data pair for the proof stress

Sengttivity coefficients ¢ associated with the uncertainty on the measurement x;

:T:’ === g (47
ep 0
bE - I:e
ﬂep:_i_!:% (48)
T L ml
Te 1
'I]pr: m_L -G (49)
E E -0
L IR (50)
1-":ep mELO

G (51)
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Uncertainty in permanent strain e

— 2,2 2,2 2,2 2,,2 2,,2
uep _\/Cl ue +C2uLO -{-C?’ubE +C4uFep +C5umE (52)

ep

Egn. 52 leads to the uncertainty in the force at e, . From the recorded force-displacement
diagram we obtain a polynomid to determine u. .

Fep :azeﬁ ta,e, tay  (example) (53)
> = 22,6, tay (54)
p
_ 2,2
Ur, = |@ae, +a)?u? (55)

Combined Uncertainty inforceat e, :

U- = Juz +u? (56)

Fep
RPO.Z = S (57)
2 .2
URp,, = &l 2 uz  +¢ ezpj ué (58)
Sog o ESE g

A6. Uncertainty in Determination of Ultimate Tensile Strength

_Fu
RIS

and the sengitivity coefficients ¢ associated with the uncertainty on the measurement of
ultimate tensle strength are

R, 1 (59)

F. S
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Pzl (60
S
Uncertainty of Ry, :
2l 6 oF 6
Ug, =4|6 I Up +&oTUg (61)
" Jésoz TEsi g

A7. Uncertainty in Determination of Upper Yield Strength

The cdculation of the uncertainty of Ry, follows the same procedure as Ry, .

Sengtivity coefficients ¢ associated with the uncertainty on the measurement x; :

& = i (62)
1“:eH SO
ﬂReH — Fe;l (63)
1S S
Uncertainty of Ry :
14 o, O
€l 0 > eH = | 2
U, = Tut +¢—Tu (64)
R ggz Fa &S5 7 %
A8. Uncertainty in Determination of Lower Yidd Strength
Smilarly for the lower yidd srength R, .
F
Ry =5
So
Sengtivity coefficients ¢ associated with the uncertainty on the measurement are :
R _L -

Fe S
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Ry - Fa
s S
Uncertainty of Ry :

UNCERT COP 07: 2000

(66)

(67)

A9. Uncertainty in the Deter mination of Percentage Elongation After Fracture

Automatic extensometer

S ruUPT )
+C -100
E A‘”‘);;l

é
AQ) = ge(RUPT) -

(68)

The vdue of A(@) depends on the location of the fracture within the pardld length of
the specimen. Ca(m) IS the correction in comparison with the percentage elongation

vaue measured by hand.

Sengtivity coefficients ¢ associated with the uncertainty on the measurement x :

TA@) _,
ﬂe( RUPT)

fA@ _ 1
fis (RUPT) E

TA(@) _ S (rupT)

T1E E?
A@) _,
ﬂCA(m)

Uncertainty of A(a):

2
S
UA(a):\/Uz s L2 IR,

e(RUF"I') E 2 S (RUPT) E 4
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Deter mination by hand (e.q. Vernier calliper)

&, -Ly0
A(m) = ——=C3100
Lo o

Sengtivity coefficients ¢ associated with the uncertainty on the measurement are:

TAM) _ 1 7
L L
Am _ 1 L-L (75)
L L L
Uncertainty of A(m):
1 ®1 L,-L ¢
2 u- Loz 2
u =.—=u’ +&¢—- " u (76)
A AR TPEER A

A10. Uncertainty in the Determination of the Per centage Reduction of the Area

Deter mination of thereduced area - rectangular

Su=ay by

Senstivity coefficients ¢ associated with the uncertainty on the measurement x :

115

= 77
B > (77)
115

u 78
h, a, (78)

Uncertainty in §,

ug = f0u)2u2 +(ayJPu 9
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Deter mination of thereduced area - circular

pd2
4

SJ:

Sengtivity coefficients ¢ associated with the uncertainty on the measurement x :

TlSJ — mu (80)
T, 2
Uncertainty of S, :
dfpzuj
Usu = -

— (81)

Deter mination of the per centage reduction area

&5,-S,0
Z=¢——00
g S

Sengtivity coefficients ¢ associated with the uncertainty on the measurement x; :

P2 @)
S S
w_ 1 -
ST
Uncertainty of Z:
u, = izu2 12 (84)
s g

All. Strain-rate Sensitivity (Short introduction - it isatypica scope of Design of
Experiments)
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Reference [13] says. ... An increase in drain rate generaly increases the flow dress of a
meaterid, although the degree to which it does so is a strong function of the temperature and is
specific to the materid. There are a number of reasons for the strain-rate sengtivity of flow
gress, and they are dl related to the atomistic and/or microscopic mechanisms of permanent
deformation. The grain-rate sengtivity of the flow dtress is often adequately represented by the
empirica equatiorn

st =K(e)" (85)

Where é; isthetrue strain rate, m isthe strain rate sengtivity, and K’ a congtant that signifies
thet it isthe materid flow dress a atrue strain rate of unity...

e; =In(l+¢) (86)
S;=s(l+e) (87)
A12. Temperature Uncertainty Consideration
ANNEX A12 has been prepared by: V. Bicego,

Generation Area,
ENEL Research

A12.1. Background

Explicit formulae are given here for yield stress (0.2 strain), indicated as R, but identica
relaionships are intended to be gpplicable to other measurands, namely Y oung's modulus E
and ultimate tensle srength R,

It is assumed that for any type of metd and dloy, the following universa relationship to
account for temperature (T) dependence isvdid:

& @ &l -T 600

=s - expg- C = 88
Re y°§1 pg gT+273gBB (88)

& de 0

c — +

_ at -
C—Cog de - (89)

Edt o

3
8
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(%t isthe max. strain rate allowed by the test standard code; e.g. 10°s™ (e.g. ASTM)

T isthetest temperature, in °C

S,, isacoefficent that needs not to be determined (as relative uncertainties are dicussed
bel ow, not absolute uncertainties)

n, T, and C, are numerica coefficients, whose values are reported below.

A12.3. Uncertainty Evaluation Procedure

This method provides vaues of uncertainties in tendle data due to temperature uncertainties,
and is gpplicable to tests a room temperature and above for 4 classes of metads and aloys.
The explicit coefficients contained in the uncertainty equations given here below have not been
derived yet for other materias.

No evauation of uncertainties due to temperature uncertainties are necessary provided that the
temperature and the gtrain rate limits indicated in the test standard procedure (e.g. ASTM) are
followed, and provided the test temperature is lower than

300°C for iron and ferritic stedls,
300°C for augtenitic stedls,

600°C for Ni and Ni base superaloys,
100°C for Aluminium and its dloys.

At higher temperatures, or when dower dtrain rates or larger temperature errors than those in
dandards are involved in a test, the uncertainty in tendle results due to temperaiure
uncertainties shall be evaluated as follows:

The following uncertainty formula goply:
(capitd U = absolute uncertainty, smal u = relative uncertainty, eg. x 100%)

T, + 273
Us (T +273)
—=Ug = - U
s, > 2T -T 6 , | (0
expe—————+-
eT +273 g

Thedgn - (minus) isfrom the partiad derivative, it can be dropped.

The above eg. provides the rdative uncertainty (e.g. X100, in %) due to the uncertainty
of T,eg.U,=30r5..°C.
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A12.3. Explicit Valuesfor the Coefficients

UNCERT COP 07: 2000

Explicit values of the materiad dependent coefficients T,and C, are given in the table below.

They were evaduated from an andyss of actud tensle test results a severd temperatures
reported in the book Harmonisation of Testing ..., Elsevier, eds. Loveday and Gibbons,
Proceedings of NPL Conference 1992, aready referred to in other UNCERT reports, with
some additiona ENEL tendle dataon 1CrMoV sedls, particularly for strain rate dependence.
In essence, egn 1 was forced to fit the actua temperature trends. The upper temperature limits
of vdidity of thismethod are dso indicated in the table.

Table of coefficients vaues
Vaues of the coefficients n, T; and C, that have to be taken for evaluating the
uncertainties of measurands s, Surs and E
meterid fors, forsyrsand E
n T, Co n T, Co

Ferritic stedls, 0.1 870 32 0.1 930 25
25 - 600°C
Stainless sedls, 0.1 870 32 0.1 930 25
25 - 600°C
Ni and itsdloys, 0.1 950 18.0 0.1 1000 8.0
25 - 900°C
Al and itsdloys, 0.1 not not 0.1 not not
25 - 400°C avalae | avaldle avalable | avalade

It is judged that the uncertainties evaduated according to such coefficients in the uncertainty
formula above have an uncertainty (uncertainty of the esimated uncertainty, i.e. maximum
expected errors in uncertainty predictions) not larger than 15% (15% of the uncertainty vaue

which is caculated).
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APPENDIX B

A WORKED EXAMPLE FOR CALCULATING UNCERTAINTIESIN TENSILE
TESTING AT AMBIENT TEMPERATURE FOR YOUNG’SMODULUS AND
PROOF STRESS

B1l. Introduction

The subject of this worked exampleis a sheet type specimen of acold rolled stedl. Itisan
example of an uncertainty study of asingle test in comparison to the uncertainty of the mean
value of atest series congging of 7 specimens at a confidence level of 95%. The specimen

for the sudy lies near the mean vaue of the test series.

B2. Testing conditions

Testing Means

Load Cdll (F) Class 1 Cell; 100kN nom.
capacity

Extensometer (e) Class 0.5 Extensometer;

System 1: 5 mm nom. capacity
System 2: 60 mm nom. capacity
Cross-sectiond area Robot meesuring unit in the
testing system. The thickness
and the width are measured with
an accuracy of £5nm

Origind gaugelengthL, (80 mm

Toaling dignment VA SL-Equipment guarantees
(angular) compliance to standard
Toaling dignment V ASL-Equipment guarantees
(coaxidity) compliance to standard

Test machine diffness It is aso depend on damping
sysem. Pardld (hydraulic)
clamping device
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Test Method

Zero Check Frequency | autométic zeroing

Cdlibration it iscdibrated a the same
time once a year (according
to EN 10002)

Formula (decimals) could be of interest for
intengve caculaions

Digitizing 15 Bit

Sampling Frequency 50 Hz according the draft of
annex to EN 10002-1

Stress Rate 10 MPa/sec.

Strain Rate 5% /min above Ry, 25%/min
otherwise

Software Rodl & Korthaus

Test Environment

Temperature air conditioned lab. (23°C
+2°)

Operator

Choice of limitson grgph, | normaly autometic caculation

Eladticity modulus isused

Extensometer angular precison pogtioning isgiven

positioning by automatic dignment

Specimen

Section (Sy; mn) S, = 23.81 mn?’

Tolerance of shape +0.05mm; compliant to
standard

Pardldism +0.1mm; compliant to
standard

Cylindricity not relevant

Surface aspect R; isless 6.3um; compliant to

standard

B3. Example of Uncertainty Calculations and Reporting of Results

All cdculaions are based on the formulae in Appendix A. Every table is produced for a
certain measurand or evauated quantity. The worked example shows the procedure for

Young's Modulus and Proof Stress.
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The test series have been prepared in two steps and the materia is a Bake-Hardening Stedl
(ZSTE 220 BH).

1. Punching of the shape according EN 10002 ANNEX B - Type 2
2. Fnishing by milling under cooling medium

Ted results:
No. |a[mm] |bo[mm] |So[mm?] |E[GPa] |Rp0.2[M Pa]
1 1.185 20.057 23.768 206.4 241.2
2 1.185 20.073 23.787 207.9 241.6
3 1.183 20.085 23.761 208.2 241.8
4 1.185 20.093 23.810 207.5 241.4
5 1.185 20.092 23.809 207.5 240.7
6 1.179 20.081 23.675 207.7 241.6
7 1.177 20.067 23.619 208.9 241.8
Mean VdueX 207.7 241.4
Standard deviation s, 0.76 0.39
Uncertainty of X, see Egn. 12 0.70 0.36
t = 2.45; P=95%

Calculated Uncertainty - of ANNEX B - based on specimen No. 4
Expanded Uncertainty 1.71 3.06

Uncertainty study on specimen No. 4

Result of the linear regression:
Attheminimum S, = 1.6x10° (0.16%) the software detected the upper and 0.15% for

the lower proportiona limit. The preload for this materid is defined a the VASL-laboratory
with 20MPa.

n = 56 (number of data pairs)
mg = 61744 N/mm

S = 99.1 N/mm

m

b =187.5N
S,. =0.337N
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TABLE B1: Uncertainty Budget Calculationsfor Cross-Sectional Area - Rectangular
(sengtivity coefficient is not dimensonless - see Appendix A)

Symbol M easurands or evaluated Symbol of Value Type | Probability | Diviso | Sensitivity u(Xi) v; of
quantities uncertain Distribution r coefficient Vgt
ty dv G
a, Thickness u +0.005mm B rectan. (e:] 20.093 +5.81E- ¥
& 2mm?
b, Width u, +0.005mm B rectan. ¢s 1.185 +3.42E-3 ¥
0 mm?
So Cross-sectional area u Combined B triangular +0.24% +5.82E- ¥
S uncertainty 2mm?

Steps.
d, =0.005mm P Egn. 11cleadsto u, =2.89° 10°mm

d,, =0.005mm P Egn. 1icleadsto u, =2.89" 10°nm

Sengtivity coefficient P Egn. 1laand 13 leads to 20.093mm

Sengtivity coefficient P Egn. laand 14 leadsto 1.185mm

1% term (not squared) of Eqn. 15b 2.89° 10® " 20.093=5.81" 10?mn?
2" term (not squared) of Egn. 15b 2.89° 10° " 1.185=3.42" 10°m?

Eqgn. 15b squareroot of 1% tern? + 2™ tern? = 5.82° 102

Page 29 of 33



SM&T

Standards Measurement & Testing Project No. SMT4-CT97-2165
UNCERT COP 07: 2000

TABLE B2: Uncertainty Budget Calculationsfor Young's Modulus
(sengitivity coefficient is not dimensonless - see appendix A)

Symbo | M easurands or evaluated Symbol of Value Type | Probability [ Divisor | Sensitivity u(Xi) v; of
| quantities uncertaint Distributio dv coefficient c; Vet
y n
|_o Original gauge length u, +0.4mm B rectan. (0:] 2.593E+3 +599M Pa Y
0
Original cross sectional area +5.82E-2mm? B rectan. 1 8.713E+3 +507M Pa ¥
0 Ug,
me Sope S +99.1N/mm A normal 1 3.36 +334MPa ¥
Mg
E Y oung’sModulus Combined A+B normal +0.41% +0.85GPa ¥
u
o(E) uncertainty
u Expanded A+B normal k=2 +0.82% *1.71GPa ¥
e(€) uncertainty

Steps;

d, =04mm (Class0.5) P Egn. 1lcleadsto u, =231 10" mm
Senstivity coefficient b Eqgn. 36 and 39 leads to 2593

Sengtivity coefficient P Eqgn. 36 and 40 leads to 8713

Senstivity coefficient b Eqgn. 36 and 38 leads to 3.36

2" term (not squared) of Eqn. 41 b 2593 2.31° 10" =599 MPa

3 term (not squared) of Egn. 41 b 8713 5.82° 102 =507 MPa
1% term (not squared) of Eqn. 41 b 3.36° 99.1 =334 MPa
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Eqgn. 41 b squareroot of 1% tern? + 2™ tern? + 3" tern? = 853 MPa

TABLE B3: Uncertainty Budget Calculationsfor the 0.2% Permanent Strain
(sengtivity coefficient is not dimensonless - see gppendix A)

Sour ce of uncertainty
Symbo | Measurands or evaluated Symbol of Value Type | Probability [ Divisor | Sensitivity u(Xi) v; of
| guantities uncertaint Distributio dv coefficient c; Vi
y n
ee Associated displacement at u +1.5E-3mm B rectan. (03] 1.25E-2 +1.083E-5 ¥
€,
" | ep=2.00E-3 P
|_O Original gauge length u, +0.4mm B rectan. (0] -2.51E-5 +5.798E-6 ¥
0
bE Intercept value Sb +0.337N A normal 1 2.02E-7 +6.81E-8 ¥
E
Fep Associated force at ep = 2.00E-3 uFe +57.5N B rectan. B 2.02E-7 +6.71E-6 ¥
(3
me Slope S +99.1N/mm A normal 1 -1.82E-8 +1.8E-6 ¥
Mg
e Permanent strain u Combined A+B normal +0.71% +1.41E5 ¥
P ep uncertainty
Steps.

€

d, =15 10°mm(Class05) b Egn. 11cleadsto u,_=8.66 10*mm
e, and F obtained from the recorded ASCII-file

Sensitivity coeffidient b Eqn. 46 and 47 leadsto 1.25 107

Sendgtivity coefficient P Eqn. 46 and 48 leadsto -2.51" 10

Sensitivity coeffidient b Eqn. 46 and 49 leadsto 2.02° 107

Sendgtivity coefficient P Eqn. 46 and 50 leadsto 2.02° 10

Sensitivity coefficient b Eqgn. 46 and 51 leadsto -1.82° 107

1% term (not squared) of Eqn. 52 b 8.66° 10*~ 1.25 102 =1.083 10°
2" term (not squared) of Egn. 52 2.31 10" 251 10°=5798 10°
3 term (not squared) of Eqn. 52 b 0.337 ~ 2.02° 10’ =6.81 10°®
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4" term (not squared) of Eqn. 52 332 2.02 10'=6.71 10°
5" term (not squared) of Egn. 52 99.1° 1.82° 10%=1.8 10°
Eqgn. 52 b squareroot of 1% tern? + 2™ tern? + ... +5™ tern?= 1.41° 10°

TABLE B4: Uncertainty Budget Calculationsfor the Proof Stress
(sengitivity coefficient is not dimensonless - see appendix A)

Sour ce of uncertainty
Symbo | Measurands or evaluated Symbol of Value Type | Probability [ Divisor | Sensitivity u(Xi) v; of
| quantities uncertaint Distributio dv coefficient c; Vet
y n
Fep Force at €= 2.00E-3 Ue " +33.49N A+B normal 1 4.2E-2 +1.41MPa ¥y
C ep
So Original cross-sectional area u +5.82E-2mm? B rectan. 1 10.14 +0.59M Pa ¥
So
R Proof stress u Combined A+B normal +0.63% +1.53MPa ¥
P02 o(Rp) uncer tainty
u Expanded A+B normal k=2 +1.27% +3.06M Pa "4
¢(Rp) uncertainty
Steps.

Fe =-6.59"10"e] +3.19" 10°e,, +5370 (Eqn. 53) obtained from the recorded ASCII-file

P

Up = J(z(- 6.59" 107)0.002+3.19” 10°)2(1.41" 10" °)?=45N  (Egn.54 and Eqn.55)

d? 0.01" 5749)2
U, =45 + U2 ; Up =] — = (001 5749 =33.19N (class1)
Felep) F F 3 3
Ury, ) =VA45" +33.19° = 33.49N

Sendgtivity coefficient P Eqn. 3 and 19 leadsto 4.2 107
Sengtivity coefficent P Egn. 3 and 20 leadsto 10.14
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1% term (not squared) of Eqn. 58 b 33.49 4.2 10%=1.41
2" term (not squared) of Eqn. 58 b 5.82° 102 10.14 = 0.59

Eqgn. 58 b squareroot of 1% tern? + 2™ tern? = 1.53

B4. Reported Results
E = 207.5GPa +171GPa  (+0.82%)
Rp0.2% = 24145MPa  +3.06 MPa (+ 1.27 %)
The above reported expanded uncertainties are based on standard
uncertainties multiplied by a coverage factor k=2, providing a level

of confidence of approximately 95%. The uncertainty evaluation was
carried out in accordance with UNCERT recommendations.
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