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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document has been prepared to provide suppliers, designers, end-users and regulators of fibre-
reinforced plastic/composite materials, with an initial qualification framework aimed at reducing the
substantial costs involved in qualifying materials against different bespoke company specifications,
with varying degrees of commonality. Indeed, the cost associated with qualifying materials can prevent
the use of new materials in certain applications or even the development of new materials themselves.
In addition, designers and end-users often find that appropriate data for materials selection and
preliminary design are not readily available or comparable. Widespread use of this document for initial
qualification is intended to lead to a reduction in qualification costs and increased availability of reliable
and fobusSt materials data across a Wide range ol sectors and applications. It provides tor mpore detailed
qualification procedures, including calculation of B-basis design allowable, compared te.}SQ 10350-2.

Material suppliers are intended to adopt this procedure for obtaining the required datq to support
initigl material selection and qualification; and to supply the specified data, in‘the format given in
Anngx A, at the same time as release of the material evaluated. This will greatly‘extend thg availability
of copsistent and comparable materials data based on agreed individual, international tes§ methods to
supplort users, fabricators and regulators.

Validation has been undertaken for thermoset systems, which are-gurrently the most ahjundant and
established matrix-based systems. However, it is acceptedld] thadt the calculations, and therefore the
property data, can also be applied to similar thermoplastic matrix-based systems.

Thergfore, thermoplastic matrix-based systems can also be covered by the document, providing the
underpinning test method’s technical aspects are met regarding failure mode etc.; with the|exclusion of
property tests specifically designed for uncured thermoset materials, where indicated.

It is[noted that, simultaneously, the underpinniiig test methods are themselves being reviewed
for dpplication to a wider range of fibre formats and matrices. Validation data will be added for
thernoplastic matrix-based systems when international precision trials are conducted.
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Fibre-reinforced plastic composites — Standard

qualification plan (SQP) for composite materials,
including reduced qualification plan (RQP) and extended
qualification plan (EQP) schemes
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This document specifies a procedure for the initial qualification of composite mater
ow quality control, material selection and preliminary design to be undertaken It prov
bdure allowing quicker and lower cost qualification compared to multiple.bi-lateral
st different bespoke user needs. This document focuses on developing Bibasis design a

The procedure comprises a standard qualification plan (SQP) thatincludes the minim
requirements for more highly anisotropic composite materials. Further test requi
mpassed in an extended qualification plan (EQP), which includes options representing
iice features. A reduced qualification plan (RQP) scheme, using the same core structure
hration and test methods as the SQP, is available for less highly anisotropic and tend
nally isotropic composite materials.

The procedure is suitable for fibre-reinforced" thermoset, and thermoplastic, bag
ms intended for structural or semi-structural applications. Individual test metho
red to in this document provide more details as to the classes and types of composite m
pvered in each case.

Annexes A and B are included to-support presentation of the data obtained in a consist
tlo provide statistical procedures for the determination of B-basis design allowables, res

Normative references

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references,the latest edition of the referenced document (including any amendme

2, Plasti€sy— Determination of water absorption

/5-3, \Plastics — Determination of temperature of deflection under load — Part 3: H
hosetting laminates and long-fibre-reinforced plastics

als in order
ides a single
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im common
rfements are
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1 standards
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applies. For
hts) applies.

igh-strength

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 527-4, Plastics — Determination of tensile properties — Part 4: Test conditions for isotropic and

orth

otropic fibre-reinforced plastic composites

ISO 527-5, Plastics — Determination of tensile properties — Part 5: Test conditions for unidirectional fibre-
reinforced plastic composites

ISO 1172, Textile-glass-reinforced plastics — Prepregs, moulding compounds and laminates —
Determination of the textile-glass and mineral-filler content — Calcination methods

ISO 1183 (all parts), Plastics — Methods for determining the density and relative density of non-
cellular plastic
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ISO 1268 (all parts), Fibre-reinforced plastics — Methods of producing test plates
[SO 1675, Plastics — Liquid resins — Determination of density by the pyknometer method
ISO 2818, Plastics — Preparation of test specimens by machining

IS0 6603-2, Plastics — Determination of puncture impact behaviour of rigid plastics — Part 2: Instrumented
impact testing

ISO 6721-11, Plastics — Determination of dynamic mechanical properties — Part 11: Glass transition
temperature

IS0 9782, Pl
matter contg

[SO 10119, @

ISO 10352, |
unit area

ISO 11357-1
scanning cal

ISO 11357-2
temperature

[SO 11359-2
thermal exp

ISO 11667,
reinforced-fi

[SO 12815, 4
[SO 12817, K
ISO 14125, R

ISO 14126, 4
direction

ISO 14127, ¢

ISO 14129,
strain respd
tension test

[SO 14130, 4

1stics — Reinforced moulding compounds and prepregs — Determination of apparent vo
nt

arbon fibre — Determination of density

'ibre-reinforced plastics — Moulding compounds and prepregs — Determination of mag

Plastics — Differential scanning calorimetry (DSC) — Part 1: Genéral principles Differé
primetry (DSC) — Part 1: General principles

Plastics — Differential scanning calorimetry (DSC) — Part Z+-Determination of glass tran{
and glass transition step height

Plastics — Thermomechanical analysis (TMA) — Part:2» Determination of coefficient of |
insion and glass transition temperature

Fibre-reinforced plastics — Moulding compounds and prepregs — Determination of
pre and mineral-filler content — Dissolutioniéthods

'ibre-reinforced plastic composites — Détermination of plain-pin bearing strength
ibre-reinforced plastic composites-~~Determination of open-hole compression strength
ibre-reinforced plastic composites — Determination of flexural properties

'ibre-reinforced plastic composites — Determination of compressive properties in the in-|

arbon-fibre-reinforeed composites — Determination of the resin, fibre and void contents

Fibre-reinforoed plastic composites — Determination of the in-plane shear stress/s
nse, including the in-plane shear modulus and strength, by the plus or minus 45 d{
method

Fibre-reinforced plastic composites — Determination of apparent interlaminar shear str4

by short-beq

tile-

s per

ntial

fition

inear

resin,

blane

hear
bgree

ngth

mmethod

ISO 15024, Fibre-reinforced plastic composites — Determination of mode I interlaminar fracture toughness,
GIC, for unidirectionally reinforced materials

ISO 15034, Composites — Prepregs — Determination of resin flow

ISO 15040, Composites — Prepregs — Determination of gel time

ISO 15114, Fibre-reinforced plastic composites — Determination of the mode Il fracture resistance for
unidirectionally reinforced materials using the calibrated end-loaded split (C-ELS) test and an effective

crack length

approach

[SO 16012, Plastics — Determination of the linear dimensions of specimens
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ISO 18352, Carbon-fibre-reinforced plastics — Determination of compression-after-impact properties at a
specified impact-energy level

EN 821-1, Advanced technical ceramics — Monolithic ceramics — Thermo-physical properties — Part 1:
Determination of thermal expansion

EN 2823, Aerospace series — Fibre reinforced plastics — Determination of the effect of exposure to humid
atmosphere on physical and mechanical characteristics

ASTM D5766, Fibre-reinforced plastic composites — Determination of the open-hole, tensile strength

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the fellowing dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31
preimpregnate
prepreg

matgrial in thin sheets of tows, tape, fabric, or mat impregnated with resin ready to be njoulded, and
curefl if thermoset based

Note [l to entry: It may be stored before use (normally reftigerated for thermoset based systems).

Note P to entry: Used as a generic term in this documefit to refer to an intermediate product requirirjg application
of pre¢ssure and/or heat to form the final product.

3.2
compound
intimate admixture of a polymer or polymers with other ingredients such as reinforcenients, fillers,
plastficizers, catalysts and colorants ready to be formed, and cured if thermoset based

3.3
preform
dry fiibre preform suitable for infiltration by the matrix, normally thermoset based, to proyjide the final
matgrial

3.4
batch
quantity of'material formed during the same process and having identical characteristic throughout
basefl ona‘single supply of fibres, matrices and other additives

3.5
manufacturing run
single manufacturing process for test plates run by a single operator at a single time

3.6

plate and specimen coordinate axes

1-axis (or direction) where the material contains a known axis of preferred fibre orientation (e.g.
dominant fibre direction for unidirectional prepregs)

Note 1 to entry: For materials prepared as test plates, the in-plane direction transverse to the 1-axis is defined

as the 2-axis. Where any direction of preferred orientation is not known, the 1-axis is taken as the production
direction of the composite or the reinforcement (e.g. warp directions for fabrics).
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Note 2 to entry: For fully unidirectional materials, specimens cut parallel to the “1”-direction, results are
identified by the subscript “11” (e.g. E11). Similarly, for specimens cut parallel to the “2”-direction are identified
by the subscript “22” (e.g. E22). For multidirectional laminates, mats and fabrics, results are identified by
the subscripts “XX” and “YY” for specimens cut parallel to the X and Y directions respectively. The X, Y and Z
coordinate system for any material are equated to the “1”-, “2”- and “3”- directions.

Note 3 to entry: A scheme for designating multiple direction lay-ups is given in the ISO 1268-4:2005, Annex A.

3

Figure [1 — Unidirectional reinforced composite plate elemént'showing orthogonal axe§

3.7
A-basis desjign allowable
statisticallytbased material property with a 95 % lower-gonfidence bound on the first percentilg of a
specified population of measurements

Note 1 to entfy: Itis also a 95 % lower tolerance bound for the upper 99 % of a specified population.

3.8
B-basis design allowable
statisticallyfbased material property with a 95 % lower confidence bound on the tenth percentil¢ of a
specified population of measurements

Note 1 to entfy: It is also a 95 % lowerjtolerance bound for the upper 90 % of a specified population.

4 Principle

To provide |an initial\‘standard qualification plan" based on accepted international test methods,
in combination with”specified material preparation and batch test requirements. The standard
qualificatiop plan/(SQP) provides a minimum data set for the initial materials release suitab
material selec¢tion and preliminary design phases, using a B-basis design allowable. The SQP is suitable
for high qua Tighanisotr prefmpregnates (prepregs). Am RQP 2 eSS higt ' i
materials to be more easily and quickly evaluated. The EQP provides test methods for coupon level
tests for assessing simulated service requirements, such as, resistance to strain-concentrations (e.g. a
hole) and simulated damage.

NOTE It is noted that for A-basis design allowables, the number of specimens is increased to the order of
100 times, using increased number of batches and/or manufacturing runs depending on the sensitivity of the
measured properties to these two factorsl(2l.

5 Test methods and specimen conditioning

Tables 1 and 2 specify the properties, test methods/applicable standards and batches to be used in the
SQP/RQP. Table 3 provides the same information for the EQP. The full title of each standard is given in
Clause 2. In addition, Tables 2 and 3 give “non-room temperature” test conditions, including after hot

4 © IS0 2019 - All rights reserved
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wet conditioning. These conditions can be adjusted for non-aerospace applications as agreed with end
users (see 9.3).

Specimens shall be conditioned according to ISO 291 for ambient/room temperature (RT) testing.
Testing at non-ambient temperatures or after hot/wet conditioning shall be conditioned according
to the relevant test method, the material specification or by agreement between supplier and user’s
requirements.

In the absence of this information, the standard values for aerospace applications shall be used.

NOTE

6

The
Tablg

Guidance on preferred non-ambient test temperatures to be used is given in ISO 3205[3l,

Test matrices and specimen sampling

prescribed qualification test regime (using the test methods listed in Clatise’5) i
s 1 to 3. Tables 1 to 3 set out the numbers of batches of specimens per test‘method

cond
failu

Spec
of th
be t4

fition. The test requirements in these standards shall be adhered to regarding scope, sp
e criteria, etc.

mens shall be prepared and tested from either 1 or 3 batches of material depending on t}
e data (i.e. the importance of the data for use in design, material selection, etc.). Spe
ken from 3 batches of material in order for measured valifes to be as representative

of the material being tested and these batches shall be taken/from the production of

over
platd
man;
of 30

Inas
10 s
singl

Somg
be us

Spec
NOTH

and
and 4

© ISO

an extended timescale. In addition, to account for theprocessing variability associat

panel manufacture, two plates shall be fabricatedfrom each material batch, using
ifacture processes. Five specimens shall be extracted per plate for each test method, g
specimens per property for a particular test condition.

imilar manner, those properties measured.using only 1 batch of material shall be detet
ecimens prepared from 2 plates (prepared using independent manufacture process
batch.

e test methods specify less than5-specimens, but for this document 5 specimens pe
ed.

men selection and traceability (as described above) is illustrated in Figure 2.
At least two independent manufacture processes are required to fabricate all 6 plates, i

ure cycle (ManufactureA) for plates 1, 3 and 5; and one lay-up and cure cycle (Manufacture B)
for a conventional’‘thermoset resin based pre-preg.

detailed in
and per test
ecimen size,

he criticality
Fimens shall

as possible
he material
ed with test
ndependent
iving a total

mined from
bs) from the

I plate shall

Le. one lay-up
for plates 2, 4
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BATCH1 ‘ BATCH2 \ ‘ BATCH3 \

4 ) 4 N ) 4 )
PLATE 1 PLATE 2 PLATE 3 PLATE 4 PLATE 5 PLATE 6
Mahu. A Manu. B Manu. A Manu. B Manu. A Manu. B
/_Jﬁ 4 N N 4 N [~ ) s )
5 SPECIMENS 5 SPECIMENS | | 5 SPECIMENS 5 SPECIMENS | | 5 SPECIMENS 5 SPECIMENS
— — - AN J —

Figure 2 — Batch, plate and specimen traceability

7 Apparatus

The equipmlent used in the work shall have a valid calibrated certificate traceable to SI units for the
measuremehts made, as required by the relevant test-method standard; or be shown to have peen
calibrated ilnmediately prior to the measurements(being made using transfer devices traceable|to SI
units.
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8 Test plate preparation and specimen machining

Specimens shall be cut from test plates manufactured according to the fabrication method given
in ISO 1268 (all parts) for the type of material, and related process route, under test, or nearest
equivalent. Machining shall be performed in accordance with ISO 2818 (additional guidance is given in
Reference [4]), as applicable, and the dimensions of the specimen shall comply with those given in the

relevant test method standard (see recommended standards in Tables 1 to 3).

9 Testrequirements

9.1

The {

prep
diffe
used

Whe
In ad
othe
acco

Standard qualification plan

est methods, test conditions and units specified in Tables 1 to 2 shall be used¢Specif
hring and testing specimens are given in the individual test methods. Where'the test
Fent procedures for different types of reinforcement or matrix, the appropridate proced
for the type of composite material under test.

re required (see Tables 2 to 3), measurements of a property shall be.made along the 1
dition, where required (as indicated in Tables 2 to 3), specimens\shall be tested at te
" than ambient (see ISO 3205, ISO 291). Temperatures and cofiditioning requiremen
‘ding to the test method used, the relevant material specification or by agreement betwj

ic details on
method has
ure shall be

and 2 axes.
mperatures
's should be
een supplier

and yser. In the absence of this guidance, the aerospace requirements should be used [i.e. at =55 °C and

70 °(
shall

NOTH

9.2

The

conc
to in
inter
(Mod

9.3

In cd
pseu
dired

It is
unle

(DRY) and/or after conditioning for 1,000 h at 70 °C/85'% RH (HOT-WET)]. The con
be recorded according to Clause 13.

Guidance on preferred non-ambient test tempetatures to be used is given in ISO 3205[3l.

Extended qualification plan

methods listed in Table 3 enable the response of the material under evaluation to diff
entrations (e.g. ASTM D 5766, 1SO.12815 and ISO 12817). Two further methods ass¢
pact loads and subsequent cragk growth. Finally, two methods are given for a;
laminar crack resistance energy under opening mode (i.e. Mode I — ISO 15024) and
e II - 1SO 15114).

Reduced qualification plan

rtain cases suchhas for nominally isotropic (mats), low anisotropy (e.g. balanced
Ho-isotropic (e'g. unidirectional [45/90/45/0]2s lay-ups), there is no requirement to tg
tion.

hot necessary to test batches at -55 °C, at 125 °C or after hot-wet conditioning at 70 1
s the\application is intended for the aerospace sector or equivalent. For other sectorg

ditions used

erent strain
SS response
sessing the
shear mode

fabrics,) or
st in the “2°

C/85 % RH,
, in addition

to R1
used

" tests, test temperatures and conditioning requirements should be according to the

test method

, the relevant material specification or by agreement between supplier and user.

10 Presentation of results — Standardized data sheets

The presentation of data shall be as set out in the standardized Report Sheets 1 to 4 given in Annex A,
Tables A.1 to A.4, in addition to the metadata information required as appropriate. This should include
the matrix used, the type and form of the reinforcing fibres; and the processing methods used to
produce the test specimens. The report sheet should be adjusted when different test temperatures are
adopted.

© IS0 2019 - All rights reserved 11
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11 Statistical analysis

The statistical analysis of the test results for design values shall use the procedures, including
recommendations for the determination of B-basis design allowables, given in Annex B.

12 Precision

An interlaboratory analysis was undertaken by 12 organizations (3 Oms, 4 research organizations,
1 material supplier, 3 instrument manufacturers and 1 regulator). Results were analysed according to
1SO 5725(2] (usmg 95 % confldence hmlts) in order to assess the repeatablllty (measure of w1th1n site

scatter) andj o
Tests were ])erformed on carbon flbre epoxy pre-preg unldlrectlonal materials from two indepe dent
suppliers. Test plates were manufactured at NPL according to the fabrication method given in the
appropriate| part of ISO 1268 and following material supplier’s guidance. All plates were“autoflave
cured at 12 °C. Specimens were extracted from test plates in accordance with ISO 2818. Machjning
operations fere performed using a diamond grit coated circular saw, with water used as a coolant/
lubricant. Specimens were machined to the dimensions and tolerances given in the appropriatg test
standards.
The test methods used were:
— IS0 527}5 (see also ISO 527-1);
— IS0 141p6;
— SO 141p5;
— IS0 141B0;
— SO 672[1-11.
See Tables 4{to 7.
Table 4 — Repeatability and reproducibility values and mean value for Material 1
Property Repeatability conditions Reproducibility conditions Meah
S, r Sk R result
Tension Opei 92,5 259 118 329 2167 Mpa
By 3,28 9,19 6,79 19,0 133 GPh
Viy 0,02 0,06 0,02 0,07 0,34
Compression |oy.q1 95,7 268 181 507 1170 MPa
E.if 10,1 28,3 10,1 28,3 111 GPh
Flexure Gpif1 97,5 273 135 379 1677 MPa
et 3,06 8,58 4,72 13.2 119 GP
ILSS Ouy 2,91 8,16 5,58 15,6 97,6 MPa
DMA T, 1,18 3,29 4,62 12,9 123 °C
Ty nset 1,71 4,79 8,67 24,3 102 °C
Tioss 1,13 3,15 9,63 27,0 133°C
Toan delta 1,61 4,51 13,3 37,3 147 °C
12 © IS0 2019 - All rights reserved
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Table 5 — Repeatability and reproducibility values as percentages of mean value for Material 1

Property Value as percentage of mean, %
Repeatability conditions Reproducibility conditions
S, r Sr R
Tension OMr11 4,27 12,0 5,45 15,2
Eiq 2,46 6,88 5,09 14,2
Vyiy 5,95 17,0 7,14 19,9
Compression OMc11 8,18 22,9 15,5 43,3
Eo 916 255 916 25,5
Flexure OMf11 5,81 16,3 8,05 22,6
Ef1q 2,57 7,21 3,97 11,1
ILSS OMm1 2,98 8,36 5,72 16,0
DMA T, 0,96 2,67 3,76 10,5
Tonset 1,68 4,70 8,50 23,8
Tloss 0,85 2,37 7,24 20,3
Tian delta 1,10 3,07 9,05 25,4

Table 6 — Repeatability and reproducibility valuesjand mean value for Materjal 2

Property Repeatability conditions Reproducibility conditions Mean
S, r Sp R result
Tengion OMt11 112 312 159 447 2 651 MPa
Eiq 3,88 10,9 5,51 15,4 122 GPa
Viy 0,02 0,05 0,02 0,07 0,33
Compression |oy.1q 129 360 177 497 987 MPa
Eq1 4,46 12,5 5,57 15,6 110 GPa
Flexure OMf11 70,7 198 72 202 1372 MPa
Ef1q 146 4,07 4,10 11,5 111 GPa
ILSS OM1p 1,35 3,78 2,57 7,21 83,6 MPa
DMA T, 1,36 3,80 7,52 21,1 126 °C
Tonset 1,30 3,64 12,2 34,2 110°C
T)pss 096 2,69 5,43 15,2 131°C
Feah delta 1,08 3,03 15,5 43,4 150 °C

Table 7 <+~ Repeatability and reproducibility values as percentages of mean value for] Material 2

Property Value as percentage of mean, %
Repeatability conditions Reproducibility conditions
S, r Sk R
Tension OMt11 4,22 11,8 6,00 16,9
Eyy 3,17 8,92 4,51 12,6
Vi2 5,44 15,4 7,25 19,9
Compression OMc11 13,1 36,5 179 50,4
Eq1 4,05 11,4 5,06 14,2
Flexure OMf11 5,15 14,4 5,25 14,7
Ef1q 1,32 3,67 3,69 10,4
ILSS OMm1 1,61 4,52 3,07 8,62

© IS0 2019 - All rights reserved 13
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Table 7 (continued)
Property Value as percentage of mean, %
Repeatability conditions Reproducibility conditions
S, r Sk R
DMA T, 1,08 3,02 5,97 16,7
Tynset 1,18 3,31 11,1 31,1
Tloss 0,73 2,05 4,15 11,6
Tian delta 0,72 2,02 10,3 289

13 Test rJ:port

In addition t
information|
a) arefere
b) complet

and test
c) the datg
And, in addi

d) arefere

e) the met
f) thespe
g) thecon

h) the test

i) the nunj

j)  the typs
k) theindi
1) the meg
m) statemsg

reasons
n) any ope

hce to this document, i.e. ISO 20144:2019;

plate manufacture details, where these are known;
of measurements;

tion, for each test method conducted:
hce to the standard used;

hod of preparing the specimens;
imen dimensions;

litioning procedures used;
conditions used;

ber of specimens tested;

p(s) of failures obtained;

vidual test results;

n and standayd.deviations (95 % confidence level);

why;

o completed Report Data Sheets 1-4 (see Annex A), the test report shall includethé follo

e identification of the material tested, including type, source, mandfacturer’s code nu

nt as to(whether any test specimens from a data set have been rejected and, if sd

ration not specified in this or referenced documents, as well as any incident likely to

wing

mber

, the

have

affected
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Table A.1 — Report sheet 1 — Standard qualification plan — Material record sheet

Mate¢rial Record Sheet |No: |
Matgrial code:
Fibre type: |Fibre code: |

Fibr¢ format:

Fibre supplier:

Matrix type:

|Matrix code:

Matyix supplier:

Prepreg type?:

Prepreg code?:

Prepreg suppliera:

Pre-prég)Ply-thickness:

Manpifacturing process:

Test plates lay-up(s) and thickness:

Congdolidation conditions tempera-
turejand pressure:

Postjcure conditionsP:

Manpifacturing date(s)

Specimen machining method(s)

Testmachine grades(s)

Comments:

Signature

Date:

a  ATrimterTediate product TequiTig eat arnd/or ConSoidation.

b Notapplicable to thermoplastic matrix.

© IS0 2019 - All rights reserved
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Annex B
(normative)

Determination of statistical parameters

B.1 General

Thisjannex details a procedure used for calculating B-basis design allowables for propertis
from| tests on 30 specimens from a minimum of 3 batches of material. The approachis b
metHods given in Reference [2]. The flow chart in Figure B.1 provides a step by.'Step §
statiftical analysis process for B-basis design allowables.

bs measured
ased on the
ruide to the

© IS0 2019 - All rights reserved
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Data set consists of at
least 18 data points from; No
at least 3material
batches? (B.4)

Investigate reason and
remove bad data (B.3)

STOP Not possible to
calculate robust B-basis
value as insufficient data

Outliers rejdcted from data set

Consider rejection of
outliers (B.6) [2]
T

Yes
<_

Test for outliers within
each batch (B.5)

Within batch outliers :
detected? |

No outliers rejected

Outliers rejected from data set

Consider rejection of

outliers [2]
|

Test for between batch
variability (B.7)

Does betweenbatch
variability exist? (B.8)

Pool batches into one
single data set

v

Test.for outliers within
single data set (B.9)

Outliers detected within :
single data set? I

No outliers, réjected

Calculate Observed
Significance Level (OSL)
for normal distribution

(B.10)

Calculate B-basis value
using Weibull (B.12) or
loghormal methods
(B.13)

No
‘_

Normal distribution
OSL > 0,05?

Yes

Variability cannot be
ignored based on
experience and/or
judgement

Figure B.1 — Step by step procedure for calculating B-basis design allowables for data
generated via this document

B.2 Validity and consistency of failure modes

For a particular strength property, the failure modes observed should be valid and consistent for a given
environmental condition. Specimens observed to fail in non-acceptable modes (in accordance with the
relevant test standard) should not be included in the data set. In addition, if a range of acceptable failure
modes are observed within a data set, then the data should be further examined to see if there is a
correlation between strength and the mode of failure. Should such a correlation exist then investigation

20 © IS0 2019 - All rights reserved
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of specimen manufacturing and preparation, as well as testing parameters should be undertaken to
determine the cause of the different failure modes.

B.3 Investigation and removal of bad data

Should physical evidence be identified that invalidates a test result (e.g. incorrect failure mode), then
this result should be deemed a bad data point and removed from the data set.

B.4 Quantity of data

The FQP recommends that properties be measured from tests on specimens prepared fijom either 1
or 3 [batches of material depending on the criticality of the data (see Clause 6); equdting to tests on
eithdr 10 or 30 specimens, respectively. In accordance with the guidance providéd,in Reference [2]
statigtically robust B-basis values should only be derived from data groups,consisting of at least
18 specimens sampled from at least 3 material batches. Therefore, within the SQP it is only possible to
calcylate B-basis design allowable values for properties measured from 3 batches of material. For these
case$, the number of specimens tested (30) is more than enough to satisfy the minimum specimen
number (18) stipulated in Reference [2]. For those properties measured-from a single batch of material
(i-e. 10 specimens), the statistical analysis of these data should be limited to calculation ¢f mean and
stanglard deviation.

B.5 | Test for outliers within each batch

The mean and standard deviation for each batch data sébare calculated using Formulae (B.[l) and (B.2),
respectively:

11

)'=;§xi (B.1)
(Z:L S .—_ 2

S n_lz(xl x) (B.2)

1+ isthe data setmean;

is the individual observation in a data set;
n is thenumber of observations in a data set;

4 s the standard deviation of data set.

Each data set shall be examined for the presence of outliers. The maximum normed residual (MNR)
method shall be used for quantitative screening of outliers. Formula (B.3) shows the MNR quantity as
the maximum absolute deviation from the data set mean divided by the data set standard deviation.
This quantity is calculated for each observation in each data set and the resulting values compared to a
critical value calculated for a data set size, n, using Formula (B.4):

(B.3)
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