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ABSTRACT 
 
This report details a draft Standard Qualification Plan (SQP) for the initial qualification of  
preimpregnated (prepreg) fibre-reinforced thermoset and thermoplastic material systems, in order 
to allow quality control, material selection and preliminary design to be undertaken.  It is aimed at 
reducing the substantial costs involved in qualifying materials.  The SQP does not constitute a full 
qualification programme, rather, ideally, a standardized building block forming the initial stage of a 
qualification or certification programme. 
 
A survey of existing qualification initiatives was carried out together with close industrial 
consultation in order to determine the appropriate content and format of the SQP.  The procedure 
comprises a Standard Qualification Plan (SQP) which contains the minimum common test 
requirements for initial materials qualification, and an Extended Qualification Plan (EQP) 
encompassing further test options to meet specific requirements.  The SQP/EQP prescribes test 
matrices, a specimen sampling scheme, a data presentation format and data analysis methods.  Where 
possible ISO standards are chosen as the preferred test methods. 
 
Part 1 of this report details the objectives and formulation of the SQP, whilst Part 2 details the 
proposed draft procedure. 
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PART 1 - BACKGROUND 
 

1. INTRODUCTION 
 
Both composites suppliers and end-users are affected by the high cost of composite materials 
qualification.  Qualifying a product against different user specifications, introducing new materials 
and finding data for materials selection and preliminary design can all be prohibitively costly due to 
repetition of testing.  For example, one qualification programme for a new product cost £2 million to 
repeat ten times for different customers, rather than £0.13 million if one qualification could have 
been accepted by all.  An estimate of a 40% increase in design cost was also given due to the delayed 
availability of design data. 
 
This report documents the preparation of a Standard Qualification Plan (SQP) aimed at reducing the 
substantial costs involved in qualifying materials on behalf of suppliers, designers and end-users of 
fibre-reinforced plastic composite materials.  The SQP is aimed at satisfying the minimum common 
requirements necessary to allow initial material selection, quality control and preliminary design to 
be undertaken.  Further qualification requirements, not met by the minimum SQP, are included in an 
Extended Qualification Plan (EQP).  The SQP/EQP does not constitute a full qualification 
programme, rather, a standardised building block forming the initial stage of a qualification or 
certification programme.  It is envisaged that the widespread use of this document for initial 
qualification, will not only lead to a reduction in qualification costs, but increase the availability of 
materials data and the use of composites in new applications. 
 
Part 1 of this document briefly details the objectives and formulation of the SQP, whilst Part 2 details 
the proposed draft procedure. 
 
 
2. IDENTIFICATION OF REQUIREMENTS 
 
The recent publication of a test plate manufacture standard (ISO/FDIS 1268), a suite of harmonised 
ISO test methods (mechanical, thermal and physical) and a data-sheet database standard (ISO/FDIS 
10350-2) has made the realisation of the SQP feasible.  The following sections detail the process 
followed during the formulation of the procedures. 
 
2.1     INDUSTRIAL CONSULTATION 
 
In order to determine which test methods should be included in the SQP/EQP, a survey was carried 
out by requesting several organisations in the composites industry (material suppliers, end-users, 
designers and certification bodies e.g. CAA), to rank individual test methods with regard to their 
importance in materials qualification.  The survey was performed using a detailed questionnaire 
followed by a number of ‘follow-up’ industrial visits by the authors.  Visits to discuss the 
requirements in more detail were made to the CAA, three Formula 1 manufacturers, two aerospace 
companies, a design consultancy and a pre-preg manufacturer. 
 
2.2     CURRENT QUALIFICATION INITIATIVES 
 
These requirements were compared with existing qualification initiatives (or those currently being 
developed) mostly driven by aerospace industry certification requirements in order to determine a 
suitable content, format and style for the SQP.  The best known publicly available procedures are 
given in MIL-HDBK-17-1E [1]), and are based on testing 30 specimens from 5 batches of material.  
Companies such as Airbus Industries also have well developed material qualification documentation 
[2, 3].  The Federal Aviation Administration (FAA) have recently released a document under the title 
of ‘Material Qualification and Equivalency for Polymer Matrix Composite Material Systems’ [4], 
with the purpose of providing information and procedures for producing repeatable base composite 
material properties for primary and secondary aircraft structures.  This report considers a reduced, 18 
specimen qualification plan (6 panels x 3 specimens), which appears to have only a small cost saving 
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compared to a 30 specimen approach, and an extended 55 specimen approach that uses, confusingly, 
alternatively 5 and 6 repeat sets of specimens from a total of 5 batches x 2 panels each. 
 
The approach set out in this SQP document is somewhat similar to that used in the FAA initiative, 
but based on measurements of 30 specimens (5 batches x 2 panels x 5 specimen sets).  It does not 
prescribe a full materials qualification programme, nor is it solely intended for use by the aerospace 
industry. The 30 specimen approach can be shown statistically to be the preferred, minimum number 
of measurements requirement [5]. 
 
 
3. DEVELOPMENT OF QUALIFICATION PLANS 
 
After completing the initial industrial consultation process, a draft SQP document was written - see 
Part 2 of this report.  The purpose of this section is to provide justification on the content and format 
of the SQP/EQP which is not included in the procedure itself. 
 
Based on the results of the industrial consultation exercise and review of other documents, test 
methods identified as the highest priority formed the SQP and those of lower priority formed the 
EQP.  All of the physical/chemical property tests that were surveyed have been included in the SQP, 
as it was felt that the vast majority of these properties were already released with the suppliers 
materials data.  The cured mechanical property test methods selected for the SQP consist of tensile, 
compressive, shear and flexural tests (in addition to fibre and resin volume fraction), giving ultimate 
strength,, failure strain, elastic modulus and Poisson’s ratio data.  Additional test methods deemed 
non-essential for initial materials qualification but that can be used to generate specific, application 
dependent data, were grouped into the EQP. 
 
For all properties, where available and suitable, the preferred test methods are ISO standards.  Some 
of the ‘building block’ test methods in the EQP are not ISO standards but are ISO new work items 
(NWI) being led by NPL on behalf of the UK (e.g. open and filled-hole tension/compression, pin 
bearing etc.).  In other cases, such as the compression-after-impact (CAI) test, there are no 
standardised versions of the test method available.  This is currently an area of work under the G7/8 
VAMAS (Versailles Agreement on Advanced Materials and Standards) international pre-standards 
programme.  As this document is initially intended to be used for carbon-fibre preimpregnated 
material systems, the conditioning and test temperatures/relative humidities are typical of material 
applications.  The test temperatures and conditioning regimes selected (room temperature and/or 
1000 hours at 70°C/85% relative humidity), are typical of those used for aerospace qualification 
requirements but have been chosen to be in-line with standard ISO test temperatures [6]. 
 
The format of the prescribed qualification regime is based on the lay-out of ISO 10350-2 - ‘Plastics - 
Acquisition and presentation of comparable single-point data’. 
 
 
4. CONCLUDING COMMENTS 
 
The draft SQP is being widely distributed to industry, via this report, for feedback.  An associated 
round-robin programme is currently being developed to assess the robustness and suitability of 
selected test methods included in the SQP.  The round-robin will use generic materials sourced from 
industry and appropriate organisations (end-users and suppliers) are invited to participate. 
 
The round-robin exercise aims to increase confidence in the data measured by any organisation using 
the SQP/EQP and associated test methods.  Analysis of the results from the round-robin will be 
carried out to develop precision data for qualification requirements and to generate materials data in 
general for possible future inclusion in a materials database. 

NPL Report MATC(A)84 

2 



PART 2 - DRAFT STANDARD 
 
 
 
 

NPL WORKING DRAFT - VERSION 1.0 
 

March 2002 
 
 

Fibre reinforced plastic composites – Standard qualification plan (SQP) for 
preimpregnated (prepreg) composite materials 
 
 
Introduction 
 
This document has been prepared to provide suppliers, designers and end-users of fibre-reinforced 
plastic composite materials, an initial qualification framework aimed at reducing the substantial costs 
involved in qualifying materials against different specifications.  Indeed, the cost associated with 
qualifying materials can prevent the use of new materials in certain applications.  In addition, 
designers and end-users often find that appropriate data for materials selection and preliminary 
design are not available.  It is envisaged that widespread use of this document for initial qualification, 
will lead to a reduction in qualification costs and increased availability of materials data. 
 
 
Comments on this draft document should be sent to: 
 
Mr Michael Gower 
Room 102, B28 
Materials Centre 
National Physical Laboratory 
Queens Road 
Teddington 
Middlesex 
TW11 0LW 
 
Tel: 00 44 (0)20-8943 6174 
Fax: 00 44 (0)20-8943 6820 
E-mail: Michael.Gower@npl.co.uk 
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Glossary of terms and symbols 
 
 

Vr             resin volume fraction 
Vf             fibre volume fraction 
σMt           maximum value of tensile stress 
Et              tensile Young’s modulus 
εMt            maximum value of tensile strain 
ν               Poisson’s ratio 
σMc           maximum value of compressive stress 
Ec             compressive Young’s modulus 
εMc           maximum value of compressive strain 
G              shear modulus 
τM             maximum value of shear stress 
γM             maximum value of shear strain 
σMf           maximum value of flexural stress 
Ef             flexural modulus 
σOHT         open-hole tensile strength 
KOHT        open-hole tensile strength concentration factor 
σFHT         filled-hole tensile strength 
KFHT         filled-hole tensile strength concentration factor 
σOHC         open-hole compressive strength 
KOHC        open-hole compressive strength concentration factor 
σFHC         filled-hole compressive strength 
KFHC         filled-hole compressive strength concentration factor 
FM            maximum force 
lM             deflection at maximum force 
EM            energy to maximum force 
EP             puncture energy 
lP              puncture deflection 
AD            impact damage area 
σMCAI        maximum value of compressive stress after impact 
εMCAI        maximum value of compressive strain after impact 
GIC           Mode I fracture toughness 
GIIC           Mode II fracture toughness 
 
 
 
 
 
N.B. Additional subscripts apply to some of the quantities above to indicate directions (see 
clause 4.3) 
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NPL Draft Version 1.0 
 
 
 
Fibre reinforced plastic composites – Standard qualification plan (SQP) for preimpregnated 
(prepreg) composite materials 
 
1        Scope 
 
1.1     This draft document specifies a procedure for the initial qualification of composite materials in 
order to allow quality control, material selection and preliminary design to be undertaken.  It does not 
constitute a full qualification programme, rather, ideally, a standardized building block forming the 
initial stage of a qualification or certification programme. 
 
1.2     The procedure is generally suitable for preimpregnated (prepreg) fibre-reinforced thermoset 
and thermoplastic material systems.  Individual standards referred to in this document provide 
more details as to which classes of materials are suitable.  (N.B. During the course of the 
development of the SQP, its (or parallel documents) applicability to a wide range of material 
types and formats will be assessed). 
 
1.3     The draft procedure comprises a Standard Qualification Plan (SQP) which contains the 
minimum common test requirements for initial materials qualification.  Further test requirements are 
encompassed in an Extended Qualification Plan (EQP), which contains options to meet specific 
requirements. 
 
1.4     Annex A details a standard format for the release of data produced when using this document.  
Annex B provides a recommended procedure for the determination of B - and A - basis design 
allowables. 
 
Note. The main text of this document details the rationale behind the formulation, content and use of the SQP/
EQP.  It is envisaged that material suppliers will adopt this procedure for initial material qualification and 
supply release material data in the format given in Annex A. 
 
2        Normative references 
 
The following standards contain provisions, which through reference in this text, constitute 
provisions of this draft procedure.  At the time of publication, the editions indicated were valid.  All 
standards are subject to revision, and parties to agreements based on this draft procedure are 
encouraged to investigate the possibility of applying the most recent editions of the standards 
indicated below.  Members of IEC/CENELEC and ISO/CEN maintain registers of currently valid 
International Standards. 
 
 

ISO 291 Plastics - Standard atmospheres for conditioning and testing 
 

BS EN ISO 527-4 Plastics - Determination of tensile properties - Part 4: Test conditions for isotropic 
and orthotropic fibre-reinforced plastic composites 
 

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

ISO 1183 Plastics - Methods for determining the density and relative density of non-cellular plastics 
 

ISO 1268 Plastics - Preparation of glass fibre reinforced, resin bonded, low-pressure laminated plates 
or panels for test purposes 
 

ISO 2818 Plastics - Preparation of test specimens by machining 
 

ISO 5893 Rubber and plastics test equipment - Tensile, flexural and compression types (constant rate 
of traverse) - Description  
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ISO 6603-2 Plastics - Determination of puncture impact behaviour of rigid plastics - Part 2: 
Instrumented impact testing 
 

ISO 10119 Carbon fibre - Determination of density 
 

ISO 10352 Fibre-reinforced plastics - Moulding compounds and prepregs - Determination of mass 
per unit area 
 

ISO 11357-1 Plastics - Differential scanning calorimetry (DSC) - Part 1: General 
 

ISO 11357-2 Plastics - Differential scanning calorimetry (DSC) - Part 2: Determination of glass 
transition temperature 
 

ISO 11359-2 Plastics - Thermomechanical analysis (TMA) -- Part 2: Determination of coefficient of 
linear thermal expansion and glass transition temperature 
 

ISO 11667 Fibre-reinforced plastics - Moulding compounds and prepregs - Determination of resin 
reinforced-fibre and mineral-filler content - Dissolution methods 
 

ISO 14125 Fibre-reinforced plastic composites - Determination of flexural properties 
 

ISO 14126 Fibre-reinforced plastic composites - Determination of compressive properties in the in-
plane direction 
 

ISO 14127 Composites - Determination of the resin, fibre and void content for composites reinforced 
with carbon fibre 
 

ISO 14129 Fibre-reinforced plastic composites - Determination of the in-plane shear stress/shear 
strain response, including the in-plane shear modulus and strength, by the plus or minus 45 degree 
tension test method 
 

ISO 14130 Fibre-reinforced plastic composites - Determination of apparent interlaminar shear 
strength by short-beam method 
 

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 
 

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

EN 2378 - Aerospace series - Test method for the determination of water absorption by immersion in 
demineralised water 
 

EN 2558 - Carbon fibre preimpregnates—Determination of the volatile content 
 

EN 2559 - Carbon fibre preimpregnates - Determination of the resin and fibre content and the mass 
of fibre per unit area 
 

prEN 2743 - Aerospace series - Fibre reinforced plastics - Standard procedures for conditioning prior 
to testing 
 

prEN 2823 - Aerospace series - Fibre reinforced plastics - Determination of the effect of exposure to 
humid atmosphere on physical and mechanical characteristics 
 

EN 3615 - Aerospace series - Fibre reinforced plastics - Procedure for the determination of the 
conditions of exposure to humid atmosphere and the determination of moisture absorption 
 

prEN 3783 - Aerospace series - Fibre reinforced plastics - Expression of mechanical characteristics 
as a function of fibre content 
 

ISO New work item - UK lead - Fibre-reinforced plastic composites - Determination of the open-hole 
(notched), and filled-hole, tensile strength (similar to ASTM D5766, EN6035 and AITM 1.0007) 
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ISO New work item - UK lead - Fibre-reinforced plastic composites - Determination of the open-hole 
(notched), and filled-hole, compressive strength (similar to EN6036 and AITM 1.0008) 
 

ISO New work item - UK lead - Fibre-reinforced plastic composites - Determination of the pin 
bearing strength (similar to ASTM D5961, EN 6037 and AITM 1.0009) 
 
 
3 Principle 
 
To provide a qualification plan based on accepted international test methods and specified material 
preparation and batch test requirements. 
 
 
4 Definitions 
 
For the purposes of this document the following definitions apply.  Where indicated, definitions of 
specific quantities can be found in related standards. 
 
4.1     Preimpregnate (prepreg) 
 
Ready to mould or cure material in sheet form which may be tow, tape, cloth, or mat impregnated 
with resin.  It may be stored before use (normally refrigerated for thermoset based systems). 
 
4.2     Batch 
 
A quantity of material formed during the same process and having identical characteristics 
throughout.  For prepregs, laminae, and laminates, material made from one batch of fibre and one 
batch of resin. 
 
4.3     Specimen coordinate axes  
 
Where the material contains a known axis of preferred fibre orientation, then this is defined as the 1-
axis (or direction).  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 
the production direction of the composite or the reinforcement (e.g. warp directions for fabrics). 
 
For unidirectional 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 results are identified by the 
subscript “22” (e.g. E22). 
 
For multidirectional laminates 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 can be equated to the “1”-, “2”- and “3”- directions. 
 
4.6     A - basis value 
 
A statistically based material property; a 95% lower confidence bound on the first percentile of a 
specified population of measurements.  Also a 95% lower tolerance bound for the upper 99% of a 
specified population. 
 
4.7     B - basis value 
 
A statistically based material property; a 95% lower confidence bound on the tenth percentile of a 
specified population of measurements.  Also a 95% lower tolerance bound for the upper 90% of a 
specified population. 

7 
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5         Test methods 
 
Tables 1 and 2 detail the test methods to be used in the SQP, and Table 3 the test methods to be used 
in the EQP. 

Table 1 - Standard test methods for physical/chemical properties included in the SQP 

PROPERTY NUMBER 

Mass per unit area of moulding compounds and prepregs ISO 10352 

Resin and fibre content, and the mass of fibre per unit area EN 2559 

Resin reinforced-fibre and mineral-filler content for moulding compounds and 
prepregs ISO 11667 

Gel time for prepregs ISO 15040  

Resin flow for prepregs ISO 15034 

Glass transition temperature ISO 11357-2 

Volatile content for carbon fibre prepregs EN 2558 

Density of carbon fibre ISO 10119 

Differential scanning calorimetry (DSC) ISO 11357-1 

Density and relative density of non-cellular plastics ISO 1183 

Coefficient of thermal expansion EN 821-1 

Coefficient of linear thermal expansion and glass transition temperature ISO 11359-2 

Water absorption by immersion in demineralised water EN 2378 

Conditions of exposure to humid atmosphere and the determination of moisture 
absorption EN 3615 
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PROPERTY NUMBER 

Density and relative density of non-cellular plastics ISO 1183 

Resin, fibre and void content for composites reinforced with carbon fibre ISO 14127 

Tensile properties for isotropic and orthotropic fibre-reinforced plastic composites BS EN ISO 527-4 

Tensile properties for unidirectional fibre-reinforced plastic composites BS EN ISO 527-5 

Compressive properties in the in-plane direction ISO 14126 

In-plane shear stress/shear strain response by ±45° tension test BS EN ISO 14129 

Apparent interlaminar shear strength by the short-beam method BS EN ISO 14130 

Flexural properties BS EN ISO 14125 

Table 2 - Standard test methods for cured mechanical properties included in the SQP 

Table 3 - Standard test methods for cured mechanical properties included in the EQP 

PROPERTY NUMBER/STATUS 

Open-hole (notched), and filled-hole, tensile strength ISO New work 
item - UK lead 

Open-hole (notched), and filled-hole, compressive strength ISO New work 
item - UK lead 

Pin bearing strength ISO New work 
item - UK lead 

Puncture impact behaviour of rigid plastics ISO 6603-2 

Compression-after-impact VAMAS study 
(similar to EN 6038) 

Mode I fracture toughness, GIC ISO 15024 
(DIS ballot) 

Mode II fracture toughness, GIIC 
VAM AS s tud y, 
(4ENF) 

9 
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BATCH 1 

PANEL 1 PANEL 2 

5 SPECIMENS 5 SPECIMENS 

BATCH 2 

PANEL 3 PANEL 4 

5 SPECIMENS 5 SPECIMENS 

BATCH 3 

PANEL 5 PANEL 6 

5 SPECIMENS 5 SPECIMENS 

Figure 1 - Batch, panel and specimen traceability 

6        Test matrices and specimen sampling 
 
The prescribed qualification test regime (using the test methods listed in Section 5), is detailed in 
Tables 4-6.  The tables set out the numbers of batches of specimens per test method, per test 
condition. 
 
Specimens shall be prepared and tested from either 1 or 3 batches of material depending on the 
criticality of the data.  Specimens shall be taken from 3 batches of material in order for measured 
values to be as representative as possible of the material being tested and these batches shall be taken 
from the production of the material over an extended timescale.  In addition, to account for the 
processing variability associated with panel manufacture, two panels shall be fabricated from each 
material batch, using independent lay-up and cure processes.  Five specimens per panel shall be 
extracted for each test method (N.B. some tests use <5 specimens), giving a total of 30 specimens per 
property for a particular test environment.  In a similar manner, those properties measured using only 
1 batch of material shall be determined from 10 specimens prepared from 2 panels (prepared using 
independent lay-up and cure processes)  
 
Specimen selection and traceability (as described above) is illustrated in Figure 1. 
 
NOTE - It is noted that an independent lay-up and cure process shall be used for panels from the same material 
batch, but that only two independent cure processes are required to fabricate all 6 panels, i.e. one cure process 
for panels 1, 3 and 5; and one for 2, 4 and 6. 
 
 
7        Panel and specimen preparation and machining 
 
Specimens shall be cut from test plates manufactured according to the fabrication method given in 
ISO 1268 for the material under test.  Machining shall be performed in accordance with ISO 2818 
(additional guidance is given in [7]), as applicable, and the dimensions of the specimen shall comply 
with those given in the relevant test method standard (see recommended standards in Tables 1-3). 
 

NPL Report MATC(A)84 



Pr
op

er
ty

  
St

an
da

rd
 

U
ni

t 
N

o.
 o

f 
ba

tc
he

s 
T

es
t c

on
di

tio
ns

 a
nd

 su
pp

le
m

en
ta

ry
 in

st
ru

ct
io

ns
 

U
N

C
U

R
E

D
 P

R
E

PR
E

G
 P

R
O

PE
R

T
IE

S 
 

1 
M

as
s p

er
 u

ni
t a

re
a 

IS
O

 1
03

52
 

g/
m

2 
3 

 

2 
Fi

br
e 

m
as

s p
er

 u
ni

t a
re

a 
EN

 2
55

9 
g/

m
2 

3 
Pr

in
ci

pa
lly

 fo
r c

ar
bo

n-
fib

re
 re

in
fo

rc
ed

 p
la

st
ic

s, 
bu

t a
ls

o 
ap

pl
ic

ab
le

 to
 g

la
ss

-f
ib

re
 re

in
fo

rc
ed

 p
la

st
ic

s 

3 
R

es
in

 a
nd

 fi
br

e 
vo

lu
m

e 
fr

ac
tio

n 
IS

O
 1

16
67

 
%

 
3 

 

4 
G

el
l t

im
e 

IS
O

 1
50

40
 

M
in

ut
es

 
3 

 

5 
R

es
in

 fl
ow

 
IS

O
 1

50
34

 
%

 w
ei

gh
t 

ch
an

ge
 

3 
 

6 
G

la
ss

 tr
an

si
tio

n 
te

m
pe

ra
tu

re
 

IS
O

 1
13

57
-2

 
°C

 
3 

 

7 
Pe

rc
en

ta
ge

 o
f v

ol
at

ile
 c

on
te

nt
 

EN
 2

55
8 

%
 

3 
G

la
ss

 fi
br

e 
pr

ep
re

gs
 –

 B
S 

EN
 2

33
0 

8 
D

en
si

ty
 o

f f
ib

re
 

IS
O

 1
01

19
 

g/
cm

3 
3 

C
ar

bo
n 

fib
re

 

9 
A

na
ly

si
s b

y 
D

SC
 

IS
O

 1
13

57
-1

 
V

ar
ia

bl
e 

3 
 

10
 

D
en

si
ty

 o
f r

es
in

 
IS

O
 1

67
5 

g/
cm

3 
3 

 

C
U

R
E

D
 P

R
O

PE
R

T
IE

S 
 

11
 

C
oe

ff
ic

ie
nt

 o
f t

he
rm

al
 e

xp
an

si
on

 
C

EN
 E

N
82

1-
1 

 o
r I

SO
 1

13
59

-2
 

%
/°

C
 

1 
   

C
EN

 E
N

82
1-

1 
or

 IS
O

 1
13

59
-2

 c
an

 b
e 

us
ed

 h
er

e 

12
 

M
oi

st
ur

e 
up

ta
ke

 
EN

 3
61

5 
%

 
1 

C
on

di
tio

ni
ng

 in
 7

0°
C

/8
5%

 a
tm

os
ph

er
e 

13
 

M
oi

st
ur

e 
up

ta
ke

  
EN

 2
37

8 
%

 
1 

Im
m

er
si

on
 in

 w
at

er
 a

t 7
0°

C
 

T
ab

le
 4

 - 
St

an
da

rd
 Q

ua
lif

ic
at

io
n 

Pl
an

 - 
Ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s -

 B
at

ch
 r

eq
ui

re
m

en
ts

 

11 

NPL Report MATC(A)84 



12 

NPL Report MATC(A)84 

Pr
op

er
ty

  
Sy

m
bo

l  
St

an
da

rd
  

U
ni

t  

T
es

t C
on

di
tio

n 
T

es
t c

on
di

tio
ns

 a
nd

 su
pp

le
m

en
ta

ry
 

in
st

ru
ct

io
ns

 
D

R
Y

 
70

°C
/8

5%
 R

H
 

-5
5°

C
 

R
T

 
70

°C
 

12
5°

C
* 

R
T

 
70

°C
 

14
 

Fi
br

e 
an

d 
re

si
n 

vo
lu

m
e 

fr
ac

tio
n 

 
V

f 
IS

O
 1

41
27

 a
nd

 
IS

O
 1

18
3 

 
%

  
 

3 
 

 
 

 
  IS

O
 1

18
3 

fo
r d

en
si

ty
 

V
r 

 
3 

 
 

 
 

15
 

Te
ns

io
n 

 

σ Μ
t1

1 

U
ni

di
re

ct
io

na
l 

B
S 

EN
 IS

O
 5

27
-5

 
   

M
ul

tid
ire

ct
io

na
l 

B
S 

EN
 IS

O
 5

27
-4

  

M
Pa

 
1 

3 
1 

 
 

1 

R
ef

er
 to

 s
ta

nd
ar

d 
fo

r 
sp

ec
im

en
 d

im
en

si
on

s 
an

d 
te

st
 d

et
ai

ls
. 

 ()
 –

 n
ot

 re
qu

ire
d 

fo
r b

al
an

ce
d 

fa
br

ic
s  

σ Μ
t2

2 
M

Pa
 

1 
1 

(1
) 

 
 

(1
) 

E t
11

 
G

Pa
 

1 
3 

1 
 

 
1 

E t
22

 
G

Pa
 

1 
1 

(1
) 

 
 

(1
) 

ε M
t1

1 
%

 
1 

3 
1 

 
 

1 
ε M

t2
2 

%
 

1 
1 

(1
) 

 
 

(1
) 

ν 1
2 

 
 

1 
 

 
 

 
ν 1

3 
 

 
1 

 
 

 
 

ν 2
1 

 
 

1 
 

 
 

 
ν 2

3 
 

 
1 

 
 

 
 

16
 

C
om

pr
es

si
on

  

σ M
c1

1 

IS
O

 1
41

26
 

un
id

ire
ct

io
na

l, 
m

ul
tid

ire
ct

io
na

l  

M
Pa

 
1 

3 
1 

 
 

3 
R

ef
er

 to
 st

an
da

rd
 fo

r s
pe

ci
m

en
 d

im
en

si
on

s a
nd

 
te

st
 d

et
ai

ls
.  

Ty
pe

 A
, B

1 a
nd

 B
2 s

pe
ci

m
en

s, 
te

st
in

g 
by

 M
et

ho
d 

1 
(s

he
ar

 lo
ad

in
g)

 o
r M

et
ho

d 
2 

(e
nd

 lo
ad

in
g)

 
()

 –
 n

ot
 re

qu
ire

d 
fo

r b
al

an
ce

d 
fa

br
ic

s  

σ M
c2

2 
M

Pa
 

 
1 

(1
) 

 
 

1 
E c

11
 

G
Pa

 
1 

3 
1 

 
 

3 
E c

22
 

G
Pa

 
 

1 
(1

) 
 

 
1 

ε M
c1

1 
%

 
1 

3 
1 

 
 

3 
ε M

c2
2 

%
 

 
1 

(1
) 

 
 

1 

17
 

Sh
ea

r ±
45

o  te
ns

io
n 

 
τ M

12
 

B
S 

EN
 IS

O
 1

41
29

  
M

Pa
 

1 
3 

1 
1 

1 
1 

 
γ M

12
 

%
 

1 
3 

1 
1 

1 
1 

G
12

 
G

Pa
 

1 
3 

1 
1 

1 
1 

18
 

IL
SS

 –
 th

ro
ug

h 
th

ic
kn

es
s  

τ M
1 

B
S 

EN
 IS

O
 1

41
30

  
M

Pa
 

1 
3 

1 
3 

1 
3 

 
τ M

2 
M

Pa
 

 
1 

1 
 

 
 

19
 

Fl
ex

ur
al

  

σ M
f1

1 

B
S 

EN
 IS

O
 1

41
25

  

M
Pa

 
 

3 
 

 
 

 
R

ef
er

 to
 st

an
da

rd
 fo

r s
pe

ci
m

en
 d

im
en

si
on

s a
nd

 
te

st
 d

et
ai

ls
.  

Pr
ov

id
e 

de
ta

ils
 o

f w
hi

ch
 m

et
ho

d 
us

ed
: M

et
ho

d 
A

 (3
 p

oi
nt

 fl
ex

ur
e)

 a
nd

 M
et

ho
d 

B
 

(4
 p

oi
nt

 fl
ex

ur
e)

  

σ M
f2

2 
M

Pa
 

 
3 

 
 

 
 

E f
11

 
M

Pa
 

 
3 

 
 

 
 

E f
22

 
M

Pa
 

 
3 

 
 

 
 

G
13

 
G

Pa
 

 
3 

 
 

 
 

T
ab

le
 5

 - 
St

an
da

rd
 Q

ua
lif

ic
at

io
n 

Pl
an

 - 
C

ur
ed

 m
ec

ha
ni

ca
l p

ro
pe

rt
ie

s -
 B

at
ch

 r
eq

ui
re

m
en

ts
 

N
.B

. *
 - 

fo
r 1

80
°C

 c
ur

e 
re

si
ns

 o
nl

y 



13 

NPL Report MATC(A)84 

Pr
op

er
ty

  
Sy

m
bo

l  
St

an
da

rd
  

U
ni

t  

T
es

t C
on

di
tio

n 
T

es
t c

on
di

tio
ns

 a
nd

 su
pp

le
m

en
ta

ry
 

in
st

ru
ct

io
ns

 
D

R
Y

 
70

°C
/8

5%
 R

H
 

-5
5°

C
 

R
T

 
70

°C
 

12
5°

C
* 

R
T

 
70

°C
 

20
  

O
pe

n/
fil

le
d 

ho
le

 te
ns

io
n 

 

σ O
H

T 
(K

O
H

T)
 

IS
O

 N
W

I-
U

K
  

M
Pa

 
1(

1)
 

3(
1)

 
 

 
 

3(
1)

 
Q

ua
si

-is
ot

ro
pi

c 
la

y-
up

.  
N

.B
. K

O
H

T a
nd

 K
FH

T a
re

 
di

m
en

si
on

le
ss

 st
re

ss
 c

on
ce

nt
ra

tio
n 

fa
ct

or
s 

ca
lc

ul
at

ed
 u

si
ng

 σ
O

H
T, 

σ F
H

T a
nd

 th
e 

un
no

tc
he

d 
te

ns
ile

 st
re

ng
th

 (u
si

ng
 B

S 
EN

 IS
O

 5
27

-5
 a

nd
 

de
te

rm
in

ed
 fr

om
 b

ra
ck

et
ed

 n
um

be
r o

f b
at

ch
es

)  
σ F

H
T 

(K
FH

T)
 

M
Pa

 
1(

1)
 

3(
1)

 
 

 
 

3(
1)

 

21
  

O
pe

n/
fil

le
d 

ho
le

 
co

m
pr

es
si

on
  

σ O
H

C
 

(K
O

H
C
) 

IS
O

 N
W

I-
U

K
  

M
Pa

 
1(

1)
 

3(
1)

 
 

 
 

3(
1)

 
Q

ua
si

-is
ot

ro
pi

c 
la

y-
up

.  
N

.B
. K

O
H

C
 a

nd
 K

FH
C
 a

re
 

di
m

en
si

on
le

ss
 st

re
ss

 c
on

ce
nt

ra
tio

n 
fa

ct
or

s 
ca

lc
ul

at
ed

 u
si

ng
 σ

O
H

C
, σ

FH
C
 a

nd
 th

e 
un

no
tc

he
d 

co
m

pr
es

si
ve

 st
re

ng
th

 (u
si

ng
 B

S 
EN

 IS
O

 1
41

26
 

an
d 

de
te

rm
in

ed
 fr

om
 b

ra
ck

et
ed

 n
um

be
r o

f 
ba

tc
he

s)
  

σ F
H

C
 

(K
FH

C
) 

M
Pa

 
1(

1)
 

3(
1)

 
 

 
 

3(
1)

 

22
 

Pi
n-

be
ar

in
g 

σ p
 

IS
O

 N
W

I-
U

K
 

M
Pa

 
1 

3 
 

 
 

3 
Q

ua
si

-is
ot

ro
pi

c 
la

y-
up

 
N

.B
. p

la
in

 p
in

 b
ea

rin
g 

i.e
. u

n-
to

rq
ue

d 
 

23
  

In
st

ru
m

en
te

d 
Im

pa
ct

  

F M
 

IS
O

 6
60

3-
2 

 

N
 

 

3 
 

 
 

 

3 
 

Q
ua

si
-is

ot
ro

pi
c 

la
y-

up
. 

R
ef

er
 to

 st
an

da
rd

 fo
r a

dd
iti

on
al

 in
fo

rm
at

io
n 

re
qu

ire
d 

w
ith

 re
su

lts
 e

.g
. s

pe
ci

m
en

 si
ze

, s
up

po
rt 

pa
ra

m
et

er
s, 

fa
ilu

re
 c

rit
er

io
n 

et
c.

   

l M
 

m
m

 
 

 
 

 
E M

 
J 

 
 

 
 

E P
 

J 
 

 
 

 
l P 

m
m

 
 

 
 

 

24
  

C
om

pr
es

si
on

-a
fte

r-
im

pa
ct

  
A

D
 

V
A

M
A

S 
st

ud
y 

 
m

m
2 

 
3 

 
 

 
 

3 
 

Q
ua

si
-is

ot
ro

pi
c 

la
y-

up
  

σ M
C

A
I 

M
Pa

 
 

 
 

 
ε M

C
A

I 
%

 
 

 
 

 

25
 

M
od

e 
I f

ra
ct

ur
e 

to
ug

hn
es

s 
G

IC
 

IS
O

 1
50

24
  

J/
m

2 
 

3 
 

 
 

1 
U

ni
di

re
ct

io
na

l l
ay

-u
p,

 IS
O

 1
50

24
 a

t D
IS

 b
al

lo
t 

26
 

M
od

e 
II 

fr
ac

tu
re

 to
ug

hn
es

s 
G

IIC
 

V
A

M
A

S 
st

ud
y 

J/
m

2 
 

3 
 

 
 

1 
U

ni
di

re
ct

io
na

l l
ay

-u
p 

T
ab

le
 6

 –
 E

xt
en

de
d 

Q
ua

lif
ic

at
io

n 
Pl

an
 –

 C
ur

ed
 m

ec
ha

ni
ca

l p
ro

pe
rt

ie
s -

 B
at

ch
 r

eq
ui

re
m

en
ts

 

N
.B

. *
 - 

fo
r 1

80
°C

 c
ur

e 
re

si
ns

 o
nl

y 



8        Test requirements 
 
The test methods, test conditions and units specified in Tables 4-6 shall be used.  Specific details on 
preparing and testing specimens are given in the individual test methods.  Where the test method has 
different procedures for different types of reinforcement or matrix, the appropriate procedure shall be 
used for the material under test. 
 
Where required (see Tables 4-5) measurements of a property shall be made along the 1 and 2 axes.  
Where required (indicated in Tables 5-6), specimens shall be tested at temperatures other than 
ambient after conditioning at 23 ± 2°C/50 ± 5% relative humidity (RH) (DRY) and/or 1000 hours at 
70°C/85%RH.  For tests at non-ambient conditions and/or after conditioning, reference should be 
made to prEN 2823 and prEN 3615. 
 
 
9        Presentation of results 
 
The presentation of data shall be as set out in Report Sheets 1-4 of Annex A, in addition to the 
information required by Section 7 where appropriate.  This should include the matrix resin used, the 
type and form of the reinforcing fibres; and the processing method used to produce the test 
specimens. 
 
Where appropriate, certain data values required by Report Sheets 2-3 of Annex A shall be normalised 
with respect to a nominal fibre volume fraction of 60%.  The normalisation procedure is detailed in 
prEN 3783.  All mechanical strength and stiffness data shall be normalised except: 
 
• 90° (transverse) tension of unidirectional laminates 
• 90° compression of unidirectional laminates 
• interlaminar shear 
• in-plane shear 
• bearing strength 
• strain energy release rates 
• Poisson’s ratio 
• impact data 
 
 
10      Precision and statistical analysis 
 
The level of precision required of the data released in the SQP/EQP is specific to the application of 
the material.  As set out in Section 6, each property at a specific environmental condition will be 
determined from the results of 10 or 30 individual specimens (i.e. 1 or 3 batches of material, 2 panels 
per batch, 5 specimens per panel).  The results detailed in Report Forms 1-3, Annex A shall be given 
as mean and standard deviation values calculated for 10 or 30 specimens per test condition (i.e. 1 or 3 
batches, respectively) and after normalisation (where applicable) with respect to fibre volume 
fraction. 
 
For calculation of design allowable values, such as B - and A - basis values, individual test results for 
all specimens shall be listed separately for subsequent data analysis.  A procedure for calculating B - 
and A - basis values is detailed in Annex B. 
 
Note.  This procedure is based on the statistical analysis procedures detailed in [1], which are used in [4]. 
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11 Test report 
 
In addition to completed Report Sheets 1-4 (Annex A), the test report shall include the following 
information: 
 
a) a reference to this procedure; 
 
b) complete identification of the material tested, including type, source, manufacturer’s code 

number and test plate manufacture details, where these are known; 
 
c) the date of measurements; 
 
And, in addition, for each data set: 
 
d) the method of preparing the specimens; 
 
e) the specimen dimensions; 
 
f) the test conditions and conditioning procedures; 
 
g) the number of specimens tested; 
 
h) the accuracy grading of test machine used (see ISO 5893); 
 
i) the individual test results; 
 
j) the mean and standard deviations (95% confidence level); 
 
k) statement as to whether any test specimens from a data set have been rejected and, if so, the 

reasons; 
 
l)       any operation not specified in this or referenced documents, as well as any incident likely to 

have affected the results. 
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Material Record Sheet No:  

Material code:  

Fibre type:  Fibre code:  

Fibre format:  

Fibre supplier:  

Resin type:  Resin code:  

Resin supplier:  

Prepreg type:  Prepreg code:  

Prepreg supplier:  Ply-thickness:  

Manufacturing process:  

Test plates lay-up(s) and  
thickness:  

Cure conditions:  

Post-cure conditions:  

Manufacturing date(s)  

Specimen machining method(s)  

Test machine grades(s)  

Comments: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Signature  Date:  

 

Report Sheet 4 - Standard Qualification Plan - Material record sheet 
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Collate test results into data sets 
for each property and 

environmental test condition 

Calculate mean and standard 
deviation for each data set (B1) 

Check for outliers in data 
sets and remove if justified 

(B2) 

Check for equality of 
variances between data sets 

(B3) 

Check normality 
assumption in each data 

set (B4) 

Normalise data sets by respective 
means 

Pool normalised data sets 
together to form overarching data 

set 

Check normality assumption for 
overarching normalised data set  

(B4) 

Calculate mean and standard 
deviation for overarching data set 

(B1) 

Calculate normalised B and A 
basis of pooled data, based upon 

total number of tests, calculate KB 
and KA tolerance factors 

(B5) 

Calculate B and A basis values for 
each data set (B6) 

Figure B1 - Step by step procedure for calculating B - and A - basis allowables for data 
provided in the SQP 

                                      Annex B 

This Annex details a procedure used for calculating B - and A - basis design allowables.  The 
approach is based on the methods given in [1, 4, 8].  The user is referred to these documents for 
further information on the approach used.  The flow chart in Figure B1 provides a step by step guide 
to the statistical analysis process. 
 
It has been assumed that the data produced approximates to a normal distribution.  If the assumption 
of normality is not accepted or disproven, then an alternative distribution (e.g. Weibull) may be used.  
In general the Weibull distribution tends to give more conservative values. 
 
The statistical analysis procedure is based on the assumption that pooling data sets is justifiable when 
variability across data sets (for different environmental test conditions) for a particular test and 
property is comparable and the failure modes for each data set do not significantly change. 
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B1     CALCULATION OF MEAN AND STANDARD DEVIATION 
 
The mean and standard deviations for each data set are calculated using (1) and (2) respectively: 
 
 
 
 
 
 
 
 
 
 
 
(where x = data set mean, xi = individual observation in a data set, n = number of observations in a data set, s 
= standard deviation of data set) 
 
 
B2     DETECTION OF OUTLIERS 
 
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.  Equation (3) shows that the MNR 
quantity is 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 equation (4): 
 
 

i=1, 2, …., n 
 
 
 
 
 
 
 
(where t = the [1-α/[2n]] quantile of the t-distribution with n-2 degrees of freedom and α is the significance 
level (α=0.05 for the MNR test)) 
 
If all of the MNR values calculated are smaller than the C value calculated in (4) then no outliers are 
detected.  However, if there are MNR values greater than C, then the largest value of MNR is 
declared an outlier and can be expelled from the data set (see [1, 4] for detail on expelling outliers).  
If an outlier is removed then the process is repeated until no more outliers are detected. 
 
 
B3       ASSESSMENT OF EQUALITY OF VARIANCES BETWEEN DATA SETS 
 
The assessment of whether data set variances differ significantly is performed in a 2-stage procedure.   
 
Firstly, Levene’s test for determining whether the data set variances of k data sets differ significantly 
is used.  This test is performed using (5): 
 
 
 
 
 
(where wij = transformed data set, xij = jth observation in the ith data set, xmi is the median for data set I) 
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Secondly, an F-test is performed on the transformed data to test the assumption that the population 
from which the k data sets were drawn have the same mean.  The F-statistic is  calculated using (6): 
 
 
 
 
 
 
 
(where wi = the average of the ni values in the ith data set, w = the average of all the n observations (i.e. total 
number of observations when all the data sets are pooled), k = the number of data sets, n = the total number of 
observations, ni = is the number of observations in the ith group) 
 
The F values calculated in (6) are then compared to a critical F value (Fcritical) for the (1-α) quantile of 
the F-distribution having k-1 numerator and n-k degrees of freedom.  Typically, α = 0.05 is used.  
The Fcritical value can be approximated from (7): 
 
 
 
 
 
Where: 
 
 
 
 
 
 
 
 
 
 
 
 
            γ1 is the numerator degrees of freedom (k-1) 
 
            γ2 is the denominator degrees of freedom (n-k) 
 
If the calculated F-statistic, F, is less than the value of Fcritical then the variances of the data sets are 
not significantly different. 
 
B4       ASSESSMENT OF NORMALITY ASSUMPTION 
 
The assumption of normality is tested by means of a graphical method.  This test consists of 
arranging all observations (x1, x2, x3,…, xn) in non-decreasing order and then plotting xg against: 
 
 
 
 
 
 
 
(where Pg = the probability of survival of the xg  observation, xg  = the value of the gth observation when sorted 
in non-decreasing order, n = the number of observations) 
 
If the points obtained form a more or less straight line, a normal distribution can be assumed. 
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B5       CALCULATION OF KB AND KA 
 
The one-sided B - and A - basis tolerance factors for the normal distribution for each class j that is 
based upon the number of samples in the pooled data set N and the number of samples in each class 
nj (N.B. nj is a sub-set of N).  The B - basis tolerance factor (number of standard deviations) (kB)j 
may be approximated by (9): 
 
 
 
 
 
 
 
(where zB is the standard normal random variable - in the case of B-basis calculation zB  is taken as 1.28115 
(90% probability). 
 
The coefficients bB and cB are given by the following 
 
 
 
 
 
 
 
 
 
 
 
 
 
Where f = N-2 is the degrees of freedom for the variance.  In the case of f ≥3, Q may be 
approximated by: 
 
 
 
 
 
 
For f = 2, the exact value of Q may be used as Q=0.05129.  The above approximations are accurate to 
within 1.2% of the tabulated values for B-basis calculations. 
 
Similarly, the A - basis tolerance factor (kA)j may be approximated by (13): 
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Where f = N-2 is the degrees of freedom for the variance.  In the case of f≥3, Q may be approximated 
by (12).  For f=2, the exact value of Q may be used as Q=0.05129.  The above approximations are 
accurate to within 0.9% of the tabulated values for A - basis calculations. 
 
 
B6       CALCULATION OF B– AND A– BASIS VALUES 
 
The normal distribution B - and A - basis allowables are calculated by using the pooled mean, 
standard deviation and tolerance factors for each class j via (16) and (17): 
 
 
 
 
 
 
 
 
 
These values are then used to multiply the mean strengths calculated for each class of data to finally 
give the B - and A - basis values for each class. 
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