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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
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INTERNATIONAL STANDARD

I1ISO 18352:2009(E)

Carbon-fibre-reinforced plastics — Determination of
compression-after-impact properties at a specified
impact-energy level

1

$cope

This [International Standard specifies a method for determining the residual compression
multiglirectional polymer matrix composite laminate plates that have been damaged by impac

app

The
met

lication of in-plane compressive loading.

est method is suitable for continuous-fibre-reinforced polymer matrix/composites. Appli

unidifrectional prepreg tapes/fabrics or woven fabrics.

strength of
prior to the

cation of the

hpd is limited to fibre-reinforced plastic laminates with multidirectionakreinforcements manufactured from

The fest method is referred to as the compression-after-impact (CAl) test when used to determing the residual
compression strength of an impacted plate. It can be used to\obtain data for material specifica
evalyation, research and development, or construction of a,composite database.

2

The
refe

Normative references

following referenced documents are _indispensable for the application of this documen
rgnces, only the edition cited applies:,;"For undated references, the latest edition of th

docupment (including any amendments)@pplies.

ISO

291, Plastics — Standard atmespheres for conditioning and testing

ISO 1268-4:2005, Fibre-reinforeed plastics — Methods of producing test plates — Part 4:
prepregs
ISO %893, Rubber and-plastics test equipment — Tensile, flexural and compression types (cof

trav

ISO 1

ISO

erse) — Specification

ion, material

t. For dated
b referenced

Moulding of

stant rate of

4127, Carbon-fibre-reinforced composites — Determination of the resin, fibre and void conténts

TOOOO-1 —"1), Quantities and units — Part 1: General

1)

To be published. (Revision of ISO 31-0:1992)
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

compression-after-impact test

CAl test

in-plane compression test undertaken on a composite laminate loaded in the plane of the laminate, after
applying an out-of-plane concentrated impact load under defined conditions

3.2
specified i
potential energy of the drop-weight, specified by the mass and drop height of the indenter, to which cemposite

barely visible impact damage
impact damage corresponding to a dent depth of 0,3 mm

3.4
energy to cguse BVID

Egvip
impact enerdy required to cause BVID, expressed in joules

3.5
compressioh-after-impact strength

OcAl
maximum compressive load sustained by the impacted specimen divided by the initial cross-sectional afea of

the specimen, expressed in MN/m?2

3.6
compressioh-after-impact modulus

Eca
compression|modulus of the specimen calculated between 0,05 % and 0,25 % strain, expressed in GN/mj2

3.7
maximum cpmpressive strain

Eomax \ . . . . .
maximum vajue of the compreSsive strain sustained by the specimen at the maximum compressive load

3.8

dent depth
residual depth of the-dépression formed by the indenter after the impact event, expressed as the maxjmum
distance, in rrillimetres, in a direction normal to the face of the specimen from the lowest point in the dé¢nt to

the plane of the-undisturbed impact surface

3.9

damage parameters

quantities used to characterize the extent of impact damage, including the maximum diameter of the
delamination and the projected area of the delamination

2 © 1SO 2009 - All rights reserved
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4 Principle
The CAl test detailed in this International Standard consists of three phases as depicted in Figure 1.

The first phase is to generate barely visible impact damage (BVID), avoiding penetration of the test plate. The
preferred method of introducing BVID is based on a specified level of impact energy applied to one face of a
specimen made of a balanced and symmetrical composite laminate.

NOTE An alternative method allows the operator to vary the level of impact energy in order to determine the energy
level required to cause BVID. An additional ISO method will be proposed and drafted to cover this method of setting the
impact energy.

The $econd phase consists of assessing the level of impact damage by non-destructive testind (NDT) [also
referled to as non-destructive inspection (NDI)] and by measurement of the dent depth onthe’impacted face.
The @rea and geometry of the damage created by the impact shall be measured by means of an appropriate
non-destructive testing technique, and the dent depth measured by a suitable device.

Meagurement of residual in-plane compression properties is undertaken in the third'stage. A compressive load
is applied to the impacted specimen until failure occurs. The CAl strength, modulus and strain are calculated
from the load strain data collected, as detailed in Clause 10.

3
— A1
] bbbk
]
\
a)| Impact test configuration b) Non-destructive testing and c) Compression test

dent depth measurement

gpecimen
2  delamination
g¢ompressive load, F

Figure 1 — Principle of the compression-after-impact test

A flat, rectangular composite plate is subjected o a fransverse, concenirated impact using a drop-weight
device with a hemispherical indenter. The energy of the impact, determined by the mass and drop height of
the indenter, is specified. Equipment and procedures are prescribed for measurement of the contact force and
the indenter velocity during the impact event. Damage resistance is quantified in terms of the extent and type
of damage present in the specimen after impact.

After impact, an in-plane compressive load is applied to the specimen until failure, and the compression-after-
impact strength, modulus and strain are calculated from the recorded load-strain response.

The properties measured by this test method are highly dependent upon several factors, including specimen
geometry, laminate lay-up, indenter geometry, indenter mass, impact energy, impact force, damage size and
location and support conditions. Thus, the results are generally not comparable to other CAI test
configurations but are particular to the specific combination of geometric and physical test parameters used.

© 1SO 2009 — All rights reserved 3
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The test does not provide information to satisfy structural-integrity and safety requirements. It is the
responsibility of the user to consider and establish appropriate structural-integrity limits and safety factors.

5 Conditioning of specimens and test environment

5.1 Stand

ard conditioning procedure for specimens

Specimens shall be conditioned at (23 +2) °C and (50 = 10) % RH unless different conditions are agreed

upon by the i

nterested parties.

5.2 Envirg

An environm
capable of m
shall be con
parties agreq
wet condition

NOTE TH

6 Testa

6.1 Gene

The test app
equipment, 4

bnmental test chamber for impact and compression tests

ental test chamber is required for test environments other than ambient. The chambér sh
aintaining the test specimen at the required temperature and humidity throughoGt,the test.
ducted in the same environment as the specimens were conditioned in. When the inter
, it is permitted to undertake impact and compression tests under ambientconditions afte
ing procedures.

e impact and compression properties of fibre-reinforced plastics are affected\by moisture absorption.

pparatus

al

aratus consists of an impact facility, a specimenisupport fixture, suitable non-destructive te
compression-testing machine, a compression-fixture, tools for measurement of the speq

all be
lests
bsted
r hot-

sting
imen

dimensions @nd a strain measurement system. Details~of each of these items are provided in the follpwing

subclauses.

6.2 Impag
The impact f
diameter. Th
drop-weight
specimen by
prohibition nf
bouncing of 1
and the hard
The minimun
impact enerd

NOTE TH

t facility
beility shall be fitted with a steel drop-weight indenter with a hemispherical head (16 £ 0,1) n

ndenter, as shown in"Figure 2. The indenter shall impact the centre of the top surface ¢

dropping under gravity with minimal friction effects from the guide rails. A second-
echanism shall be~employed to ensure that specimens are only impacted once, i.e. to pr
he indenter and.therefore multiple strikes. The recommended mass of the indenter is 5 kg td
hess of the indenter tip shall be between 60 HRC and 62 HRC (Rockwell, diamond cone, 15
n drop height is determined by the mass of the indenter, the specimen thickness and the spe
y, as given in 8.3.

e(use of an instrumented impact facility capable of measuring indenter velocity and indentation force

hm in

e impact facility shall be (mouUnted on a rigid base and have a suitable guide mechanism for the

f the
Strike
bvent
6 kg

D kg).
cified

s and

P2 [aY aWaTaATals B | Al can2 .9 ol £
O asSTCTCTCTICTST

having a data

I " . £
CHOTSTHOTT Sy STCTIT IS PTeTCTTCUT TO T 00 UT T arnu 1oo-00uo-Z—arc-Sugyts

6.3 Support fixture for specimen during impact test

The specimen support fixture shall hold the specimen flat against the support frame during impact, holding it
down with sufficient, but not excessive, force at its four corners using rubber-tipped toggle clamps. The fixture
shall consist of a base 18 mm thick made of steel with a surface which is flat to within 0,1 mm in the region of
contact with the specimen. The base-plate shall contain a window (125 =+ 1) mm in length and (75 £ 1) mm in
width. An example of a suitable support is shown in Figure 3.

The support fixture shall be supported rigidly on a solid base such as the impact facility or the room floor.

© 1SO 2009 - All rights reserved
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Key

indenter
grosshead

Ilatch mechanism
quide rail

elocity sensor
gtop block
hase-plate

~NOoO oA WwN -

Figure 2 — Instrumented.drop-weight impact device with double guide rails

Key

specimen

guide pin

rubber bush

(75 + 1) mm x (125 £ 1) mm window
base-plate

a b~ W N =

o

1 mm x 45° chamfer.

=18

Dimensiong in millimetres

300

Figure 3 — Example of a specimen support fixture

© 1SO 2009 — All rights reserved
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6.4 Non-destructive testing instrument

Non-destructive testing shall be undertaken using a technique capable of detecting delamination damage
created by impact between laminae in the specimen. Although the recommended technique is ultrasonic
C-scan (using traceable procedures as detailed in Reference [1]), other proven techniques including X-ray
radiography with penetrant and pulse thermography may be used for determining delamination extent as well,
whereas X-ray radiography with penetrant is usually used for detecting fibre breakage and matrix cracks in
laminae. From the image, the edge of the delamination can be identified. Commercially available pulse
thermography systems can be used for delamination detection with almost the same reliability as ultrasonic
C-scan.

6.5 Comgression-testing machine

6.5.1 Gengdral

The test maghine shall comply with ISO 5893 and meet the specifications given in 6.5.2 and6.5.3.

6.5.2 Test gpeed and configuration

The test maghine shall be capable of maintaining the required test speed (see 8.6.3). A short loading train and

flat end-load
to spherical-
plate length

hardened plg
platen. The |

6.5.3 Indic

ng platens shall be used. The test machine shall be mounted with, well-aligned, fixed (as opy
bf 100 mm. If the platens are not sufficiently hardened, or sifaply to protect the platen surfag

te (with parallel surfaces) can be inserted between each énd of the fixture and the correspo
pwer platen should preferably be marked to help centre the test fixture between the platens.

ation of load

The error in the indicated load shall not exceed + 1 %.

6.6 Comp

The compres
introduce an
at the four ¢
approximate
specimen in
clamped in 4

ression-loading fixture

sion-loading fixture (see Figure 4) shall be designed to provide support to the specimen 3
in-plane compressive load perpendicularly to its upper and lower edges. The support cond
dges of the specimen shall/be as follows: the specimen shall be supported in a way

5 to simple support using-knife edges along the longitudinal sides (translational motion ¢
he out-of-plane direction prevented, but rotation allowed) and the upper and lower edges sh
way which prevents; as far as possible, both translational motion in the out-of-plane dirg

and rotational motion of the~edges of the specimen. The fixture shall be adjustable to accommodate

variations in

Specimen lengthy width and thickness. The sliding edges shall be sufficiently short to ensur

a gap is maintained between each lateral angle bracket and the upper platen during the test. An exampl

suitable com
dimensional
ambient-tem

pression-loading fixture is shown in Figure 4. Detailed drawings of each component, incl
tolerances, are provided in Annex A. The test fixture may be made of low-carbon ste

berature testing. For non-ambient environmental conditions, the recommended fixture mate

osed

beat) platens. The platen surfaces shall be parallel to within Q;03mm across the test fixture top-

es, a
hding

nd to
tions
which
f the
all be
ction
small
b that
b of a
Liding
b| for
rial is

non-heat-treated ferritic or precipitation-hardened stainless steel (heat treatment for improved durabi

ity is

acceptable b

ut not required).

Prior to the test, the fixtures shall be checked for conformity with the dimensions specified in Annex A. The
position of the lateral angle brackets shall be adjusted such that 0,8 mm to 1,5 mm clearance will be present
between each bracket and the longitudinal edge of the test specimen. The fixture shall be placed between the
platens and loaded in compression at each end.

NOTE This test is sensitive to the parallelism of the specimen ends as well as to the precise perpendicularity of the
various components of the compression-loading fixture. Experience has shown that fixtures may be damaged in use, thus
periodic verification of the fixture dimensions and tolerances is important.

© 1SO 2009 - All rights reserved
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Dimensions in millimetres

— 80

A
7
o

>
—

N

/
-

>

138

196
@ 0@
2080

Q Q [=]
0’8 L 1 )
15
. m ¢ L
_>| ~
80
B < >
B 100 N
B 350 N
Key
1 gpecimen 5  upper platen
2  lpwer clamp plate 6 lateral angle bracket
3 dlamp 7  base-plate
4  dliding edgé

Figure 4 — Example of a compression-loading fixture

6.7 Measuring apparatus

6.7.1 Micrometer

A micrometer, or equivalent, capable of reading to 0,01 mm or better, shall be used to determine the thickness
and width of the specimen. The micrometer head shall have faces appropriate to the surface being measured
(i.e. flat faces for flat, polished surfaces and hemispherical faces for irregular surfaces).

A micrometer with a suitable attachment may also be used for the measurement of the depth of the dent
caused by the indenter on impact, as described in 8.5 (see Figure 5). For such measurements, the micrometer
head shall be hemispherical with a diameter of 1,5 mm to 5,0 mm. The length of the attachment shall not be
less than 40 mm.

© 1SO 2009 — All rights reserved 7
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Dimensions in millimetres

1
2 3
s [0 =
E3
@5
1,5
240
Key
1 depth mi¢grometer
2  specimer
3 depth mdasured twice (in two directions at right angles to each other)

Figlire 5 — Schematic diagram of micrometer with attachment for depth measurement

6.7.2 Vernier callipers

Vernier callif
specimen ler]

6.8 Strain

Longitudinal
locations (se
more than 3

gauges

preparation &

being tested

for all speC|mns tested

7 Specimens

71

Dimensions

and placement of the:attachment on the specimen

ers, or the equivalent, capable of reading to 0,05 mm or better, shall be used to measur
gth and the distances(ofjthe strain gauges (6.8) from the edges of the specimen.

strain shall/be measured during the compression phase by means of strain gauges a
e Figure\8)/on each face of the specimen. The sensing element of the strain gauge shall

e the

Each test specimen shall be a flat, rectangular plate (150 £ 0,2) mm in length and (100 £ 0,2) mm in width. A
specimen thickness of (5+ 1) mm is recommended for laminates fabricated from unidirectional and fabric
prepreg material. A degree of variation in specimen thickness is permitted, depending on the density per unit
surface area of the prepreg fibre and the number of plies in the laminate. The specimen geometry and
dimensions are shown in Figure 6, together with the locations of the strain gauges used for monitoring the

© 1SO 2009 - All rights reserved
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strain and degree of bending during compression testing. Note that the direction of edge “A” shall coincide
with the 0° fibre direction (see 1ISO 1268-4:2005, Annex A). The parallelism between edges “B” and “C” shall
be better than 0,02 mm and that between the two longitudinal edges “A” better than 0,2 mm. The
perpendicularity between edges “A” and each of edges “B” and “C” shall be better than 0,2 mm.

Dimensions in millimetres

100 0,2
25 25 ¢
- | _/Ra 16 iR
LA 4 Y4
N
Y
“45° 4 +45° 1

90°

150 +0,2

Ra 1,6

Key

1 impact point
2 Ipcations of strain gauges (mounted in pairsback to back)

Figure 6 — Specimen geometry and dimensions and strain gauge locations

7.2 | Specimen preparation

7.2.1| Specimens shalkbe machined from a laminated panel fabricated, using an autoclave or hot press, as
specified in ISO 1268=4-or as agreed between the interested parties. The size of the panel shall pe such that,
after pemoval of a25.mm strip round the edges, the desired number of specimens can be cut fro it. Measure
the fibre content,\by volume, of each panel in accordance with ISO 14127 or as agreed between the interested
partigs.

If unidiréctional prepreg tape is used as a constituent, a quasi-isotropic [45/0/-45/90] laminate| shall be the
basid component (see ISO 1268-4:2005, Annex A, for details of the laminate stacking designption system
used in this subclause), and shall be repeated = times and symmetrically laminated with respect to the central
plane. The panel shall also be balanced in in-plane properties. A stacking sequence slightly different from
quasi-isotropic, [45,/-45,/0 /90k]ms, where i, j and k are determined such that the total ply thickness in each of
the four major dlrectlons exceeds 10 % of the plate thickness, may be used for the specimens.

NOTE If the density per unit surface area of the fibres in the prepreg is 190 g/m2, »n = 3 results in the recommended
thickness range. Hence the appropriate laminate is [45/0/-45/90]54 with 24 plies. If the density per unit surface area of the
fibres in the prepreg is 145 g/m2 the laminate is [45/0/— 45/90]4S W|th 32 plies. If the density per unit surface area of the
fibres in the prepreg is 95 g/m?, the laminate is [45/0/— 45/90]g, with 48 plies.

If fabric prepreg is used as the constituent material, the basic component shall be [(+ 45),(0/90)] and it shall be

repeatedly and symmetrically laminated. As with the tape case above, a stacking sequence of
[( 45)1-,(0/90)].]”1s may be used under the same conditions.

© 1SO 2009 — All rights reserved 9
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7.2.2 Specimens shall be machined from the panel, paying attention not to cause damage at the specimen
edges. Cut a margin of 25 mm or more from the panel as fabricated. The machined surfaces shall be smooth
and free of notches, scratches, burrs and any other flaws. In order to apply an exact in-plane load without any
offset, the upper and lower surfaces “B” and “C” of the specimen shall be machined with sufficient accuracy in
terms of roughness and parallelism (see 7.1). Check the rectangularity of the specimen by measuring the
lengths of the diagonals.

7.2.3 Because the state of the surface of the specimen can affect the result of the impact, either the top or
the bottom surface with respect to the curing shall be identified during the machining procedure to enable the

tool surface to be distinguished from the mould surface.

7.3 Number of specimens

The number [of specimens tested shall be five or more at any particular impact energy or under any_partjcular

set of experi
be disregard
tests. The te

ental conditions. Tests which give widely differing results or involve an invalid failure‘mode
bd. When determining the number of specimens to be prepared, do not forget téraltow for r
5t result acceptance and re-test criteria are covered in Clause 9.

8 Procedure

8.1 Speci

men conditioning

Condition the test specimens as specified in the International Standard- for the material being tested. |

absence of
agreed by th

8.2 Meas

Measure the
edges of the
0,01 mm at {

his information, select the most appropriate set of conditions from ISO 291, unless othe
b interested parties, e.g. when testing at elevated or lew temperatures.

irement of specimen dimensions

specimen thickness, ¢, to the nearest 0,01 mm at four widely spaced points 25 mm fror
specimen, and record the average thickness. Measure the specimen width, b, to the ng
he centreline. Measure the specimen-length to the nearest 0,05 mm at the specimen cent

and at two ofher positions and record the average length.

8.3 Impag

8.3.1 Posi
place by meq

8.3.2 The

t test

hanical toggle clamps. Note the face that will be directly contacted by the indenter.

mpact energy/shall be 6,7 joules per millimetre thickness [2] or as agreed between the inter,

shall
bpeat

n the
rwise

h the
arest
reline

ion the specimen centrally on the specimen support fixture as shown in Figure 3 and hold it in

bsted

parties. Calcplate the necéssary impact energy, E, in joules, using Equation (1):

E=E. (1)
where

E; s the specified impact energy per unit thickness, in joules per millimetre thickness, i.e. 6,7 J/mm;

t

10

is the thickness of the test specimen, in millimetres.
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8.3.3 Calculate the drop height, #, in metres, necessary to give this impact energy using Equation (2):
n=t @)
mg
where
m is the mass of the indenter, in kilograms;
g is the acceleration due to gravity, in metres per second per second, i.e. 9,81 m/s2.

inder
on i

8.34
impa

8.4

Impa
and

delan
delar
patte

User
there
energ

8.5

Visus
in ter
depth
meas
direc
after
after

d the drop helght WI|| be569 cm. Because the minimum drop helght is deflned as 30,0 cm
ter for a specimen thickness of 5 mm is 11,4 kg. If the material being tested is too brittle)(i.p
pact) or if it is too tough for impact damage to be caused, select another impact energy.

Impact the specimens using the impact facility described in 6.2. Specimens-shall recs
ct. Second or multiple impacts shall be avoided by using a suitable second-strike prevention

Non-destructive testing (NDT)

cted specimens shall be inspected using ultrasonic C-scan or another suitable NDT technig
ypical damage parameters, such as the projected area ofl delamination, the maximum
hination and the type of damage shall be determined. and recorded. A typical exam
nination map obtained by C-scan inspection is shown, in\Figure 7 together with some tyy
ns.

5 should note that, when the width of the delaminated region width exceeds half the spe
is the possibility of specimen edge effects.affecting the result. In such cases, a reduct
y is recommended.

Inspection of dent in specimens

lly inspect each specimen on the impacted and the opposite face to ascertain the level of vi
ms of the dent size and shape, fibre breakage, ply splitting, etc. After visual inspection, mea

uring to the nearest 0,01.mim (see 6.7.1 and Figure 5). The dent depth shall be measured
ions at right angles to_each other (see Figure 5) and the results averaged. Relaxation effe
impact may affectthe’ result of the dent depth measurement. Carry out the measurement
impact, thereforeZIf information on such relaxation effects is required, the recommended

6 kg indenter

the heaviest
. if it breaks

ive only one
device.

ue (see 6.4)
diameter of
ple of a 2D
ical damage

cimen width,
on in impact

sible damage
sure the dent

to the deepest point by méeans of a depth gauge or a micrometer with a suitable attachment, capable of

twice in two
cts occurring
immediately
time interval

betwgen impact and_depth measurement is 7 days.

8.6 | Compression test

8.6.1
adhe

After impact and non-destructive testing, bond four strain gauges to the specimen usi

Eive

g a suitable

8.6.2 Position the specimen in the compression-loading fixture as shown in Figure 4 such that the machined
ends of the specimen are flush with the ends of the two sides of the fixture. This should result in the impact-
damaged region of the specimen being positioned centrally in the fixture. Support the specimen using the
sliding edges attached to the lateral angle brackets and the clamp plates, and align the specimen by adjusting
the sliding edges, making sure that the specimen is held perpendicular to the base-plate of the fixture. Tighten
the horizontal bolts in the lower clamp to hold the specimen in place. Tighten the bolts in the clamp plates to
ensure lateral support for the specimen. Place the upper platen on top of the specimen and tighten the
horizontal bolts in the upper clamp. Tighten the bolts in the sliding edges and in the upper clamp plates to hold
the specimen. Check for gaps between the clamp plates and the sliding edges using a feeler gauge and
adjust the sliding edges as necessary. Then carefully place the compression-loading fixture between the
platens of the compression-testing machine, taking care to align the vertical axis of the fixture with the test
direction and the central axis of the machine.
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c‘"&

a) NDT indication: b) NDT indication: c) NDT indication: d) NDT indication:
delanjination delamination arrested delamination caused delamination of a f
by cut-out by puncture laminate
Key
1 specimer
2  delaminated region
a8  Width of delaminated region.

o

Maximum

Figure 7

8.6.3 Set fhe test speed (i.e.-the crosshead speed) so that failure will be reached within 1 min to 1(

The recomm

8.6.4 Appl
ensure that
Then reduce

diameter of delaminated region.

— Example of a delamination shape (upper diagram) detected by ultrasonic C-scan ar
(lower four diagrams) typical damage patterns

bnded test speed)is between 0,5 mm/min and 2 mm/min.

y a 450 N~compressive load to the specimen/compression-loading fixture assembly in org
bll load-bearing surfaces are in contact with each other and to align the platens, if neces
the.compressive force to 10 N or less and zero the strain gauges and other instruments.

£ ooty 40 0/ £ L o EHECW - | BEAQQI d-and-r

bric

d

min.

er to
sary.

8.6.5 Appl¥

aeanmnracaiva laod A ot PRV faoiliivra 1o
A CUTMTPTC SSIVETUaU OT AP PTUATTITAtCTy — TU— /70 U triC- CoSthTatC U orTpro ssrveTranarcoad—anrta

ecord

the output from the four strain gauges. Then reduce the compressive force to 10 N or less at the same rate as
used for loading. Review the recorded strain gauge data in order to determine the percent bending, B,, at the
maximum applied force for each pair of back-to-back strain gauges as follows (two sets of data will be
obtained, one from each pair of strain gauges):

y

where

B. =%17%2 100
&1téo

& is the mean strain indicated by the gauge on one face;

& is the mean strain indicated by the gauge on the other face.

12
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8.6.6 Check that the four strain values are all within 10 % of the average of the four mean values and that
any offset in the line of application of the compressive load is small. The sign of the calculated percent
bending value indicates the direction in which bending has occurred. This information is useful in determining
if bending has been produced by a systematic error in test specimen preparation, the apparatus or the
procedure rather than by random effects.

If an individual mean strain value is greater than 10 % of the average of all four, unload the specimen and
realign it in the compression-loading fixture. Carry out the procedure described in 8.6.5 again and recheck the
mean strain values. Note that, if severe delamination has been caused by the impact test, it is sometimes
difficult to ensure that the 10 % rule is respected. In such cases, it is permissible, at the test requester's

discretion, to continue the test, despite the fact that the 10 % rule has not been respected.

8.6.7
has b
spec
being

8.6.8

a)

9

Mino
Some
centr

The
valid

midp

the f.

bend

fract

caus
fixtur:
spec

If the

Next, apply a compressive load to the specimen, at the rate required by 8.6.3, until the.m
een reached and the load has subsequently dropped to approximately 30 % below the maxi
men failure is specifically desired, terminate the test at this point so as to prevent the true

masked by large-scale distortion and to prevent damage to the compression-loading fixture

Measure and record the following data:
t
the maximum load and the four strain gauge readings at the maximum'load;

f any change in specimen compliance or initial ply failure is neted, the load, the displacemer
f available) and the mode of failure at this point;

for each specimen, the failure mode, the location of the failure and the area of the failure r¢
g¢xamples of acceptable failure modes are shown in Figure 8 to assist in identifying the mode

Yalidation

end crushing before final failure at-a_point along the compressively loaded edges of the s
times occur. If the end crushing does not become significant before an acceptable failure
bl region of the specimen, then the test shall be considered valid.

pnset of Euler buckling or-excessive bending invalidates the test. For the test results to b
in such cases, the percent bending shall be less than 10 %. Determine the percent be
bint of the strain range_used for calculation of the CAl modulus. The same requirement sh
ilure strain for the.strength and strain-to-failure data to be considered valid. If possible, a p
ng versus average’strain shall be recorded to aid in the determination of the failure mode.
bn of failures{{in“a sample population) occurring at a location away from the damage locz
b to re-examine the means of load introduction into the specimen. Factors to be investigate

’
q

men thickness and uneven machining of the specimen ends.

aximum load
mum. Unless
failure mode

he load versus strain and load versus crosshead displacement curves, mgasured on a contipuous basis;

t (and strain,

pgion (typical
of failure).

pecimen can
bceurs in the

B considered
nding at the
all be met at
ot of percent
A significant
tion shall be
d include the

b alignment, the gaps between the sliding edges and the specimen, the clamp-fastening torque, the

test result for a particular specimen deviates significantly from those obtained for the other

Epecimens in

a group of specimens tested and the failure mode for this specimen is completely different from that of the

othe

rs, this result should be treated as an extraordinary one and not reported with the others.
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e

O

a) Externally visible damage

s

—
®

NDT in
delamination

a

The end-q
with a low mo
an acceptable

Fig
10 Calcul
10.1 CAls

Calculate the

NDT indication: brooming
(lengthwise delamination growi
edge at final failure)

Hication: widthwise
growing to edge at final
failure

NDT indication: end crushing @

b) Internal damage

rushing failure mode can occur if the laminate tested is made from a very strong reinforcement and 3
Hulus. This mode is only acceptable in the{case of such composites. In other cases, end failure alone
failure mode.

ure 8 — Examples of acceptable failure modes in compression-after-impact tests

ation of results

rength
CAl strength, o, ), expressed in megapascals, using Equation (4):

r

hg to

resin
is not

s

(4)

acal =7
where

F is

t is

b is

14

the maximum compressive load, expressed in newtons;
the thickness of the test specimen, in millimetres;

the width of the test specimen, in millimetres.
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10.2 CAl modulus

Calculate the CAl modulus, E,|, expressed in gigapascals, using Equation (5):

Fy - F -
Ecpr = (822—81)1bt x1073 (5)
where
& is the strain value of 0,000 5 (near the lower limit of the linear part of the stress-strain curve);
> is the strain value of 0,002 5 (near the upper limit of the linear part of the stress-strain,¢urve);

F4  is the compressive load at strain &, expressed in newtons;
F, is the compressive load at strain &,, expressed in newtons;

1 is the thickness of the test specimen, in millimetres;

1 is the width of the test specimen, in millimetres.

The ptrain values are defined as the averages of the four strain~gauge readings. Although 4, and ¢, are
defined as 0,000 5 and 0,002 5, respectively, other values may be uUsed provided they are closq to the lower
and Upper limits of the linear part of the stress-strain curve.

10.3| Maximum CAI strain

The maximum CAIl strain is defined as the average of the four strain gauge readings at the maximum
compressive load.

10.4| Rounding the results

The faw data and corresponding average values shall be rounded to three significant digits as$ specified in
ISO $0000-1:—, Annex B, rule A.

10.5| Standard deviation-and coefficient of variation

Calcylate the standard_deviation, o, and the coefficient of variation, CV, using Equations (6) and (7). They
shall be rounded to_two significant digits as specified in ISO 80000-1:—, Annex B, rule A.

- 6
i n-1 (©)
CV =2 x100 7)
X
where

o is the standard deviation;

CV is the coefficient of variation, expressed as a percentage;
x is anindividual data point;

x is the average of the data points;

n is the number of data points.
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11

Test report

The test report shall include the following information:

a)

b)

)]

P)

q)

s)

16

the specification and grade of the material tested, the name of the manufacturer, the manufacturer’s
batch or lot number, the fibre code, the tow or yarn filament count and twist, details of any sizing, the
density per unit surface area of the fibre, the type of matrix, the matrix content and the volatile-matter
content;

the method of fabrication of the test panel, including the process used, the method of consolidation of the
laminate, the degree of cure, the laminate stacking sequence and the fibre content;

the speg¢imen thickness and, if required, the actual (measured) length and width of each specifm¢gn, as
well as the location from which each specimen was taken in the test panel;

the numper of specimens tested;
details of specimen conditioning (temperature, relative humidity and time);

the ambient temperature and relative humidity at the time the test was carried out (if tests [were
undertaken under special environmental conditions, such as impact at an“elevated temperaturg and
compregsion at ambient, report these conditions);

the type|of impact facility used and its configuration (including the diameter of the indenter head, thg total
mass of| the indenter, the nominal impact energy and the drop height used), the type of compregsion-
testing machine used (e.g. screw-driven or hydraulically powered), details of the data acquisition
equipmgnt (including the data-sampling rate), the type of non-destructive testing device and method|used
and the pype of strain gauge used;

details of any calibration of the impact facility;

the impact test conditions (impact energy, impactyvelocity and identification of the specimen syrface
which was impacted);

details df the damage caused by the impdct;including the type of damage, the shape and extent ¢f the
damagef region, the average dent depth for each specimen and the average dent depth and coefflicient
of variat|on (in percent) for all the specimens tested (if relaxation effects are being studied, also repart the
time intgrval between impact and dent depth measurement);

the crosghead speed used in.the)compression test;

the mode of failure during’the compression test, the location of the failure and the area of the fhilure
region;

the CAI| strength(Tthe individual results, their average, the standard deviation and the coefficignt of
variatior] (in percent)];

(if required), the CAl modulus [the individual results, their average, the standard deviation angl the

coefficientof-variation (;II percet |t)],

the maximum CAI strain [the individual results, their average, the standard deviation and the coefficient of
variation (in percent)];

(if required) the load versus strain or load versus crosshead displacement data for each specimen and
the load versus percent bending data for each specimen;

the date of the test and the name(s) of the test operator(s);

details of any variations with respect to the method specified, any anomalies noticed during testing and
any equipment problems which occurred during testing;

details of any special features.
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