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Preliminary Study on Evaluation System of Capability

of Composites to Withstand Impact
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Abstract: This paper summarizes the authors’ experimental study on the characterization system of composite behavior to

wit hstand impact. The content includes: (1) T he dent depth is the best parameter describing the impact damage state. ( 2)

There exists the knee point phenomenon for damage resistance behavior (i. e. the relationship between impact energy or

contact force and dent depth) and damage tolerance behavior (i. e. the relationship between dent depth and com pressive

failure strain or stress) of composite laminates. (3) The physical meaning of t he knee point phenomenon is that the failure

mechanisms change of damaged composites to fiber breakage in the first front plies from matrix crack and delamination.

Some suggestions on the characterization system of composite behavior to withstand impact were proposed.
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In the middle of 1970th, it was found that the
main weakness of composite laminates was their sen
sitivity to impact and it limited extensive use of conm+
posites in aircraft structures. Usually it was corsid-
ered that the sensibility came from brittleness of resin
matrix. Therefore development of toughened resin
matrix has been paid the most attention to by mater+
al scientists for the last 30 years. In order to evaluate
the toughened resin matrix composites test stand
ards'"? by the characteristic quantity of CAT( Com-
pression After Impact) was proposed in 1980th. In
" realized

that CAT was an amphibolous presentation and point

the early of 1990th some researchers

ed out that the capability of composite systems to
withstand impact included two separate issues: dam-
age resistance and damage tolerance. Whereas dam-
age resistance is a measure of the damage incurred by
a material or structure due to a particular event (such
as impact) , damage tolerance involves a measure of
the ability of a material or structure with damage to
“perform” given particular requirements. So far there
are still no new characteristic quantities instead of
CAl to evaluate their capability to withstand impact
although ASTM test standards for damage resistance

and compressive residual strength of composites with
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damage'' have been issued.

thors!™* "

Recently Aw
" found that the capability of composites to
withstand impact exhibited the knee point phenome
non by a great many experimental results, and point
ed out that the characteristic quantities at the knee
point could be used to evaluate the capability of com-
posites to withstand impact which included damage
resistance and damage tolerance. The present paper
summarizes some conclusions which were obtained in

this study so far.

1 Capability of Composites to Withstand I
pact

1.1 Selection of Damage Parameter

The appropriate damage parameter has to be se-
lected in order to describe the capability of compos-
ites to withstand impact. It should meet the follow-
ing requirements:

(a) For the same impact event the response of
composite systems with different toughness (or dam-
age resistance) should be significantly different;

(b) The damage parameter should be easily
measurable.

Based on a great many experimental results Aw

thors found the dent depth was the suitable damage pa
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rameter to describe the damage state (see Fig. 1). In
comparison with damage area and damage width the rela
tionship between impact energy (or contact force) and
dent depth is the most sensitive to the difference of capa

bility to withstand impact for different composites and it

is the easiest measurable quantity. In fact the dent depth
depends on many factors, such as the shape and materials
of the impactor, but they can be specified during develop-

ment of these test standards.
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Fig. 1 The relationship between impact energy and different damage parameters for carbon/ epoxy

1.2 Khnee Point Phenomenon of Capability of Com-
posites to Withstand Impact

The experimental study by Authors have vert
fied that the relationship betw een im pact energy(con
tact force) and dent depth which was obtained by dif
ferent damage introduction methods ( dropped weight
and quaststatic indentation) and impactors with dif
ferent tip diameters(12. 7 and 25. 4mm) for compos-
ites with different lay-ups, thickness and material
systems, exhibited obvious knee point phenomenon
and the dent depth at the knee point was less than
0 Smm. Authors also found that the dent depth ~
compressive failure strain curves of composites with
damage introduced by dropped weight or quaststatic
indentation method tended a constant, that is a
threshold. Fig. 2 and Fig. 3 are the part of the test
results obtained by Authors. The data in Fig. 4 are
quoted from [ 20]. This phenomenon shows that the
obvious change occurs at the knee point for no matter

damage resistance behavior (characterized by impact

energy or contact force ~ dent depth curves) or dam-
age tolerance behavior (characterized by dent depth~
com pressive failure strain or stress curves). There
fore it is possible to establish evaluation systems of
composites to withstand impact by using this phe

nomenon.
2 Physical Meaning of Knee Point Phenomenon

The failure mechanisms of damaged com posites
with different toughness ( brittle T300/5222 and
toughened T 7005/5228) were investigated by using
deply technique. Table 1 shows the test parameters
for each specimen. &auee is the dent depth at the knee
point. Fig. 51is the results of the deply technique and
shows the damage details and its distributions ply by
ply. The following is observed:

(a) Only matrix and delamination could be ob-
served for damaged composites with 8< O8we. The
mark of the knee point is occurrence of fiber break

age at the impact location on the front surface.
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(b) The preliminary observation found that fiber

breakage propagated to the middle from the surface of

laminates as the dent depth increased when & Gue.

(¢) The influence of damage introduction meth

ods to damage distribution and mechanisms is ne

glectable as long as the dent depth is the same.

The knee point phenomenon indicates that ab—
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Fig.2 Damage resistance(impact energy~ dent depth) and damage tolerance( dent depth) behavior
for two composite systems with different toughness
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Fig.3 Damage resistance(impact energy~ dent depth) and damage tolerance( dent depth) behavior for

7 composite systems with different toughness
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Fig.4 Damage resistance( impact energy~ dent depth) and damage tolerance( dent depth) behavior for

2 different composite systems (data from referance [ 14])

consequence of impact is only matrix cracks and im

A£
fiber

breakage on the front surface plies occurs, composite

rupt change in capability of composites to withstand
impact. When 8< &uee, composite laminates with terlaminar delaminations in the inner laminates.

stand impact events by means of intact front surface ter the knee point phenomenon occurs, i. e.

plies (i. e., no matrix cracks and interface failure on

the front surface plies, usually the first 3 plies). The laminates lose the capability to keep withstanding im-



Preliminary Study on Evaluation System of Capability of Composites to Withstand Impact 71

pact basically. T he succeeding damage is mainly fiber
breakage propagation to the middle plies from the

surface plies and only alittle increase of inner delam+

nation area. Therefore compressive strength is bas+
cally a constant when &> Owe, because compressive

strength depends on inner delamination area.

Table 1 Test parameters (A-T300/5222, B T700Y 5228)

Dropped weight

Quas+static indentation

Damage introduction method

B41 B4-2 A33 A3-4 B4-3 B4 4
Energy/J or contact force/ kN 30.3 41.7 3.6 3.89 8 11 53
Dent depth/ mm 0. 26< Orpee 0. 94> Oiee 0. 26< Snee 0. 4> Sgpee 0. 34< Oiee 0 54> Sinee

@ (b)
Before knee pomnt Before knee point
B4-1-1 (=45°) B4-1-2 (0°) B4-1-3 (+45°) B4-3-1 (-45°) B4-3-2 (0°) B4-3-3 (+45°)
After knee point After knee point
+ .-‘ { - --*_‘ wﬁ ’y—l—
. RE - A 51
B4-2-1 (45°) B4-2-2 (0°) B4-2-3 (-45°) B4-4-1 (-45°) B4-4-2 (0°) B4-4-3 (+45°)

Fig.5 Damage details of the first three plies of damaged specimens

(where M\ fiber breakage

matrix crack___delamination)

(a) quasi-static indentation; (b) dropped weight

3  Suggestions on Evaluation System of Ca-
pability of Composites to Withstand Impact

The following evaluation system of capability of
composites to withstand impact is proposed based on
the knee point phenomenon of composite behavior to
with stand impact (impact energy or contact forcews.
dent depth curve for damage resistance and dent
depth vs. compressive failure strain or stress curve
for damage tolerance) and its physical meaning:

(a) The maximum capability of composite lami
nates to keep integration of the front surface plies un-
der impact can be used as characteristic quantity to e
valuate damage resistance behavior ( se-called tough
ness) of composite systems. Considering that the in

fluence of damage introduction methods can be neg-

lectable, the maximum contact force using the com
centrated quaststatic indentation method with the
specified conditions. T hese conditions can be selected
based on [ 11].

(b) The minimum capability of damaged com-
posite laminates, i.e. the threshold of the dent depth
vs. compressive failure strain or stress curve under
the specified conditions can be used as characteristic
quantity to evaluate damage tolerance behavior of
composite systems. These conditions can be selected

based on [ 12, 13].
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