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Abstract : In (445°),5 angle-ply tensile specimens, the high shear stress acting on pl-
anes parallel to the fiber directions, the matrix characteristics controll the mechanical re-
sponses, To know these effects for the mechanical behavior and damage development, two
different matrix systems, brittle matrix of 5208 and ductile matrix of 914, are inv-
estigated at several stress rates. The matrix nature changes the mechanical behavior and
the damage development in these materials. The stress rates change the maximum stress
at failure about 12% in T300/5208 and about 10% in T300/914. In T300/914 the fiber
rotation displays an important role in large deformations. The maximum failure stress cr-
iterion is not very applicable for the systems with matrix controlled mechanical re-
sponse,

INTRODUCTION

The complete mechanical behavior, includ-
ing failure, of engineering materials are the most
important properties that the designers have to
know in order to design safe and efficient st-
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ructure. Unfortunately, this property is very di-
fficult to establish with fiber reinforced com-
posites because of vast differences in pro-
perties between fiber and matrix. These di-
fferences may lead to fiber controlled and ma-
trix controlled mechanical response along their
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stacking sequence.

The angle-ply laminate (445°)s5 loaded in
the axial direction shows mechanical response
which is dominated by the matrix properties,
However, like other plastics, epoxies are vis-
coelastic materials. In this case one of the im-
portant parameters that has to be considered
is rate of loading. Since the mechanical re-
sponse, damage accumulation and ultimate strength
can be significantly influenced by strain or stress
rate, Lifshitz' demonstrated that the strain rate
changes the stress-strain reponse. And there are
much deviations in this ultimate strength in the
previous results. >~

The damage development and the mechani-
cal behaviour would be influenced by the resin
characteristics and the experimental con-
ditions. To know this effect we have chosen two
types of matrix, brittle matrix narmco 5208 and
ductile BSL 914. Two different stress rates are
used to see the viscoelastic effect in the stress-
strain reponse and for the ultimate strength. For
damage development verification, acoustic emi-

.10 .. . .
ssions’ and replication technics were applied.

EXPERIMENTS

The stacking sequence of (+45)yg structure
is +457 —457 +457 —457/ — 45/ +45/ — 457 +45.
T300/5208 (Vf=0.67) was supplied by ONERA
and T300/914 (Vf=0.63) was supplied by ETCA
of France. Straight sided coupon specimens with
235 mm long and 25 mm wide were prepared and
its gage length was 135 mm. The glass/epoxy
tabs were used. The side edges of the spec-
imens were ground with sand papers and poli-
shing powders for microscopic observations. These
specimens were stored in a conditionning ca-
binet with R. H. 65% at 23 before use.

Two stress rates are used for each resin system.

For T300/5208, 0.022 MPa/sec(=$1) and 22
MPa/sec(=S,) are used and for T300/914, 0.024

(=S;),MPa/sec. and 24 MPa/sec(=S,) are used.
The test was done by hydraulic universal te-
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sting machine, Instron. The strain gages were
used to detect the deformations of the spec-
imens. The replicas of the specimen edge were
taken in regular interval with acetone swollen
acetate cellulose at the very low stress rate with-
out arrest, For these two low stress rates (Sl,
Sg), the endurance of one experience is about
two hours,

Acoustic emissions are detected with the aid
of a piezo-electric transducer (300KHz). Sili-
cone grease is used for attachement of the transdu-
cer to the specimens. The transducer signal is
pre-amplified 40 dB and filtered below 100 KHz.
L’amplication is fixed at 70 dB with threshold
of 0.5 V. The Dunegan 3000 is used for this pur-
pose. The counting rate 1s registered on the re-
corder,

RESULTS AND DISCUSSION

The maximum stress failure criterion con-
tinues to be one of the most widely used for
composite.11 One apparent reason for the po-
pulatity of the maximum stress criterion is the
ease with which it can be applied. But this is
time independent and therefore is doubtful in
applications for the viscoelastic matrix con-
trolled mchanical behavior. Firstly this fact is
verified in the brittle matrix system, T300/5208.

Two stress rates, 0.022-Mpa/ sec. (Sl) and 22
Mpa/ sec. (Sg) are used. The total loading times
until the failure for Sl are about 2 hours and
about 7 secondes for S;. The loading rate of S,
is 1000 times faster than that of 31. The stress-
strain responses are shown in Fig. 1. The init-
ial parts of two curvses are identical until the
shear deformation of 0.2%. After this point these
two curves start to diverge. Their differences
continue to grow till the final rupture. For the
same load level, the deformation with S1 is lower
than that of So. This facts demonstrates that
there is additional deformation due to the creep
for S;. From the results in Fig.1, one can see
that the strains at the final rupture does not
show the meaningful difference. But there are

Polymer{ Korea) Vol, 11, No. 4, August 1987



Effects of Matrix Viscoelasticity for the Mechanical
Behavior and Damage Development in Angle Ply Laminates (+45°)5

100 -
e
-
e
x4
8 7
. L
§=22 MPa/s
o »’.'
o y
3 .
_ S/ 8=0022 mpa/s
z 60 /
z s
¢ //
» s
’
g 40 s
L
/
’
;
/
j
'I
20
0 R g
0 8 12 18 2.4 3

Shear deformation(%) ¥ 4,

Fig. 1. Stress-deformation curve in monotonic ten-
sile test (T300/5208).

Table 1. Failure Strength in Monotonic Tensile Test

(T300/5208)

No. | S(Mpa/sec.) G12(Gpa) Sult(MPa)
1 0.022 -~ 165
2 0.022 - 168
3 0.022 - 169
4 0.022 542 168
5 0022 599 166
6 0.022 6.10 151
7 0.022 6.97 161
8 22 6.90 190
9 22 6.25 180

10 22 571 191

11 22 558 183

Where S =stress rate
Gy =initial shear modulus
Sult =tensile strength

much difference in the maximum stress. The stress
rate effect for the ultimate strength is sum-
marized in Table 1. At average, the tensile
strength with S; is about 12% lower than that
with S,. This fact shows in one aspect the im-
partance of stress rate effect and in other as-
pect the viscoelastic characteristics of matrix.
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Fig. 2. Secant modulus variation in monotonic ten-
sile test (T300/5208).

12~15 .
% it has not

In various theoretical analysis
been considered.

The stress-strain curve of T300/5208 shows
an increasing nonlinearity in high load level. This
nonlinearity is due to the damage develop-
ment and the creep effect. It can be more qu-
antitatively represented by the stiffness re-
duction. The variation of the secant shear mo-
dulus is presented in Fig. 2. There is no cf-
fect of stress rate until the 0.3% of shear de-
formation, After this point, the stiffness cu-
rves are quasi linear and their difference rest
nearly same. The origin of this difference can
be assumed as the following fact. After the stress
values have grown to be equal to the shear strength
value of the matrix, a conditional flow of the
polymer matrix starts in the maximum stress
concentration sites, and there is a redistri-
bution of the stress field. In this brittle ma-
trix resin, this redistribution of the stress re-
quires a sufficient time,

The crack density variation with S, is shown
in Fig. 3. One can see that the total average
crack density development is about quasi-li-
near such as the stiffness reduction. The ac-
oustic emission results are presented in Fig.4.
The acoustic emission activity is about con-
tinuous after the axial load of 90 MPa. These
phenomena lead us to the following conclu-
sion. In T300/5208 the nonlinearity of the stress-
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Fig. 3. Crack density variation in monotonic ten-
sile test (T300/5208).
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Fig. 4. Acoustic emission in monotonic tensile test
(T300/5208).

strain is due to the viscoelasticity of the ma-
trix and the matrix crackings.

Secondly the viscoelastic matrix controlled me-
chanical behavior is investigated in the duc-
tile matrix system, T300/914. The stress-
strain responses are shown in Fig5. In this case
two stress rates 0.024 MPa/sec. (S3) and 24 MPa/
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Fig. 5. Stress-deformation curve in monotonic ten-
nsile test (T300/914).

sec. (Sy) are chosen. The loading time for S3
is about 2 hours and for S4 is about 7 sec-
ondes. In comparing with the results in Fig.l
one can see that the nonlinearity in this system
is more pronounced. The curious phenomenon
is the slight stiffening observed at the very high
strain. Near final rupture this material shows
unstability which has not been observed in T300/
5208. The difference of the stress-strain cu-
rves in T300/914 is greater than that of T300/
5208. It is due to the matrix ductility. This duc-
tility and high fracture deformation permit the
rotation of the reinforcing fibers 218

In T300/914 the stress rate changes also the
tensile strength. The results are summarized in
Table 2. The ductility, more pronounced visco-
elasticity, of the matrix was assumed to show
the greater influence in the tensile strength. But
the different of the tensile strength is about the
10 %, which is slightly smaller than that of T300/
5208, It shows again the fiber rotation effect for
the mechanical behavior of T300/914.

The shear modulus variation with the defor-
mation was investigated to further consider its
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Table 2. Failure Strength in Monotonic Tensile Test

Effects of Matrix Viscoelasticity for the Mechanical
Behavior and Damage Development in Angle Ply Laminates (+45°),

(T300/914)

No. | S(Mpa/sec.) | Gi2°(Gpa) Sult(MPa)
1 0.024 5.08 178
2 0.024 5.69 177
3 0.024 482 181
4 0.024 431 179
5 24 402 198
6 24 494 198
1 24 483 200
8 24 6.45 204
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Fig. 6. Secant modulus variation in monotonic ten-
sile test (T300/914).

mechanical behavior. The results are shown in
Fig.6. Curiously the two curves nearly co-
incide. It shows that the ductility of the ma-
trix permits more strain and that this strain
induces more fiber rotation. This fiber ro-
tation compensates the additional stiffness re-
duction due to the creep effect of the matrix.
To know further the damage development ef-
fect for the mechanical behavior the replica-
tions of the free edge of the specimens and the
acoustic emission technic are applied. The crack
density variation is shown in Fig. 7. This ma-
trix is attaked by the acetone which is used to
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Fig. 7. Crack density variation in monotonic ten-
sile test (T300/914),
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Fig. 8. Acoustic emission in monotonic tensile test
('T300/914).

soften the acetate cellulose films. After se-
veral replications the acetone damaged se-
riously edge surface. This fact reminds us the
necessity for the mechanochemical degrad-
ation in polymer matrix. Acoustic emission re-
sults are presented in Fig. 8 to verify above ob-
servations,

One can see that there are few acoustic em-
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issions for low stress levels. The active ac-
oustic emissions start to be observed from the
70% of the tensile strength. The acoustic em-
issions are only very active near the final rup-
ture, It shows that the ductility of the ma-
trix does not induce the matrix cracking at the
low stress levels. When there are crackings, their
number is not great. The active acoustic em-
issions near the final rupture is attributed to
the fiber rotation and induced interface and ma-
trix damage. The characteristics of the matrix
this

changes the mechanical behavior of

structure,
CONCLUSIONS

The viscoelastic characteristics of the ma-

trix change the mechanical behavior and its da-
mage development, The stress rates influence ma-
ximum tensile stress at the rupture, In duc-
tile matrix system, the fiber reorientation with
the great deformation should be considered for
the analysis. The maximum stress failure cri-
terion is not very successful for this systems,
(4+45°)5, which the matrix controlls the me-
chanical responses.
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