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ABSTRACT

The approach is proposed allows to describe the nonmonotonous
dependences of strength on loading rate and temperature., The
three ranges of these dependences are connected with a possible
change of failure modes. The special experiments on organcpla-
stics have been carried out to affirme the proposed model.
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INTRODUCTION

Towdays quite an extensive literature material is available,
identifying mechanisms of failure of composites, but how they
depend on the character of loading, as well as their natural
limits, still remain vague. But since mechanical models should
be of use Ffor evaluation strength of construction and crack re-
sistance problem the information is obviously necessaxry.

It is clear that the increasing of loading rate (the tempera-
; ture decreasing as well) applied to composites with polymer
! matrix is to result in gradual “"freezing" of matrix, i.e. in
lowering matrix viscosity. The effect is that the rigidity of
the whole composite system rises and the comparatively high
strength of fibres fails to be utilized.

It has been shown /1,2/ that the same material may fail in dif-
ferent ways depending on the rate of loading, complete fractu-
re being either caused by the process of accumulation of damage,
or macrocrack propagation, There may also appear some other
forms of failure resulting from changing thermo or loading re-
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gimes. For instance, the strength-loading rate diagram, as it
has been noticed in /1/, comprises three areas due to different
types of failure, In /2/ the first and the second of these are-
as have been described.

The aim of this paper is to further develop the ideas previ-
ously represented and to put forward an approach to analysis
of the mechanisms of failure.

As previously the analysis is being carried out in terms of the
hereditary type of deformation and failure processes. The con-
stitutive equation for behaviour of a material being subjected
to loading and representing viscousity as well as damage accu-
mulation can be written as follows

EE=0+ £*6 + M*G (1

where two operators are present, £*o accounting for reversible
deformation, MO - for irreversible deformation: ~ being
Youngs modulus.,

t
[age =SO£ (t-1) fo (1) S(T)dT

M*6=Xt M (t ~T) o (T)S(TYAT

£ (xE-1) ,M(hff are kernels which one to be chosen, as well
as temperature effects functions fz s fm o from the macroexpe-
riments data.

I, Failure due to damage accumulation

The irreversible deformation, as it is, is the result of da-
mage accumulation process, i.e. the process of gradual materi-
al degradation, If the final fracture results from this parti-
cular process, the strength criterion, as it follows from (1),
may be constructed as

6+ MG =6, (2)

Here Op is a constant, determined from macroexperiment. The
constant may be taken as the strength value of a defectless
"ideal" material. It should be underlined that operator Ii* in
the equation (2) is the same as in the equation (1), permitting
to determine all the strength criterion parameters, save G4 ,
from the stress-strain diagrams.

IT. PFailure due to macrocrack propagation.

With the increase of loading rate (or temperature decrease)
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the resin is embrittling gradually and the initial matrix de-
fects, as well as localized fibre breakages, begome_stress con-—
centrators, the most dangerous of which developing into a macro-
crack. In the case of a sufficiently viscous resin all defects
become elongated, stress concentration decreasing Eo the out-
—of-danger values, failure then being of the 1-st type.

In /3/ the analysis of size defects changing has been made, sho-
wing the dependence on material macrocharacteristics . The fol-
lowing criterion has been obtained

S (3)

+ S =

SICIER0 G+ M6 g

Here M* and O, are the same as in the equation (2), while § :
ig a constant, accounting for the initially induced defgcts state
of the material and fibre-matrix bond, the latter ex 031ng'tran—
sition of loading to the fibres. As it follows from 3), the
higher the rate of loading or the lower the 6 temperature, the
lower the value of M* G , hence, the lower the value of S .
This accounts for lowering strength with the increasing of lo-
ading rate if fracture is caused by crack propagation.

The illustration of the above mentioned types.of failure as the
function of loading rate and temperature is figure 1
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Dependences of strength on loading rate and tem—
perature for organoplastic.
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eghibiting the strength charackteristics of a woven organcplas-
tic. It has been experimentally proved, that for this naterial
the governing equation can be chosen according to (1), kernels
of creep and failure being as follows

m

4
e P M(t- e LR
.‘t(t T) (t—T)“ ? ( T) (t_T)a
and temperature effects functions being as follows

fo(my=(T/273)7 , fm (T)= (T/273)Y

Kernels parameters values are shown below,

o

il 20 50 100 150
mfm (T) Guud7 05021 . 10,032 0,069
bfe (T 0,056 0,061 0,073 0,141
6 0,23 0,25 0,41 -
o = 0,93; E = 4570 kg/mm2

The numerical results according to the equations (2),(3) are
plotted in the diagrams (solid lines). Here the areas with the
increasing strength are associated with damage accumulation,
while the areas with the decreasing strength - with macrocrack
propagation. It is seen that changing of failure mechanisms de-
termined by the condition

]
6+ Mo=06 (1+6 E;;TZQB)

t@kes place when the loading rate are increased with the increa-
sing temperature. The strength versus temperature dependence is
of the same kind if the rate of loading is a constant. TFig. 2
shows the dependence for € = 4,01/min.

K 2
It can be taken from fig. 1 that g G i

vith T = 150°C and low loading

rate the strength of the material o °

again tends to increase. The fact &
can be accounted for "improving" ° . .
the combined matrix-fibre beha- & €=4 Yfin
viour, the fibre strength being 5
better utilized then, The effect gl } : T°C
seems to be charackteristic of 150 100 50 20
this particular class of com~ Fig. 2. Dependence of strength
posites in which the process on temperature for or-
of resin crumbling preventing ganoplastic,

stress redistribution decreases

their strength. As a matter of fact the temperature increasing
and the loading rate decreasing improves the combined behaviour
of the composite components.

The dependence of failure strain on loading rate and temperatu-
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re can also be determined from the equations (1),(2). Obvious—
ly the stress—strain relationship for the failure moment is as
follows

€% Ee= G+ £*6 (4)
35 o ° @
° ° ° Fig.3 represents the correspon-

s 29 ding curve for T=50°, It is seen

30 sl that with the increasing loading
- rate the strain value decreases,
o £ YpinwWhich is usually associated with

2'510'3 -2 191 700 ) the viscous material behaviour.

Fig.3. Dependence of
strain on loading
rate for organo-
plastic.

III. Agglomerated failure due to fibre-matrix debonding.
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Dependence of strength on loading rate
for carbonplastic.

shows strength-loading rate dependence for carbonplastic, based
on experimental data of /1/. In this plot one can see that, while
the loading rates are comparatively high, the strength value in-
creases with the increasing loading rate. The phenomenon may be
accounted for as follows. The first two areas of the diagram show
the composite system functioning as a "whole one". It is the
process of damage accumulation that occurs in the first area.As
far as the second area is coneerned, the macrocrack is cross cut-
ting the whole sample*, This remains valid if the failure strain
value of resin exceeds that of fibres, While the latter is par-
tically independent of the loading rate, the failure strain of

Fig. 4.

resin shows substantial dependence (the higher the loading rate the

smaller the strain value). So, under sufficiently high loading
rates, the above mentioned strain condition results the fibre-
matrix debonding. It is clear that the lower the failure strain
of resin, the sooner the process starts with the resulting resin
crumbling and complete fracture. Now a new type of damage accumu-
lation process takes place which brings about fibre-matrix debon-
ding and giving rise to separate agglomerates.

* It should be noted that 1n thls case the crack propagation des-
cription methods used for metals are quite applicable for compo-
site materials as well.
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Since damage accumulation process is stress-redistribution de-
pendent, which is associated with the combined fibre-matrix
behaviour condition, now the failure criterion should be writ-—

ten as

o
c+\) F(t-1)6(T)dT =6,

0

(5)

where t, - is the moment of fibre-matrix debonding initiation

The parameters of F(t-T) are no longer equal to those for the

first area, and Tx , as it should be noted, will be loading

rate dependent. If the failure strain of resin versus loading
rate data are available, t4(6) function can be determined from

Em (M and Ef(O) comparison, "m?"

and " " stand for ma-

trix and fibre respectively. As long as we were lacking such
data, ty, has been determined from macroexperiment (Fig. 4).

The condition of changing the second type of failure to the

third one is as follows

c
S{1+8
( S+ *°Mt-1 S dT

txo

)=cs+§0 F(t-1) 6D dt (6)

Here tgx correspgnds both to the moment of the changing and
the moment togy=tx=1t , l1.e. fibre-matrix debonding starts
with the moment of macro failure., PFurther, with the loading
rate increasing tx will decrease. According to (5), if tx=0 ,
i.e. the resin has been initially crumbled away with the bare

bundle of fibres remaining, then G =0

, being theoretical

strength. The result agrees with the accepted model lacking any
statistic representation. Taking statistics into account will

improve the accuracy of the results,

The calculations according to (5),(6) are plotted in fig. 4,

the kernel parameters being as follows

F(t—t)=(—tf— , a=097 ,

T

\U} du,uuu.ng; to (5 is given below

of macroscoplc failure).

VA R T, T P e R
\ bV Delng vhae moment

6 kg/mmsec 8 10 100 1000 10000
t, sec 0,53 0,42 0,048  0,0055
%, ,sec 0,53 0,21 0,004  0,00006
S kg/mn® 41,5 42,5 48 55

The changing of types of failure took place when

6 = 80 kg/mm2 sec,

ty = txog =t =.0,53 sec
It is seen that under very high loading rates the debonding starts

rapidly, yet the strength values are couparatively high, if

6 = 1O4kg/mm2 sec, (o]

= 53 kgfmm2 which is quite nearg,.
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30, the alternation of loading regime obviously results in
changing the type of failure., Thus, the most dangerous area
will be the second one, where failure iz due tou macrocracl,
that is why optimization should be directed to preventing
macrocrack propagation (e.g. by developing certain fibre-
matrixz bond charackteristics, that is improving interface pro-—
perties).
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