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1. STATIC STRENGTH

In connection with the growing need of prediction and prolongation of the life of structures
the strength and behaviour of material in failure is coming to the foreground of interest
of the mechanics of materials, particularly in extreme environmental conditions. So far
considerable progress has been made in the calculation of strength and the description
of the deformation behaviour up to failure of relatively simple, homogeneous or quasi-
homogeneous systems or some simple heterogeneous systems, e.g. polymer matrix with
parallel fibres oriented in.one direction.

Theoretical prediction of fracture strength of random-oriented multiphase systems or
systems with a complex geometrical configuration of components, however, is far more
difficult and has not been fully elucidated so far. Various theories, the number of which,
obviously thanks to the very complexity and obscurity of the problem is very large, do not
form the subject of this paper. An exhaustive summary of knowledge in the field of failure
and strength of materials (at least until the beginning of the seventies) is given in the
seven-part work by LIEBowIrz [1], one two-volume part of which is concerned with com-
posites. The problems of failure of plastics and composites with a plastics phase are dealt
with in detail by NEMEC ez al. [2]. An excellent brief review of approaches to strength
assessment is given also by Javornicky [3], and some common problems of failure in
composites are mentioned by PLUHAR and Zirvar [4]. ,

More important for understanding the properties of the material is to know the deforma-
tion mechanism, mechanism of the failure process and total Jailure (fracture) rather than the
absolute strength value which cannot be determined reliably anyway even in the case of
homogeneous materials until a general energetic theory based on statistical characteristics
of the components of the material has been derived.

Principal difficulties in this field are connected:

— with the complexity of stress distribution in a non-homogeneous body (stress
concentration, influence of contraction undeg load),

— with the effects of the “generic” stress and the dependence of the stress state on the
whole history of the material and the technology of its preparation,

— with the uncertainty connected with the criteria of failure, effects of temperature,
moisture, ambient environment, fatigue, defects and initial microdefects, etc.

* General paper of 3rd seéction of 1st Conference on Mechanics, Vol. 1, 76-94, Prague 1987.
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The basic.concept of the theory of damage (JaNsoN, HULT [7], KAaTsaNov [8], RABOTNOV
[9]) is oriented on the characterization of the occurrence of defects in the whole volume
of the continuum with the assumption that it is only their cumulation in a certain extent
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Fig. 1. Attainment of failure criterion on the basis of statistical property distribution and predetermined
quantile; a — failure time with the consideration of statistical property distribution, b — failure time with
the consideration of the mean property

that results in failure; the resulting strength is the function of the number of defects of the
system.

Fracture mechanics, on the other hand, is concerned with the mechanics of the crack
alone (LmBovrtz [1], KNorr [10]); it is based on Griffith’s theory of a brittle crack [11]
according to which the crack will not attain stability at the given stress if the reduction
of elastic energy originating from the stress relief due to crack widening is just in equilibrium
with the increase of energy required for the formation of a new surface (INnGLis [12], Oro-
VAN [13]). An important consequence of Griffith’s theory is the fact that fracture strength
is a statistical quantity and depends on the probability that a defect of sufficient magnitude
has been already present in the material. The great dispersion of strength observed, e.g.
in ceramic or polymer materials, consequently, is the initial characteristic of the material
and is not due, primarily, to the variation of experimental results.

The character of failure of composites depends to a considerable extent on the character
of the matrix, defined by the specific total fracture energy, given according to RICHARDSON
[14] in Table 1. -

A qualitative contribution to fracture mechanics is represented by the theories of the
critical crack opening displacement and particularly by the attempts at introducing process
dynamics into the failure theory, i.e. the effect of elastic stress and strain waves (incl. the
initial stresses), crack propagation barriers and changes of internal energy of the system.

Considerable influence on strength is exercized by the pores, almost always present
in the composite, which not only reduce the effective cross-section transferring the load
and act as stress concentrators resulting in the reduction of tensile strength on the one hand,
but also leading to an increase of toughness and fatigue strength by the dispersion of the
defects and the braking of direct crack propagation on the other hand.
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In the case of materials consisting of several phases, such as cement concrete, the
mechanism of failure and the failure itself are complicated not only by the complexity
of the structures, the presence of hydration pores, shrinkage pores and microcracks, the
presence of thermodynamically different phases (solid, liquid and gaseous), but also by the
time-variable structure of the basic matrix in which hydration proceeds practically without
any time limitation. As it is illustrated in Figs. 2a, 2b and 2c, cracks in concrete may origi-
nate or be initiated either on the boundary between filler and cement stone, or in the
cement stone or the mortar matrix, or in the filler particles, according to the relatlve
strength in these three places.

When concrete is loaded, microdefects (microcracks) originate which cause irreversible
changes of the internal structure of concrete; energy is dissipated in the form of heat,
mechanical vibrations and formation of new surfaces. Visible failure on the surface origina-
tes only when the stresses attain 80-90% of strength; microcracks at lower stresses can be
observed by various indirect methods (sound emission, ultrasonic pulse veloclty) or by
accurate measurements of deformations in various directions.

To explain and describe the mechanism of the failure of concrete a number of structural
models has been devised, such as the model consisting of random-oriented elements failing
in shear in one direction (BRANDTZAEG [18]) according to Fig. 3, or the model consisting
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Fig. 3. Brandtzaeg's structural model of concrete Fig. 4. Reinius’ structural model of concrete [19]
[18] ‘

of spheres in a cubical arrangement connected by thin bars (vertical, horizontal and diagonal
elements) according to Fig. 4 (Remtus [19]) or the models consisting of four identical
particles in a mortar matrix in a plane (Fig. 5, BAKER [20]), or of six particles in space
(Fig. 6, ANsoN [21]) resulting on the origin of transverse tensile stresses under compressive
load, as well as the Navratil’s model (Fig. 7) which, thanks to the consideration of the inner
surface, can characterize best the behaviour of concrete in failure also with regard to
ambient environment (BARES [22]).

All theories of crack development and concrete failure are based, once again, on Grif-
fith’s theory and suffer from the same shortcomings: assumption of elasticity and homo-
geneous continuity, constant modulus of elasticity and constant specific surface energy.
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considerable importance is played by the spectrum of the stress relaxation times of the
polymer matrix (Huco [23, 24]).

The first “deterioration” process of the matrix (dissipating the supplied energy) begins
at a very low value of tensile deformation (about 0.1%), but may result also in strengthening.
With further stress increase the elastic energy in microvolume continues to increase which
results in the end in a sudden origin of crazes statistically distributed in the stressed volume.
Crazes are precursors of fracture and their concentration and stability (governed by the
geometry of the complex structure and the spectrum of relaxation times of the matrix)
determine the useful strength of the composite (HuGo [25,26]).

In the process of failure crazing precedes crack widening. The failure, therefore, proceeds
through crazes and not through compact material. The origin of crazes enables the dissipa-
tion of energy (while the strength of the body simultaneously decreases) and depends
on molecular weight, temperature, frequency and environment. The region of the craze
grows continuously with increasing load (or the number of cycles), but at a decreasing
speed, as the length of the individual the craze increases. When certain critical conditions
have been attained, the crack suddenly widens across the whole craze and stops at its tip
(this discontinued cracking is accompanied by audible sounds — Fig. 8). Crazes grow
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Fig. 8. Process of discontinued development of crack

during the first 109 of their life to about 80% of their final length; for some 80% of their
life their increments are negligible; in the last 109 of their life a speedy increase follows
again. In the middle part of the craze life there is a metastable equilibrium between the’
orientation of the fibrils (strain hardening) and the growth of pores (strain softening).
In the first part unbalanced conditions originate when the softening due to the formation
of craze pores prevails over hardening by orientation. This mechanism of discontinued
growth of crazes and cracks results in the formation of visible zones on the surface of the
material (perpendicular to the direction of crack development) differing in colour and struc-
ture and called the “discontinued growth zones”.

Filler prolongs the time of stress relaxation of the matrix, increases the velocity of
growth of elastic energy in microvolume and in the end results in the preference of plastic
deformation in matrix microvolume (in a worse case in the preference of microcracks)
to the development of retarded elastic deformation. A typical consequence of this effect
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In the case of the ABS", however, this mechanism was not ascertained and plastic
flow of the system was observed instead (in which also brittle molecules participated),
resulting in the orientation of the matrix. So far no successful explanation of this pheno-
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Fig. 9. Schematic represenfation of cracks
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radial distence r/a particle and in polystyrene

Another theory explaining the improved behaviour of rubber-modified polymers
(INIELSEN [28]) assumes that in the course of mechanical strain the major part of dissipation
heat concentrates around the particles with stress concentration and thus causes a local
temperature increase above the glass-transition temperature, during which the matrix
is capable of major deformations without failure. New investigations of polyethylene,
however, have shown that the heating (which does take place around the particles) is the .
consequence of flow and not its cause.

D Acrylonitryl-Butadiene-Styrene.
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. optimum compatibility with the glass-polymer to ensure the necessary adhesion between
the phases.

The toughness of filled thermoplastics is based on two mechanisms (Huco [26], HuGo,
Sova [35]): on the conforming elasticity of the matrix and on the consumption of energy
for the plastic deformation of microvolume and for the origin of crazes or microcracks
uncapable of further development. The first takes place at elevated temperatures and its
effect decreases with the decreasing volume quota of the matrix. The second proceeds at
lower temperatures (particularly fairly below the Tg) and its effect increases with the
rising quota of the reinforcing filler or with the growing aspect ratio //d. The equivalence
of time and temperature is applicable here to a considerable extent.

The opinion that higher toughness is ensured by the mechanism of crazes in the proxi-
mity of dispersed pliable particles has been extended recently also to filled thermoplastics.
The effect of crazes required to increase toughness is ensured by that the filler particles
of micron dimensions are coated with a suitable organic pliable layer. The problems
consist in the control of the degree of dispersion. The optimum dimensions of the particles
of the dispersed phase and the thickness of the pliable coat which would ensure maximum
increase of toughness while minimizing the drop of strength and other necessary properties
{e.g. modulus of elasticity) remains an open question.

3. FATIGUE STRENGTH

Some tough plastics (such as the rubber-modified thermoplastic polymers) are, in spite
of their excellent behaviour under static load, sensitive to repeated loads, e.g. pressure
pulses in plastic pipes may produce premature brittle failure under a surprizingly low load.
Similarly with the static load there is a certain combination of craze and shear response
also under repeated load. Nevertheless, tests have shown that the craze mechanism is often
dominant for the development of fatigue cracks. However, if the effect of hysteretic heating
is decisive for fatigue failure or if the matrix is partly tough (e.g. PVC), the shear response
may play an important role. In spite of that it seems that the crazing plays a role of decisive
importance also under cyclic load for bodies without notches, as it is shown in Fig. 12
(BUckNALL [36]). It is possible to observe changes progressively increasing in subsequent
cycles with stresses sufficiently high to induce flow and whitening: the polymer shows
greater softening and a larger hysteresis area. The secondary, lower yield limit appears,
the value of which decreases with further cycles. The crazing is connected with the upper
yield limit, the flow with the lower (KaMBour [34]). The relatively considerable recovery
which takes place after load relief is due to the “healing” of the crazes which, consequently,
incorporate not only plastic deformations, but also significant reversible viscoelastic
deformations.

During cyclic loading temperature increases, the more so the greater the amplitude
of applied stresses. Figure 13 shows that in tension the cyclic loading over the same period
of time is far more unfavourable that static load. At higher stresses tough failure takes
placein the form of the development of internal cracks, at lower stresses brittle failure
takes place originating on the surface.
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All above mentioned and other experimental results point out how important is to
take into account the deformation softening and hysteretic heating of bodies which are
without notches or contain only very small defects. The consequence is that an addition
of rubber to polymers reduces the fatigue life of modified systems, so that their higher
toughness can be utilized under repeated or alternating loading only for a shorter time.

In the case of notched bodies the behaviour is somewhat different, although their
toughness under static and dynamic loads is also increased by an addition of rubber phase.
Hysteretic heating takes place only at the crack tip, which can result in localized flow
and an increase of the crack tip radius, which is advantageous. The notched bodies are
sensitive to loading frequency in the same way as the polymers not modified by rubber
addition.

If we sum up briefly the knowledge about the fatigue of these systems, we can state
that the fatigue response of tough (modified) polymers is influenced mostly by the higher-
level of microelastic damping in comparison with the nonmodified matrix. When the volume
of the material exposed to cyclic loading is big such as in the case of notchless bodies,
particularly at high frequencies and loads, the failure is most probably due to the consider-
able softening produced by hysteretic heating (Fig. 14). When the failing surface is small,
such as in the case of a body with notches, local heating may be advantageous for some
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Fig. 14. Increase of temperature of the PMMA under repeated loading in bending [38].. Actually the tem-

perature does not rise continuously, but oscillates about the mean value due to the thermoelastic effect;
without cooling, with cooling ’

materials when it blunts the crack. For other materials even in a notched body, however,
the zone of failure may be so large that the heating is considerable-and the softening of the
matrix promotes the crack development.

Very little has been done in the field of fatigue of filled composites with a brittle (non-
modified) matrix, and the majority of published results was concerned with dental or
bone cements. In the majority of cases neither their tensile strength nor their toughness,
attains the properties of the polymer alone, or exceed them only slightly (BEAUMONT,
YounG [39]). The toughness and the resistance of such materials to fatigue depend greatly
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that ionomeric bonds at the interface should be advantageous is entirely in agreement
with the contemporary ideas about the acid-base interaction between composite compo-
nents (FOWKES, MOSTAFA [44], MARMO et al, [45]). In any case it is necessary to give pre-
ference to all studies of interface properties which are of fundamental and practical import-
ance for a successful creation of tough and strong composites of the Ist type.

If the high-modulus dispersed phase makes a transition from the spherical shape to the
oblong, fibrillar shape, a marked increase of toughness and strength of the composite
takes place, due to the filler, without changing the classification of the composite as the
composite of the Ist type. The biggest effect in the direction of load is achieved by the
inclusion of oriented continuous fibres, in other directions by the inclusion of random-
-oriented short fibres or the combination of layers of various orientations into the laminate.

The static and fatigue behaviour of fibre-reinforced composites have been afforded
much attention, although the research concerned was mostly of experimental and empiric
character. The reasons for the shortage of fundamental integral studies of fibre-reinforced
composites are probably due to the following complications:

— the criteria of failure are very different; even if failure is progressive, physical
integrity may be preserved for many loading cycles (CHaMIS [46]);

— the failure of fibres, matrix and interface is accompanied by numerous independent
processes (see Table 2); the processes taking place in the polymer are influenced by the
change of state due to hysteretic heating and time-dependent behaviour;

Table 2
Factors influencing fracture work, [47]

Type of work

Origin

Kind of energy dissipation

Internal work of fibres

Work of interface

Work of interface and matrix

Internal work of matrix

brittle fracture of fibres

brittle flexure during pull-out

tough fracture of fibres

difference in tensile strain across
the interface

pull-out of fibres

cracking (cleavage) of the matrix
parallel with fibres

mairix failure

stored elastic energy

plastic flow and narrowing

plastic flow and narrowing

friction slippage of plastic shear
in the maftrix

ditto

surface energy of the
matrix and bonding energy
of fibre — matrix contact

surface energy of the matrix and’
plastic flow

— the character of failure, therefore, is very complex (REIFSNIDER [48]) and depends
on the type of load, the relative orientation of stresses and reinforcement axis, overlapping
of stress fields, constraint and stress concentration of the plane of the individual layers
as well as perpendicularly to it, presence and character of defects;

— the concept of cracks must be redefined and in some cases the conventional approach

of fracture mechanics must be subjected to revision, [48];

2 Arch. Ini. Ladowej 3/88
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the load applied at an angle 45° with regard to fibre direction the interface failure and the
brittle fracture of the matrix always take place.

At higher frequencies the hysteretic heating becomes an important or even decisive
factor of fatigue life (Fig. 17). The origin of elevated temperature during cyclic loading
may have two effects: reduction of the Young’s modulus and the accompanying reduction
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Fig. 17. Relation between fatigue life (up to fracture) and stress of a highly crystalline polymer (polytetra-
fluorethylene) at the frequency of 30 Hz and temperature growth during cyclic loading [52]

of the effective length of the fibres and, consequently, an increase of the critical aspect
ratio I/d (CessUA et al. [53], DALLY, BROUTMAN [54]). In some cases the fibres may assist
in the reduction of hysteretic heating (e.g. if their thermal conductivity is high).

In all tested cases the failure began with the failure of the interface; however, further
crack development differed very considerably (according to matrix type). For example,
cracks propagated very speedily in polystyrene, but not in polyamide or polyethylene,
(DALLY, CARRILLO [55]). The reason for the primary failure at the interface is that there is
always some internal stress in the composite, e.g. due to its cooling from the hardening
temperature, which induces tensile stresses at the contact surface. The application of
bonding agents has always improved the fatigue life (even if the optimum value of interface
strength is not known) [53].

The tests of a polyester laminate reinforced with a mat of cut glass strands (OWEN,
Dukes [56]) have revealed the sequence of events during failure: loss of adhesion, cracking

2%
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to expand radially around the fibres similarly with the origin of crazes. Further the pulling-
out of the fibres from the matrix acquires importance.

Reinforcement with short fibres results almost always in a marked improvement
of fatigue strength; the reinforcement with carbon fibres, which have at least three times
higher rigidity and ten times higher thermal conductivity than glass fibres, is considerably
more effective. One of the principal reasons obviously consists in the reduction of the
hysteretic heating at the given frequency and load (Fig. 19). Carbon fibres are also suitable
for prosthetic materials, as they are compatible with living matter. The fracture mechanism
of various systems reinforced with short fibres and on various load levels differs consider-
ably; therefore, any generalization of the material fatigue response in composites must
be regarded with great caution and great attention must be afforded not only to the differ-
ences of components, but also to the differences of defects induced into the composite in the
course of production (even if the materials are apparently similar). For example, the
injection-moulded products (with preferential orientation) show non-linear and tough
behaviour; the toughness increases under repeated load by hysteretic heating. The pressure-
moulded products have a linear working diagram and fail by brittle fracture, by the develop-
ment of long fatigue cracks. Specimens with short life fail by the development of the fatigue
crack radially around fibres and in a relatively brittle manner. Specimens with long life
show a more tough failure and a considerable adhesion between the fibres and the matrix.

Some studies (e.g. D1 BENDETTO, SALEE [59], BRETI ef al. [60]) of the influence of various
fibres qn the development of fatigue cracks made with polyamide reinforced with 209/
by volume of random-oriented carbon, polyaramide or mixed (1:1) fibres have shown that
the resistance to the development of fatigue cracks of the polyaramide system is consider-
ably higher than that of the carbon system, is approximately the same in the case of the
hybrid system (with the same concentration of both fibres and, consequently, with approxi-
mately the same modulus as that of the polyaramide system), which makes the hybrid
system superior to the carbon system, and that the resistance to the development of fatigue
cracks of the hybrid system is higher, when it is saturated with water (8.3%) than when
it has a balanced moisture content (2.8%), and that the sensitivity of the velocity of fatigue
crack development to mean stress increases with the growing Young’s modulus. The
mechanism of failure is similar to that described above: first considerable flow of the
matrix and of the adhesion layer was observed, particularly in the case of carbon fibres.
In the polyaramide system the fatigue failure manifested itself first by the loss of adhesion
of the fibres perpendicular to the stress direction. The loss of adhesion then proceeded
in the fibres placed at a continuously decreasing angle to the load axis until cracks orig-
inated in the fibres themselves. In the caseé of carbon fibres, moreover, the resin ex-
panded in load direction because of the high value of interphase adhesion.

It has been already mentioned that the best improvement of composite properties
can be attained by the use of continuous fibres; apart from the application of continuous
fibres alone, however, their combination with short fibres may be of particular advantage
in some cases. This combination results primarily in an increase of the modulus and strength
of the matrix, particularly if whiskers are used. This is advantageous in the glass fibre
composites, while in the composites reinforced with boron fibres (with a high modulus)
the increase of the modulus of the matrix has only little effect (increase of transverse
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the specific differences between a carbon composite and a metal, particularly the sensitivity
of the composite to low-cycle fatigue in compression (ScHUTZ, GERHARZ [62]).

Both in the case of glass and carbon fibre-reinforced laminates local failure at low
stresses takes place at the very beginning of fatigue life in the first half of the loading cycle
(BROUTMAN, SAHN [63], FUwaA et al. [64], MCGARRY [65], NEVADUNSKY ef al. [66]). This
failure may, but need not reflect in a significant change of composite behaviour in accord-
ance with its extent and the type of system, and its importance can be assessed according
to the extent to which its mechanical properties change. As the complete understanding
of the fatigue process necessitates the description (characteristic) of the failure in the
course of the whole period of fatigue life and the finding of the relation between failure
and critical properties, a number of methods has been elaborated for the assessment
of composite failure under cyclic loading [66]. From their number various ultrasonic
methods as well as the acoustic emission methods which are sensitive to major pores,
cracks and regions of adhesion loss, originating in the case of fibre failure or during other
sudden events taking place in the material, seem to be most effective. As it is shown e.g.
in Fig. 21, in a well produced composite an emission takes place during the first cycle;
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Fig. 21. Indication of local microcracking by acoustic emission under repeated loading of a well produced
fibre-reinforced composite [64]

subsequently, the number of emissions is considerably lower, until the catastrophic failure
begins (which proves that the degradation of the matrix, fibres and interface plays principal
role in the course of fatigue life, [64]). However, whatever method is used, considerable
caution is required in the interpretation of the significance of the failure: the question
is ot merely whether failure has or has not taken place, but how singnificant the failure
is with regard to the long-term behaviour of the composite. _

Detailed study of axial fatigue failure (fracture microstructure) of unidirectional
glass composites (E-glass-polyester) has shown that the failure takes places in three stages
characterized also by the change of the modulus and the hysteresis energy (KM, EBERT
[67)). In the first stage the modulus drops considerably (by as much as 60%) until the second
(longest) stable stage has been attained; the drop is due to the development of surface
defects on the fibres (following the failure in the first half of the first loading cycle). The
third stage corresponds with the final phase of fatigue life, in which the modulus drops
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. tion of damage in the course of cyclic loading reduces the strength until the residual strength
and applied stresses are equal (Fig. 22). Fatigue strength, however, is heavily influenced
also by environmental effects: temperature may influence the viscoelastic states, fracture
toughness, chemical stability, etc.; generally speaking, the higher the ambient temperature,
the greater the damage. Fatigue life is also indirectly proportionate with the initial absorp-~
tion of water in the matrix resin. Similarly with filled polymers in bulk (see Fig. 14) also
fibre-reinforced composites are influenced by the frequency of loading. Low frequency
cycling gives sharper, less dispersed damage zones that higher frequencies; on the other
hand, high frequencies are unfavourable, if the hysteretic heating (resulting from high
internal friction in the resin and the low thermal conductivity of the composite) attains.
a higher value and overcomes the favourable effect, manifesting itself by the blunting
of the defect (Fig. 23). Because of heat generation during load cycling the asymptotic
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Fig. 23. Temperature increase of an epoxy-carbon fibres laminate with perpendicularly oriented layers.
and a central opening under cyclic loading equal 663 of the mean static strength. Speedy temperature
increase is connected with failure [72]

approach of the ¢-N curve to a certain horizontal value does not usually take place and there
is no fatigue limit (Fig. 24).

Stresses on the interface are considerable; therefore cracks originate frequently on the
interface which propagate across the remainder of the composite until complete failure
takes place (BROUTMAN [75]) under repeated loading after crack origin on the interface
vacancies less than 0.05 um thick originate without reducing significantly instantaneous
strength (BROUTMAN [76)).

On the other hand, the possibility of creating a tough system out of two brittle materials
is the consequence of the very presence of the interface between these two materials of
different strengths and moduli. Similarly as the presence of weak cleavage planes is im-
portant for the toughness of a homogeneous material (CooK, GORDON [77)itisalso important
that a certain plane (or region) of weaker properties (or potential cleavage), perpendicular
to the plane of crack development, be present in the composite. The failure on the interface
causes the development of a secondary crack which prevents the development of the primary
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4, CONCLUSIONS

The paper pointed out the extraordinarily complex character of the problems connected
with the prediction of the static and fatigue strengths and toughness of composites.

Every research in this field, if it should be successful, must accept and respect this
complexity, must include it into initial considerations and interprete its results with extreme
caution.

Theoretical as well as experimental work should proceed particularly towards

— the conception of a non-stationary energetic theory of strength based on statistical
<haracteristics of components, structure and statistical description of deformation and
failure mechanisms, e.g. by an adequate syntheses of damage theory and fracture mechanics,

— the elucidation of the criteria and mechanisms determining toughness (and fatigue
strength) &nd the conception of a general theory of the control of practical toughness of
structural systems using the viscoelastic, elastoplastic and craze effects,

~— the finding of criteria and mechanisms of fatigue strength in connection with the
mechanisms determining static strength and toughness,

— the elucidation of the mechanisms of deformation and failure of the interface
and the finding of the methods of control and forecasting of its properties,

— the assessment of fibre-reinforced composites and their systems (including their
Jjoints) in real application conditions.
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IIPOYHOCTB IIOBE,IIEHI/IE KOMIIO3UITMMOHHBIX MATEPHAJIOB ITPY PA3PYIIEHNH
Peswome

IIpounocTs ¥ HOBEJEHME KOMIOSMIHOHHBIX MATEPHAJIOB IPH Pa3pYNICHWH, OCOOEHHO B KPHTHUECKUX
YCIIOBMAX, SABISIOTCA HamGoliee BKHBLIMK XapaKTEPUCTUKAME, ONPENCIIAONMME KadueCTBO K HOJTo-
BEUHOCTh KOHCTPYKIMNE, H3TOTOBJICHHBIX U3 HEX. B pafoTe MpHBOAATCA 0030p KOMUECTBEHHBIX aCIIEK-
TOB HPOYHOCTA ¥ AeOpMMPYEMOCTH BILUIOTh IO PAaspyIICHMsSI. OTH ACHEKTHL [AIOT HOJHYIO KADTHHY
nccieayeMoil mpoGiIeMel.
B paGote jenaercsi ynop Ha BbUICHEHHE MexaHu3mMa medopmaliuil, MeXaHR3Ma MPOIECcca paspyLIeHNsT,
a TaKoKe CKopee HA IOJIHOM paspylleHHH, deM na -abCcoroTHOM SHadeHww HPOTIHOCTH. 1lpm SToM HOA-
UEDKMBACTCsI 3HAUEHWE CIPYKTYPLL MAaTEpWaia, KAK HE3aBHCHMOTO (HSHKO-XMMHICCKOIO SIBIICHAA
(crpyxrypa ¢ medexrame). IlpuBeienr: 0CHOBHLIE BEIMUMHE! ¥ MEXaHH3MbI, ACHCTBYIONME B MaTepra-
78X PasTMIHOM CTPYKTYPHI, HA HPHMEpe CIPYKTYD C TBEPALIMA W XPYIKEMA BIUTIOUEHWSIMYA WX C Jie-
dopMupyemMOll MaTpHIlei, a TAKKE YIOMMHAIOTCSH BO3MOYKHOCTH HOBLINIEHMA IPOYHOCTH.
 Ocofoe BHAMAHME yHEJAETCA YCTATOCTHOM MPOTHOCTH, 4 TAKIKE MPOLECCaM, MPOUCXOAAIIAM B KOM-
nosurax (0co0eHHO C BOJIOKHYCTOR CTPYKTYPOH), BO BpeMsi HOBTOPSIOINUXCHA X LUK/IMICCKAX HArPy30K.




