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Abstract. Composite materials are now increasingly usedHeir tproperties in all areas of

industrial production for high specific strengttéir use offers a significant weight savings
and reduced production energy performance. Butentircomposite properties are not at
maximum level, and therefore the efforts of deveiept on further improving are focused.
This complex problem includes in a study and desion of an interface between phases.
Experimental and numerical analysis dealing withrtrechanical properties at the micro level
for new types of energy-efficient fiber compositegh reduced environmental impact has
been compiled. Analyses were focused on the cohemma stress at the interface of the
system fiber-matrix-core. From the results can éensthat the specific orientation of the
reinforcement relative to the direction of appliemce significantly affects the resulting

elastic modulus. When investigating the delamimatbthe layers, the influence of the fiber
orientation of the reinforcement is evident.

Introduction

The large amounts of energy required for the prodocof steel structures and their
susceptibility to corrosion caused by climatic dtinds and the external environment are
well known. Nevertheless, the issue of protectidnstructures against corrosive and
aggressive environments such as seawater has lyetdatisfactorily resolved. Many methods
have been developed which protect the materialnagaiorrosion for a while but this
protection needs to be renewed after a certairogesf time. The hitherto acknowledged
methods of protection include (Galvanization, Gahealing, Coating or spraying, etc.). All
of the trademarked methods either require the mdaddf other materials, energy and time to
create a closed anti-corrosion surface or theyo#rerwise unsuitable (e.g. they can only be
applied to a limited size of parts). None of theabmethods are environmentally friendly,
they require maintenance and the treatment of ttiuetare needs to be renewed. The above
disadvantages of the applied materials especidlignwused for structures in seawater could
be addressed by using light low-energy compositéenads with reduced environmental
impact. These materials are suitable for a vawéteasons, including in particular their high
specific strength, light weight, toughness, cowosresistance, and thermal stability, etc.
Composite materials consist of a matrix and regcdorent, with the majority of materials
used for this purpose being highly resistant toas®hsalt water. This is why composites are
ideal for creating energy-efficient corrosion-rémng structures. These composites are used
for structural parts sea structures such as dyilptatforms, wind turbines etc. and deeper
knowledge will be used for improving of mechanigabperties of said composites. But



current composite properties are not at maximunelleand therefore the efforts of
development on further improving are focused. Toisiplex problem includes in a study and
description of an interface between phases. Exgeriah and numerical analysis dealing with
the mechanical properties at the micro level fav tgoes of energy-efficient fiber composites
with reduced environmental impact has been compildet complexity of the problem of
researching interphase interfaces is given by dloe that the inner surface of the composite
produces a molecular system which is the integfahe contact surfaces of each of the
individual phases present and determines the dexreentact and the forces applied to the
interlayer [1-4]. The interlayer is an expressigsaiated with the phenomena that arise from
the interaction of substances that are on bothssiflehe contact. The actual voltage can be
transferred from phase A to phase B either idebilydirect contact (not directly on the
composite action) or by the C phase interface. iltexface of two C phases is not only the
contact area between them, where cohesion appligsalso near the surface influenced by
the contact of the phases. If they are createdhennterfaces of subphases &d G (which
may be created by additional subphases:f...1n, Co1,211,...20), whose behaviour does not
correspond to component A or B, it can be descrdsed composite effect.

Materialsand Methods

Theory

A damage mechanism of composite with continuousessdiberf, which are wound around
the geometry of the core connected by a matrix emaemplex analytical problem difficult to
describe. This composite has strength (Eq. 1-2) that is done with synergy depending on
the properties of individual components, which fansompact structural system. Scattering
of the strength of the fibers and the influencenutrostructural defects can be roughly
defined by introducing the strength of the fibenbie y; as well as an efficiency coefficient
of matrix w. Properties of the fiber composites also signifibaaffect the fiber orientation
relative to the loading direction. If the angledafflection of the fibers is greater than 10 °, the
strength is reduced. Therefore, the strength ipgrtmnal to the deflection of the fibers. Near
the fibers the strength of the matrix, the adhesibthe matrix to the fibers and interfacial
strength of the interface are crucial parametatgrilacial interface is affected by a transverse

tensile strength (perpendicular to the fiber dimgt which is highly dependent on the
strength of the fibers in contact with the matridahe tensile strength of the matrix. The

structure of the composite can fail in the integfény a shear type of damage — type | or

out-phase damagg! - type Il (Eq. 3). The strength of the composigmisicantly reduces
the presence of poraswhich can be identified in many cases only micopscally (Eq. 4).
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whereV, ,V_ is the volume of the fibers and the matrix, , E, is the elastic modulus of the
fibers and the matrixG, ,G,, is the shear modulus of the fibers and the maixis the
stress in the matrix,y,, is the tensile strength of the fibers in contadhwhe matrix,
a=vll-V,), v is the pore volume in the composite.

Experimental and Numerical Analysis

With the help of new technology [1], four typesgdeig. 1a) of composite structures with
reduced environmental impact were produced. Cortgmsiere reinforced with carbon fibers
that were wound on a PU tubular core. An windinglam was 0 °, 20 °, 45 ° and 60 °.

Mechanical properties of composites through tensié#s were studied. For the study of an
interfacial stress and interface damage was buiharical model using composite Chamis
model [2,3]. Physical parameters of the model atarpTablel.

a) (0°)

Undamaged interfacial structure of
fiber composite

Damage d interfacial structurg

Fig. 2. Experimental analysis of interphase (aboMe)ynerical analysis of interphase (below).

Table 1. Physical parameters of the material inerical simulation.

_ Density Module of elasticity Module of shear Tensile Elongation
Material [kg.m] [GPa] [GPa] strength (%]
' Long. E Trans.E Long.G  Trans. G [GPa]
Fibers of
carbon 1750£150 250 14 23 54 2.3 1.14
Epoxy resin 4 1504370 3.2 3.2 1.24 1.24 0.067 1.1
(matrix)

Core 50+0.36 0.0026 - - - -




Result and Discussion

From tensile tests it was determined that new tgfhe®mposites with reduced environmental
impact have quaziisotropic course of the force-gétion stress-strain dependence. The
orientation of fibers affects not only the connews of fibers and matrix, but also a damage
of resulting delamination of the composite struet(see Fig.3). Experimental and numerical
analysis has shown that the reinforcement oriemtelde direction of the load (angle between
load axis and fiber axis is 0°) the elastic modutus 57,9+7,3MPa. If the angle between
load axis and fiber axis is 20° the elastic modutuspproximately 46,3+5,67 MPa. If the
reinforcement is oriented at larger angles, the utesdreport lower values (for 45° is E =
19,6+2,1 and for 60 ° is E = 11,2+1,9).

The stress in phase C res
between phase A and B

Fig. 3. a) Image analysis of interface, b) studwahknation through the numerical model.
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has an effect on the integrity and the creatiomntdrface and also significantly affects the
size Vs, where the fiber volume increases significantljhwiinding anglex . On the contrary
higher fiber volume does not necessarily mean highrength, because for the tensile stress
has been established that winding angle 20° shbasE about 15 % lower compare to
a = 0°.
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