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Abstract: This paper falls within the scope of current concerns for scientific and
technical research, relating to technical structures made of composite materials,
recognized for their mechanical, thermal and chemical or erosive resistance
characteristics. In this case, the study is characterized by the analysis of the bearing
capacity of some composites: a) with fibers applied along them, b) in a certain direction,
c) in a direction perpendicular to the fibers, d) the stability of the structure along the
fibers, €) in a direction perpendicular to the fibers or f) combined stress.
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1. INTRODUCTION

The permanent development of the human civilization, both numerically and in the preferences of life, has
continuously required the finding of new consumer goods with an increasing degree of complexity. This cannot
be achieved without the construction of high-performance industrial equipment in terms of processing the
necessary substances, in quite difficult conditions in terms of chemical, mechanical and thermal attack, single or
combined. This state has forced researchers in the field of the chemical technological processes, but also in the
construction of specific mechanical equipment and manufacturing technologies, to find optimal technical solutions
from an economic and technical point of view. Classical, natural materials, limited in quantity, or for the
manufacture of which high energy consumption is required, are increasingly being replaced by composite
materials. Thus, these materials were called "composite materials", "materials of the future"”, "materials of the
second generation”, respectively "materials of the third generation”. It should be noted that such materials have
a structure in which the components retain their identities, even after the formation process.

The specialized literature has paid great attention to the composition and the calculation necessary for the design
of mechanical structures from such materials [1-22]. The existence on the market of an increasing number of
composite structures implies the difficulty of choosing the optimal combination to obtain a suitable laminate that
satisfies the desired requirements, both technical and economic. Currently, the industry is occupied by the
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"syndrome of minimization" of the masses of the mechanical structures [21], with chain reactions at all the stages
of the design, the manufacture and the use of the products, to achieve lighter finished components, lower fuel and
energy consumption, payload or greater autonomy (in transport, for example), longer service life, combined with
lower production and operating costs, reduced pollution of the external environment. One of the most advantageous
characteristics of a composite material is the flexibility / the adaptability in design, which allows the engineer to
model it in structural and architectural form, obtaining the best performance. In general, the composite structures
are usually manufactured by arranging the reinforcing fibers by default. The individual layers are arranged in such
a way that the reinforcing fibers, existing in the matrix, are either parallel or cross-linked, or in the form of texture,
with equal arrangement for warp and weft (these ensuring the strength and the rigidity of the structure). Chopped
fiber structures are not neglected, anyway arranged, in the mass of the matrix (with the help of a special pistol).

This state engages increasing investments for theoretical and experimental research, with high-performance
equipment. The activities carried out over time have brought very important results to achieve the desired
performance of the achieved structures [23-37]. The physical-elastic and mechanical characteristics of the
composite material can be estimated starting from the individual characteristics of each of the constituents (the
mixing rule [9]). The values of these characteristics, for a given structure, are determined by tests on test tubes
(with well-specified geometry) cut from the same structure, subjected to simple stresses [24].

The composite materials have found use in the field of the car constructions, the aerospace constructions, the sports
boats, the under pressure equipment, the sound and thermal isolation, the impure water treatment etc. [38-57]. For
performance in the mentioned fields, a careful analysis of the intimate behavior between the matrix and the
reinforcing material, simple or texture longitudinal fibers, respectively individual particles or chopped is required.
A study in this regard refers to the situation in which the matrix has longer lengths than the fibers, but also the
state when the matrix material has maximum lengths, lower than those of the fibers - this paper.

This paper, taking into account the behavior of the link between the composite matrix and the reinforcing elements,
presents some opinions of the researchers on the bearing capacity of the composite structures reinforced with long
fibers.

2. MATRICES OF MATERIALS WITH MAXIMUM LENGTH STRENGTHS, LESS THAN THOSE OF
FIBERS (POLYMERIC OR METAL MATRICES)

The same elastic deformation is considered for both components of the composite (assuming excellent contact
between the matrix material and the fibers).

This category includes the refractory composites whose destruction is influenced by the elongation of the matrix
material. For a perfect contact between fibers and matrix, the [58, 59] equality can be used:

(Gfm)M:Ef'(gtm)M’ (1)

in which (o}, the allowable tensile strength of the fibers, (&, ), - the maximum specific deformation of
the matrix material , E | - the modulus of longitudinal elasticity of the fiber material are found (evaluated on the
basis of the mixture theory [6, 21, 58]).

The paper [45, chap. 15], referring to reinforced concrete structures with steel wires, indicates the following
relationship for the evaluation of breaking strength:

Jcr:A-O'm-(l—pvf)+B-0'f-(|f/df), )

which can be used for the comparison with the minimum strength (o-c r) when the cement deterioration

m !

begins:

(O-cr)m:A'Gmr'(l_pvf)+B'Gf'(|f/df)' 3)
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respectively the maximum strength ( ., ) u » In which case all the metal fires in the contents break:

(O-cr)M:A'Umr'(l_pvf)+B'Gfr'(|f/df)' (4)

In the equalities (2) - (4) the notations are used: A, B — the experimentally established constants; o ,,, 6, —
the resistance of the cement, respectively the breaking value; o, o, — the current resistance and breaking
resistance of fibers; | ,, d ; — the length and the diameter of the fibers/steel fibers; p . — the percentage
occupied by fibers in the composite structure.

From the analysis of the previous expressions it is found that the best composite is the one with fibers whose
longitudinal modulus of elasticity has the highest value.

The [60] paper draws attention to a very important characteristic of a fiberglass composite for reinforcement,
namely that of the uniformity/the non-uniformity of the mixture. For such a structure, the o, , breaking strength

of the composite, for a portion of the composite, can be evaluated with [60] the relation:
ol =0 agp, i+ P.(El/E()] ©)

where p . — the percentage occupied by the matrix material in the mass of the composite; « , €[ 0,1 |- the
coefficient of participation of the glass fibers.

The degree of uniformity/non-uniformity of the distribution of the fibers on a certain length of the composite can
be established with the expression:

Cn:(O'Zr/o'f)'[Ef/(ad'pvf'Ef+pvm'Em):|’ (6)

or in another form:

c - [ad'pvf'(me +0’5)+015]'[1+7fm'pvf'(ad + f _ad'ﬂl)] @
’ (ad'7fm‘pvf+1)'(7fm'pvf+1) |

in which y ;- the parameter dependent of the values of the longitudinal elastic modulus of the fibers and the
matrix, according to the analysis length, respectively:

ﬁlzl/lo;yfm:(ET/Em)_j" (8)

where | - the length cut from the |, total length of the analyzed composite.

3. MAXIMUM SOLICITATION ALLOWED TO STRETCH IN ANY DIRECTION RELATED TO THE
ORIENTATION OF THE LONG FIBERS

The (af)x m a x Dreaking resistance, for a @ certain direction, related to the orientation of the fibers, can be
evaluated with the relation [9, 16, 61, 62]:
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CHRE e ,
(c0s ) + (sin) +(cos@)%(sin)”- 21 + 12
(Gc)xmax (O-c)ymax TtR (Gc)xmax

©)

where (0. ), naxs (0¢)y max - the maximum normal stressesalong the x and y axes; x,y - the direction

of the fibers, respectively the direction perpendicular to the fibers; 7 . , — the breaking stress by shearing in the
plane of the fibers.

4. MAXIMUM SOLICITATION FOR STRENGTH ON A PERPENDICULAR DIRECTION ON FIBERS

The ( ot ) . w €lasticity limit stress of the composite, the fibers and the matrix having a linear behavior, can be
established with equality [1, 6, 12]:

(o) cu = (UnJef[(Ec)tr/Em](l—%ﬁ;::), (10)

where (E ), - the transverse / normal elasticity limit on the fiber length; ( O ) e - the limit stress of elasticity

of the matrix material.

The ( £, )t . - the specific linear deformation of the composite in a direction perpendicular to the direction of the
fibers, can be calculated by the formula [6, 43]:

() =ew(1-8p7 ), (11)

where ¢ ., - the specific linear deformation of the matrix material.

The [21, 29] papers present the following calculation relation for the mentioned request case:

(Uc)tr=|:1_(\/p7vf_pvf)'(l_Em/EZ):|'6mt7 (12)

where E , - the modulus of longitudinal elasticity of the composite in the transverse direction on the fibers; o,
- the stress limit of elasticity of the matrix material at the tensile load.

5. STABILITY OF COMPOSITE TO COMPRESSION THROUGH FIBERS

Upon compression application of the composite, the constituent fibers may buckling [63], after one or the other of
the two representative modes (Figure 1). Some fibers have very little resistance to such solicitation (example is
given by the kevlar fibers).

The first buckling mode (Figure 1) can occur for a reinforcement volumetric percentage less than 30 %, in which
case the matrix resist at the stretching - compression solicitation. In the second buckling mode the matrix has a
higher volumetric reinforcement percentage, in which case it resists shear [1, 6, 16]. The justification, for each
structure, is given by the experimental results undertaken [6, 9].
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Fig. 1. Ways of buckling the long fibers of the composite [1, 6, 17].

When the compressive solicitation of a composite reinforced with long fibers, the evaluation of the elastic limit
stress ( o, ) e' , for them can be calculated with the expression (Figure 1 - deformation modulus 1) [17, 23, 29, 63,

64]:

(O-C)efl:1'155'pvf.\/pvf'Ef.Em/(l_pvf)’ (13)

attributed to Rosen W. B. [23, 64] and, independently, to Scheuerch H. [23].

Taking into account the influence of the matrix material, too, we can write:

(Uc);l :11155'[ Pve + (1_ pvf)'( Em/E f)]'\/pvf'E f'Em/(l_ pvf) - (14

For the deformation 2 modulus - Figure 1, the papers [17, 23] proposes the expression:
(0)h=G./(1-p.) (15)

in which the modulus of transverse elasticity (shear) of the matrix material intervenes:
G,=05E,/(1+v,), (16)

where it is present v - the coefficient of transverse contraction of the matrix material.

The [1, 12, 23] papers, taking into account the values of the volumetric percentage of the fibers in the composition
of the composite, indicate the relations:

(O-C)el = 07917'pvf'\/pvf'Ef'Em/(l_ pvf) ! for pvf <O’1' (17)

(0c)e =0,63G,(1-p,), for p, )01, (18)

where G, —the modulus of transverse elasticity, relative to the axis system X, y.

The experimental results are very close to those deduced from the above relationships, except for glass fiber
reinforced composites [1].

The [43, 56] papers indicate the following equality for the assessment of the elasticity limit stress of the fibers
composite:

(Jc)elzmin(afmlio_fmz)’ (19)
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where:

o =2 P, +(1- pvf)-(Em/Ef)]\/pvf-Em-Ef/[&(l— p.e)]. (20)

o ¢ m , fespecting the (15) form.

The difference between the (15) and (18) expressions is noticeable, by the presence of the coefficient equal to
0,6 3; it drawing attention to the fibers content.

6. LIMIT OF ELASTICITY TO COMPRESSION IN THE PERPENDICULAR DIRECTION ON THAT
OF THE FIBERS

The [29, 65] papers give the following calculation relation of the transverse compression stress for the
unidirectional fiber-reinforced composite:

(0)eon = 1= (YPur = Pui)(1-E,/Ey) |0y 21)

Similar to the previous relation, the [21, 29, 61] expression can be used for shear stress:

Tgom:[l_(\/pvf _pvf)'(l_Em/Ez)]Tmc’ (22)

in which they are present 7¢°™, 7 . — the shear stresses for composite and the matrix material.

The [6] paper presents the following equality for the evaluation of the shear stress in the plane 1 - 2, limit,
considering the shear stress of the fibers and of the matrix, respectively the volumetric percentages contained of
the composite:

(TlZ)Iim:Tf'pvf T T Pum- (23)

7. RESISTANCE OF THE COMPOSITE TO TRANSVERSE STRETCHING, CROSS COMPRESSION
AND FIBERS SHEAR

For such demands, the stresses induced in matrix and in fibers are equivalent [6] - with the observation that the
manufacturing technology strictly respects the imposed requirements [n.a.]. It is obvious that the properties of the
fiber-reinforced composite, under the action of such stresses, depend on the limit values, on the mechanical
strength, of the matrix material. It should not be overlooked that at the cross-sectional stretching of the fibers, the
allowable stresses are higher than those corresponding to the matrix material [6].

8. CONCLUSIONS

In the content of this paper there are some expressions for assessing the bearing capacity of the long fibers-
reinforced composites. In this context, the cases in which the following are present are discussed:

- The fibers reinforcement, in which case the matrix material has maximum lengths lower than those of the fibers.
- The composite is applied to stretch in a certain direction in relation to the direction of the long fibers.

- The tensile stress of the composite, in a direction perpendicular to that of the fibers.

- The study of the stability of the composite form along the fibers.

- The limit of elasticity when compressing the composite in a direction perpendicular to that of the fibers.

- The resistance of the composite to transverse stretching or transverse compression and to the shearing of the
fibers.
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An adequate attention will be paid, in a subsequent paper, to the composites reinforced with chopped fibers or
particles, in which case the results provided for estimating the bearing capacity of such materials will be specified.
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