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The structure and properties of reinforcement made of composite material is analyzed.
The structure and elemental composition of the studied material was examined by the
optical and electron microscopy. It has been established that the basis of the studied
reinforcement is a composition consisting of CaCOs and SiO2. The elemental composition
of reinforcing fibers includes SiOz, Al20s, CaSiOs and pure Si. The presence of cracks in
the fiberglass composite was also found. The strength of reinforcement under static
tension has been studied. A quantitative assessment of the structure of the studied
composite material has been carried out. Based on the results of the analysis, it was found
that the distribution of fibers along the Feret diameter is uniform. The causes of premature
destruction of composite reinforcement are established and recommendations are given
for changing the reinforcement mechanism to improve operational properties.
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Introduction. Composite materials with fibrous fillers according to the
mechanism of reinforcing action are divided into discrete, in which the ratio of
fiber length to diameter is relatively small, and with continuous fiber. Discrete
fibers are placed randomly in the matrix. Fiber diameter from particles to
hundreds of micrometers. The greater the ratio of length to diameter of the fiber,
the higher the degree of strengthening.

The use of composite materials for the manufacture of reinforcing
building materials effectively increases the specific strength of structures. But
there are a number of disadvantages of composite reinforcement due to the
extensive anisotropy of properties.

Materials and method of investigation. The microstructure of the
composite reinforcement was studied on transverse and longitudinal sections
using metallographic analysis (MICROTECH MMT-14Ts) and electron
microscopy (Zeiss EVO-40XVP). Quantitative analysis of the microstructure
was carried out on the software product ImageJ. Elemental analysis was carried
out by electron microscopy using an INCA Energy 350 energy dispersive X-ray
spectrometer. Mechanical characteristics were determined by static tensile
testing on a UIT STM 050 universal tensile testing machine.

Results and discussion. The distribution of structural components in the
investigated composite material is somewhat uneven. There are places of
depletion of reinforcing elements, and in some places, on the contrary, their
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accumulation is observed. This may be due to non-compliance with the modes of
production of reinforcement. By means of electron microscopy, it has been found
that the fibers are preferably spherical in cross section (Fig. 1, a). When
machining to produce a microsection, the surface of the fiber is damaged.
Cracking, chipping and delamination are visible.

The study of the microstructure of the longitudinal section showed that
the reinforcing elements of the studied material are fibers. They are discrete and
located in parallel at a distance of 23-28 pm from each other (Fig. 1, b).

s/ b, 2 (& 7 R eI IE Y A o —
. ; ot e e STt v ey o 8
TV ! J ¥ox ~ > A -
ol & N T e s i A WATINEN R
. ] & x -— 3 et . ¥
\ ¥ A 7. ".// : Al e g L e
P iy ) e e < T TR AR G A m ST RIS
o e - . A~ -3 T .
X 4 " o o R . witpRi ol
. W 7 A Pvs = e
A 7 > & R T S U e S L S i e
P ) 2 ey ‘ s el ]
A » ¥ A . -ll M*
S B £ Tk
y \ < Pty ~ 4 ;: G
- P ' p 3 R 3
\i» X ,:_.,; o ahd & TSN
oy PR o S < 2
oy 3% g i 2
AR R Y S et s i
O (BTN SowAscZ850 Ose 1003
s WD=105mm  PremNo = 7056 Time #1822
K VL TR Nl Y i A ko]
a b

Fig.1. Microstructure of composite reinforcement:
a — transverse microstructure; b — longitudinal microstructure.

According to the results of dispersed X-ray spectrometry, it was found
that the basis of the studied reinforcement is a composition consisting of CaCO3
and SiO,. The elemental composition of reinforcing fibers includes SiO2, Al,QOs,
CaSiOs and pure Si.

According to the results of computer processing of images of the
microstructure in the ImageJ software complex, it was established that the
distribution of fibers in terms of the Fere diameter is uniform. The cross-
sectional diameter of the investigated fibers ranges from 1 to 8 pm, the
predominant share belongs to fibers with a diameter of 3 um.

During static stretching, the sample before cracking withstood a load of
6200 N. The tensile strength could not be established because cracking took
place by a shear mechanism parallel to the reinforcing fibers in the places of
fasteners.

Conclusions. A sample of composite reinforcement with unidirectional
discrete fibers has a significant level of structure and property anisotropy. To
improve the strength characteristics, it is recommended to reinforce the
composite with discrete fibers in two or more directions.
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