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EXPERIMENTAL STUDIES OF SAMPLES FROM BRICKWORK
REINFORCED WITH CARBON FIBER-BASED COMPOSITE MATERIALS
ON THE EFFECT OF STATIC LOAD
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Annotation. The results of experimental studies of the effect of reinforcement of masonry
samples with composite materials based on carbon fibers on the load-bearing capacity and
deformability under the action of static load are presented. The mechanism of operation of reinforced
samples and the effect of reinforcement on the change in the load-bearing capacity of masonry are
determined. The analysis of the influence of the number of layers of composite material on the
increase in load-bearing capacity is carried out. The dependences of determining the increase in the
load-bearing capacity of reinforced masonry samples are presented.

Keywords: Carbon fiber, composite material, reinforcement with composite materials, masonry
samples, carbon tape, carbon fabric, carbon mesh, external reinforcement, load-bearing capacity.

The purpose of this work is to conduct experimental and theoretical studies of masonry
samples reinforced with carbon fiber-based composite materials under the action of static
loads.

To achieve this goal, the following main tasks were solved:

-experimental studies of the physical and mechanical characteristics of the materials
used in the manufacture of stone samples were carried out;

- the load-bearing capacity of masonry under different dressing systems is compared;

- an analysis of the effect on the load-bearing capacity of the adhesive between the
reinforcement element and the surface of the masonry samples was carried out;

- a study of the load-bearing capacity of stone samples reinforced with carbon tapes and
fabrics, quadroaxial fabrics and carbon meshes on the repair composition was carried out;

- the influence of the number of reinforcement layers on the load-bearing capacity of
stone samples was evaluated;

- the existing dependence on the determination of the load-bearing capacity of masonry
reinforced with composite materials based on carbon fiber was checked,;

- a comparative analysis of the results obtained with the results of previously performed
studies was carried out [1].

For experimental and theoretical studies, samples of masonry with dimensions of
1060x1060x250 mm were made. All samples were made of solid masonry with a chain
dressing system, except for 2 samples, which were made with a five-row dressing system. At
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the same time, all seams, both horizontal and vertical, were completely filled with the
solution. For masonry, a full-bodied brick of the M125 was used. As a masonry mortar, a
ready - made dry mix was used- a cement-sand mortar of the M150.

The method of experimental studies is chosen by analogy with the work [1,5,6,7] where
a static load was created in the power frame using a hand pump NRG-7020 and a hydraulic
jack DG-50P150. The power frame was a metal box-shaped frame structure made of welded
channels No. 16. The height of the structure is 4.10 m, width-1.20 m. The load was perceived
by 4 threaded studs M36 * 2000, passed through pipes with a wall thickness of 10 mm. The
pipes are welded to the power frame and the distribution beam with the help of shapes. The
distribution beam was fixed with DIN934 galvanized M36 nuts (Fig. 1).
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Fig. 1. General view of the experimental sample and the power frame. Sample loading
scheme

For the tests, samples were made from masonry of 8 series, 4 pieces for the reference
series and 3 pieces for the reinforced series. Carbon tapes, fabrics, and meshes were applied
to the masonry surface using the technology described in [2,3,4]. The total number of
experimental samples of masonry is 25 pieces.:

ME series-reference samples without reinforcement in the amount of 4 pieces; 2 samples
are made with a chain dressing system, 2 samples from masonry with a multi-row dressing
system;

MR-2 series-samples reinforced with carbon unidirectional tape FibARM Tape 230/300
with a width of 300 mm, glued in the middle of the sample on one side in three layers using
a two-component epoxy binder FIbARM Resin 230+;



MR-3 series-samples reinforced with carbon unidirectional tape FIbARM Tape 530/300
with a width of 300 mm, glued in the middle part of the sample, on both sides in two layers
using a two-component epoxy binder FIbARM Resin 530+;

MR-4 series-samples reinforced in height with three carbon unidirectional tapes
FibARM Tape 230/300 with a width of 300 mm, glued on one side in three layers using a
two-component epoxy binder FibARM Resin 230+. The distance between the belts is 270 —
300 mm.;

MR-5 series-samples reinforced on one side with FibARM Grid 600/1000 carbon mesh
with impregnation, 1000 mm wide on the FIbARM Repair FS repair compound;

MR-6 series-samples reinforced with a 1000 mm wide quadroaxial fabric glued on one
side with a two-component epoxy binder FIbARM Resin 530+;

MR-7 series-samples reinforced on both sides with FibARM Tape 450/600 carbon fabric
with a width of 1000 mm, glued with a two-component epoxy binder FibARM Resin 530+
with four carbon fiber Anchor bundles with a length of 560 mm, installed along the diagonals;

MR-8 series-samples reinforced on both sides with a quadroaxial fabric 2000 mm wide,
glued with a two-component epoxy binder FIbARM Resin 530+ with four carbon fiber
Anchor bundles 560 mm long, installed along the diagonals.

Experimental studies were carried out as a continuation of previously performed work
[1]. In this regard, to analyze the effect of reinforcement with a carbon fiber-based composite
material on the load-bearing capacity of masonry, the results of these and previous tests were
used. The test methods in both studies were completely similar. The differences were only in
the number of reinforcement layers, the reinforcement material, and the way the carbon fiber
was applied to the masonry.

During the tests, the load on the samples was applied in stages of 10% of the destructive
load at the initial stage of loading and 5% at the stage close to destruction. The force was
maintained at each stage for 2 minutes, followed by fixing the deformations.

The analysis of the results of the conducted and previously performed tests was carried
out by the value of the shear force Q, defined as the projection of the destructive vertical load
on the face of the sample.

The destruction of the samples of the ME series occurred brittle, along the bandaged
section of the masonry along the compressed diagonal with the formation of a single crack,
i.e., when the masonry reached the limit values for the main tensile stresses.

Analysis of the test results showed that the load-bearing capacity of masonry, when
reinforced with carbon fiber, increases from 14.1% to 73.2%. When using the conversion
factor for the work [1], the increase in the load-bearing capacity for reinforced samples was
from 27.2% to 70.4%



As a result of the experiment, it was revealed that the destruction of all reinforced
samples occurred similarly to the reference samples brittle, almost instantly after reaching the
maximum load.

To determine the theoretical value of the load-bearing capacity of samples reinforced
with a composite material based on carbon fiber, it is proposed to use the physical
characteristic k, which takes into account the strength characteristics of the carbon fiber, the
reinforcement area relative to the total surface area of the structure, the width, thickness and
number of layers:

Ag; ) .
k = - brip * 81 * Rpip - m, [dimensionless value], (1)

where:A4,, — application area (reinforcement) of composite material, m?;
A, — surface area of masonry, m?;
bg;, — the width of the carbon fiber in the calculated section of the masonry, m;

8¢ip — single layer tape thickness, m;
R¢;, —average value of the carbon fiber tensile strength, Pa;

n — number of carbon fiber layers.

According to the test results [8], graphical dependences of the change in the strength of
masonry on the values of the physical characteristic k were constructed (Fig. 5). It was found
that the different value of the increase in the load-bearing capacity is primarily due to
differences in the technology of bonding composite fiber. The FibARM Repair FS repair
compound was used as the leveling compound for these tests [2], while the leveling layer

between the masonry and the composite material was not used in the work [1].
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Fig. 5. Dependence of the relative load-bearing capacity on the physical
characteristick:1- for testing purposes [1]; 2- for samples of the MR-2 - MR-4 and MR-6 -
MR-8 series; 3- for samples of the MR -5.
The comparison of the test results with the proposed dependencies ranges from 10% to
40% in the direction of the load-bearing capacity margin.



Conclusions:

1. Reference samples made of solid masonry with a chain dressing system and samples
made of masonry with a multi-row dressing system collapsed under almost the same load;

2. The use of the external reinforcement system based on carbon fiber "FibARM" to
strengthen the masonry leads to an increase in the load-bearing capacity from 14% to 73%;

3. With the technology of applying the adhesive (binder) directly to the masonry, the
adhesion of the composite material to the surface of the masonry is higher than with the
technology using the levelling compound FibARM Repair FS. At the same time, the load-
bearing capacity of the reinforced samples increases to 20%;

4 In the case of using 2 or 3 layers of composite material for strengthening masonry, it
is proposed to introduce correction factors for the number of layers equal to 0.2 and 0.1,
respectively, when determining the physical characteristic k;

5. The proposed analytical dependences for determining the shear force Q, taking into
account the physical characteristic k, which takes into account the strength characteristics of
carbon fiber, the reinforcement area, relative to the total surface area of the structure, the
width, thickness and number of layers, with sufficient accuracy for practical calculations,
allow us to determine the increase in the load-bearing capacity of masonry due to the use of
an external reinforcement system based on carbon fiber.
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