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Abstract: This paper focuses on possible application of newly developed textile reinforced cement
matrix for strengthening load-bearing structure elements from concrete. One year old concrete beams
100 x 100 x 400 mm made from ordinary concrete C 25/30 have been used for verification of possible
application of this matrix and glass fabric for strengthening. Fine grain concrete with compressive
strength over 100 MPa with maximum grain size 1.2 mm and water-binder ration 0.29 was used.
The aim of performed experimental program is to evaluate the influence of various number of alkali-
resistant (AR) glass fabrics (1, 3, and 5 layers) applied on bending side. The cohesion of concrete
surface layer with the newly applied slim surface of textile reinforced concrete has been approved.
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1 Introduction

Strengthening of existing load-bearing structures is complex system of technological aspects, static and
dynamic analysis, material sciences, historical and structural survey, etc. The incoming characteristics of orig-
inal materials have to be investigated, usually by destructive or non-destructive (e.g. dynamic modulus of
elasticity [1], moisture, etc.) methods. Originally used methods (steel bandage or additional concrete layer)
are replacing by newly developed materials and technologies like CFRP or GFRP fabric in combination with
epoxy paste. Especially the GFRP materials are suitable for various types of structures (concrete, masonry or
timber) [2]. It is always necessary to consider the way and material for strengthening according to type of
acting load. Newly developed ultra-high performance concrete (reinforced by high dosage of steel fibers with
strength over 1500 MPa) is successfully used for reconstruction and strengthening of existing concrete struc-
tures. Work [3] describes practical use of this composite for strengthening reinforced concrete columns over
80 years old.

Significant progress in the field of textile reinforced concrete (TRC) has been achieved last decade. From
the first research works and laboratory applications the current technical and practical applications are per-
formed. The cement matrix, especially in the case of high steel fibers dosage, is characterized by excellent
mechanical properties (strength, modulus of elasticity, fracture energy, etc.) [4,5] and achieve high strength
in very early after production. We can find the application of TRC in the fagade panels, protective slabs [6]
or pre-cast loadbearing elements for architectural remarkable structures production. Progressive utilization of
TRC leads in the strengthening of existing concrete load-bearing elements. Briickner in [7] performed the
first experiments aimed on possible application of TRC (carbon fabric) for strengthening bending reinforced
concrete slabs (T-shape). Experimental and numerical analysis of bending load capacity of reinforced concrete
slabs strengthened with carbon textile performed Schladitz in [8]. Contamine in [9] examined the strengthening
of reinforced concrete girder by TRC (AR-glass textile reinforcement). The behavior of girder is different from
slabs, especially due shearing force near support. The strengthening on bending side resists bending moment
(tensile tension) and the additional strengthening layer on both lateral sides near supports resist shearing force.
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Tab. 1: Composition of used mixtures.

Components C25/30 [kgm™3] CM [kgm—3]

CEM 42.5R 300 680
Microsilica - 129
Silica Powder - 326
Sand 0.1/0.6 - 326
Sand 0.3/0.8 - 340
Sand 0.6/1.2 - 258
Sand 0/4 893 -
Aggregate 4/8 390 -
Aggregate 8/16 800 -
Water 187 238
Plasticizer
SVC - 6.8

2 Experimental Program

One year old beams 100 x 100 x 400 mm made from concrete C25/30 have been used for the experi-
mental program purpose. This concrete beams were stored in ordinary laboratory conditions (relative humidity
50 % and temperature 20 £ 3 °C). Slim layer of fine grain concrete (approximately 5 mm) contained different
amount of AR-glass fabric (1, 3 and 5 layers with dimension 100 x 300 mm) was applied as the strengthening.
Rapid mechanical properties growth is typical for this type of cement matrix and has been investigated in [10].
Used fabric is characterized by 275 g/m? and we can be seen on Fig. 1. Strengthened samples were stored
in laboratory conditions and the testing of final strength took place after 28 days. Three specimens with each
number of textile layers (0, 1, 3 and 5) were produced and tested (totally 12 beams). Tab. 1 shows composition
of used concrete and fine grain concrete.

Fig. 1: Used AR-glass textile.

2.1 Strengthening Process

Firstly the surface of concrete beams were roughened by steel brush and pre-wetted by spraying to ensure
the cohesion of old and newly applied layers. First layer of glass fabric with dimension 300 x 100 mm was
impressed into 2 mm of cement matrix. Onto glass fabric slim layer of cement matrix was applied and into
it the other glass fabric reinforcement. The last layer is always cement matrix. Slim layer of cement ma-
trix and basalt fabric was applied on lateral sides of specimens. The process of strengthening can be seen on
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Tab. 2: Compressive strength of used concrete and cement matrix (CM) for strengthening.

Compressive strength f. [MPa] in various ages

lday 2days 7days 14days 28days Atstrengthening At testing
C 25/30 11.5 19.8 28.6 36.7 39.9 43.1 43.4
CM 23.5 61.2 77.1 95.0 101.2 - 102.4

Tab. 3: Measured and calculated data from destructive testing of strengthened samples.

Number of textile Thickness Maximum force  Tensile strength during failure
layers [mm)] [kN] [MPa]
Non-strengthened 0 17.1 5.1
1 4.0 27.5 7.9
3 5.6 53.2 15.2
5 6.2 66.0 18.7

Fig. 2. The concrete beam with slim layer of textile reinforced concrete was wrapped into non-breathable foil
for 48 hours. Storage took place in laboratory conditions till the age 28 days, where the destructive bending
tests were performed. Compressive strength of used cement mixture and ordinary concrete in various ages
are shown in Tab. 1 (especially strength during strengthening process and during bending test of strengthened
specimens). Compressive strength of ordinary concrete was measured on standard cube specimens with di-
mension 150 x 150 x 150 mm on EBD400 device. The compressive strength of cement matrix (CM) for
textile reinforced concrete production was examined by INOVA device and the measurement took place on
cube specimens with dimension 100 x 100 x 100 mm.

2.2 Testing of Mechanical Properties

The test was arrangement as four-points bending test with clear span of supports 300 mm. Measurement
system DEWE-30-16 received signal from DTA 10 inductive displacement transducer and force sensor PS200.
The displacement transducer was placed directly on special facility fixed on testing sample. This arrangement
eliminates pushing support and only deflection of testing beam is measured. The test was controlled by increase
of deformation with loading speed 1.0 mm/min by loading system from INOVA.

3 Results

Tab. 2 summarizes measured and calculated data from performed experimental testing of strengthened
concrete beams with dimension 100 x 100 x 400 mm. Thickness of strengthened layers grows with increasing
number of used textiles and is shown in third column of Tab. 2. The values of strengthened layers thickness
was measured on fragments after bending test in the middle span on cross-section made by chop saw. The
maximum force grows with number of used textile layers but it is limited by shearing load capacity.

4 Conclusion

Performed experimental program confirmed the suitability of newly developed textile reinforced concrete
for strengthening existing bending concrete structures. The transport zone between surface layer of old ordi-
nary concrete and newly applied slim layer of cement matrix reinforce by alkali resistant glass textile showed
excellent properties during bending test. This is the basic premises for successful application of this cement
composite for strengthening bending load-bearing elements in general. Application of one or three layers of
textile fabric resulted into bending breakdown of specimens, while application of five layers on ordinary con-
crete beam (without steel reinforcement) resulted into different failure mode due the shearing force (see Fig. 3).
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Fig. 2: Strengthening process.

Fig. 3: Crack due action of shearing force.

We can observe share cracks (angle 45 degrees) formed near support. The formation of shearing breakdown
is given by absence of shearing steel reinforcement in tested specimen. If the samples had shearing steel rein-
forcement (which is typical for real structures) the bending capacity of strengthened concrete element will be
higher and the applicability of used textile fabric will be on maximum level. The maximum effectiveness is
achieved in the case of strengthening bending reinforced concrete elements (slabs or beams).

Strengthening of existing concrete structure by slim layer of textile reinforced concrete has great potential
for real application in practice. Future research will focused on large-scale experiments, where reinforced
concrete beams with length 1500 mm will be strengthening.
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