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Abstract. The article presents the results of experimental studies on the load-bearing capacity
of concrete specimens reinforced with a fiberglass shell under axial loading. Cylindrical concrete
specimens were reinforced with strip fiberglass reinforcement (SFRP) using a developed winding
technology and layer-by-layer bonding with a polymer binder.

The main focus is on studying the influence of lateral pressure, created by the fiberglass shell,
on the strength and deformation characteristics of concrete. The experiments demonstrated that the
use of a fiberglass shell significantly increases the failure load. For concrete of class C16/20, the
failure load increased from 100 kN (without the shell) to 980 kN (with a 4 mm thick shell), which is
9.8 times higher. A similar increase in strength was observed for concretes of other classes (C25/30,
C32/40, C50), with the failure load for C50 concrete increasing by a factor of 5.2.

It has been established that the intensity of strength gain depends on the concrete class;
however, at high levels of lateral pressure (above 80 MPa), the strengthening coefficient (o) becomes
nearly identical for all concrete classes (o = 1.85). This indicates the similarity of concrete behavior
in a fiberglass jacket to its behavior in steel jackets, with the added advantage of fiberglass’s high
corrosion resistance.

The deformation characteristics of the specimens were also studied. It was shown that the
fiberglass jacket not only enhances strength but also improves the deformation properties of concrete,
making it more resistant to longitudinal and transverse deformations.

The obtained results confirm that glass fiber-reinforced concrete can be considered a promising
structural material for the construction of highly loaded structures. The developed technology for
strengthening concrete with a fiberglass jacket opens new possibilities for creating lightweight,
durable, and long-lasting structures with low metal consumption and high corrosion resistance.

Keywords: fiberglass jacket, concrete specimens, load-bearing capacity, lateral pressure,
deformation characteristics, strengthening coefficient, corrosion resistance.

Introduction. The relevance of research on strengthening concrete structures with fiberglass
jackets is driven by the need for modern, lightweight, strong, and durable materials capable of
withstanding high loads and operating in extreme conditions. The advancement of technologies and
the implementation of composite materials open new opportunities for creating innovative and
reliable structures.

The behavior of fiberglass in concrete structures requires detailed study. Experimental data on
the influence of fiberglass jackets on the load-bearing capacity and deformation characteristics of
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concrete will help develop recommendations for design and construction.

Analysis of Recent Research and Publications. The works of Miiller H.S. and Haist M. [1-2]
are dedicated to studying the behavior of concrete under triaxial compression using composite
materials. The researchers confirmed that fiberglass jackets significantly enhance the strength of
concrete, especially under high levels of lateral pressure.

Schmidt-Dohl F. and Rostasy F.S. [3] investigated the durability of concrete structures
strengthened with composites in aggressive environments. Their results demonstrated that fiberglass
provides high corrosion resistance, which is particularly important for bridges and coastal structures.

Teng J.G. and Chen J.F. [4] developed a methodology for calculating the strength of concrete
columns confined with composite jackets, considering different types of loads.

Fukuyama H. and Matsuzaki Y. [5] designed new types of fiberglass jackets with improved
mechanical properties, allowing an increase in concrete strength by 50-70%.

The studies conducted by Shui Liu and Xin Wang [6] describe the behavior of concrete columns
with combined reinforcement.

The research by Ruitian Xu [7] and Duc Q. Tran, S.M.ASCE [8] demonstrates that the use of
CFRP-PVC tubes and steel elements significantly improves the mechanical properties of columns,
including their load-bearing capacity and deformation resistance. The advantages of such a design,
including lightweight properties, corrosion resistance, and high strength, are also highlighted.

The studies by Chen Chen and Hai Fang [9] show that the use of spiral FRP mesh ties
significantly enhances the mechanical properties of concrete columns, including their strength and
ductility. The advantages of FRP materials, such as high strength, corrosion resistance, and
lightweight properties, are discussed, making them an attractive option for construction applications.

The research conducted by Mostafa Habibpour [10] demonstrates that an increase in the number
of FRP layers and their elongation degree significantly improves the mechanical properties of
columns, including their strength and deformation resistance. The benefits of using FRP materials for
reinforcing reinforced concrete columns, such as high strength, corrosion resistance, and lightweight
properties, are also discussed.

The works [11, 12] indicate that hybrid reinforcement (steel-GFRP) combines the advantages
of both steel and GFRP reinforcement, providing high strength, ductility, and corrosion resistance.
Columns reinforced solely with GFRP exhibit high corrosion resistance but may have limited
ductility. Traditional steel-reinforced columns demonstrate high strength and ductility but are
susceptible to corrosion.

The conducted review and analysis of both domestic [14, 15] and foreign [1-13] scientific
publications have shown that the crack formation process in solid bodies can be controlled. The
physical laws governing crack propagation suggest that it is possible to slow down and even stop a
rapidly growing crack. The process of crack deceleration should be associated with the energy
consumption of fracture. It is known that at low crack propagation speeds, the energy required for
plastic deformation at the crack tip is significantly high, while as the speed increases, this energy
decreases in inverse proportion to the square of the speed. This makes it possible to control the crack
development process. If the crack is slowed down, the forces required for its further propagation
increase, and additional energy is needed to accelerate it to the level required for the relaxation of the
elastic impulse. If plasticity reaches a certain threshold level, which depends on stress and crack
length, fracture ceases.

Overall, the properties of concrete with indirect reinforcement in the form of spirals or solid
steel jackets have been significantly studied. However, the mechanism of concrete failure under
triaxial compression has not been fully explored. Therefore, the task of determining the load-bearing
capacity of a concrete core reinforced with a spiral or a solid steel jacket remains relevant. Solving
this problem should contribute to the development of new structural solutions, particularly fiberglass
columns.

Purpose of the study. To study the effect of a fiberglass jacket on the load-bearing capacity
and deformation characteristics of concrete specimens under axial loading, as well as to assess the
effectiveness of using fiberglass strip reinforcement (FSR) for strengthening concrete structures.
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The tasks of the research:

To conduct tests on concrete specimens reinforced with a fiberglass jacket to determine their
load-bearing capacity under axial load.

To investigate the relationship between the ultimate load and the intensity of lateral pressure
created by the fiberglass jacket.

To compare the strength of concrete specimens of different strength classes (C16/20, C25/30,
C32/40, C50) with and without a fiberglass jacket.

To analyze longitudinal and transverse deformations of the specimens depending on the
magnitude of axial stress and lateral pressure.

To determine the dependence of the reinforcement coefficient (o) on the concrete class and the
jacket thickness.

Materials and Research Methods. A column design was proposed, consisting of a concrete
core and a pre-stressed fiberglass jacket. This column design is characterized by its relatively low
weight, low metal consumption, and high corrosion resistance.

The column is a concrete cylinder, around which fiberglass strip reinforcement (FSR) is wound
using the spiral-cross winding method at a specific angle. The winding process follows the previously
described technology, ensuring optimal structural performance.

To determine the load-bearing capacity of concrete specimens encased in a fiberglass jacket
under axial compressive loading, experimental studies were conducted. The reinforcement of
concrete cylinder specimens was carried out by wrapping them with fiberglass strip reinforcement
(FSR) on specially designed winding machines, with each layer bonded using a polymer adhesive
(ED-20 resin).

A total of 10 test series were conducted, in which the concrete class (ranging from C16/20 to
C50) and the thickness of the fiberglass jacket (reinforcement percentage) were varied u= AS%T | A-

100%) &, = 1,0; 2,0; 3,0; 4,0 mm, diameters of concrete cores D=80; 120 mm, length of samples

1=130; 400; 1200 mm.

Application of Axial Compressive Load and Experimental Procedure. The axial compressive
load was applied stepwise using a hydraulic press P-125. Most specimens were tested until failure.
Longitudinal and transverse deformations were measured using dial indicators and resistance strain
gauges. The failure of short elements encased in a fiberglass jacket was primarily caused by the
rupture of the fiberglass in the circumferential direction.

Experiments aimed at determining the effect of the fiberglass jacket thickness on the failure
load of concrete cylinders were conducted using specimens with a diameter of 60 mm and heights of
400 mm and 130 mm. These specimens were wrapped with fiberglass strip reinforcement with a
tensile strength of 800 MPa. A total of 60 specimens were manufactured using four different concrete
classes: C16/20, C25/30, C32/40, and C50.

The specimens were cast in vertical metal formwork, and the concrete mix was prepared using
cement grade 500. To facilitate fixation in the winding machine, a 2 cm diameter central channel was
incorporated into the specimens. After winding the fiberglass reinforcement, these internal channels
were filled with mortar of the same composition.

The loading process was conducted in 50 N increments, and at each loading stage, boundary
and transverse deformations of the specimen were measured.

The stress-strain state of the concrete core confined in a continuous fiberglass jacket formed by
winding fiberglass strip reinforcement is illustrated in Figure 1.

The stress-strain state of the concrete core will be fully determined if the contact pressure (pk)
is found. The value of p« is determined based on the compatibility condition between the deformation
of the jacket and the concrete core. The jacket layer is assumed to be unidirectional.
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Fig. 1. Stress-Strain State of the Concrete Core Confined in a Continuous Fiberglass Jacket

Figure 2 illustrates the stress-strain state in the jacket layer, where axis 1 coincides with the
fiber direction. The orientation angle of the reinforcement tape winding is shown in the rotated axes,
and the reinforced layer exhibits anisotropic properties.

1
Fig. 2. Stress-Strain State in the Jacket Layer

Research Results. Tests conducted on 400 mm-high specimens showed that when the diameter-
to-height ratio was 1:5, it was not possible to determine the full load-bearing capacity of the concrete
confined in the fiberglass jacket. The specimens failed due to longitudinal bending. The heterogeneity
of the concrete in the specimens likely caused eccentric loading effects as they approached failure load.
Consequently, in subsequent tests, the specimen height was reduced to 130 mm.

The graphs in Figure 3 illustrate the dependence of failure load on lateral pressure intensity
(fiberglass jacket thickness). The graphs indicate that lateral pressure created in the concrete core by
the fiberglass jacket significantly increases the failure load for all tested specimens.

For C16/20 concrete specimens without fiberglass jackets, the failure load under axial compression
was F = 100 kN. However, for similar concrete specimens with a 4 mm-thick fiberglass jacket (lateral
pressure p = 80 MPa), the failure load increased to 980 kN, meaning a 9.8-fold strength increase.

A similar strength enhancement was observed for concrete specimens of other classes. For
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example, for C50 concrete specimens, within a lateral pressure range of p = 0 to 80 MPa, the failure
load increased by a factor of 5.2.

These test results highlight an important conclusion: Encasing the concrete core in a fiberglass
jacket reinforced with fiberglass tape significantly enhances the axial compressive strength of the
specimens.

The rate of strength increase depends on the concrete class. In this regard, concrete specimens
confined in a fiberglass jacket share similarities with steel-reinforced concrete specimens.

In addition to high mechanical strength, the fiberglass jacket exhibits excellent corrosion
resistance, making it superior to steel jackets in terms of durability.

During the testing of all specimens, longitudinal and transverse deformations were measured.
These measurements served two main objectives:

To study the effect of lateral pressure intensity on the deformation of the specimens.
To analyze the mechanical properties of concrete under confinement.

\F, kN
1400+
1200 -
1000
800
600 -
400 1

[ S P

0 20 40 60 80 p.-MPa
Fig. 3. Dependence of the ultimate load p on the intensity of lateral pressure at the ultimate state:
1 — Concrete class C16/20; 2 — C20/25; 3 — C32/40; 4 — C50

The dependence of longitudinal &, and transverse &, deformations of centrally compressed

concrete cylindrical elements on the magnitude of axial compressive stress was studied using
specimens with a diameter of 8 cm, made from concrete classes C16/20, C25/30, C32/40, and C50.
Fig. 4 presents the typical deformation graphs obtained from tests on C16/20 concrete specimens.

The efficiency of a steel jacket is commonly evaluated using a coefficient, which, according to
different authors, varies. Some researchers suggest that this coefficient is not a constant value, with
its range fluctuating between 1 and 5.

The coefficient for fiberglass-reinforced concrete specimens was determined using the
following formula:

Ar -0y

(04

where:
F, — ultimate load of the specimen with the jacket;

Fy = Ay - f.r — ultimate load of the concrete core (without the jacket);
F, — F, —force carried by the specimen in the ultimate state due to the effect of the jacket;
A; — cross-sectional area of the jacket;

fi — strength of the reference concrete without the jacket;
o, — ultimate tensile strength of the jacket material.
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Fig. 4. Graphs of longitudinal &, and transverse &, deformations of centrally compressed concrete

cylindrical elements with a fiberglass jacket:
1 -5 layers of LSPA; 2 — 10 layers; 3 — 15 layers; 4 — 20 layers

Based on the research results, it was established that the coefficient o depends on two main
factors:

The lateral pressure p, exerted on the concrete by the fiberglass jacket. The class of concrete.

The strength of the jacket is determined by the magnitude of lateral pressure ppp exerted by the
jacket in the ultimate state, which was calculated using the formula:

)
P =0y 7

where:

o, — ultimate tensile strength of the fiberglass reinforcement;

r — radius of the specimen cross-section;

o — wall thickness of the fictitious tube.

The dependence of the coefficient o on lateral pressure was determined based on test results of
specimens with a diameter of 8 cm. The magnitude of the lateral pressure exerted by the jacket was
varied by adjusting the number of layers of fiberglass tape. The coefficient a was determined for
specimens made of four concrete classes: C16/20, C25/30, C32/40, and C50.

The dependence of coefficient a on lateral pressure p is shown in Fig. 5.

The dependence of coefficient a on the concrete class is observed only in jackets of low
strength, where o ranges from 1.8 to 2.7 (Figure 5). As the jacket strength increases, this dependence
almost disappears, and the coefficient a stabilizes at approximately 1.85 for all tested specimens.

The theoretical dependence of the strength enhancement coefficient (o) on the level of lateral
pressure, which aligns with experimental results and allows for the prediction of the behavior of
concrete confined in a fiberglass jacket under various load types, is calculated using the following
formula:

Fo
Ap-or’

From the graph (Figure 5), it is evident that at high levels of triaxial compression, different
materials tend to exhibit a similar failure pattern, whereas at low compression levels, their failure
characteristics can vary significantly.

a = 8,91p~ 0358 —
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Fig. 5. Dependence of the effectiveness coefficient () of the fiberglass jacket on lateral pressure (p):
1 — Concrete class C16/20; 2 — C20/25; 3 — C32/40; 4 — C50

Conclusions:

1. It has been established that the use of a fiberglass jacket significantly increases the load-
bearing capacity of concrete specimens. For example, for C16/20 concrete, the failure load increased
from 100 kN to 980 kN (by a factor of 9.8) when a 4 mm-thick jacket was applied.

2. The rate of strength increase depends on the concrete class. At low levels of lateral pressure,
the strength enhancement coefficient (o) varies from 1.8 to 2.7, depending on the concrete class.
However, at high pressure levels (above 80 MPa), this coefficient becomes nearly identical for all
concrete classes (o = 1.85).

3. Deformation studies have shown that the fiberglass jacket not only enhances strength but
also improves the deformation properties of concrete specimens, making them more resistant to both
longitudinal and transverse deformations.

4. The fiberglass jacket demonstrates high mechanical strength and corrosion resistance,
making it more advantageous compared to traditional steel jackets.

5. A theoretical relationship between the strength enhancement coefficient (o) and lateral
pressure has been derived, confirming the experimental data and allowing for predicting the
behavior of concrete confined in a fiberglass jacket under various loads.

6. The research results confirm that fiberglass-reinforced concrete (GFRP-confined concrete)
can be considered a promising structural material for highly loaded structures, due to its high
strength, low weight, and corrosion resistance.
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AHoOTaliAg. Y cTaTTi NpeACTaBiICHI Pe3ysbTaTH €KCIEPUMEHTAIbHUX JOCHIKEHb HECyuoi
3MATHOCTI OETOHHMX 3pa3KiB, MOCWICHUX CKJIOIUIACTUKOBOIO O0OWMOIO, TpU Jii OCHOBOTO
HaBaHTAXEHHA. DeTOHH1 3pasKu-UWIHAPU OyiaM apMOBaHI CTPIYKOBOIO CKJIOIUIACTUKOBOIO
apmatypoto (JICITA) 3 BUKOpUCTaHHSM pO3pOOJIEHOI TEXHOJOTiT HaMOTYBaHHS Ta MOLIAPOBOIO
OOKJICIOBaHHS MOJIMEPHUM CIIOJyYHHM.

OcHOBHY yBary NpUIUIEHO BUBYCHHIO BIUIMBY OOKOBOTO THCKY, IO CTBOPIOETHCA
CKJIOTUTACTHKOBOIO  000HMOIO, Ha MIIHICTh Ta jAedopMarliiiHi XapaKTepUCTUKH OETOHY.
ExcnepuMeHTH TOKa3aiy, 10 3aCTOCYBAaHHS CKJIOIUIACTUKOBOT 000HMM 3HAYHO MiABUIIY€ pyiHIBHE
HaBaHTaxkeHHs. [{ns Getony kiacy C16/20 pyiiHiBHe HaBaHTakeHHs 30umbmmiiocs 31 100 kH (06e3
o6oiimMun) 10 980 xH (3 o6oiiMoro ToBIIMHOIO 4 MM), 110 y 9,8 pa3u BHIEe. AHAJIOTIYHE 3pOCTAHHS
MIITHOCTI criocTepiranocs st 6eToHiB iHmuX kiaciB (C25/30, C32/40, C50), mpu oMy aJis OETOHY
kiacy C50 pyiiHiBHE HaBaHTa)XEHHS 3pOciio B 5,2 pasu.

BcraHoBieHo, 110 1HTEHCUBHICTh HApOCTaHHS MILHOCTI 3aJI€KUTh BiJl KJlacy OETOHY, MpoTe
MIPU BUCOKHUX PiBHAX OiuyHOTO THCKY (moHan 80 MIla) koedirieHT mocuieHHs (0.) CTa€ MPAKTHYHO
OJTHAKOBMM JUI BCiX KiaciB Oetony (a =~ 1,85). Lle cBiUMTh MpO CXOXKICTh MOBEIIHKUA OETOHY B
CKJIOTIJIACTHKOBIM 000#iM1 3 HOro MoBEAIHKOIO B CcTajeBUX 00o0iMax, aje 3 NepeBaror0 y BUIJISII
BHCOKOI CTIMKOCTI KOPO31iHOT CKIIOIIACTUKY.

Takox mocmimkeHo nedopmariiiiHi XapakTepuCcTUKH 3pa3kiB. [lokazaHo, 10 CKIIOTUTACTHKOBA
o0oiiMa He TIIBKM MiJBHIIYE MIIHICTh, ajie W Mokpaurye aedopMalliiiHi BIAaCTUBOCTI OETOHY,
poOastun Horo OLIBII CTIHKUM JI0 MO30BXKHIX Ta MOMEPEeYHHX Aeopmariiil.

OtpuMaHi pe3ylbTaTH MiATBEPPKYIOTh, IO CKJIOIUIACTOETOH MOXE pPO3IJIIIaTUCs K
MEepCHeKTUBHUN MaTepiai Juisi OyJIIBHUIITBA BUCOKOHABaHTaXEHUX criopy.l. Po3polieHa TexHoioris
MOCUJICHHS! OETOHY CKJIOITACTUKOBOIO 00OMMOIO BiIKPHBAE HOBI MOKJIMBOCTI JUIsSl CTBOPEHHS JIETKHX,
MIITHHX Ta JIOBFOBIYHUX KOHCTPYKIIIH 3 HU3KOIO METAJIOEMHICTIO Ta BUCOKOIO KOPO31HHOIO CTIHKICTIO.

KurouoBi ciioBa: ckioruiactukoBa o6oiima, O€TOHHI 3pa3Ku, Hecyda 37aTHICTh, O1YHE THUCK,
nedopMaliitHi XxapakTepUCTUKH, KOe(ILI€HT MOCUIICHHS, KOPO3iiiHa CTIHKICTb.
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