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Abstract: The physical-mechanical and rheological properties of fibre-reinforced polymer bars (FRP bars) have
been studied predominantly under short-term static loading. In real-world operation, reinforced concrete
structures are subjected to a complex combination of various factors, including sustained loads, cyclic dynamic
loads (including fully reversed), temperature effects, and exposure to aggressive environments. Russian
regulatory documents for the design of reinforced concrete structures partially account for these factors using
generalized reduction factors. Standard test methods for determining the combined influence of these factors on
the properties of FRP bars are currently lacking.

The aim of this research is to identify a number of features in the preparation and implementation of tests to
assess the combined influence of operational factors on the strength and deformation characteristics of FRP bars.
The paper presents the prerequisites for developing a test program to study the behavior of reinforcement under
long-term static loading under conditions of elevated temperature and alkaline environment of concrete, as well
as under repeatedly applied dynamic load (including the fully reversed «compression-tension» mode) with
varying cycle parameters. The goal is to derive analytical relationships and diagrams for the long-term strength
and fatigue strength of FRP bars, which consider the influence of temperature, aggressive environment, and
loading cycle parameters.

The obtained results form the basis for a comprehensive program of experimental research, the development of
test methods, and the prediction of the behavior of FRP bars in real-world operating conditions as part of
concrete structures. They enable a transition from using generalized coefficients to calculations that account for
specific exposures. This is a key step towards improving the regulatory framework and designing reliable,
durable, and safe reinforced concrete structures with FRP bars.

Keywords: fibre-reinforced polymer bars, strength, durability, sustained load, dynamic load, cyclic load,
alkaline environment of concrete, temperature effect
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AnHoTanus: OU3UKO-MeXaHMUECKUE W PEOTOTUICCKIE CBOMCTBA apMaTyphl KOMITO3UTHOI monmmepHoin (AKIT)
U3y4YEeHBbl IIPEUMYIIECTBEHHO B YCIOBHAX KPAaTKOBPEMEHHOI'O CTaTUYECKOro HarpykeHus. B peanbHOM
9KCIUTyaTallid > KeJIe300€TOHHBIC KOHCTPYKIMHU MOJBEPraroTCsl KOMIIEKCHOMY BO3JCHCTBHIO Pa3IMYHBIX
(haKTOpOB, B T.4. JUIUTENIbHBIC HATPY3KH, INKINIECKUE IUHAMUUECKHE (BKIIOYAs 3HAKOIIEPEMEHHbIC) HArpy3KH,
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TeMIepaTypHble BO3ACIHCTBUSA, BO3JCUCTBUS arpeccuBHbIX cpen. HopmaTuBHble J0KyMeHTHI P 1o
MPOCKTUPOBAHUIO APMHUPOBAHHBIX OETOHHBIX KOHCTPYKIMH YaCTHMYHO YYHUTHIBAIOT JaHHblE (aKTOpbl MpH
nomotiu 0000mmeHHbIx Kod(duimentoB. CTaHnapTHIE METObI UCIBITAHUN MO ONPEIETICHUI0 KOMIUIEKCHOTO
BJIMSIHUS TaHHBIX (hakTopoB Ha cBoiicTBa AKII B HacTosIee BpeMs OTCY TCTBYIOT.

Ilenplo TaHHOTO MCCIENOBAHUS SBJSETCSA ONpeNelieHue psaa OCOOSHHOCTEH MpH MOATOTOBKE M peanu3aluu
UCTIBITAHUN JUI1  OIICHKM KOMIUICKCHOT'O BIUSHHS SKCIUTYaTallHOHHBIX ()AaKTOPOB HA MPOYHOCTHBIC U
nepopmannonnsie xapakrepuctuku AKII. B paGote mpuBeneHBI MPEANIOCHUIKH TSI COCTABICHHS TTPOTPAMMBI
HUCIIBITAHUN 110 W3YYEHHUIO TMOBEJCHUS apMaTypbl IPHU JUIMTEIBHOM CTATHYECKOM HArpy>XeHHU B YCJIOBHSX
MOBBILLIEHHOW TeMIepaTypbl U IIEJI0YHOW Cpelibl, a TaKKe MPU MHOTOKPATHO MOBTOPSIOIIEHCS TUHAMUYECKON
Harpy3ke (BKJIIOUYas 3HAKOMCPEMEHHBIH PEXHIM «CKATHS-PACTSDKEHIE)») C BaphbUPYEMBIMHU TTapaMeTpaMu [IUKJIA,
C BBISBJICHMEM aHAJIMTHYECKUX 3aBUCMMOCTEW W AMarpamMm JJIUTENbHOM M ycTasocTHOM mnpouHoctd AKII,
KOTOpPBIC YYUTHIBAIOT BIUSIHNE TEMIIEPATYPBl, arPECCHUBHOM CPEJbl M TapaMeTPOB IIUKIIA HATPYKCHNS.
[lomyueHHble pe3ydbTAaTBl SBIAIOTCA OCHOBHOM IS BBIMOJHEHHWS KOMIUIEKCAa OKCIEPUMEHTAIBHBIX
WCCIICIOBAaHMH, pa3pabOTKH METOMOB HCIBITAaHUH 1 mporHo3upoBaHus moBeaeHuss AKII B peanbHBIX YCIOBHIX
9KCIUTyaTallii B COCTaBE OCTOHHBIX KOHCTPYKLUHMH U IMO3BOJISIOT MEPEUTH OT HCIOJIb30BaHUS OOOOIICHHBIX
K03(p(PHULIUEHTOBR K pacyeTy C Y4YeTOM KOHKPETHBIX BO3JCHCTBUN. DTO SIBISICTCS KJIFOYEBBIM MIArOM JJIS
COBCPUICHCTBOBaHUSA HOpMaTHBHOﬁ 633131 N TIPOCKTUPOBAHUA HAACKHBIX, AOJIOBCYHBIX H 0e30MmacHBIX
xKeJe300eToHHbIX KoHCTpyKimid ¢ AKII.

KaroueBbie ciioBa: apMarypa KOMIO3UTHas NoJIUMEpHad, MpOYHOCTb, JOJTOBEYHOCTD, JJIMTCIIbHAsA HAarpy3ka,
JAWHAMHWYCCKasd Harpyska, HUKINYCCKas Harpys3ka, miejio4Hasi cpeaa 6CTOHa, TEMIICPATypHOC BOSﬂCﬁCTBHC

INTRODUCTION

The characteristics of fibre-reinforced polymer
bars (FRP bars) have been primarily studied
under short-term static loads [1, 2, 3, 4, 5].
Meanwhile, during the standard operation of
reinforced concrete structures of buildings and
facilities, other loads and exposures arise that
must be considered in design, among which the
following can be highlighted:

- sustained load (dead weight of structures and
materials, the sustained part of live load,
prestressing of reinforcement) [6, 7, 8, 9];

- short-term dynamic and repeatedly applied
cyclic load with different cycle parameters

(including  fully reversed  «compression-
tensiony), seismic actio [5, 9, 10, 11, 12];
- temperature effects (including those

approaching or exceeding the glass transition
temperature of the polymers);

- exposure to the alkaline environment of
concretea [3, 4, 6, 13];

- others.

Currently, in domestic and foreign codes for the
design of reinforced concrete structures with
FRP bars, the consideration of these loads and
exposures (separately or in combination) is
performed using generalized reduction factors
or is not performed at all. However, in some
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cases, these parameters can have a critical
impact on the mechanical safety and reliability
of such structures. For example, with poorly
manufactured FRP bars, the combined action of
elevated temperature and an  alkaline
environment can lead to degradation of the
interphase layer, disrupting the bond between
concrete and reinforcement. The manifestation
of fatigue or creep in polymers under long-term
dynamic or static loading, depending on the
load parameters and material, can significantly
reduce the strength of FRP bars. The resistance
of FRP bars to compressive loads, which arise
in the sections of compressed and eccentrically
compressed reinforced concrete elements under
long-term static and fully reversed dynamic
loads, is currently not accounted for in the
Russian codes and has been insufficiently
studied [14].

MATERIALS AND METHODS

Along with leading research organizations, the
Research Institute of Reinforced Concrete named
after A.A. Gvozdev in JSC Research Center of
Construction is engaged in comprehensive
research in these areas, considering both
individual factors and their combined influence.
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A test program is being implemented to evaluate
the strength of FRP bars under the separate and
combined action of elevated temperature,
alkaline environment, and sustained load with
variation of their parameters.

Sustained load tests are performed on a special
test stand with a wvertical arrangement of
specimens (Figure 1). A constant tensile load is
applied to the specimens through a system of
levers and calibrated weights, without restricting
their strain. The load is monitored by a load cell.
Testing is performed according to the
methodology of GOST 32492-2024, considering
the provisions of ASTM D7337/D7337M-12
(2019), ACI 440.3R-2012, CAN/CSA S806-12
(R2017), FIB Bulletin 40 [15, 16, 17, 18, 19].

In 2025, the automation of the test stand and its
modernization for new types of tests are planned.

Figure 1. General view of long-term testing of
FRP bar specimens (before test stand

modernization)
The influence of an aggressive liquid
environment is produced via additionally

installed vessels in the form of tubes sealed at the

ends. Local controlled heating of the specimens
is achieved using a heating cable.

Monitoring of longitudinal strain is performed
automatically using high-precision LVDT
sensors  (prior to  modernization, using
mechanical strain gauges with dial indicators).
The exact time and nature of failure are recorded
using video recording.

A research program is also being implemented
to study the strength and deformability of FRP
bars under repeatedly applied dynamic load
with various cycle parameters (including fully
reversed loads and assessment of fatigue
strength). The test methodology is based on the
provisions of GOST 32492-2024 [15].

Tests are performed on specially prepared
specimens  (Figure 2) in  automatic
servohydraulic testing systems (Instron 8802,
etc.), which allow applying an axial cyclic load
with specified amplitude-frequency
characteristics.

Measurement of longitudinal strain is carried
out using high-frequency measurement systems
connected to  strain  gauges, clip-on
extensometers, and COD (Crack Opening
Displacement) sensors.

strain measuring area

L

Figure 2. Schematic diagram of testing FRP bars
under cyclic load with different values of the
stress ratio (R)

96 International Journal for Computational Civil and Structural Engineering



Some Aspects of Testing Fibre-Reinforced Polymer Bars Under Sustained and Dynamic Loads and Various Exposures

It should be noted that this test scheme
technically  allows for the  additional
consideration of the influence of an aggressive
environment and elevated temperatures, similar
to the long-term tests.

It is also reasonable to investigate the possible
influence of the specimen gauge length on the
fatigue strength under axial fully reversed cyclic
load according to the «compression-tension»
mode.

RESULTS AND DISCUSSION

The described tests are aimed at obtaining
analytical relationships and diagrams used for
predicting the strength and strain of FRP bars in
the design of reinforced concrete structures
(Figures 3 and 4). These relationships and
diagrams can be obtained based on GOST 32492-
2024, taking into account the provisions of ASTM
D7337/D7337M-12 (2019), ACI 440.3R-2012,
CAN/CSA S806-12 (R2017) [15, 16, 17, 18].
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Figure 3. Characteristic predictive relationships

and diagrams of the long-term strength of FRP

bars under exposure to aggressive environments
and elevated temperature

Figure 3 shows a characteristic predictive
diagram of the long-term strength of FRP bars
under normal operating conditions, as well as
diagrams accounting for the influence of ambient
temperature (t-factor) and exposure to aggressive
environments (Alc-factor) under sustained tensile
load (the diagrams are shown schematically and
can be refined based on test results).
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Figure 4. Characteristic predictive diagrams of
the fatigue strength of FRP bars under cyclic
repeatedly applied tensile load with different
cycle asymmetry ratios (R)

Figure 4 shows characteristic predictive
diagrams of the fatigue strength of FRP bars
under cyclic repeatedly applied tensile load
depending on the nature of the loading cycle.
The Wohler plots (S-N diagrams) show the
change in the strength of FRP bars (ci) after
Ni loading cycles (the diagrams are shown
schematically and can be refined based on test
results).

The importance of validating the obtained
results through additional studies of the stress-
strain state of concrete structures reinforced
with FRP bars under characteristic loadings
and exposures should be noted.

CONCLUSION

1. The design of reliable and durable concrete
structures reinforced with FRP bars requires
accounting for multiple factors, including the
influence of different types of loads and
exposures on material characteristics. The
insufficient number of studies is a barrier to
the application of FRP bars.

2. The features of the tests on FRP bars under
sustained and dynamic load, considering
external exposures, being implemented at the
Research Institute of Reinforced Concrete
named after A.A. Gvozdev in JSC Research
Center of Construction, are outlined.
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3. Characteristic analytical graphs and
relationships are proposed, which, considering
the test results, can serve as a tool for
designing concrete structures reinforced with
FRP bars, accounting for the predicted degree
of degradation of FRP bar properties under
sustained loads and exposures.

4. The importance of validating the obtained
results through additional studies of the stress-
strain state of concrete structures reinforced
with FRP bars under characteristic loadings
and exposures should be emphasized.
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