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LABORATORY STUDIES OF PRESTRESS LOSS WHEN REINFORCING
REINFORCED CONCRETE BEAMS WITH COMPOSITE MATERIALS

Purpose. The article analyzes a scientific experiment to study the loss of prestressing when reinforcing
reinforced concrete bending elements with composite materials. Methodology. To achieve this goal, the authors
carried out experimental work in the scientific laboratory “Bridges” SibNIl of STU, using the developed
amplification technology. The object of study is three reinforced concrete twin beams with a prestressing degree of
the composite material of 12 kN. Losses were measured over a period of 180 hours, from the beginning of the
prestressing moment for each beam separately. Findings. After analyzing the laboratory experiment, three
characteristic zones were identified with a decrease in the prestress value: “Primary zone”, “Moderate zone” and
“Relaxation zone”, in which the magnitude of the prestress of the composite material changes within different limits.
Originality. The average value of the loss of prestress of bending reinforced concrete elements during the
strengthening of laboratory samples is found. Practical significance. Analysis of the loss of the prestress value is an
important factor in the further study of the calculation methodology and improvement of the technology for

reinforcing reinforced concrete structures with composite materials.
Keywords: prestressed polymer composite materials; bridges; strengthening; reinforced concrete beam;
hydraulic jack; improving and restoring the bearing capacity; span structures

Introduction

The use of polymer composite materials (FRP)
when reinforcing bridges makes it possible to carry
out repair work with a material that actually has a
low weight, which means that it reduces the labor
intensity and cost of work, while increasing the
convenience of work. Due to the structure of
polymer composites (fabric), it is possible to carry
out reinforcement and repair work without
interrupting the operation of the bridge.

The high impact-resistant characteristics of
polymer composites make it possible to
compensate for the absence of a protective layer,
which reduces the cost of maintaining the bridge.
There is a possibility of using FRP in contact with
water or with high humidity, since, for example,
FRP based on carbon fibers have high corrosion
resistance. This makes this material one of the best
for bridge maintenance and repair (Michels, 2013;
Harmanci, 2016; Harmanci, 2018a; Harmanci,
2018b).

A FRP casing impregnated with a special
adhesive has a high chemical resistance, which
prevents the removal of the joints responsible for
strength from concrete, and also prevents the
accumulation of salts in concrete, leading to
degradation and a rapid decrease in the strength of
concrete.

At the same time, an increasing time load,
concrete degradation, corrosion of reinforcement
and damage to structural elements often lead to the
need to strengthen reinforced concrete bridge
spans. Over the past years in Russia, polymer
composite materials are increasingly used to
strengthen bridge structures, deep scientific
developments have been carried out, and
technologies for strengthening polymer composite
materials are being introduced into practice. To
increase the efficiency of FRP reinforcement, the
technology of restoring the bearing capacity of
spans with preliminary stressing of composite
materials can be used (Sena-Crus, 2015; Bokapes,
2016; Kazapsu, 2018; Mapouka, & bobomiko,
2018; TTneBkos, 2017).
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Purpose

Analysis, taking into account the losses in time
of the prestressing force when reinforcing bendable
reinforced concrete elements with an external
reinforcement system based on polymer composite
materials, based on the laboratory testing of
reinforced concrete specimens with a rectangular
cross section, for subsequent use in the practice of
strengthening the beams of the span structure of
bridges made not of prestressed reinforced
concrete.

Methodology

To solve the set tasks of experimental
laboratory Research, reinforced concrete beams of
rectangular section were chosen as samples to be
tested. Figure 1 shows a reinforcement drawing of
reinforced concrete specimens made of concrete of
class B30, frost resistance grade F200, water
resistance grade We.

For the reinforcement of reinforced concrete
samples, the materials of the COMPOSIT
company were chosen — FibArm Lamel HS 12/50;
epoxy adhesive composition FibArm Resin
Laminate +.

Below are the technical characteristics of
composite reinforcement material:

1. Width 50 mm;

2. Thickness 1.2 mm;

3. Strength at break 3500 MPa;

4. The modulus of elasticity is 170 GPa.

Also presented are the technical characteristics
of the adhesive for strengthening beams:

1. The shear strength of the glue samples is not
less than 15 MPa;

2. Time of complete hardening 5 days;

3. Adhesion strength not less than 2.5 MPa.

The amplification technology with pre-voltage
FRP provides for the following types of work:

a) leveling the surface of the reinforced
concrete beam on which the FRP is glued. The
permissible deviations from the flatness of the
surface should not exceed 1 mm on the basis of 0.3
m.

b) drilling holes for anchoring the hydraulic
jack frame and fixing the fixed end of the FRP
plate;

c) cleaning, dedusting and degreasing the
surface of the beam.
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d) installation in the anchoring of the frame of
the hydraulic jack.

e) applying epoxy glue to the surface of the
beam with a layer of 1...2 mm.

f) the sticker of the plate begins with
preparatory work, it is laid out on the working
table (workbench) and carefully wiped with a cloth
moistened with acetone. After that, on an
absolutely dry surface of the plate, a triangular
profile is formed from the adhesive using a
specially made dispenser (conductor) or trowel,
while the thickness of the adhesive layer in the
middle should be 2 mm, narrowing towards the
edges to 1 mm. After applying the adhesive, the
lamella is placed on the base and rolled with a rigid
roller to remove air from the adhesive layer.
Remove excess adhesive with a spatula.

g) fixing the fixed end of the FRP plate.

h) tension of the FRP strip with a jack to the
design level,

i) warming up the adhesive composition to
accelerate its polymerization (no longer than three
hours);

j) dismantling the prestressing system (24 hours
after the end of the warm-up).

On the basis of the calculations and analysis of
the work of the structures, the samples were
divided into four groups (designated by the letters
A, B, C, D), three twin beams in each group. The
first group of samples A is represented by
unreinforced reinforced concrete beams. The
second group B — with reinforced concrete beams,
reinforced with unstressed plates, fixed with
vertical FRP clamps. In the third group, samples C
were reinforced with the first level of FRP
prestress up to 6 kN. In the fourth group D - the
second prestressing level up to 12 kN.

This study analyzes the data on prestressing
losses in a group of samples with a prestressing
level of 12 kKN. The beam reinforcement scheme
with geometric dimensions is shown in Figure 2.

The control over the force in the plate of the
polymer composite material directly during the
amplification of laboratory samples and during the
next 180 hours was carried out mainly using the
multichannel measuring complex TDS-150 with
primary transducers — strain gauges. A beam with a
FRP prestressing system and glued strain gauges
connected to the TDS-150 multichannel complex
are shown in Figure 3.
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Fig. 1. Reinforcement scheme for a reinforced concrete laboratory sample (Suryk, 2017a; Syk, 2017b)
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Fig. 2. Beam reinforcement

Fig. 3. Scheme of work of the TDS-150 to control the loss of prestressing,
concrete beam

Measurement of the voltage level is carried out

by the “Interval measurement” function — with the

when reinforcing the FRP of a reinforced

help of which the measurement data is
automatically recorded during the set time
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intervals. From the moment the prestressing of the
FRP plate began and until the expiration of 24
hours, in the first 5 hours of time, the voltage level
was measured every 1 second. In the period from 5
hours to 24 hours, the voltage was measured every
10 minutes. After dismantling the prestressing
system of polymer composite materials (after 24
hours), the measurement in the following days up
to 180 hours occurred at intervals of once every 60
minutes. In the study of the drop in prestressing
level, three programmed intervals of time
measurements  were applied, which  were
performed sequentially. To compensate for
additional measurement errors, a built-in method
of full deformation compensation is used, which
prevents jumps and additional errors in the event
that the measured value is unstable, for example,
from temperature influences.

Results
The results of the experiment show that a sharp

decrease in the prestressing level of the FRP plate
occurs in the interval of the first 24 hours and
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amounts to about 16 MPa for sample No. 2, in the
region of 10.5 MPa, a decrease in stress according
to sample No. 2 and a drop in the prestress level in
sample No. 3 was equal to 13.5 MPa. (Cmepmos,
2019).

The first zone of the prestress drop in the FRP
plate can be called conditionally “Primary zone”.
The time interval between 24 hours and 70 hours
will be called the "Temperate zone" in which there
is a smooth drop in the prestressing level of the
glued composite, in which sample No. 1 loses 8
MPa compared to the boundary value in the
“Primary zone”. Based on the data, the same
boundary data in the previous zone, sample No. 2
showed a greater decrease in prestress equal to
13.5 MPa. Average indicators of prestress
reduction for sample No. 3, which amounted to
11.5 MPa.

The  conventionally  introduced name
"Relaxation zone" is the zone in which the
prestress indicators in the FRP plate are stable for a
long time, regardless of the temperature effect. The
above values are shown in the diagram in Figure 4.

Sample Nel
Sample Ne2
Sample Ne3

150 200

Adhesive strength gain time, h

Fig. 4. Diagram of the loss of prestress in time in a FRP plate,
with reinforcement of laboratory reinforced concrete specimens

Originality and practical value

The problem of the loss of magnitude, from the
initial level of prestressing of the composite
material when reinforcing reinforced concrete
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bending elements, is important in relation to the
further  improvement of the calculation
methodology and design of the reinforcement
system. With the help of the applied prestressing
system, it was possible to achieve minimum losses
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based on a given tension level, while a sample
consisting of three samples with a force of 12 kN
allows us to speak of the practical significance of
this laboratory study.

Conclusions

The article analyzes the study of the loss of
prestress in time. The average losses for the three
beams in the samples before the start of the
“Relaxation Zone” were about 22.5 MPa, which is
18.7%. These indicators allow us to conclude that
the developed and applied prestressing system is
quite efficient.
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Mera. Y cTarTi BUKOHAHUN aHaJli3 HAYKOBOTO CKCIICPUMCHTY 3 BHBUCHHS BTpPAT IOINCPEIHBOTO HANPYKCHHS
MU MiJICUJICHHI KOMITO3UI[IHUMHU MaTepiallaMi 3a1i300€TOHHHX EJIEMEHTIB, M0 3rHHAIThCI. Meroauka. s
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JIOCSITHEHHST TIOCTaBJIGHOT METH aBTopaMy Oylla NMpoBejeHa eKCIEepHMEHTalbHa po0OTa B HAyKOBIH jaboparopii
«Moctu» CI'VIIC, i3 3actocyBaHHSM po3poOsieHol TexHosorii mocuineHHs. OO’€KTOM BHBYEHHS Oynu TpHU
3aJ1i300eTOHHNX OaNKN-OIM3HIOUKH 31 CTYNEHEM IIOTepeIHBOTO HaIlpy)KeHHS KOMIIO3uIliitHoTo Matepiamy 12 xH.
BumiproBanHs BTpaT mpoBoAmiocs mpoTsroM 180 roamH 3 MOYaTKy MOMEHTY INONEPEAHBOTO HANPYKEHHS IS
KokHOI Oanku okpemo. PesyabraTm. Ilicns anamizy nmpoBeneHOTo J1abOpaTOPHOTO EKCIEPUMEHTY OyIIo BHALICHO
TpH XapaKTepHi 30HU NPH 3MCHIICHH]I BEIMYMHN NONEPETHHOTO HanpyxeHHA: «[lepBuHHA 30Ha», «[lomipHa 30Ha» 1
«30Ha pernakcamii», B SIKHX B PI3HUX MeXaX 3MIHIOETHCS BEIMYUHA ITOTIEPEIHBOTO HATIPY)KEHHS KOMITO3UIIIHOTO
Marepiany. HaykoBa HoBu3Ha. 3HalifieHa cepe/iHs BEeJIMYMHA BTPATH MOMEPEJHLOTO HANPY)KEHHS 32113006 TOHHUX
€JIEMEHTIB, IO 3THHAIOTHCS, IPH MiJICHWICHHI JlabopaTopHUX 3paskiB. IIpakTH4yHa 3HAYMMIiCTh. AHAJNi3 BTpaTH
BEJIMYMHM TONEPEHHOT0 HANPYXKEHHs € BAXKIMBUM (DAKTOPOM y IMOJANbIIOMY BUBUEHHI METOJIMKH PO3PAXYHKY 1
BJIOCKOHAJICHHS TEXHOJIOTI1 I ICHJICHHS 32113006 TOHHUX KOHCTPYKIiH KOMIIO3ULIHHUMHU MaTepiajaMu.

Kniouosi cnosa: momnepenHb0 HAMpPYKEHI MOJIMEPHI KOMITO3UINMHI MaTepiald; MOCTH; IiJICHJICHHS, Oajka
3aJ11300€TOHHA; TOMKpAT TiApaBIIiuHUIA; TONIMIIEHHS 1 BITHOBJICHHS HECY4O0l 3[aTHOCTI; TPOrOHOBI Oy10BH
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JIABOPATOPHBIE UCCJIEJOBAHUSA NTIOTEPU ITPEAHAIIPAKEHUSA
P YCUIIEHUU KEJIE3OBETOHHBIX BAJIOK
KOMITIO3NIIMOHHBIMH MATEPUAJTAMU

Heab. B crarhe caenaH aHau3 HAYYHOTO HKCIIEPUMEHTA 110 U3YUYCHHUIO TOTEPh HPEIBAPUTEIBHOTO HAMIPSKESHUSI
NPU YCHJICHUH KeJe300€TOHHBIX HM3rH0aeMbIX JJIEMEHTOB KOMIIO3UI[MOHHBIMU MaTepuaiamu. Meroguka. J[is
JIOCTHIKEHUsI TOCTABIICHHOW 1[eJT aBTOPaMH ObLiIa MPOBEICHA IKCIIEpUMEHTaIbHAs paboTa B HAyYHOH Jlaboparopun
«Mocter» CI'VIICa, ¢ mpuMeHeHHEM pa3pabOTaHHOW TeXHOJOTHH ycwieHHS. OOBEKTOM M3ydeHHS SBISIOTCS TPH
KeNe300CTOHHBIX  OaNKu-OIM3Hea CO CTEHNCHBI0 MpPEIHANpPSDKCHUS KOMIO3MIMOHHOTO Matepuana 12 kH.
H3mMepenne noTeps IpoBOIMIOCE B TeueHue 180 yacoB ¢ Hauana MOMEHTA MPEIHAPSKCHUS I KaX IO OaJIKH 1Mo
otnensHOCTH. Pesynbrathl. [locie aHanu3a MpoBEJCHHOTO Ja0OPATOPHOTO SKCICPUMEHTa OBUIO BBIACICHO TPHU
XapaKTepHbIC 30HBI MPH YMCHBIICHUH BEIUYMHBI MpenHanpspkeHus: «llepBudHas 30Ha», «YMEpEeHHas 30Ha» U
((30Ha peiakcanuun», B KOTOPBIX B pa3HbIX MpEACiiaX M3MCHACTCA BCIMYUHA MPCAHANPANKCHUA KOMIO3UIHUOHHOTO
Matepuasia. Hayynas HoBu3Ha. Haiizena cpenHsisi BeJWYMHA TOTEPU NPETHANPSDKEHHUS M3THOaeMBbIX
KeJIe300€TOHHBIX 3JIEMEHTOB MPU YCHJICHUH Ja0OpaTopHbIX 00pasioB. IlpakTuveckasi 3HAYUMOCTH. AHAIN3
MOTEPH BEJMYUHBI MIPEAHATNIPSDKEHHS SIBISICTCS. BXKHBIM (PAKTOPOM B JalbHEHIIIEM M3YYeHHH METOJAMKH pacdyera u
COBEPIICHCTBOBAHUSI TEXHOJIOTUH YCUIICHHUS JKeJIe300€ TOHHBIX KOHCTPYKIUI KOMITO3UI[HOHHBIMU MaTePHAIAMH.

Kniouegvle cnosa: TpeABapUTENILHO HAMPSIKEHHBIC MMOJMMEPHBIC KOMITO3UIIMOHHBIE MATEpPHANbl; MOCTHI;
ycusieHue; Oanka JKene300eTOHHAsl; NOMKpPAT THAPABIMYECKUH; YIIydllleHHe W BOCCTAHOBICHHE HeCyIeh
CIOCOOHOCTH; MPOJICTHBIC CTPOCHUS

REFERENCES

Harmanci, Y. E. (2018a). Long-term residual anchorage resistance of gradient anchorages for prestressed CFRP
strips. Composites Part B: Engineering, 139, 171-184. (in English)

Harmanci, Y. E. (2018b). Behaviour of Prestressed CFRP Anchorages during and after Freeze-Thaw Cycle
Exposure. Polymers, 10(6), 565. (in English)

Harmanci, Y. E., & Czaderski, C. (2016). Calculation technique for externally unbonded CFRP strips in structural
concrete retrofitting. Journal of Engineering Mechanics, 142(6), 04016026. (in English)

Michels, J. (2013). Structural Strengthening with Prestressed CFRP Strips with Gradient Anchorage. Journal of
Composites for Construction, 5(17), 651-661. (in English)

© D. N. Smerdov, M. O. Yashchuk, 2020

124



ISSN 2413-6212 (Online), ISSN 2227-1252 (Print)
MocTHu Ta TyHei: Teopifl, AOCTiTzKeHHs, MpaKkTuKa, 2020, Ne 18

MOCTU TA TYHEJIL: TEOPIA, JOCIIJPKEHHA, [TIPAKTUKA

Sena-Crus, J. (2015). Flexural Strengthening of RC Slabs with Prestressed CFRP Strips Using Different Anchorage
Systems. Polymers, 7(10), 2100-2118. (in English)

Bokarev, S. A., & Yashchuk M. O. (2016). Usilenie zhelezobetonnykh proletnykh stroeniy mostov
prednapryazhennymi polimernymi kompozitsionnymi materialami. Vestnik Rostovskogo gosudarstvennogo
universiteta putey soobshcheniya, 1(61), 98-107. (in Russian)

Kazaryan, V. Yu., & Sakharova, I. D. (2018). Sovremennye metody rekonstruktsii mostovykh sooruzheniy. Mosty
ta tuneli: teoriia, doslidzhennia, praktyka, 14, 6-14. (in Russian)

Marochka, V. V., & Boboshko, S. G. (2018). Sovremennye metody rekonstruktsii mostovykh sooruzheniy. Mosty ta
tuneli: teoriia, doslidzhennia, praktyka, 14, 15-21. (in Russian)

Plevkov, V. S. (2017). K opredeleniyu raschetnykh napryazheniy v stalnoy i uglekompozitnoy armature normalnykh
secheniy zhelezobetonnykh elementov. Vestnik Tomskogo gosudarstvennogo arkhitekturno-stroitelnogo
universiteta, 1(60), 96-113. (in Russian)

Smerdov, D. N., & Yashchuk, M. O. (2019). Eksperimentalnye issledovaniya nesushchey sposobnosti izgibaemykh
zhelezobetonnykh elementov, usilennykh prednapryazhennymi polimernymi kompozitsionnymi materialami.
Nauchnyy zhurnal stroitelstva i arkhitektury, 3(55), 72-83. (in Russian)

Yashchuk, M. O. (2017a). Osobennosti raboty ustroystv dlya usileniya konstruktsiy zhelezobetonnykh mostov s
primeneniem polimernykh kompozitsionnykh materialov. Trudy mezhdunarodnoy nauchno-prakticheskoy
konferentsii «Transport: nauka, obrazovanie, proizvodstvo-2016». Rostov-na-Donu, 3. 142-145. (in Russian)
Yashchuk, M. O. (2017b). Programma laboratornykh issledovaniy zhelezobetonnykh balok, usilennykh
prednapryazhennymi polimernymi kompozitsionnymi materialami. Transport. Transportnye sooruzheniya.
Ekologiya, 3, 158-170. (in Russian)

Hamivimna no penkonerii 09.09.2020.
[Mpuiinsra o apyky 16.10.2020.

© D. N. Smerdov, M. O. Yashchuk, 2020

125



	UDC 624.21.012.4

