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The article presents the results of determining the strength of non-destructive methods of
cement concrete pavement on bridges. According to the results of the research, a differential curve,
a reliability curve and the inverse value of the accumulated frequency of compressive strength of
cement concrete are constructed. It is established that the cement concrete of the investigated
objects corresponds to the strength class according to the normative documents. However, the
results of visual, instrumental and thermal imaging inspection of areas on the bridges revealed a
number of defects in the cement-concrete pavement and pavement slabs, which can lead to loss of
the pavement structure strength. In particular, it was found that the destruction of the inspected
reinforced concrete slabs of bridges mainly occurs under the influence of corrosion and loss of the
working part volume of the steel reinforcement, unsatisfactory condition of the compensation
seams on the supports. It is determined that cracks in reinforced concrete slabs occur due to low
resistance of concrete to bending loads, due to which steel reinforcement is exposed to aggressive
environments. In turn, it was proved that structural cracks in concrete occurred due to excessive
loading, which led to overstrain of the structure, and non-structural cracks - due to internal stresses
caused by thermal loads and various linear expansions of materials. Thermal imaging study
revealed a significant difference in temperature in the pavement structural elements, which in the
future leads to the destruction of cement-concrete pavement. It was found that the peeling of the
protective layer of metal reinforcement on the studied bridges is caused by the phenomenon of
electro-chemical corrosion.

The experience analysis of cement-concrete pavement of the studied objects allows to prepare
proposals for the construction of cement-concrete pavement of bridges and overpasses using
modern materials, in particular, non-metallic reinforcement.

Keywords: bridges, non-destructive methods, strength, cement-concrete pavement, thermal
imaging inspection, reinforcement.

Introduction. The modern advanced applications in science field of road
repairs and construction opens a real prospect of increasing the transit
attractiveness in our country. Significant weight load using transport corridors
falls on the road surface and construction of road bridges. Since the main
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disadvantage of asphalt pavements on bridges is insufficient track resistance
and low durability then the necessity arises in replacing them on cement-
concrete pavements, taking into account modern engineering solutions. This
solve the problem in necessity to impose seasonal restrictions on heavy
vehicles passage, and the associated overpayment for passage, which
compensates cost of road repairs. Based on analysis of foreign experiences,
existing regulations and requirements for cement-concrete pavement on
bridges and it is gives possibility to choose an effective technology for
installation and maintenance [1-8].

Main part. In Ukraine, pavement structures (PS) are classified into two main
types - non-rigid and rigid. At the same time, experience shows that under
different climatic conditions, intensity and traffic composition, cement concrete
pavement are more durable (18 — 50 years) than asphalt (6 —12 years) [9-12].

At present, the vast majority of roads in Ukraine have asphalt pavements with
a carrying capacity of no more than 115 kN (11.5 tons) per axle, and a total
elasticity modulus up to 300 MPa. Load from 13 tons an axis demands increase
in total elasticity modulus of to 390... 400 MPa, thus tension in a paving layer
reaches to 7,0... 7,5 MPa that in 2,5... 3,0 times exceeds limits of durability and
shear resistance of usual asphalt concrete. To avoid overstraining the pavement
is advisable to use special technical solutions [7, 12-13].

In 2002, for the first time in Ukraine, cement-concrete pavement was laid
on bridges as part of the aftermath of a catastrophic flood in the Zakarpattia
region on Shopurka river in Velykyi Bychkiv in the Rakhiv district on the
H 09 highway. However, cement-concrete pavement performance indicators
have been insufficiently studied.

In 2019, the research team of the National Transport University performed
instrumental and thermal imaging surveys of bridges with cement-concrete
pavements. Also, the strength was determined by non-destructive methods
(sclerometer) of bridges cement-concrete pavement H 09 highway (Table 1).

At the points where the strength study of the cement concrete pavement was
performed, the following defects were found:

- local chipping in area of deformation joints;

- exposure of crushed stone of cement-concrete pavement;

- shrinkage cracks;

- longitudinal and transverse cracks;

- oscillations of the bridge during the passage of heavy vehicle;

- destruction of bridge slabs due to peeling of the protective layer from

metal reinforcement;

- corrosion of metal reinforcement due to the opening of cracks;

- uneven subsidence of the ground on the approaches;

- unsatisfactory condition of expansion joints.

It was also found that the cement concrete of the investigated bridge
corresponds to the strength class B 40 (Fig. 1-2).

For in-depth analysis of defects in pavements and structures, a survey was
conducted on problem areas of the bridge by thermal imaging (Fig. 3-5).
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Table 1

The results of cement concrete strength measuring with a sclerometer
(Bridge M-1. Km. 6 + 000)

. The .
Point 1 2 3 4 5 |Average| standard Coefﬁ.cu.ent
number ... | of variation
deviation

1 50 | 50,5 | 51 41 47 47,9 4,16 8,7
2 46 46 45 43 42 44 4 1,82 4,1
3 53 42 | 46,5 | 45 | 485 47 4,11 8,7
4 53 45 | 46,5 | 45,5 | 53 48,6 4,05 8,3
5 54 48 54 53 43 50,4 4,83 9,6
6 45 43 41 44 49 44 4 2,97 6,7
7 37,5 | 42,5 | 35 | 46,5 | 37 39,7 4,70 11,8
8 53 53 48 54 | 54,5 | 52,5 2,60 4,9
9 57 53 54 | 47,5| 505 | 524 3,60 6,9
10 53 54 46 | 54,5 | 50 51,5 3,54 6,9
11 53,5 | 54 47 46 53 50,7 3,87 7,6
12 53 | 55,5| 51 53 59 54,3 3,07 5,7
13 53 43 37 40 43 43,2 6,02 13,9
14 45 51 47 52 42 47,4 4,16 8,8
15 46 47 50 52 48 48,6 2,41 5,0
16 45 53 51 53 | 50,5 | 50,5 3,28 6,5
17 44 45 40 41 37 41,4 3,21 7,8
18 42 43 41 43 46 43 1,87 4,4
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Fig. 1. Differential curve and polygon of compressive strength frequency
Histogram analysis of the pavement temperature changes on the bridge

showed that the temperature difference between cement and asphalt pavement
is 7-10 °C at an air temperature of 29 °C.
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Fig. 2. Reliability curve and inverse accumulated frequency value
of cement concrete compressive strength on one section

Fig. 3. General view of the M 1 bridge and thermal imaging
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Fig. 4. Histogram of the bridge temperature changes
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Fig. 5. Histogram of the pavement temperature changes
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Thermal imaging evaluation of study local chipping in deformation joints
places (Fig. 6-8) showed a significant temperature change in the seam structure
and pavement.

Fig. 6. General view of the expansion joint and thermal imaging
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Fig. 7. Histogram of temperature changes around the expansion joint
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Fig. 8. Graph of temperature distribution in the directions of profile lines P1, P2

In the area of concrete pavement peeling and potholes near the seam
destruction, temperature was 36°C, and the temperature inside the seam was
42°C.

Table 2

The results statistical processing of cement concrete test data, reinforced with
steel in section 1

Indicator 1 2 3 4 5 6 7
Max 54,0 [50,00| 14,00 (52,29| 4,43 | 9,75 |50,02
Min 42,0 132,00( 2,00 {39,00( 0,98 | 2,10 |33,49
Dimension, max-min 12,0 {18,00(12,00 {13,29| 3,45 | 7,66 |16,53
Average 49,75 (41,13 | 8,63 |45,54| 2,96 | 6,63 |40,69
Standart 3,64 | 5,16 | 3,32 | 3,89 | 0,99 | 2,42 | 4,96
Coefficient of variation 7,32 |12,55]38,54 | 8,54 |33,54|36,58|12,20
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To determine the reliability results of study, was performed a similar
instrumental and thermal imaging survey on experimental areas of cement-
concrete pavement on the bridges M 07 highway Kyiv - Kovel.

The M 07 highway was reconstructed due to the unsatisfactory cement-concrete
pavement condition and inconsistency of carriageway geometrical parameters. To
ensure the homogeneity of the partially destroyed concrete pavement and the
removal of internal stresses, the guillotine was broken into fragments. The results
of statistical processing to determine the strength of cement concrete on the
inspected bridges on M 07 highway are given in table. 2-3.

Table 3

The results statistical processing of cement concrete test data, reinforced with
steel in section 2

Indicator 1 2 3 4 5 6 7
Max 54,0 | 46,00 | 16,00 |49,50| 4,67 | 10,50 45,68
Min 48,0 | 36,00 | 6,00 [39,78| 2,12 | 4,71 | 33,33
Dimension, max-min 6,0 | 10,00 |10,00| 9,72 | 2,55 | 5,79 | 12,35
Average 51,00| 41,00 {10,00|45,38| 3,33 | 7,39 | 39,92
Standart 1,81 | 3,02 | 2,56 | 2,67 | 0,69 | 1,71 | 3,12
Coefficient of variation 3,55 | 7,35 25,58 5,88 {20,85|23,09| 7,81

As a result of the recalculation, it was obtained that the concrete strength of
two sections is almost the same and corresponds to the strength class B 40.

Table 4

The results of statistical processing of all experimental data
to determine the cement concrete strength

Indicator Value
Max, MPa 71,73
Min, MPa 31,44
Dimension max-min, MPa 40,29
The average value of compressive strength, MPa 55,23
Standart, MPa 9,08
Coefficient of variation 16,44
Estimated value, MPa 40,33
The amount of test data 137
Intervals (Number of ranges) 8,098
Accepted Intervals n 8
Accepted step & 4,6
Compression concrete class B 40

According to the test results, the compressive strength varies from 31.4 to
71.7 MPa. The average value of compressive strength is 40.33 MPa. With
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supplies of 95%, the strength class of cement concrete in the section Ne 1 is
installed B 40.

According to the results of the sections inspection M 07 highway,
longitudinal and transverse cracks, chipped corners, protrusions, ruptures and
clogging of joint seals, destruction and cracks in expansion joints, peeling and
chipping of cement concrete slabs, subsidence and protrusion coverage were
found on the bridges (Fig. 9-14).

266°C

1n4°C

Fig. 9. General view and thermal imaging joint study of cement-concrete pavement
with asphalt-concrete
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Fig. 10. Temperature changes histogram around the joint of cement-concrete pavement with
asphalt-concrete
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Fig. 11. Temperature changes histogram of the pavement

Analysis of research shows that the reinforced concrete slabs of bridges
destruction is mainly due to the process of corrosion and loss of volume steel
reinforcement working part, unsatisfactory condition of the expansion joints on
the supports. On the other side, cracks occur in reinforced concrete slabs due to
low resistance of concrete to bending loads, due to which steel reinforcement
is exposed to aggressive environments. Structural cracks in concrete occur due
to excessive loading, which leads to overstrain of the structure, and non-
structural cracks occur due to internal stresses caused by thermal loads and
various linear expansions of materials [3].
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Fig. 12. General view and thermal imaging study of the compensation seam filled with mastic
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Fig. 13. Histogram of temperature changes around the compensation seam filled with mastic
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Fig. 14. Graph of temperature changes in the direction of the profile P1

To solve the research problems and determine the prospects for further research
by author's team, is proposed, to use a number of methods and design solutions,
such as treatment of steel reinforcement with anti-corrosion materials, use of non-
metallic reinforcement and high-performance concrete. In particular, new non-
corrosive materials have recently been actively sought to reinforce concrete
structures, such as fibrous polymer composite (FRP), which is estimated to solve
the above problem, especially in harsh environment [7].

Conclusions. According to results of visual, instrumental and thermal
imaging inspection, was found that one of the main problems that causes
cement concrete pavement destruction on highway road sections and on
bridges is the condition of expansion joints. Therefore, at least three expansion
joints without pins and gaskets must be installed in front of bridges and
overpasses. Seams should be filled with highly compressible material, such as
sand treated with bitumen.

On category I-III roads with embankments over 3 m high made of large
fragmented soils, with embankments in swamps with partial peat, on
overpasses through railways, where is expected uneven subsidence of the
ground, is recommended to arrange cement-concrete pavements and reinforced
concrete.
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And it is established that the peeling of the protective metal reinforcement

layer is caused by the phenomenon of electro-chemical corrosion. Therefore, it
is advisable to use non-metallic reinforcement for cement-concrete pavement
and slabs of bridges carriageway.
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Tamensik LI1., Xapuenxo A.M., [mumpuuenxo A.M., Lubyrvcokuit B.M., I'vemenes O.O.
JOCJIUKEHHSI MIINHOCTI TA CTAHY HEMEHTOBETHOHHOI'O IIOKPUTTS
HA MOCTAX HEPYHIBHUMU METOJAMHU

B crarti HaBemeHHI pe3yNbTaTH BH3HAYCHHS MIIHOCTI HEPYyHHIBHHMH METOAAMHU
[IEMEHTOOCTOHHOIO TOKPUTTSI HAa MOCTaXx. 3a pe3yibTaTaMH JOCIHIUKCHHS M00ynoBaHa
nudepeHiiiHa KprBa, KpUBa HaAIMHOCTI Ta OOCpHEHA BEJIMYMHA HAKOIMUYEHOI YaCTOCTI MIl{HOCTI
Ha CTHCK ILIeMEHTO0eTOHY. BCTaHOBIICHO, 1110 IIEMEHTOOETOH AOCIIKYyBaHUX 00’ €KTIB BiAmoBigae
KJacy MIIHOCTI 3riZIHO HOPMAaTHBHHX JoKyMeHTiB. IIpore, 3a pesympratamu Bi3yaJbHOrO,
IHCTPYMEHTAJIBHOI'O Ta TEIJIOBI3IIHOrO 0OCTEXKEHHS IiITHOK HAa MOCTaX BHUSBJICHO Psi Je(eKTiB
LIEMEHTOOCTOHHOr0 MOKPHUTTS Ta IUIAT NPOI3HOI YAaCTHHH, SIKI MOXYTh NPU3BECTH IO BTPATH
MILHOCTI KOHCTPYKLIi OPOKHBOTO OASATY. 30KpeMa, BCTAHOBJICHO, 110 PYHHYBaHHS 00CTEKEHUX
3aJ1i300€TOHHUX IUIUT MOCTIB HEPEBAXKHO BiAOYBAETHCS IMiJ] BIUIMBOM IIPOLIECY KOPO3il Ta BTPATH
00’eMy po0OYO0i YACTHHH CTAJIEBOI apMaTypH, HE3aJ0BIJIbHOIO CTaHY KOMIICHCALIMHUX LIBIB Ha
ornopax. BusHaueno, 1110 TpilMHY B 3a1i300€TOHHHUX IUIMTaX BUHUKAIOTH Yepe3 HU3bKY CTIHKICTh
OCTOHY Ha 3THMHAJbHI HABAHTAXKCHHs], dYepe3 sKi CTajeBa apMaTypa MiAJA€Thesl BIUIMBY
arpecMBHOIO 30BHILIHBOIO CEpelOBUINA. B CBOIO uepry HOBEEHO, IO CTPYKTYPHI TPIIHHH B
OCTOHI BHHHKAIM 4Yepe3 HaAMIpHE HABAHTAXCHHS, IO MPH3BEIO [0 IIEPEHANpPYKCHHS
KOHCTPYKLi, @ HECTPYKTYPHI TPIILMHHI — BHACIIJOK BHYTPILIHIX MepeHANPYKEHb, IO CIIPUYHHEH]
TEIUIOBHMH HaBaHTOKCHHSAMH Ta PI3HUMH JiHIHUME PO3IIMPEHHAMH MaTtepianis. TerioBi3iiHum
JOCTIKEHHsIM OyJI0 BHSBJICHO 3HAYHy pPO30ODKHICTH TeMmmeparyp B eJeMEeHTaX KOHCTPYKIHT
JIOPO’KHBOI'O OAATY, IO B MaiOYTHbOMY IpPU3BOAMTH [0 PYHHYBAaHHS LIEMEHTOOETOHHOIrO
HOKPUTTS. BHSBJICHO, 110 BiAIAPOBYBAHHS 3aXWCHOrO IIApy METAJCBOI apMarypd Ha
JIOCTIIKYBAaHHX MOCTaX CIPHYHHEHE SIBULLEM EJIEKTPO-XiMI4HOI KOPO3ii.

AHami3 [OCBiIy BIAIUTYBAaHHS LEMEHTOOCTOHHOTO MOKPUTTS MOCHI/UKYBaHUX 00 €KTIiB
JI03BOJISIE HIArOTYBATH MPOIMO3HUILIT 100 KOHCTPYIOBAHHS LIEMEHTOOSTOHHOTO JJOPOXKHBOI'O OJISATY
MOCTIB Ta UIJISXONPOBOAIB 3 BHUKOPUCTaHHSIM CYY4aCHHX MaTepialiB, 30KpeMa, HEMeTaleBOi
apMaTypH.

KarwouoBi cjioBa: MocTH, HEpyHHIBHI METOAM, MILHICTh, IIEMEHTOOETOHHE [OKPHTTS,
TEIJIOBi3iiHE 00CTEXKEHHs, apMarypa.

Tamensx UI1., Xapuenxo A.H., [mumpuuenxo A.H., L{ei6yavckuit B.H., ['ymenee A.A.
UCCIEIOBAHHUE ITPOYHOCTU MU COCTOsSIHHUSA ULEMEHTOBETHOHHOI'O
MOKPBITUSI HA MOCTAX HEPA3PYHIAIOIUMHA METOJAMU

B cratbe npUBOIATCSA PE3yJbTAThl ONPEICICHUS MPOYHOCTH METOAAMH HEpa3pyLIArUMU
LEMEHTOOCTOHHOE TMOKPhITHE Ha Mocrax. Ilo pe3yibTataM HCCICIOBAHUS IMOCTpPOCHA
muddepeHanbHas  KpUBas, KpHBas HAAGKHOCTH M 0O0OpaTHAs BEJMYMHA HAKOIUICHHOM
HPOYHOCTHOM YaCTOTBI HA CXKATHE LIEMEHTOOCTOHA. YCTaHOBIICHO, YTO LIEMEHTOOCTOH M3ydyaeMbIX
00bEKTOB COOTBETCTBYET KJIACCY NMPOYHOCTH, YKa3aHHOMY B HOPMATHUBHBIX JOKyMeHTax. OJHaKO
10 pe3yJibTaTaM OOCJICIOBAaHHsI YYACTKOB Ha MOCTaX BBISBJICH PsiJ Ae()EKTOB LEeMEHTOOETOHHOrO
HOKPBITHS U ILIAT MPOEIKEH YaCTH, KOTOPbIE MOTYT HPUBECTH K MOTEPE IPOYHOCTH KOHCTPYKIHH
JIOPOXKHOM ~ OJeXK/bl. TCIUIOBU3MOHHBIM ~ HCCIICIOBAHUEM OBLIO BBISBJICHO 3HAYMTEIIBHOEC
PacXOXk/ICHUE TEMIIEPATYP B DJIEMEHTaX KOHCTPYKLHH JOPOXKHOM OACKIbI, YTO B OYIYIIIEM MOXKET
HPHBECTH K Pa3pYIICHUIO [[EMEHTOOETOHHOTO MOKPBITHSL.

AHanu3 ornbITa yCTPOMCTBA LIEMEHTOOETOHHOIO MOKPBITHS UCCIEYEMbIX 00BEKTOB I103BOJISIET
HOATOTOBUTH MPEAJIOKEHHUS 110 KOHCTPYHPOBAHHIO IEMEHTOOCTOHHOM JIOPOKHOM OJIeXK/(bI MOCTOB
U [YTENPOBOJOB C MCIIOJIb30BAHHEM COBPEMEHHBIX MATEPHAIOB, B YACTHOCTH, HEMETAJINYECKOM
apMarypsbl.

KiaroueBble ¢j10Ba: MOCTbI, HEpa3pyILAONUME METO/AbI, IPOYHOCTh, LEMEHTOOCTOHHOE
HOKPBITHE, TEIJIOBU3HOHHOE 00CIICIOBAaHNE, apMATYpa.
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