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Abstract. The purpose of the work is to present the results of the overpass structural survey and to determine the
causes of the structural defects. Especially it is urgent task for countries with big and vast territory such as Kazakhstan.
The territory is located in center of Eurasia, where are intersected many international ways between Europe and
Asian countries from Ancient times to nowadays. One of the main international highway road is Yekaterinburg —
Almaty (2336 km) which is one of main transportation road between Russia and Kazakhstan. Reconstruction of this
road was done intensively in 2013. There is overpass construction which is constructed on section 1114-1137 km
of Yekaterinburg — Almaty road. Unfortunately, deformation of bearing structures of overpass are detected during
construction process. Therefore, it is proposed observation of deformed structures, soil ground. Before continuing
construction process. The overpass is located in Zhaltyr village of Akmola region.

Keywords: highway, overpass, deformation, observation, beams, standard, construction, cracks, strength, defects,
destroy.

Introduction

The purpose of the construction of the overpass
are ensuring traffic safety when crossing a railway
road and ensuring continuous movement on this
section of the route.

Seasonal freezing and thawing of the ground is
an external influence on the condition of the girder
structures. Technical inspection of the deformed
section of the trestle and making technical decisions
is the main task to ensure the safety and durability of
the structure.

According to the road-climaticregion, it belongs to
the fourth climatic zone. The climate is characterized
by sharp continental and low rainfall. Engineering
and geological conditions of the overpass area were
determined by Kazdorproject Ltd. in 2006. A layer of
solid consistency sandy loam solid consistency lies to
a depth of 3 m.

Below it passes a layer of semi-solid and solid
consistency sandy clay. Then, there is gravel with
sandy aggregate [1-2]. Photo of overpass is illustrated
in Figure 1.

Materials and research methods

The overpass is located on the straight section of
the route in the plan and on the ascending branch of
the convex vertical curve with a radius of 15,000 m

in the longitudinal profile, in accordance with the

necessary parameters for the II category of roads
according to the requirements.

The width of the overpass was adopted in the
carriageway 11.5 m with service passages of 0.75 m.
The total length of the overpass is 70.8 m. The bridge
clearance is 7 m.

The span structure is a split beam of three beam
spans (21x24x21 m), with rubber-metal supports.

Roadway - with asphalt concrete pavement.
Transverse slope of the roadway — 20%. Safety lanes
— with cement concrete coating. Service walkways
from paving blocks with reinforced concrete curb
fences 0.75 m high. Railings — metal 1.1 m high.

Supports — reinforced concrete with a section of
40x60 cm on a natural base. The extreme supports
of the viaduct are the bulk foundations of the gantry
type. Intermediate supports — rack-mount single-row.
In the foundation sockets, the stoics are mounted
with the incorporation of monolithic concrete.

For monopolization with a crossbar, reinforcing
outlets are provided in the racks. Crossbars in
extreme support monolithic, in average support
combined. On the crossbar, a device of sub-truss
stones is provided for installing beams of the span.

Span beams prefabricated reinforced concrete
pre-stressed double-tee sections of the VTK-21s and
VTK-24s grades (according to the project B35, F200,
W6); the length of the beams of the extreme spans is



21 m and the average span is 24 m.

Preparation and calibration of the concrete
strength monitoring sensor.

The application of wireless sensors consists of
three stages: preparation; calibration; installation [3].

Figures 3-6 presented defecting by cracks of the
beams, underbeam concrete slabs and defects of
concrete slabs.

Results and discussion

Underbeam concrete slabs (Figure 7) monolithic
reinforced concrete (according to the project B25,
F300, W6). They are arranged on the site above
reinforced concrete crossbars. A general view of the
sub-enzyme concrete slabs is shown in Figure 8.

The arrangement and marking of the sub-enzyme
concrete slabs is shown in Figure 7. The main defects
of the sub-enzyme concrete slabs are cracks with an
opening width of up to 3 mm, spalls up to 30 mm
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deep caused by low concrete strength (class B5-B10).

According to the results of studies of concrete
beams given in table 1, it was revealed that there are
no deviations from the project.

The control points for measuring the strength of
concrete were located on the side faces of the walls
and flanges of reinforced concrete beams of the
span (see Figure 7). The strength of concrete was
determined at several points along the length of the
beam (see Figure 8).

During the inspection of reinforced concrete
beams of the span of the overpass, measures were
taken to monitor the crack opening. Specialists of the
laboratory of KGS LLP installed marks in the upper
part of the shelf of the beams of the superstructure, as
well as in the transition of the shelf to the wall from
the inside of the beams. The position and width of the
cracks were also recorded. The results of observation
of crack opening during the monitoring period are

Figure 1 — Overpass

Figure 2 — Span beams before installation
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Figure 3 — Defecting by cracks of the beams (top and side view)

Figure 5 — General view underbeam concrete slabs

Figure 6 — Defects of concrete slabs
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Figure 7 — Span beam concrete strength test

Table 1 — Results of average actual concrete strength

- Required design strength of concrete Average actual concrete strength
R,, MPa ‘ Concrete class R,, MPa ‘ Concrete class
Reinforced concrete beams prestressed beams

b1-E 45.8 B35 49.0 B35

b2-E 45.8 B35 51.2 B35

b3-E 45.8 B35 54.9 B40

b4-E 45.8 B35 48.9 B35

B5-E 45.8 B35 54.4 B40

b6-E 45.8 B35 46.7 B35

b7-E 45.8 B35 52.2 B35

b8-E 45.8 B35 44.7 B35

b1-A 45.8 B35 47.4 B35

b2-A 45.8 B35 43.9 B35

b3-A 45.8 B35 51.1 B35

b4-A 45.8 B35 49.3 B35

Bb5-A 45.8 B35 52.1 B35

b6-A 45.8 B35 55.5 B40

B7-A 45.8 B35 52.0 B35

b8-A 45.8 B35 49.1 B35
shown in table 2. selectively in the middle supports, according to the

Monitoring showed that the development of | instructions of the customers.

cracks does not occur, since the beams are in the According to the results of studies of the concrete
design position and are not loaded. strength of monolithic sub-truss stones given in table

The strength of concrete was determined using | 3, it was revealed that there are deviations from the
the IPS-MG4 device on the side faces of the sub-truss | design data.
stones of the extreme and middle supports, as well as 217
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Table 2 — Results of crack size

Crack sizes, mm
Sketches of the monitoring sites Crack increment, mm
03.11.2013 10.11.2013
Top of girder flange B3-E 1.5 1.5 0.0
Top of girder flange B8-E 1.4 14 0.0
Flange to flange transition of B3-E girder 0.6 0.6 0.0
Flange to flange transition of B8-E girder 0.5 0.5 0.0

Table 3 — Results of average actual concrete strength

A Required design strength of concrete Average actual concrete strength
R,, MPa ‘ Class of concrete R,, MPa ‘ Class of concrete
Prestressed concrete beams BTK-21s
K-1-1 32.7 B25 18.9 B15
K-1-2 32.7 B25 19.4 B15
K-1-3 32.7 B25 19.2 B15
K-1-4 32.7 B25 15.9 B12.5
K-1-5 32.7 B25 13.1 B10
K-1-6 32.7 B25 19.0 B15
K-1-7 32.7 B25 18.8 B15
K-1-8 32.7 B25 26.2 B20
K-4-1 32.7 B25 26.2 B20
K-4-2 32.7 B25 16.1 B12.5
K-4-3 32.7 B25 26.2 B20
K-4-4 32.7 B25 19.6 B15
K-4-5 32.7 B25 16.3 B12.5
K-4-6 32.7 B25 26.2 B20
K-4-7 32.7 B25 19.1 B15
K-4-8 32.7 B25 19.2 B15
K-3-8 32.7 B25 6.0 B5
K-3-7 32.7 B25 5.9 B5
K-3-6 32.7 B25 6.4 B5
K-3-5 32.7 B25 6.2 B5
K-2-5 32.7 B25 6.1 B5
K-2-4 32.7 B25 6.0 B5
Conclusion safety of workers and collapse;

According to the results of a technical observation
of the concrete beams of the span and underbeam
concrete slabs of the overpass, their condition
according to SN RK 1.04-04-2002 [5] is estimated as
follows:

- spans: B1-E, B3-E, B5-E, BS-E, B4-A, B5-A, B6-A,
B7-A, B8-A — category III (limited workable design):
there are damage indicating a decrease in the bearing
capacity and operational suitability of the structure,

but at the time of examination not endangering the

- underbeam concrete slabs — category IV (pre-
emergency state of construction), the results of
determining the strength of concrete stones showed
that all underbeam concrete slabs did not gain design
strength (B25), especially low-strength concrete (B5)
has truss stones along axes 2 and 3 (middle supports).
The cause of defects is basically improper care of the
concrete and possible freezing of the concrete during
hydration.
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Figure 8 — Strength test of underbeam concrete slabs

REFERENCES

1. Shakhmov Z., Tleubayeva A., Smagulova E., Utepbergenova L., Togabayev Y., Bazarbayev D. Analyzing of soil ground to frost heaving

of structures // Geotechnical Engineers sector: Mater. Intern. Conf., Astana, Kazakhstan, 2016. — Astana, 2016. — Pp. 47-50.

Nevzorov, A. Foundations on seasonally frozen soils: textbook. — Moscow: ACB, 2000. — 152 p.

KazNIISA. SP RK EN 1997-1 — «Geotechnical design. Part 1. General rules». 2016.

CNaR RK 5.01-01-2002. Building and Structures Base 2002.

USSR, P.G. Recommendations for taking into account and preventing deformation and frost heave forces. 1986.

CIM PK EN 1997-2:2004/2011 «leoTexHu4yecKoe NpoeKTMpoBaHue. YacTb 2. MiccnefoBaHna U UCMbITaHUA FPYHTa.

Teltayev, B., Suppes, E., Liu, J. Impact of freezing of subgrade on pavement deformation // Geotechnical sector: Mater. 19th Intern.

Conf., Astana, Kazakhstan, 2017. — Astana, 2017. Pp. 1419-1422.

8. Teltayev, B., Baibatyrov, A., Suppes E. Characteristics of highway subgrade frost penetration in regions of the Kazakhstan // 15th
Asian Region. Conf. on Soil Mechanics and Geotechnical Engineering., Astana, Kazakhstan, 2015. — Astana, 2015. Pp. 1664-1668.

9. Teltayey, B., Suppes, E. Temperature in pavement and subgrade and its effect on moisture // Case Studies in Thermal Engineering,
Volume 13, 2019.

10. Teltayev, B.B., Zhussupbekov, A., Shakhmov, Z., Suppes, E.A. Field experimental investigations of freezing and thawing of highway
subgrade // Lecture Notes in Civil Engineering, Volume 49, 2020. — Pp. 35-47.

NowukwnN

Ka3aKcmaHHbIH UHMeHepiK-2e0/102UAnbIK HaFdalinapbiHda x#on xyiienepiH sepmmey
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1YTEINOB Enbek Baxumosuy, PhD, KaybimdacmelpblaraH npogeccop, utepov-elbek@mail.ru,

2AHUCKUH AneKceli, KaybiMOacmolpblaraH npogeccop,

1«/1.H. lymunes amsiHOarbl Eypasus ynmmelK yHusepcumemi» KeAK, Kazakcmax, AcmaHa, Camnaes Keweci, 2,
2Conmycmik yHusepcumemi, Xopsamus, BapaxcouH, 104 Keweci, 3,

*aemop-KoppecrnoHOeHm.

AHOamna. VHPPaKypolabIMHbIH (H0A0aPObIH, UHXEHEPAIK HcylienepdiH waHe m.6.) Kayincizdiei meH 1cymoic icmeyi
Ke3 KeslzeH endiH, 3KOHOMUKA/bIK OaMYbIHbIH Hezizei pakmopaapsiHbiH 6ipi 606in mabeinadsl. byn acipece KazakcmaH
CUAKMbI QYyMaFbl Y/IKeH HaHe KeH endep ywiH e3ekmi. KazakcmaH aymars! excenzi 0ayipoeH byeiHei kyHee deliiHei Ey-
pona meH A3us endepi apaceiHOaFbl KerTme2eH XasbIKapasblK #0a0ap KublablcamsiH EypasusHbiH opmansiFbiHOA op-
HAMacKaH. bacmel xanslKapansik asmoma2ucmpanb0aposiH bipi — Peceli meH Ka3aKcmaH apacbiHOaFsl Hezid2i KesiK
mMaaucmpanbOapbiHeiH bipi 60a6iM MabbiaamelH EkamepuHbype — Aamamel (2336 Km). bya »#condsl Katima Kypy 2013
HCbIAbI KAPKbIHObI #yp2i3indi. EkamepuHbype — Aamamel xonbiHbiH, 1114-1137 KM yyackeciHOe 5cmaKada casnbiHObI.
OKiHiwKe opali, KypblabiC NpoueciHOe X#oa emneciHiK mipek KOHCMPYKYUAAapsIHbIH 0epopmayusacel maboladsl. CoH-
ObIKMAH KypblbICMbl XAAFACMbIPMAC bYpbIH 0edhoOpMayUANaHFOH KYpblabiMOapOsl, Hez2iz mornbIparsiH 3epmmey ycol-
HblAa0bl. Icmakada AKMosa 06716ICbIHbIH #aamebip aybinbiHOG OPHANACKAH.
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Kinm ce3dep: mac »on, sacmakada, depopmayus, 6aKbinay,apKaasbikmap, cmaHoapm, KypbiabiM, ¥apsikmap, bepik-
miK, akaynap, 6y3biny.

UccnedoeaHue 0opoxcHbIX cucmem 8 UHM¥(eHePHO-2e0A02u4ecKux ycnosusx Kazaxcmaxa
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2YHusepcumem Cesep, Xopeamus, BapaxoOuH, yn. 104, 3,

*aemop-KoppecrnoHOeHm.

AHHOMayus. bezonacHocms U YHKYUOHAIbHOCMb UHGPACMpPyKmypbl (00poe, UHMEeHEePHbIX cucmem u 0p.) Aens-
HoMCcA 0OHUMU U3 OCHOBHbIX (haKMOPO8 3KOHOMUYECK020 pazeumus aboli cmpaHsl. OcobeHHO 3mo aKmyanbHo 045
cmpaH ¢ 6oabwoli u obwupHol meppumopueli, makux Kak KazaxcmaH. Teppumopus KazaxcmaHa pacrnosnioneHa 8 yeH-
mpe Espa3suu, 20e nepeceKkaromcs MHo2ue MexoyHApoOoHble nymu mexcoy Esponoli u cmpaHamu A3uu ¢ dpesHeliiux
spemMeH 00 Hawux OHeli. OOHA U3 2/1a8HbIX MeXOYHAPOOHbIX asmomazucmpaneli — EkamepuHbype — Anmamei (2336
KM), Komopas Ae7a59emcs 00HOU U3 OCHOBHbIX MPAHCIOPMHbIX Mazucmpasnel mexdy Poccueli u KazaxcmaHom. PeKoH-
cmpyKuyus amoli dopoau bbina UHMeHcusHo rposedeHa 8 2013 200y. Ha yuacmke 1114-1137 km dopoau EkamepuHbype
— Aamamel nocmpoeHa scmakada. K coxaneHuro, 8 npoyecce cmpoumesbcmaea 0bHapyHeHbl 0epopmayuu Hecyujux
KoHcmpykyuli nymenposoda. lNosmomy npednazaemcs nposecmu obcnedosaHue 0epopmMupoB8aHHbIX KOHCMPYKUUU,
2pYHMa 0CHOBAHUSA neped MpodosxeHUemM cmpoumenbcmed. Icmakadd pacrnonoxeHa 8 cese MManmeip AKMOAUHCKOU
obnacmu.

Knruesole cnosa: wocce, scmakada, degpopmayus, HabawooeHue, 6aaKka, cmaHOapm, KOHCMPYKUUA, mMpewuHsl, npo4-
Hocmes, Oehekmel, paspyuwieHue.
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