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Survey of overpass foundation in engineering-geological condition
of Kazakhstan

Abstract. The aim of the work is to present the results of the inspection of the foundations
of the overpass and to determine the causes of the defects. This is a particularly relevant
task for countries with a large and extensive territory, such as Kazakhstan. This area is
located in the centre of Eurasia, where many international routes between Europe and
Asian countries have crossed since ancient times until the present day. One of the main
international highways is Yekaterinburg - Almaty (2336 km), which is one of the main
transport routes between Russia and Kazakhstan. This road was intensively
reconstructed in 2013. An overpass was built on the 1114-1137 km section of the
Yekaterinburg - Almaty Road. Unfortunately, there was downtime in the construction
process. It is therefore proposed to inspect the foundations of the structures, the subgrade
soil before continuing the construction. The overpass is located in the village of Zhaltyr,
Akmola region.
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Introduction

The purpose of the overpass construction is to ensure traffic safety when crossing the railway and
to ensure uninterrupted traffic on this section of the route.

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

In terms of the climatic region, the trestle relates to the fourth climatic zone. The climate is
characterised by a strong continental climate and low precipitation. Engineering and geological
conditions of the overpass area were determined by Kazdorproject Ltd. in 2006. At a depth of 3 m there
is a layer of sandy loam of hard consistency.

Under it there is a layer of sandy clay of semi-solid and hard consistency. This is followed by
gravel with sandy aggregate [1-2]. A scheme of the overpass is shown in Figure 1.
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Figure 1. Overpass drawings

Materials and research methods
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The overpass is located on a straight section of the route in plan and on an ascending branch of a
convex vertical curve with a radius of 15,000 m in longitudinal profile, in accordance with the required

parameters for road category II as required.

The width of the overpass is accepted on the carriageway 11,5 m with operational passages of
0,75 m. The total length of the overpass is 70.8 m. The span of the bridge is 7 m.

The bridge superstructure is a sectional beam of three girder spans (21x24x21 m), with rubber-

metal supports.

The carriageway is paved with asphalt concrete. The cross slope of the carriageway is 20%. Safety
lanes are paved with cement concrete. Service pedestrian paths - paving stone with reinforced concrete

curbs 0,75 m high. Railings - metal 1.1 m high.

The visual and instrumental inspection of the monolithic foundations (MF) included:

- inspection of the conditions of the MF;
- inspection of the quality of the MF surfaces;

- verification of compliance of the actual dimensions of the MFs with the design ones.
The general view if foundations are presented in figure 2.
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Figure 2. Foundations

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
(Figure 3).
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Figure 3. Supports and beams

Results and discussion

Visual and instrumental inspection of the monolithic foundations of MF#1, MF#2, MF#3, MF#4
revealed defects such as:

- delamination and spalling on the surface of foundations (Figure 4);

- cracks on the surface of monolithic foundations (figure 5);

- Exposed rebar in foundation pits.

Figure 4. Failure of concrete foundations

BECTHVK EHY umenu .H. Tymunesa. Cepus mexuueckue HayKu u mexHoA02uu Ne 1(142)/2023 119
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Survey of overpass foundation in engineering-geological condition of Kazakhstan

Instrumental inspection of foundations revealed geometric deviations from their design
dimensions of MF Ne3 foundation by 10-12 cm (Figure 6).

ﬁ&
Figure 6. Detected defects in foundation structures

Corrosion of the reinforcement in the foundation wells is shown in Figure 7.
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Figure 7. Corrosion of fittings in foundation wells for props

Cracks on the surface of the foundation are shown in Figure 8.

- N o

Figure 8. Cracks in the surface of the MF#4 foundation

Voids under the foundation of MF3 are shown in Figure 9.

Figure 9. Voids underneath the bottom of the MF#3 foundation
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Determination of actual strength of reinforced concrete monolithic structures conducted by KGS
LLP testing laboratory was carried out by non-destructive method, using IPS-MG4 device (electronic

concrete strength meter) according to Figure 10.
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Figure 10. Dimensioning the monolithic foundation along the edges

The results of the investigation presented in Table 1 showed that the concrete strength

corresponds to the required design strength.

Table 1. Comparison of actual and design concrete strength

Required design strength

Average actual concrete

1 o,
Item brand of concrete strength Safety margin, %
Rs, MPa | Concrete grade | Rb, MPa | Concrete grade
Mon
olith
Monolithic foundations »
foun
datio
ns
MF#1(1-12) 32,7 B25 32,9 B25 1
MF#1(13-24) 32,7 B25 33,0 B25 1
MF#1(25-36) 32,7 B25 36,0 B27,5 9
MF#1(37-48) 32,7 B25 36,6 B27,5 11
MF#1(49-60) 32,7 B25 42,2 B30 23
TOTAL:
Average safety margin of MF No. 1 9%
MF#2(1-6) 32,7 B25 36,0 B27,5 9
MF#2(7-12) 32,7 B25 36,4 B27,5 10
MF#2(13-18) 32,7 B25 41,5 B30 21
MF#2(19-24) 32,7 B25 41,1 B30 20
MF#2(25-30) 32,7 B25 36,3 B27,5 10
TOTAL:
Average safety margin of MF No. 2 14%
MF#3(1-6) 32,7 B25 40,3 B30 19
MF#3(7-12) 32,7 B25 36,0 B27,5 9
MF#3(13-18) 32,7 B25 36,6 B27,5 11
MF#3(19-24) 32,7 B25 29,3 B20 -12
MF#3(25-30) 32,7 B25 36,5 B27,5 10
TOTAL:
Average safety margin of MF No. 3 7,4%
MF#4(1-12) 32,7 B25 41,5 B30 21
MF#4(13-24) 32,7 B25 41,4 B30 21
MF#4(25-36) 32,7 B25 42,5 B30 23
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MF#4(37-48) 32,7 B25 36,8 B27,5 11
MF#4(49-60) 32,7 B25 36,6 B27,5 11
TOTAL:
Average safety margin of MF No. 4 17,4%

According to the actual concrete strength test results, concrete grade B25 M350 has a safety
margin:

- for MF#1 was 9%;

- for MF#2 was 14%;

- for MF#3 was 7.4%;

- for MF#4 was 17.4%.

which indicates that the concrete of the monolithic foundations has sufficient strength.

Conclusion

The assessment of the reliability and quality of the monolithic foundations has been carried out
in accordance with GOSTs and SNiPs of RK [1-3].

Visual and instrumental inspection of the monolithic foundations (MF#1, MF#2, MF#3, MF#4) did
not reveal any serious damages and deviations from GOSTs. All foundations have defects in the form of
spalling, delamination, cracks, in some parts the armature is bare.

The actual concrete strength of the monolithic foundations corresponds to the design strength.

According to the results of determining the protective layer of concrete, the maximum deviation
was +5-8 mm, which corresponds to the requirements [2].

The inspection of the monolithic foundations for continuity showed the absence of cracks and
voids within the bodies of the foundations.
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KasakcTaHHBIH MHKeHepAiK-Te0A0TUsIABbIK XaFaalblHAa KYObIpABIH HETi3iH 3epTTey

Angarna. JKyMBICTBIH MaKcaThl — 9CTaKaaHbIH ipreTachlH TeKCepy HOTMKedepiMeH TaHbICTLIPY
>K9He aKayaapAblH ceOentepin anbikTay. bya Kaszaxcran cisIKTBI yAKeH JKoHe KeH ayMaKThl eadep VIIiH
oTe ©3eKTi MiHgeT. by aiimak Eypasusanbiy opraaplFbiHAa OpHaaackaH, MyHJAa Eypona men Asus eagepi
apachIHAAFBl KONTereH XaAblKapaAblK MapIIpyTTap KeHe 3aMaHHaH OYTiHIi KyHre JAeiiiH Kecill ©TKeH.
Herisri xaapIKapaablK aBTOMOONAB >K0AAapbIHBIH Oipi ExaTepnuOypr — Aamarsr (2336 kM) Peceit men
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Kasaxcran apacelHaarbl Herisri keaik OarbITTapbIHBIH Oipi Ooabimn Tabblaaasl. bya sxoa 2013 >xprabr
KapKbIHABI Typ4e KaaAIlblHa KeATipiaai. EkatepmuuOypr-Aamatsl >koasiHelH 1114-1137 xm yuackeciHge
JKOA eTmeci caablHABL OKiHIillIKe oOpaif, KYPBIABIC OapbIChiHAA TOKTayadap 004abl. CoOHABIKTaH
KYPBLABICTH JKaAFacThIpMac OYPBIH KYPBIABIMAAPABIH ipreTachlH, >Kep acThl TOIBIPaKTaphlH TeKcepy
ycbIHBLAaAbL. Ko eTkeai AKMoaa 004BICHIHBIH JKaaThIp ayblAbIHAA OpHadacKaH

Tyiiin ce3aep: Tac >xo04; 5cTakada; AepopMallist; Tycipy, iprerac, akayaap.

XK.A. IlIaxmos, I'T. Taeyaenosa, E.b. Yrennos
Espasuiicxuii nayuonarvnvii ynusepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman

OO0caegoBanNe OCHOBaHINSA MyTeIPOBOAA B MIDKEHEPHO-TeO0AOTMIeCKMX YCAOBUX
Ka3zaxcrana

Annoramms. Ilear paboTel - TmpeacTaBUTh pe3yaAbTaThl OOcAeAoBaHMS (PyHAAMEHTOB
IIyTeIIpOBOAa ¥ OIIpeAeAUTh IPUIMHBI AeeKToB. DTO OCOOeHHO aKTyaabHas 3ajada AAsl CTpaH C
©OABIIION 1 pa3BeTBAEHHON TeppuTOpMel, Takux Kak KasaxcraH. DTOT palioH paclioA0XKeH B IIeHTpe
EBpasun, rae ¢ ApeBHUX BpeMeH 40 HaIlluX JHell IepeceKaanch MHOTVe MeXAyHapOAHbIe MapIIpPyThI
mexxay Esportoit n asuarckumuy crpadamu. OgHOI U3 TAaBHBIX MeXXAYHapOAHBIX MaryucTpaAeil SIBAsSeTcst
ExarepunOypr - Aamatbl (2336 KM), OCHOBHOM TPaHCIIOPTHBINI MapuipyT MexXay Poccmeit n
Kasaxcranom. Dta gopora Oblaa MHTeHCHMBHO pekoHcTpymuposaHa B 2013 roay. Ilyremposos Obia
roctpoeH Ha yuyactke 1114-1137 xm asrogoporu Exarepun0Oypr - Aamarsr. K cokaaennio, B mporecce
CTPOUTEABCTBA MPOM30IIIea IpocToit. ITosromy npeaaaraercs ocMOTpeTh PyHAAMEHTBI COOPY>KEHMI,
TPYHT 3eMASHOTO II0A0THA, IIpeKJe yeM IIP0J0AKaTh CTpOUTeAbCTBO. ITyTerrpoBoy pacrioaoskeH B ceae
Kaaterp AkmoanHckoi 061acTm.

Karouaesble caoBa: 1mocce, myTerposod, gepopmanis, oocaesosanne, PyHAaMeHTHI, AePeKTHL.
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