Bulletin of Kazakh Automobile and Road Institute. Ne2 (10) 2025 ISSN 3005-4974, E-ISBN 3005-4966

Technical Sciences. Architecture and Construction

DOI: https://doi.org/10.63377/3005-4966.2-2025-02
UDC: 69.033.8
IRSTI: 67.09.05

Expansion joints and the interface zone of road pavement on bridges and overpasses
“'Bondar 1.S., *Khardikov P.G., *"Nurakhmetova K.K., 'Digarbaeva T.D., ‘Mamedova Zh.E.

IALT University named after Mukhamedjan Tynyshpaev, Almaty, Republic of Kazakhstan
*Corresponding author email: ivan_sergeevich_08@mail.ru

Abstract
Received: When actual intensity of transport traffic considerably exceeds the
06 May 2025 planned values, it leads to accelerated wear of road surface and
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19 May 2025 of Almaty city. Rutting in asphalt t t ially in th
Accepted: y city. Rutting in asphalt concrete pavement, especially in the
20 June 2025 areas of expansion joints, causes impacts of motor vehicles' wheels on

the ends of joints (metal trims). Such loads lead to rapid failure of all
expansion joints that are fixed in the roadway.

It is obvious that the increase in traffic volume contributes to the
increase in damage, but it is worth noting that uniform loading with a
certain frequency leads to the same result, whereas impact loads
occurring after the appearance and progression of damage have a
much more damaging effect. To date, most efforts to reduce potholes
and rutting at joints with expansion joints have focused on reducing
rutting, especially in the areas adjacent to expansion joints. To solve
this problem, various constructive solutions of the junction of the
bridge pavement with the expansion joint have been proposed,
including: the use of transition zones, the introduction of concrete
tributaries, the use of damping polymer concrete tributaries (edgings).
Keywords: defects of asphalt concrete pavement, expansion joint,
edging, rubber compensator.
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Tyitingeme
Kemik KO3FalbICBIHBIH, HAKThI KapPKBIHIBUIBIFBI XKOCTIApJIaHFaH MOHACPIACH
€Ioyip achlll KeTce, OyJI KON IKAMBUIFBICHBIHBIH TE€3 TO3ybIHA KOHE

l\ggmﬂa KCHZHSZZS OMBIKTapIbIH Takaa 0osybIHA oKeedl. by mocene AnMaTsl KalachlHBIH
MaMBbIp . .

Capanramanan ori: JKYPIEK MaruCTPaib/Ibl KOUICEPIHIC O3CKT 6OJIBIR OTBIP. Ac@anbuTGeTOH
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KHUCKTEpre) acep eTyiHe okeledi. MyHmai KyKTemelep Kypic Oelirinie

OekiTinreH 6apibIK KOMICHCATOPJIAP/IBIH Te3 ICTEH IIBIFYbIHA OKEIE .
Tpaduk KeneMmiHIH YIFAIObl 3aJIAJIbIH YJIFAIObIHA BIKIAT €TETiHI aHBIK,
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KOIIILIIr, ocipece KOMIIEHCATOpJapFa iprejec >Kepiepje, OWBIKTapabl
azaiityra OarpITTanFad. byn MocerneHi miemry YIOIH Kemip TOCEMiHiH
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YCBIHBUIIBI, OHBIH INIHAE: OTHeNl aiMakTapibl Tainanady, OETOH
cajajapblH  eHrizy, JeMrdepiik moJuMepiai OeTOH  cajajapbliH
(cKkuexTepiH) maianany.).
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AHHOTAIUA

Korma QaxTuueckass MHTEHCHMBHOCTH JBM)KCHHUS TPAHCIIOPTa 3HAYUTEIBHO
NIPEBBIIACT 3allJIAHUPOBAHHBIE 3HAYEHHUS, 3TO NPHUBOJUT K YCKOPEHHOMY
W3HOCY JOPOKHOTO TIOKPBITHS H 00pa3oBaHUIO KoJeWHOCTH. JlaHHas
npobiemMa akTyallbHAa Ha CKOPOCTHBIX MAarucCTpalbHBIX YJIMLAX Tropoja
Anmatsl. O6pa3zoBaHue Kojeil B achaabTOOETOHHOM MOKPBITHH, OCOOEHHO B
MecTax Je(OpMaLMOHHBIX LIBOB, IPUBOJUT K yAapaM KOJIEC aBTOTPAHCIIOpPTa
M0 TOPIIaM CTHIKOB (METaJUNTMYECKUM HaKJaJKaMm). Takue Harpy3Kd MPUBOISAT
K OBICTpOMY paspylLICHHIO BceX JAe(pOpMalMOHHBIX IIBOB, KOTOpbIE
3aKpEIUICHBI Ha IIPOE3KEN YaCTH.

OueBUIHO, YTO YBEIUYEHHE MHTEHCUBHOCTHU JBMKEHHUS CIIOCOOCTBYET
YBEJIIMYCHUIO yIiepOa, HO CTOMT OTMETHTh, YTO pPAaBHOMEpHAs Harpyska c
OIpeJIeIEHHON NePUOIUYHOCTBIO IPUBOAUT K TOMY K€ PE3yJbTaTy, TOrJa Kak
yAapHbIe HAarpy3KH, BO3HUKAIOIIME TIOCIIE TMOSIBICHUS W TMPOTPECCUPOBAHUS
MOBPEXJICHUM, OKa3bIBAIOT Topa3o Ooiee pa3pymuTeabHoe Bo3eiicteue. Ha
CETONHSIIHUN JIeHh OOJBIIMHCTBO YCHIMH 10 yMEHBIICHHUIO BBIOOWH H
KOJIGHHOCTM Ha CTBIKAX C KOMIIEHCATOpaMH OBUIO COCPEIOTOYEHO Ha
YMEHBIICHUN KOJEWHOCTH, OCOOGHHO Ha y4YacTKaxX, TMPWIETalomuX K
KomreHcaTopaMm. Jlng pemieHuss SToi  mpoOieMbl ObUIM  MPEIOKEHBI
pa3NuYHble KOHCTPYKTHBHBIC PEIICHHS COCIUHEHHS IOPOKHOTO TTOKPBITHS
MocTa ¢ 1ehOpMaIIMOHHBIM IIBOM, B TOM YHCJIE: HCIIOJIb30BaHHUE MEPEXOIHBIX
30H, BBEJEHHE OCTOHHBIX MPHUTOKOB, WCIOIB30BAHUE JIEeMIPUPYIOIINX
MOJMMEPOETOHHBIX MPUTOKOB (KAHTOB).

KiioueBbie cJioBa: Te(eKThI ac(hambToOOETOHHOTO
AepOopMallMOHHBIN I0B, OKAHTOBKA, PE3MHOBBIN KOMIIEHCATOP.

IMOKPBITHA,

Hugpopmayus 06 asmopax:
K.r.n., BAK P®, Ph.D MOH PK, accornuupoBannsiii mnpodeccop, ALT VYuusepcuteT HMeHH

Bonoaps HU.C. M.TeapimmaeBa, r. AnMarel, Pecyonuka Kazaxcran. ORCID ID: https://orcid.org/0000-0001-7376-
5643, E-mail: ivan_sergeevich_08@mail.ru
Marucr, cyaeOHO-CTPOUTEIBHBII SKCIIepPT, PyKOBOJUTENb OT/eIa JUarHocTukH MoctoB, OO0 "MocTsl
Xapouxos I1.T. n  umxeHepHele  npoekThl',  Cankt-IlerepOypr, Poccmiickas  ®enepamms. ORCID  ID:
https://orcid.org/0000-0002-1033-5272, E-mail: Ignktsm@mail.ru
K.1.1., nonient, ALT University umenn Myxamemkana Treinbinmaesa, Anmarsl, Pecriy6nuka Kaszaxcran.
Hypaxmemosa K.K. ORCID ID: https://orcid.org/0000-0002-3399-2275, E-mail: k.nurahmetova@alt.edu.kz

[uzapoaeea T./1.

K.t.H., pouent xadenper obmero mamuHOcTpoeHus, ALT University umenn MyxamemkaHa
TempimmaeBa, AnMarel, Peciy6nuka Kaszaxcran. ORCID ID: https://orcid.org/0009-0009-3310-220X,
E-mail: Dig.tamara@mail.ru

Mameoosa K.D.

Crynentka, ALT YuuBepcurer nmern Myxamemxkana Trinbimmaesa, Aamatsl, Pecniyonuka Kasaxcran.
ORCID ID: https://orcid.org/0009-0007-4180-3968, E-mail: Mamedova_Zh@gmail.ru

17


https://doi.org/10.63377/3005-4966.2-2025-02
mailto:ivan_sergeevich_08@mail.ru
https://orcid.org/0000-0001-7376-5643
https://orcid.org/0000-0001-7376-5643
mailto:ivan_sergeevich_08@mail.ru
https://orcid.org/0000-0002-1033-5272
mailto:lgnktsm@mail.ru
https://orcid.org/0000-0002-3399-2275
mailto:k.nurahmetova@alt.edu.kz
https://orcid.org/0009-0009-3310-220X
mailto:Dig.tamara@mail.ru
https://orcid.org/0009-0007-4180-3968
mailto:Mamedova_Zh@gmail.ru

Ka3sAXMW unctutythiabiH Xabapuibicsl. No2(10) 2025 ISSN 3005-4974, E-ISBN: 3005-4966

Introduction

There are problems with expansion joints on road bridges and overpasses in Kazakhstan [1-
3]. These problems are related to several factors - increased traffic load, climatic conditions, quality
of materials and human factor (violation of jointing technology) [4-8]. As it is known transport load
includes two main factors: the first is dynamic load associated with the intensity of urban traffic, the
second is static load associated with the congestion of urban roads in certain directions (traffic jams
in peak hours) [9, 10]. The dynamics of motor vehicle traffic is not constant and the speed limit
varies from 2 - 5 km/h to the permitted range of 60 km/h. The traffic flow also has significant
differences in mass, passenger cars weighing from 900 kg to 3.5 tonnes, buses 12 - 19 tonnes,
trucks 2 axles - 18 tonnes; 3 axles - 25 tonnes; 4 axles - 32 tonnes; 5 axles - 35 tonnes are moving
on the roads. [11]. Since the axle spacing is different, the dynamic impact is also very different, so
wheel impacts cause pavement failure on road bridges and overpasses [12-15]. Prolonged stopping
on road bridges and overpasses also adversely affects and deforms the pavement. The increased
dynamic impact is due to the difference in height between the top of the expansion joint and the
pavement surface, forming a ‘step’ [16-18]. To avoid asphalt concrete rupture, expansion joints are
used on road bridges and overpasses, which are made using different schemes and materials [19-
20].

Examples of the main defects of asphalt concrete pavements on bridges and overpasses in
Almaty are presented in Figures 1 and 2.

Figure 1. Exits on Ryskulov's Kuldzhinsky trakt, Almaty city
[photos taken by the author Bondar 1.S.]

Figure 2. Transport interchange and exits on the Northern Ring Highway, near Salem Shopping
Centre, city Almaty [photos taken by the author Bondar 1.S.]
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Single profile (beam) expansion joints (DS) of OP-DS-K brand are designed in accordance
with the requirements of the organisation's standard STO 41006842-002-2019 and fully meet the
requirements of GOST R 1330-2024 and SP 3543330. Expansion joints are designed to provide
movement of adjacent bridge (or other) structures to compensate for changes in expansion gaps.
Expansion joints can be installed on bridge structures with different types of spans (steel, reinforced
concrete, etc.) Girder expansion joints of OP-DSH-K2 brand provide safe and comfortable passage
of vehicles over them. Special - design of the DS element guarantees tightness of the expansion
joint during operation. High quality of the materials used, as well as a professional approach to the
design and production of expansion joints brand OP-DSH-K2 makes them safe in operation
throughout their entire service life. The expansion joints were designed for use in bridges with high
traffic flows, they are resistant to snow ploughing equipment and loads from extra heavy vehicles.

Methodology

In order to reduce the impact of traffic loads on the joints between two slabs or between a
slab and the carriageway, in recent years the maintenance services responsible for the operational
safety of the city's roads have started to install expansion joints with rubber expansion joints.

The expansion joint with rubber compensator consists of three parts: hot-rolled profiled steel
beam (profile), rubber seals and anchors. Its advantages are simplicity of construction, ease of
installation, durability and convenience. The main types of profile (edging) are: C-type (Fig. 3), F-
type (Fig. 4), E-type (Fig. 5).

sz
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Concrete C50 (B40) |

(

L Reinforcement

[ o o) A
i D i e e B
o7 p 4
s i -
p .
} / X
A & Q ~
N/ tg '_JJ 1/ & 12mm
4 e ' ‘D

Y 1/ /N
I ‘ \/\ 1 = J\l i
~_—ﬂm_..50.._,5ﬂ-—2m—-— ’ Reinforcement ¢ 16m
W | ==
IR
Type C80

Figure 3. Expansion joint with rubber expansion joint type C80 [the drawings are taken from the
website https://k2-engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-
deformatsionnye-shvy, edited by Bondar 1.S.]
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Figure 4. Expansion joint with rubber compensator type F80
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[the drawings are taken from the website https://k2-engineering.ru/produktsiya/deformatsionnye-
shvy/odnoprofilnye-deformatsionnye-shvy, edited by Bondar 1.S.]
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Figure 5. Expansion joint with rubber compensator type E80 [the drawings are taken from
the website https://k2-engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-
deformatsionnye-shvy, edited by Bondar 1.S.]

Border - elements OP-DSH-KZ2, edging in the deformation gap contours of adjacent
structures (roadway on the structure, the end of the span structure, the edge of the head part of the
support or the wardrobe wall of the stand) anchored in them and designed to absorb forces from
overlapping gap elements and to protect the edged elements of the structure from destruction under
the impact of vehicles. The list of applied edging in beam expansion joints of OP-DSH-K2 grade.
The flanges of the edge profile serve for attaching the waterproofing membrane of the deck (Fig. 6).

L0
‘

A

Figure 6. Edging for expansion joints OP-DSH-K2 [the drawings are taken from the website
https://k2-engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-deformatsionnye-shvy,
edited by Bondar 1.S.]

Table 1. Geometric Characteristics of Bands for Expansion Joints OP-DSH-K2

Type Displacement (mm) InZtaIIation dimensions (m];n)
C80 80 40 (0-80) 50(10-90)
F80 80 40 (0-80) 50 (10-90)
E80 80 40 (0-80) 50(10-90)

1. Under special requirements, displacements can reach up to 100 mm.

2. Installation dimensions A and B are specified at an average temperature.
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Linearity of the shaped profile used in the DS along the length corresponds to the tolerance
of 1.0 mm/1 m, within the whole length - 5 mm/10 m, Screw-shape is not more than 1 mm/1 m. The
edge bearing profiles are made of shaped (long) rolled products. The manufacturing plant, which
carries out shaping of the steel profile by solid hot rolling or solid hot processing, guarantees the
absence of hidden defects along the entire length of the profile. At the request of the project the
border of the DS can be made by welding of shaped solid drawn profile and long angle rolled
section by continuous welded seam according to GOST 14771, at that 30% (up to 100% at the
request of the opening) of welded seams are subjected to ultrasonic examination. Welded seams of
0S-DS-K2 grades meet the requirements of GOST 5264, GOST 8713 and GOST 14771.

Bearing profiles (edging) are treated with an increased degree of anticorrosion protection.
Anticorrosive coating of DSH corresponds to the category of corrosive aggressiveness of the
atmosphere not lower than C4 (high) according to GOST 346672. Durability of anticorrosive
coating corresponds to category H (more than 15 years) according to GOST 346671.

The main elements of the beam expansion joint of OP-DSH-K2 brand are edge bearing
profiles (edging), anchoring elements and sealing compensator (Fig.7).

4
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/
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SONNNNNNNNNNNNN 2

i~

74
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9 ] Sha

JC )
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Figure 7. Girder expansion joint OP-DSH-K2 (section) a - opening of DS; 1 - anchor plate; 2 -
anchor ring; 3 - compensator; 4 - edging. [the drawings are taken from the website https://k2-
engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-deformatsionnye-shvy, edited by
Bondar 1.S.]

Due to the presence of various configurations of the bearing profile execution, as well as a
large variability of the anchor elements execution, the design of DS can be applied at any
dimensions of the expansion joint lining areas and any thicknesses of asphalt pavement or other
pavement.

In beam expansion joints, sealing expansion joints are used [21], which allow for a
displacement of the structure from 40 to 120 mm. For beam expansion joints with an opening of
100 mm and above, which are used on motorways near settlements with a permitted speed of motor
vehicles over 90 km/h, as well as on roads in the settlements themselves, it is recommended to use
additional noise-reducing structures. Here are two options of design solutions for noise reduction:

1) application of special noise-reducing plates, such beam DSs are labelled ‘OP-DS-K2-
shp’ (Fig. 7);

2) application of expansion joint designs with special wave-shaped borders, such beam
joints are labelled ‘OP-DSh-K2-v’ (Fig. 9).
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Figure 8. Expansion joint OP-DSH-K2-shp with noise-reducing plate [the drawings are taken from
the website https://k2-engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-
deformatsionnye-shvy, edited by Bondar 1.S.]
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Figure 9. Special wave-shaped border OP-DSH-K2 [the drawings are taken from the website
https://k2-engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-deformatsionnye-shvy,
edited by Bondar I.S.]
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Figure 10. Photographs of the OP-DSH-K2-in wave-shaped border
[the drawings are taken from the website https://k2-
engineering.ru/produktsiya/deformatsionnye-shvy/odnoprofilnye-deformatsionnye-shvy]
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Results

Let us calculate the total temperature displacement of the free end of the span structure by
applying the formula [17]:

AT: ]/TaLAT, (1)

rae YT — is the reliability coefficient for temperature effects;

o — is the coefficient of linear thermal expansion, (1-107);

L — is the design length of the span structure from which the displacements are determined
(2%24 m);

At — range of change of design temperatures from Tmin t0 Tmax taking into account the
increase of this range due to the heating of the structure under the influence of sunlight, including
non-uniform heating and non-uniform temperature distribution along the cross-section of the
element [22].

Normative air temperatures in warm and cold seasons should be set equal: t,; =
+40°C; t,x =~ —40°C; can be accepted t,r = t,r — 15°C;

tX = tn,X + 150C,

The distances between the edges of OP-DSH-K2 expansion joints of types C80, F80 and
E80 measured at different temperatures in the range from -30°C no +30°C are shown in Figure 10.
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Figure 10. Diagram of dependence of displacement of expansion joints on temperature
[The graph was built by the author Bondar 1.S.]

Discussion

The calculated width determined by the formula (1) of one joint from the action of
temperature -40 ° C is equal to half of this value, that is, if by calculation AT turned out to be 16
cm, the half will be 8 cm. For a comfortable passage through the deformation joint the value of its
opening should not be more than 8 cm [23], otherwise due to the ‘failure’ of car wheels between the
edging dynamic coefficient (1+p) increases, which is an additional unfavourable factor, increasing
the impact of traffic load on the bridge spans. The presence of defects in the area of expansion
joints significantly increases this coefficient (1+pu) due to the disturbance of the smoothness of the
carriageway micro-relief.

23



Ka3zAXU nnctutyThiabH Xabapmsicel. Ne2(10) 2025 ISSN 3005-4974, E-ISBN: 3005-4966

Judging from the results of Figure 10, the presented types of expansion joints fulfil this task
perfectly. The best performance at different temperatures in the range from -30°C to +30°C, i.e. the
smallest displacement between the borders of the OP-DSH-K2 expansion joints of the F80 type at -
30°C outside temperature was 6.8 cm, and at +30°C the displacement was 5.4 cm.

Conclusion

It has been established that after commissioning of bridges and overpasses in a couple of
years deformations, displacements, deep cracks and potholes in the zones of expansion joints will
be inevitable in the zones of road asphalt concrete pavement with the depth from 3 cm to 10 cm.
Existing damage and deformation of expansion joints on bridges and adjacent pavement areas can
cause serious vehicle accidents and road accidents.

Thanks to the use of expansion joints with rubber compensator on the spans of bridges,
overpasses and transport interchanges of Almaty city, the operational safety of transport structures
has significantly improved, which in turn gave a positive economic effect [24]. The accumulated
experience allows adapting the designs of OP-DSH-K2 beam expansion joints of types C80, F80
and E80 for application on oblique spans, on spans with a surface system of drainage devices, with
combined traffic of road and tram transport and on railway crossings, approaches to bridges, etc.
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