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Abstract. The range of research of this paper is the central area of Satpayev city
with a radius of around 150 hectares. The first problem was to define the
possible effect of expanding Satpayev Avenue via Miners Square on the current
transport network of the city. Based on the established traffic simulation
software, researchers were able to model two different urban planning
scenarios. These were then benchmarked against real traffic data that was
recorded in the 80 intersections referred to as the key intersections in the city
to measure the changes in the traffic performance. It was found that traffic in
the evenings was extremely more delayed compared to the morning traffic; an
average of about 20 percent more congestions. The avenue extension under
consideration had a favorable influence on the state of the total traffic,
providing significantly better travel times. In addition, the findings indicate that
the extension would aid in relieving transit traffic out of residential areas,
thereby enhancing the living conditions in those places. The analysis has
affirmed that the suggested extension is likely to boost mobility, reduce
congestions, and improve accessibility of emergency and municipal services.
Keywords: road network, transport modelling, motorization growth,
pedestrian square, through traffic, courtyard road
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Introduction

City of Satpaev is one of the major industrial cities of the region, which is located in Ulytau
Region. The number of the city population has not changed much in the past years, estimated at
around 70,000 people [1]. This negligible growth of the population is evidence of the demographic
equilibrium and lack of drastic changes. Simultaneously with this demographic stability, the level
of motorization in Kazakhstan has increased at an accelerated pace. From 2020 to 2025, the
number of passenger cars in the country increased from 3.87 million to 6.37 million
(approximately 11% per year) [2].

Aslong as this trend persists, the number of passenger vehicles in the country can rise to above
6.4 million by early 2026. It is reported on the official basis of the Ulytau Regional Police
Department that 3,537 additional vehicles were registered in the region from 2023 to 2025. By the
end of March 2025, the total number of registered vehicles in Satpaev reached almost 16,000
vehicles. This equates to a motorization rate of about 200-230 cars per 1000 residents.

One of the major transport problems of the city of Satpaev is the discontinuity of the through
passage along Satpaev Avenue in the central part of the city due to a break in the road at Gorniakov
Square. The interruption of through connectivity on this important arterial road causes much
hassle to the residents and jeopardises the efficiency of the city's transport system. The main
negative consequences include:

e An increase in transit traffic through nearby residential neighbourhoods, with residents’
complaints about increased levels of noise, aggravated environmental conditions, and
lowered safety of courtyard areas.

e Reduced levels of efficiency of emergency services - especially the ambulances and fire
services - because of the lack of direct and continuous access along the route selected.

Such issues become severe at the peak hours, because of the high traffic load and decreased
speed of the vehicles. Restoring, through connectivity, is crucial to enhancing the flow of transport
as well as response to emergencies and safety.
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Figure 1. Load distribution scheme for courtyard driveways
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The methodology
This research is based on the detailed analysis of traffic streams, using modern methods of
data collection and data processing, and computer modelling. To be accurate and obijective,
traditional field research and the use of innovative devices were employed. The model was
developed utilizing the open source mapping services such as OpenStreetMap, Yandex. Maps and
Google Earth services. The collection of traffic load data was made using the following methods:
e Direct observation - manual observing of vehicles at chosen road segments.
e Aerial photography (with the help of unmanned aerial vehicles (UAVs) which was utilized
to acquire fine-grained facts on traffic density, connection, and conflict points.
e Video recording process followed by automatic processing with the use of specialized
software.
In order to achieve complete control over the most important directions, there was designed
a network of 80 observation points. Recording was made in peak hours (8:00-9:00 and 18:15-
19:15) on weekdays to ensure representativeness of data.
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Figure 2. Control sections of the study

The collected materials were systematized by the following: the direction of travel, the kind of
vehicles used, and the time passed. Using video footage with graphic schemes, it was concluded
that the following were: volume of traffic, average speed, and delay duration. For the traffic
situation analysis, the Aimsun software package was implemented with the capabilities of micro-
and mesoscopic analysis of the traffic flows. Its functionality allowed for:
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— Reconstruction of the existing situation of roads;
— Testing of potential modernization scenarios;
— Imagining congestion and flow patterns.
— Comparison of simulated and real traffic parameters.

The result of the study led to the development of proposals to achieve the best traffic
conditions. The used methodology has shown extremely high effectiveness in the analysis of
transport systems and the provision of scientifically justified solutions.

Findings/Discussion

The urban area of 1.5 km? (150 hectares), including main city roads (Yerden Street, Abay
Street, Mangilik El Street, Ulytau Street, etc.) as well as Satpaev Avenue and Independence Avenue,
was covered by the study. A central urban hub is Gorniakov Square, which divides Satpaev Avenue
into two parts. During morning and evening peak times, traffic movement is slowed by an
increased concentration of both pedestrian and vehicular flows in the city center [3].
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Peak Hour

It was found out through the analysis of the current traffic load that the evening peak hour is
20% more severe than the morning one in relation to the time of delay. Thus, modelling was
performed based on the data for the evening peak period. Two major development scenarios were
established based on the conducted study:

1. Baseline Scenario - There are no changes in the existing road infrastructure.
2. Optimized Scenario - carrying out the recommended traffic organization
improvements.

This approach made it possible to make a direct comparison of the efficacy of potential
solutions. One of the most important in the transport system analysis of Satpaev was the
reconstruction of Abay Street, a major urban road that was scheduled for 2015. The consideration
of this planned upgrade was made in all calculations of the traffic modeling undertaking.
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Figure 5. Traffic Flow Simulation Results

For optimizing traffic on Satpaev Avenue, four alternative options of development scenarios
were developed. The first option, which was associated with relatively small changes to the square,
showed a serious drawback: increased pressure on intra-block routes. This led to the creation of
additional solutions (Scenarios 2, 3a, 3b, and 4), which suggested different schemes of traffic, both
signalized and unsignalized intersections, and possible utilization of roundabouts. These steps
intend to minimise transit traffic in areas with residential buildings and courtyard roads.

Suggested Measures to Decrease the Load on Interblock Networks:

1. One-Way Traffic Mangilik El Street, along with an exit towards Satpaev Avenue. This
alternative is for rerouting clustered traffic away from the south and the east inner-yard roads;
however, it keeps the possibility of overloading the other segments.
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2. Unsignalized Exit - Boulevard Connection between Mangilik El Street and Satpaev Avenue
without a traffic light. Allows entry as well as exit into the area around the Akimat.

Signalized Intersections:

3a. The T-Crossing has a one-way traffic towards Akimat and a return route to the rear end of
Ulytau mall. A new left-hand lane towards Mangilik El Street.

3b. An X-shaped intersection having an extra lane and signalling control.

4. Roundabout at the junction of Satpaev Avenue and Street Mangilik EL

Provides free-flow traffic comprising U-turns for large vehicles with no signal delays.

The key parameters of the traffic flow were the basis of the effectiveness criteria. speed,
density, delay time, and length of trip. The comparison of the five scenarios of Aimsun clearly
revealed how the four sets of developed alternatives were better at optimizing the interblock
traffic than the baseline scenarios.

Key indicators when analyzing the efficiency of different traffic management scenarios varied
considerably. The best for the trip duration was realized in Scenario 4, and a decrease in travel
time by 9.8%, which considerably exceeded the number in Scenario 1 (8.1%). The biggest decrease
in vehicle delay time (12.1%) was achieved in Scenario 2. A thorough assessment of Scenario 4
proved its outstanding superiority over key parameters: the density of traffic went down to 17.8%,
but the average speed went up by 7.8%. On the other hand, the respective numbers corresponding
to Scenario 1 were much lower — 8.4% and 6.1% respectively (Table 1 — Results of Comparative
Analysis).

Table 1. Results of Comparative Analysis

Indicator Baseline S-1 Change (%) S-2 | Change (%) S-3a Change (%)
Travel Time 126,88 116,75 8,1 A 114,89 9,6 A 114,72 9,7 A
Delay Time 32,72 30,47 10,1 A 29,83 12,1 A 30,36 10,4 A
Density 4,14 3,78 84 A 3,46 16 A 3,43 16,7 A
Speed (km/h) 31,65 33,63 -61V 34,05 -74V 34,13 -7,7V
Indicator Baseline S-3b Change (%) S-4 Change (%)
Travel Time 126,88 115,75 89 A 114,66 9,8 A
Delay Time 32,72 31,4 7,2 A 30,12 11,2 A
Density 4,14 3,52 14,5 A 3,38 17,8 A
Speed (km/h) 31,65 -6,8 -68V 34,16 -78VY

To calculate travel time across the route, having the intersection of Independence Avenue and
Satpaev Ave (Point A) and the intersection of Abay Street and Satpaev Ave (Point B), the modeling
was performed in 3D for two scenarios. The timeline of the current traffic scheme (yellow route)
will take about four minutes, and the proposed resolution with the new formation of the passage
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(green route) will reduce the time to only one minute.
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Figure 4. Travel Time Assessment from Point A to Point B

The project of getting rid of Gorniakov Square and extension of Satpaev Avenue envisages a
holistic approach to the solution of the city’s transportation problems involving improvement of
connectivity of the road network, removal of local bottlenecks, and capacity improvement of road
structures. The international experience of implementing similar projects demonstrates that,
along with the obvious advantages of enhanced traffic performance, such transformations can also
produce adverse impacts. The study of global case-studies allows objective evaluation of the
balance between potential risks and benefits, which is of particular significance for the project’s
adaptation to local urban conditions and flow characteristics of transport.

Flexible use of transport space is becoming a common practice in modern cities: its functions
are alternated by the city where it is needed. Global practice shows success stories of how the
traffic areas can temporarily be made pedestrian for public events. For example, the Austrian town
of Vocklabruck shuts its main Stadtplatz to cars every week to allow it to hold a farmers’ market
for 15,000 - 20,000 people [4]. Similar measures can be seen during Christmas markets in Vienna,
Prague, and Strasbourg, where central squares become pedestrian-only zones for weeks. Such an
approach enables cities to preserve the accessibility of traffic during working days and promote
the comfortable environment of an urban space for the crowds and happenings.

In the post-Soviet cities, the tradition of closing the main streets and squares during public
events has become a successful case as well. In Moscow, during city celebrations, Tverskaya Street
and Red Square turn into pedestrian zones. on the same note, in Astana, the central square is made
devoid of traffic to accommodate celebrations [5]. These examples reflect an innovative strategy
of urban space management, switching transportation hubs to temporary public space. A
confirmation of the possibility of multipurpose use of city squares with the effective combination
of transport functions and social and cultural activities.

The use of mobile elements of infrastructure - temporary fences, modular structures, bollards
- allows adapting the space for more rapid functional use [6]. That approach provides the most
appropriate balance between the requirements of the transport system and the demand for the
arrangement of comfortable settings for urban activities.
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Conclusion

The examination of the traffic situation on Satpaev Avenue and the surrounding streets
represents the present state of the roads based on climatic and seasonal factors. Conducted in
compliance with the standards of regulatory documentation of the Republic of Kazakhstan, the
study has covered a territory of 150 hectares with a macro-level analysis of the road network, an
intense assessment of 15 signalized intersections, 80 points of measurement of traffic intensity,
and 7 lines of public transport.

The most important result is that the proposed scenarios (2-4) overnight remove all transit
traffic through courtyard areas. Though the 11% increase in motorization may bring slight
deterioration in the traffic situation, the construction of Abay Street needs adjustments to avoid
overloading local streets.

Recommendations:

— Place a four-lane arrangement in Satpaev Avenue with parking bays, a reduction of speed,
and safe pedestrian crossing.

— Optimize the public transport network according to the data of passenger flow (mainly, for
Cases 1-3).

— Alter Abay Street reconstruction plan such that it lessens its impact on neighboring streets.
— Reconfigure movement of traffic signals (at Gurban street - Mangilik El street, the palace of
schoolchildren) to allow for priority movement of high volumes of traffic directions.

— Effectiveness of the proposed solutions:

— Extension of the Satpaev Avenue cuts travel time four times between Independence Avenue
and Abay Street.

— Enhanced relationship with Mangilik El Street (roundabout or signalized intersection) will
remove pressure from interblock streets.

— Temporal street closures for public occasions will necessitate the planning of alternative
routes.
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A.M. CaitbiHoB*, C.K. TameHos, M.B. KapTaios,
A.M. bysreiHoBa, b.M. EcxxaHoB

ITOO «Universal Tech Decisions», Acmana, KazaxcmaH

JleTa/IbHBIA TPAHCNIOPTHLIX aHA/IM3 U MOAE/IMPOBaHUe, COCPeJOTOYEHHbIe Ha
KJ/II0YeBOM YJIMYHOM ceTH ropoaa CaTrnaes

AHHOTanua. 06'beKTOM M3y4YeHHUs B JJaHHOU paboTe SABJSAETC leHTpajJbHas 4acTh ropoja
CarmaeB maomazbio okosio 150 rexktapoB. [1aBHOW 3azayeidl ucCCAeOBaHUA SIBJSAIOCH
onpejie/ieHWe BO3MOXHOTO BJIMSAAHUA pacuupeHus npocnekta CarnaeBa 4yepe3 [linomazab
['OpHSIKOB Ha CyIECTBYIOLYI0 TPAaHCHOPTHYIO ceTh ropoja. C moMouibI0 ClieaJu3upOBaHHOMN
NporpamMMbl MO/IeJIMPOBAHUS JIOPOXKHOTO JIBMXKEHUs ObLIO CMOJEeJIMPOBAHO JABa Pa3IMYHbIX
ClileHapUsl MJIAHUPOBAHUSA. JTH CIieHAapUU OBbLIM CONOCTABJIEHbl C peaJbHbIMU JAAHHBIMU O
JIBI>KEHUH, 3aPUKCUPOBAaHHBIMM Ha 80 KJ/IOUYEBBbIX NMEpPeKpPECTKaX ropojia, YTOObl OIEHUTh
M3MEHEHUs] B TPAHCHOPTHOM Harpyske. BbISCHHUIOCH, YTO B BeYyepHHUE 4Yachl JBUXKEHUE
3HAUYMTEJIbHO 00Jiee 3arpy>keHo M0 CPaBHEHUIO C YTPeHHUM TpadpukoM — B cpegHeM Ha 20%
6oJibllle 3aTOPOB. byaylee coeiMHeHHWe NPOCHEKTA OKa3al0 MOJIOXKUTEJbHOE BJIUSIHUE Ha
OOLIYI0 CUTYyalMI0 C TPAHCIIOPTHBIM IOTOKOM, 06eCclieYMB 3aMeTHO Jiydllee BpeMs B yTU. Kpome
TOro, pe3yJibTaThl NMOKA3bIBAlOT, YTO MPOEKT MOXET CIOCOOCTBOBATh BbIBOAY TPAaH3UTHOIrO
TPAHCIOPTA M3 XWJbIX PAMOHOB, TE€M CaMbIM yJydllas yCJIOBHUSA >XU3HM B 3THUX 30HAX.
[IpoBeiI€HHBIN aHA/IU3 MOATBEPAUJ, YTO NPEJOKEHHOE pacCIIMpPEHHE, CKOpee BCET0, MOBBICUT
MOOUJIBHOCTb, CHU3UT 3aTOPBI M YAYUIIUT AOCTYI K SKCTPEHHBIM U MYHUIIMNIAJIbHBIM CIY>K0aM.

KioyeBble  ci0Ba:  JOpoXXHasl  CeTb, TPAHCIOPTHOE  MOJeJWPOBaHUE,  POCT
aBTOMOOHW/IM3AlMH, NTelIexo/JHas MJ011a/lb, CKBO3HOE JIBUKeHH e, BHYTPUIBOPOBasi Jopora.

A.M. CainbiHOB*, C.K. TamreHos, M.B. Kapramos,
A.M. BysireiHoBa, b.M. Ec:kaHoB

KIIC «Universal Tech Decisions», AcmaHa, KazakcmaH

CoTnaeB KaJlaCbIHbIH, HETi3ri Kelle »KeJliCiHe 6aFbITTAa/IFAH KelleHi KeJIiK Taaaaybl
MeH MoJeJibAeyi

Anpatna. bys 3epTTey/iH HbicaHbl - CoTHaeB KaJacblHbIH I1aMaMeH 150 rekTapabl

KYpPaWTbIH OpPTaJbIK ayMaFbl. 3epTTeYAiH 6acTbl MakcaThl — CaTnaeB JaHFbLIbIH ['OpHSK a/laHbl
apKbl/Ibl y3apTy KaslaHbIH, Ka3ipri KeJiik »keJsiciHe Kajiail acep eTeTiHiH aHbIKTay 60.sibl. Koa
KO3FaJIbICbIH MOJeJib/leyre apHa/ifaH CeHiMAl 6affap/jaMasblK »KacakKTaMa HerTisiHze
3epTTeylIiep ekl TypJii KaJaJbIK »OClapJay CLleHapuMiH xaca/bl. bys cueHapuiiep KaJlaHbIH
80 Heri3ri »K0oJ1 aWpbIFbIHAH aJIbIHFAH HAKTbl KO3FaJbIC JepeKTepPiMeH CaJIbICThIPbLIABI, COJI
apKbl/Ibl K6JIiK KO3FaJbICbIHbIH, TUIMAIIITIH 6aFasay »Ky3ere acblpbl1/bl. 3epTTeY HITHXKeCiHJ e
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KellKi yaKbITTaFbl KO3Fa/bICThIH TaHFbl YaKbITKa KaparaHjaa mamameH 20%-fa kebipek
KiZlipicTepre yublpalkThIHbI aHBIKTa//bl. YCBIHbUIBIN OThIPFAaH AAaHFbUIJbI Y3apTY »KaJIIIbl KOJIIK
aFbIHbIHA OH, 9Cep €eTim, »KYPY YaKbITbIH €A3yip KbICKAapTaTbIHbI O6akKa/abl. COHBIMEH KaTap,
HOTHXKeJiep OYJ >KOOaHbIH, TPAH3UTTIK KOJIKTI TYpFblH aWMakKTapJaH TbIC UIbIFAPBIIN, COJI
ayMakKTapZarbl eMip canacblH XaKcapTyFa KeMeKTeceTiHiH kepcetregi. JKyprisinreH Ttangay
YCBIHBUJIFAH KeHEeWTY/JiH KO3Fa/ly[lbl >KaKCapTyFa, KENTeJsiCTi a3ahTyFa >KoHe ILIYFbLI >KoHe
KOMMYHaJIAbIK KbI3MeTTEePAiH KO/KEeTIMAIITIH apTThIpyFa bIKIaJl eTeTiHIH pacTajbl.

Ty#iH ce3aep: K01 KeJlici, Kesik Mozesiey, aBTOMOOUIM3alUAHBIH, 6CYi, )Kasly XKYpriHuiijiep
aJIaHbl, TPAH3UTTIK KO3FaJIbIC, ayJIaJIbIK 2KOJI.
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