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Abstract Currently, in all large and small cities in
Kazakhstan, residential and public buildings are being
actively built. It should be noted that the quantitative
indicators of the construction of residential facilities
prevail. The method applied to building residential
facilities at the point and quarter increases the population
density in urban areas. Increasing the number of residents
requires assessing the levels of comfort for pedestrians at
different speeds, the safety of sidewalks, and ensuring the
accessibility of infrastructure facilities to people. The
purpose of the study is to evaluate the quality of
comfortable and safe conditions of pedestrian roads as a
part of a district of Almaty. The assessment is based on the
study of the presence and quality of elements and objects in
the structures of transport roads and pedestrian sidewalks,
and the determining level of pedestrian comfort is also
applied (PCL). As a result of the study, the most
problematic streets, the quality of pedestrian accessibility
of extensive infrastructure facilities in each residential
sector, and the main shortcomings and proposals for their
elimination will be identified. The data obtained because of
the study can be used in reconstruction, and urban area
spatial planning concepts, allowing people to walk to most
daily services and institutions, creating maximum
opportunities to walk, reducing dependence on road
transport, and contributing to the daily life of the
community.
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1. Introduction

About 1,200,000 people live permanently in the revised
area (part of the Bostandyk district of Almaty). However,
due to the functioning of several extensive infrastructure
facilities in the area, the number of people increases daily
by 20-25 thousand people. Another important factor
contributing to the increase in the number of pedestrians in
the area at different times of the day is the excellent
improvement of the embankment of the Bolshaya
Almatinka River. In the last ten years, the Bolshaya
Almatinka embankment has been a favorite place for
walking, playing sports, and running for residents of the
study area and citizens from other parts of the city.
Although the arrival of 15-20 thousand people is temporary,
they impact the formation of safety criteria on pedestrian
roads. This aspect leads to an increase in the flow of traffic,
an increase in the number of cars parked along the roads, an
increase in the number of cyclists, people using scooters,
pedestrians, parents with prams, etc.

According to the desired goal, a full-scale study of the
selected square of the streets of Almaty city will be made.
The task is to identify the shortcomings and favorable
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conditions for the comfortable movement of people in the
selected area of the city. The results of the study will be
reflected in the illustrative scheme of each street and
proposed to local executive bodies of the city government
to improve the quality of life of Almaty city people.
Research devoted to improving comfortable, safe
conditions in cities makes an invaluable contribution to the
urbanization process and the growth of cities worldwide.

As noted already, infrastructure facilities operating in
this area can also be divided into "large" and "small" [1,2].
In this case, it should be noted that extensive infrastructure
facilities include standalone buildings within their territory.
Small infrastructure facilities include mini supermarkets,
stores, children's centers, pharmacies, medical centers, and
other facilities for daily public services. As a rule, small
infrastructure facilities are located on the first floors of
residential and public buildings. Small infrastructure
facilities divide the territory of residential buildings, and
the quality of pedestrian accessibility is not separately
related to the general improvement of the residential yard.
Within the framework of this study, primary attention is
paid to assessing the comfort and safety of pedestrian
accessibility to extensive infrastructure facilities in this
area. The large infrastructure facilities are represented by
four educational institutions, the Kazakh Leading
Academy of Architecture and Civil Engineering
(KazGASA), the Kazakh-American Academy (KAU), and
the Kazakh National Academy. T. Zhurgenov (2nd
building) (KazNAI), Academy of Economics and Statistics,
two supermarkets, one extensive shopping and
entertainment center, one office buildings (banks), two
medical centers, four preschool institutions, five schools (1
of which are private, four states), and one arboretum with a
total area of 53.8554 hectares. The area chosen for the
study has the limits of Saina-Kablukov and
Al-Farabi-Ryskulbekov streets, inside which there are
several means of transport, one bicycle, and one main road.
At the same time, it should be noted that all pedestrian
roads are located along transport roads.

2. Literature Review

Safety is a significant factor influencing cyclist behavior,
and understanding how road users perceive safety can help
drive urban design that attracts more active travelers.
Based on the stated preferences of motorists, cyclists, and
pedestrians for safe transportation infrastructures , as well
as analyzing street design elements including main streets,
lanes, and sidewalks, conclusions described the
importance of wide bike lanes and separating cyclists from
vehicular and pedestrian traffic. Removing parking next to
bike lanes also significantly improves perceptions of safety
[3].

This study addresses the traffic light scheduling problem
for pedestrian-vehicle mixed-flow networks. A
macroscopic model, which strikes an appropriate balance
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between the needs of pedestrians and vehicle drivers,
describes the problem of scheduling traffic lights in a
scheduling framework [4-7]. More convenient and safer
pedestrian conditions were created by expanding the scope
of conventional button control methods [8-11]. Many
transportation authorities have responded to traffic flow
concerns in recent decades by building "footbridges" on
significant roads and lower-velocity streets. This article
argues for increasing attention to pedestrian-rights
activism in infrastructure studies, offering insightful
proposals for traffic control and sustainable transportation
alternatives. The negative opinion of using pedestrian
bridges and the need to find alternatives are becoming
urgent issues in creating a safe environment for pedestrians
[12,13].

Pedestrian safety in a city depends on many factors, such
as crossing habits (road behavior, traffic culture),
infrastructure elements, and general traffic conditions
[1,14]. The case study analysis confirmed some of the
existing results in the literature and laid the foundation for
further research, such as surveying pedestrians and
analyzing other urban crossings in high-density areas such
as offices, banks, and schools [15,16]. To eliminate
obstacles on city sidewalks that endanger the lives of
citizens, self-centered applications are proposed.
Immediate detection and removal of obstructions are
essential to maintain clean and safe access to urban
infrastructure. The authors of this paper developed
methods to detect barriers and other dangerous obstacles
pedestrians encounter on city sidewalks. For this purpose, a
unique image dataset is created and used to analyze the
performance of different methods for detecting and
recognizing different types of obstacles using three
different architectures of deep learning algorithms[17].
The high precision of the experimental results shows that
the development of egocentric applications can
successfully contribute to maintaining the safety and
cleanliness of sidewalks while reducing the accident rate of
pedestrians [18].

Creating comfortable conditions for pedestrians requires
the study of wvarious factors. A qualitative study of
pedestrian streets, the walking experience of pedestrians,
street traffic, needs of local pedestrians, etc. [19,20].
Comfortable accessibility of the target for pedestrians also
requires considering a person's thermal comfort in the open
air, especially in dry regions [21-23]. Various guidelines
have been developed to implement data for all involved in
the planning of city streets. These may include local
government officials, elected members, consultants who
evaluate the impact of a development proposal, developers,
and designers. They represent the quality requirements for
the construction of footpaths and crossings. These
requirements apply when evaluating a new design or an
existing footpath [24-26]. Pedestrian routes, in most
situations, run along the buildings, allowing you to look at
the facades' details and the lower level's filling. “The
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border between inside and outside, private and public, is a
natural part of urban life, as it is a convenient place to
spend time”[10-12]. Visual contact in both directions
enhances the visual experience. Plastically expressive
architecture with a sufficient degree of permeability invites
people to interact, creates a sense of harmony, and
subsequently provides security. Attention to the medium
scale, objects, and spaces between the building and the
street and the formation of an environmental component
becomes vital for people living in these areas [27].

3. Materials and Methods

The studied square of streets is indicated in aerial
photographs of the area. Along the axes of
transport/pedestrian roads, the entire area is divided into
separate sectors, which are designated Sector 1 (from now
on referred to as "C") C2, C3, C4, C4, C5, C6, C7, C8, C9,
C10. The map highlights extensive infrastructure facilities
and pedestrian and transport roads. Observation and
photographic recording of the movement of pedestrians
from each designated sector to a specific large
infrastructure facility are carried out. The quality of the
surface condition, the width of pedestrian roads, street
lighting, and pedestrian traffic density are analyzed, and
pedestrian streets' negative and positive qualities are
revealed.

The Pedestrian Comfort Level (PCL) method estimates
the density level of foot traffic on a sidewalk. It is based
on the density of pedestrian flow observed on a given
street [2,28]. “To assess it, it is necessary to divide the
street into several sections, highlighting the most
characteristic sections of the street (pickets). These
pickets must contain objects that impede traffic or be
located where the sidewalk widens or narrows. Therefore,
objectively assessing the quality of pedestrian movement
along the sidewalk is possible. The PCL index,
people/(m-min), is calculated using the formula (1) for
each picket. This allows you to analyze the quality of
pedestrian movement at individual points and throughout
the sidewalk.

Fmp)
60-W .

PCL = (D

»

Where Wcep is the clear width of the passage, m; Fm(p)
- average or peak intensity (density) of the pedestrian flow,
people / s, the value of Wcp is usually determined
separately for each picket experimentally. The following
formula determines the density F):

3600'Ntotal(p)
TsMs(p)

Finwy = 2

where Ny, is the total number of pedestrians who
passed through the "virtual gate" for the total time of all
measurements (or for rush hour), people; Ts is the time of
one measurement, s; ns is the total number of
measurements (or during rush hour).
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Depending on the PCL wvalue, the conditions for
pedestrian traffic in the section of this picket belong to
one of the categories: A-, A, A + - these categories
provide the maximum level of comfort for pedestrian
traffic, regardless of the type of territory. B-, B, B+ - these
categories provide minimum comfort for pedestrian traffic
on most streets. Type B- is considered uncomfortable for
main streets or tourist routes. C-, C, C+ - these categories
provide minimum comfort for pedestrian traffic in
business districts and transport interchange zones. Such
conditions are uncomfortable for residential areas, and the
main streets are unacceptable. D, E - these categories do
not provide comfortable conditions for pedestrian traffic.
There is no freedom of maneuver. Pedestrians should look
for detours, as traffic conditions can become
uncomfortable and dangerous.
Based on the studied material, an assessment of
compliance with the following criteria will be made:
the needs of pedestrians and cyclists?
®  Are there any bus stops?
®  Are the bus stops easily accessible for pedestrians?
® The presence of additional passageways to get to
public transport stops or public facilities?

® Have particular actions been taken that are necessary
for special groups of citizens - for example, young
people, the elderly, the sick, the disabled, the deaf, or
the blind?

®  The availability of lighting and the correctness of its
planning?

® s the view obstructed - for example, by barriers, road
equipment, parking lots, road signs, landscaping,
plants, bridge piers, or buildings?

® Are cycle paths well marked near public transport
stops?

® Are the flows of vulnerable road users and motor
vehicles separated?

®  Are pedestrian crossings marked?

®  Are the transitions convenient and safe?

® [s there any risk that pedestrians will not use
underground and overground passages?

® Are the safety islands wide and large enough for
waiting pedestrians and cyclists?

4. Results

4.1. Al-Farabi Avenue-Saina Street

Al-Farabi is the main avenue of the city of Almaty and,
from the south side, connects to the mountains "Zaili
Alatau". Many modern multifunctional complexes,
theaters, shopping and entertainment complexes,
residential buildings, etc. are concentrated on Al-Farabi
Avenue. This avenue has a semicircular shape on the
city's plane and flows from the east and north into other
streets that connect the city with suburban areas. This
street on the east side, the so-called eastern bypass road,
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intersects Saina Street on the west side, as shown in
Figure 1.

In this study, a part of Al-Farabi Avenue is considered,
which includes a section that starts from Kekilbayuly
Street and ends with Saina Street. There are many
interchanges and elevated pedestrian roads on Al-Farabi
and Saina Avenue. In this study, Al-Farabi Avenue
connects the considered residential area with the
arboretum, as shown in Figure 2. The opportunity for
residents to visit the dendropark (president's park) is
conducted with the help of one aboveground and one
aboveground pedestrian road.

Saina Street is also the main road. In recent decades,
many road forks have been built on Saina Street, over
which pedestrian crossings pass. Several road means of
transport have increased in Almaty, prompting the call for
this measure. In the part of the street where there are no
underground passages for cars, eclevated pedestrian
bridges were built, as shown in Figure 3. The pedestrian
roads also operate on both sides of the Al-Farabi and
Saina streets throughout their length.

\
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4.2. A. Kekilbayuly Street

Kekilbayuly is a two-lane street for vehicular traffic, as
shown in Figure 4. On one side of the road is a pedestrian
sidewalk; on the other, there is a green stripe and a bicycle
road. The bicycle road was organized instead of the
former tram line. In the early 2000s, all tram lines were
dismantled in Almaty, and instead, bicycle roads were
built. This event was organized as part of the city for the
people program. The main goal was the development of
pedestrian and bicycle roads; the embankment of the
territory, in general, propaganda to reduce the number of
cars in the city.

This bike path is trendy among the residents of the area
and the city. In addition to cyclists, this road is actively
used by people on scooters, roller skates, and pedestrians.
Kekilbayuly Street is the eastern boundary of the study
area. Infrastructure facilities like the Kazakh Academy of
Arts, named after T. Zhurgenov (2nd building), the Mega
shopping and entertainment center, and the Big Almaty
Canal are on this street.

Figure 1. Al-Farabi Street crossing points to Saina Street
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Sain st

Figure 3. Saina Street, an example of a footbridge
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Figure 4. Kekilbayuly Street (bike path)

4.3. Big Almaty Canal

The vertical continuation of Kekilbayuly Street above
Toraigyrov Street to Al-Farabi Avenue passes to the
Bolshaya Almatinka Embankment and is only a pedestrian
road. In this study, the Bolshoy Almatinka embankment is
presented as an element of an infrastructure facility, as well
as a space for pedestrian movement. “Bolshaya Almatinka
is in three landscape zones: mountainous, foothill, and flat.
In 1971, according to the project of Soviet engineers, a
water cascade was created along the channel of the Malaya
Almatinka River, consisting of 28 reinforced concrete

water basins 8x12 in size, with a total length of 600 m.
necessary dampers of the speed of the flow of water,
protecting the city from flooding and floods. The task and
purpose of the cascading water basins of the river are to
protect the city from floods and improve the microclimate
by cooling the city's air in the summer heat. In 1971, along
the river embankment, under the Alma-Ata Green Belt
project, a protective green zone was established on both
sides of the riverbed, where protective green spaces were
planted [29].

From 2012 to now, various landscape and
transformation works have been carried out to create a
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comfortable public space for citizens to relax. Children's
playgrounds, sports equipment with inclusion, small
architectural forms, and good lighting are organized along
the embankment. Some river sections have restored small
forms of artistic value [30-32]. Currently, the Bolshaya
Almatinka embankment is a well-maintained area, which
citizens actively use at different times of the day and day
[33]. I would especially like to note the reconstruction of
the space under the bridge, which was previously the
negative section of the embankment. There are about 20
bridge structures along the Bolshoy Almatinka
embankment located within the city, as shown in Figure 5.

4.4. Toraigyrov Street (as the new name is called)

Kekilbayuly Street flows into Toraigyrov Street with a
smooth bend to the west and is a continuation of the
automobile and bicycle roads. The pedestrian road along
Kekilbayuly street also flows and connects with the bicycle
road, thus combining the second function of the pedestrian
road. When connecting Kekilbaev and Toraigyrov streets,
the road is located on the southern side of Toraigyrov, and
the cycling and pedestrian road is in its northern part. On
Toraigyrov Street, there are such extensive infrastructure
facilities of the district as the city polyclinic No. 4, the
building of the Kazakh-American University (KAU), and
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schools at the Kazakh Leading Academy of Architecture
and Civil Engineering. Thus, the functional feature of
Toraigyrov Street is that there are three types of roads in
parallel - automobile, bicycle, and pedestrian. Pedestrian
roads are on one side of the motor road and the side of the
bicycle road. Trees grow on both sides of pedestrian roads
and provide good shade during the hot season, as shown in
Figure 6.

4.5. Ryskulbekov Street

Ryskulbekov street is the northern, final boundary of the
study area, which is parallel to the streets of Toraigyrov,
Birzhan, and AlFarabi-Sain. KazGASA Academy of
Economics and Statistics buildings are located on
Ryskulbekov Street. This street has a high level of
congestion during the day and the school period. About
seven thousand students are studying at KazGASA, the
Academy of Economics and Statistics. The increase in the
daytime flow of people in cars is the main reason for
blocking pedestrian roads, creating an obstacle to the
comfortable movement of people, especially on the section
of Ryskulbekov Street from Sain and Mustafin. The
pedestrian road is located on both sides of the transport
network.

Figure 5. Embankment of the Bolshaya Almatinka River, Almaty
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Figure 6. Toraigyrov Street

Figure 7. Mustafina Street
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4.6. Mustafina Street

Mustafin, Navoi, and Kekilbayuly streets are
perpendicular to Al-Farabi Street and parallel to Sain. On
Mustafina Street, there are such infrastructure facilities as
Secondary schools No. 40 and 45, grocery supermarkets
"Magnum", "Orbita", a children's clinic, and a bank
building. Pedestrian roads are located on both sides of the
highway. The upper part of Mustafina Street above the
perpendicular Toraigyrov Street has a complex structure.
The car street widens and has four lanes for transport, and
in the middle has a wide lane with green spaces, primarily
coniferous trees, street flowers, and lawns. Pedestrian
roads are located on both sides of the highway. The upper
part of Mustafina Street is landscaped with comfortable
benches, lanterns, and green spaces, as shown in Figure 7

4.7. Navoi Street

Secondary schools No. 60.68 on Navoi Street and a
supermarket "Magnum" (the second store) are secondary
schools. The largest multifunctional residential complex,
"Shahristan," is located on this site. This residential
complex has a well-developed infrastructure and occupies
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the square of the streets: Kekilbaev-Navoi,
Toraigyrov-Ryskulbekov. Inside this multifunctional
complex are a private school for primary school children, a
kindergarten, several mini markets, offices, and
educational centers.

This map shows aerial photographs of Sain-Kablukov
streets, Al-Farabi-Ryskulbekov streets, ten residential
areas, and extensive infrastructure facilities for monitoring
their territory. Each street provides information about
pedestrians' open and dangerous facilities [33-35]; the
figures show the analysis of Al-Farabi street as follows:
Figure 8, Figure 9, Figure 10, and Figure 11. The figures
show the analysis of Kekilbayuly Street as follows: Figure
12 and Figure 13. Moreover, the figures show the analysis
of Toraighyrov Street, as follows: Figure 14 and Figure 15.
Furthermore, the figures show the analysis of Ryskulbekov
street, as follows: Figure 16 and Figure 17. The figures
show the analysis of Mustafin Street: Figure 18 and
Figure 19. Moreover, the figures show the analysis of
Navoi Street as follows: Figure 20 and Figure 21.

The results of the assessment of the density of pedestrian
streets are shown in Table 1. Furthermore, Table 2 shows
the assessment of safe accessibility of infrastructural
facilities for pedestrians.

Figure 8. Map of Saina- Kekilbayuly, Al-Farabi-Ryskulbekova street
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Figure 9. Al-Farabi streets
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Figure 21. Navoi Street, Road Safety Assessment

Figure 23. Measures to improve safety in the urban environment
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Table 1. The results of the assessment of the density of pedestrian streets

Street name Meaning W,, m HMu f;‘:::/lfefom;"d [ll\:ll ::i?{gmlii%é) Quality Category
Al-Farabi Avenue 1,5/2 2™ type) 50 1,25/1,8 A
Toraigyrov 5/1,5 (2™ type) 30 10/3 A
Ryskulbekov 1,5 50 50 A
Mustafina 1,5 30 50 A
Navoi 1,5 20 50 A
Saina 2,0 20 6 A
Table 2. Assessment of Safe Accessibility of Infrastructural Facilities for Pedestrians
Infrastructure Facility C1 C2 C3 C4 C5 Cé Cc7 C8 C9 C10
KazGASA
KAY
KazNAA

Eurasian Innovation Academy of
Economics and Management

Mall “MEGA”

“Magnum” supermarket

“Magnum” supermarket

Polyclinic Ne4

Eurasian the children's

polyclinic)

Bank (near

Market (Orbita)

Arboretum

Embankment

School 68

School 60

Lyceum at Kaz GASA

School 40

School 45

Children's polyclinic

Embankment

safe, partially secure, not safe

5. Discussions

The road and transport network of the city of Almaty has
a mesh shape. Pedestrian roads are located on both sides of
each transport network. However, the city of Almaty has a
unique town-planning feature. This is the presence of a
ditch system that runs through the entire city parallel to
transport and pedestrian roads. Thus, the network of the
city of Almaty has a complex structure. It consists of a
transport road on both sides, of which there are pedestrian
roads, ditches, trees, shrubs, and a green lawn, as shown in

Figure 22. Such a road structure is also typical for the area
studied in this article.

The city's grid layout allows good access to all
infrastructure facilities in each district. The disadvantage
that needs to be addressed is the mixed use of the bicycle
road by pedestrians, cyclists, and people on scooters.
Another critical factor is the non-compliance of the slope
of the ramps with the regulatory requirements, and this
problem is especially aggravated during snowy and rainy
periods. Poor pedestrian sidewalks' lighting causes
citizens' displeasure and increases the danger at crossings.
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All streets in Almaty have been reconstructed in the past
few years, with a clear separation of lanes for public
transport and private cars. Pedestrian crossings and stops
were subject to reconstruction. This positive development
increases pedestrians' safety and accelerates the
achievement of infrastructure facilities by public transport
within the city. Another positive solution to improve safety
in the urban environment is the installation of video
surveillance cameras at every street intersection and on the
territory of almost all public and residential buildings, as
shown in Figure 23.

Figure 24. An example of using the "Smart Pedestrian Crossing" system

In the city of Almaty, the specialists of Transtelecom
JSC launched the Smart Pedestrian Crossing system [36].
The project was implemented in a pilot mode in the
Shanyrak micro-district. Its goal is to improve road safety.
Thanks to sensors that automatically light up a section of
the road, a "smart pedestrian crossing" makes it possible to
safely cross the road at night [37] Figure 24. When a
pedestrian is detected by one of the sensors, the signal is
transmitted to the software, thereby activating the
automatic activation of the light panels "Caution,
pedestrian!" in both directions of movement. Thus, the
system warns the driver that a pedestrian crossing is ahead
of him and that there are people on it. The complex
acquires relevance in those road sections where the
pedestrian crossing is poorly visible due to the terrain. The
system also has a video camera, an overview scanner, and
excellent detail. Another advantage of the system is the
projection of zebras. A vital feature of the technical novelty
is to ensure the visibility of the crossing on a winter night
and in conditions of fog, rain, and snowfall [38].

Directional light allows you to see the transition and the
people on it. In addition, the bright light markings are not
worn out by the wheels and attract attention from afar. The
system is connected to the remote setting of operating
modes [39]. This is remote monitoring of the state of each
element of a pedestrian crossing and emergency
notification in case of malfunctions and emergencies. The
device operates via a wireless network using a "cloud"
infrastructure via GSM (3G), LoRa, NB-IoT, and XNB
channels. Management is automatically implemented.

Assessment of Safe Access to Pedestrian Infrastructure Facilities in the City of Almaty, Kazakhstan

Transtelecom JSC plans to scale further, replicate this
system, and develop similar projects in Almaty and
Kazakhstan.
Another critical factor is the presence of video cameras
at almost all intersections in the study area. In this case, the
role of video cameras in improving security in the urban
environment should be specially noted. With the help of
fixing video cameras, various disputable situations in
traffic accidents are revealed, and great help is provided in
detecting crimes and other cases. One exciting example is a
study conducted using video footage from CCTV cameras
and surveys of pedestrians in places conducted in London.
With the help of information from video footage from
CCTV cameras, more than 75 sections of the transport
network of London roads were investigated. The main
criteria for the study were:
® Detailed information about the pedestrian flow. This
gave information about the level of pedestrian traffic
during the day, how the direction of traffic changed
during the day, and which peaks were experienced.

®  Pedestrian speed was measured during and between
peak hours to assess the impact of the number of
people and the direction in which they were traveling.

® The number of people whose movement was
restricted was recorded. Limited movement is when
people have had to change their speed or route,
experienced ‘“shoulder brushing,” or bumped into
other users.

® The distance people leave between themselves and
outdoor furniture, “passing distance," was accurately
measured using CCTV surveillance and detailed
topographic surveys.

® A survey was conducted at many sites to assess
people's perception of comfort and how this might
affect their actions.

The results of these studies were used in a
comprehensive assessment of comfort in different area
types, the tolerance to different comfort levels, and the
passing distances people leave between each other and
street furniture. This was then used to determine the
guidance in this paper. [28].

6. Conclusions

The study of the area based on aerial photography, field
survey, photographic recording, and collection of
information on the number of daily pedestrians led to the
following conclusions. Depending on the location of the
transport and road network, the district was divided into ten
sectors, and 19 extensive infrastructure facilities were
identified. In general, assessing the quality of the safe
accessibility of infrastructure facilities for residents and
pedestrians temporarily arriving in the area is satisfactory.

Based on daily observations of the movement of
pedestrians, conducting a study following the goals set in
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general, positive and negative qualities of pedestrian roads
were identified. Positive qualities include: 1. Additional
night lighting of the pedestrian crossing ensures the safety
of people at night. This method is highly relevant near
educational institutions. 2. Street lights. 3. The green strip
between the road and the sidewalk visually draws borders
for pedestrians and creates a sense of security. 4. Bike
paths contribute generously to the development of
ecological transport. 5. Stormwater runoff does not
contribute to the flooding of roads. 6. Dividing the strip,
pedestrians can cross the road in two stages. 7. Bus line
allows passengers not to stand in traffic. 9. Above ground
crossings relevant for safe passage through the main road.

Negative qualities include 1. Parked cars "sidestep"
means that pedestrians have to walk along the road to get
around parked cars. 2. Creating only bike paths without
sidewalks leads to cyclists sharing the road with
pedestrians. 3. No stops for electric scooters, which is why
they are randomly scattered on the sidewalk and interfere
with passers-by. 4. Dense greenery usually "eats" the light
from streetlamps, creating more darkness. 5. The lack of
ramps complicates events for people with limited mobility.
6. Narrow sidewalks, it is inconvenient for pedestrians to
walk on a sidewalk less than 1.5 meters wide. 7. The
absence of street sidewalk lights is very inconvenient for
pedestrians at night.

The calculation of the movement density of pedestrians
on all the streets studied showed a good result. In this
regard, it should be noted that for a total population of
150,000 people (including temporarily arriving people) on
the territory of 200 hectares of the urban area, it can
provide good, comfortable conditions for the movement of
pedestrians. The Pedestrian Comfort Level (PCL) method
used is effective. The infrastructural security of the district
in terms of the number of inhabitants is good. As noted at
the beginning of the study, the safe accessibility for
pedestrians of extensive infrastructure facilities was
studied in this work. The buildings with their territory were
classified as extensive infrastructure facilities. During the
study, it was also determined that the number of small
infrastructure facilities that provide the population is 10-15
times higher than the large types in this area. An analysis of
the route of residents to infrastructure facilities determined
the safe accessibility of each building for residents of
different sectors.

Acknowledgments

The authors express deep gratitude to the reviewers,
editors, and the journal’s publishing house management.

Funding

This research did not receive external funding.

369

Conflicts of Interest

The authors declare that they have no conflict of interest.

REFERENCES

[1] Bakhtiar, I.S.; Mokhtar, S.; Hussein, M.Z.S. "Pedestrian
Infrastructure Quality of Service In Urban Neighborhood:
A Case Study in Wangsa Maju, Kuala Lumpur, Malaysia,"
Civil and Sustainable Urban Engineering, vol. 2, no.1, pp.
1-11, 2022, doi: https://doi.org/10.53623/csue.v2il.57.

[2] Banerjee, A.; Maurya, AK.  "Pedestrian Flow
Characteristics Over Different Facilities: Findings and Way
Forward," in: Transportation Research in India: Practices
and Future Directions. Springer Singapore: Singapore, pp.
79-99. https://doi.org/10.1007/978-981-16-9636-7_5, https
://doi.org/10.1007/978-981-16-9636-7_5.

[3] Gossling, S.; McRae, S. "Subjectively safe cycling
infrastructure: New insights for urban designs," Journal of
Transport Geography, vol. 101, pp. 103340, 2022, doi:
https://doi.org/10.1016/j.jtrangeo.2022.103340.

[4] Gupta, S.; Zhang, Y.; Su, R. "Urban traffic light scheduling
for pedestrian—vehicle mixed-flow networks using discrete
sine—cosine algorithm and its variants," Applied Soft
Computing, vol. 120, pp. 108656, 2022, doi:
https://doi.org/10.1016/j.as0¢.2022.108656.

[S] Muppa, K.R.; Naveen Kumar, C.; Tallam, T., Vehicle
Pedestrian Interaction Analysis at Unsignalized Intersection
using Trajectory Data," in: IOP Conference Series: Earth
and Environmental Science, 2022.
10.1088/1755-1315/982/1/012057. https://www.scopus.co
m/inward/record.uri?eid=2-s2.0-85127287330&doi=10.10
88%2f1755-1315%21982%21%2f012057&partnerID=40
&md5=54b15df27552a33bcce7dab87d5f9¢c6.

[6] Verma, A.; Sasidharan, S.; Bhalla, K.; Allirani, H. "Fatality
risk analysis of vulnerable road users from an Indian city,"
Case Studies on Transport Policy, vol. 10, no.1, pp.
269-277, 2022, doi: https://doi.org/10.1016/j.cstp.2021.12.
008.

[71 Galvez-Pérez, D.; Guirao, B.; Ortuiio, A.; Picado-Santos, L.
"The Influence of Built Environment Factors on Elderly
Pedestrian Road Safety in Cities: The Experience of
Madrid," Int. J. Environ. Res. Public Health, vol. 19, no.4,
pp-, 2022, doi: https://doi.org/10.3390/ijerph19042280.

[8] Arellana, J.; Fernandez, S.; Figueroa, M.; Cantillo, V.
"Analyzing pedestrian behavior when crossing urban roads
by combining RP and SP data," Transportation Research
Part F: Traffic Psychology and Behaviour, vol. 85, pp.
259-275, 2022, doi: https://doi.org/10.1016/.trf.2022.01.0
12.

[91 Noh, B.; Yeo, H. "A novel method of predictive collision
risk area estimation for proactive pedestrian accident
prevention system in urban surveillance infrastructure,"
Transportation Research Part C: Emerging Technologies,
vol. 137, pp., 2022, doi: https://doi.org/10.1016/j.trc.2022.
103570.



370

(10]

[11]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Assessment of Safe Access to Pedestrian Infrastructure Facilities in the City of Almaty, Kazakhstan

Soathong, A.; Chowdhury, S.; Wilson, D.; Ranjitkar,
PJ.T.b.; society. "Investigating the motivation for
pedestrians’ risky crossing behaviour at urban mid-block
road sections," Travel Behaviour and Society, vol. 22, pp.
155-165, 2021, doi: https://doi.org/10.1016/j.tbs.2020.09.0
0s.

Wu, F.; Chen, H.; Hou, K.; Cheng, Z.; Qiu, T.Z. "Adaptive
Pushbutton Control for Signalized Pedestrian Midblock
Crossings," J Transp Eng Part A Syst, vol. 148, no.4, pp.,
2022, doi: https://doi.org/10.1061/JTEPBS.0000659.

Soliz, A.; Pérez-Lopez, R. "‘Footbridges’: pedestrian
infrastructure or urban barrier?," Current Opinion in
Environmental Sustainability, vol. 55, pp. 101161, 2022,
doi: https://doi.org/10.1016/j.cosust.2022.101161.

Katopola, D.; Mashili, F.; Hasselberg, M. "Pedestrians’
Perception of Pedestrian Bridges—A Qualitative Study in
Dar es Salaam," International Journal of Environmental
Research and Public Health, vol. 19, no.3, pp., 2022, doi:
https://doi.org/10.3390/ijerph19031238.

Isradi, M.; Andri, M.A.; Rifai, I.; Mufhidin, A. "The
Effectiveness of Users of the People's Crossing Bridge (JPO)
at the Youth Center of the City of North Jakarta
Administration during the COVID-19 Pandemic," ARRUS
Journal of Engineering and Technology, vol. 2, no.2, pp.
92-105, 2022, doi: https://doi.org/10.35877/jetech749.

Campisi, T.; Otkovi¢, LL; gurdonja, S.; Deluka-Tibljas, A.,
Impact Of Social and Technological Distraction on
Pedestrian Crossing Behaviour: A Case Study in Enna,
Sicily," 2022, pp- 100-107.
https://doi.org/10.1016/j.trpro.2021.12.014. https://www.sc
opus.com/inward/record.uri?eid=2-s2.0-85123585309&doi
=10.1016%2fj.trpro.2021.12.014&partnerID=40&md5=71
b533c6£d85¢39cf8f18663219d6429.

Gitelman, V.; Korchatov, A.; Carmel, R. "Safety-related
behaviours of e-cyclists on urban streets: an observational
study in Israel," Transportation Research Procedia, vol. 60,
pp- 609-616, 2022, doi: https://doi.org/10.1016/j.trpro.202
1.12.079.

Galyshev, A.B. "Assessment of The Quality of The
Conditions for Pedestrian Traffic on Paideways,"
International Journal of Advanced Studies: Transport and
Information Technologies, vol. 11, no.3, pp. 83-88, 2021,
doi: https://doi.org/10.12731/2227-930X-2021-11-3-83-88.

Theodosiou, Z.; Partaourides, H.; Panayi, S.; Kitsis, A.;
Lanitis, A., Detection and Recognition of Barriers
in Egocentric Images for Safe Urban Sidewalks," in:
Computer Vision, Imaging and Computer Graphics Theory
and Applications, Cham, 2022, 2022; pp. 530-543.
https://doi.org/10.1007/978-3-030-94893-1 25.

Maged, J.; Moussa, R.R.; Konbr, U. "An Investigation into
the Causes of Pedestrians' Walking Difficulties in Cairo
Streets," Civil Engineering and Architecture, vol. 10, no.1,
pp- 12-26, 2022, doi:https://dx.doi.org/10.13189/cea.2022.
100102.

Aromal, V.; Naseer, M.A. "A methodology for the
identification of significant factors for the improvement of
pedestrian facilities in an urban area," Journal of Urban
Management, vol. 11, no.3, pp. 353-364, 2022, doi:
https://doi.org/10.1016/j.jum.2022.04.007.

(21]

[31]

Salman, A.M.; Saleem, Y.M. "The effect of Urban Heat
Island mitigation strategies on outdoor human thermal
comfort in the city of Baghdad," Frontiers of Architectural
Research, vol. 10, no.4, pp. 838-856, 2021, doi:
https://doi.org/10.1016/j.foar.2021.07.002.

Shafaghat, A.; Manteghi, G.; Keyvanfar, A.; Lamit, H.;
Saito, K.; Ossen, D. "Street Geometry Factors Influence
Urban Microclimate in Tropical Coastal Cities: A Review,"
Environmental and Climate Technologies, vol. 17, pp.
61-75, 2016, doi: https://doi.org/10.1515/rtuect-2016-0006.

Santamouris, M.; Papanikolaou, N.; Koronakis, I.; Livada,
1.; Asimakopoulos, D. "Thermal and air flow characteristics
in a deep pedestrian canyon under hot weather conditions,"
Atmospheric Environment, vol. 33, no.27, pp. 4503-4521,
1999, doi:https://doi.org/10.1016/S1352-2310(99)00187-9.

Pantzar, M. "Pedestrian Level of Service and Trip
Generation," University of Melbourne, vol., pp., 2012.

M. A. Sokolova, K.Y.A. "Urban voids as a component of
the humanization of the architectural environment,"
Architecture and Modern Information Technologies, vol.
49, no.4, pp. 262-280, 2019, doi: https://doi.org/10.24411/
1998-4839-2019-00018.

Galyshev, A.B.J.1.J.0.A.S. "Assessment of The Quality of
Pedestrian Traffic Conditions on Sidewalks," International
Journal of Advanced Studies, vol. 11, no.3, pp. 83-88, 2021,
doi: https://doi.org/10.12731/2227-930X-2021-11-3-83-88.

L.V, K. "The border as a method of urban space
revitalization " Bulletin of the Ir State Technical University,
vol. 89, no.6, pp. 117-123, 2014.

LONDON, T.F. Pedestrian Comfort Guidance for London.
2010.

Konbr, U. "Environmental Handling of Hard-scaping
Elements as an Approach to Sustainability- Applying to the
City of Tanta," Journal of Al-Azhar University Engineering
Sector (JAUES), vol. 6, no.21, pp. 1138-1149, 2011.

Tolegen, Z.Z.; Issabayev, G.A.; Yussupova, A.K;
Murzalina, G.B.; Amandykova, D.A. "Architectural and
Compositional Concepts of Environmentally Safe Urban
Arrangement," Civil Engineering and Architecture, vol. 10,
no.3, pp. 1036 - 1046, 2022, doi: https://doi.org/10.13189/
cea.2022.100320.

Tolegen, Z.Z.; Imanbayeva, Z.A.; Trofimov, V.P.; Popov,
Y.G.; Amandykova, D. "On the Question of Humanization
of Urban Spaces of Kazakhstan," Bulletin of Kazakh
Leading Academy of Architecture and Construction, vol. 84,
no.4, pp. 124-134, 2022, doi: https://doi.org/10.51488/168
0-080X/2022.2-14.

Lynch, K., "The image of the city," MIT Press:
ISBN:0262620014, 1964. https://books.google.com.eg/boo
ks?hl=en&lr=&id= phRPWsSpAgC&oi=fnd&pg=PA1&d
qﬁ

Ilyasov, R. Al-Farabi Avenue in Almaty will change
beyond recognition. https://tengrinews.kz/kazakhstan new
s/prospekt-al-farabi-v-almatyi-izmenitsya-do-neuznavaem
osti-434671, accessed on 26 February.

Kabylov, D.; Amandykova, D.; Ostapenko, I.; Gvozdikova,
T.; Bryantsev, A.; Moldabekov, M.; Koshenov, K.
Mugzhanova, G.J.M.i.I. "Compositional aspects of urban



(35]

Civil Engineering and Architecture 11(1): 351-371, 2023

environment organization," serials journals, vol. 97, no.4,
pp. 281-297, 2017.

Tolegen, Z.; Moldabekov, M.; Koshenov, K.; Mugzhanova,
G.J.A.S. "Roles of Public Ethnocultural Spaces in
Kazakhstan," Astra Salvensis, vol. no.11, pp. 761-774,
2018.

LLP, P.O. "Smart" pedestrian crossing appeared in Almaty.
https://profit.kz/news/61570/Umnij-peshehodnij-perehod-p
oyavilsya-v-Almati, accessed on 25 May.

Konbr, U.; Abdelaal, M. "Utilizing Smart Systems to
Enhance the Sustainability of Egyptian Administrative
Buildings," Civil Engineering and Architecture, vol. 10,

[38]

[39]

371

no.7, pp. -, 2022, doi:https://dx.doi.org/10.13189/cea.2022
.100701.

Konbr, U. "Smart Sustainable Cities—Vision and Reality,"
Resourceedings, vol. 2, no.l, pp. 101-127, 2019, doi:
https://dx.doi.org/10.21625/resourceedings.v2il.455.

Konbr, U. "Smart Buildings and Sustainability in Egypt-
Formularization of a Concept and a Methodology
Establishing," JES. Journal of Engineering Sciences, vol.
44, no.4, pp. 472-501, 2016, doi: https://doi.org/10.21608/
esaun.2016.117613.



	1. Introduction
	2. Literature Review
	3. Materials and Methods
	4. Results
	5. Discussions
	6. Conclusions
	Acknowledgments
	Funding
	Conflicts of Interest
	REFERENCES

