SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 1, 2026 vol. 3
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITET!
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATION. RESULTS

E-ISSN: 2181-2438
ISSN: 3060-5164

VOLUME 3, ISSUE 1
MARCH, 2026

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 3, ISSUE 1 MARCH, 2026
EDITOR-IN-CHIEF
SAID S. SHAUMAROV
Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor
Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
is a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

Economics of Transport

Transport Process Organization and Logistics

Rolling Stock and Train Traction

Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

e Technosphere Safety

Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

Technological Machinery and Equipment

Geodesy and Geoinformatics

Automotive Service

Air Traffic Control and Aircraft Maintenance

Traffic Organizatsion

Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Articles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport"” continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results



mailto:jot@tstu.uz

Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:1|2026

Numerical Assessment of the Stress—Strain Behavior of Elevated Metro

Abstract:

Keywords:

Overpass Supports

F.E. Abdukadirov®? T.M. Khasanov'®P®
1Tashkent state transport university, Tashkent, Uzbekistan

This study presents an advanced three-dimensional finite element assessment of the stress—strain
behavior of monolithic reinforced concrete support columns used in elevated metro overpasses.
Numerical simulations were performed using the LIRA-SAPR 2022 software to quantify the combined
effects of reinforcement type (steel, basalt composite, and hybrid), cross-sectional geometry, and
concrete class on structural performance. The results demonstrate that the ultimate axial capacity is
governed primarily by concrete compression behavior, with variations in reinforcement type leading to
differences of no more than 1-2%. In contrast, the deformation response is highly sensitive to
reinforcement configuration, resulting in variations of 5-15% in maximum lateral displacements. An
increase in concrete class from B25 to B35 enhances spatial stiffness by 10-18% and reduces lateral
displacements by approximately 2—4 mm. Notably, hybrid reinforcement schemes exhibit superior
performance by achieving an optimal balance between load-bearing capacity and deformability. These
findings provide quantitative insight into the role of material and geometric parameters and offer a robust
basis for the structural optimization and performance-based design of elevated metro overpass supports.
finite element method, three-dimensional numerical modeling, reinforced concrete support column,
elevated metro system, overpass support, stress—strain state, load-bearing capacity, lateral displacements,
spatial stiffness, deformability, reinforcement schemes, steel reinforcement, composite reinforcement,
concrete class, LIRA-SAPR

Yer usti metropoliteni estakada tayanchlarining kuchlanganlik—

Annotatsiya:

deformatsiyalanganlik holatini sonli baholash

Abdukadirov F.E.X®2, Xasanov T.M.10P
Tashkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu tadqiqotda yer usti metropoliteni estakadalarida qo‘llaniladigan monolit temirbeton tayanch
ustunlarning kuchlanganlik—deformatsiyalanganlik holati yakuniy elementlar usuliga asoslangan ilg‘or
uch o‘lchamli sonli baholash orqali o‘rganildi. Sonli modellashtirish ishlari LIRA-SAPR 2022 dasturiy
majmuasida bajarilib, unda armatura turi (po‘lat, bazalt kompozit va kombinatsiyalashgan), kesim
geometriyasi hamda beton sinfining konstruktiv samaradorlikka birgalikdagi ta’siri miqdoriy jihatdan
baholandi. Tadqiqot natijalari chegaraviy ish holatida tayanch ustunning yakuniy bo‘ylama yuk ko*tarish
qobiliyati asosan betonning siqilish zonasidagi ish xususiyatlari bilan belgilanib, armatura turining ta’siri
1-2 % dan ortiq farq qilmasligini ko‘rsatdi[2]. Birog deformativ javob armatura sxemasiga yuqori
darajada sezgir bo‘lib, maksimal gorizontal ko‘chishlar 5-15 % oralig‘ida o‘zgarishi aniglandi. Beton
sinfining B25 dan B35 gacha oshirilishi tayanch ustunning fazoviy bikrligini 10-18 % ga oshirib,
gorizontal ko‘chishlarni o‘rtacha 2—4 mm ga kamaytiradi. Aynigsa, kombinatsiyalashgan armaturalash
sxemalari yuk ko‘tarish qobiliyati va deformatsiya o‘rtasida eng maqbul muvozanatni ta’minlagani bilan
ajralib turadi. Olingan natijalar material va geometrik parametrlarning rolini miqdoriy jihatdan ochib
berib, yer usti metropoliteni estakada tayanchlarini konstruktiv optimallashtirish va samaradorlikka
asoslangan loyihalash uchun ishonchli ilmiy asos bo‘lib xizmat giladi[5].

Kalit so‘zlar: Yakuniy elementlar usuli, uch o‘lchamli sonli modellashtirish, temirbeton tayanch ustun, yer usti
metropoliteni tizimi, estakada tayanchi, kuchlanganlik—deformatsiyalanganlik holati, yuk ko‘tarish
qobiliyati, gorizontal ko‘chishlar, fazoviy bikrlik, deformativlik, armaturalash sxemalari, po‘lat
armatura, kompozit armatura, beton sinfi, LIRA-SAPR

1. Kirish
Yirik shaharlarda transport infratuzilmasining jadal kengaytirishni taqozo etmoqgda[5]. Ushbu inshootlarning
rivojlanishi yer usti metropoliteni estakadalari qurilishini ishonchliligi va uzoq muddatli ekspluatatsiyasi ko‘p jihatdan
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tayanch konstruksiyalarining mustahkamligi va
deformatsiya xatti-harakati bilan belgilanadi. Amaliy
loyihalash jarayonida monolit temirbeton tayanch ustunlar
murakkab fazoviy yuklanishlar — bo‘ylama kuchlar hamda
ikki o“qli egilish momentlari ta’sirida ishlaydi[1,3].
Amaldagi loyihalash amaliyotida ko‘plab hisoblashlar
soddalashtirilgan tekis modellar asosida bajariladi. Birog
bunday yondashuvlar beton va armatura o‘rtasidagi
kuchlarning qayta taqsimlanishi, yoriq paydo bo‘lish
jarayonlari hamda fazoviy deformatsiyalarni yetarli
aniglikda aks ettira olmaydi. Shu sababli elementlar usuliga
asoslangan  fazoviy = kompyuter  modellashtirishdan
foydalanish dolzarb ilmiy-amaliy masalaga aylandi. Mazkur
tadgigot armatura materiali, kesim shakli va beton sinfining
birgalikdagi ta’sirini fazoviy modelda kompleks baholash
orqali mavjud ilmiy bo‘shligni to‘ldirishga garatilgan[4].

yuk ko‘tarish qobiliyati asosan betonning siqilish zonasidagi
ish rejimi bilan belgilanishini tasdiglaydi[7].

Shu bilan birga, armatura materiali va uning kesim
bo‘ylab joylashuvi deformativ xatti-harakatga sezilarli ta’sir
ko‘rsatdi. To‘liq po‘lat armatura qo‘llanilgan variantlarda
maksimal gorizontal ko‘chishlar bazalt kompozit armaturali
variantlarga nisbatan o‘rtacha 8-12 % ga kichik bo‘ldi.
Kombinatsiyalashgan armaturalash sxemalarida maksimal
ko‘chishlar bazaviy po‘lat variantga nisbatan 3—6 % dan
oshmadi va mustahkamlik—deformativlik ~muvozanati
ta’minlandi[6].

Aylana, oltiburchakli va to‘rtburchak kesimlar bo‘yicha
o‘tkazilgan tahlillar kesim geometriyasining konstruktiv
samaradorlikdagi muhim rolini ko‘rsatdi. Aylana kesim
bilan solishtirganda shestigranli  kesimda maksimal
gorizontal ko‘chishlar 8—10 % ga, to‘rtburchak kesimda esa
18-22 % ga kamaydi. Aylana kesim kuchlanishlarning
nisbatan bir tekis tagsimlanishini ta’minlasa, to‘rtburchak
kesim fazoviy bikrlik nuqtai nazaridan eng samarali bo‘lib
chiqdi[8].

B25, B30 va B35 beton sinflari bo‘yicha hisoblashlar
beton sinfi oshishi bilan tayanch ustunning yuk ko‘tarish
gobiliyati va fazoviy bikrligida bargaror ortish kuzatilishini
ko‘rsatdi. B25 dan B35 gacha oshirilganda maksimal
bo‘ylama kuchlar o‘rtacha 5-7 % ga oshdi. Shu bilan birga,
maksimal gorizontal ko‘chishlar 2-4 mm ga kamayib,
umumiy bikrlik 10-18 % ga oshdi. O‘sishning qat’iy chiziqli
emasligi kuchlarning beton va armatura o‘rtasida qayta
tagsimlanishi bilan izohlanadi[10].

Natijalar tayanch ustunning kuchlanganlik—
deformatsiyalanganlik  holati bir nechta omillarning
kompleks ta’siri bilan belgilanishini ko‘rsatadi. Armatura
turini o‘zgartirish yuk ko‘tarish qobiliyatiga sezilarli ta’sir
ko‘rsatmagan bo‘lsa-da (1-2 %), deformativlikka ta’siri 10—
15 % gacha yetdi. Kesim shakli va beton sinfi umumiy
bikrlikka hal giluvchi ta’sir ko‘rsatib, to‘rtburchak kesimli
va yuqori beton sinfli variantlarda maksimal ko‘chishlar

2. Tadgigot metodologiyasi

Tadgiqot yakuniy elementlar usuliga asoslangan holda
LIRA-SAPR 2022 dasturiy majmuasida bajarildi. Tadgiqot
obyekti sifatida balandligi 7,95 m bo‘lgan monolit
temirbeton tayanch ustun qgabul gilindi. Hisobiy modelda
tayanch ustunning bo‘ylama kuch (N) hamda ikki o‘qli
egilish momentlari (Mx va My) ning birgalikdagi ta’siri
ko‘rib chiqildi[9].

Modellashtirish ~ jarayonida  “bitta  parametrni
o‘zgartirish” tamoyiliga qat’iy amal qilinib, geometrik
o‘lchamlar, yuklanish sxemalari va chegaraviy shartlar
barcha variantlar uchun o‘zgarmas holda gabul qilindi.
O‘zgaruvchi parametrlar sifatida armatura materiali va
joylashuvi, kesim shakli hamda beton sinfi tanlandi.
Yuklama kombinatsiyalari va chegaraviy holat mezonlari
amaldagi  normativ  hujjatlar  talablariga  muvofiq
shakllantirildi[11].

Beton fazoviy hajmiy chekli elementlar, bo‘ylama

armatura esa  sterjenli  chekli  elementlar ‘orqali bazaviy aylana kesimga nisbatan 20 % gacha kamaydi.
modellashtirildi. ~ Beton ~ va  armatura  o‘rtasida Fazoviy modellashtirish konstruktiv  parametrlarning
deformatsiyalarning - tengligi prinsipi  asosida siljishsiz ta’sirini an’anaviy tekis modellar bilan solishtirganda ancha

yopishish (perfect bond) sharti gabul gilindi. Materiallarning
mexanik  parametrlari  normativ  hujjatlar  asosida
belgilandi[15].

aniglik bilan baholash imkonini berdi[12,13].

4. Xulosa

3. Natija va muhokamalar 1. Chegaraviy ish holatida tayanch ustunning yuk

ko‘tarish qobiliyati asosan betonning siqilish zonasidagi ish

Bazaviy model sifatida fagat po‘lat armatura bilan
armaturalangan monolit temirbeton tayanch ustun gabul
gilindi. Yuklama oshishi bilan konstruktsiyaning dastlab
elastik  ishlashi,  betonning  cho‘zilish  zonasida
yoriglanishning boshlanishi hamda beton va armatura
o‘rtasida ichki kuchlarning qayta tagsimlanishi kuzatildi[6].

Chegaraviy holatda betonning sigilish zonasida nisbiy
deformatsiyalar ~ normativ  chegaraviy  giymatlarga
yaqinlashdi, po‘lat armaturada esa elastik-plastik ish rejimi
namoyon bo‘ldi. Bazaviy variant uchun aniglangan
maksimal gorizontal ko‘chishlar keyingi taqqoslamalar
uchun etalon ko‘rsatkich sifatida gabul gilindi.

To‘liq po‘lat, to‘liq bazalt kompozit hamda
kombinatsiyalashgan armaturalash variantlari bo‘yicha
hisoblashlar shuni ko‘rsatdiki, armaturaning umumiy
miqdori bir xil bo‘lgan sharoitda maksimal bo‘ylama kuch
qiymatlari deyarli o‘zgarmaydi. Barcha variantlarda
maksimal bo‘ylama kuchlar farqi 1-2 % dan oshmadi, bu esa
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rejimi bilan belgilanadi; armatura turini o°zgartirish
maksimal bo‘ylama kuchlarga 1-2 % dan ortiq ta’sir
ko‘rsatmaydi.

2. Armatura materiali va joylashuvi deformativ xatti-
harakatga sezilarli ta’sir ko‘rsatib, maksimal gorizontal
ko‘chishlarni 515 % oralig‘ida ozgartiradi.

3. Beton sinfining B25 dan B35 gacha oshirilishi
fazoviy bikrlikni 10-18 % ga oshirib, maksimal gorizontal
ko‘chishlarni o‘rtacha 2—-4 mm ga kamaytiradi.

4.  To‘rtburchak  kesimli  tayanch  ustunlarda
maksimal ko‘chishlar aylana kesimga nisbatan 18-22 % ga
kam bo‘ladi.

5. Kombinatsiyalashgan armaturalash sxemalari
mustahkamlik va deformativlik o‘rtasida eng magbul
muvozanatni ta’minlaydi.

https://doi.org/10.56143/2181-2438-2026-1-45-47



Journal of Transport

ISSN: 2181-2438

Volume:3|lIssue:1|2026

Foydalangan
References

[1] MIHK 2.05.03-12 «Kjmpukmap Ba KyByprap»
V36exucronPecmy6ukacy “JlaBapXUTEKTKYpIUIHII
Tomkenr 1., 2012 ., 418 Ger.

[2] SP 63.13330.2018. Beton va temirbeton
konstruksiyalar.

[3] SP20.13330.2016. Yuklar va ta’sirlar.

[4] GOST 27751-2014. Qurilish konstruksiyalarining
ishonchliligi.

[5] GOST 31938-2012. Kompozit armaturalar.

[6] LIRA-SAPR 2022. Foydalanuvchi qo‘llanmasi.

[7]1 Knosanuu C.®. MeTo KOHEUHBIX JJIEMEHTOB B
HEJIMHEHHBIX 3aJadaxX WHXCHEpHOW MexaHukw/ KioBaHmd
C.®- 3amopoxue: MsparensctBo  skypHama  “CBir
reorexniku”,2009.-400c.

[8] Maparsa C.A. Apmarypa kene300eTOHHBIX
KOHCTpyKLMil.- Mocksa.: Boenrexmnur, 2000. 256 c.

[9] Kapmos B. MW, Kopobeitnukos A. B.
MaremaTH9IecKre MOJIENH 3a/1a4 CTPOUTEITLHOTO PO 1
YUCIEHHBIE METOABI UX HccienoBanus.- M.: CII6., 1999.

[10] Tymun  AJL DcTeTnyeckue poOIeMBI
MOCTOCTPOCHHS: HCTOPHSI W COBpEeMEHHOCTHh // BecTHHk
moctoctpoeHust Ne 3, 1998, ¢.5-12.

[11] David V. Hutton, Pullman W. A. Fundamentals of
finite element analysis. New York: The McGraw-Hill
companies, 2004.

[12] Synge J. L. The hypercircle in mathematical
physics. London: Cambridge University Press, 1957.

adabiyotlar /

https://doi.org/10.56143/2181-2438-2026-1-45-47

[13] Topkaya C, E. B. Williamson. Development of
computational software for analysis of curved girders under
construction load // Computer & Structure 81, 2003.

[14] AGnykamupos @.D. KoMIbloTepHas peain3aius
pacuera scTakaja—purens Ha CTOHKH C TpPUMEHEHHEM
ANSYS // “Experimental and theoretical research in modern
science” K

[15] MIepmyxamemo V.3. TamieHwe IPOIOTIBHBIX
ceficMUYecKuX KoyieOaHui ormop OalloYHBIX MOCTOB C
CEHCMOM3OJIMPYIOIUMH OMOPHBIMEH YacTaMu / TalikeHt:
WznarenscrBo «Complex Printy, 2020. — 260 ctp.

Mualliflar to‘g‘risida ma’lumot/
Information about the authors

Abdukadirov  Toshkent davlat transport universiteti
Farxod / “Amaliy mexanika” kafedrasi
Farkhod https://orcid.org/0000-0003-2271-

Abdukadirov 3768

Xasanov Toshkent davlat transport universiteti
Temurbek/  “Amaliy mexanika” kafedrasi tayanch
Temurbek doktoranti
Khasanov E-mail:
tima.maksudovich.1991@mail.ru
Tel.: +998974552979
https://orcid.org/0009-0007-8137-
853x

March, 2026
Research, Innovation, Results



https://orcid.org/0000-0003-2271-3768
https://orcid.org/0000-0003-2271-3768
mailto:tima.maksudovich.1991@mail.ru
https://orcid.org/0009-0007-8137-853x
https://orcid.org/0009-0007-8137-853x

Journal of Transport ISSN: 2181-2438 Volume:3|Issue:1|2026

O. Matyakubov, R. Malikov, B. Rakhmat

The impact of road infrastructure on traffic safety.......................5
E. Nozimov

Effectiveness of using digital technologies in motor vehicle
insurance.. e e e e e et e e e e e 2D

A. Karimova M Abdurasulova
Engineering features of using monolithic reinforced concrete
bridges and overpasses in improving urban transport

INFrastrUCTUre.... ... ..o oo e e e e e e e e e e e e e 13
S. Boltaev

Analysis of train traffic control systems used in foreign

countries.. e 18

Kh. Khu Jakhmedova B Abdunazarov T Urazbaev
Improving the production technology of wear-resistant excavator
parts made from 110G13L steel to enhance their operational
reliability ... .....23
T. Urazbaev N Tursunov N Kodlrova B Abdunazarov
Theoretical and experimental foundations for controlling the
physicochemical processes of refining and modifying metallic
melt... e een e e 26
T. Urazbaev N Tu rsunov, B Abdunazarov

Development of an advanced technology for smelting 20GTL steel
in an induction furnace with subsequent ladle refining of the metal
through argon purging and powder injection ...........................29
Sh. Khodjaeva

Influence of rationalization of excavator bucket tooth shape and
material on operational efficiency in rocky soil excavation...........33
N. Sarvirova, D. Tajibaev

Selection of optimal mixed routes based on fuzzy hierarchy and
multi-criteria decision making with five criteria........................37
F. Abdukadirov, T. Khasanov

Numerical Assessment of the Stress—Strain Behavior of Elevated
Metro OVerpass SUPPOITS... ... ... .eeveevveveeveevee vee vee ve s e e eeeenn .. 45

Research, Innovation, Results jot.tstu.uz

CONTEXT/ MUNDARIJA




