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V3BEKUCTOH PECIHYBJIUKACHU ABTOMOBUJI'D UYJJIAPU
JTABJIBAT KYMHUTACH

TOIKEHT ABTOMOBHJIb NYJIJIAPHU JIOUNXAJIAII,
KYPHUII BA DKCIUNIYATAIIUSICU HHCTUTYTH

®axkyabreT: “Uyn kypunum’”
Kadenpa: “Kynpuxnap, ToHHEIIap Ba HynyTKazruwiap”

Myraxaccucauru: SA340205 — “Kynpukinap, TOHHEIap Ba
METPONOJIUTCHIAPHA KypWINAIIN

Maructpkrypa Ttanadacu: 566-15 rypyx Ilapa6os JI.K
Namuii paxoap: Axanemuk Pammnos T.P.

Mag3y: “IloroHany KynpHK TasHYU KOHCTPYKUMSCUHUHT CEHCMHUK TabCUpJIapra
MYCTaXKaMJINTUHU TaJAKUK KAWL~

MATUCTPJIUK JUCCEPTAIIUSACHU AHHOTALUACHU
MaB3yHHUHT 10J3ap0Juru

Uynnap, Kympukap, TOHHeTap Ba GOIIKA TPAHCIOPT MHIIOOTIAPH aXONH
TypMYII Tap3ujia aloxuia axaMusaTra ara 0ynno, 3wisuia Tabcupuaa paxaTruHa
Oy uHIIOOTIapra MOJIUI 3apap KypcaTMacaH, axoJIy sIlall Tap3ura Ba UIuUia
YUKapHIl caHoaTWra xaMm cainOuili Tabcup dstagu. LyHuHr ydyH TpaHcmopT
VHIIOOTIAPUHN 3HI3MIAa0ApIONUTMIMIY TAAKUK KIIHINra Y30eKHCTOHA Ba

60]]11{3 AaBJjlaTiiapZia KarTa C-)BTI/I60p KapaTUJIMOKZA.

Kynpuk TtasHuiapuHu 3WBWIa0apAOLUIMIINTE  KaM  YpraHuirad, Oy
JUCCEePTaLMSIa MOFOHAIM KYTIPUK TasHWIAPWHU 3UJI3UJIA BaKTUJA TPYHT OWIIaH

3”73ap0 TabCUPHUHH X,I/ICO6I‘a OJIr'aH XOoJiga X,I/ICO6aJII_H HIJIapH aMaJira OIIUPUJITaH.

TaagknKoT 00beKTH Ba MpeAMeTH
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3wisuiaa MauTuaa TOFOHANM KYIPUK TasHYM JUHAMUKAcu. MaremaTHk,
COHJIM MOJeiiap, ycinyOnap, alropuTMiap Ba JAacTypuil TabMUHOT €paaMuiaa

KYIIPUK TasHWIApU JUHAMUKACH XUCO0Ja0 TONMUIaIH.
Tadqiqot maqgsadlari:

—3u3nia NalTHIa KYTIPYUK TasHYUTa TAbCUP ITYBUM FOKJIAPHU KyUYJIApHU TaXJIHI

Ba TaAKUK KWJIMIII.

—[loronanu KYNpuK TassHYUra TAbCUP KUIYBYHM KYYHH TPYHT OMIaH y3apo OOFINK

X0Ja TAAKUK KUJIHILL
Taakukor Bazudacu.

—Cyuru vwuapaa OYiraH 3WBWIATApHU YpPraHUWIN, yJapHU TaxXJIWil KUJIHUII,
Oy3WuIl OKMOATIApUHU TaxXJIMJI KWIHII acoCUd 3bTHOOp Mapkasuaa OYyauo
kenaétran xankapo koHdepeHcusuiap(Xuroit 2008 #un, Anonus 2009 iwn)Hu

(V)

YpraHuiil.

—Cyuru umnapna OynaraH 3WIBWIANAPHUHT KYMPUK KOHCTPYKCHsUIapura Ba

TasiHWIapura OyJiaran TabCUpUHU €KU Oy3WIUIIIApHU OaxoJiall.

—3unsuna HaﬁTHIIaI‘PI II0F¥OHAJIN KprI/IK TassHYIN TOPU3OHTAJI Te6paHI/IH_II/IHI/I

TPYHTHUHT Y3HUTa XOC XyCYCUATHIa OOFJIMK XOJI1a YpraHHIil.
NaMuni SHrJIara

by xabu unuiap onaun Oakapuiamarad. TaJIKUKOTHUHT acocuil Basudacu
MOFOHAIM KYNPUK TasHYMHU 3WIBWIA0APAOUUIMINTMHY  TaXJIMJI KU
xucoOnananu. byHna mnoroHamum KYNpUK TasHYM 3WI3UIa0apIolUIIUTMHH
Ypranuniia TasH4 OuiaH IpyHT Opacujard ¥3apo OOFIMKINK 3bTHOOpPra OJUHTaH

XoJiaaa X,I/ICO6JIaI_H HUIIJIapH aMaJjir'a OIIUpPUJIraH.

AMaJINid aXaMUATH
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XajokaTid 3WI3WJaNlapHu OWHOJIapra TabCUPUHHM YPraHull Ba TaxJIMJ
KWJIMIL, 3WIB3WIa0apJoLUIMINK Oyilnua Kenaxkakiga WIMMHM HM3JIaHULUIap 0JIMO

Oopulll HaTWXKacua Oy OJIMHTaH HaTKaJap Kelakakaa KYJITaHUIUIIA MyMKHH.
Juccepranus Ty3HMJINIIH

Huccepranus uiu kupuil, 3 ta 600, Xynoca, goigaianwirad anaduériap

pyiixatu 45 Ta pacm, 5 Ta jxaaBaiHU ¥3 nuKra oiyBuMd 81 O6eTin MaTHIAH

nbopar
Namuii paxoap akagemuk T.P.
Pammaos
(Imzo)
MarucTpaHt 566-15 rp J.K. lllapaGos
(Imzo)

STATE COMITTEE OF THE REPUBLIC OF UZBEKISTAN ON
AUTOMOTIVE ROADS

TASHKENT INSTITUTE OF DESIGN, CONSTRUCTION AND
MAINTENANCE OF AUTOMOTIVE ROADS

Faculty: "Master"

Department: "Bridges, tunnels and overpasses"

Specialty 5A340205 - "Construction of bridges, tunnels and subways"
Master: groups 566-15 D.Q.Sharabov

Scientific director: academician T.R. Rashidov

Subject: "Study of bridge structures stepped supports strength under seismic
influences"
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ANNOTATION OF THE MASTER'S DISSERTATION
Relevance of the topic.

Roads, bridges, pipes, retaining walls and tunnels are of vital importance
and their failure due to an earthquake entails not only significant material
damage, but also a violation of the normal functioning of individual settlements
and industrial enterprises or areas in general. Therefore, research in the field of
seismic resistance of transport facilities in Uzbekistan and other countries is

given great attention.

The problems of seismic resistance of bridge supports have been little
studied; in this connection, the strengths of stepped supports of bridge structures
under seismic influences are considered, the movements of the base of the
bridge support are considered, taking into account the interaction with the

ground.
Object and subject of research

Dynamics of stepped bridge supports under seismic loaded. Mathematical,
numerical models, methods, algorithms and software solving problems of the

dynamics of underground pipelines.
The purpose of the research

Analysis and study of the dynamics of the support of bridges under seismic
loads. To investigate the influence of the dynamic characteristics of stepped

bridge supports and to reveal the influence of soil properties.

- Evaluate the influence of various factors of the consequence of strong
earthquakes on the behavior of bridges and outline ways to study the seismic

stability of bridges, the influence of the support part on their behavior;

- analysis of the effect of soil properties on longitudinal seismic vibrations of

stepped bridge supports.
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Scientific novelty

In this formulation of the question, the work was not carried out. The main
task of the study is to analyze the behavior of stepped bridge supports, with
seismic actions. On the basis of this, create a design scheme of oscillations of

stepped supports of bridge structures under seismic influences.
Practical significance

The study and analysis of the behavior of structures during destructive
earthquakes is an important stage in the conduct of studies on seismic resistance,
which contributes in the future to the improvement of regulatory documents on

earthquake-resistant construction.

Studies related to the study of longitudinal oscillations of the rectilinear final
section of the stepped bridge support, under various seismic loads are necessary

for calculating bridges for seismic resistance.
Structures of work.

The thesis consists of an introduction, three chapters, conclusion, a list of

literature, contains 81 pages of text, including 45 figures and 5 tables.

Scientific adviser: academician T.R. Rashidov

(signature)

Master's degree gr. 566-15, D.Q. Sharabov

(signature)
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TOCYJAPCTBEHHBIA KOMUTET ABTOMOBHWJIBbHBIX
JOPOI' PECITYBJIMKM Y3BEKNUCTAH

TAIIKEHTCKHWI MHCTUTYT IO MMPOEKTUPOBAHUIO,
CTPOUTEJBCTBY U DKCILIYATAIIUM ABTOMOBWJIBHBIX
JOPOT

dakyabTeT: “Marucrparypa”
Kadenpa: “MocTbl, TOHHENU U TyTENPOBOABI

CneunanbHocTb SA340205 — “CTpoUTENHCTBO MOCTOB, TOHHENEH U
METPOIOJIUTEHOB”

MaructpanTt: rpynnst 566-15 J1.K.[1lapa6os
Hayunbiii pykoBoaurteb: akageMuk T.P.Pammios

Tema: “HccnenoBanne NpoYHOCTH KOHCTPYKIHMM CTYIIEHYATHIX OTIOP MOCTOB
IIPU CENCMUYECKNX BO3IEUCTBUAX

AHHOTAIIAS MATUCTEPCKOM JIUCCEPTAIIUA
AKTYaJIbHOCTb TEMBl.

Jloporu, MOCTbI, TpyObl, OATIOPHBIE CTEHBI U TOHHEJIN UMEIOT KU3HEHHO
BAKHOE 3HAYEHUE U BBIXOJ UX U3 CTPOS B PE3yJbTaTe 3€MIIETPACEHUS BIECUET 32
co0Ol He TOJIbKO 3HAYUTENbHBIM MaTepuajbHbId ylIepO, MO M HapyllIeHHe
HOPMAJIbHOTO ~ (PYHKIIMOHUPOBAHUS OTIEJbHBIX HACEJIEHHBIX MYHKTOB H
MIPOMBILIJIEHHBIX MPEANPUATHIN WX paiiloHOB B LiesoM. [1oaToMy uccnenoBaHusM
B 00NAaCTH CEHCMOCTOMKOCTH TPAHCIOPTHEIX COOPYXEHHil B Y30eKHcTaHe H

IpYyTUX CTpaHax yjaesnsercs 00ybllioe BHUMAaHUE.

BOHpOCBI CEMCMOCTOMKOCTH MOCTOBBIX OII0p MaJI0O U3YHYCHO, B CBiA3U C
9THUM B OUCCCPTALIMHU PACCMATPHUBAKOTCA IIPOYHOCTH CTYIICHYATHIX OIIOP
MOCTOBBIX KOHCTpYKI_II/Iﬁ npu CEHCMHUYECKHUX BOSHCﬁCTBHHX, pacCMaTpuBaArOTCA

ABWIKCHUSI OCHOBAHHA OIMOPHBI MOCTOB, C YUCTOM BBaHMOﬂeﬁCTBHH C TPYHTOM.

O0beKT U mpeMeT UCCaeJ0BAHUS.
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I[I/IHaMI/IKI/I CTYIICHYATBIC OIIOPHI MOCTOB IIPH CEHCMHUYECKHUX Harpy’>XCHHbIX.
MaTCMaTI/I‘{eCKI/Ie, YUCJICHHBIC MOJICIIN, MCTOIbI, AJITOPUTMbBI U IPOTrpaMMHOC

obecrieueHue pelieHue 3a/1a4 JMHaAMUKHA OMOPhl MOCTOB.
eab nccaearoBaHum.

Ananus u HUCCIICAOBAHNUC OUHAMHUKH OIIOPbI MOCTOB IIPpH CEHCMHUYECKUX
Harpy’>XCHHbIX. I/ICCHCI[OBaTB BJIIMAHHUC JUHAMHYCCKHUX XAPAKTCPUCTHUK

CTYNEHYAThIX OMOP MOCTOBBIX U BBISIBUTH BIUSIHUE CBOWCTB IPYHTA.
3agaun UccJaeI0BaAHNA:

- CoctaButh 0030p COCTOSIHUSI BOIIPOCA, H3YUYUTh IIOCJIEACTBHUS
3EeMJIETPSICEHUI TIOCJIEIHUX JIET U IPOBECTU MX AHAJIU3, YCTAHOBUTH NPUYUHBI

9THUX HOBpC)KI[CHHﬁ;

-OO0CHUTHh BIIMAHUC TCX HWIIM HNHBIX q)aKTOpOB IIOCIICACTBUC CHIIBHBIX
BCMHCTPSICCHI/Iﬁ Ha TIOBCACHUC MOCTOB MW HAMCTHUTbL IIYTHU HCCICIOBAHHA

CEMCMOCTOMKOCTD MOCTOB, BJIMAHUC OHOpHOfI YaCTH Ha UX ITIOBCIACHUC,

- aHaju3 BIIMSHUS CBOMCTB I'pyHTa Ha IIPOAOJIBHBIC CEHCMUYECKHE

KOJIeO0aHMsI CTYIIEHYAThIX OO MOCTOB.
Hayuynas HoBU3HA.

B takoit moctaHoBKe Bompoca paboThkl HE TPOBOIUIUCH. [ TaBHOM 3a1aueit
MCCIICIOBAHUSl SABJISIETCS aHAJIU3 MOBEJACHMS CTYNEHUYAThIX OMOpP MOCTOB, IPH
ceiicmuyeckux Bo3aedcTBUAX. Ha 0aze 3Toro co3math pacy€THYIO CXEMY
KOJeOaHUM CTyHneHYaThlX OMOpP MOCTOBBIX COOPYKEHHUU MPH CEUCMHUYECKUX

BO3JCHUCTBUSX.
IIpakTHyeckass 3HAYUMOCTD

- 3yueHne U aHanu3 MOBEJICHHS COOPYKEHHI BO BPEMS pa3pyLIUTENbHBIX

BCMHCTPSICCHI/Iﬁ ABJAIOTCS BAKHBIM 3TallOM B IIPOBCACHUU I/ICCJ'ICI[OBaHI/Iﬁ I10
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CEICMOCTOMKOCTH, YTO CIOCOOCTBYET B OyAYIIEM COBEPLUIEHCTBOBAHUIO

HOPMATHUBHBIX JOKYMCHTOB I10 CCIZCMOCTOIZKOMY CTPOUTCIILCTBY.

- I/ICCHCIIOBaHI/IH, CBsA3aHHBIC C M3YYCHHUCM IIPOAOJIBHBIX KoJIcOaHMI
HpHMOHHHCﬁHOI‘O KOHCYHOT'O Yy4YaCTKa CTYHCH‘I&TBIIZ Oo1iopa MOCTa, IIpHu
Pa3JINIHbIX CEHCMHUYECKUX Harpys3kax sBJISIOTCA HCO6XOI[I/IMBIMI/I oJIA pacucTa

MOCTOB Ha CEUCMOCTOUKOCTE.
CTpyKTYypbI pad0ThI

I[I/ICCCPTaHI/ISI COCTOHUT U3 BBCACHU:A, TPCX I'JIdB, 3dKJIHOYCHUA, CIIMCKA

JUTEPATypPbl, COAECPKUT 81 CTpaHuUll TEKCTa, BKItOYas 45 pUCYHKOB U 5 TaOJIHII.

Hayunbii pykoBOAUTEINB: akagemuk T.P. Pammnios

(momuch)
MarucTtpant rp. 566-15, J1.K. Illapabos

(momuch)
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INTRODUCTION

Uzbekistan pays special attention to the development of the construction of
transport infrastructure both inside and outside the Republic. From the first days
of independence, the first President I. Karimov identified the design and
construction of the most convenient and short high-capacity roads and bridges
that would ensure Uzbekistan's access to the world market.

In ensuring sustainable development of the economy, it is necessary to
develop and implement comprehensively grounded measures, important tasks and
directions for the future.

The most important feature of the road industry is its high social and economic
importance, the effective functioning of this system depends on the quality of life
of all segments of the population and the development of the economy as a whole.

During the years of independence, the republic has carried out large-scale
work on the development of road and transport infrastructure that provides safe
interstate transportation and branched transport links between administrative
centers of regions and districts.

At the same time, there is a number of unresolved problems related to the
management system of public roads, increasing the efficiency of using funds
allocated for maintenance, repair, reconstruction and construction of highways, as
well as the current state of public roads.

The existing actual condition and level of development of the road network in
the country stipulate the development of concrete and effective measures in all
areas of the road economy, the adoption of additional measures for managing
roads and qualitative changes in the state of the country's road network in
accordance with the needs of the economy and the population.

For the formation of an effective road management system based on an
integrated approach to the design, construction and operation of highways and
artificial structures, improving their financing system, creating a full-fledged

customer service that contributes to improving the quality of design and road
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construction works, the Decree of the President of the Republic of Uzbekistan Sh.
Mirziyaev No. UP-4954 "On measures to further improvement the road
management system" [1]. It provides for the establishment of the State Committee
of the Republic of Uzbekistan on motor roads on the basis of the abolished State-
owned joint-stock company for the construction and operation of highways (SJSC
"Uzavtoyul").

The main tasks and areas of activity of the State Committee - as a specially
authorized body for the state management of motor roads - are:

Implementation of a unified technical, investment and foreign economic
policy for the development and improvement of the road network;

Development and implementation of the strategy for the development of
highways;

The formation of international transit corridors of highways;

Providing a comprehensive solution to the issues of financing, designing,
building, repairing and operating highways, taking into account the interests of
their users in the conditions of modern traffic flows, as well as organizing
effective activity of the customer service;

Coordination of works to ensure the safety of the existing network of inter-
farm rural roads, city streets, urban settlements, villages and villages with their
maintenance at a high transport-operational level;

The organization of research works, the introduction of innovative
technologies and modern standards in the design, construction and operation of
highways;

Control over the observance of town-planning norms and rules, state quality
standards for construction and repair work on roads, and improvement of the
quality control services;

Organization of training, retraining and further training of relevant personnel,
including training and seminars abroad.

To ensure the implementation of this Program in 2017, construction and

reconstruction of roads with a total length of 302 km was established, including
23



the construction of 125 km of highways with asphalt concrete and 175 km with
cement-concrete coating. In particular, in the target program for 2015-2020, the
target program includes work on the construction and reconstruction of road
sections with in the Uzbek national highway, and over five years, based on
international standards and modern requirements, a new construction of the main
roads will be carried out in total 2306 Km, including 1,410 km of roads will be
four strips (with asphalt-concrete coating). As part of these highways will be built
1910 pm bridges and overpasses, complexes of transport interchanges (nodes) in
7 locations. Considering the role of roads and bridges in the people's life.

Flows of cars with high speeds. Bridges are subject to the active influence of
numerous natural factors, including seismic impacts, etc. (heating by sunlight,
freezing and thawing, moistening by falling precipitation, groundwater and water
coming from the roadside strip, etc.). These features of their work should be taken
into account by designers, builders, maintenance workers who are required to
provide a normal year-round service of the road for a long time. With the modern
growth of the traffic flow, accordingly, bridge structures should also develop. Of
course, the construction of the foundations and intermediate bridge supports had
to meet the growing requirements for the span structures. At the same time, the
level of complexity of the problems associated with the stability of the foundation
soils has also changed significantly. Large lengths of spans caused high loads on
the supports, while enormous forces were concentrated in small areas, and the
span structures became increasingly sensitive to tilt of supports and subsidence
even of small dimensions. The longer the length of the span and the height of the
supports, the higher the load and the lower the relative value of the allowable
drawdown.

In the light of the foregoing, the problem of the seismic dynamics of bridges
and bridge structures for seismic impacts, the issues of oscillating the roadway
and bridge supports under earthquake conditions have been little studied. Our
research is aimed at analyzing the effects of earthquakes on bridge structures. The

consequences of these earthquakes in Uzbekistan and CIS countries are studied
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separately and special attention is paid to the consequences of earthquakes in far-
abroad countries.

The consequences of these earthquakes on various elements in different
bridges have been studied. The most vulnerable parts of bridges are identified.
The materials of the 14th International Conference on Earthquake Engineering,
held in Beijing in 2008, have been studied separately. Special attention is paid to
the behavior of the supporting and carriageway parts of bridge structures.

Relevance of the work.Roads, bridges, pipes, retaining walls and tunnels are
of vital importance and their failure due to an earthquake entails not only
significant material damage, but also a violation of the normal functioning of
individual settlements and industrial enterprises or areas in general. Therefore,
research in the field of seismic resistance of transport facilities in Uzbekistan and
other countries is given great attention.

The problems of seismic resistance of bridge supports have been little
studied; in this connection, the strengths of stepped supports of bridge structures
under seismic influences are considered, the movements of the base of the
bridge support are considered, taking into account the interaction with the
ground.

Object and subject of research. Dynamics of stepped bridge supports under
seismic loaded. Mathematical, numerical models, methods, algorithms and
software solving problems of the dynamics of underground pipelines. The
purpose of the research.

Analysis and study of the dynamics of the support of bridges under seismic
loads. To investigate the influence of the dynamic characteristics of stepped
bridge supports and to reveal the influence of soil properties.

Objectives of the study:

- To provide an overview of the state of the issue, to study the consequences
of earthquakes in recent years and to analyze them, to establish the causes of

these damages, highlighting the recent International Conference on Earthquake

Engineering (Beijing 2008, Tokyo 2009, Lisbon 2012);
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- Evaluate the influence of various factors of the consequence of strong
earthquakes on the behavior of bridges and outline ways to study the seismic
stability of bridges, the influence of the support part on their behavior;

- analysis of the effect of soil properties on longitudinal seismic vibrations
of stepped bridge supports.

Scientific novelty. In this formulation of the question, the work was not
carried out. The main task of the study is to analyze the behavior of stepped
bridge supports, with seismic actions. On the basis of this, create a design
scheme of oscillations of stepped supports of bridge structures under seismic
influences.

Review (analysis) of literature on the research topic.Large-scale research
work in our country was carried out in the second half of the 20th century. At
that time, research on seismic resistance was handled by G.N.Kartsivadze,
Sh.G.Napetvaridze, G.S.Shestoperov, R.M.Mukurdumov, A.S.Gehman,
T.R.Rashidov, G.K.h. Khozhmetov, B.Mardonov, A.A. Ashrabov, A.A.
Ishanhodjaev and others.

G.N.Kartzivadze and G.S.Shestoperov generalized the available in the
literature materials on seismic resistance of bridges. Their work deserves
attention from the point of view of generalization of materials related to the
specific crash of bridges from various materials during earthquakes.

Practical significance:

- The study and analysis of the behavior of structures during destructive
earthquakes is an important stage in the conduct of studies on seismic resistance,
which contributes in the future to the improvement of regulatory documents on
earthquake-resistant construction.

- Studies related to the study of longitudinal oscillations of the rectilinear
final section of the stepped bridge support, under various seismic loads are
necessary for calculating bridges for seismic resistance.

On the theme of the master's thesis 2 articles were published at the Republican

Scientific and Practical Conference of Young Scientists and Competitors.
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Structures of work. The thesis consists of an introduction, three chapters,
conclusion, a list of literature, contains 79 pages of text, including 44 figures
and 5 tables.

On the topic of the master's thesis 2 articles were published, 1 of them in the
international journal and 1 in the republican scientific and practical conference

materials.
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CHAPTER 1. STUDY OF THE CONSEQUENCES OF EARTHQUAKE
ON BRIDGE STRUCTURES

1.1. Review of studies on the problem of seismic resistance of bridges

At present, the Republic of Uzbekistan is rapidly developing day by day. New
roads and railways always serve the development of those regions where they are

laid both economically and socially.

Currently, on the balance sheet of the State Committee for Roads (hereinafter
referred to as the Committee) there are more than 7,000 bridges and overpasses.
After taking on the balance of urban, rural and departmental automobile, the
number of bridge structures may exceed 15,000. The number of new and
reconstructed bridges being designed and under construction annually increases.

According to the State Joint Stock Railway Company (Uzbekistan) Temir
Yollari, 2718 ferroconcrete flying structures are operated, including plate ones -
1697, ribbed - 1020. The length of span structures from 4 m to 66 m (through
trusses). The largest group (about 96%) consists of beam cut spans up to 23.6 m
in length, of which about 24% have an exploitation age of between 45 and 75
years. The total length of the bridges is about 41 km.

The existing approaches to the calculation of bridge supports for seismic

impacts have been given separately.

The problems of seismic resistance of bridges and bridge structures play
an extremely important role in connection with the fact that strong earthquakes
destroy them, hampering the normal functioning of the national economy.
Bridges and bridge structures consist of many elements, the most important are
the passing and supporting parts. The thesis analyzes in detail the consequences
of earthquakes that occurred in various countries of the world: Uzbekistan, CIS
and far abroad countries. More attention is paid to the effects of earthquakes in
recent years. The materials of the 14th International Conference on Earthquake

Engineering, which took place in Beijing in 2008, are analyzed. The problems of
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seismic resistance of bridge supports have been little studied, and in this
connection different methods of calculation are considered in the thesis: static,
dynamic, spectral, the movements of the basis of the support of bridges are
considered according to the harmonic law. The effects of cargo at the end - the
mass of the bridge on the behavior of the bridge support - will be analyzed. The
basic principles of calculation for seismic actions, basic dynamic calculation
schemes, frequency variations and oscillation forms are given in detail, which is
a novelty.With significant success in the calculation and design of various
structures in seismic regions, the theory of seismic resistance of bridges lags far
behind the general theory of seismic resistance of buildings and other structures,
since the damage to bridges occupies a small fraction of the total volume of
damage in the affected areas, which determines the focus in construction in
seismic regions Ensuring seismic resistance of residential and industrial
buildings. Existing recommendations on the design of bridge designs for seismic
calculations do not take into account the principles of multi-level design that
have developed in the past 10 years, and new designs of anti-seismic
enhancement of bridges based on the principles of seismic isolation and seismic.
With a wide use of various types of seismic protection devices, there are
practically no studies to substantiate and optimize the parameters of seismic
isolation of bridges, although the work of seismically isolated bridges in
earthquakes differs significantly from the work of seismically insulated

buildings.
The survey on the problem of seismic resistance.

1. General statement of problems of seismic resistance of structures. The
consequences of earthquakes, and their analysis.

2. Tashkent earthquake and its impact on the engineering structure.

3. Strong earthquake in the world of recent years and their consequences on
the building and construction (Japan, Turkey, USA, CIS countries, Uzbekistan).

4. Damage to bridges and their elements under seismic loads.
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5. Element of engineering seismology (causes of earthquakes, seismic scale,
seismicity of the territories of the Caucasian countries and countries of Central
Asia, the zone of earthquake foci, seismicity of sites, construction bridges.

6. Destruction and damage to bridges in earthquakes (destruction of bridges
in the USA, Japan, India, Chile, Italy in the territories of the Russian Federation,
CIS countries)

7. Determination of the strength of earthquakes for damage to bridges and
other road structures)

8. Construction of bridges in seismic regions (construction of span structures,
support structures of stepped bridge supports)

9. Supporting parts and anti-seismic devices.

10. Strengthening of bridges in seismic regions.

At present, the Republic of Uzbekistan is rapidly developing day by day. New
roads and railways always serve the development of those regions where they are
laid both economically and socially.

Increasing year by year, the active pace of construction in seismically active
regions of Uzbekistan requires reliable seismologists to know about the seismic
hazard of microdistricts and individual construction sites. Map of general seismic

A great contribution to the development of the theory of seismic resistance of
transport facilities in Uzbekistan was made by Academician T.R. Rashidov. They
are dedicated to information on earthquakes, damage to ground and underground
artificial structures in strong earthquakes, the theory of seismic vibrations of
artificial structures, the main provisions for the design of surface and underground
artificial basics of calculating surface and underground artificial structures for

seismic Impact.structures in seismic regions, the design of tunnels, pipes and
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retaining walls, the

Fig. 1.1. Map of general seismic zoning of the territory of the Republic of
Uzbekistan

Brief overview of the history of seismic-resistant bridge construction.

In severe earthquakes, human victims and material damage are associated
with civil construction, and it has been given great attention in research in the
field of earthquake-resistant construction. However, this problem is especially
important in the construction of bridges, since bridges are in this case barrier
structures, they are included in the number of life-support structures of the area
affected by the earthquake and require considerable forces and means for
restoration.

The importance of transport facilities and their work has made it possible to
identify the issues of seismic resistance of bridges and other artificial structures
into a separate section of the theory of seismic resistance.

In the development of the modern theory of seismic resistance, a decisive
contribution was made by AD Abakanov, KS Abdurashidov, AT Aubakirov,
Ya.M. Aizenberg, Yu.K. Ambriashvili, AA Amosov, AA Ashrabov , MF
Barstein, TABelash, VA Bykhovsky, II Gol'denblat, AB Grossman, T.Zh.
Zhunusov, Kh.R. Zaynulbidova, V Allichev, A A.Ishanhodjaev, KNKartsivadze,
BGKorenev, VSKirillov, E.V. Kosterin, I.L.Korchinsky, N. A.Krasin,
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D.A.Kurbatov, E.N. Kurbatsky, AlMartemyanov, SVMedvedev,
Sh.G.Napetvaridze, NANikolaenko, M.M.Onshtsenko, A.Petrov, S.V. Polyakov,
V.T. Raskskazovsky , TR Rashidov, LM Rezniko , OA Savinov, AP Sinitsyn,
Yu.M.Silnitsky, V.I. Smirnov, A.Uzdin, M.T.Urazbaev, E.E. Hachiyan, A. A.
Tsernant, BC Polyakov, GS Shostoperov, AA Shkuratovsky, including foreign
scientists, such as M. Bio, D. Kelly, K. Kubo, M. Mikoshiba, T. Nishiki, Omori,
V. Robinson, R. Skinner , Hausner and many others. [7-28].

The beginning of the origin of the theory of seismic resistance of bridges
should be attributed to the turn of the late XIX - early XX century, when as a
result of a survey of the consequences of the devastating earthquake in 1891 in
Mino-Owari (Japan), Japanese scientists were first obtained data on the maximum
seismic acceleration of the soil, which allowed the task of determining the seismic
Forces that affect the construction of earthquakes. Some time built massive bridge
supports, which slightly increased the seismic stability of the structure. To this
end, in 1906, Omori conducted a series of experiments to determine the seismic
forces occurring in brick columns located on a platform subjected to horizontal

harmonic oscillations.

1.2. Damage to bridges in the past earthquakes (Japan, USA, CIS countries,

India, etc.)

For the theory of seismic stability, the investigation of the effects of
destructive earthquakes serves as one of the main sources of information on the
seismic effect. In the works of A.A. Gel'fer, G.N. Kartsivadze, G.S. Shestoper and
a number of other authors consider the analysis of bridge damage from strong
earthquakes.

Among the devastating earthquakes of recent decades, the following should
be noted: Mr.Mehiko (1957), Agadir (Morocco, 1960), Skople (Yugoslavia,
1963); Niigata (Japan, 1964); Tashkent (Uzbekistan, 1966), Karakas (Venezuela,
1967), San Francisco (USA, 1971); Spitak (Armenia, 1987), pcs. California

32



(USA, 1994), Kobe (Japan, 1996), Taiwan (1999), China (2008), Haiti (2010).
Studying the consequences of earthquakes, the engineers of Japan, the United
States and in Russia proposed many ways to construct particularly stable buildings
and structures that can withstand quite strong tremors.

In the Chilean capital, Santiago, a ruined bridge took the lives of motorists

while driving.

Photo: USGS/ENV. L—e:g-'e-ndec:kf:.r

Fig. 1.2.2 The Ruined Bridge in Chile Santiago
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Analysis of numerous data on seismic damage to road transport facilities
allows us to distinguish three groups of damages of beam bridges, the most
massive type of bridge structures:

- Shift of span structures or falling from supports with relatively small damages
of the latter;

- destruction or severe damage to supports, supporting parts, causing a complete
or partial collapse of the bridge;

- drafts and shifts of the bridge supports, which are the most characteristic

damages.

Fig. 1.2.3 The Ruined Bridge in San Francisco

Uzbekistan pays special attention to the development of the construction of
transport infrastructure both inside and outside the Republic. From the first days
of independence, the first President IA. Karimov identified design and
construction of the most convenient and short high-capacity highways and bridges
that would ensure Uzbekistan's access to the world market.

Providing seismic resistance of roads and bridges is an important social
economic task that is a part of the problem of ensuring the safety and durability
of Uzbekistan's transport systems. The seismicity of Central Asia ranges from 4
to 10 points. In Uzbekistan, regions with seismicity of 7 points prevail, but there
are areas, for example Andijan, where 60% of the territory has an average

seismicity of 9 points and 40% - 8 points. In the seismic regions, large road and
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bridge construction is under way. Analysis of data on seismic damage showed
that the impact of earthquakes of 7-9 points on transport facilities built according
to normal standards leads to significant damage to many structures and serious
disruption of transport in the disaster zone makes rescue, emergency and

restoration work difficult. Exit from Building on long-term communication routes

complicates the work of industry and
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of interconnected enterprises, and

Fig. 1.2.4 reduces the efficiency of production.

Among the various types of natural and man-made disasters that pose a threat
to the city, a special place belongs to earthquakes. For its long history, the city of
Tashkent has been repeatedly exposed to strong earthquakes, destroying urban
buildings and taking away human lives.

The first reliable information about a really strong earthquake on the territory
of the city dates back to 1866. At the end of the last century, the city was affected
by several more strong earthquakes, the intensity of which, judging from the
archival data and using the modern macroseismic scale, can be estimated at the
level of 7-8 points. There are a massive 134 bridges on the territory of Tashkent,
of which 17 were built before 1947, 30 - in the period from 1947 to 1966, 87 -
after 1966 [2].

In addition, their throughput was studied, as well as structural and operational
defects. The survey shows that of the 47 bridges built before 1966 (Figure 1.1) in
17 there are places of high vulnerability. With a 9-point seismic effect, they can
collapse.

The constant increase in the thickness of the roadway blocks the deformation
seams, the drainage pipes of surface water also lead to deformations and fractures

of the elements of the upper structure of the bridges. These shortcomings were
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Fig. 1.2.5 Damaged Fig. 1.2.6 Ruined Bridge Fig.1.2.7 The Insu

motorway. in Japan Bridge, located in the
epicenter of the
earthquake

revealed during the survey of the bridge over the Ankhor channel along Kh.
Asamova Street, built in 1954, and the bridge over the Ak-Tepa Canal, built in
1983. A route laid along Bobur Street towards the airport, built in the early 70's
Years, has vulnerabilities, which are being strengthened. It follows that with a 9-
point seismic impact, 10% of all bridges in the city of Tashkent should be
destroyed [3].

The damage from the earthquake in Japan, which occurred on March 11, 2011,
is estimated at 16-25 trillion yen (198-309 billion dollars). This is reported by the
Japanese agency Kyodo News with reference to the calculations of the local
government. The evaluation of officials takes into account the costs of restoring
social infrastructure, residential real estate and plants. Thus, the total losses do not
include the decline in industrial growth, GDP and trade volumes caused by the
natural disaster. The earthquake on March 11, 2011 in the media is usually
compared with the earthquake in Kobe on January 17, 1995. Then Japan's losses
amounted to 9.6 trillion yen (119 billion dollars) [4]. More than a million houses
were turned off from water supply. Many sections of the Insuyu highway (Figure
1.4) in the Tohoku region serving northern Japan were destroyed, a large number
of roads linking the city and prefectures were destroyed. The difficulty was in
helping the victims, due to the destroyed overpasses (Figure 1.2.5) and bridge
structures (Figures 1.2.6, 1.2.7).

Bridges and multi-tiered highways are highly vulnerable in seismic zones.
Suffice it to say that of the 59 lives carried out by the catastrophic earthquake in
San Francisco

(October 17, 1979), the cause of 42 death was the collapse of the upper tier
of the interstate highway [5].
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According to the American international group for assessing the effects of the
earthquake, EQECAT [6], it is estimated that the earthquake losses in Chile vary
from $ 15 to $ 30 billion. The catastrophe deprived about 2 million people of
homelessness, 1.5 million houses were damaged. Great damage was given to
roads and bridges. Broken bridge structures in the industrial area of the city were
destroyed.

In the Chilean capital, Santiago, a ruined bridge took the lives of motorists
while driving. (Figure 1.2.8).

This is the largest earthquake that led to such significant destruction and
economic losses in Chile over the past 50 years.

The epicenter was in the entrance area to the tunnel leading to Lyttelton, at 9.7
Km from the central square in
Christchurch, and the hypocentre at a
depth of only 5 km. A repeated
underground thrust with an epicenter 10
km from Christchurch occurred 13
minutes later, and lay at a depth of only

7 km. The second aftershock of

Fig. 1.2.8 Destruction of the
roadway on the highway in the magnitude 5.5 occurred at 14 hours 50

Rakaya gorge area minutes. Its epicenter was 36 km
northeast of Christchurch and lay at a depth of only 10 km. The only major
destruction of the road outside Christchurch was in the Rakaya gorge (Figure
1.2.8), which made it difficult to drive along the state highway in Caiapa.
Movement on the main road for several days was prohibited. Large cracks on the
roadway did not allow safe movement of vehicles. After the survey, it was decided

to reconstruct the damaged sections of the motorway.
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1.3.Conclusions on the chapter.

1. The problem of seismic resistance of bridges and bridge structures plays an
extremely important role in connection with the fact that strong earthquakes
destroy them, hindering the normal functioning of the national economy. Bridges
and bridge structures consist of many elements, the most important are the passing
and supporting parts. The article analyzed in detail the consequences of
earthquakes that occurred in various countries of the world: Uzbekistan, CIS and
far abroad countries. More attention is paid to studying the consequences of

earthquakes in recent years.

2. The most characteristic seismic damage to bridge structures has been revealed,
which indicate that in the general case they are caused by a complex of causes
that constitute the main factors of seismic action. Two groups of damage to bridge

structures can be distinguished:

- Damage to span structures, their displacement along sub-platform platforms or

falling from supports with relatively small damages of the latter;

- destruction or severe damage to the supports, resulting in a complete or partial

collapse of the bridge.
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CHAPTER I1. ANALYSIS OF MODERN RESEARCH ON SEISMIC
RESISTANCE OF BRIDGE SUPPORTS AND THEIR ELEMENTS.

2.1. Bridge construction

Progress in constructive and technological solutions of foundations, in
particular, the widespread use of reinforced concrete piles and piles, and the
increase in the power of crane equipment, led to the creation of pile supports from
reinforced concrete piles in the middle of the 20th century.

The main features of the current state of development of bridge supports are:
A) High level of typification of structures and their elements.

Virtually all supports of small and medium-sized bridges are built according
to standard designs. When individual design of the supports of large bridges,
typical elements and parts are widely used.

B) Orientation to lightweight structures.

Instead of the previously used massive stone, concrete and concrete pillars,
rack, frame, hollow structures are used. In the foundations, the use of massive
structures has practically ceased. In the intermediate supports, massive concrete
structures survived only with heavy ice drift, severe climatic conditions and other
complex applications.

C) Refusal from granite facing.
D) A sharp reduction in the volume of foundation works.

In bridge construction, the use of caisson foundations has practically ceased.
Wells are found in isolated cases; The volume of construction of supports with
foundations of a small laying (on a natural basis) is reduced. Pile foundations from
pile, bored and drill-lower piles of various designs have been widely used [7]. In
small and medium-sized bridges, pile supports are widely used, consisting of piles
and joints (crossbars) joining them on top. In such supports piles are
simultaneously elements of the foundation and the body of the support. For the

supports of the traditional scheme (including the foundation and the support
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body), there has been a tendency to place the grill plate above the ground level or
working horizon of the water.
E) Increasing the level of assembling of supports by using prefabricated units.
The level of assemblage of supports of small and, in part, medium bridges
exceeds 90%. There is a mass production of piles, racks, baits in factories of
MZHBK. The industrial bases of the bridge building organizations produce in
sufficient quantities the cabinet blocks of foundations, the elements of the
foundations, the contour blocks, etc. In connection with the increase in the lifting
capacity of the crane equipment, the mounting weight of the blocks increases, the
cross-section increases and, accordingly, the load-bearing capacity of the frame

racks

=
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Fig. 2.1.1. Pile supports: a - the bridge of the road bridge;
B - intermediate support of the road bridge;
(1 - pile, 2 - nozzle, 3 - cabinet unit)

In addition, include cabinet blocks, which are elements of the interface of the
bridge with the approach embankment. Prefabricated nozzles have homogenous
through the installation through holes in which the reinforcement of piles is
started. Pile piles, as a rule, can not be loaded exactly to the design mark.
Therefore, the upper parts of the piles are cut with the exposure of the

reinforcement. With a drill-down method of sinking the piles, the marks can be
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maintained with great precision, and the outlets of the reinforcement are provided
in piles in advance, at the factory manufacturing. Cabinet units of the foundations
are attached to the nozzles with the help of welded or bolted joints of the
embedded parts.

For road bridges, flat cabinets (cupboards) are usually used, on which soft
entry plates are installed, which ensure a gradual change in the rigidity of the road
surface at the entrance to the bridge. Depending on the cross-section and the way
the piles are immersed, the supports are divided into:

- actual pile supports (Fig. 2.1.1), which use square pile driving piles with
dimensions of 350 x 350 or 400 x 400 mm most often, as well as hollow round
junctions 400 or 600 mm in diameter;

- columnar supports (figure 2.1.2), in which round-boring piles are used (diameter
600-800 mm) or rectangular section (for example, 500 x 800 mm);

- pierless supports (Fig. 2.1.3), in which shell piles or metal tubular piles with a
diameter of 1000 mm or more are used, bored structures (for example, consisting
of a bored pile at the bottom and sections of piles in the upper part).

An approximate field of application of pile supports is given in Table. 2.1.

H | Beaches supports Middle supports
12,0 15,0 118,0 {21,0( 24,0 (33,0 (12,0 | 15,0 | 18,0 {21,0 (24,0 |33,0
L7000 AN s i v 4
g 00 ; //;7// g A AN
] A

The geological conditions for the use of pile supports are mainly determined
by the capabilities of the equipment used: diesel hammers, steam hammers and
vibratory pile drivers for driven piles, drilling equipment for boring and drilling

piles [5].
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Fig. 2.1.2. Column supports: a - bridge of the road bridge;

B - intermediate support of the road bridge;

(1 - well, 2 - pillar, 3 - nozzle, 4 - cabinet unit)
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Fig. 2.1.3. Fingerless supports: a - foundations of a road bridge;

B - intermediate support of a road bridge
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Fig.2.1.4 Free support:
A - support for a span structure with a monolithic diaphragm;

B - support for the fly by systems PRK-ZNIIS [17]

The type of support foundation is chosen depending on specific geological
conditions. The union of the pillars with the foundations is carried out using
foundation cups (Fig. 2.5) in the absence of significant tensile forces in the stacks,
and the joining of the reinforcement bars with the reinforcement releases from the

foundations - in the remaining cases.
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Fig. 2.1.5 The foundation of the rack:

1 - foundation glass; 2 - grill plate; 3 - mono-concrete
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In road overpasses and medium bridges and urban conditions, single-pillar
supports are often used, consisting of a reinforced concrete pillar and bolt, made
of prefabricated elements or monolithic. Possessing high architectural and
planning qualities, which is especially important in construction in cramped
conditions (for example, with oblique overpasses), such designs require

significant reinforcement costs.

The disadvantage of rack-mount supports in the form of spatial frames with
inclined pillars is a considerable expenditure of materials on the foundations. To
reduce the material consumption of the foundation and the support as a whole can
be achieved by combining the elements of the bridge into a single system (Figure
2.1.5a). In this case, flat frame supports can be used. Since the horizontal forces
are distributed in the system in proportion to the stiffnesses of the supports, due
to the more rigid (due to the low altitude) of shore and name bearings, the channel
supports will be less loaded. Several constructive methods of combining supports
and span structures into a single system are known:

A) for road bridges:

- installation of beam split spans on rubber-metal bearing parts (ROH). The forces
between the supports are distributed taking into account the stiffness
characteristics of the supports and the deformability of the RPC [6];

- Arrangement of a continuous carriageway by unmating the plate in above the
support area and thus turning the bridge into a temperature-continuous system,;

- installation of a beam-continuous span structure only to fixed support parts (with
flexible supports).

- the arrangement of elastic gaskets between span structures and foundations.
Such a solution in single-span bridges allows to significantly simplify the
foundations;

- the device of hinged connections between adjacent span structures (Figure 2.1.6

b, c) - for bridges up to 150-200 m in length.
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Fig. 2.1.6 Integrating the elements of the bridge into a single system:
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A - scheme of the viaduct; B - unification of metal beams;

Hollow support

Hollow supports occupy an intermediate position between massive and frame
supports and are used in cases where massive structures are not required (for
example, on dry lands or above the level ofice drift), and the use of frame supports
is not technologically feasible or economically feasible (for example, at high
altitude Supports).

Hollow supports (Fig. 2.1.7) can be made of prefabricated blocks of closed

outline, united on glue, or monolithic.

e Fig. 2.1.7 Holl f
" rj 1g 7 Ho va/ support of two
T ] - an acceptable viaduct:
L-L:‘ A - support scheme; B - block

”ﬂﬂ_u_[hv =} withdot locks;
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Supports can be designed and concrete, and reinforced concrete. In the
second case, in the blocks of prefabricated supports, coaxial channels are arranged

to accommodate the working armature.
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Very promising is the technological solution proposed by the Trust [43] and
allows one to make hollow blocks with different wall thicknesses and blocks of
solid cross section in one tooling (Fig. 2.1.8). Using this technology, it is possible
to obtain a support of constant cross-sectional height, having a continuous cross-

section in the zone of ice flow and a hollow section in the upper part.

/ 2 .5 Fig.2.1.8 Diagram of
il g :
= d V7 manufacturing hollow  support
e ////’ - /J,-:
B o U W P \‘/f’/: blocks:
N, \‘q ke 4 1 - movable stop; 2 - loose leaf; 3 -
p

fixed stop; 4 - blocks

2.2. Features of support structures in seismic conditions

Studying the experience of operating bridges in seismic regions has made it
possible to work out a number of important requirements for the ground on which
to base the foundations of bridge supports, as well as the construction of
foundations and above the foundation part of the supports. In particular, it is
recommended that the lower ends of piles, pillars and shells be immersed to a
layer of low-deformable soils (rocky, coarse-grained, gravelly dense sands, clay
soils of a solid and semi-solid consistency) [9, 4, 12].

When constructing bridge supports in seismic areas, it is desirable to use
materials and structures that allow the development of cracks and plastic
deformations at the stage preceding destruction. Such structures are capable of
withstanding significant short-term loads, so that their resistance to seismic
actions is high enough [5].

Good plastic properties are possessed by conventional and prestressed
reinforced concrete structures, designed taking into account seismic influences.
The high strength of reinforced concrete with stressed states of various types also
makes it possible to significantly reduce the weight of reinforced concrete

supports in comparison with stone and concrete structures and thereby reduce the
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seismic load. This is especially important in the case of a calculated seismicity of
9 points, when the cost of materials for the construction of supports significantly
increases as a result of their verification for seismic action. With a calculated
seismicity of 7 and 8 points, concrete supports are also effective, the strength of
which is ensured without a significant increase in the size of supports erected in
non-seismic regions. To increase seismic resistance, concrete supports are
reinforced with structural reinforcement, therefore reinforcement is one of the
main antiseismic measures in the construction of supports. There are other
techniques to ensure seismic resistance of supports. These include the increase in
the brand of concrete, the use of epoxy glue to connect blocks of prefabricated-
monolithic supports, the use of hollow structures to reduce seismic load.

The noted shortcomings have largely been eliminated in prefabricated
monolithic supports from contour blocks with a figured face, used in the
construction of some large road bridges. Supports with cross-section of different
sizes (the step size of the cross section of the support is 10 cm) is assembled from
concrete blocks of three basic types. During installation, the first row of blocks is
installed on the foundation or the lower part of the support. Blocks of this series
are laid on the solution, blocks of the subsequent rows - on epoxy glue. When
concreting the core, vertical dowels are formed, since the face of the blocks,
normal to the cross-section of the support, has a figured outline. These keys,
located near the lateral surface of the support, fix the position of all the blocks. To
ensure the seismic stability of the structure in the vertical keys have a longitudinal
reinforcement. In seismic regions, it is advisable to use supports with as small a
mass as possible, for example, in the form of one or several reinforced concrete
pillars joined by a bolt (Fig. 2.2.1) [3, 4, 7].

Such a slab was designed (Figure 2.2.2) [7] for a 23.5-meter steel span
structure for a seismic area of 9 points. The body of the pillar is made of
ferroconcrete pillars @ 80 cm, located in the transverse axis of the bridge. The
nozzle of the stand and the plate of the columnar foundation are made of

monolithic reinforced concrete. The columnar pillars and the intermediate
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supports located beneath the tapered channel for reinforced concrete span
structures up to 16.5 m in length are constructed in seismic regions. When
building viaducts in seismic regions, some intermediate supports have the form of
reinforced concrete spatial frames. Racks of frames of constant section 800 x 800
mm are located obliquely in two planes. When the height of the supports is high,
the racks are made bunk, carrying out the assembly joint on the flange joints and
combining the racks with each other by horizontal spacers. Compared with
monolithic supports, the volume of concrete in prefabricated frame supports

decreases 2 to 2.5 times.
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Under favorable ground conditions, the intermediate supports of the viaduct
are made in the form of flexible flat reinforced concrete frames. In this case, the
longitudinal loads on the foundations are transferred by connecting the split flying
structures to the temperature-cut whips with the help of hinges that take
longitudinal forces.

Light supports are widely spread in road and city bridges, overpasses and
overpasses. To reduce the weight of supports used concrete of increased strength,
reinforcement of the structures of rod and high-strength wire reinforcement.

Supports of a hollow structure of prestressed reinforced concrete were
constructed according to the project of Tbilgiproavodortrans [44] in the seismic

region of 9 points. Three - span bridge over the river canyon. Naryn with an
48



uninterrupted steel-fiber span structure, the scheme of which is 40 + 68 + 40 m,
has intermediate supports with a height of more than 40 m. The foundations and
socle parts of the supports are monolithic, the upper parts of the supports are
assembled from ferro-concrete box-section blocks, , And in the vertical - 64
bundles of prestressed reinforcement. The upper ends of the bundles are
zaankeren in transverse diaphragms 25 cm in thickness, located 7 m along the
height of the support, the lower ends of the bundles are zankereny on the outer
surface of the basement of the supports. The intermediate bridge supports of
overpasses and overpasses are usually made of precast reinforced concrete pillars.
The lower ends of the pillars are fixed in the foundation with the help of a joint of
a glass type, the design of which should be given special attention, since the
destruction of some bridges abroad during earthquakes was due to the lack of

reinforcement of reinforced concrete pillars in the foundations.

2.3. Studies on the calculation of seismic effects on bridge supports.

The engineering analysis of the consequences of earthquakes indicates [2, 11,
15, 22, 24, 25, 29] that bridges of various designs often get serious destruction as
a result of seismic action. If in massive and heavily stiff old bridge structures, the
main fractures were observed usually in the foundation part and in the supports,
then lighter and more flexible modern bridges are often destroyed because of the
intensive oscillations of the span structure. In the construction of modern
highways and transport interchanges, curved in terms of reinforced concrete
bridges, based on a number of columns, have become widespread. During the
earthquake on February 9, 1971 in San Fernando [36] (California), these bridges
received a series of serious injuries, including the collapse of two spans. The cause
of most accidents was the presence in the bridges of thermal seams, which violate

the integrity of the structure and are its "weak" place.

At the Center for Engineering Studies of the University of California (USA)

on a powerful vibro platform of 6.1 x 6.1 meters in size, a dynamic test of the
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model, a curved reinforced concrete bridge that collapsed as a result of the
earthquake in San Fernando, was carried out. In terms of the bridge is outlined
along an arc of a circle 410 m long and 208 m in radius. Panels of its roadway are
separated by temperature seams and are supported by a series of supports located
along the axis of the bridge, from 4.5 to 43 m in height. Scale 1/30 of the natural

size.

During the tests, the deformations and damping coefficients of the oscillations
are assumed to be the same for the model and full-scale design; The time scale for
the model changes by a factor, and the scale of the stresses in the material in mr /
30, where mr is the ratio of the distributed masses of the model to the actual
structure. Since the same material (concrete) was used for the model as in the
bridge structures, the stresses (with equal strain) were the same in the model and
the real structure, and in order to achieve dynamic similarity, additional masses
were installed on the model in such a way as to ensure equality Mr = 30 without
further increasing the stiffness of the model. Calculations and trial experiments
have shown that for modeling, the first seven frequencies and forms of natural
oscillations of the bridge, we can confine ourselves to a simplified model on three
columns with two temperature seams EJ1 and EJ2, shown in Fig. The horizontal
panels of the span structure of the model, separated by a temperature seam, were
connected by longitudinal longitudinal tightening of steel with increased plastic
properties along the edges. The columns were rigidly connected to the horizontal
panels and to the base.

Preliminary static and dynamic tests of the model and its elements were
carried out to determine its stiffness characteristics, oscillation damping
coefficients, and also the shapes and frequencies of natural oscillations. The first
waveform has a frequency of 5 Hz and corresponds to a horizontal displacement
of the entire span structure, as a rigid whole, in the longitudinal direction, i.e.

Along the OX axis (see Fig. 16). The second form with a frequency of 6.7 Hz
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corresponds to the transverse (along the axis OY) horizontal displacement of the

span structure as a rigid whole. With vertical action, we can .

o)l

Lp Lp

Fig. 2.2.3. Effect of elastic compliance of the base on the magnitude of plastic
deformations in the plastic hinge:

A - a pylon on a rigid base with a rigid fixing of the span structure; B - pylon
on a flexible base with elastic fastening of the span structure 1 - center of mass

T T T T T

0 430;/\1;7, C

Fig.2.2.4 Displacement of span for elastic and inelastic reaction of the base:
1 - for a soil model with elastic deformation;
2 - for the model of soil with plastic deformation.
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For sufficiently rigid designs of pylons C > 5, and hence the value of the
coefficient of ductility by curvature can increase significantly, taking into account
the compliance of the base with a constant value of the plasticity coefficient from
the displacements. Naturally, the yielding of the base also leads to an increase in
the period of the fundamental pitch of the pylon oscillations by a factor of.

In order to verify the described theoretical provisions, which are the basis of
elastoplastic calculation of pylons for seismic impacts in the building codes of
New Zealand, the authors made a direct calculation of four pylon designs, taking
into account the compliance of the base. One pylon had a frame circuit with two
columns and a fundamental pitch period of natural oscillations of 0.2 s. The
remaining three pylons consisted of one column, the length of which was selected
from the condition that the periods of the fundamental pitch of the oscillations
were 0.5, 1, and 2 s. An approximate account of the elastic compliance of the base

was due to a conditional increase in the height of the pylon L by an amount L.

For a pylon with two columns, for which the period of the fundamental pitch
of the natural oscillations was less than the value corresponding to the maximum
in the calculated reaction spectrum, allowance for compliance led to a significant
increase in the reaction, as well as the coefficient of ductility with respect to
curvature with an almost constant value of the plasticity coefficient with respect
to displacements. In this case, the increase in plasticity by curvature is even more
significant than it follows from relation (1). However, for the other three more
flexible models of pylons, in which the pitch periods of the oscillations exceed
the value of the period corresponding to the maximum of the reaction spectrum,
a significant decrease in and a preservation of the coefficient of plasticity along
the curvature at the same level is observed with increasing compliance of the base.

Thus, for sufficiently flexible pylon designs, the recommendations of the New
Zealand building codes that regulate the constant value of for any compliance of

the foundation should be considered excessively conservative, and the calculation
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based on the designation of a constant plasticity coefficient for curvature in the
plastic hinge is more preferable.

A dynamic analysis of a single-column pylon of a real bridge design was also
carried out, taking into account the plastic deformation of the base. Figure 2.2.4
shows the results of the calculation for an elastic and non-elastic reaction of the
base, which was modeled by a set of elastoplastic springs. In both cases, the
formation of the plastic hinge in the pylon was taken into account. Allowance for
plastic deformation of the base leads to a decrease in the displacement of the span
structure, which is equivalent to assigning in the design scheme with an elastic
base an attenuation coefficient equal to 9% of the critical, instead of the 5%
accepted in calculation. The increase in attenuation associated with the plastic
deformation of the base is more important for rigid frames of frame-type pylons.

Seismic impact was simulated using real accelerograms. In total, four series
of tests were carried out, and in the first series of acceleration the vibroplatforms
were directed, only along the OX axis, and in the remaining series along the OC
axis and, sometimes simultaneously along the vertical axis of the OC. In the third
series of tests, in contrast to the second, more rigid longitudinal tightening was
used between the panels at the temperature seams, and in the fourth series, two
columns were installed under the middle span panel, i.e. The whole model had
four columns.

The tests showed that horizontal longitudinal seismic accelerations directed
along the OX axis do not represent a significant hazard for the bridge model even
when their maximum values reach 0.87 * g. At the same time, fluctuations occur
mainly in the first form and minor damage can occur at the base of the columns
and destruction in the zone of temperature, seams, which do not threaten the load-
bearing capacity of the structure as a whole. The transverse seismic accelerations
represent a significantly greater danger. The curvature of the span structure
increases the stiffness of the bridge in the direction of the OS, but the temperature
seams, violating the integrity of the structure, significantly reduce this rigidity.

The main fractures are concentrated in the area of thermal seams, where very high
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relative displacements are produced by shear forces that can lead to the
destruction of the span structure. In the case of transverse horizontal oscillations
in the temperature seams, there is a shock interaction between the panels, which
leads to rapid brittle fracture of the concrete. The installation of more rigid puffs
between the panels helps to reduce the relative displacements of the edges of the
seam, but only for relatively small seismic accelerations. With a high level of
external influence in the seams, as before, there are great disruptions. The
installation of each panel on several columns favorably affects the load-bearing
capacity of the thermal joints and the structure as a whole. Specialists of the
United States believe that, whenever possible, we should strive to design the
construction of bridges in general without thermal seams. If we eliminate all the
temperature sutures from the model in question, then the calculations show that
the frequency of its first form of transverse horizontal vibrations will increase by
a factor of 2.5, and the maximum displacement for seismic action in the direction
of the op amp will be reduced by a factor of 20. If the temperature seam can not

be avoided, It is desirable in

Table 2.2.
Valves
Years of construction of
the bridge Support of circular | Support of rectangular
section section
pt = 0,0015
Before 1972, pt = 0,0015
Ae = 0.0007
pt = 0,005
From 1972 to 1992 pt = 0,005
Ae = 0.003
pt = 0,007
After 1992, pt = 0,007
Ae = 0.005
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The relationship of reinforcing intersections or restrictions that can be expected

during different years of construction.
Procedure
1. Calculation of the fluid shear (yu). For the case of a single column convoy,

equation 2 is used in the span console.

1

Yy = gq)yH (2.1)

For multicolumnic foundations (solid decking in the form of a membrane) can
be calculated by the following equation:

1

Yy = gq)yH (2.2)

2. Calculation of the final shift (yu). This parameter is calculated by equation
2.4.

(2.3)), and (2) the probability of the change in

V(%) = fo + A2 (B + Bog=) + B3 () 3)

Agfc Agfec

The corresponding error, the forecast of the lateral displacement capacitance,
is recommended to obtain a shift amount that was multiplied by a factor of 0.8;

For the favorable side.

3. Achievement of the branch of the plastic shear (p)

Yu
== 2.4
h=y (2.4)

4. Obtaining a period of structural vibration (Tcr)
5. Evaluation of the fluid side force (Vy). Obtained by equation 5.
V, = K vyH (2.5)

6. Estimate of Ru. The attenuation coefficient of 0.05 from the studies (Arroyo
and Teran, 2002):
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For hard soil:

Tcle
Ry = (1111 = 1.0119) (<) + 1 (2.6)

0.002+T2?

For soft soils:

T
ﬂ)e
R, = #'(0.5529;1 —0.55) + 1 2.7)

0.175+|=L—1
Tg

pt

T 2.54ut

(2.8)

Where, Tg is the period of the soil of the bridge located on the section
7. Calculation of spectral acceleration (Sa). Acceleration that begins to
damage (weak cracks in places with longitudinal reinforcement) Say

V.,
Say = ¢ 2.9)

The acceleration that causes column failure, Say
_%
Sa, = WTR“g (2.10)
Where, WT is the total mass of the bridge being analyzed, g is the acceleration

due to gravity.

8. The output of the vulnerability function. In the output of the physical
damage index (IDF) function, called in this work as a vulnerability function, these
are the two main points of the function curve: the beginning of the fault and the

end of the fault, then a and m are obtained. Corresponding to this vulnerability

function:
Ipp(Say =1—e " (2.11)
Sa;
= (2.12)
= 55 (2.13)
ln(sapu)
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__In(0.99)
- Say m
(Sapu)

Where, Sai is the required bridge acceleration for which it is required to know

(2.14)

its vulnerability degree, and Sapu = 0.95Sau

The Interpretation of the Physical Damage Index (IDF) was proposed in the
main papers that examined the relationship between the structural response and
their respective level of damage (Rivera, 2005; Karim and lamazaki, 2001). Table
2.2.1 shows the amplitudes of the IDF values associated with the level of damage

and the type of vulnerability.

Table 2.2.1
Interpretation of IDF
IDF Damage level | Vulnerability
0<IDF<0.05 Zero Very low

0.05<IDF<0.15 | Nearly zero | Low

0.15<IDF<0.40 | Average Average
0.40<IDF<0.95 | Heavy High
0.95<IDF Full Very high

The structural configuration of both bridges is similar in the longitudinal
direction, but not in the transverse direction, as shown in Figure 1.20 (Chapter 1).
It 1s believed that the type of foundation is hard ground. Based on the location of
the bridge, the information received is reported in Table 2.2.2.
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Dates of construction of bridges

Table 2.2.2

Cross Section  size | Stake height,, H Relative | Year
Bridge
Section slit | (Mm) (mm) Species | Construction
Between
B=1000
1 Rectangular 6250 H/L=5 |1972
L=1250
1992
2 Circular D=1000 8000 H/2D=4 | After 1992

Based on the data in Table 2.2.1 and Table 2.2.2, the values of the

vulnerability parameters of each bridge were obtained (Table 2.2.2). Replacing

these quantities by Eq. 15, the curves shown in Figure 2.2.5

iﬂ

Sailg

Figure 2.2.5 The vulnerability function of both bridges

To assess the acceleration requirements (Sai / g) of each bridge, the CFE

design guide (1993) was used, assuming that the bridge is located in seismic

region D (high seismicity) and that bridges are located on hard ground.

Substituting Sai / g on the vulnerability of bridges 1 and 2, comparing with IDF,

the damage and vulnerability level of each bridge (Table 2.2.3).
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2.4.Conclusions on the chapter

1. Approaches, methods and studies on the effects of earthquakes on bridge
structures of various designs and types are presented. The most objective
information was obtained on the results of vulnerability studies for various types
of bridge structures, special attention was paid to physical damage to the support
parts, since the support parts of bridges are the main part of the seismic resistance

of the entire bridge structure.

2. The information studied is of value for assessing the degree of safety of
bridge structures under seismic action, and the ability to field data to simplify the

seismic assessment of the vulnerability of reinforced concrete bridges.

3. An assessment of the seismic vulnerability of bridges was carried out -
which is a complex process. In particular, the assessment of the expected seismic
response of bridge structures is still due to many uncertainties about the most
important elements of the bridge structure. For this reason, the effective use of
modern methods and calculation tools, to determine the seismic stability of bridge

structures is very important.

4. The behavior of supports with circular and rectangular sections of different
configurations with a span structure is studied. The types and types of modern
supports that meet modern requirements and design and bridge construction

standards are given.

5. Some features of support structures that are used mainly in seismic
construction areas are considered. Features include the possibility of allowing the
development of small cracks in structures. Such structures are capable of
withstanding significant short-term loads, so that their resistance to seismic

actions is high enough.
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CHAPTER III. INVESTIGATION OF SUPPORTING BRIDGES OF
STEPPED SECTION WITH THE ACCOUNT OF INTERACTION OF
THEIR BASED ON SEISMIC IMPACT

3.1.0scillation support of bridges stepped section.

To assess the seismic resistance of the foundations of the supports of the
overpass, it is necessary to determine seismic forces and forces from permanent
and temporary loads (bending moments, horizontal and vertical forces) on the
base of the foundations on a natural basis.

Seismic loads acting along and across the axis of the overpass should be
considered separately [5]. The definition of a seismic load directed along the axis
of a beam overpass is described below.

When determining the seismic load acting along the axis of the overpass, the
mass of the rolling stock is not taken into account [5].

Regulatory constant loads and impacts, regulatory loads from rolling stock
and reliability factors for loads and impacts are taken by [52]. When calculating
road overpasses taking into account seismic impacts, the coefficient of n for
seismic loads, whose action is taken into account, together with the loads from the
rolling stock of highways, is 0.8.

Dynamic design scheme of the section of the overpass (bridge) is adopted in
the form of an elastic weightless cantilever rod of variable cross-section with 4-5
weights for supports up to 20 meters high. Calculation of supports with many
degrees of freedom is very complicated and requires the use of special
applications on the PC (Lira, Stat Pile, Pontiflex). The number of natural modes
considered in the calculation is recommended to be at least three if the periods of
the first (lower) tone of the natural oscillations TI are more than 0.4 s, and taking
into account only the first form, if TT is equal to or less than 0.4 s [5]. In a number
of cases, the calculation of seismic efforts using simplified schemes differs little
from the calculation of relatively accurate schemes. For example, when

calculating the longitudinal seismic loads of beam overpasses (bridges) with small
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spans, often resort to approximate schemes. Taking into account the small height
of the supports, in the calculation they are limited to taking into account the first
form of natural oscillations [5].

The design scheme is adopted in the form of an elastic weightless rod that

oscillates in the plane of the bridge or overpass in Figure 3.1.1 (a, b).
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| I |
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Figure 3.1.1 Dynamic calculation schemes

According to [5], in determining the seismic load, it is necessary to take into
account the elastic deformations of the structure and the base of the overpass
(bridge).

When calculating overpasses with small span lengths, frictional forces in the
moving support parts are significant and can not be overcome during the
oscillation process. It is believed that on each support, irrespective of the type of
support parts, both buildings supported on it are affected.

With massive supports, overpasses or bridges with small spans usually have a
period of longitudinal oscillations (the main tone) T1 <0.4 s. In this case, the norms
allow us to take the dynamic coefficient for the basic vibration form = 2.7, and
our own form is assumed to be rectilinear.

Thus, in the calculation of overpasses and bridges of small spans, in most
cases, it is not necessary to determine the exact periods and forms. This greatly

simplifies the calculation of overpasses (bridges) with a short span length.
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Below are the general principles for calculating the bases of supports
(viaducts) for seismic actions, taking into account the elastic deformations of the
support structure, the foundation shift along the ground, and the elastic rotation of
the foundation along the base. The mass of the support with the foundation, the
attached mass of span structures supported by the support, is replaced by the total

mass applied at the common center of mass.

[} 1? £, &, Eo
‘f an+Nh I | Me 4N é T
= =
)]
H Sn K St
-
5 - —=
B ==
= o | B2, |o Ce )
= gl ey I
= Ne | —
N £=] |

Figure 3.1.2 Schemes for calculating the support of the overpass for
seismic impacts

The calculated horizontal seismic load Sik in the calculation of bridges is

determined by the formula:
Sik = N18K1AKyBinikQxk red (3.1

Where n_18 is the coefficient of combinations for the seismic load, taken in

conjunction with loads from the rolling stock of highways, equal to 0.3 (2, 2.5);
K 1 - coefficient taking into account permissible bridge damage,
K 1=0.25;

K v is a coefficient that takes into account the damping of the structural
vibrations, when Ho/B=8.9/4.6=1.9<15 Ky=1, rne Ho, where Ho is the height of
the column above the foundation edge, c is the column size in the direction of the

seismic load action;
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A is the coefficient taken to be 0.1; 0.2; 0.4; Respectively, with a calculated

seismicity of 7.8.9 points;

Q_ (k.red) - design weight of the structure, referred to the point K (Fig. 3.1.3,

3.1.4);
y K l Q&:‘red . |'<U Qg red
ST s = S
I : |
>< <
3 é
Figure 3.1.3 Dynamic calculation schemes of intermediate supports
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Figure 3.1.4 Dynamic calculation schemes of intermediate supports

B 1 n_ik are the coefficients of dynamism and the shape of the oscillations,

determined from [5] or Fig. 3.5.

The dynamic factor is determined by formula 16 or in Fig. 3.1.5b.

11
Bi= 7 (3.2)
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Where T 1 is the period of natural oscillations of the overpass (bridge) in the

1-th tone, s.

The value of the coefficient B i should be less than 0.8 and not more than 2.7

Tt

o Te

Figure 3.1.5 Schemes for determining the coefficient

Forms of oscillations nk and the dynamic coefficient Bi

The seismicity of the construction area in points is adopted according to
annexes and then the seismicity of the structure is clarified according to the

construction site soil category.

For large transverse dimensions of the end supports on the facade, as well as
for the calculation of massive intermediate supports across the bridge, in addition
to the single unit movements listed, it is necessary to calculate also single

displacements from the shear deformation of the support body

Sire = 2 (33)

Where G is the shear modulus of the support body;
Apis the cross-sectional area of the support body.

When the load is concentrated at the point K, the total unit displacements are

determined by formulas

w  (1+uA®)h3
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p=-Lr_1q (3.5)
(3.6)

= Xk

Where E¢lf, Eyl, - bending stiffnesses of the foundation and the support body;
E¢, Eo- moduli of elasticity of concrete foundation and support body;
h¢- height of the foundation.

The reduced (average height h f) moment of inertia of the foundation is

determined by the formula (when calculating along the axis of the bridge)

_ afob;o
If - 12 ) (37)

Ao b]§0- reduced (average height h f) dimensions of the foundation, determined
respectively by the formulas

__ (ap+2cy)hy+(ag+2ci+2¢;)hy+(ag+2c1+2¢;)hg

Ay = 3.8
£0 > 3.8)

(bg+2c1)hi+(bg+2c1+2c3)hy+(by+2c,+2¢3)hs
bro = > (3.9)

The total weight Q (k.red), reduced to the point K, is determined by the formula
Qk.red = yf np.chzlp.c + yf,Ml'INl\\/[l'I + nyN(; + yffN]; (310)
Where N, N];- the normative weights of the body of the support and foundation;

Yr up.c¥runYroYss are the reliability factors for the load, respectively, from the

weight of the span structure N, ., of the bridge bed N, of the body and the

p.c

support base N, N];.

The standard weight of a reinforced concrete or metal span structure is determined

by the formulas
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Napc = Vig¥as + Nen + No (3.11)
Napc = Puln + Ny + No (3.12);
Vo — 25KH/M (3.13)
B, - load from the weight of span metal kN / m
N, .- normative weight of bilateral sidewalks with handrails
Nin = Pon + Iy (3.14)

P.,= 5 kN / m - the load from the weight of sidewalks with handrails.

N, ., - design weight of the set of support parts, kN, taken according to Table 3.1.1
Table 3.1.1

Design weight of the support set

[, M 9.3-11.5 13.5-16.5 18.7 |23.6-27.6 34.2
N, ,xH 11 12 20 24 32
,374p1p4h, , ,cM 20 22 384 |50.5 55.4
hyq,cM 10 11 25 27.5 39
Dt £
t}j\%*?; |L/ "l’“": P S) B)
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Figure 3.1.6 Calculation schemes for determining the seismic load directed along the

axis of the overpass (bridge)

66



3.2. Basic equations of motion of support of bridges in earthquakes
Calculation of the intermediate support (appendix)
Collecting loads
Constant loads
1. The weight of the span structure is 23.6 m long: (3.15)
Pn=282.9 * 10 = 829.0ts; For gf> 1, PIp=2829.0 * 1.1 =911.9 mc  (3.16)
Weight drainage pipe:
Pu=0,3232 * 10 = 3,232 1c; At gf> 1 P1p =3,232 * 1,1 = 3,5552 tons. (3.17)
Weight of reinforced concrete slabs:
Pu=1,57 *2,5* 10 = 139,25 tc; At gf> 1 P1p=139.25 * 1.1 =43.175 tf. (3.18)
Weight reinforcement of paving slabs:
Pu=0.211tf; For gf> 1, Plp=0.211 * 1.1 = 0.2321 tons. (3.19)
Weight of reinforced monochrome iris diaphragm B30
Pn=0.14*25*10=3.5catgf> 1.1 Plp=3.5*1.1=3.85tf (3.20)
Weight of the beams:
Pn=0.06 *2.5 * 10 + 0.1406 * 10 = 2.906ts for gf> 1.1 P1p = 3.1966 tf (3.21)
Weight of metal sheet overlapping the seam and metal railing
Pn=(0.2778 + 1.2355) * 10 = 15.133c for gf> 1.1 P1p=15.133 tf  (3.22)
The total weight of the span structure: Pu = 893,232 1c (3.23)
At gf> 1,1 P1p =982,5552 tons.
The reference reaction from the intrinsic weight of the SS L =23.6 m

An =446.616 tons. Ap =491.2776 tf
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Temporary loads
Vertical temporary load on one span

The reference reaction from the weight of the mobile load to p.s. L = 23.6 m on

[52 p2.12] - Bridges and pipes and [47] - Loads and impacts
V=0,1xK=0,1x14 = 1,4 tc / m, where K = 14-class load

1) Normative reference reaction from a uniformly distributed load with 2 lanes:
The total reference response from a uniformly distributed load:

> Alu=16,8 + 10,08 =26,88 1C

2) Normative reference reaction from trolleys:

A2n=P+a/Ap*P)*n=K* (1 +a/Ap) *n=14x (1 + 22, 5/24) x2 = 54.25

TC.

The total normative reference reaction:
An=Aln+ A2un = 26,88 + 54,25 = 81,13 Tc.
Coefficient of reliability at Ap = 23,3m:
Gf=1,2 - for uniformly distributed load;
Gf= 1,267 - for the trolley;

Dynamic coefficient:
l+m=1+(45-1)/135=1.16

The total calculated reference reaction from the uniformly distributed load and

from the trucks:
Ap=Alp + A2p=(26.88 * 1.2 + 54.25 * 1.267) * 1.16 = 117.15 tons.

Without a dynamic coefficient, ApL =24 = 101.0 tf
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Calculation scheme of bridge supports of stepped cross section taking into account

their interaction with the base mn-Moments of inertia

Sectional areas

B ®m,
Ks
+ m2
K,
+ m1
| t
K, f
i‘W\N\/‘/ ‘ m, Y w«f
.. @ & @

v4 53
P45 _ 30.375 m*

J1=

3.6%3.63
12

I, = = 13.99 m* (3.24)

3 2.63

= 4.39 m*

F; = 8M? = 18 * 10* cm?
F, = 12,96 M*> = 12,96 * 10* cMm?  (3.25)
F; =7,8M? =7,8%10* cm?

Modulus of elasticity of the support material (concrete)

6KF

E=0,26*10 (3.26)
Poisson's ratio
u=0,25 (3.27)
Shear modulus
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_ E
T 2(1+p)

= 0.104 xrc /cm? (3.28)

Weight of steps

m, =(8.1%86*15+63*6.3%1,5)* 2000% = (104,49 + 59,53) *

2000 55 = 328040 kr (3.29)

my =4+*4,5%6,1*2000 = 219600 kr

my = 3,6 3,6 * 6,1 * 200055 = 158112 kr (3.30)

KT
m,=2,6*3x7,7%2000— = 120120 kr
3 M3

Gravity forces of support legs

(Ql =my xg = 2196000 H

{ Q, =m, xg= 1581120 H
Q; =m3 xg= 1201200 H (3.31)
Q, = m, * g = 3280400 H
rc c? rc c2
m, = 328.04——; m, = 219.6——;
arc o 2 (3.32)
m, = 158.112 —;mz = 120.12 -

2 2 2 2
m, = 328040 ";m, = 219600"=; m, = 158112">; m; = 120120 "
(3.33)

Vibrational movements of three-stage cantilevered shears in shear

K1, K2, K3-Shear rigidity
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Relative shear strain
y== (3.34)
Here

AS- Linear displacement of shear area; A - Distance between shifting boundaries

Shear stress at shear

T=y*G (3.35)
G-Shear modulus
E
= a0’ (3.36)

Where
F-Sectional area under shear
N-cutting force

T-Horizontally acting seismic force. This force is proportional to the force of

elasticity
N=T=+cospf (3.37)
N )
Z=T- Section stress (3.38)
A8 1S
_
B
N
s

T=y*G (3.39)
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N
Fo VG
T+cos f8 _ A_S* G

F a

K*AS*cos AS
KxASxcosB _AS . @

F a

FxG _ FxGx/h?+(a—AS)?

acos f3 a a(a—AS)

(a—AS)
hZ2+(a—-AS)?

cosf =
Stiffness in the shift of each stage in the following form
Crosscut sections
F, =7.58 x4 = 30.32 m?
F, =7.1%3.6 = 25.56 M?
F; = 8.1 %3 = 24.3 m?

a, =45m;a,=3.6M; a3 =2.6M

hy=61M;h,=61M hy;=7.7m

l, =/6.12 + 452 = 7.58 m
L=V612+362=71mM

l; =772 +2.62 =8.1Mm

Fi#G (@3- 0=y +h3
Kl =

ai(a;—(1=yn))

Py [(a,~(rp=y2))? 413

az(az—(y2-y1))

K

F3 * G\/(a3 — (3 —y2))* + h§
az(az — (y3 —¥2))

K3:

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)

(3.48)

(3.49)
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The equation of oscillatory motion of a single-stage cantilever rod under shear
—KiOm —y1) =R = myu (o + Jin)

{ KiOn — 1) =Ko (1 — ¥2) = my(Go + J1)

Ko(y1 — ¥2) — K3(y2 — y3) = my(§p + J2)
K3(y, — y3) = m3(§ + 33)

(3.50)

Where - V1, ¥, Vs are the time displacements

% m,

831 .
h,
=
h. M
I Ve =
S,
h,

Seismic action of the stepped support
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Sip =My * pf * y; (3.51)
y;-move the step; p;-frequency (on the console); m;- steps mass
y;- displacement R=kyy,
S31h3
S31(hz + hy) + Sy1h, (3.52)

S31(h3 + hy + h3) + 531 (hy + hy) + 51104

0 =" < [g]; (3.53)
_J.
w =21 (3.54)
ho
W=1J/h 0;

Oscillation of three-stage bridge supports in bending.

The equations of oscillations in bending.

—R =mu (Yo + Jn)
{ V1= Yn = —611my (Yo + V1) — 812my (Yo + V2) — 613m3(Yo + V3)
Y2 = Yn = —020mq1 (Yo + V1) — 622my (Vo + V2) — 623m3(Yo + V3)
Y3 = Yn = —031mMq1 (Yo + V1) — 632m3 (Vo + ¥2) — 633m3(Yo + V3)
The displacement of bridge supports under dynamic influences is determined

by the Simpson formula.
Sii ::gé;(alaz-+-4b1b2-+-c1c2) (3.56)

Determine the force of interaction of the foundations of the support with the

surrounding soil

R=k,xy, (3.57)
ky = CxF, + C,Fs + CZP;II/IK.TOMOH (3.58)
C, =0.7C, (3.59)
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Where

y,- moving foundations relative to the ground

C,- compressive elastic soil coffeam 2 + 7 kgf / cm?
F,-The foundation area of the foundations of the Yuzaki
Fs-Area of the side of the foundation
Fpush.sige-compressible foundation area

If the design resistance of the soil (loam) is 2 kg / sm?, Cz = 4000 tf / m?

k,=C,(0,7a,b, + 0,7 x 2 x h,a,, + h,by) (3.60)
a, = 8,6 M

b, =8,1m (3.61)
h,=15m

ky =4000(0,7 8,6 8,1+ 0,7 *2(1,5+8,1+ 1,5%6,3) + (1,5 8,6 + 1,5
6,3)) = 4000(48,672 + 1,4(12,15 + 9,45) + (12,9 + 9,45)) =
4000(48,672 + 30,24 + 22,35) = 405048 (3.62)

k, = 4,05 % 107 N/sm (3.63)

From the equation, we calculate the intermixings using the Simpson formula

5, = 6.1*10° (3.05%3.05%10* * 4+ 6.1%6.1*10* )
" 6%0.26%10°%30375%10° © C (3.64)
=9.58*%10"sm/N
% 2
S5, = 6'16 10 (0%0.61%10% +4%3.05%9.15%10* +6.1%12.2*10")
6%0.26*10° ¥30.375*10 (3.65)

=2.39*%10°sm /N
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CI:-I
.
Cx,
.
Cey

—=—3(L)

6.1%10°

(0%13.8*10% +4%3.05*16.85%10° +6.1*19.9*10* )

5 =
BT 6%0.26%10° *30.375*10° (3.66)

=421*%10%sm/N

6,1%10?
522: % %100 * %108
6%0,26*10° *13,99*10
6,1%10°
+
6*0,26*10°*30,375*10"
=8,78*10 sm/N

(3.05%3,05%10* * 4+ 6,1%6,1*10" )+

(6,1%6,1%10* +4%9,15%9,15%10* +12,2%12,2#10* )= (3.67)

6.1%10?
523: * %100 * %108
6*0.26*10" *30.375*10
+ 6.1*%10?
6*0.26*10°*30.375*10°
=1.81*10"

(0%7.7#10> +4%3.05%10.75*10" + 6.1*13.8*10* )+

(6.1%13.6%10* + 4%9.15%16.85*10° +12.2*19.9%10*) (3.68)
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7.7%10°
533: * * 6 % * 8
6*0.26*10° *4.39*10
6.1*¥10°
+
6*0.26*10°*13.99*10°
6.1*¥10°
6*0.26*10°*30.375*10"
=5%10"7

(4#3.85%3.85%10* +7.7%7.7*10" )+

(7.7%7.7%10* + 4%1075%10.75%10* +13.6 *13.6*10* )

(3.69)

(13.6”‘13.6”‘104 +4*16.85%16.85*10" +19.9*19.9*104):

Equations of the vertical oscillatory motion of a three-stage cantilever rod.

The equations of the vertical oscillatory dipping of a three-step cantilever rod

( —Czl(Zn —Zy) —kgxZy = mn(zo + Zn)

Cp,(Z — 21) — Cq, (1 — %) = my (49 + 29) (3.70)
Cz,(Z1 — Z5) — Cz,(Z, — Z3) = my(Z + Z5) .
Cy, (2, — 23) = m3(Zo + Z3)
Solve equation (3.70) and determine Czi
($o(t) * 0,7)=%,(1) (3.71)
C; = % (3.72)
c EF, 0,26 *10° %18 % 10* 7672 + 106 KT
= = = * N
27 py 610 ’ cM
*100 % x10% r
Cpy = =2 = 220222000 — 55244 100 (3.73)
2 M
c EF; 0,26 x10° 7,8 « 10* 33 24 106 €
= = = * N
%37 p, 610 ’ cM
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Oscillations in the bending of a stepped support (hard base).
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Fig. 3.2.1 Displacement the first floor (hard base).
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Fig. 3.2.2 Displacement the second floor (hard base).
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Fig. 3.2.3 Displacement the third floor (hard base).

Oscillations in the bending of a stepped column (elastic base).
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Fig 3.2.4 Displacement the third (clastic base)
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Fig. 3.2.5 Displacement the third floor (elastic base)
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Fig. 3.2.6 Displacement the third floor (elastic base)

Y2
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Displacement p3(t)in sm
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Fig. 3.2.7 Displacement the third floor (elastic base)

Oscillations in bending (in Fig.3.2.1-3.2.2-3.2.3). The displacement of the
support stages in time is given. By results, it can be seen that a significant shift
is observed at the highest part. Figures 3.2.4-3.2.5-3.2.6-3.2.7 show changes in
the support of the stepped bridge of the elastic principle with respect to time.
Based on the results obtained, it can be seen that the elastic base of the support

bridge is relatively shortened, and the amplitude of the time fluctuates.

3.3. Influence of the observance of the support base of bridges and their

influence on the frequency of oscillations

Reference specification and selection of the design scheme for a two-mass

absorber.

At present, the volume of theoretical studies on the effectiveness of DVA in
relation to bridges is very limited. Meanwhile, the use of DGC for the purpose of
seismic protection of bridges has a number of specific features. One of them is
that when used as a DHA, it is possible to increase the quenching mass of DHA.
The mass of the span structure in most cases is comparable to the reduced mass
of the support, and in some cases may exceed it by several times. In this
connection, it becomes necessary to study the effect of such a significant increase

in the quenching mass of DHA.
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At the same time, the evaluation of the efficiency of DHA of any mass (small,
commensurable and large) should be carried out by comparison with reference

systems. The criterion of efficiency is the reduction in the support of seismic loads

[61].

When studying the efficiency of dynamic absorbers of seismic vibrations in

the bridge, the following DGA systems were considered as reference:
1. System without absorber, i.e., support without DHA (Figure 2.5, a).

2. A system in which the span structure is rigidly attached to the support (Figure
2.5,b).

As the system under investigation, a scheme with a dynamic absorber in the
form of an additional mass, was connected with the support by an elastic coupling

(Figure 2.5, c¢) was chosen.

System "b" is, in fact, similar to the first, with the difference that as the
oscillating mass is the total mass of the support and the span structure, rigidly

connected with each other.

To calculate the supports using DVA (system "B"), and two-mass system was
adopted. In this case, one of the masses is the mass of DHA, and the other is the
mass of the protected structure (supports). The design support schemes with DHA
and without DHA are shown in Fig. 2.5.

Cright, Yright

m .
prer Cpier
. my; Myight
/ ’Ypler oier Cpier rig
/ 'Ypier
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B) Cri oht, Y right

Mpier Coier Myight

/ Ypier

Fig. 2.5. Scheme of T— supports associated

with a span structure:
A) system without absorber;

B) a system in which the absorber is rigidly attached to it, i.e. The mass of the

system is increased by the amount of absorber mass;

C) a system with DHA, i.e. The span structure, connected with the support by an

elastic connection.

On the basis of the above analyzes, the author in the next section of this
chapter has carried out an investigation of the equations for the two-mass system
given in (Figure 2.5, ¢) with the optimum tuning of the stiffnesses of the compliant

DHA compounds.

Study of the equations of a two-mass system for the optimal adjustment of

the stiffnesses of compliant DHA compounds.

In the first part of this chapter, we consider a two-mass system, shown in Fig. 2.6.
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Cright, Yright

Mpier Cpier Myight

/ Ypier

Fig. 2.6. The design scheme of a two-mass system

The proposed scheme lists the parameters:

Cright - the stiffness of the absorber (intermediate part);
Cpier - stiffness of the support (end part);

Mright - mass of absorber (intermediate part);

Mpier - mass of the support (end part);

I'right - attenuation factor of the absorber (intermediate part);
I'pier is the attenuation coefficient of the support (end part).

In the notation adopted, the diagonal matrix of the masses of the system takes the

form

(3.74)

From the above scheme, we construct a rigidity matrix
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R = Cright - Cright (375)
- Cright Cright + Cpier
We take the mass relations in the form
m..
p=—re (3.76)
m

right
Let's designate partial frequencies of oscillations of a support (an end part)

Cpier

ky, =

(3.77)

pier
And the partial frequency of oscillations of the absorber of the intermediate part

C...
k, = |— (3.78)

mri ght

The ratio of the eigenfrequencies of the fundamental pitch of the oscillations of

the absorber and the support (the end part) is denoted in the form
k
|l 3.79

In earthquake-proof construction, when analyzing real structures, it is
necessary to take into account the damping parameters for each structural element.
The most convenient method for constructing the equations of oscillations of

multimass damped systems is the ES method. Sorokina.

To do this, consider the amplitude-frequency characteristics (AFC) of a

seismically isolated system with allowance for damping [80].

The derivation of the equations of motion of the two-mass system under
consideration is available in the courses of theoretical mechanics and seismic
stability theory [23, 25, 38, 42, etc.]. In matrix form, the system of oscillation

equations with damping takes the form

MH + RH +BH = -MY,, (3.80)
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Where M = my, my ,...m, ] is the diagonal matrix of inertia,

ATRAT A

721 T -+ T stiffness matriX; (38 1)

B=[ " (3.82)

- matrix of viscous damping of the system, made up of dissipation coefficients.

H={hy, hy,... hy} is the vector of generalized coordinates;
H= {fll ,flz,.-fln}- vector of generalized velocities;
¥,- vector of kinematic perturbations, ¥, = V, ¥ (3.83)

3, - acceleration of the base;

p

1 L o
v =(J- the vector of the projections of the effects on the directions of

generalized coordinates.

Certain difficulties in the construction of the system (3.82) cause the

determination of the damping coefficients.

The basis for determining the coefficients of damping is the generalized
hypothesis of E.C. Sorokin, according to which the forces of resistance are
proportional to the rigidity of the elements of the system. In accordance with the
hypothesis of E.S. Sorokin's forces of resistance Fi, acting on the mass mi, are

represented as:
B n (c) . B n N
F = Z}: bij Y = Z}: CiVi¥; (3.84)
J= J=

Here are the damping coefficients according to E.C. Sorokin,
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© . ) . . . . .
bijc - coefficient of inelastic resistance in the element connecting masses mi and
myj;

y;-k Is a function conjugate to yj [23, 25].

The problem of taking damping into account is that the hypothesis of E.S.
Sorokin makes it easy to form a damping matrix Bc. This matrix is constructed in
exactly the same way as the rigidity matrix with the replacement of the rigidity of
the elements cij by the products cij [11j. However, the analysis of the equations of

oscillations in the form of E.S. Sorokina causes difficulties of a fundamental

nature [37].

The basis of this method is the hypothesis of the proportionality of the

stiffness matrix and the hysteresis damping matrix Bc:
B~yR, (3.85)

For a two-mass system, we write formula (2.14) as follows

B - Cright Y. - Cright Y. (3‘86)
¢ - Cright ' ’Yz Cright ' ’Yz + Cpier Y

Where, ¢ and C are respectively the stiffnesses of the absorber and the supports

with the coefficients of the inelastic resistance of the absorber and the support - u.
The solution of equation (2.11) has the form:

H =a_cos wt+ a_ sin ot (3.87)

To assess the effect of tuning inaccuracies on the performance of the absorber,
the amplitude-frequency characteristics (AFC) of the oscillations of the span
structure and the support were investigated. The AFCs were constructed by

known methods using formulas

The amplitude of the oscillations was calculated from
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U (0)=/a,(0) +a (o) (3.88)

Where ac and as are the desired amplitude vectors, respectively, with cosine and

sine,
a,=|[R-M-0)B, " (R-M-0")+B.|" M-V, - 4-¢ (3.89)

a,=(R-M-0*)" B, a (390)

c N

R, M, and Bec are, respectively, the stiffness, inertia, and damping matrices for the

system under consideration.

3.4. Application of ANSYS to calculate three-stage bridge supports for

seismic actions

At present, in analyzing structures and their elements, in addition to the
traditional problem of determining the stress-strain state, problems of determining
the resource of structures are increasingly being considered [54, 55]. One of the
issues that need to be studied is the issue of conditions for the destruction of
structures. To date, in the numerical methods for solving the problem of
mechanics of a deformed solid, two basic approaches to solving this problem
develop. The first approach is the modeling of the development of defects (pores,
cracks, etc.), taking into account the change in boundary conditions in the
structural element in question and the reconstruction of the grid with a change in
the size of the defect [56-61]. The second approach is to assess the degree of
material damage in structural elements, provided that defects and their growth are
not explicitly considered [62-65]. According to the publications devoted to the
application of the first approach [57, 66-67], this approach is individual for each
specific problem and leads to writing of own software or macros in existing finite
element analysis systems (ANSYS, NASTRAN, etc.). Its application requires

from the user the level of knowledge of a research scientist who has experience
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in the numerical modeling of problems of crack growth. The second approach

does not allow for

e

v

~

Fig. 3.4.1 General view of the Fig. 3.4.2. Scheme of a 3-dimensional

simulated system rod end element

The three-stage support is modeled in the form of a console, i.e. The lower

side of the support is rigidly fixed (Figure 3.4.3).
In the calculations, the following values of the loads were adopted (Figure 3.4.4.):

] the weight of the support structures, in accordance with the assigned types of
stiffness (according to the accepted geometric characteristics of the cross sections

and the density of the material);
] temporary uniformly distributed linear load;

] seismic alternating load with concentrated masses (including own weight of

structures) collected from the relevant cargo areas.
F=96452 N

A=2m/s2
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B: Static Structural
Fixed Support
Time: 1, s

- Fixed Support

L

Fig. 3.4.4. The general load of the bridge support

|

Fig. 3.4.4. The general load of the bridge support

B: Static Structural
Force
Time: 1, s

[ Force: 96452 N
Components: 0,;0,;-96452 N

As a result of the calculation of the system, the data on the processing of
dynamic (seismic) effects, deformation (displacements in Figure 3.4.5), stresses

(p. 6) in the elements of the system, the calculated combinations of forces in the
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elements along the sections, according to the accepted geometric dimensions, And

types of rigidity (Figure 3.4.5-3.4.6).

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: mm

Time: 1

1,3275 Max
1,18

1,0325
0,88503
0,73752
0,59002
0,44251
0,29501
0,1475

0 Min

__DENEEEN |

Fig. 3.4.5. Changing the deformation of the bridge support.

B: Static Structural
Equivalent Stress
Type: Equivalent (won-MMises) Stress
Unit: MPa
Time: 1

0,87542 Max
0,77815
0,68088
0,58361
0,48634
0,38907
0,29181
0,19454
0,097269

0 Min

__IEENEEN |

Fig. 3.4.6. Change in bridge support stresses
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It can be seen from the figures that the deformation is higher from above, and

the maximum stress is reached at the bottom.
3.5.Conclusions on the chapter

1. The obtained estimates make it possible to significantly simplify the task of
designing seismic protection devices for bridges, since they give the designer a
wide opportunity in choosing the dimensions and rigidity of the designed elements

of seismic protection devices.

2. An investigation of this chapter considered a two-mass system with rigid
fixation of the end part (at the end). It should be noted that its solution is
recommended for the case when the bridge is located in a steep gorge, the
intermediate supports are high and flexible, and the end supports are rather rigid.

This decision has, of course, scientific novelty.

3. Using ANSYS, the stress-strain state of the three-stage bridge support was
studied, the distribution of deformations and stresses in the support was obtained.
This solution can be not only effective, but the only possible way, because, as a

result, with increasing rigidity, strength increases,
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Conclusion

In our country, special attention is paid to the development of transport
infrastructure, roads and railways, which ensure Uzbekistan's access to the world
market. As is known, the territory of the Republic of Uzbekistan is a seismically
dangerous zone, therefore, taking into account the modern growth of traffic flow,
bridge structures should develop accordingly.

In the thesis, a detailed analysis of the past strong earthquakes of the CIS countries
and foreign countries is made, special attention is focused on earthquakes of
recent years, such as earthquakes in Uzbekistan, CIS and far abroad countries.
The most important aspects and factors influencing the seismic stability of bridge
structures have been determined in the aftermath of earthquakes, and typical
damage is established on the basis of these materials in the most vulnerable places
of the bridge. It was revealed that the most vulnerable part of the bridge is a
support, in connection with this the thesis is devoted to the calculation of the
support of road bridges under seismic loads.

The materials of the last World Conference on Earthquake Engineering were
studied. The analysis of materials on the support of bridges under the influence of
strong earthquakes on them is made.

Specific tasks are being solved. Stress-strain states of stepped bridge supports
under linear interaction with the soil are investigated. Dangerous points of
occurrence of the maximum normal voltage are determined when seismic loads
are applied to the bridge supports.

The results obtained are a natural development of the seismodynamic theory of
bridge structures and can be used by designers and engineers of bridge structures
as raw materials. In addition, the development of the theory of seismic resistance
of bridge structures, and ensuring the seismic safety of life support systems - is
certainly relevant for our country, and carrying out preventive work on the safety
of the operation of transport facilities will ensure the safety of the population and

the preservation of material values.
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