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FEATURES OF DESIGN OF TIED-ARCH BRIDGES WITH FLEXIBLE
INCLINED SUSPENSION HANGERS

Purpose. Investigation and analysis of the hanger arrangement and the structural stability of a Network arch
bridge — a tied-arch bridge with inclined hangers that cross each other at least twice. It is also necessary to make
a comparative analysis with other types of hanger arrangements. Methodology. The authors in their research inves-
tigated a large number of parameters to determine their influence in the force distribution in the arch. Eventually
they determined optimal values for all parameters. These optimal values allowed developing a design guide that
leads to optimal arch design. When solving this problem, the authors used three-dimensional finite element models
and the objective was to determine the most suitable solution for a road bridge, with a span of 100 meters, consisting
of two inclined steel arches, located on a road with two traffic lanes, subjected to medium traffic. The virtual proto-
type of the model is performed by finite element simulator Midas Civil. Findings. In this study, for the bridge deck,
a concrete tie appears to be the best solution considering the structural behavior of network arches, but economic
advantages caused by easier erection may lead to steel or a composite bridge deck as better alternatives. Design re-
quirements and local conditions of each particular bridge project will decide the most economic deck design.
Originality. To ensure passenger comfort and the stability and continuity of the track, deformations of bridges are
constricted. A network arch is a stiff structure with small deflections and therefore suitable to comply with such
demands even for high speed railway traffic. A network arch bridge with a concrete tie usually saves more than half
the steel required for tied arches with vertical hangers and concrete ties. Practical value. Following the study design
advice given in this article leads to savings of about 60 % of structural steel compared with conventional tied arch
bridges with vertical hangers.

Key words: tied-arch bridge; vertical hangers; inclined hangers; arch; theories of hangers system; number of
hangers; angle of hungers

aesthetic qualities [3, 5]. Concurrently, designed
Introduction structures must be sufficiently adaptable to stream-
lined practical implementation at construction,
operation and necessary maintenance. The above
listed requirements condition need for the use and
development of new innovative solutions both at
design and construction of artificial structures. The
first arch bridge with multiple crossing hangers
was designed by Per Tveit and was built in 1963 in
Steinkjer in Norway spanning 80 m, see Figure 1

This paper discusses aspects of designing of
«network arch» type tied-arch bridge superstruc-
tures with the polygonal top chord and flexible
inclined hangers. The P. Tveit and B. Brunn —
F. Schanack theories are explained. In addition, the
authors present results of their own research on
synthesis and classification of foreign practices and
recommendations as to design of such systems.

Current trends in the engineering of artificial [10, 11].
structures are largely driven by the increasingly
stringent requirements for their reliability, carrying
capacity, durability, cost effectiveness and
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Fig. 1. Network arch at Steinkjer (first)
and Bolstadstraumen (second)

In that same year, another two network arches
were constructed. The Bolstadstraumen bridge
spanning 84 m was also designed by Per Tveit and
built in Norway (Fig. 1). Also the Fehmarnsund
bridge in Germany spanning 248 m (Fig. 2). The
Fehmarnsund bridge is clearly a class bigger than
the two Norwegian bridges, not only in span, but
also in load carrying capacity. This bridge accom-
modates two road lanes and a single railway track.

Fig. 2. Fehmarnsund bridge

Purpose

A network arch bridge is a tied arch bridge with
inclined hangers intersecting at least twice [3, 5,
10]. Compared with regular tied arch bridges, i.e.
those with vertical hangers, the network arch
bridge exhibits low moments in both of the chords,
which typically leads to important material
savings. In Figure 3 it can be seen that the network
arch tends to behave like a simple beam, due to its
higher stiffness, leading to small deflections. As
Figures show, partial loading on half of the span
will lead to deflections on the upper and
lower chord in the arch with vertical hangers while
the arch with inclined hangers only observes
deflections on the lower chord.

e [ T

A T T T T T AT T TTTATTTTTATTRTTIY

Fig. 3. Tied arch with one set of inclined hangers
submitted to partial loading

As a consequence, in the arch with vertical
hangers, bending is a decisive factor when it comes
to the choice of the cross-section of the chords. In
the network arch, bending will only occur due to
local loading, and therefore the arch and the tie are
only subjected to axial forces.

At the practical engineering of such type struc-
tures, engineer faces the necessity of solution of
the following problems:

— Definition of optimum design parameters of
the arch, in particular, outline shape, rise height,
construction;

— Choice of hanger net construction scheme;

— Determination of reasonable hanger inclina-
tion angle;

— Calculation of the most rational number of
hangers;

— Analysis of solution cost-effectiveness as
compared to superstructures with vertical hangers;

This paper presents selection of information
both from foreign practice of this type bridge de-
signing and construction, and from the author’s
own researches. It outlines and formulates general
principles of designing the superstructures with the
inclined hangers and provides general recommen-
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dations for the practical designing of such super-
structures.

Methodology

An analysis was made for a road bridge with
100 meters span consisting of two circular hollow
steel arches with a radius of 82 meters and
a maximum height of 17 meters, connected at ends
by circular hollow section tie-beams. The arches
are inclined inward 15 degrees after the tie-beam
axis. Arches are connected at the bottom by means
of variable height double T section crossbeams
positioned at equal distance of 5 meters and at the
top are connected by means of circular hollow sec-
tions bracings. A reinforced concrete top slab
linked by elastic connectors to the crossbeams
completes the composite deck. The virtual proto-
type of the model is performed by finite element
simulator, Midas Civil.

Findings

Vertical Hanger System (Langer System)

Fig. 4. Tied arch bridge with Langer configuration
of hangers

In this configuration the compression forces in
the arch increases with the number of hangers as
shown in Figure 6. It was observed that with in-
creasing number of hangers, compression increases
in the arches, while the hanger’s axial efforts de-
crease as in Figure 5.

Bending moment decreases with the increasing
number of hangers, and this difference is remark-
able when the number of hangers is lower and the
bending moments in the arch grow rapidly as
shown in Figure 7.

The tie beam axial efforts variations do not ap-
pear in the system with vertical hangers, but the
hanger number variation significantly influences
the bending moment in the beam because the
hangers play the role of elastic supports for tie
beam as in Figure 8.

In this configuration the bending moment dic-
tate the arch sections and the best results for the
100 meters span studied was found for the 20
hanger configuration.

As a consequence, in the arch with vertical
hangers, bending is a decisive factor when it comes
to the choice of the cross-section of the chords.

Hanger Axial
L= |
= |
£ 2000
3
=
o 1500
1000 115
Ll N | 5 :
4]
[ 1d } 1 [ i ] i
Mr. hangers

Fig. 5. Variation of axial force in hangers in vertical
system depending on the hanger number
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Fig. 6. Variation of axial force in arch in vertical
system depending on the hanger number
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Fig. 7. Bending moment variation in arch in vertical
system depending on the hanger number
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Fig. 8. Bending moment variation in tie beam in vertical
system depending on the hanger number

Inclined Hanger System with Constant Slope
(P. Tveit theory, Nielsen System)

P. Tveit theory, this method follows the same
concept as the previous one [9, 10]. In this case,
however, the slope of each hanger varies follow-
ing, for instance, a linear function like Ap= a.x+p,
where x is the number of the hanger, o and B are
the parameters that make the hanger arrangement
vary along the length of the arch [4, 5, 10]. A gen-
eral case is illustrated in Figure 9 Assigning a con-
stant slope is a particular case of this configuration,
when a is taken as 0.

//////////Z///////,

, [
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[~, startangle @ Pr-:=hp
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Fig. 9. Tveit net construction scheme

The construction of reverse hangers is carried
in inversed manner. Thus the hanger inclination
angle variation is considered positive from the
right to the left; in the shown scheme, hanger incli-
nation angle becomes steeper from the left to the
right [7].

To simplify the manufacturing process and for
a uniform distribution of the moment, and to re-
duce the buckling length in many cases the hangers
are disposed at equal distances along the arc [8]. In
this case, the unknowns are the locations of nodes
on the tie beam. An alternative is to arrange the
hangers at equal distances along the tie beam and
the arc node locations are the unknowns.

In this system, the hangers are disposed at
equal distances along the arches. Angle with the
horizontal plane was set 40 degrees.

As shown in Figure 11, relaxed hangers number
is relatively high in this arrangement. As with the
horizontal angle is greater, the higher the number
of the relaxed hangers. In each case analyzed the
hangers at the ends were always relaxed.

In Figure 14 we can see that arch compression
tends to decrease with the increasing angle to the
horizontal plane. This is explained by the fact that
more inclined hangers are less tensioned, due to
the small horizontal component of the force. The
range most effective for this opening is between 60
to 80 degrees. Bending moments in arches shown
in Figure 12. Indicate that the suspensions above
75 degrees inclinations involve large bending mo-
ments in arches.

In Figure 15 we can see that tie beam axial
force tend to increase with the increasing angle
while bending moment shown in Figure 13 is in-
fluenced only by the angles over 70 degrees .

As a conclusion to this configuration, the light-
er the bridge, more inclined hangers are necessary
and more hangers are relaxed. Still, this configura-
tion determines sections that lead to about 40%
smaller material consumption than in the vertical
arrangement of hangers.

Hangers axial
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Fig. 10. Variation of axial force in hangers
in NIELSEN system depending on the angle
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Fig. 11. Number of relaxed hangers in NIELSEN
system depending on the angle
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Fig. 12. Bending moment variation in arch
in NIELSEN system depending on the angle
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Fig. 13. Bending moment variation in tie beam in
NIELSEN system depending on the angle
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Fig. 14. Axial force variation in arch in NIELSEN
system depending on the angle
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Fig. 15. Axial force variation in tie beam in NIELSEN
system depending on the angle

Inclined Hanger System with Variable Slope
(B. Brunn and F. Schanack theory, Nielsen System)

B. Brunn and F. Schanack theory is based on
the arch thrust line and implies the constant value
of hanger inclination angle [1, 2, 5]. This model
shows that if the forces in each hanger were ap-
proximately equal, the «resulting force» would lie
on the radii of the arch circle Figurel6.

" v".’""""""’.’_’ 'Rsuug force’
RS BB e
s BB

Fig. 16. B. Brunn and F. Schanack net construction
scheme

Hence, and in order to simulate a similar struc-
tural behavior in the network arch configuration,
Brunn and Schanack have defined that the first
intersection between hangers below the arch
should aim the radii of the arch circle [1, 2]. This
way, the only variable involved is the angle be-
tween hangers when they cross each other, as illus-
trated in Figure 17. Here, the hangers are placed
with equal space along the upper chord. Through-
out this investigation, the angle marked in grey
will be the key variable.

Fig. 17. The variable involved

In this system, each set of hangers starting at
angle start and then increase or decrease along the
bridge. In this study it was considered a first angle
of 55 degrees and a wvariation of 0.5 de-
grees/hanger.

Fig. 22 shows that maximum axial force in the
arch tends to be smaller as the inclination is great-
er. Bending moment results from the analysis show
that the more inclined hangers, the smaller bending
moment as in Figure 20.

The hanger angle variation does not appear to
significantly influence the tie beam axial force
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Figure 23. Bending moments along the beam de-

creases with increasing angle in Figure 21.
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Fig. 18. Axial force variation in hangers in inclined
hanger system with variable slope depending on the
angle variation
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Fig. 19. Number of relaxed hangers in inclined hanger
system with variable slope depending on the angle
variation

Unlike hanger system with constant inclination,
for this span were obtained unfavorable results,
which in turn lead to larger sections, namely higher
costs. However, comparing to a system with verti-
cal hangers, in this configuration we get a 30%
lighter structure and relaxation of the hangers re-
mains the problem.
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Fig. 20. Bending moment variation in arch in inclined
hanger system with variable slope depending on the
angle variation
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Fig. 21. Bending moment variation in tie beam in
inclined hanger system with variable slope depending
on the angle variation
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Fig. 22. Axial force variation in arch in inclined hanger
system with variable slope depending on the angle
variation
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Fig. 23. Axial force variation in tie beam in inclined
hanger system with variable slope depending on the
angle variation

Originality and practical value

The research conducted by author shows that
both nets could be recommended for the practical
implementation, and difference between the values
of strength criteria of superstructure elements
makes about 5%. It may be said that the Brunn-
Schanack net provides somewhat less stress value
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over the top chord (since it generally provides
steeper hanger inclination angles), while the Tveit
net allows reduction of maximum stresses in hang-
ers and bottom chord of superstructure.

Conclusions

Hanger inclination angles

Following key parameter at the superstructure
design is value of hanger inclination angles with
respect to the top chord. Considering fatigue,
a crossing angle slightly bigger than 45° will give
best results, whereas small maximum internal forc-
es occur for angles of about 55°.Results of the re-
search conducted by author show that the best rec-
ommended range of values of hanger inclination
angle with respect to the top chord makes 55-70
degrees.

Too small angles (<45-50°) result in increased
forces in hangers, in addition, at the extreme shal-
low inclination angles, net is overly condensed to
the middle of superstructure, which in turn impairs
its static performance.

When angle values tend to 90°, the system
shows increase in strain-stress state indices of su-
perstructure elements (due to the system tendency
to work as the configuration with vertical hangers).

Number of hangers

Important criterion of the inclined ties system
performance evaluation is determination of number
of hangers, panel pitch over the top chord.
Figure 25 shows the curve of effective superstruc-

ture element stress coefficient vs. number of hang-
ers.
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Fig. 24. Curve of superstructure strain-stress state
indices vs. number of hangers

Relationship between the number of hangers
and superstructure strain-stress state is not linear,
but rather hyperbolic with expressed asymptote.
Further reduction of number of hangers results in
increase in the rate of change of superstructure
strain-stress state criteria. The hangers and hanger
connections 100 m network arch should be
equipped with about 48 hangers per arch plane,
which has economical and structural reasons. The
extra costs caused by additional hangers and their
connections have to be balanced against the mate-
rial costs that can be saved due to smaller internal
forces in arches and tie.

Generally, tied-arch bridge superstructures with
the inclined hangers are very efficient systems, and
under most circumstances, these can successfully
compete with other superstructure configurations
even in case of relatively long (400—600 m) span
length.

LIST OF REFERENCE LINKS

Brunn, B. Calculation of a double track railway network arch bridge applying the European standarts /
B. Brunn, F. Schanack. — Dresden, Germany : TU-Dresden, 2003. — 320 p.
Brunn, B. Network arches for railway bridges / B. Brunn, F. Schanack, U. Steimann // Arch Bridges IV. Ad-
vances in Assessment, Structural Design and Construction. — Barcelona, 2004. — P. 671-680.
Pfaffinger, M. Determination of load lines for train crossings on a tied archbridge / M. Pfaffinger,
M. Mensinger, M. Haslbeck // Life-Cycle of Engineering Systems: Emphasis on Sustainable Civil Infrastruc-
ture : Proc. of the Fifth Intern. Symposium on Life-Cycle Civil Engineering (16—19 October). — Delft, 2016. —
P.216-217.

Ren, W.-X. Experimental and Analytical Modal Analysis of Steel Arch Bridge / W.-X. Ren, T. Zhao,
I. E. Harik // Journal of Structural Engineering. — 2004. — Vol. 130. — Iss. 7. — P. 1022-1031.
doi: 10.1061/(asce)0733-9445(2004)130:7(1022).
Sasek, L. Getting on the Network. Innovation in arch design / L. Sasek / BRIDGE Design § Engineering. —
2005. — Vol. 11, No. 40. — P. 39-40.
Schanack, F. Analysis of the structural performance of network arch bridges / F. Schanack, B. Brunn //
The Indian Concrete Journal. — 2009. — Vol. 83. — P. 7-13.

doi 10.15802/stp2017/114698

© V. O. Samosvat, Zhang Rongling, O. O. Hololobova, S. Y. Buriak, 2017

137



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HiponeTpoBcsKoro
HALiOHAIBHOTO YHIBEPCHTETY 3ali3HHYHOro Tpancnoptry, 2017, Ne 5 (71)

TPAHCIIOPTHE BYJIBHUIITBO

7. Teich, S. Fatigue Optimization in Network Arches / S. Teich // Arch Bridges IV. Advances in Assessment,
Structural Design and Construction. — Barcelona, 2004. — P. 691-700.

8. Teich, S. The network arch bridge, an extremely efficient structure. Structural behavior and construction /
S. Teich // IABSE Symposium Report. - 2011. — Vol. 92. - Iss. 1. - P. 1-9.
doi: 10.2749/222137806796205776.

9. Tveit, P. An Introduction to the Optimal Network Arch. Structural Engineering International / P. Tveit. —
Structural ~ Engineering  International. - 2007. - Vol. 17, No. 2. - P. 184-187.
doi: 10.2749/101686607780680727.

10. Tveit, P. Optimal design of network arches / P. Tveit // Towards a Better Built Environment: Innovation, Sus-
tainability, Information Technology : Proceedings of Symposium. — Melbourne, Australia, 2002. — P. 55-65.

11. Tveit, P. Optimal network arches save 50 to 70% of the steel / P. Tveit // IABSE Conf. Proc. — Zurich, 2005. —
P. 401-408. doi: 10.2749/222137805796271594.

12.  Yang, J. Vibration of hangers on a tied-arch bridge due to vehicles / J. Yang, J. Li // Mechanic Automation and
Control Engineering : Proceedings of the International Conference (26-28 June). — Wuhan, China, 2010.
doi: 10.1109/MACE.2010.5536164.

B. A. CAMOCBAT!"", WKAH POHJIMH?, O. A. TOJIOJIOBOBA®, C. 10. BYPSK*

1*Ka(b, «I'paxxgaHckoe CTpOUTENbCTBOY, JlaHbUwKOYCKUIl TpaHCTIOPTHBIN yHUBepcuteT, AHHUH Bect Poyzn, 88, Jlanpwxkoy,
npoB. ['anbcy, Kuraid, 730070, Ten. +86 (156) 931 722 74, ain. noura 2087934080@qq.com, ORCID 0000-0002-4062-0509
*Kag. «"paskIaHCKOE CTPOUTENBCTBOY, JIaHBWKOYCKHMil TPAHCTIOPTHBI yHHBEpcHTeT, AnnnH Bect Poy, 88, Jlanswkoy,
npoB. [anbcy, Kuraii, 730070, Ten. +86 (093) 149 386 26, 1. noura mogzrlggg@163.com, ORCID 0000-0002-6576-4138
3Kaq). «ABTOMAaTHKa, TEJIEMEXAHUKA U CBA3bY», JIHETIPONETPOBCKUI HALIMOHAJILHBINA YHUBEPCUTET JKEIE3HOAOPOKHOTO
TpaHCIIOpTa UMeHH akanemuka B. Jlazapsna, yiu. JlazapsHa, 2, Jaunpo, Yipauna, 49010, ren.+38(056) 373 15 04,

a11. moura gololobova_oksana@i.ua, ORCID 0000-0003-1857-8196

*Kad. «ABTOMATHKA, TEIEMEXaHHUKA ¥ CBA35Y, JIHEIPOIETPOBCKHH HAIMOHAIBHBIA YHIBEPCHTET JKEIE3HOLOPOKHOTO
TpaHCIopTa UMeHHU akanemuka B. Jlazapsua, yi. Jlasapsua, 2, Taunpo, Ykpauna, 49010, ten.+38 (056) 373 15 04,

311, mouTa ser.buryak@gmail.com, ORCID 0000-0002-8251-785X

OCOBEHHOCTHU HPOEKTUPOBAHHUA KOMBUHUPOBAHHBIX
APOYHbBIX MOCTOB C T'MNBKUMH HAKJIOHHBIMH NOAIBECKAMMH

Lens. B Hay4HO# paboTe npeamonaraeTcs IPOBECTH UCCIISNOBAHUE W aHAJIM3 KOHCTPYKLIMH ITOJBECOK: & HMCH-
HO — YCTOIYMBOCTH apOYHbIX KOMOWHHPOBAHHBIX MOCTOBBIX CHCTEM C TMOKMMH HAaKJIOHHBIMH MOABECKAMH, KOTO-
pBle IepecekaroT APYr Apyra Kak MHHHMYM JABaXABL Taxke HE0OXOIMMO CleNaTh CpPaBHUTCNIBHBIA aHAIH3
C IPYrMMH BHIAMH KOHCTPYKLHMI moasecok. Meroauka. B paGote aBropamu ucciemyercsi OONbIIOE KOJINYECTBO
[apaMeTpoB, ONPENeNSIONNX WX BIMSHHE Ha paclpeneleHue YCWIMil B apke. B mTore mng Bcex IapameTpoB
OIIPE/ICNIAIOTCS.  ONTHUMaNbHbIE 3HAaueHWs. Ha OCHOBe OSTHX ONTHUMAaNbHBIX 3HAYCHUH pa3padaThIBalOTCA
PEKOMEHIALNH K NPOEKTUPOBAHHIO, KOTOPBIC MOCITYKaT ONTUMH3ALUK POSKTUPOBAHUS apOuyHOM cucTeMbl. [liist
WCCJIEIOBAHMUSI OTOM  MpoOJEeMBbl  ABTOPHl  HCIIOJNB3YIOT TPEXMEPHYIO MOJENIb  KOHEYHBIX  JJIEMEHTOB
U SKCIIEPUMEHTAIbHBIM IIyTeM OIpeIeAoT Hauboee MOoAXOAAIIee PEeHUe I aBTOMOOMIBHOTO MOCTa ¢ IIpoJie-
ToM 100 METpOB, COCTOSILETO U3 ABYX CTAJIBHBIX apOK, PACHOJIOKEHHBIX Ha JIOPOTe C ABYMsI TI0JIOCAMH JIBMDKCHHS,
u cpegHero tpaduka. Pacuer BUPTyaIbHOTO ITPOTOTHIIA MOJIETH OCYLIECTBIISICTCS METOZOM KOHEYHBIX 3JIEMEHTOB
B mporpamMmmHOM Komiuiekce Midas Civil. PesyabTtatsl. B uccnemoBannmu Oanku MocTa OCTOHHAs 3aTsDKKa
MPECTABIISACTCS JYYIIUM DPEILICHHEM, YYUTHIBas pabOTy KOHCTPYKLHMM CeT4aThix apok. Ho sKoHOMHueckue
MIPEUMYIIIECTBA, OCHOBAHHbIC Ha OOJICTYCHHOM MOHTaXe, MOTYT IIPUBECTH K TOMY, YTO CTalbHAasl WM KOMIIO3UTHAS
Gamku MocTta OyayT Oosee BRITOOHON aidpTepHATHBOW. [IpoexTHBIE TpeOOBaHMS M MECTHBIE YCIOBUS Ka)KIOTO
KOHKPETHOTO MOCTa OyAyT ONpeneiaTb JydllMd OKOHOMHUYSCKHH 3(GQeKkT mnpu NPOeKTUPOBAHUH.
Hayunasi HoBuM3HA. /I oOecnieyeHns KOMGMOPTHOCTH MAaCCaXHUPOB, CTAOMIBHOCTH M HENIPEPHIBHOCTH JBHIKECHHS
MYTH YMEHBIIAIOTCS JedopMalui MOCTOBBIX KOHCTpykuuii. CerdaTtas apka IpeJCTaBIIsSET COOOW IKECTKYIO
KOHCTPYKIIMIO C HEOONBIIMMH OTKJIOHEHMSMH M TI03TOMY YJOBJIETBOPSET TPEOOBaHUSAM Jaxe IS
BBICOKOCKOPOCTHBIX JKEJIE3HOAOPOXKHBIX jgopor. Ceryarble apo4YHbIE MOCTBI C OCTOHHOM 3aTsDKKOW OOBIYHO
SKOHOMST OoJiee TIOJIOBHHBI CTall, HEOOXOJMUMOM JUIS CBS3KH apKH C BEPTHUKAJIbHBIMHU IOJBECKaMH M OETOHHOM
3aTspkkoi.  IlpakTmyeckast 3HauuMocth. [lo pesynbraTtaM JaHHOTO — HCCIENOBaHMS  KOHCTPYKTHUBHBIC
PEKOMEHIAINY, yKa3aHHbIE B CTAThe, IPUBOASAT K SKOHOMHUH 0K0J0 60 % KOHCTPYKIIMOHHOW CTaJIH, O CPaBHEHUIO
¢ OOBIYHBIMHA KOMOMHHPOBAHHBIMU aPOYHBIMH MOCTaMH C BEPTHKAIBEHBIMHU MTOJBECKAMH.
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OCOBJIMBOCTI NPOEKTYBAHHA KOMBIHOBAHUX APOYHUX
MOCTIB I3 THYYKUMHA TIOXUJIMMHU HIIBICKAMHA

Merta. B naykoBiii po0OoTi nependavyaeTbCsi MPOBECTU AOCHIDKEHHS 1 aHali3 KOHCTPYKLIT MiJBiCOK: a came —
CTIMKOCTI apOYHUX KOMOIHOBaHMX MOCTOBHX CHCTEM i3 THyYKMMH HOXWJIMMH HiJIBICKaMH, SKi NEPETUHAIOTh OJIUH
OTHOTO SIK MiHIMYM JBidi. Takok HE0oOXimTHO 3pOOWUTH MOPIBHAIBHUHA aHaNi3 i3 IHIIUMH BUAaMU KOHCTPYKIIH
miaBicok. MeToauka. Y poOOTi aBTOpaMU JOCITIKYEThCS BeTHKa KUTBKICTh IMapaMeTpiB, SKi BU3HAYAIOTH iX BILUTUB
Ha PO3MOIN 3yCHIIb B apIiii. Y MiACYMKY Ul BCIX IMapaMeTpiB BU3HAYAIOTHCS ONTHUMAalbHI 3HaUYeHHS. Ha 0CcHOBI 1ux
ONTHMAIBHUX 3HAYCHb PO3POOIIIOTHCS PEKOMEHJAii MO0 MPOEKTYBAaHHS, SKi CIYryBaTUMYTh ONTHMi3amii
MIPOEKTYBAaHHS apOYHOi CHCTEMH. Y JOCHiKEHHI Ii€] MPOOIEeMH aBTOpU BUKOPHUCTOBYIOTH TPUBUMIPHY MOJIENb
KIHIIEBUX €JICMEHTIB Ta EKCIICPUMEHTAIBHUAM IIJISIXOM BH3HAYAIOTh HAHKpaIIe PIIICHHS 15l aBTOMOOUIFHOTO MOCTY
3 mposboToM 100 MeTpiB, 110 CKITATAETHCS 3 IBOX CTAJICBHX apOK, PO3TAllIOBAHUX HA JJOPO3i 3 IBOMa CMYT'aMH PyXY,
Ta cepeaHboro Ttpadiky. Po3paxyHOK BIpTyadbHOrO MPOTOTHIY MOZCTI 3IHCHIOETHCS METOIOM KIHIIEBUX
eneMeHTIB y mporpamaomy kominiekci Midas Civil. Pe3yabTaTi. Y mocnipkeHHI Oamkd MocTa OCTOHHA 3aTsDKKa
MIPE/CTABISETHCS KPAIIUM PIlIEHHSIM, BPaxoBYIOUH pOoOOTY KOHCTPYKIIi CITYaCTHX apoK. Ajle eKOHOMIiYHI IepeBa-
TH, 3aCHOBaHI Ha IOJICTIIEHOMY MOHTaXi, MOXYTb IPU3BECTH JIO TOTO, IO CTajlbHAa a00 KOMITO3UTHA OAJIKU MOCTa
OyIOyTh Kpamlol ambTepHATHBOIO. [IpOCKTHI BUMOTH Ta MiCIIEBI YMOBH KOXKHOTO KOHKPETHOTO MOCTY OyIyTh
BU3HAYATH KPAIINii eKOHOMIYHUH eeKT npu npoekryBanHi. HaykoBa HoBu3Ha. J{71s1 3a0e3medeHHs KOMPOPTHOCTI
MACaKUPiB, CTAOITFHOCTI Ta OE3MEepPepBHOCTI PyXy MHUIAXY 3MCHIIYIOTHCS Iedopmarii MOCTOBHX KOHCTPYKIIIH.
Cirgacra apka sBIIsiE COOOI0 KOPCTKY KOHCTPYKIIIO 3 HEBETUKUMH BiIXIJICHHSIMU 1 TOMY 3aIJOBOJIBHSIE BHMOTaM
HaBiTh IS BUCOKOIIBHIKICHUX 3aMi3HWYHHUX Jopir. CiTdacTi apodHi MOCTH 3 OCTOHHOIO 3aTSDKKOIO 3a3BHYaid
€KOHOMJIATH OibIe TOJOBHHH CTajli, HEOOXIAHOI /Ui 3B'SI3KYy apKH 3 BEPTHUKAIBHUMH MiIBICKAMU Ta OSTOHHOIO
3arspkkoro. IlpakTnyHa 3HaumMmicThb. 3a pe3yjbTaTaM JI@HOTO JIOCHI/DKEHHS KOHCTPYKTHBHI peKOMeHMallii,
HaBEJICHI B CTATTi, MPHU3BOJASATH 10 €KOHOMIi Oin3bko 60 % KOHCTPYKLIHHOI CTaii, B MOPIBHAHHI 31 3BUYAHUMHU
KOMOIHOBaHMMH apOYHHMHU MOCTaMH 3 BEPTUKAIBHUMHU ITi[BICKAMHU.

Kmiouosi cnosa: ciTyacTuii apovHHN MICT, BEPTHKAIbHI IIJBICKU; MOXWII MiABICKH; apka; Teopii CUCTEM
MiZBICOK; KUTBKICTh MiZBICOK; KYT HAXUJIY ITiIBICOK
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