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Abstract. Currently, the issues of strengthening the load-bearing capacity of
transport structures under the action of dynamic loads are becoming increasingly
relevant. To ensure a reserve of structural strength under dynamic impacts, active
methods of protection are increasingly being used. The use of active methods of
protection in the form of pliable supports makes it possible to increase the energy
intensity of the “support-structure” system and reduce the intensity of the dynamic
impact. They play the role of dampers, reducing vibration amplitudes and absorbing
deformation energy. The dynamic characteristics of transport structures play a
significant role in the oscillatory process, because the resistance of the structure to
external influences depends on them. By changing them, you can lower the value of the
dynamic coefficient, thereby reducing the dynamic effect. The aim of the research is to
evaluate the influence of the stiffness of the support links of transport structures on the
dynamic characteristics of road overpass spans. To determine the natural frequencies,
a homogeneous partial differential equation is used, the solution of which is presented
using hyperbolic functions. The solution of the transcendental equation is obtained using
the approximation method. The relevance of the obtained results lies in the fact that
when using elastically supple supports in transport structures it is possible to change
dynamic characteristics and thereby increase the strength reserve and reduce the
dynamic effect.
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Anpatna. Kazipei yaxeimma OUHAMUKANLIK JCyKmemenepoiy acepineH
KONIKMIK KOHCMPYKYUSIAPObIY JHCYK KOmMepeiumi2in Kywetumy macenenepi 03eKkmi
bonyoa. Jumamukanvlk acepiep Ke3iHOe KOHCMPYKYUAILIK Oepikmik KOpblH
KaMMAMAcwl3 emy Yulin KopeaHvlcmuly Oejicendi adicmepi KoOIpeK KOLOAHbLLYOd.
Bepineiw mipexmep mypinoeai kopeanvicmuiy 6eacenoi 20icmepin Koa0any « mipex-
KOHCMPYKYUA» — JHCYUECIHIY — IHepeUus  CblUbLMObLIbIRbIH — APMMbIPYEA  HCIHE
OUHAMUKATILIK 2CePOIH KAPKbIHOBLIbIEbIH MOMeHOemyae MYMKIHOIK bepedi. Onap
mepbenic amMnaumyoaiapvih MoMeHOememin Hcane 0ephopmayus dHepSUsACHIH
ciyipemin Oemngpepnepoiy penin amxapaovi. Kenik KoHCmMpPYKyusiapobiHuly
OUHAMUKANLIK, CUNAMMamaiapsl mepbeimeni npoyecme Maybi30bl pol amKapaobwl,
cebebi KOHCMPYKYUAHBIY ChIPMKbL acepiepee me3imoiniei corapea OAuIaHblCmbl.
Onapovl e32epmy apxblibl OUHAMUKANBIK KOID@UYUeHMMIiY MaHIH momeHOeme
OmbIpblN, OUHAMUKANBLIK acepli azatmyza 0o01aodvl. bByn owcymeicma mipex
OaUIaHbICMAapbINblY — KAMMbLIbIRLIHA — OQUIAHLICMbL  ABMOMOOULL — emne
apanblKMapviHbly  MEeHWIKmMI  mepoenic  JHcuiikmepiniy o32epyi 3epmmeneoi.
Anvinean Homudicenepliy 63ekminiei KoMK KOHCMPYKYUALAPLIHOA —CePRiHOi
mipekmepoi navoailaHy KeziHoe cepniHoi cunammamanapobl 632epmyee JHCIHE
ocvliaiua 6epikmix pe3epsin apmmuipy2a HcoHe Cepnindi acepOi momenoemyee
601ambIHObBIRBIHOA.

Tyiin ce3mep: uxemOenciwmix, mipekmepoiy KAMMmMuolLiblabl, MeHUIKMI
HCULIKMeED, UHEPYUSIBIK KYUmep, HCYblKmay 20ici.
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AHHOTANUSA. B Hacmoswee 8pemst O0abULYI0 AKMYAIbHOCHb NPUOOpemarom
B0NPOCHL YCUNEHUSI Hecyujell CNOCOOHOCMU MPAHCNOPMHBIX KOHCMPYKYUU Npu
oeticmeuu OUHAMUYECKUX Hacpy3oK. Jna obecneyenus pesepeéa NpOYHOCMU
KOHCMPYKYULL Npu OUHAMUYECKUX 8030€lCMBUsX 8ce OoJlee UCNONb3YION AKMUGHbLE
cnocobwl 3awumul. [lpumenenue akmugnvix cnoco608 3auumaol 6 8ude NOOAMIUBbIX
ONop N0360Ji5iem NOBLICUMb IHEP2OEMKOCMb CUCTEMbl «ONOPA-KOHCMPYKYUSL) U
CHU3UMb UHMEHCUBHOCMb OUHAMUYecKoeo 8o3deticmeus. Ouu  ueparom poib
Odemnghepos, cuudicas amniumyovl KOAeOaHull u no2iowujas sHepauto oegopmayuil.
Junamuueckue  Xapakmepucmuky — MPAHCNOPMHBIX — COOPYICEHUU  USpaiom
SBHAUUMENbHYIO PONb 6 KOIeOamenbHOM npoyecce, M.K. OM HUX 3A8UCUM
conpomuenenue KOHCMPYKYUU SHEWHUM B030eucmeusam. HI3MeHss Uux, MOHCHO
NOHU3UMb 3HAYEHUe OUHAMUYECKO20 KOI(PPuyueHma, mem CcamvlM CHUUMb
ounamuyueckuii 3ppexm. Llenvio uccredosanuil AGNAEMCS  OYEHKA  GIUSHUS
HCECMKOCU ONOPHBIX CE53€U MPAHCNOPMHBIX KOHCMPYKYUL HA OUHAMUYECKUE
XapakmepucmuKku Npoiemusblx CMpPOEHUU A8MOOOPONHCHBIX NYyMenposooos. /s
onpeoeneHus COOCMBEHHbIX uacmom ucnonv3yemcs 00HOPOOHOE
ougepenyuanvrHoe ypasHeHue 6 UYACMHBIX NPOU3BOOHBIX, peuleHue KOMOpo2o
npeoCcmasieHo ¢ UCNOIb308aHuem  eunepboiruveckux  @yukyutl. Pewenue
MPAHCYEHOCHMHO20 — VPABHEHUs.  NOJYYeHO C  UCHOIb308AHUEM — Memood
npubnudcerull. AKMyarbHOCMb NOJYYEHHBIX PE3YIbmMamos 3aKauaemcs 6 mom,
Ymo  Npu  UCNONL30BAHUU  YNPY2ONOOAMIUBLIX  ONOp 6  MPAHCHNOPMHLIX
KOHCMPYKYUSIX MONCHO USMEHAMb OUHAMUYECKUE XAPAKMEPUCTIUKU U TeM CAMbIM
NOBbICUMb Pe3ep8 NPOYHOCIU U CHUZUMb OUHAMUYeCKUll dhgherm.
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1 INTRODUCTION

The analysis of oscillatory processes of transport structures, especially road bridges, under the
influence of mobile load is becoming increasingly relevant. As the weight and intensity of the moving
load increases with the length of the overlapping spans, dynamic phenomena increase and this causes
increased requirements for their operation.

In the process of vibrations, the ability of a structure to resist external influences depends on its
dynamic characteristics. Therefore, it is important to strengthen the load-bearing capacity of
structures at the expense of internal and external reserves. Traditional methods and means of
protecting buildings and structures from dynamic impacts include a large range of various measures
aimed at increasing the load-bearing capacity of building structures.

Currently, to ensure the resistance of structures under intense dynamic impacts, active
protection methods are increasingly being used. The use of active protection methods in the form of
flexible supports allows increasing the energy intensity of the support-structure system and reducing
the intensity of dynamic impact. As a result, the cost of structures and the complexity of their
restoration is reduced.

The development and implementation of active methods for protecting reinforced concrete
structures under dynamic loading requires the development and improvement of effective methods
for dynamic calculation of systems that include both the structures themselves and the means of active
protection. At the same time, for a reliable assessment of the stress-strain state, the developed
calculation methods should take into account not only the basic physical laws of deformation of
reinforced concrete under dynamic influences, but also the features of deformation of malleable
supports. They absorb strain energy and act as dampers.

The problem of improving methods for calculating reinforced concrete structures on flexible
supports under dynamic loading is an actual scientific problem of great practical importance
(Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023).

Experimental studies show that the use of flexible supports of constant stiffness for loads
characterized by the stage of increase and decrease can have both a positive effect on the operation
of structures (reduce the amplitudes of vibrations) and a negative one. This circumstance must be
taken into account when designing structures on flexible supports in order to avoid the appearance of
large forces and displacements in the structures compared to structures on non-displaced supports. To
increase the effectiveness of increasing the resistance of reinforced concrete structures to dynamic
impacts, it is advisable to use flexible supports of variable stiffness. To do this, it is necessary to
optimize the rigidity of flexible supports, taking into account the physical and geometric parameters
of spans (Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013).

In the following, the use of elastically malleable supports of superstructures in road overpasses
is considered. To optimize the rigidity of flexible supports, it is necessary to deduce the dependences
of the natural frequencies of transverse vibrations of superstructures on them, as well as their
influence on the stress-strain state of the system under the action of external dynamic loads. Analytical
and variation methods are used to solve these problems. It is proposed to vary the stiffness of supports
by iteration method when solving the characteristic equation.

2 LITERATURE REVIEW

The development and implementation of active methods for protecting reinforced concrete
structures under dynamic loading requires the development and improvement of effective methods
for dynamic calculation of systems that include both the structures themselves and the means of active
protection. At the same time, for a reliable assessment of the stress-strain state, the developed
calculation methods should take into account not only the basic physical laws of deformation of
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reinforced concrete under dynamic influences, but also the features of deformation of malleable
supports. They absorb strain energy and act as dampers.

The problem of improving methods for calculating reinforced concrete structures on flexible
supports under dynamic loading is an actual scientific problem of great practical importance
(Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023).

Experimental studies show that the use of flexible supports of constant stiffness for loads
characterized by the stage of increase and decrease can have both a positive effect on the operation
of structures (reduce the amplitudes of vibrations) and a negative one. This circumstance must be
taken into account when designing structures on flexible supports in order to avoid the appearance of
large forces and displacements in the structures compared to structures on non-displaced supports. To
increase the effectiveness of increasing the resistance of reinforced concrete structures to dynamic
impacts, it is advisable to use flexible supports of variable stiffness. To do this, it is necessary to
optimize the rigidity of flexible supports, taking into account the physical and geometric parameters
of spans (Kumpiak O.G., 2021). Transverse vibrations of a beam with free edges on an elastic base
under dynamic loading were considered in the following works (Leontiev E.V., 2020; Korobko V.I.,
2007).

The fundamental theory of dynamics and stability of building and transport structures, modern
analytical and numerical methods using software packages for calculating dynamic characteristics,
the theory of oscillations, and taking into account various types of nonlinearity are considered in
many works (Kadisov G.M., 2012; Yegorychev O.0., 2005; Bekshayev S.Ya., 2013; Sedighi
H.M., 2012; Sedighi H.M., 2011; Ryabukhin A.K., 2020; Ray W.Cl., 1977; Korenev B.G., 1972;
Nikolaenko N.A., 1998).

For buildings and transport structures in seismic areas, issues of seismic protection and seismic
isolation, as well as the elimination of resonant vibrations using flexible supports, are important
(Dostanova S.Kh., 2020; 2021). IIpm paccMOTpeHMM ABMXKYIIEWCS HArpy3KM Ha MOCTOBBIX
KOHCTPYKIMSIX  JUIE  YMGHBIICHUS JMHAMHUYECKOro Hddekra HeoOXoauMo Ooliee  TOYHO
IKCIIEPUMEHTAIBHO U TEOPETHYCCKH ONPENENATh 4YacTOThl U (OPMbI COOCTBEHHBIX KOJICOAHUIT
(Dostanova S.Kh., 2023).

Despite the existing experimental and theoretical studies of transport structures, some issues
require clarification when determining dynamic characteristics, searching for an internal reserve of
strength, and enhancing reliability and safety under the action of moving loads.

Due to the intensive development of road transport and increasing requirements for their
operation, it is necessary to improve and develop experimental and theoretical research using
innovations and scientific achievements in the field of road sector.

In the following, the use of elastically malleable supports of superstructures in road overpasses
is considered. To optimize the rigidity of flexible supports, it is necessary to deduce the dependences
of the natural frequencies of transverse vibrations of superstructures on them, as well as their
influence on the stress-strain state of the system under the action of external dynamic loads. Analytical
and variation methods are used to solve these problems. It is proposed to vary the stiffness of supports
by iteration method when solving the characteristic equation.

3 MATERIALS AND METHODS

3.1 METHOD FOR DETERMINING THE NATURAL VIBRATION FREQUENCIES OF
LOAD-BEARING BEAMS OF SUPERSTRUCTURES

Free transverse vibrations of a rod with a distributed mass are considered. The superstructure is
considered as a beam on two elastically pliable supports with rigidity Ci1 and Co. It is assumed that
each span of the split bridge operates independently of each other. Consider a beam on control
supports (Figure 1). Free vibrations of a beam with a uniformly distributed mass are described by a
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fourth-order partial differential equation (Leontiev E.V., 2020; Korobko V.I., 2007; Bekshayev
S.Ya., 2013; Sedighi H.M., 2012; Sedighi H.M., 2011; Ryabukhin A.K., 2020).

L / |

Figure 1 — Design diagram of a beam on regulating supports (authors’ material)

The differential equation of free vibrations without taking into account the resistance forces has
the form (Galyautdinov Z.R., 2021; Gridnev S.Yu., 2013; Kolotovichev Yu.A., 2023; Kadisov
G.M., 2012; Yegorychev O.0., 2012).

4 2
El%m(x)a =0 (1)

In equation (1) y=y(x,t)- are the unknown deflections, EI - flexural stiffness, m(x)- linear mass.
We restrict ourselves to finding only such solutions of equation (1) that determine standing waves,
i.e., the bending shape that does not depend on time. These solutions correspond to the main
waveforms. For such waveforms, the solution can be obtained by separating the variables, then the
solution and equation (1) can be written as:

V) =y =Yy, T, ),

. . )
EICQ " ) +m(x)Q v, (T (1) = 0
k=1 k=1
Combining the sums and equating the terms of the same name, we obtain a system of
differential equations:
92
o' T, (t
El g O 1 6y 4 mx)y, () ) ( ) 0. k=125.... 3)
e

Dividing each term in (3) by a value m(x)y, (x)T, (f), we obtain the sum of two terms, each

of which depends on only one variable. We introduce a notation for the relations of the following
quantities:

Ely" (x) :_Tk//(t) — ol
mx)y,(x) T "

4

These relations are independent of the variables x,t and represent the squares of the natural
vibration frequencies of a beam with a distributed mass. By introducing the notation (4), the system
(3) decomposes into two independent systems of ordinary differential equations:
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W)= (D=0, k=123....

i _m@)- o] )
k El
T (t)+ ;T (t) =0, k=123... (6)

In equation (6) wk - the frequency of natural oscillations corresponding to k-form. Using the
Euler method for solving linear ordinary equations, the solutions of equations (5) and (6) can be
represented as:

Y0 =20 v (0T (D),
Y, (x) = Ach(A,x)+ Bsh(4,x)+ Ccos(4,x) + Dsin(4, x), o
T,(t)= A, sinw,t + B, cosw,t
General solution for deflections:
» (Ach(A4,x)+ Bsh(4,x)+ Ccos(4,x)+ Dsin(4,x))
EHEDY :

(4, sinw,t + B, cosa,t)

In (7), the values A, B, C, and D are constants determined from the anchoring conditions
(boundary conditions), and Ak,Bka are constants determined from the initial conditions, i.e.,

displacements and velocities at the initial time t=0.
The expression for y, (x) defines the main form of vibrations corresponding to the

frequency ok, it defines a static elastic line caused by the running load ¢, = m(x)a): y,. [If the

running mass is constant along the length of the rod, m(x)=m=const, then we can write for the

2
PR (®)
EI

For the case when the beam is hinged at the edges, the boundary conditions will be:

parameter s, :

at x=0 M,=0,0,=y, C,
at x =1 M, =0,0 =—y,.C,, 9)

where ), — displacement at the origin, ), - beam displacement atXx =/; M and M,-moment at
x=0andx =/, respectively, O,and Q,-transverse forces at X =0and x =/, respectively.

Let us express the coefficients A, B, C, and D in terms of the initial parameters y,, @, ,
M,, Q,, then the standing waves can be represented as (Leontiev E.V., 2020; Korobko V.I.,
Korenev B.G., 1972):
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Dy M, O
=p.85 +2T — U - V.,
Yo S0 T T e T T R
M 0,
=y AV +¢9,§ ——2 =0,
yO X Q)O X /IEI /12E[ X

M, =y, EIU - @, AEIV, +M,S, +%’

0, =—y A EIT. —p EIU_+MAV.+Q, S,

In(10) S, T, U,V are the Krylov functions:
Sx:chixzcoslx’ Tx:shix+2sin/lx’
U :chﬂx—cosﬂ,x, % _ shix —sin Ax
X 2 x 2 -
(Po Y€
=y,5, + e 4
=Yt E
P, = YAV, +9,S, - G U,,
i ! ZEI T

M, =-y,’EIU, - p,AEIV, +y<f1T

0, = _yo/?E[Tx - q’oﬂ“zEIUx +1,CS,

(10)

(11)

In (11) C,- is the stiffness of the support at X = 0. Using (11), we write down the expressions

for deflection, moment and transverse force at X =/. As a result we obtain a system of three

homogeneous equations with respect to three unknowns: y,, @,,),.

Dy
o =y,S _ +—
Yot = Vo 2

Mx:l = 0 = _inZEIUx:l - ¢0

Qx = _C2yx:l = _yoﬂ;’EITY:I

hAl + cos Al
Sx:l = d 2 9
hAl —cos Al
Ux:l = < 2 9

_ G
x=[ /13E] x=[

AEIV_, +

T Sh/il +sin A/

2

».C

T

- ¢0/12E[Ux:l +1,CS,

b

V sh/ll —sin A/

2

(12)

Equating the determinant of the system with unknowns y,, @,,),, to zero, we obtain a

transcendental equation with respect to the unknown quantity A.
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¢ @
Tl}[Vx:l _l)yO +70Tx:/ _yx:I = 0’

(Sx:/ -
W (REIU —%m @ AEIV,_, =0

_y() (ﬁﬁE]Tx:I - CISx:l) - (DOAZE[U)C:I + C2yx:l = O

C 1
(Sx:l - /13—E1.1 Vx:l - 1) Z 7—:c:l - 1
—(PEIU_, — %Tx_,) —AEIV._, 0|=0 (13)
~(APEIT_-CS._) -XEIU_ C,

The determinant (13) is a frequency equation from which the frequencies of natural vibrations
are determined:

C
F(A)=(S,, —/13—;7

(-VEIU_, + % T_)AEIU_, + AEIV_(XEIT_ +C,S

T = DAEIV )= T -2V, + LT ) ot

(14)
:z) =0

X

Equation (14) can be written as:
- /17 (E12 )[(Ux:lz) + Tx:le:I] + /14EI[(_C2VX:[SX:Z + Vx:lCZ + CZ Tx:lUx:l + ClT;c:lUx:l + Cle:le:l] +

+ /1C1C2[Vx:1Tx:1 - (szlz)] =0

The parameter A is also included in the arguments of circular functions. Assuming one of the
supports or 2 supports is rigid, we can consider 3 special cases:

. C, =w
F(2)=(S,_)(~AEIV,,C,) - %T (—2EIU_)C, +

(15)
+(=AEIU_)AEIU _, + AEIV _(-2EIT._)=0
2. C,=w
F(A)=(-AEIU _, + %Tx_, YAEIU _, + AEIV_(-AEIT_ +C,S_)=0 (16)
3.C,=C, =
F(A)=(-VEIU_)AEIU _, + AEIV _,(-AEIT._)=0 (17)

Equation (17) corresponds to rigid constraints. The frequency of natural vibrations is expressed
in terms of the parameter A:

o, =12, % (18)
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Knowing the natural frequencies, we can use formula (12) to determine deflections, rotation
angles, bending moments, and transverse forces.
With rigid supports C, = C, =, then the frequencies are determined depending on the number

of half-waves k by the following formulas:

2 2 2
a)l :”—2 ﬂ, k = 1, 0)2 = 477; ﬂa k = 27 a)3 = 9722. g’ k = 3
[ m ? \'m > \'m

In general, equation (14) can be represented as a nonlinear function of the parameter A:

F(A)=0 (19)

This equation is a transcendental equation with respect to the unknown A, which is a parameter
of the natural frequency o (Bekshayev S.Ya., 2013; Sedighi H.M, 2012; Sedighi H.M, 2011;
Ruabukhin A.K.,2020). This equation has countless solutions, so in the future it is necessary to
determine the minimum values of the unknown quantity. Knowing A, we can find the values of the
eigenfrequencies. To solve equation (19), we can use the approximation method. Let's say that two
parameter values are found A =a,b, where the function F(A1)takes two values of different signs, i.c.

F(a)F(b)<0. In this case there is at least one point between a and b where /'(1)=0. As an initial
a+b

approximation, we can take the midpoint of the segment|[a,b], i.e. x, =

The iterative process consists of successive refinement of the initial approximation 4 = x, . Each

such step is called an iteration. As a result of iterations, a sequence of approximate values of the root
X,,X,,X;...x,1s found . If these values approach the true value of the root as n increases, then the

iterative process converges. The method of dividing a segment in half is as follows. Let's assume that
we found the segment [a,b] that contains the desired root value x =, i.e. a<c<b. As an initial

o : D ) a+b
approximation of the root witho, we take the midpoint of the segment, i.e. ¢, = 5 Next, we study

the values of the function F'(x)at the ends of the segment [a,c,]and[c,,b], i.e. at points a,c,,b. The
one where the function F(x)at the ends of which takes different values contains the desired root, so
we take it as a new segment. Discard the second half of the segment [a,b] where F(x) does not

change. As the first iteration of the root, we take the middle of the new segment, etc. Thus, after each
iteration, the segment on which the root is located is halved, i.e. after n iterations, it is halved.
Let for definiteness F'(a) <0, F(b) > 0 (Fig. 2). As an initial approximation of the root, we take

b . . . . )
. Since in the case F(c,) <0< F(c), under consideration, then ¢, < ¢ < b we consider only

COZ

o ¢, +b ) .
the segment [c,,b]. Next approximation: ¢, = OT In this case, we discard the segment [c1,b],

C +¢

since F(c,)>0and F(b)>0,1.e. ¢, <c <c¢,. Similarly, we find other approximations: i.e.c, =

, etc.
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&4
Feo)

F a1~

Figure 2 — Iteration method (authors’ material)

The iterative process is continued until the value of the function F(x)after n-th iteration
becomes less than absolute value of some given value ¢, i.e. \F(cn )\ < ¢. You can also estimate the

length of the resulting segment: if it becomes less than the permissible error, then the calculation
stops. Figure 3 shows a flowchart of this algorithm.

/ Input ofa, be /
v

| calculation of Fia) |

v

| c=(a+b)2 |
I

| =

calculation of Fyc)

Quiput of ¢

Figure 3 — Flowchart for solving the transcendental equation (authors’ material)

By analogy, we can consider the case when the left support of the rod is an absolutely rigid
connection, and the right support is elastically pliable (Figure 4) (Ray W. 1977; Korenev B.G.,
1972; Nikolaenko N.A., 1988).

m

glllllllllllll

Cl1

e~

L |

#1 U

Figure 4 — Design scheme with one elastic support (authors’ material)
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For the case of a rigid connection at the left end and a hinged support of the beam on the right,
the boundary conditions will be:

at x=0 ¥.=0, ¢,=0
at x=1 =0, 0 =-y-C, (20)
where y, — displacement at the origin, y, - beam displacementatx=/; M, and M, -moment at
x=0 andx =1, respectively, O, and(Q, -transverse forces at x =0 andx =1 , respectively.

Let us express the coefficients A, B, C, and D of solution (7) in terms of the initial parameters

Yor ©0» My, O,, ,then the standing waves can be represented as:

M, 0
=— U —=171
Vs NPEI Y 2PEI

M
q)x_ - QQO Ux’

AEI  A°EI (21)
M =M,S, +Q°

A

Qx:MO;{’Vx+QOSx

In(21) S, T, U_,V, are the Krylov functions:

S _ ChAx +cos Ax T _ ShAx +sin Ax
X 2 4 x 2 s

U _ ChAx —cos Ax v _ shAx —sin Ax
X 2 ’ x 2

Using the boundary conditions, we obtain:
_o=_ My _ D

_ V.,
Y- PE 7 PEIT
L, =0=M,S_ +Q°TX,,
) (22)
M 0)
=0=—-—1y =y
‘s ZE T PE T

O,==C=MAV_+0,S,

As aresult, we obtain a system of three homogeneous equations with respect to three unknowns:
M,, O, »,. Equating the determinant for the unknowns to zero, we obtain a transcendental
equation with respect to the unknown parameter A.

S (= ESEIV”C S_,)— T_ (- ﬂ,ZEIU C+AV _)=0 (24)
szozd’o_%sozo’ VX=M=O.
chAl —cos Al shAl —sin Al
Ux:l:f, Vx:f
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Assuming the right support is rigid, we can consider a special case:
l. €=

1
F(k)sz:l(Sx:l)—sz:l(l V.)=0

4 RESULTS AND DISCUSSIONS

4.1 Results of dynamic calculation of a road overpass

(25)

Figure 5 shows a general view of the overpass. The overpass in the longitudinal direction is
made three-span. Static system of superstructures is beam-split. Support of beams on supports is

hinged.

Superstructure-reinforced concrete, three-span, superstructure No. 1 and No. 3 consists of T-
shaped reinforced concrete beams with a length of 11.36 m, made according to the standard design
of reinforced concrete prefabricated superstructures without diaphragms with frame reinforcement of

a periodic profile.

i
f
)
=
H
L]

Figure 5 — General view of the overpass (authors’ material)

Using the proposed algorithm, the eigenfrequencies of transverse vibrations of spans are

determined for the case of hinged fastening of the ends of load-bearing beams (C, = C, = ) and for

the case of elastic-yielding supports with different stiffness values (table 1) (Dostanova S.Kh., 2020;

2021; 2023).

Table 1.
Values of natural frequencies and oscillation periods (authors’ material)

Periods

Span No. Anchoring conditions Eigenfrequencies @, , Hz of oscillation sec
1,3 Hinge support C; =Cy =00 9,82 0,64
2 Hinge support C;=C;=0 5,86 1,07
1,3 Elastic support (C;=C>=100 kN/cm) 5,52 1,14
2 Elastic support (C;=C,=100 kN/cm) 4,84 1,55
1,3 Elastic support (C;=C>=200 kN/cm) 5,44 1,15
2 Elastic support (C;=C>=200 kN/cm) 4,44 1,25
1,3 Elastic support (C;=C>=400 kN/cm) 7,66 0,82
2 Elastic support (C;=C,=400 kN/cm) 5,32 1,18
1,3 Elastic support (C;=C>=800 kN/cm) 8,55 0,74
2 Elastic support (C;=C>=800 kN/cm) 5,38 1,17
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Figure 6 shows a graph of changes in the frequency of natural vibrations ® in Hz depending on
the stiffness of elastic supports C,in kN/cm. For two spans of an automobile overpass. The graph
shows 2 asymptotes (1) and (3) corresponding to rigid supports: 1 for the first and third spans; 3 for
the second span. Curve 2 corresponds to the first span, and curve 4 corresponds to the second span.
It can be seen from the graphs that as the stiffness of the supports increases, the natural oscillation
frequencies approach values close to those of rigid supports.

12

10 (1)

(4)

0 100 200 300 400 500 600 700 800 900

Figure 6 — Graph of changes in the frequency of natural vibrations @ in Hz depending on the stiffness of elastic
supports C, in kN / cm for two spans of an automobile overpass: (1) for the first, (3) for the second span with rigid
supports, (2) corresponds to the first and (4) to the second span for elastic supports (authors’ material)

The obtained graphs allow us to evaluate the influence of the stiffness of the supports on the
dynamic safety margin of the whole system (Dostanova S.Kh.2020; 2021; 2023). When transport
moves at speed v, the dynamic coefficient p for a single-mass system can be approximated by the
following formula:

=
|
|
gl=|™

I
l

In this formula m is the span mass, EI is the bending stiffness, 1 is the span length, ® is the
natural frequency. From the obtained graphs it is seen that the most optimal for the 1st and 2nd spans
is the stiffness of support links equal to 200 kN / cm. Reduction of frequencies leads to reduction of
the value of dynamic coefficient at speed v=40 km/hour by 15-20%. This makes it possible to increase
the reserve of dynamic strength by adjusting the stiffnesses of the support links.
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5 CONCLUSIONS

The presented algorithm for calculating the dynamic characteristics of transport structures using
elastic-yielding supports and the results of theoretical calculations allow us to draw the following
conclusions:

1. When using resilient supports in transport structures, you can change the dynamic
characteristics and thereby increase the strength reserve and reduce the dynamic effect.

2. Regulating support devices reduce the natural vibration frequencies of the beam, thereby
removing it from the resonant zone by 9% or more. By changing the stiffness of the supports, you
can optimize the values of dynamic characteristics using the method of successive approximations.

3. An increase in the length of the span beams leads to a decrease in natural frequencies and
an increase in internal forces and deflections with free vibrations up to an average of 32%.
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