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INVESTIGATION OF THE BEHAVIOR OF PREFORMED
SPAN SYSTEMS TAKING INTO ACCOUNT OSCILLATIONS

A. Tkaues, O. Bampenxo, II. Ilpoxonosuu. JlocaigkeHHs] MOBeJiHKH NpedOPMOBAHHX MPOJLOTHHX CHCTEM 3 YPaXyBaHHSM
KoJMBaHb. [IpoBesieHo nociikeHHs neopMallifHoro cTaHy Ta aHalli3y HeCcydoi 34aTHOCTI IIONepeaHbO-HANPYKEHNX TIPOJbOTHUX CHCTEM
MOCTOBUX KpaHIB 3 ypaxyBaHHSM CKJIQJHUX JMHAMIYHHX BIUIMBIB. BHBYCHO MOBEIIHKY IIOINEPEHBO-HAIPYKEHOI HMPOTOHHOI MeTano-
KOHCTPYKIUT IifT JIi€X0 THMYACOBOTO PyXOMOI'O HaBaHTA)XXCHHS 3 YpaxXyBaHHSIM KOJIMBaHb, IIJ0 BHHUKAIOTH ITiJ] 4ac eKCIUTyaTamil. AKTyalbHICTh
PpOGOTH: 3pOCTAaHHS NPOTHHIB 1 HAIIPYXXEHb, SIKi 3yMOBJICH] JMHAMIYHAMH BIUIMBAMH, MOXE CyTTEBO BIUIMHYTH Ha 3MiHY YaCTOTH BIACTHBUX
(BIaCHMX) KOJIMBaHb TOJIOBHUX OaJIOK, LI 0COOIMBO KPHTHYHO IPU BEIMKHUX 3HAYCHHSX I103/10BXHBOTO HABAHTAXXCHHS Ha IPOJIbOTHHII MICT,
10 CTBOPIOE PU3HMKHU 3HIKEHHs eKCIUTyaTaliiHoi HaxiiHOCTi. Po3pobieHo yHiBepcalbHy MaTeMaTHYHy MOJEINb IIPOrOHHOI KOHCTPYKIIT Ta
OTpUMaHI aHAJIITHYHI 3aJIeKHOCTI, SIKi JO3BOJIIOTH BPaXOBYBAaTH JMHAMIUHI BIUIMBH IPH Pi3HHUX CITiBBiJHOIICHHSX ITO3JI0BXKHIX 1 TOIEPEYHNX
CHJI, IO Aif0Th Ha Oanky. 30KpeMma, pO3paxyHKH MPOBOIMIKCS M Oiama3oHy 3HaueHb N/P=1,5; 2,0; 2,5. Amapar «dyukuis Kpuiosay
JI03BOJIUB OTPHMATH TOYHI 3aJI€XKHOCTI IJIs1 BU3HAYEHHS aMIUIITy 1 IPOTHHY, KyTa IOBOPOTY Iepepi3iB, SrHHAIBHOIO MOMEHTY 1 IIONepedHO T
CHJIH B OyIb-sIKOMY JOBLILHOMY Iepepi3i mpoiboTy. Po3paxoBaHO BlacHy 4acTOTy KOJIHMBAaHb IIPOJTITHUX OaJIOK, FEOMETPUYHI XapaKTePHCTUKA
SIKMX BIAMOBIZAIOTH CTaHIApPTaM UIsl IBOOATOYHHX KPAHOBHX MOCTIB, IO CEPiiHO BHPOOISIOTHCS. OOIPYHTOBAHO MOPIBHSUIBHUI aHANI3
nehOpMOBaHOTO CTaHY KOHCTPYKIII 3 ypaxyBaHHSAM HaiO1IbII HECIPHATINBIX BHUIAIKIB HABAHTAXKCHHS ITPU 3HAXOJDKEHHI Bi3Ka 3 BAaHTa)KEM
Y CepeHHi IpoJbOTY Ta 6e3ImocepeIHbO Ha/l ONI0poIo. Po3paxyHKH BUKOHYBAIIHCS JUISl KOPOOYACTHX IIPOTOHHHUX OaIOK, BUTOTOBIICHHUX 31 CTai
kiacy C38/23. Otpumano y3arajibHEHI BUPA3H aMIUTITY[ KOJIUBAHb, SIKi € HEOOXiJHUMH /T TOYHOTO BU3HAUYCHHS KOC(DILiCHTIB IUHAMIKH.
IToxa3aHo, 10 CTHCKAIOYi CHJI ISIII0 3HIKYIOTh 3HAUCHHS BIACHUX 9acTOT, IPOTE Yepe3 BUCOKY 3TMHANIBHY XKOPCTKICTh Cy4acHHX MPOJTITHUX
Oanok I 3MIHM He € KpPUTUYHHUMH. JOCHi/KEHHS MiITBEPIUKYE HEOOXITHICTH OOOB'S3KOBOTO BHKOHAHHS INEPEBIPOYHHX IHHAMIYHUX
PO3paxyHKIB HONEPESHBO HANPYKEHUX 0alOK HA MOXJIMBC BUHUKHEHHS PE30OHAHCY 3 4aCTOTONO 30yprOBaibHOI cuiH. Pe3ynbraTtd MOXyTh
OyTu Ge3nocepeHEO0 BUKOPUCTaH] IHKEHEPHO-TEXHIYHUMH NPAiBHUKAMH I1iJ] 9ac PO3PaxXyHKy F€OMETPHYHUX XapaKTEePHCTUK OaJoK Ta ULt
BIIOCKOHAJICHHS] METO/IOJIOT1] IIPOEKTYBAHHS Cy4acHHUX OaIOYHHX CUCTEM.

Knrouosi cnosa: nporonHa 6aika, onepe/He Hapy>KeHHs, ANHAMIYHUIT BIUIMB, aMILTITY/la KOJIMBaHb, 4aCTOTA KOJIMBAHHS, IPOJIbOTHA
cHCTeMa, CTaTHYHA JKOPCTKICTh, TMHAMIYHA XKOPCTKICTh

A. Tkachov, O. Vatrenko, P. Prokopovych. Investigation of the behavior of preformed span systems taking into account oscillations.
This scientific work addresses the current issue of investigating the deformation state and analyzing the load-bearing capacity of prestressed
span systems of overhead cranes, considering complex dynamic effects on the structure. The purpose of the study is a detailed examination of
the behavior of a prestressed span metal structure under the action of a temporary moving load, accounting for oscillations that occur during
operation. The relevance of the work stems from the fact that increases in deflections and stresses induced by dynamic effects can significantly
affect the natural frequency of the main beams. This is particularly critical at high longitudinal loading on the span bridge, which poses a risk
of reduced operational reliability. Within the scope of the research, the authors developed a universal mathematical model of the span structure
and derived analytical expressions that accurately account for dynamic effects across a range of longitudinal-to-transverse force ratios acting
on the beam. Specifically, calculations were performed for the range of values N/P=1.5; 2.0 and 2.5. The mathematical modeling is based on
solving a system of differential equations for the transverse oscillations of beams with a constant cross-section. Through the application of the
Krylov functions apparatus, precise dependencies were obtained to determine the deflection amplitude, the rotation angle of sections, the
bending moment, and the shear force at any arbitrary section of the span. The calculated natural frequency of oscillation for the span beams
corresponds to the standards for mass-produced double-girder crane bridges. A comprehensive comparative analysis of the structural
deformation state was carried out, considering the most unfavorable loading cases, specifically when the loaded trolley is located in the middle
of'the span and directly above the support. The calculations were performed for box-section span beams made of C38/23 class steel. Generalized
expressions for oscillation amplitudes were obtained, which are necessary for the accurate determination of dynamic coefficients. The analysis
of'the results showed that compressive forces slightly reduce the natural frequency values; however, due to the high bending stiffness of modern
span beams, these changes are not critical. The study confirms the necessity of mandatory dynamic verification calculations for prestressed
beams to assess the potential for resonance with the frequency of the exciting force. The results can be used directly by engineering and
technical personnel to calculate the geometric characteristics of beams and to improve the design methodology for modern beam systems. The
recommendations provided in the article have practical value for modernizing span structures and significantly increasing the service life of
hoisting machinery.

Keywords: span beam, prestressing, dynamic effect, oscillation amplitude, vibration frequency, span system, static stiffhess, dynamic stiffness

Introduction

Modern enterprises and organizations that carry out various operations involving lifting or lower-
ing loads typically use span mechanisms. Recently, in these works, prestressed span systems have been
widely implemented [1]. Their metal structures have a number of advantages in comparison with other
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types of conventional span systems, the main of which are the greater bearing capacity of the main
beams while minimizing their mass [2], the reduced energy power of the mechanisms [3], and the lower
cost of both the span and the structure itself as a whole [4].

At the same time, the load-bearing beams of such prestressed structures have reduced static rigidity and,
under operating loads, lead to increased deflections and stresses in the main beam [5]. Although these pa-
rameters are within the allowed range, they are close to the critical limit. Logically, we note that the increase
in deflections and stresses induced by dynamic effects can alter the frequency of inherent oscillations of the
main beams, especially at large longitudinal loads on the span bridge [6]. In this regard, it is necessary to
compare the eigenfrequencies of the prestressed girder beam with the forced frequency in the corresponding
verification calculations. As you can see, these issues involve deformations and associated stresses in pre-
stressed span systems under any combination of static and dynamic loads on the bridge span. Therefore, they
should be subject to thorough research and analysis, which is the purpose of this work.

Analysis of publications

In the field of reformed span systems, he showed that numerous studies have been conducted to deter-
mine the static [7, 8] and dynamic [9, 10] rigidity of these metal structures, depending on the position of the
temporary load [11]. In several sources, numerical [12] and experimental [13] modeling of bending beam
structures was considered and analyzed, in which the deformed behavior of a prestressed span structure in
the vertical plane was modeled and studied. In the paper [14], a mathematical model of a prestressed span
beam was proposed that as closely as possible approximates the beam's design scheme to its actual structural
form. As a result, the beam's deformed behavior under different ratios of transverse to longitudinal loads was
studied, taking into account the variable moments of inertia of its section along the span.

The analysis of the publications indicates that in all the considered works, the mathematical mod-
eling of span systems is based on the assumption that only static loads act on the load-bearing beams.
The increase in deflections and stresses caused by dynamic effects arising during the operation of the
mechanism or the machine as a whole was accounted for by the corresponding dynamic coefficients
[15]. Such mathematical modeling does not always reflect the actual behavior of the structure and does
not allow the determination of the eigenfrequencies of prestressed beam structures. Since longitudinal
loads alter the inherent oscillation frequencies of the main beams, it is necessary to compare the eigen-
frequencies of the prestressed beam with the frequency of the applied force to test for resonance. In
addition, it is necessary to obtain generalized expressions for oscillation amplitudes to determine the
dynamic coefficients.

Purpose and objectives of the study

The scientific work involves studying the behavior of a prestressed span structure under a tempo-
rary load, accounting for the resulting vibrations.

To achieve positive results of the set goal, it is necessary to solve the following tasks: to develop a
mathematical model that allows taking into account dynamic influences when loading load-bearing
beams; to obtain dependencies that allow you to determine the natural frequency of oscillations of span
beams, taking into account compressive forces and checking it for resonance with the frequency of
forced force; to obtain generalized expressions of oscillation amplitudes with the determination of dy-
namics coefficients; analyze the results obtained and give appropriate recommendations.

Presentation of the main material

The physics of the loads during the oscillation depends on the type and method of their transfer to the
beam. As a rule, in practice, lifting the load on the span beam is carried out using flexible suspensions —
metal ropes or chains. The results of full-scale strain gauge tests of structures with span systems indicate
that with flexible suspension of the load, these vibrations quickly fade away, and in the future, the load
oscillates together with the metal structure, and the vibrations of the second frequency of the metal
structure are hardly noticeable [16]. On this basis, it can be assumed that rope or chain hangers can be
considered quite rigid, that is, in the form of a rigid suspension to span beams of a metal structure. The
design scheme of a prestressed bridge is presented in Fig. 1, and the differential equation of its transverse

oscillations is as follows:
d'y d’y EIN d'y p’l d*l
El +pS —-p| I+ ——— |+ ——=F(x,?).
P P acar ) G ar e

I t G

In Figure 1 and in the above equation, the following notations are taken:
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/ —length of the span part of the beam VL%
bridge; M) Lo M) M)
F —loads that vary in time and beam 20 MO > Y L £ :“N"(’)x
length; F — o N N —
i . . R=00 £ y=My=0 e y=M;=0 Ri=
x — Place of determination of the de- " Ja =
flection of the span beam; 1”2
p — density; r
E —modulus of elasticity under tensile; !

G — Beam Material Shear Modulus;

I — moment of inertia;

S — beam cross-sectional area;

k — a factor that takes into account the
influence of the cross-sectional shape and shear deformation of the beam element.

In addition, the following assumptions were made when developing the mathematical model: the span
structure is supported by ideal hinges, and the beam material behaves elastically. When solving engineering
dynamic problems in practice, it is customary to use a simpler equation [17], which quite accurately describes
the behavior of a beam of constant cross-section ( £/ =const ) along its entire length:

Fig. 1. Design scheme of the beam for determining the
amplitudes of oscillations

4 2
Eld—+ dy —F(x 1). (1)
dx*
Let's enter the notation:
p'= n
EI
Then the expression (1) will take the form:
v 4 F(x)
yoomy=—pr (2)

Expression (2) is the equation of forced harmonic vibrations of beams during bending [17]. Its
solution and further use lead to the following dependences for the deflection amplitude y_, the rotation

angle @,, the moment M, and the transverse force O in any arbitrary cross-section:

V. yOK(kx)+ ((pOK (kx)k EI+ M, K (kx)+Q° K“(kx)+zn:M. K, (rk)+

+— ZFK(sk) e’ 21 0 K, (tk)+72M v, K, (t.k));
M, K, (k) QOK(kx) '
El k EI k*

+— ZFK(sk) e’ Zz 0, K, (tk)+—ZM y. K, (tk);

¢, =0, K, (kx)+ K4<kx)k+T<ZM- K, (rk)+

M. =M, K(lcx)+y0E[k2K(kx)+%()+ZM K, (rk)+d, K, (kx) EI k +
A3)
+— ZFK(sk) @221 (p,K(zk)+—ZM y. K, (tk);

i=1

M. =M, K,(ke)+y, EL K K (kx)+Q—2()+ZM K, (rk)+ o, K, (k) EIT k +

i= 1

+kZFK(sk) @221 (p,K(zk)+—ZM y. K, (tk);
i=1 i=1 i=1

9

0, =0, K, (k) + y, EI k* KA’OCH%HPO K (k) EL K™ + M, K, (kx) k+

+h Y MK, (k) + D F K (s5) =07 k DI ¢, K (k) +© Y M, y, K, (1k),
i=1 i=1 i=1 i=1
where: k=4%/q® /g EI .
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The following notations are used in these expressions: y,, ¢,, M,, 0, —amplitudes, respectively,
of deflection, angle of rotation, moment and transverse force in the initial section at x=0; y,, @, —;
amplitudes, respectively, of deflection and angle of rotation of sections in which there are concentrated
masses with moments of inertia of sections; I, ; K,(kx)...K,(kx)—Krylov functions, the arguments of
which are calculated by the expressions:

— K, (kx)=0.5 (ch kx + cos kx);

— K, (kx) =0.5 (sh kx + sin kx);

— K, (fx) =0.5 (ch kx —cos kx);

— K, (kx)=0.5 (sh kx —sin kx),
where: K, (kr), K,(kt) and others — Krylov functions, the arguments of which are x,, 7, (see Fig. 1),
2. —the sum sign, which applies to all external pulsating forces, moments and concentrated masses in
the interval from the initial to the section under investigation; F;, M, —pulsating, respectively, concen-
trated forces and moments; ® — frequency of external pulsating loads; g — unit weight of the beam.

In our case, given the calculation scheme (Fig. 1), it would be logical to choose the origin of the
coordinates on the left support. Then, at the initial parameters for our articulated beam:

Vo=M,=0.
According to the condition of symmetry of the load on the beam, we have:
M,(t)=M,(t)=N, e, sin®t,
where e— eccentricity of the action of the longitudinal force N,on the beam.
The transverse force F(¢) in the section to the left of point “0” is equal to half the amplitude of the
force, i.e. —0.5 F(¢).
Then the expression for the deflection amplitude under load:
1 n
Yo = ﬁ((wo K, (kx) k EI + R, K, (kx) + zMi K3(I/;'k)J'
i=1
For the moment under load:
M, = gk B1 K0+ 252D 5 (o1 K ),
i=1

For the amplitude of the angle of rotation of the reference section:

@, =@, K, (kx)+ 1 (R‘ K () —zn:Mi Kz(r,k)].

Elk k

Where will we get it from:
— 1 ((_1) R1 K3 (IOC) +
El k K, (kx) k

The expression, after simple transformations, for the amplitude of the reaction will be:

o D M, K, ().
i=1

0,5 F K (ko) + kY M, (K, (k) K (k) ~ K (k) K, ()
Oy=R = =

K} (k) = K (kx)

If the beam is exposed to eccentric longitudinal forces, then the calculation of the beam can be
carried out without taking into account the compressive forces [18], since the concentrated moment is
of primary importance. However, it is necessary to investigate the effect of compressive loads on the
change in the frequency of natural oscillations of prestressed crane bridges compared to conventional
bridges, as well as to conduct a comparative analysis with the frequency of forced force. The equation
of transverse oscillations of a prestressed span structure at has the form:
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ELyY —(=N) y"=qy". (4)

Assuming that the span beam oscillates along one of the eigenforms of the solution of the equation,
we will look for it in the form:

y=X(C cosmt+C,sinmt). %)

Let’s substitute the expression (5) in (4) and assuming that the normal function, we get the expression:
‘X d’X

I =N S =q o, x. (©6)

The solution of this equation, satisfying the given finite conditions, includes the corresponding
normal functions. With free support of the beam, these conditions will be satisfied if you take:

X, =sin(inx), i=1,2,...,0
Substituting this expression into equation (6), we find the corresponding circular frequency:

2.2 E[ -1 2
nz\/ 84 |,_ NI

W, = .
¢ I i‘n EI

With a multistage method of prestressing the run part, the amplitude of the longitudinal force N_
is defined as:

) SESO . O (x—r)
N_ =N, cos - >
' (JEI/q] JEllq JEI/q)H; (m J

where S —beam cross-sectional area; 6—the amplitude of the displacement in the cross-section, taken
as the initial.

To determine the eigenfrequency spectrum of the span bridge, we use the expressions (1) and (2). To
do this, we consider the perturbation forces to be absent and instead of ® we put ® in the expression (3):

k=449
g EI'’
Thus, for the section on the left support:
R, K,(Ix)
Vi =0, K, (Ix) + —E]“ks >
M, =q, K4(lx)+w.
Where do we find the frequency determinant:
K, (Ix) K, ()
EI K
D= k (1 =0.
K, (Ix) EI k ZIE x)

The equation of frequencies will take the form:
K (Ix)-K; (Ix)=0.
After putting the corresponding functions into the above expression, we get:
(sh(kl) +sin(kl))* — (sh(kl) —sin(kl))* = 0.
From where: sh(k/) xsin(kl) =0.
Since k # 0in our case sh(kl) =0 , then in the final formsin(k/) =0, and k / = n n (n — any integer).
Thus, the first frequency of the prestressed beam, at n=1:

EIg
031—12 ’ ;

MEXAHIYHA IH)XXEHEPISI TA MAILIMHOBY IYBAHHS1 / MECHANICAL ENGINEERING AND MACHINE BUILDING




25
ISSN 2076-2429 (print) [Tpani Onmecykoro nomiTexHiYHOTO YHiBepcuteTy, 2026. Bum. 1(73)
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 1(73), 2026

The second frequency, at n=2:

. |Elg
w, =4 —=
q
The third frequency, at n=3:
q

Thus, dependencies have been obtained that make it possible to determine the eigenfrequency of
oscillations of the span beams, taking into account the compressive forces, and to check it for resonance
with the frequency of the forcing force.

Research results. For box girders (steel grade C38/23) with geometric cross-sectional characteris-
tics corresponding to serially produced two-block crane bridges with spans of / =10.5;16.5; 22.5;28.5
meters, respectively, and loads of F' =8;20;32;50 meters, calculations were carried out, where pre-
stressed beams were investigated, both conventional.

The analysis of the deformed state was carried out taking into account the most unfavorable cases:
when a temporary load is applied at mid-span (¢ = x = 0.5/ ) and above the support (¢ =0, x =0.5/). Part
of the calculation results are presented in Tables 1, 2, 3 in the form of conditional deflections of the
main beam for the 4K operating mode group with an allowable value of conditional deflection:

[f/1=2-10".

Deflection curves were obtained by the ratio of longitudinal N and transverse F forces acting on
the beam in the range:

N =1.5;2.0;2.5.
F

This analysis shows that compressive forces yield lower frequencies yet are not substantially
different from those of conventional beams (Table 1). Furthermore, increasing the ratio N/ F does not
significantly affect the change in natural frequencies.

This is explained by the high bending stiffness of the span beams of operating bridges, as well as
by the fact that in the case of eccentrically applied longitudinal forces NV, the concentrated moment has
the predominant value.

Table 1
Eigenfrequencies of oscillation of span beams
Beam Type NJF ILm | F.tonne o QC)Zscillation fr(s:quenc s sec(:)‘4 5

10.5 8.0 93.6 374.6 842.4 1498.0
Regular - 16.5 20.0 67.5 269.8 607.0 1080.0
22.5 32.0 54.2 216.0 487.0 867.1
10.5 8.0 93.1 374.1 841.6 1495.3
1.5 16.5 20.0 67.1 269.0 605.0 1076.2

22.5 32.0 535 215.2 486.4 853.3 1016
) 10.5 8.0 92.6 373.2 840.5 1485.3
liff,}’tfg“: 20 [165| 200 66.9 268.1 604.7 10715
22.5 32.0 52.8 214.3 486.1 846.8
10.5 8.0 90.5 372.0 840.2 1490.0
2.5 16.5 20.0 66.7 268.0 604.1 1069.2
22.5 32.0 51.1 206.2 464.3 825.8
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Table 2
Influence of longitudinal forces taking into account oscillations
I,m Taking into account ]t\?e longitudinal force Excluding longitudinal force ¥
F, tonne N/F=15 | NJF=20 | NJF=25 | N/F=15 | N/F=20 | NJF=25
10.5/8.0 3.49 7.01 10.57 3.32 6.69 10.25
16.5/20.0 7.3 20.5 31.03 9.87 19.65 30.78
22.5/32.0 9.7 22.96 34.71 11.25 22.85 34.62
28.5/50.0 11.9 22.68 34.24 11.07 22.49 34.07
34.5/50.0 9.82 19.72 28.44 9.73 19.56 28.2907
Table 3
Deformations and amplitudes of the beam under dynamic influences
Beam Static deflection, Ampl?tude of Dynamic deflection.
Type N/F [, m F, tonne mm oscillations. mm mm
c=1/2 c=0 c=1/2 c=0 c=1/2 c=0
10.5 8.0 4.7 - 24 - 7.1 -
Regular 16.5 20.0 13.5 - 4.4 - 17.9 -
22.5 32.0 0.80 — 8.3 — 24.1 —
28.5 50.0 15.8 — 8.1 — 24.6 —
10.5 8.0 3.49 -2.0 2.6 -2.1 5.6 —4.1
16.5 20.0 7.3 -7.4 2.7 -8.5 10.0 -15.9
s 32.0 9.7 ~7.4 1.8 —6.5 11.5 -13.9
Pre-tension 28.5 50.0 11.9 -5.9 1.2 —-12.7 13.1 —-18.6
10.5 8.0 -0.46 -5.6 -2.0 -5.5 -2.5 —-11.1
25 16.5 20.0 -2.9 -17.7 -5.8 -17.5 -8.7 -33.2
22.5 32.0 -1.7 -18.9 -4.7 -12.9 —6.4 -31.7
28.5 50.0 0.65 -7.3 -2.8 -7.9 -2.1 -25.2

Thus, when increasing the bearing capacity of existing span structures, dynamic calculations
should be performed without accounting for compressive forces in the beams. Really, if in the equations
(see [5, 7]). which are the exact equations of the static deflections of the beam. Eliminate axial force.
Then we will obtain results that are quite close to the true values (Table 2).

In addition, when designing new prestressed metal structures, which may have smaller section
moments of inertia. It is recommended to check the first and second frequency of oscillations of the
load-bearing beam for possible resonance of the perturbing force.

Table 3 shows the static deformations of bridges and their amplitudes under dynamic influences.
Their analysis shows, that the amplitudes of deflections of prestressed beams can exceed the amplitudes
of ordinary beams.

However, their dynamic deflections are approximately the same. and in some cases (for example,
at the middle position of the temporary load ¢ =0.57) are much better. The maximum dynamic defor-

mations occur at the extreme position of the working load (¢=0).

However, they do not go beyond the values. allowed. And the amplitudes of the first half-wave are
comparable to the amplitudes of oscillations of the beams without prestress. In addition. Given the pres-
ence of flexible elements. It can be assumed. that the dissipation of energy from the damped action of
the ropes or circuits will be more pronounced. So, the attenuation of oscillations will be more intense.

Thus, the analysis shows the need to conduct dynamic verification calculations of prestressed beams
for possible resonance with the frequency of the disturbing force, as well as dynamic deflections at the
position of the temporary load above the support (¢=0) and at the midpoint of the span(c =0.5/).
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Conclusions

The paper develops a universal mathematical model of a prestressed span system and obtains de-
pendencies that allow taking into account dynamic influences in the ratio of longitudinal and transverse
forces acting on the beam in the range:

N =1.5;2.0,2.5.
F

As a result, the behavior of the running system was investigated, accounting for oscillations. The
natural frequencies of span beams were investigated and calculated. The geometric characteristics of
which correspond to the standards of double-girder crane bridges mass-produced by the domestic indus-
try. It was checked for resonance with the frequency of forced force.
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