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Abstract. Transverse vibrations of a single-span girder bridge are
considered in the article; the pile part of the bridge interacts with the
surrounding soil under seismic action. We assume that the strain of the
structure does not go beyond the elastic limit, and the vibrations are linear.
The bridge supports are assumed to be immersed in soil and interact with a
rigid body under the impact of unsteady dynamic influences. We consider
the case when the right and left supports have equal masses and interact
with the surrounding soil. Here the symmetry condition is applied, so it is
sufficient to consider the equation for the right half of the girder. The
problems are solved by the analytical Fourier method under given
boundary conditions. The results obtained are analyzed and presented in
the form of the distribution of displacements and stresses over the time and
length of the bridge structures.

1 Introduction

Various transport structures, including bridge structures, are of great importance worldwide
for expanding trunk road networks, increasing the volume of passenger and cargo traffic,
and developing the infrastructure of large cities. Bridge structures, being one of the types of
construction objects, have specific consumer properties that determine their purpose and
quality.

Most of the territory of Uzbekistan is in unfavorable conditions in terms of bridge
supports operation. The aggressive impact of the environment and reagents used in the
bridge structure operation adversely affect the technical condition and durability of bridge
supports on highways.

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

Over the years of independence, large-scale work has been conducted in the republic to
develop road transport infrastructure, ensuring safe interstate transportation and extensive
transport links between the administrative centers of regions and districts [1].
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Most of the basic structures in modern capital construction are made of various types of
reinforced concrete. It is especially important to accelerate scientific and technological
progress in this area at such a gigantic pace in construction. To solve this problem, it is
necessary, first, to further develop the methods for calculating and designing reinforced
concrete structures by improving the elements of the general theory of strength and
deformability of concrete and reinforced concrete, based on their real properties and
performance under various operational and seismic (strong and weak) impacts including the
states close to destruction.

Analysis of data on seismic damage showed that the impact of earthquakes of
magnitude 7-9 on roads built according to normal standards leads to substantial damage to
structures and serious disruptions to traffic, up to a complete cessation of traffic for a period
of several days to several weeks. The failure of bridges during a possible earthquake can
lead not only to the costs of restoration or construction of a new structure. The lack of
transport access in emergency cases may complicate the work of rescuers and may lead to
increased loss of human lives due to the delayed response [1-3].

2 Methods

Structure vibrations during the earthquakes induced by the oscillatory motion of the base
are called seismic vibrations. Seismic vibrations of structures are of a very complex spatial
nature. Under intense seismic impact, leading to damage, the strains in the structure go
beyond the elastic limits, and vibrations, as a rule, are not linear. However, to simplify the
problem, the normalized method for determining seismic forces based on linear theory
allows independent consideration of three mutually perpendicular vibration components
(vertical and horizontal ones).

During earthquakes, the supports and spans of bridges dynamically interact with each
other, and their complex reacts to the foundation motion as a single oscillatory system.
Therefore, the main task of the theory of seismic vibrations of bridge structures is to study
the joint vibrations of spans and supports caused by vibrations of the foundation. At
present, this problem does not have a complete solution [2-11].

In the applied dynamics of structures, bridges are one of the main objects of research.
However, these studies are mostly related to the dynamic effects of rolling stock and
consider, as a rule, vertical (or spatial) vibrations of spans, regardless of the supports. The
analysis of joint vibrations of these elements is rare [2], [12-15].

Bridge supports can experience both displacements across the bridge's axis caused by
bending and shear strains of their structures and the foundation flexibility and torsional
strains (section rotation in the horizontal plane). Obviously, torsional strains occur only in
rare cases and are not significant [2].

Based on the above, in the study of seismic vibrations of girder bridges in the first
approximation, we can limit ourselves to considering only the transverse strains of spans
and supports. This is all the more acceptable since transverse strains play a determinant role
in the formation of horizontal seismic forces.

This article aims to study the transverse vibrations of a single-span girder bridge, the
pile part of which interacts with the surrounding soil under seismic action Academician T.
Rashidov has developed a dynamic theory of seismic resistance of complex systems of
underground structures based on considering the difference in strains of a structure and soil
[16-17]. Several scientists in our country and abroad have researched the problems of
seismic resistance of underground and surface structures interacting with surrounding soil
[18-23].
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Fig. 1. Scheme of a single-span girder road bridge

To assess the reliability and bearing capacity of road girder bridges on supports, in
addition to the moving loads acting on the girder, we should take into account the forces
transmitted through the girder supports related to the impact of, for example, seismic
waves. Consider a road girder with two end supports (figure 1). As a first approximation,
the bridge supports are assumed to be immersed in the ground and interacting with a rigid
body under the influence of nonstationary dynamic influences. The origin of coordinates is
set at point 4, the Ox axis is directed along the neutral axis of the girder, and the axes Oy,
(with the origin at point O,) are perpendicular to it (figure 2). Let a longitudinal wave flow
around the supports, behind the front of which the soil particles' motion depends on the
coordinate y, and time ¢ according to the law uy=u(—y1/c(). The presence of supports in the
boundary sections of the girder leads to the emergence of concentrated forces, which can be
taken into account through the discontinuities of the third derivative in the equation of
motion. Under these assumptions, the girder deflection y=y(x,7) satisfies the following
equation

We set the origin at point 4, direct the Ox axis along the neutral axis of the girder, and
the Oy, axes (with the origin at point O,) are perpendicular to it (figure 2)

0’ ylx,t 0* y(x,¢

and the following zero initial and boundary conditions

0 0’ 0°
=0, B, gy =M, ?y — ko [9(0,8) = 1y ()] = ey [10.0) = 1, (£)] for
x=0 )

d o’ 0’
a_i =0, EJ. gf =M, ?g}+koz[y(l,t)—uo(t)]+k12[y(l,t)—ul(t)] for x =1
3

where my is the linear weight of the girder, E is the Young's modulus of the material of the
girder, J, is the moment of inertia of the section, / is the length of the girder, M| and M, are
the weights of the left and right support, and ko, and k, are the stiffness coefficients of the
left and right support in soil. u is the soil particles' motion behind the front of the incident
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longitudinal wave, k; and kj, are the longitudinal shear coefficients on the contact surface

1 cot

of the supports with soil u; = T Iuo (t—y /cy)dy, for t<HI/c,,
0

1
u, = E.[u‘)(t -y, /¢cy)dy, for t > H/c,, His the length of supports.
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Fig. 2. Design scheme of a road girder bridge with movable supports

Consider the case when the right and left supports have equal weights and interact with
the surrounding soil. We assume that M\=M,=M, ko=kop,, and ko,=ki», and using the
symmetry condition, it is sufficient to consider the equation for the right half of the girder

0 ylx,¢ 0" ylx,¢

and to require the fulfillment of the symmetry condition in the middle section of the

girder.
oy o’y o’y
or =0, EJ. e == ?—km[y(O,t) —uy ()] =k [¥(0.0) —u, ()] for
x=0 (6)

3
Y 0.9 “0mL=1/2.

Ox ox

Assuming that & = x/ L, we introduce a new function by the following formula

y=y+AWLE (& -45+4)

where the function y(&,¢) satisfies the following conditions
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The second condition in (6) can be reduced to a homogeneous form if the function A(?)
is selected by the following formula

_ 15 [Koitty (1) + kyyuy, ()]
24EJ .

A=

Then the second boundary condition (6) with respect to the function V(&,¢) is written
in the following form

3— 2—
2,03 7y
L o& ot

—(koy + k) p(0,2) for £ =0 ©

In this case, the equation of motion of the girder relative to y(&,¢) is written in the
following form

o’y(&t) | EJ, 64)7(x,t)__ " _ EJ,
My + I or m, A"(O)Lf,($) — A() L &),
(10)

where f, =§2(§2 —4£+4).

The solution of equation (10) under boundary conditions (7) — (9) can be obtained by
the Fourier method, following which the solution of the homogeneous equation
corresponding to (9) can be represented in the following form

y=p)T()

we assume that 7' = —@>T'(¢) . The function (%) satisfies the equation

0" -p=0 (11)
And boundary conditions
0 =0,0"=(A'M—-L)p for £=0 (12)
@' =0,0"=0 for £E=1 (13)
: ky +k )L —
where A= La|™@ g GaTROL g
EJ, EJ.
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The solution of equation (12) is presented in terms of the Krylov functions (C; are
arbitrary constants)

p=CH(A5)+ O (A +GhL (A +C Y, (A5), 0<g<1 4

where Y(z) are the Krylov functions
Y (z2) =(chz+cosz)/2, Y,(z) =(shz+sinz)/2, Y,(z) = (chz —cosz) /2,
Y,(z)=(shz—-sinz)/2.

Conditions (12), (13)) imply

4__
C2=0,C4:“j—3ﬂCl, (15)
457
L+ =Ly G e o, 16
4
CI[Y2(1)+Mj—ﬁY(/1)]+C Y,(2)=0. a7

Equating the determinant of the system of equations to zero for C; and C;, we derive an
equation for determining the eigenvalues A=4;

PV~ Y2 (D)]+ (A M - PIY(DY, (D)~ Y, (DY, (H)]=0.

Setting C,=1, we represent the expressions for the Eigenﬁlnctions q), (&) in the form
Y, (A)+ (M - BY,(A,) - p
=Y,(1,&E) -2 - 1 Y. (4, —)Y, (4
¢ =Y, (4S) ZY.00) (4,8)+ ﬂ (4,).

1

It can be shown that the Eigenfunctions ¢=(&) satisfy the generalized orthogonality
condition

1
mBJ'gpl.gokdgg + M@, (0)p, (0)/L=0 fori #k. (18)
0

The solution to equation (10) is represented as the sum
y=20,T,). (19)
n=1
Substituting expression (19) into equation (10), we obtain

Zm 1, +wnTn]<0n(§)——mA”Lfo(§)— ZAf ()
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Using the orthogonality condition (18), we compose an equation for the expansion

coefficients
. 1 ¢, EJ.
T +w’T, =F(t)= —WI[LA R M, dE
nll 0 B
1
where |, | = m, [ pldé + Mg} (0)/ L.
0

Solution of the last equation under initial conditions

m,LA(0)

7,(0)=0.7,(0) = [FAGIAGE

n

has the form

7,(0)

n

t
T, = ijFO (r)sinw, (t - 7)dT + sina, t
a, 0

If the change in the displacement of soil particles behind the wave front is taken

. . Col =), . . .
according to the law u, = U, sin——— (L, is the wavelength, U0 is the maximum

v

displacement of soil particles behind the wave front), then we have

L .t L t

A=-U,——| k,, s1ncl+k“—v(l—cosci) for 0<t<H/c,
24EJ L, H L

? t L t—H t

A=-U, ﬁ(km siniljtk11 - (cosCOL——coscLi)} fort > H/c,.

3 Results and Discussion

Figures 3, 4 show the curves of the dependence of deflection y (figure 3) and bending
2

stresses o = EJ 67{ /W (W —is the moment of resistance of the girder section) (figure 4)
X

in different sections in time t (sec) for a girder of a rectangular cross-section of width 5=0.3

m and of height #=0.6 m under the action of wave u, =U, sinﬂ‘

The calculations were conducted for two wavelengths L, and taken as U;=0.005 m,
c=1000 m/s, ko=1.7-10°N/m, k;=0.2ky;, E=5-10'""Pa, L=25m, M=2500kg,
mp=100 kg/m, H=8 m.

Analysis of the graphs shows that the action of a harmonic wave on a girder through
rigid supports leads to an oscillatory law of change in deflections and stresses in its
sections. In this case, the maximum values of stresses are observed in the sections of the
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girder attached to the supports, and their values significantly decrease with distance. This
indicates the possibility of the appearance of plastic strains near these sections, which is
why the decrease in the quality of the operational parameters of the girder bridge. A
decrease in the wavelength increases the frequencies and practically does not affect the
amplitude of the girder deflections.

L,=100 m L=50m
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Fig. 3. Change in deflection in different sections of the girder x(m) (referred to L) in time ¢ (sec) for
two values of wavelength L,(m): 1—x/L=0.2,2—-x/L=03,3-x/L=04,
4-x/L=0.5,5-x/L=0.7,6—-x/L=1
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Fig. 4. Change in bending stresses ¢ (MPa) in different sections of the girder x(m) (referred to L) in
time ¢ (sec) for two values of wavelength L, (m): 1—x/L=02,2-x/L=03,3-x/L=04,
4-x/L=0.5,5-x/L=07,6—x/L=1
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Fig. 5. Change in deflection along the length of the girder x(m) (referred to the length of the girder L)
for different values of time t (sec) and two wavelengths L,(m): 1 —2 =0.02, 2 —¢ = 0.04,

3-t=0.06,4-¢r=0.08 5-¢=0.1, 6-¢=0.15
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Fig. 6. Change in bending stresses ¢ (MPa) along the length of the girder x(m) (referred to the length
of the girder L) for different values of time t (sec) and two wavelengths L(m): 1—¢ =0.01,

2-t=0.03, 3—-t=0.06, 4—¢t=0.1, 5-¢=0.13, 6-¢=0.19

Comparison of the graphs presented in figure 4 indicates that long waves, in addition to
changing the frequency composition of the oscillatory process, lead to a significant increase
in the maximum values of stresses near the section where the girder is attached to the
supports. From the analysis of the graphs (Figures 4 and 5) of deflections and stresses
distribution along the length of the girder, it follows that during a certain period of time, the
deflections and stresses reach their maximum values, and such states may appear
periodically, due to the absence of wave-absorbing elements in the girder bridge structure.

4 Conclusions

1. A method of dynamic calculation of a girder bridge for the effect of longitudinal waves
on the supports of girder bridges was proposed.

2. By calculation, the pattern of oscillatory processes in the girder sections was determined
when the force effect is transferred to the girder bridge through the supports immersed in
soil.

3. The influence of the frequency and amplitude of acting harmonic waves on the dynamic
characteristics of the girder vibrations was estimated. It was established that the increase in
the longitudinal wavelength acting on supports has practically no effect on the amplitudes
of the girder deflections; it leads to a change in the frequency composition of the oscillatory
process and an increase in the amplitude of stresses induced by the bending moments near
the connection sections of the girder and the supports.

4. The reasons for the appearance of irreversible strains at the connections of bridges with
supports, leading to a decrease in the quality indicators of the operational properties of
bridges, were revealed.

References

1. Rashidov T, Baybulatov K, Bekmirzayev D, Takhirov S, Gayibov J and Nishonov N.
Comprehensive Program on Structural Assessment of Bridges in Uzbekistan, 3542,
The 17th World Conference on Earthquake Engineering, 3¢ — 0013 Sendai, Japan,
(2020)

2. Kartsivadze G. Seismic resistance of artificial road structures (Moscow), (1974)

3. Shestoperov G. Seismic resistance of bridges, Moscow, Transport,(1984)



E3S Web of Conferences 264, 02038 (2021) https://doi.org/10.1051/e3sconf/202126402038
CONMECHYDRO - 2021

4. Mander J.B., and Cheng C.T. Seismic Resistance of Bridge Piers Based on Damage
Avoidance Design, Tech. Rep. NCEER-97-00141997

5. Wang Z, Duenas-Osorio L and Padgett J.E. Influence of scour effects on the seismic
response of reinforced concrete bridges, Eng. Struct, 76 pp. 202-214, (2014)

6. Kawashima K. Seismic design and retrofit of bridges, Bull. New Zeal. Soc. Earthgq.
Eng., 33, pp. 265-285, (2000)

7.  Priestley M.I.N, Seible F and Calvi G.M. Seismic Design and Retrofit of Bridges,
Hoboken, NJ, USA: John Wiley and Sons, Inc., (1996)

8. Mackie K. Seismic Demands for Performance-Based Design of Bridges Seismic
Demands for Performance-Based Design of Bridges Engineering (2003)

9. Hao H and Chouw N. Seismic design of bridges for prevention of girder pounding,
Electron. J. Struct. Eng. (2008)

10. Chouw N and Hao H Seismic design of bridge structures with allowance for large
relative girder movements to avoid pounding , Bull. New Zeal. Soc. Earthq. Eng. 42,
pp.75-85 (2009)

11. Paolacci F, Giannini R, Alessandri S, Sarno L Di, Corte G Della, Risi R De, Erdik M,
Yenidogan C, Marioni A, Sartori M, Taucer F, Pegon P and Ceravolo R. Seismic
analysis and retrofitting of an existing R. C. highway bridge: investigation through
pseudo-dynamic, Fifthteenth world Conf. Earthq. Eng. (2012)

12.  Ghayeb H.H, Razak H.A and Sulong N.H. Development and testing of hybrid precast
concrete beam-to-column connections under cyclic loading Constr. Build. Mater.151,
pp- 258-278, (2017)

13. Vander Werff J and Sritharan S. Girder Load Distribution for Seismic Design of
Integral Bridges, J. Bridg. Eng. 20 04014055 (2015)

14. LiB, Wang B, Wang S and Wu X. Energy Response Analysis of Continuous Beam
Bridges with Friction Pendulum Bearing by Multihazard Source Excitations Shock
Vib., pp. 1-17, (2020)

15. Jiao C, Li A and Wu X. Research on the Influence of Dynamic Vertical Pressure on
the Seismic Response of Continuous Girder Bridge Isolated with FPS Yingyong Jichu
yu Gongcheng Kexue Xuebao, Journal Basic Sci. Eng. (2017)

16. Rashidov T.R. Dynamic theory of earthquake resistance of complex systems of
underground structures, Tashkent, "Fan", 1973

17. Rashidov T.R and Mubarakov Y. Seismodynamics of underground structures, Soil
Mech. Found. Eng. 29 p. 213-216, (1992)

18. Rashidov T.R and Nishonov N. Seismic Behavior of Underground Polymer Piping
with Variable Interaction Coefficients, Soil Mech. Found. Eng. 53, pp. 196-201,
(2016)

19. Rashidov T R and Bekmirzaev D.A. Seismodynamics of Pipelines Interacting with the
Soil, Soil Mech. Found. Eng. 52, pp. 149-54, (2015)

20. Rashidov T R, Mardonov B.M and An E.V. Transverse Vibrations of Buried Pipelines
Under Axial Loading Within Geometrically Nonlinear Theory, Int. Appl. Mech. 55,
pp. 229-238, (2019)

21. Bekmirzaev D.A., Mansurova N.Sh., Nishonov N.A, Kosimov E.A and Numonov A.
Underground pipelines dynamics problem solution under longitudinal seismic
loading, IOP Conf. Ser. Mater. Sci. Eng. 883 012045 (2020)

22. Nishonov N.A., Bekmirzaev D.A., An E.V., Urazmukhamedova Z and Turajonov K.
Behaviour and Calculation of Polymer Pipelines Under Real Earthquake Records IOP
Conf. Ser. Mater. Sci. Eng. 869, p. 052076 (2020)

23. Bekmirzaev D.A., Kishanov R.U and Mansurova N.S. Mathematical Simulation and
Solution of the Problem of Seismo—Dynamics of Underground Pipelines, Int. J.
Emerg. Trends Eng. Res. 8 5028-5033, (2020)

10



