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1. Actuality of the problem

Designs of bridges and overpasses during operation are sustained to complex climatic
factors [1 — 4]. Study of heat exchange components is an integral part of preparation data for
thermal stresses and deformations calculation. Sequence determination of thermal stresses and
deformations of bridge structures is shown on Fig. 1.

Close conditions of the structural elements of modern bridges and overpasses, a variety of
their shapes, materials and sizes result in extremely difficult and expensive full- or part-scale
investigations. In this regard, there is need to develop and apply various computational
approaches that allow relatively in a short time and with little cost to obtain data about
engineering structures.

2. Analysis of the latest publications and researches

The most commonly used in engineering practice are models for calculating the strength of
quctéu[els]. Calculation of the deflected mode caused by temperature fields is less common
spread [1].

It is_ necessary to note the creation of mathematical models of the real structure. On the one

‘ hand, the model should most closely reproduce the work of the actual design. And on the
other Pand, the model should not be too complicated. Deviations in the design model in either
direction can lead to inconsistency of model to actual design or complication of the model to

the extent that does not allow calculating even on the most powerful computers.

cm?;;s, t.he model’s choice in the' calculation of' enginee{ing structures is one of _the most

d%ﬁnﬁtii)omts' The fu'st ar.1d a very important step in preparing the model to calculation is the

: . nr:n of her d)mepsmr}. In tl.us paper th_ree-dgnenswnal (3D) models are us.ed, although

perfor, (Tina-ny ca'lculatl_ons in project entity, including strength, strength of materials methods
med (one-dimensional formulation of the problem).



108

STEPS TO DETERMINE TEMPERATURE DEFORMATIONS
i - AND STRESSES IN THE ELEMENTS
i OF BRIDGE STRUCTURES

VB sovanca e T

xﬂenmental mcasuremems of the temperature dnstnbuho :
in bndge structures 4

Quantitative determination of heat fluxes on the structure
surfaces caused by chmatlc or technolog»cal mﬂuences F

Fig. 1. Calculation stages of thermal stresses and deformations of bridge structures.

It is believed that the best model of real structures is three-dimensional model. This is
particularly evidenced for asymmetric structures. Two-dimensional models can yield to three-
dimensional in calculation accuracy, but give a significant gain in space.

In addition, the calculation of some designs do not need to use complicated 3D models, if
sufficient are 2D models. This applies to the calculation of such structures as retaining walls,
gutters, and culverts under embankments, long foundations and walls. Thus, we can reduce
the dimension of the model in case of structures in plane stressed or plane deformed state.

In most cases, the choice of the dimension of the actual construction depends on the
experience of the engineer who performs the calculations, and the power of computers, on
which" calculations will be performed. Recently, the preference still is three-dimensional
modeling, such as that actually simulates the operation of bridges. '

In the work [3] is observed that for the full data of deflected mode spans of bridges causea
by temperature fields, one-dimensional solution of the problem (only in the vertical plane) i
not enough to consider multiaxis stressed state.

3. The purpose of the work

The aim is to develop a method of calculating caused by heat fluxes, stresses and strains of
bridge structures in software environment NX Nastran.

Based on experimental measurements of temperature distribution in bridge structures [5)
by the method published in [6], the value of heat fluxes is calculated that suits bridges Thi
calculated heat fluxes are shown in Fig. 2.
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#® Heat flux on the undersurface lower surface of the beam bridge spans
B Heat flux on the inner side surface of the beam bridge spans

DO Heat flux on the upper surface of the beam bridge spans

M Heat flux on the outer lateral surface of the beam bridge spans
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23.12.2012

Date and time
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21.06.2012

Fig. 2. The value of heat fluxes that suit concrete bridge construction.
Maximum value of heat flux, that is suitable for concrete railway bridge, is 895 W/m>.
.Based on the calculated heat fluxes let us determine the deflected mode of the concrete
bridge. To this effect this method of calculation is developed. The methodology is based on
solving three-dimensional problems of thermo elasticity in the software environment NX

NaStran.[7]. Since these bodies are usually of complex configuration, to obtain more accurate
Tesults, it is desirable to apply three-dimensional formulation of the problems.

4. Statement of the boundary value problem of heat conductivity
The span bridge will be simulated by the beam that takes the following area
(V)={(x,y,z):OSxle,OSySy,,OSzSzl},

Wwh s :
°r¢ X, y, 2 are a rectangular Cartesian coordinate system.
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Let us assume that the temperature of the beam does not depend on time. Then the heat
equation has the form

% % U
e W
where ¢ is the temperature.

Heat exchange between the beam and the environment is defined by the equation

ot .
- 2
an-t (x,y,2) Ha s, (0]

7
where n is an outer normal to the beam’s surface; ¢ (x,,z) is a given function; S is the
surface of the beam. y

5. Problem formulation of the theory of thermo elasticity

Determining the deflected mode of the beams the equation of the theory of thermo
elasticity is used.
The equilibrium equations have the form

ax+ay+az'°’
30, 3oy 3oy _ &
ay+az+ax“°' [&
90, 30y 30,
az«l»é){«r(,)y--o‘

where 03, =0y,;03, =0y3;03, =030, 03, O3, Oy, Oy3,...,0, are the components of the' stréss
tensor.
Duhamel — Neumann relation is presented in the form of

e =—;‘7[a, -v(0, +03)]+a,
a=t[a-v(e+a)]+a, | @
e:%[a,—v(a,+o'z)]+m,

1 1 L |
L7 =E‘7uv ey =a'°'v- e, =E‘731 s

where G= is a shear modulus; e,e,¢,e,,6;,¢e, are deformation tenso®

2(1+v)
components; E is modulus of elasticity; v is Poisson's ratio; & is a linear thermal expansiof®
coefficient.

Deformation components are associated with the Cauchy relations movements:
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Let us assume that the surface x=0 is rigidly fixed and other surfaces are free from stress.

6. Numerical study and analysis of results

Let us consider the example of calculation the temperature field and the deflected mode of
the concrete bridge spans of the railway haul Pidzamche — Lviv, 1475 km pk6.
Numerical study are feasible for parameter values x, =18,7 m, y, =4,16 m, z =1,55 m,

¥=19 W/(m °C), E=3,6-10MPa, v=0,25, @=1,0-10"°1/°C and the heat fluxes values
suitable to the bridge construction 12.23.2012 at 12:50 h. (Fig. 2). Thus, the heat fluxes on
each surface are assumed as x=0,x=x,, y=0, y=y,, 2=0, z=2z is constant, and streams on
the end surfaces x =0, x = x, are equal to heat fluxes on the outer lateral surface y=0.

For finite elements the volume element of type SOLID with the form of eight node
hexahedron is selected.

To solve the boundary value problem of heat conduction is desirable to set the value of the
initial temperature in all nodes of the finite grid. To set the value of the initial temperature is
not required; it must be such that the temperature deformation is absent. Next, it is necessary
to specify the boundary conditions, in this case the value of the heat fluxes on the bridge
spans surface. Their distribution is given in the nodes of the finite grid. -

The next stage is the creation of the analysis task. It is necessary to open the dialog panel,
where the type of the problem is selected (in this case it is stationary heat conduction).

Results of the solved problem (temperature distribution in a field) are shown on Fig. 3. On
this figure the inner side of the beam has a temperature in the range of -1,8°C to -3,1°C, while
the outer side has the temperature of -1,8°C to -2,06°C, is shown. The inner side of the beam
has a lower temperature than the outer (exterior) side, as the sun warms it slowly, especially
in the early spring.

Fig. 3. Temperature distribution in the bridge spans.
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Determining the deflected mode of the bridge beams one of the obtained temperature
values vectors at the nodes must be taken as boundary condition of the problem. It is
necessary to specify the boundary conditions of the first kind (fixing in space and
communications), which exclude the possibility of the beam’s movement as a rigid whole.
But these attachments and relations should not contradict the design scheme of the boundary
problem, create parasitic stresses and deformations.

The result of the calculation of normal stresses is shown on Fig. 4.

Fig. 4. Distribution of normal stresses.

The largest thermal stresses occur in the longitudinal direction 6,8 MPa, in the transverse:
direction stresses are of 0,9 MPa, and in the vertical direction 2,1 MPa. As it is seen from.
Fig. 4, the maximum strains occur in fixed bearings.

Results of calculation of the concrete bridge spans movements in the direction of the axis,
X, ¥, z are shown on Fig. 5-7.

Fig. 5. Movement in the direction of the axis x.
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Fig. 7. Movement in the direction of the axis z.

The maximum movements in the direction of the axis x are -24,6 mm, in the direction of
the axis y are -6,8 mm and axis z are -2,2 mm.

Deformations that occur in such stressed state in the longitudinal direction are 0,9 mm, in
the transverse direction is 0,2 mm, and in vertically direction is 0,17 mm.

7. Conclusions

The calculation results showed that the boundary conditions must be added to the finite

model spans in the form of heat fluxes, which are defined depending on the geographic
location of the bridge, on the period of the year and on the day time.

Tensions caused by the action of heat fluxes have maximum values in the fixed bearings

bridge structures. The largest deformations occur in the longitudinal direction spans bridge
construction. )
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METOJHKA PO3PAXYHKY TEMIIEPATYPHOI'O ITOJISA
TA HAIIPY)KEHO-JE®OPMOBAHOI'O CTAHY MOCTOBUX KOHCTPYKIUIHA
Y IIPOrPAMHOMY CEPEJOBHIII NX NASTRAN

AHHOTAUHMSA

Ilpr po3paxyHKaX MOCTOBMX KOHCTPYKWIH 3 ypaXyBaHHAM TEMIEpaTypHHX BIUTHBI
HeoOXiNHO pO3I/IAHYTH BHNAZOK IIBHAKOTO 3HWXEHHA TEMIIEPaTypH HaBKONHIUHBOT
CepelOBHIA NPH ACHOMY HebGi B HiuHi rogummm [06HM, DO CXO4y COHUS, Ta BHNAN0
OQHOGIYHOro HarpiBaHHI KOHCTPYKUII 3aJIEXKHO Bij ii Opi€HTauil BLUXHOCHO CTOpiH. :
PospaxyHk# HanpyxeHo-IeOpMOBaHOIO CTaHy HPOrOHOBHX OYMOB MOCTIB HeEOOXiaw
BHKOHYBATH 32 BiAMOBIHUX JO TEMIEPATyp 3HaUEHb MILHICHHX XapaKTePHCTHK MATepiais.
Tlpn oaHoGiyHOMY HarpiBaHHi KOHCTPYKIUIT CHIiJ 3aCTOCOBYBaTH PO3PaXyHKH TEMIIEpATypH}
TOJMIB i HanpyXeHb LA JHA POKY, IO NPHONM3HO BiANOBifac yMOBaM HaHGUILII CIIEKOTH
no6H, a TakoX ANA BECHAHOTO NEPIOXy TPH CYTTEBiH Pi3HMUI MiX HIYHOIO Ta JEHHO
TeMIIepaTypoIO MOBITPA.

Jlo CKiHYEHHOEIEeMEHTHOI MOJENi NMPOrOHOBHX OyHOB PEKOMEHAOBAHO NOHABAaTH Kpaic
YMOBH y BHIIAAI TEIUIOBHMX MOTOKiB, AKi BH3HAYAlOTBCA y 3aNEXHOCTI Bif reorpadiuHo
PO3TanIyBaHHA MOCTa, IEPiOAY POKY i 4acy noGu.
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