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1. AcQiality 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 
!henna! stresses and deformations calculation. Sequence determination of thermal stresses and 
defonnations of bridge structures is shown on Fig. l. 

Close conditions of the structural elements of modem 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 
appro-aches 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 
struc~!Jres . Calculation of the deflected mode caused by temperature fields is less common 
spread [I]. 
· It Is necessary to note the creation of mathematical models of the real structure. On the one 

. hand~ ~ih~ model should most closely reproduce the work of the actual design. And on the 
· other ~and, the model should not be too complicated. Deviations in the design model in either 
: :ectton can lead to inconsistency of model to actual design or complication of the model to 

-e e~tent that does not allow calculating even on the most powerful computers . 
. · Tl!us, the model's choice in the calculation of engineering structures is one of the most 

-~ruc1~loints. The first and a very important step in preparing the model to calculation is the 
,thes~h.on of her dimension. In this paper three~dimensional (3D) models are used, although 
. r:r,e are many calculations in project entity, including strength, strength of materials methods 

0rmed (one-dimensional formulation of the problem). 
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Fig. I. 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 retai~ing 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 tht 
experience of the engineer who performs the calculations, and the power of computers, oil" 
which- calculations will be performed. Recently, the preference still is three-dimensionai 
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 cause~. 
by temperature fields, one-dimensional solution ofthe problem (only in the vertical plane) is 
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 strai ns o( 
bridge structures in software environment NX N astran. 

Based on experimental measurements of temperature distribution in bridge structures [5Ji 
by the method published in [ 6], the value of heat fluxes is calculated that suits bridge; 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 
• Heat flux on the inner side surface of the beam bridge spans 
DHeat flux on the upper surface of the beam bridge spans 
• Heat flux on the outer lateral surface ofthe beam bridge spans 

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/m2
• 

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 
results, 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 

Where x, y , z 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 beat 
equation bas the form 

where t is the temperature. 

()2( ()2( ()2/ 
-+-+-=0 
ilx2 ill ilz2 • 

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

ilt '( ) On =t x,y,z HaS, 

(I) 

(2) 

where n is an outer normal to the beam's surface; t" ( x, y , z) is a given function; S is the 

surface of the beam. 

5. Problem formulation of the theory ofthermo elasticity 

Determining the deflected mode of the beams the equation of the theory of thermo .. 
elasticity is used. 

The equilibrium equations have the form 

ilcr, ~ ilcr,2 + ocr" = 0 
ox ily ilz ' 

ilcr2 + ilcr23 +ocr, = 0 
ily ilz ilx ' 

ocr, + ocr" + acr,2 = 0. 
ilz ilx ily 

where cr21 =cr12;cr31 =cr13;cr32 =U23 ;cr1, U2, o-3, cr12 , cr13 , ••• ,o-32 are the compon~ts of the' strCSS} 
tensor. 

Duhamel- Neumann relation is presented in the form of 

e. =-i[ o-1 -v(o-2 +u,)]+at, 

e, =-i[ U2 -v(cr, +cr1)] +at, 

e, =i[ cr,- v(cr1 + o-2 )]+ at, 

I I • I 
e.2 =0 u,2, e., =0 crn, e,, =0 cr", 

where G=-E- is a shear modulus; e,. e,, e,. e, 2 , e,,, e,, are deformation 1e~s9f" 
2(1+v) 

components; E is modulus of elasticity; v is Poisson's ratio; a is a linear thermal expaosiiillt 
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 4 = 18,7 m, y1 = 4,16 m, z1 = 1,55 m, 

k= 19 W/(m "C), E=3,6·104 MPa, v=0,25, a=l,O · l0-5 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 = 4, y = 0, y = y1, z = 0, z = z1 is constant, and streams on 
the end surfaces x = 0, x = 4 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 -l,8°C to -3,l°C, while 
the outer side has the temperature of -l,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. 

.,i ........ _--1 ·--. :.a62 : 
-~10-
~!li- .. 

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. 

::I 

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, I MPa. As it is seen froni". 
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, y, z are shown on Fig. 5-7. · 

Fig. 5. Movement in the direction of the axis x. 
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Fig. 6. Movement in the direction of the axis y. 

Fig. 7. Movement in the direction of the axis z. 
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The maximum movements in the direction of the axis x are -24,6 rnm, in the direction of 
the axis y are -6,8 rnm and axis z are -2,2 rnm. 

Deformations that occur in such stressed state in the longitudinal direction are 0,9 rnm, 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 

bndge structures. The largest deformations occur in the longitudinal direction spans bridge 
construction. · 
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METO)UIKA P03PAXYHKY TEMllEPATYPHOrO llOJUI 
T A HAllPY)KEHO-.D:E<llOPMOBAHOro CT AHY MOCTOBHX KOHCTPYK~IH 

Y llPOrPAMHOMY CEPEJJ:OBHII(I NX NASTRAN 

AHHOTal{HJ! 

llpH po3paxyt!KaX MOCTOBHX KOHCTpYKUiH 3 ypaxysaHHJ!M TeMnepaTypHHX BIIJIHBi 
Heo6XiJ:tHO p03rJJJ!HyYH BHlla.D.OK IDBf!AKOro 3HHll<eHHJ! TeMnepaYypH HaBKOJIHlliHI>Of 
Cepe~OBHma npH J!CHOMY He6i B Hi'IHi rO~HHH ~06H, ~0 CXO~Y COHL{J!, Ta BHfla,IIO 
O~o6i'1!'10TO HarpiBaHIDI KOHCTpYKUil3anel!<HO Bi~ ii opiCHTaUil BiJ:tHOCHO CTopiH. ::·: 
PoJpaxyt!KH aanpYlf<eHo-~e<lJopMoaauoro CTaay nporoHoBHX 6y~oa MoCTiB Heo6xi.JW 
BHKOHysaTH Ja ai~nOBi~HHX ~0 TeMnepaTyp 3Ha'!eHI> MiUHiCHHX xapaKTepHCTHK MaTepianis: 
llpH O~H06i'!HOMY HarpiBaHHi KOHCTpYKrtil cniJ:t JaCTOCOBysaTH po3paXyt!KH TeMnepazypHl 
norris i aanpYlf<eHI> AJUI ~HJ! poKy, mo npH6nHJHO siJ:tnosiJ:tac YMOBaM aaH6in~>m cneKOTH 
A06H, a TaKOll< ,1:\JIJ! BeCHJ!HOro nepio.zzy npH CyYTCBiH piJHHLti Mill< Hi'IHOIO Ta ~eHHO 
TeMnepaYypoiO nosiTpll. 
JJ:o CKiH'IeHHOeneMeHTHOl MO,l:\eni nporOHOBHX 6yAOB peKOMef!AOBaHO ,1:\0,l:\aBaTH Kp3ltC 

YMOBH y BHrJJJ!~i TennOBHX flOTOKiB, J!Ki BH3Ha'laiOTI>CJ! y 3aJJeli<HOCTi BiA reorpa<lJi'IHO 
poJTamysaHHJ! MOCTa, nepio.zzy poKy i qacy .11.06H. 
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