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Statement of the problem. The distribution of pressure in building elements of bridge 

constructions in the period of installation can differ considerably from a field of pressure during 

the operation of a complete object. In some cases bridge flights during this period are a console 

with a fixed cross-section. The calculation of the deflected mode of such elements allows one to 

provide safe installation during the erection of bridges. 

Results. Stress and strain in thin-walled multiply connected prismatic structures at fixed one of 

the reference circuit on the diagonal section and the second circuit is identified. Unlike in some 

known works, variable thickness of panels and supporting walls-longerons along a design is 

considered. The bend from the distributed loading and cross-section force, torsion from the 

distributed and concentrated moments are considered. 

Conclusions. Using the law of variation of a thickness along a construction, it is possible to obtain 

the redistribution of the pressure under the influence of various power factors. 
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Introduction 

Modern thin-walled structures are commonly made up of complex and generally piecewise-

smooth surfaces. Therefore designing their calculation models is closely associated with 

studies of complex geometric shapes. Their development unlike that of shapes of simplest 

canonical shapes is way behind current engineering demands. This might be why in designing 

new types of geometrically complex spatial structures experimental studies and costly natural 

tests are crucial. Designing practical methods of calculating such structures is one of the most 

current issues that involves saving materials in industrial production, improving reliability and 

reducing costs of engineering structures. This paper attempts to address this problem. 
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In previous papers [1—3] thin-walled prismatic structures with an anchorage along a 

cross section normal is investigated. But in some cases a structure is fitted along a skewed 

contour.  It is special because under any load in sections parallel to an embedding plane there 

are bending and rolling moments.  

Therefore bending is always accompanied by rolling thus describing a rigidity axis of a 

structure actually makes no sense. Therefore in calculating skewed thin-walled spatial 

systems of six generalized displacements corresponding with that of a contour of a solid body, 

it is necessary to maintain V2, V4, V6 joining them to the three remaining V1, V3, V5 for an 

asymmetrical profile as well when an external load is such that they are different from zero or 

Qz (a longitudinal force acting along the axis z), or Qx (a bending force acting along the axis 

x), or My (a rolling moment in relation to the axis y).  

Generally the equilibrium equation are not generally met.  

0, 0, 0,yX Y M       

However, for transverse sections of bridge spans and under their typical loads this lack of 

equilibrium is insignificant and does not actually affect the results.  

Due to a bending of a structure of a skewed edge closely associated with rolling, a solving 

system of differential equations becomes connected making it somewhat difficult to solve the 

problem. In this case general displacements Vj of a bending and rolling can be obtained together.  

An approach [4] used in calculating multi-connected straight wall-thinned structures allows one 

to correctly and sufficiently identify stress-strains of shells only remote from the skewed edge. 

In order to accurately describe stress-strains inside a root triangle this method requires 

maintaining a lot of members making it daunting to perform calculations. It can be avoided if a 

skew coordinate system is used instead. In orthogonal coordinates the skewed edge is not a 

coordinate line and accurate natural conditions cannot be obtained using variational solutions. 

Using such an orthogonal system where the skewed edge is a coordinate line allows one to 

design boundary conditions in this line using a variational method and thus providing equal 

accuracy without having to introduce extra members for displacement functions. In this case 

while maintaining one or two extra expansion members for these spatial systems solution can be 

designed and reduced to calculation formulas which are effective overall. If there are more 

expansion members, stress strain of skewed systems can be investigated in detail using PC.  

1. Solving system of differential equations. Fig. 1 shows a shell loaded with moments, force 

and distributed load concentrated at the section z = l  

0( ) (1 / ),q z q z l   



Issue № 2(

where q

a variab

where 

 

As bend

order to

neglecte

moment

and stra

where a

rolling w

identica

(30), 2016 

q0 is the load

ble using a p

d warping i

o obtain an

ed. Let a sh

ts at the sec

ains are iden

a

aij, bij, cij are

warping is 

al fashion [2

d intensity a

power law  

s relatively 

n approxima

hell be loa

ction z = l. 

ntified using

22 2 24

66 6 64 4

a V b V

V a V

 

 

e variable c

expressed u

2]. 

at z = 0. The

(h

small and 

ate analytic

ded with a

In this case

g the solutio

4 44

67 7

,yV Q a

b V M



 

coefficients.

using modif

19 

e thickness 

) (z b z 

kb h

does not ha

cal solution

 concentrat

e generalize

on of four d

4 46 6

77 7, ( )z

V a V

M a V

  

  

The genera

fied Bessel

 

Fig. 1 

of a wall an

) ,kz  

1 ,h
    

 

ave a great e

n a bend w

ted force Q

d displacem

differential e

47 7

47 4 67

(yb V Q

b V b V



 

alized displa

Ip, Kp [6] a

nd panels ca

effect on no

warping of t

Qy, bending 

ments Vj and

equations: 

6 77 7

( ) ,xz l M

V c V

 

  

acement V7 

and Struve 

ISSN 

an be assum

ormal strain

the contour

Мх and ro

d thus defor

,

0,
 

correspond

Λp functio

2075-0811 

med to be 

ns [5], in 

r can be 

olling Mz 

rmations 

ding with 

ns in an 

 



Scient

Using P

distribu

2. Num

for linea

the dime

Сontinu

upper p

The ana

1 and 2)

2 and 3)

 

tific Herald of th

PC a prism

uted load q(z

merical resu

ar load bend

ensionless p

uous curves

anel which 

alysis of the

). The relati

).  

Curve 

d 

h 

he Voronezh Sta

matic four-co

z) and rollin

ults. Fig. 2 s

ding q(z); it



parameters a

 are design

correspond

e graphs in F

ive height o

ate University o

onnected th

ng concentra

shows depen

1 

t is accepted

l2 = 0,4

0 = 56о, q0

are  

1 2/ 4d d d

ned using a

ds to the coo

Fig. 2 show

of a structur

1 

0,125

1,25

of Architecture a

20 

hin-walled s

ated at the s

ndency grap

1 / E f  

d that  

425 m, d2 =

= 24,5 kN/m

2 ,  1 /h h h

short one a

ordinates: x

ws that the di

re considera

Fig. 2 

5 

and Civil Engin

structure w

section z = l

phs  

( )f z  

0,16 m, 

m, l = 1,6 m

2h , /z z l

and the dott

= 2d2, y = –

istribution σ

ably influenc

2 

0,125

5 

neering. Constru

as calculate

l with a roll

m; 

l . 

ted ones alo

–d1/2 и x = –

σ1̅ largely d

ces its stres

5 

uction and Archi

ed in bendi

ling momen

ong long rib

–2d2, y = –d

depends on h̅

ss and strain

 

3 

0,25 

5 

itecture 

ing by a 

nt Mz. 

bs of the 

d1/2.  

h̅ (curves 

n (curves  

Table 1 



Issue № 2(

Fig. 3 s

structur

0 = 56о

short rib

y = –d1/

where d̃

It is clea

short an

In all th

section 

A surge

of a tran

no more

Fig. 4 s

with the

 

For the 

designe

(30), 2016 

shows the d

re applied a
о, d2 = 0,16

b with the c

/2. Dimensi

d̃ = 4d2/l. 

ar to see tha

nd long ribs 

he cases at

z = 0 there 

e in strains a

nsverse sect

e surge in st

hows the d

e coordinate

calculation

d for a bend

distribution 

t the end se

6 m, l2 = 0,4

coordinates

ionless para

at during ro

of the slabs

t h̅ 1 we 

is a clear e

at h̅ = 5 is a

tion of a str

trains in a s

distribution 

e 1 / 2y d 

 

Fig. 3 

s we assum

ding under 

σ̅1 under th

ection z = l.

425 m. As p

s x = 2d2, y

ameters of 

olling of a st

s.  

have a gra

edge effect d

at z̅ = 0,83. 

ructure at a 

ection z̅ = 0

σ1̅ = f(x̅) in

2, / 4x x d

me that l2 = 0

a distribute

21 

he effect of

 In the calc

previously, 

= –d1/2, the

a thin-wall

tructure the

aph (curve

due to the re

It is obviou

large h̅. It i

0,83. 

n transverse 

2d . 

0,425 m, d̅ =

d load q(z)

f a concent

culations we

continuous

e dotted on

led spatial 

e distribution

5) known 

estriction o

usly due to a

is proved by

sections of

= 0,25, d̃ = 0

at q0 = 24,5

rated rollin

e assume th

s curves ar

nes along a 

system are

n σ̅1 consid

from the li

f warping o

a dramatic d

y the fact th

f the upper 

 

Fig. 4 

0,4, h̅ = 5. T

5 kN/m; the

ISSN 

ng moment 

hat Mz = 1,5

e designed 

long one: x

 shown in 

derable diffe

iterature [4]

of a skewed

decrease in 

hat at h̅  1

slab corres

The curves 

e curves 5—

2075-0811 

Mz on a 

57 kNm, 

along a 

x = –2d2, 

Table 2 

ers in the 

]. In the 

d section. 

the area 

1 there is 

sponding 

 

1—4 are 

—8 — for 



Scientific Herald of the Voronezh State University of Architecture and Civil Engineering. Construction and Architecture 

22 

a bending under a concentrated moment Mz = 1,57 kNm. The curves 1 and 5 correspond with 

an embedding section (z̅ = 0), 2 and 6 are designed at z̅ = 0,26, 3 and 7 — at z̅ = 0,4, 4 and  

8 — at z̅ = 0,8. 

 
Table 2 

Curve 1 2 3 4 5 

d 0,25 0,5 0,25 0,25 0,25 

d  0,4 0,4 0,5 0,5 0,5 

h̅ 5 5 5 20/7 1 

 

In addition a function  pК a  is a sign-alternating continuous row and in PC calculations 

there is also loss of accuracy, arithmetic disruptions when the row is overfilled or gone. This is 

what was observed in calculating using formulas containing special functions for h̅ = h1/h2 

approaching one. This is due to the fact that at h̅ 1 an argument of special functions increases 

significantly causing inconsistencies in PC calculations. Therefore in order to use PC formulas 

containing modified functions, it was not the dispersion of these functions into degree rows but 

their integral representation which is free of disadvantages associated with rows was used.  

However the equations describing warping displacements can be integrated using one of the 

numerical methods, i.e. to solve a linear edge task for second-order differential equations. For 

that a differential run method was used that helped to solve a number of tasks on PC for a 

small range of the thickness of embedding and at the free end of the shell (h̅ = 1,1). The 

obtained solutions are in good agreement with solutions for shells with a constant thickness 

[4]. Besides for h̅ ≥ 2 displacements and strains determined using numerical integration of 

warping equations are in agreement with similar values calculated using the formulas 

containing special functions.  

In conclusion it should be noted that cone-shaped thin-walled structures designed along a 

normal contour of a transverse section or a skewed edge can be examined in an identical 

fashion. In [7, 8] there are analytical solutions and results of a numerical calculation for a 

spatial cone-shaped structure of a varying thickness.  

Conclusions. The analysis of the graphs shows that in the linear law of changes in the 

thickness the distribution σ̅1 for h̅ = 1,1 ranges identically to a structure with a constant 

thickness [4]. However, as h̅  is on the rise, σ̅1 changes its strain modulus at h = const.  

Therefore for the above loading schemes of stress and strain of prismatic thin-walled 

structures of a constant and variable thickness are different, which should be considered in 
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calculating elements of actual building structures. By varying the law of changes in the 

thickness of a structure and thus its stiffness, a new distribution of strains occurring under the 

effect of different force factors can be obtained.  
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