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Calculation of constructive elements of mobile

overpass
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In this article we discuss the construction of modular
mobile overcrossing. Calculation of its constructive
elements is performed and the optimum length of one
module is determined. The purpose of the study is to
develop a technique and calculate constructive ele-
ments of mobile bridge overcrossing in order to reduce
traffic jams. Mathematical analysis, finite elements,
finite differences and analytical method of displace-
ments have been used in this study. The optimum
length of each module of bridge overcrossing is re-
ceived. The solution matrix of the method of finite dif-
ferences allows us to calculate carriageway plate of the
overcrossing with a wide variety of geometrical sizes,
and also in case of different flexural stiffness proper-
ties of the plate and reinforcing elements. Calculation
of the spatial frame of bridge overcrossing is per-
formed by precise analytical method of relocation tak-
ing into account the bend and torsion of its elements.

Keywords: Constructive elements, mathematical analy-
sis, mobile overcrossing, traffic jam.

ALL major cities in the world are affected by traffic jams
on roads, including twofold and threefold crossroads.
This can be eliminated using various methods of traffic
regulation, as well as construction of basic overcrossings
of various heights and configurations.

Today in the largest cities of the world, there are sever-
al ways of preventing traffic jams, like building huge plat-
forms, bridges and overpasses. Construction of overpasses
demands free territory, which is not easily available at
present. Thus, various folded constructions are done,
e.g. the Jacques Shaban Delm Bridge in France, the Rog
Bridge in Germany and folded bridges in Russia.

The analog of such constructions is the tank bridge
layer which is, in fact, a folded mobile bridge. Here, we
discuss the construction of a mobile overcrossing which
can be quickly assembled on a crossroad during traffic
blocks. The mobile overcrossing consists of horizontal
modules equipped with a wheel mechanism and bracing
jacks'.

In necessary cases modules are transported to the cross-
roads and connected by special fixing elements forming
one construction. At the same time bracing jacks lean on
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the basis. The mobile overcrossing is different from mili-
tary bridge layers as it has to satisfy traffic rules: passing
height under it is more than 4.5 m and transport strip
width in one direction not less than 3.5 m.

The mobile overcrossing has two main modules:
sloping (Figure 1a) and horizontal (Figure 15). As shown
in Figure 1, the basic constructive elements of the
overcrossing are: barrier (1); plate (2); support (3); wheel
engine (4), and support and the mechanism of lifting it
up/down (5). A patent has been received for the construc-
tion of the mobile overcrossing.

Methods

The assembled construction allows vehicles to cross the
perpendicular road, where there is traffic block at the
crossroads (Figure 2).

In the first stage there are two tasks: (i) Determination
of optimum length of modules of the overcrossing taking
into consideration the geometrical size of the carriage-
way; (ii) calculation and analysis of all elements of the
construction overcrossing for durability, rigidity and sta-
bility.

Figure 1. Modules of the overcrossing: a, sloping module; b,
horizontal module.
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Results

In case of the first task, it is assumed that weight of the
module is proportional to its length x, to the quantity of
supports n, equipped with wheels for driving of the over-
crossing and the weight of one support g. Then the total
weight G is determined as

L xXn

G=hke+ X g, (1)

X

where k is the weight of the overcrossing per metre of
length (N/m), L the length of the overcrossing (m), n the
number of supports, g the weight of one support (N) and
L/x is the number of modules.

The weight derivatives lengthwise of the overcrossing
are presented as follows
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For the critical point (minimax point) at G' =0,
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As G” is greater than zero, the point x. determines the
optimum length of one module from the condition of
minimization of total load of the overcrossing.

For example, for an overcrossing 30 m long, with four
supports on each module, and at each support weight
1.5x10*N and 3 x10°N per metre length of the
construction, the optimum length (m) will be

4
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While calculating the bearing construction (the second
task), the oriented module was chosen orthogonally
which consists of the space frame having four vertical
posts at the edges, two longitudinal beams and seven
cross beams that are completely made of metal.

On the surface of the frame steel flooring for the
carriageway with the supporting longitudinal and cross
edges was placed.

The load-bearing frame of orthogonal module
represents special construction consisting of longitudinal
and cross beams. Its elements are subjected to complex
stress condition: compression, bend and torsion. In this
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regard, the cross-sections of structural elements are
determined from the thin-wall pipes framed with four
angular elements. This is necessary for strengthening the
construction. Geometrical sizes of the frame elements
were selected taking into account the compliance with
requirements of traffic organization and norms of road
automotive industry.

Load-bearing constructions of the frame for ensuring
space rigidity and stability are tied by longitudinal and
transversal binding constructions. The dynamic effect due
to vehicle driving is considered by the introduction of
dynamic coefficient Kd that is determined by experimen-
tal method. For this construction, Kd = 1.3.

For providing conditions of durability, rigidity and
stability of the bearing elements of the unified module,
calculation of carriageway plate and elements of the
space frame on the vertical useful load according to
Euronorm requirements was done’. Next, we present
calculation of the module in the following sequence.

The rectangular plate with size L X B in the plan from
above represents constructively orthotropic plate sup-
ported with cross edges with the pace L/6 and longitudinal
edges with the pace B/4.

Figure 2.

Mobile overcrossing.
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Figure 3. Calculated scheme of the plate using method of finite ele-
ments.
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Table 1. Solution matrix of the method of finite differences

1 2 3 4 5 6 7 8 9 10 11 12

1 ay + ds + de ar ds 0 as 0 0 0 0 0 0 0
2 a a)+ae a as 0 as ay 0 0 0 0 0
3 ds ar 0 ar 0 0 as ag 0 0 0 0
4 0 2as 0 0 0 0 0 as 0 0 0 0
5 as ay 0 0 a, +as+ as a as 0 as o 0 0
6 aa as aa 0 0 0 ar as 0 as ag 0
7 0 da as da ds ay a + ds + de ay 0 as as (773
8 0 0 0 a; 0 0 0 0 0 0 0 a;
9 2a¢ 0 0 0 0 0 0 0 0 0 as 0
10 0 2as 0 0 0 0 0 0 a 0 a, as
11 0 0 0 0 0 0 0 0 as as 0 a
12 0 0 0 0 0 0 0 0 0 0 0 0

For universality of calculated expressions, the follow-
ing geometrical and rigidity characteristics provided to
parameters of vertical posts have been accepted

l, A EJ,
2 I 3 I & EJ,
EJ,, EJ; EJ;,
= ; :—; = N 7
82k EJ, 83 EJ, 83k EJ, @)

where /; are the lengths of post elements (i = 1, 2, 3); EJ;
their flexural rigidity; GJ; the rotating rigidities, and o,
o5 are the dimensionless ratio of lengths of longitudinal
and cross beams of the frame to its length.

Calculation for durability and rigidity of the plate is
performed by two numerical methods: method of finite
differences (MFD) and method of finite elements (MFE).
Boundary conditions include jamming the plate along its
outline®*.

Calculation by MFD was carried out at density of the
grid (n, X n,) and using the MathCad program’.

Calculation using MFE was performed by dividing the
plate surface into four rectangular elements.

Taking into account the double symmetry (on axes x
and y), the number of unknown movements is 12 for
MFD and 3 for MFE. Comparison showed good agree-
ment of results using both numerical methods. This
proves the reliability of the received values.

In case of MFD, grids were used for manual (4 X 3)
and machine (4 x 3) calculation. For MFE, a 2 x 2 grid
was used for manual calculation (Figure 3).

For M, (bending moment on x-axis), M, (bending mo-
ment on y-axis) and M,, (torsion moment) of the plate,
the corresponding axial stresses o, o;, 7, were deter-
mined and durability of the plate was checked®

6M
O'x:—zx; O'y: Zy; T)fy: t2xy; Kd(o-max)SR’ (8)
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where ¢ is the flooring thickness (20 mm); Oy, the largest
actual tension; Kd (= 1.3) the dynamic coefficient and R
is the calculated resistance of steel (AUSS 09I'2C) at the
bend (300 MPa). Also, the condition of rigidity (on def-
lections) was as follows’

e <{i=L} ©)
W 2150) W 1000

where W, is the maximal deflection of the plate and
[1/W] is the plate deflection allowed according to norms.

The system of the simple algebraic equations, on the
basis of MFD can be represented as follows

A-Ww=R,, (10)

where w is the vector of unknown node movements; f(’p
the vector of the free members considering the load act-
ing on the plate and A4 is the square matrix of order n
(Table 1).

As an example, the plate of size (L X B) = (7.5 X 3.5 m)
is calculated, at density of the grid (n, X n,) = (8 X 6).

The following values of deflections in grid nodes are
received

. 1. 1.14 1.151

g <0809 1079 1145 LISL
D’C Dx Dx DX
1.744 2.401 2.578 2.604

Ws=—>— We= s Wy = 3 Wy = ;
D, D, D, D,
2.122 2.497 3.175

9 ] 10 Dx 11 Dx

3.212 3.212

VVIZ = Dx > Wmax = Dx > (11)
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Ef

= 12
12(1-7?%) (12)

X

Calculation of the load-bearing frame of the orthogonal
module was performed by precise analytical method of
displacements.

Figure 4 shows the calculated scheme of the frame tak-
ing into account the double symmetry.

A-Z+R, =0, (13)
where 4 is the square matrix of the 11th order (Table 2).

The total number of unknown angular and linear
movements of four nodes of the frame (4, B, C, D) is
equalto 11 (z;=1,2, ..., 11)9’“.

Canonical equation of the method of displacements can
be represented as follows

il L.tz Z+ R, =0,

(14)

where k=1,2, ... n.

Discussion

After calculation of unknown node displacements, the
epure can be calculated by the formula

M=[iMkzkj+Mp. (15)

k=1
The epure of transverse (Q) and longitudinal forces (V) is
calculated using the usual theory of constructions’ '’

As a test task considering Table 2, calculation of space
frame having the following data is performed

L
L=72m; B=35m; [=H=4"7m; lz=g=l.2m;

Ly _B_ 0875m; «, = 12 0.255; o, _0875 _ 0.186;
4 4.7 4.7

EJ, =1635 x 10°(N x m?); G, =0.022 x 10°;
EJ, =618 x10°(Nxm?); G,, =0.1367 x 10°;
EJ; =19.86 x 10°(N x m?); G;, =0.0799 x 10°;
g, =3.780;

g, =0.00836; g, =12147;

234 = 0.0049. (16)
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According to these, data values of nodal movements
(Figure 4) are calculated

0.527 0.487 -0.101 0.939
) == ="/ 3= Zx4=—]",;
iy N iy iy
-0.12 0.53 0.015 1.139
s =" ZeT T 7T 5 T
) Iy Iy )
0.342 0.024 0.135
Zg=———; Zjp=—— ;| = . 17
) ) )

On the basis of results of force calculation (Figures 5—
8), the stressed condition of the frame was studied, and
durability and stability of its elements were checked.

As cross-sections of elements of the frame, the com-
plex section consisting of pipes and framing angles
(Figure 10) is used.

@ 4.06 (M,=~40.294) ®© zztpzzN
s BB
- 00
40.66~
. 0.0——
9472~
8 0.0——
117.151
12 0.0——
0.0——
94.72
0.0——
40.66
\
7777 N
4.06 (M,= -40.294)

Figure 4. Epures: a, M, (kNm); b, M,, (kNm).

Calculated scheme of the space frame.

Figure 5.
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Realization durability and stability conditions of the
space frame elements were determined according to the
theory of mechanics of materials (strength of materials). It
22,76
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Figure 6. Calculated epure of deflection moments.
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Figure 8. Calculated epure of transversal forces.

Figure 9.

Calculated epure of longitudinal forces.
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has been taken into account that the elements of frame
construction are subjected to complex resistance: com-
pression, bend and torsion'*™*.

(a) Checking the durability conditions of vertical posts
(taking into account flexible work of steel)

3/2
M
Kd (i) M M <1, (18)
AR W, xR W, xR
where Kd (=1.3) is the dynamic coefficient; R =

300 MPa is the calculated resistance of steel (AUSS
091°2C); A, W, W, are the area and resistance moments of
transverse sections respectively'> ",

(b) Checking the stability of the whole post in the
plane of action of the moment M = M,

o e,
q’x x

where ¢f" = f(4,
dinal bending.

(c) Checking the stability of the whole post from the
plane of action of the moment of M = M,

Kd N <R,
cp,A

where c@, is the coefficient of space stability.
(d) Checking the durability conditions of longitudinal
and cross beams (by the third failure theory)">™"".

N M3K6
Kd( ced —;4‘7}:1{

pY

(19)

,my,) is the coefficient of the longitu-

(20

ey

M, =M> M2, (22)
where M, is the bending moment and M, is the torque
moment.

(e) Checking the durability of longitudinal and cross-
beams for cross-section

r= Qx5
Jy X ¢y

where QO is the transversal force and R, (=130 MPa) is
the calculated resistance for cross-section.

The solution of eqs (7) and (9) was carried out using
the standard MathCad program.

jKd <R, (23)

Conclusion

The construction of a mobile overcrossing is discussed in
this study that allows us to solve the problem of traffic
jams on roads. The calculation of all load-bearing ele-
ments of the construction of the overcrossing is carried

1549



RESEARCH ARTICLES

angle £110x110x7

iron pipr
180x10

angle £110x150x10

Figure 10. Transverse sections of elements of the space frame: a, vertical posts; b, longitudinal posts;

¢, Cross posts.

out. The calculation of the plate of the carriageway is
done by MFD and MFE. The reliability of the results has
also been proved.

The accepted concrete geometrical and physical—
mechanical characteristics of load-bearing constructions
and the supporting edges of steel flooring (plate) with
large drift provide their durability.

The calculation of special frame is carried out by the
precise analytical method of displacements. This method
allows us to calculate any frame with various geometrical
and rigidity properties, which proves the universality of
the method. On the basis of the results, the concentration
of the overcrossing has been done. The technical draw-
ings of the overcrossing in accordance to all standard
requirements have also been worked out.
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