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Abstract: In the article we discuss the construction of
curvilinear overpass module sector — ring slab. Calculation of
constructive elements and studied the stress-strain state of a
sector-ring. The purpose is the development of the technique and
calculation for the new construction of a curvilinear overpass for
reduction of traffic jams. The methods uses are mathematical
analysis, method of finite elements, method of finite differences,
and analytical method of relocation. The purpose of the study is
calculate constructive elements of module sector — ring slab and
decrease of traffic jams. Researched the bending state of the
sector-ring structurally orthotropic slab of the roadway of the
curvilinear module of the combined bridge crossing.

The method finite differenceis used to determine the bending
stiffness. There were selected cross sections of the supporting
elements from the condition of their strength; the rigidity of the
slab with the thickness.

Keywords : analytical method of relocation, curvilinear
overpass, method finite difference, traffic jam.

[.INTRODUCTION

One of the most urgent problems of modern cities, which
violate the functioning of the entire urban infrastructure, are
numerous road congestion (traffic jams), which are caused by
insufficient throughput of city streets. Traffic jams are
economically unprofitable; it is also an ecological problem.
All this significantly complicates the protection of nature and
control over emissions of harmful substances into the
environment, and aso causes such phenomena as the
aggressive behavior of drivers on the roads and road
accidents.
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In transport construction there are quite widely used
bridge structures of various design solutions across the busy
intersections of city streets, including those that allow,
without interference in the traffic flows of various directions,
changing the direction of vehicles by 90° relative to the initial
azimuth of movement.

In these cases there are used combined bridge crossings
consisting of a combination of orthogonal and curvilinear
precast modulesin Fig. 1.

Fig. 1. Curvilinear overpass

The bearing part of the curvilinear module is a
structurally orthotropic sector-ring slab with supporting
elementsin the form of a system of radial and ring structures
that can significantly increase the bending rigidity of a thin
roadway slab [1].

In connection with the foregoing, it is essentia to study
the stress-strain state of the bearing elements of a curvilinear
module, including its supporting elements, in order to check
their strength, rigidity and stability.

[I.METHODOLOGY

The structural diagram of the roadway dlab of the
curvilinear module is shown in (Fig. 2), design diagram of a
slab with radial-ring mesh (Fig. 3)

and fragment of the radial-ring grid with designation of
characteristic nodes (Fig. 4).
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Fig. 2. Structural diagram of the curvilinear module,
thisis: 2.1 External ring beam (1 pc.)
2.2 Internal ring beam (1 pc.)
2.3 Radial beams (7 pcs.)
2.4 Ring supporting elements (18 pcs.).
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Fig. 4. Fragment of theradial-ring grid with
designation of characteristic nodes

I11. MODELING AND ANALYSIS

The load is evenly distributed over the slab surface from
the action of mobile road transport of [taking into account the
dynamic impact (kq) and the reliability coefficient for the

load (v)] [1]:
g=9, 7-ky =35-11.1,2=46,2;

g =46,2¢H [ m? (KN/m?).
Considering the ring and radial elements of the slab as

single-span pinched or hinged at the ends of the beam from
the conditions of their load strength (g=g-bi); (b is the truck
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lane of thei-th beam), we select a set of the cross sections that
are shown in Figure 1.

Let’s study the bending state of the sector-ring
structurally orthotropic slab of the roadway of the curvilinear
module of the combined bridge crossing (Figure 2).

The initial differential equation through the reduced
bending rigidity (D,,us) in the radial-ring coordinates has the
form [2,3,4] (r istheradial, ¢ isthe angular coordinates):

o'w  20*w  o*w 1 o°w g
+ + +=- = , D
ot or?0p? o9t r ar® Dy

where w=w(r, ¢) is the defect function in the radial-ring
coordinates;

g is the intensity of the load uniformly distributed
on the surface;

Dyriv is the reduced bending rigidity (depends on the
rigidity parameters of the elements supporting the dab
(Figure 2)).

Toimplement equation (1), we apply thefinite difference
method (FDM) with a radia-ring grid [5,6], a fragment of
which is shown in Figure 3. We apply the grid with the
(mexm; = 6x4) density (Figure 3); then the number of
caculated (inside the contour) grid nodes (taking into
account symmetry along the “r” axis will be equal to 9). The
grid parameters are asfollows[7]:

Ar =35/4=0875x; ¢=90°/6=15" =0,2618(rad.)

The reduced bending rigidity (Dpriv) is determined taking
into account the presence of the ring and radial elements
supporting the slab according to the formula [8]:

En’ By EJ, Gt

B EJy
D}'IPHB - 12(1_ V2)+ tl t2 12

4o

)

where h=20 mm s the thickness of the roadway floor slab;
v=0.3 isthe Poisson coefficient for steel;
E=2-10° MPa isthe stedl elasticity module;
(ti=B/4=3,5/4=0.875 m) isthering ribs step (Fig. 2);
(t>=14/6=9.03/6=1.51m) is the largest step of the radial
ribs;
Jiy=148 sm* is the inertia moment for the ring ribs
(element 2.4 in Figure 3);
Jox=1290 st isthe same for the radial ribs (element 2.3);
J1=333.22 snt* is the moment of torsion for the ring ribs;
Jo=18 smf* is the moment of torsion for the radial ribs.
The coefficient of torsion ¢ is calculated by the formula

[2,7]:
1 t dyy (tid o —t2 )
T 0,20y, +133,)
292k \ly J1y T 1o Jay
For the dab (Figure 3) we have according to (3):
6 =16652. According to (2) we calculate:

Dpriv = 27,3-10° Nm= 27,3102kNm= 2,73VINm

©)

The slag bending rigidity without supporting element (at
h=20 mm):
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i.e. the effect of the supporting elements on the bending
rigidity of the dab is significant [7]. In the finite differences
for thei-th node of the radial-ring grid (Figure 4) equation (1)
will take the form:

1,4652-10° Nm; Dyriv/D=18.63,

AW+ ByW -+ BgW + 8y (Wi + W, )+ ag (W, + W, )+ a6(w +W, )+ ag)ert b ﬁ?{%"isﬁl‘(éfr)m

considering the supporting ement'%3

where

ay = (1 N1+ 7 )+ (- 7 N 0 )+ 207 — A1+ o )
a2 = _2(1—Z| )(2+06| +ak), a3 = —2(1+l| X2+al +a| ),
a, =4 (l+a ) as=(1-z N +a; )
ag =1+ 7 Moy + i ) a7 =(1— 7 -2 )
8=+ 7 L+ 1) a9 =af,

where (Figure 3):

Xi=Al2r; o =12/$2§ S =,

9=46,2<H | m*; D,,,,=27,3-10°kHn

Writing the finite-difference equations (4) for the
calculated (inside the contour nodes (i = 1, 2, ..., 9)) (Figure

3), we obtain a system of linear algebraic equations (SLAE)
of the 9 order, which has the matrix form [9]:

A-W=P, (6)

©)

where A:"aﬂ- || is the square matrix of the 9" order
compiled taking into account the radial grid parameters (5)
(i,j=1, 2,..., 9) (presented in Table 1);

W =|{w,W,.. W }| is the vector of the grid design nodes
(Figure 4);

P :|{gl/ Dmm,gzlanug,...gngpriva is the vector
considering the externa bending load on the dlab surface, in
our case: (R =g A* Dy = 0,00992): congt.
Out-of-contour nodes are excluded from the boundary
conditions by the slab perimeter, i.e.:

W3aK = Wnped' (7)
Deflections at the grid nodes on the slab surface are
determined by solving equation (6):

W= AP, )
where 4! isthe inverse matrix. By the values of the W

vector there are calculated the bending and torque moments
in the My, direction (Figure 4)[8,9]:

M, =Dy (Wi — 20 +w )/ A2 +v[L/ 1 (wy
+27 12 (W, — 2w +Wn)/(p }

M, :—me,[l/ r (W =W )/ 24 +1/ 12 (W, — 2w + W, )/ % +

Fv(w, - 2w +w )/ 2
M, = @~v)D iy (o +wp )~ (wg +w, )/ 445 —f (9)

~1/ 2 (W, + W, )/ 20

—w, )/ 22+
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IV.RESULT AND DISCUSSION

The largest normal stresses at the slab edge fibers are

calculated by the formula[5]:

&M, 6M
i 6M, , _ r(p, (10)

s 'of (rﬂe dab (without

In Figures 4, 5 there are presented the results of

calculations according to the data of Table .

The roadway dlab rigidity is ensured since:

4
Wiy = 0,067 /1 = 0,00066m = 0,66mm | = 4,0,
priv
Wi _ 066 1 {l:i}m
Il 4.10° 6060| [& 600
©)
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Table-1: SLAE elements (5)

w1 W2 W3 Wy Ws We Wz Wg Wo Vector P
(right part)
1| -5.168 -6.408 1.188 -2.764 1.024 0 0.221 0 0 g4 Dpriv
2| -5.352 -4.809 -6.408 0.856 -2.764 1.024 0 0.221 0 24 Dpriv
3| 2.017 -11.76 -5.997 0 1.880 -2.764 0 0 0.221 224 Dpriv
4| -4.741 1.549 0 -9.975 -7.535 1.231 -4.741 1.549 0 g2 Dpriv
5| 1.243 -4.741 1.549 -6.049 -9.537 -7.535 1.243 -4.741 1.549 244 Dpriv
6| 0 2.792 -4.741 2.024 -13.584 | -10.768 | O 2.792 -4.471 224 Dpriv
7| 1.309 0 0 -7.375 2.608 0 -11.76 -9.777 1.30 2% Dpriv
8/ 0 1.309 0 1.968 -9.674 | 2.608 -7.375 | -11.20 | -9.777 24 Dpriv
9/ 0 0 1.309 0 4576 -9.674 2.04 -17.152 | -125 g2 Dpriv
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Fig. 5. Diagramsof radial (Mi) and ring (M ¢i)
bending moments (KNm)
w is the deflection diagram in the main directions of the
radial-ring grid (Figure 4); M,, M, are the radial and ring
bending moments diagrams (Figure 5) [10,11].

V. CONCLUSION

In this paper we studied the stress-strain state of a
sector-ring, structurally orthotropic slab using the finite
difference method (Mg). A radial-ring grid is used as an
approximating grid (Figures 3, 4) that optimally fits into the
curvilinear outline of the slab.
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For such agrid, a9™-order resolving matrix (Table) was
obtained corresponding to the implementation of the FDM
for aradial-ring grid; the boundary conditions were provided
by rigid support along the contour of the curvilinear slab.

Based on the calculation results, there were built the plots
along the main directions of the grid (r, ¢): deflections
(Figure 3) of bending radial (M;) and ring (M,) moments
(Figure 5). There were selected cross sections of the
supporting elements (Figure 2) from the condition of their
strength; the rigidity of the slab with the thickness of 20 mm
was checked (standard rigidity is provided). The theoretical
and practical results obtained in this study will find wide
application both in scientific research and in the practica
design of engineering objects of mechanics in the form of
sector-ring, structurally-orthotropic dlabs that are widely
used in transport and construction. The construction of the
mobile overcrossing is proposed, which alows solving the
problem of automobile jams on roads.
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