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Abstract. Crane spans with prestressed girders operate under the same condi-
tions, modes, and load capacities as conventional cranes. The load-carrying capac-
ity of their spans must be provided with high strength and stiffness in two planes -
in the main vertical plane and the horizontal plane. However, studies of the stress-
strain state of a crane with a prestressed bridge operating in the horizontal plane
have not been conducted. A mathematical model of the pre-stressed main beam
has been developed in the paper. An analysis of its deformed state from the plane
of cargo suspension and under the simultaneous influence of vertical and horizon-
tal forces has been carried out, which allowed establishing. The obtained results
can be further used to design bridge-type cranes with prestressed span beams to
increase their lifting capacity and extend their service life without disassembly. As
well as improving the existing structures and engineering methods of calculation,
both at the design stages and under real operating conditions.
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1 Introduction

The paper deals with the issues related to bridge-type cranes with prestressed spans.
Such cranes are used to a limited extent in the industry [1]. It should be noted that cranes
with prestressed span girders have considerably less weight, owing to less moment of
inertia of beam section that positively influences on many other parameters improving
operating conditions of the machine and is a significant advantage [2]. At the same time,
such span beams are more deformable, which can lead to structural failure or malfunction
[3].

This is because the metal structures of such cranes are more deformable than conven-
tional cranes [4], which may be one of the causes of performance failure and unnecessary
energy consumption to overcome the track gradient [5]. These factors are among those
that limit the use of these cranes.

At the same time, cranes with prestressed span girders have significantly less weight
and smaller dimensions than conventional cranes and a lower cost of the crane’s metal
structure, which can be 75-80% of the cost of the crane.
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Note that the operation of cranes with pre-stressed beams occurs under the same
conditions, operating modes, and the same lifting capacities as usual, for which the
calculation in the design of the crane bridge is carried out following the established
design combinations of loads - “a” (Ila, Ia) and “B” (IIs, IB) [6]. The combination of
loads “a” corresponds to the mode of lifting the load or its braking when lowering (with
the other mechanisms turned off). In this case, the crane bridge is loaded in the plane of
the suspension of the load with vertical loads [7]. Prevention of the destruction of the
crane bridge and the occurrence of permanent deformations with a given probability is
guaranteed if the conditions are met [8].

1
a=% < Rm, y <[y (1)
The combination of load “B” corresponds to the mechanism of the crane’s movement
when the load is suspended. Thus, the crane bridge experiences an oblique bend, as it is
loaded in two planes: in the plane of the suspension of the load (xoy) by vertical loads,
and from the plane of the suspension (xoz) - by the horizontal inertial load Fu. Then the
condition for preventing its destruction will have the form
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where EJ;, EJ - is the rigidity of the crane bridge when bending in the plane of the
suspension and from the plane of the suspension of the load, respectively; W;, W
- moments of inertia of the section in the same planes, respectively; R - design steel
resistance; m - coefficient of working conditions; y, z [y] - the deflections of the span
beam, in the planes xoy, xoz and the allowable deflection, respectively.

Thus, during the operation of a pre-stressed crane bridge in conditions of oblique
bending, the bridge must be provided with high strength and rigidity in two planes - in
the main vertical plane xoy and the horizontal - xoz. This condition must be considered
in matters related to the calculation and design of cranes with prestressed bridges. It
requires additional research in relation to the real operating conditions of the crane. In
this connection, the issues related to the calculation and design of such structures require
special attention and study and are very relevant.

2 Literature Review

The analysis of the publications shows that the mathematical models of span beams were
subjected to separate studies [9], numerical modeling of prestressed beams was carried
out [10]. But at the same time, studies related to oblique bending of beams were carried
out only for conventional crane bridges [11] exposed to transverse [12] and horizontal
inertial loads [13, 14]. Such mathematical models cannot be used in our case. Since the
beams are also exposed to longitudinal compressive forces, which in turn requires the
development and consideration of a different mathematical model.

In addition, studies were carried out for prestressed beams on the issues of their static
stiffness [15]. However, the work of the bridge superstructure was considered only in
the vertical plane [16, 17].
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It should be noted the works where the preformation of the bridge was determined
as the difference between the deflections from the action of transverse forces and the
deflection of the beam from the action of the longitudinal forces of the preliminary stress
and self-tension in the tightening [18, 19]. This also cannot be considered by us, since
prestressed beams refer to systems that do not obey the principle of superposition. And
this approach will not always be correct and gives only approximate results.

It follows from all that there have been no publications related to the operation of a
prestressed beam for load combinations “B”.

This, in turn, requires the development and consideration of a new mathematical
model, where the maximum approximation of the design scheme to the real operating
conditions of the crane is put forward in the first place.

The purpose of this study. Thus, the purpose of this work is to study further the
stress-strain state of a pre-stressed main beam operating simultaneously in two planes.
The issues considered in it are those in which the nature of the action of loads on the
beam is put forward in the first place with the maximum approximation of the design
scheme to the real constructive form.

To achieve this goal, it is necessary to solve the following tasks to develop a mathe-
matical model of a pre-stressed crane bridge, taking into account the work of the main
beams in the horizontal and vertical planes; investigate to analyze the results obtained.

3 Research Methodology

When developing the mathematical model, following the requirements put forward for
the crane bridge operation, we notice that it is necessary to consider two types of bridge
design diagrams: the first for the load combination “a” and the second for the load
combination “B”. When compiling design diagrams, we assume that all elements of the
crane are solid, the beam operates in the elastic stage, and rests on ideal hinges.

Let us introduce the notation

U =cos kix+sinkyx tg(0,5kil) — 1, 3)
S

K= — 4

T2 “4)

Then the expression of the curve of the crane bridge deflections and bending moments
in the xoy plane will be (Fig. 1)
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Fig. 1. Calculation scheme of the bridge for the load combination “a”.

4 Results

9

With the combination of loads “B” on the prestressed crane bridge acts (in the plane xoz)
horizontal inertial load FHdetermined by the masses of the bridge m,,, cart m;, cargo m,
and acceleration y

Eo = (mp + mg + m)-y ©

The design diagram of the span beam, when it works in the horizontal plane, is shown
in Fig. 2.
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Fig. 2. Calculation scheme of the bridge for the load combination “B”.
Let’s point
S
= (10)
EJy

Then, the differential equations of the deflection arrows for the left and right parts of the
prestressed crane bridge, at a = 0,5/, will be, respectively

0,5 Fyx

,if0<x < (I—a) (1)
E]p
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2 —
o+ kz= - %;2") ifx > (I — a) (12)
The total integral of this equation is
0,5F
z=Circoskx+ Cysink x —THX
z=Cjcoskx+C,sinkx — 0.5Fnx
(13)
z=C3coskx+C,sinkx —%M,

The integration constants C1, Cs are determined from the conditions at the ends of the
beam, where the deflections are zero, and C>, Cjy - at the point of force F,,, where both
sections of the beam deformation curve have the same deflection and common tangent

C =0, (14)

_ Fysin0,5kl 15

C; = Nk sinkl ’ (15)

C3 — Fy siz:Skl’ (16)
Cy = Nk tgkl

In our case, the force F, is applied in the middle of the beam, so the deformation curve
is symmetrical. Thus, we can consider one of the two sections of the beam. After simple
transformations, we obtain the corresponding expression for the beam deflection arrow

— ﬂ(sin 0,5kl sinkx _ O,Sx) (18)

VA -
S k sinkl

We get the bending moment by differentiating the last expression twice

_ d?z, _ F, ,sin0,5kl sinkx (19)
M=—EL(5) =5 k sinkl 0,5x)

According to the obtained expressions, for combinations of loads “a” and “B”, mathe-

matical research of the deformed state of the beam with the span of [ = 10. Deformations

of the bridge are presented in the form of beam deflections.

yioozl o @+l
/07 /i /0
The analysis of the results obtained with the combination of loads “a” has researched

that, with the ratio of forces acting on the beam F/1, 5, the use of prestressing gives a
possibility to minimize the deflection of the span.

(20)
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Table 1. Conditional deflections of the main beam.

g—l‘ Section Load capacity, F;, m
al location Fi =05 Fy =063 F3=1,0
Fq Fp | Ec Fq Fp | Ec Fq Fp | Ec
Si Si Si Si Si Si Si Si Si
0?5 051 0,49 10,5 0,69 0,64 | 0,66 0,92 0,97 0.81 1,26
I —0,08 —0,51 | —0,08 —0,66 | —0,08 —0,81
1% 051 0,42 0,6 0,73 0,6 0,73 0,94 0,94 | 0,86 1,62
1 —0,11 -0,61 |—0,11 -0,74 | -0,11 —0,86
1%5 051 0,37 0,65 0,75 0,56 0,8 0,97 09 109 1,3
l —0,16 —0,67 | —0,16 —-0,69 | 0,16 —0,91
1Li5 051 0,35 10,68 0,76 0,54 0,84 0,99 0,89 10,94 1,67
’ I —0,18 -0,7 |-0,18 -0,86 | —0,18 —0,95
1?5 051 0,29 0,74 0,79 0,46 | 0,92 1,03 08 1,0 1,3
l —0,25 —0,78 | —0,25 —-0,95 | -0,25 —1,03
zib 051 0,27 10,82 0,86 0,40 | 1,0 1,1 0,75 | 1,2 1.4
I -0,3 -0,87 |-0,3 —-1,04 | -0,3 —-1,3

The Conditional deflections of the main beam, are shown in Table 1. Deformations
of the bridge in the plane xoy, is shown in Fig. 3; deformations of the bridge in the planes
X0y, X0z, is shown in Fig. 4.
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Fig. 3. Deformations of the bridge in the plane xoy.
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Fig. 4. Deformations of the bridge in the planes xoy, xoz.

5 Conclusions

Thus, Table 1 and Fig. 3 show that when the eccentric compressive force S is applied,
the beam’s deflections can be reduced by 50-70%, which has a positive effect on the
deformed state of the span bridge.

Besides, Table 1 and Fig. 4 show that for the combination of “B” loads, an increase
in the magnitude of compressive forces leads to a significant increase in deformations in
the horizontal plane. The ratio of forces F/1.5 (Fig. 4) can be acceptable for the crane
bridge. At the same time, note that the beam deformations at oblique bending (curves
le and 1.) exceed the limits of deflections from temporary load F' of the usual bridge
without unloading devices. It requires special attention when designing prestressed crane
bridges.

The results obtained in this work can also be used in the future for modernization
to increase their carrying capacity, increase the service life without dismantling, and
improve existing structures and engineering calculation methods during design and in
real operation conditions.
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