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Abstract. Problems of metallic crane structure deformability are
considered. This paper contains results of experimental studies on
deformability of overhead crane beam elements. These studies take into
account the specific interaction between stresses arising from the product’s
exposure to loads at various stages of its life cycle, from manufacturing to
operation, and residual welding stresses. Recommendations are provided to
help stabilize the dimensional parameters of a crane metallic structure.

1 Introduction
Paper [1] considers both general and specific industrial safety matters, i.e. safety related to
lifting cranes that are essentially potentially dangerous technical devices. Crane metallic
structures are extensively examined. In particular, in chapter 13 it is suggested to use the
limit state of a crane’s load-bearing metallic structure, i.e. maximum permissible
deformation corresponding to yield strength, as one of the criteria for calculating crane
residual lifetime. An example is given on how to calculate the crown value for main beams
of a foundry crane [2-3].
It should be immediately noted that at present crane metallic structures are
manufactured by welding [4-7]. Therefore, calculations related to deformability of their
individual elements and complete structure must employ a unified design and process
approach. The stress-strain state of any welded structures must take into account their
deformability at all stages of a product’s life: assembly, welding, transportation, mounting,
operation, and refurbishment. Thus, overhead crane longitudinal beams deflection, which is
critical for serviceability limit states (developing excessive deformations caused by
exposure to loads and resulting in interruption of normal operation), in general is given by
f = fdef + f as + fwe + f n + f q + f 'res ,

(1)

where f des is design deflection;
f des = f cr.,
f cr. is the crown in vertical plane;
f des = 0 in the horizontal plane;
f ass is beam deflection caused by assembly operations at various stages of
longitudinal beam assembly, including as a component of the complete bridge at the final
stage;
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f we is beam deflection as a result of making welding joints, which leads to f
variations in different directions;
f n is beam deflection through exposure to external concentrated and moving loads;
f q is beam deflection under the action of its own weight;
f ‘res is beam deflection caused by interaction of residual welding stresses with the
stresses under process (at all manufacturing stages) or accidental strength loads at
manufacturing stages, during transportation and mounting, as well as stresses under
working loads.
All addends in formula (1) are of the same order. Frequently, f ‘ res values are also
significant for the operation of both beam and truss crane structures. They are referred to as
secondary welding deformations [8-11].

2 Methods
Paper [3] provides a design schematic (Fig. 1) for determination of beam residual
deformations under bending as a result of the interaction between external load stresses
after completing girth welds P (Fig. 1a) and residual welding stresses from longitudinal
welds (Fig. 1b).

a

b

Fig. 1. Schematic for determining residual deformations under bending for a welding element (Fт is
the zone of residual tensile stresses, where σres = σт) [8]

Residual welding stresses in the joining zone reach the yield strength σ т for steel
structures. Their interaction with the external load stresses produces elastoplastic
deformations and, as a result, residual movements in the structure (deflection, angle of
rotation, etc.).
Because bridge type beam structures contain a large amount of welding joints located
along the beam longitudinal axis (longitudinal corner welds, including girth welds) and
along the transverse axis (transverse welds for welding up the diaphragms), and each of
them contributes to the product’s strain-stress state, it is the most feasible to use the
experimental method of study.
Therefore, multiple tests were carried out on beam models made of St3 steel. The beams
were subjected to transverse bending under one-time static and periodic loading in the span
midpoint, as well as under moving load. Beam measurements for recording residual
deflections were made using a measuring rod with dial gauge indicators with the scale
interval of 0.01mm fixed on it.
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Individual test results are shown in Fig. 2 and 3. The largest residual deflections are
located on welded beams with transverse welds (Fig. 2). On the welded beam with
transverse welds the residual deflection on wall and flange amounted to 0.41 mm with the
stress under force P equal to σ = 170 MPa, on the beam with transverse welds only on the
wall it amounted to 0.30 mm, while on the welded beam without transverse welds the
residual deflection was 0.23 mm at σ = 80 MPa.
Welded beams are characterized by a higher rate of residual deflection stabilization
compared to rolled beams. In the allowable range of external load stresses it is achieved
after 2 103 cycles.
Experimental results of loading welded box-section beams confirm a similar behavior in
terms of deformations development. Tests were carried out on a beam with the span of
1000 mm at the loading frequency of 300 cycles per minute. Deformation characteristics
stabilization (residual deflection increment is zero) occurs after 104 and 25x103 loading
cycles for box-section and H-beam, correspondingly. If the experiment is continued up to
105 loading cycles, incrementation of residual deflection is not observed.
The nature of residual deflection development under loading and during the tests of
box-section beams with a 3,000 mm span and cross-section height of 170 mm, is
maintained. Similar to other scenarios that have been studied, residual deflection appears at
the stress level in the beam midsection that is significantly less than the material yield
strength.

Fig. 2. Dependence of residual welded beam deflections with girth (a), girth and transverse wall (b),
girth and transverse wall and top flange (c) welds on the number of cycles during periodic loading
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Beam tests under a periodically varying load applied in the span midpoint were
supplemented by moving load tests. As can be seen from the plotting of influence lines,
maximum bending moment in each beam cross-section will be greater than when the load
acts in the midsection.
The experiment was carried out on a bench with the distance between beam supports
equal to 1000 mm. Maximum load was 50 kN, load traveling speed was 11, 16, and 33
double strokes per minute.
Beam tests under conditions of the stress type being studied were carried out up to the
stress level of 170 MPa.
Under the action of moving load, it was observed that beam residual deflections were
higher as compared to residual deflections when fixed load of the same level was applied in
the span middle. Deflection depth in several beam cross-sections in the initial state and after
loading by a moving roller are shown in Fig. 3. Total residual deflection at beam
midsection after 40 loading strokes (full cycles) with the stress of 140 MPa amounted to
0.35 mm. This means that if the design camber were 0.001 of the span, then it would have
decreased by 35% after several dozens of load movements.

fMM
res
Fig. 3. Distribution of deflections on the beam length under the action of moving load: 1 – initial
profile; 2 – after first stroke (σ = 110 MPa); after 250 strokes (σ = 110 MPa); 4 – after 40 strokes (σ =
140 MPa)

After the beam was rolled with a roller under a load corresponding to the stress of 110
MPa, the deflection depth changed from 0.51 to 0.56 mm over 10 strokes. Residual
deflection under a fixed load of the same level was 0.07 mm. Residual deflection under
moving load increased by 70%.
When exposed to moving load, as well as to a periodically varying load applied in span
midpoint, residual deflection grows as an exhaustive process. 90% of the maximum
residual deflection is achieved over 150-200 strokes. Beam elastic behavior occurs after
250-350 roller strokes under the same level of load.
Residual deflection of beams in equivalent loading conditions depends on the level and
distribution area of the maximum residual strain stresses. Maximum residual deflection is
observed in the beam structure that includes a combination of longitudinal and transverse
welds. The influence of transverse (relative to beam centerline) welding joints on the
development of residual deflections is so critical that it must be taken into account when
evaluating structures functionality in terms of serviceability limit states.
Repeated loading of welded beam assemblies is defined by accumulation of plastic
deformations resulting in the increase of residual deflection. Residual deflection increment
decreases, as the number of loading cycles is increased, when external load stresses are less
than the material yield strength. Experimental data analysis reveals that residual deflection
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of welded beams under the action of periodically varying load applied in span midsection,
or under a moving load, is (0.2 – 1) (L/1000), where L is the beam span. The value of
L/1000 equals the beam crown that is defined in the beam's design and manufacturing
process.
Occurrence of secondary residual deformations is typical for any welded metallic
structure of machines, including lifting and transportation, construction and road-building,
and other types of machines [12-15].

3 Conclusions
1. Deformability of span welded crane beams, including the value of crown, in the
operating stage are, to a certain degree, determined by the laws of interaction between
stresses produced by external load and residual stresses produced by welding of the crane
metallic structure.
2. Residual stresses development can be stabilized by means of its preliminary periodic
loading in the range of 300 to 500 cycles using a moving load that corresponds to the
maximum design value appropriate for the crane operating conditions.
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