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The aim of this research is to study the dynamic behaviour of a real gantry 
crane subjected to the actions induced by the trolley and payload 
movement. A specific numerical procedure was developed and 
implemented in the finite element method in order to simulate different 
trolley movement modes on the crane's main beam. From the results, it is 
clear that the crane displacement, especially the longitudinal one, is 
strongly dependent on the acceleration both in the starting phase and in 
the stopping phase to which the trolley is subjected during its movement on 
the crane main beam. The last part of this research simulates the sudden 
stop of the trolley movement and subsequent payload swinging; in this 
case, the length of the rope that suspend the payload to the trolley has a 
fundamental role in the trend and maximum longitudinal crane 
displacement value. 
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1. INTRODUCTION 
 
Lifting equipment are machines subjected to many load 
conditions, especially those induced by the load 
movement. The dynamic effects assume a fundamental 
role regarding the loads acting on the structure [1-5]; in 
fact, these effects multiply both the payload and the dead 
load increasing the stress value on the crane’s com-
ponents. Obviously, these actions are completely 
different from the other loading conditions such as 
seismic or wind actions which are applied to the whole 
structure and not only to the payload [6,7]. The vertical 
dynamic actions, which are obtained by multiplying (with 
a coefficient that in general varies from 1.2 to 2) the 
nominal load or working load limit of the lifting 
equipment [4,8], are particularly important. With these 
considerations, the weight of the structure plays an 
important role, in fact the lightening of the machine 
structural components implies an increase in the 
performance of the machine as a consequence of the fact 
that the inertia actions are reduced [9-11]. In gantry 
cranes, in addition to lifting actions, also the actions 
induced by trolley movement are very important. These 
actions generate an oscillatory movement of the load and 
vibrations on the structure [12]. The magnitude of the 
oscillations and vibrations is highly dependent on the 
load handling principle and especially also on the trolley 
movement speed [13-16]. It is obvious that the oscillation 
of the load must be limited in order to minimize the time 
required for coupling and uncoupling the payload [17,18]. 
For example, waiting for reduction the load oscillation 
before releasing the payload implies increasing the time 

necessary for loading and unloading a cargo-ship, which 
involves an increase in costs. The evaluation of the 
payload angle oscillation can be estimated both 
analytically and numerically [19,20]. It is possible to 
adopt methods based on concentrated parameters (lumped 
parametric system) [21-23], calculation methods that also 
take into account the elasticity of the structure [24], based 
on spectral methods [25], developed on logics of control 
"fuzzy" [26-28] or neural networks [29]. 

Other techniques are founded on making certain 
specific paths for payload in order to reach the final 
position without load oscillation [30]. The present 
research does not focus on the payload movement, but 
on the actions that the trolley translation and subsequent 
payload pendulum generate on the structure. These 
actions, are not provided in standards; however, from 
the finite element analyses carried out it emerges that 
they are very important. The present work is developed 
through a specific numeric procedure formulated and 
implemented in finite element analyses in order to 
simulate the trolley movement with different motion 
modes. The research also focuses on the phase when 
there is also the payload oscillation or load pendulum as 
a consequence, for example a sudden stop of the trolley 
translation, after which the payload starts swinging. 

 
2. NUMERICAL PROCEDURE 
 
The purpose of this research is the definition of a 
numerical procedure to be implemented in a finite 
element analyses (using a specific software) in order to 
simulate the trolley and payload movement, and it was 
implemented and applied to a specific and real crane. 

 
2.1 Crane  

 
The crane geometry structure, on which the innovative 
numerical procedure for the simulation of the trolley 
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movement and payload swinging by using finite ele-
ments was implemented, is reported in the paper [23].  

Specifically, and very briefly, the crane is a classic 
portal crane, the maximum payload is 60 t, the span is 
40 m and the crane height is 15 m. On one side there is 
a leg realized by a rectangular section, while on the 
other side the support of the main horizontal beam is 
made by two circular section legs. Finite element ana-
lyses were conducted with SolidWorks® and Autodesk 
Simulation® software. The finite element model is 
made by means of plate elements with a quadratic for-
mulation for a total of about 10,000 elements. 

At the base the crane columns were constrained with 
hinges. Figure 1 shows the photo of the crane used in 
the present research, while figure 2 shows the deforma-
tion of the crane in correspondence with the first two 
natural frequencies. The first value is 1.801 Hz while 
the second value is 4.788 Hz; they are very close to 
those reported in [23], which were estimated by analy-
tical method.  

 
Figure 1. Crane 

 
Figure 2. Main displacement in correspondence with the 
first two vibration modes. 

 
2.2 Numerical Procedure  
 
The definition of the calculation procedure to simulate a 
moving load is described in the following points. The 
trolley moves with a defined mode on the main crane 
beam. On this beam there are a series of forces whose 
intensity is equal to the maximum load generated by the 
trolley on the beam. Each force is fixed in the space but 
linearly variable over time. The force at point n grows 
from zero when the trolley is at point n-1, the value is 
equal to the maximum value when the trolley is at point 
n and returns to zero (in linear way) when the trolley 

moves to the point n + 1. This schematization is shown 
in figures 3,4,5 and 6.  

 
Figure 3 . The trolley is at n-1 point. 

 
Figure 4. The trolley is at the middle point between n-1 and n. 

 
Figure 5. The trolley is at n point. 

 
Figure 6. The trolley is at the middle point between n and 
n+1. 
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Obviously, this procedure presupposes that the 
trolley action can be schematized with a single force, 
otherwise as in the case, two coupled forces should be 
adopted in order to simulate the trolley wheels. Another 
important aspect to underline is the fact that the forces 
must be applied in correspondence with the nodes of the 
mesh with which the beam was discretized. In order to 
correctly assess the dynamic crane behaviour it is 
important to consider, in addition to the vertical forces, 
horizontal inertial forces that arise on the beam during 
start and stop phases of trolley movement. 

 
3. DIFFERENT TROLLEY MOVE MODES  

 
For the purpose of this research, different trolley move-
ment modes were implemented. All these principles 
were characterized by a different value of the maximum 
acceleration imposed on the trolley. This value is the 
same both in the start and in the stop movement. Figure 
7 refers to an acceleration equal to 0.6 m/s^2 (travel 
time = 16.7 s); figure 8 at 0.12 m/s^2 (travel time = 33.7 
s), figure 9 at 3 m/s^2 (travel time = 12.7 s); while 
figure 10 refers to the implementation of a polynomial 
law in order to minimize the trolley acceleration (travel 
time = 23.1s). 

 
Figure 7. Trolley acceleration equal to 0.6 m/s2. 

 
Figure 8. Trolley acceleration equal to 0.12 m/s2. 

 
Figure 9 .3. Trolley acceleration equal to 3 m/s2. 

 
Figure 10. Trolley movement by polynomial law. 

Figure 11 shows the displacement values for the 
midpoint or the horizontal beam in case when the trolley 
is moved with a mode having an acceleration equal to 
0.6 m/s^2 (figure 7). The maximum values are fully in 
agreement with what is reported in [23], where these 
values were determined by a discrete analytical solution.  

 
Figure 11. Displacement of the midpoint crane beam both 
in the vertical direction and in the longitudinal direction. 
The trolley was moved with an acceleration equal to 0.6 
m/s2. 

 
Figure 12. Longitudinal displacement for the middle beam 
point for different trolley moves principles. Blue accele-
ration = 3m/s2, yellow acceleration =0.6 m/s2, black 
acceleration =0.12 m/s2, red polynomial law.  
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Figures 12 shows the displacements of the crane; 
from these graphs it is clear how the displacement both 
vertical and longitudinal is correlated to the maximum 
acceleration to which the trolley is subjected both in the 
start and stop phase movement. The solution of moving 
the trolley with a polynomial law (with the travel time 
value is between the trolley movement modes, one with 
acceleration equal to 0.12 m/s^2, and with another 
acceleration equal to 0.6 m/s^2) leading to the minimum 
displacement of the crane main beam. 

The results also show that the longitudinal displa-
cement, especially in the phase of starting and stopping 
movement, is greater than the vertical one. 

 
4. ARREST OF TROLLEY MOVEMENT  

 
Based on the previous elaborations, it was decided to 

study the phenomenon in which the trolley movement is 
stopped abruptly when it is at the middle point of the 
crane horizontal beam. This loading condition 
corresponds, for example, to emergency stop of the 
trolley movement. Braking occurs with an acceleration 
of 5 m/s^2. This value was determined assuming that 
the braking torque is equal to 1000 Nm and that it acts 
on the four wheels that support the trolley. 

 
Figure 13. Trolley move mode with abrupt stop.  

Figure 13 shows the motion principle applied to the 
trolley.  

The payload distance from the trolley was simulated 
with the presence of ropes having different lengths as a 
consequence of the fact that, for example, a suitable 
damping coefficient is also associated with the rope 
presence [31,32]. 

 
4.1 Elaboration model  

 
Figure 14 shows the schematization for this load confi-
guration. In particular, the payload it was schematized 
like a point element. The motion of the pendulum is 
described by (1), while the expressions (2) and (3) show 
the values of tangential and centrifugal forces. 

The equation that governs the motion of the 
pendulum can be determined in different ways, such as 
through the energy balance or Lagrangian method. 
In any case, the angular position θ can be estimated by 
solving the following differential equation. 

( )( ) * ( ) * ( )g z tt b t t
L L

θ θ θ −+ + =  (1) 

Tangential force is:  

* *tF m L θ=   (2) 

Centrifugal force is:  

2* *cF m L θ=   (3) 

The pendulum natural frequency is  

2

4
g b
L

ω = −   (4) 

 
Figure 14 Payload schematization. 

Once the tangential and centrifugal forces were 
determined as a function of the position of the θ angle 
and as a function of time, they were decomposed into a 
horizontal and a vertical component. These forces were 
applied on a crane beam in correspondence with the 
position in which the trolley was stopped, which is 
equal to 1/2 of the length of the crane main beam. 

 
4.2 Rope length effect  

 
In order to study this effect, three different rope lengths 
0.216 m, 3 m and 17 m were simulated. It was adopted 
that the rope length was equal to 0.216 m (physically 
not feasible. The value was chosen only for numerical 
analyses), in order to make the natural pendulum swing 
frequency equal to the crane one. In fact, as reported in 
equation 4), the reduction of the rope length increases 
the natural frequency of the payload swing; with this 
rope length value, the payload natural frequency is 
coincident of that the crane. The payload value adopted 
is equal to 15000 kg.  

 
Figure 15 Longitudinal displacement, rope length =0.216m, 
blue with swinging load, red without swinging load. 

Figures 16, 17 and 18 show the displacements of the 
midpoint of the horizontal beam for all three rope 
lengths. In particular, each graph shows the displa-
cements considering and not the payload swinging.  



FME Transactions VOL. 48, No 2, 2020 ▪ 285
 

 
Figure 16 Longitudinal displacement, rope length =3m, blue 
with swinging load, red without swinging load. 

 

Figure 17 Longitudinal displacement, rope length =17m, 
blue with swinging load, red without swinging load. 

The graphs show how the maximum longitudinal 
crane displacement in the configuration in which the 
rope length is 3 m and 17 m is close to 400 mm and that 
the effect of the payload swinging is particularly evident 
on the displacement magnitude at the second peak. In 
the theoretical case in which the rope length is equal to 
0.216 m, the displacements diverge up to the values 
close to the 1 m (obviously considering the presence of 
the pendulum of the load) making this result absolutely 
physically unacceptable. The sudden trolley stop 
movement accompanied by the swinging of the payload 
is therefore one of the most severe load conditions to 
which these types of lifting equipment can be subjected. 

 
5. CONCLUSION  

 
The present work reports the main results of finite 
element analyses carried out on a real gantry crane with 
working load limit equal to 60t subjected to the actions 
induced both by the trolley movement and payload 
swinging. To resolve this problem, a specific numerical 
procedure was developed and implemented in finite 
element analyses. The results obtained with the trolley 
acceleration equal to 0.6 m/s^2, are reflected in the 
existing literature [23]. Different trolley move modes 
were implemented. The results show how the 
longitudinal displacement is strongly dependent on the 
acceleration with which the trolley is moved. In the case 
in which a polynomial law is adopted, the longitudinal 
displacement value is the minimum. The work develops 
further as it also considers the effect of the swinging 
payload, which is evident when there is a sudden stop of 
the trolley movement. From the numerical results, it is 
important to highlight that the rope length that fixed the 
payload to the trolley is a fundamental variable that 
characterizes the longitudinal crane displacement. On 
the basis of the analyses performed, it is therefore clear 
that the crane longitudinal displacement is absolutely 
not negligible nor are the actions induced on the 
structure. 

The future developments concern the implemen-
tation of the numerical procedure described to other 
lifting machines in order to deepen the study of the 
interaction between the structure, the movement of the 
trolley and the payload swinging. The research shows 
the importance of the actions induced on the crane by 
trolley movements and especially for its sudden stop. 
This load condition is not included in the standards for 
crane design and will be proposed to the standards 
scientific committee. 
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ДИНАМИЧКА АНАЛИЗА ПОРТАЛНЕ 
ДИЗАЛИЦЕ ПРИ ВЕЋЕМ БРОЈУ 

ПОКРЕТА КОЛИЦА И КОРИСНОГ ТЕРЕТА 
 

Л. Солаци, Н. Зрнић 
 

Изучава се динамичко понашање реалне порталне 
дизалице изложене већем броју покрета колица и 
корисног терета. Развијен је посебан нумерички 
поступак који је примењен методом коначних 
елемената на симулацију различитих начина 
кретања главне греде. Резултати јасно показују да 
померај крана, нарочито лонгитудинални, у великој 
мери зависи од убрзања како у почетној тако и у 
фази заустављања, чему су колица изложена за 
време кретања главне греде крана. Последњи део 
рада приказује симулацију изненадног заустављања 
кретања колица и потоњег љуљања корисног терета; 
у овом случају, дужина ужета које зауставља 
користан терет на колицима има главну улогу у 
одређивању кретања и максималног лонгиту-
диналног помераја дизалице. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


