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Abstract: This paper conceptualizes the method to 

reduce the structural mass of a Double Girder Overhead 

Crane so as to maximize its life span.The structural 

mass reduction has been verified by structural static 

stress simulations. A 3D model of the structural 

member has been done using modelling software Solid 

works and the analysis has been carried out in ANSYS 

Workbench. There are many areas in structure that can 

be optimised for increasing its life span but in this 

paper we have concentrated on the optimising the 

quantity and the shape of end trucks that are arranged 

in the structure to support it. 
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1. Introduction 

 

Cranes are industrial machines that are mainly used for 

materials movements in construction sites, production 

halls, assembly lines, storage areas, power stations and 

similar places. Their design features vary widely 

according to their major operational specifications such 

as, type of motion of the crane structure, weight and 

type of the load, location of the crane, geometric 

features, operating regimes and environmental 

conditions. Double Girder Bridge Cranes, as shown in 

Figure 1consists of two bridge girders supported on two 

end trucks. The trolley runs on rails on the top of the 

bridge girders. 

A crane structure is subjected to Dead Loads, Live 

Load, and Shock Load
1
. All these loads induce various 

types of stresses such as residual stresses, structural 

stresses, thermal stresses, fatigue stresses. Of all these 

stresses, the fatigue stresses demand the maximum 

attention. Crane runway girders are subjected to 

repetitive stressing and un-stressing due to number of 

crane passages per hour and per day
1
. 

Since it, is not easy to estimate the number of 

crane passages, for design purposes it is assumed that 

the number of stress fluctuations corresponds to the 

class of the crane a specified in the codes. 

When designing structures supporting crane, Vertical 

loads, Side thrust lateral loads, Traction Load, Bumper 

Impact loads are to be considered. 

The following tasks will be considered in this 

paper: 

Accumulating specific awareness of modern computer 

modelling and simulation tools and applications, such 

as Solid Works, ANSYS, Workbench and the Finite 

Element Method.  

Generating models of reduced crane mass. 

Perform 3-D modelling and structural simulations of 

the static structural response of the new designs and 

provide evidence that they conform to standard 

requirements and do not deviate significantly from the 

original crane response. 
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Figure 1. 3D diagram of a double girder overhead crane 

 

2. Problem Formulation 

 

Figure 1 shows the 3-D model, of the double girder 

overhead crane 50/12.5. The crane has normal duty 

cycle main load capacity 50tonnes and auxiliary load 

capacity 12.5tonnes
1
. The double girder overhead 

crane could be divided into two top level assemblies 

crab and bridge.  

The crab is imported as an external existing 

assembly while the crane metal bridge structure is 

constructed with Solid Works and is composed of 

about 530 3-D components. 

The bridge structure itself consists of several 

assemblies: main girders, end trucks, crane driving 

units. 

 

 

 
Figure2. 3-D model of the double girder overhead crane 50/12.5 
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Figure 3. End truck (ET) assembly (side plate hidden) 

 

There are two end trucks in the bridge structure 

each of length 5374mm. Each end truck consists of a 

top flange and bottom flange. 

 

Table 1. End Truck Components 

 

 
 

3. Model Preparation 

 

The mass of a single end truck is – 1276kg (wheels 

and gear drives are excluded). 

In the first step the Crane geometry is generated 

in SOLID WORKS. In the second step the crane 

geometry generated in SOLIDWORKS is imported to 

ANSYS Workbench, where various boundary 

conditions, loadings and mesh controls are provided 

for the analyses. 

In the third step the, ANSYS model when 

properly meshed by providing proper boundary 

conditions, loadings and material properties, the 

model reveals full behaviour details of the stressed 

structure.  

The imported geometry includes number of sub 

parts, which have complex geometry. These parts 

requires special care during mesh. The number of 

finite elements in the mesh will directly influence the 

reasonable solution time. Solution accuracy usually 

asks for mesh refinement.  

So, after the geometry is imported, detailed 

attention is paid to the mesh by placing proper mesh 

controls on the crane components. The meshing 

procedure is iterative, i.e. several meshes were 

obtained and solved for after the final mesh 

appearance. 

 
Figure 4. 3-D basic model final mesh (some main 

girder and end truck plates are hidden) 

The mesh consists of 38962 finite elements and 

72937 nodes. The major element types used are2: 
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• 10-Node Quadratic Tetrahedron Solid187- 10-

Node Tetrahedral Structural Solid 

• 20-Node Quadratic Hexahedron Solid186 - 20-

Node Hexahedral Structural Solid 

• 20-Node Quadratic Wedge Solid186 - 20-Node 

Hexahedral Structural Solid 

• Quadratic Quadrilateral Contact Conta174 - Hi-

order Surface to Surface Contact 

• Quadratic Quadrilateral Target Targe170 - 

Surface Contact Target; 

• Quadratic Triangular Contact Conta174 - Hi-

order Surface to Surface Contact 

The material used for the bridge structure is steel 

with properties: 

 

Table 2. Steel Properties 

 

 
 

4. Model Simulation Results 
 

The introduced loadings and contacts of type bonded 

turned the problem to linear static structural solution 

and a direct solver is used. A multitude of results for 

the crane static structural response is as shown in Fig. 

5 & 6. 

 

 
 

Figure 5. Equivalent (von-Mises) stresses in the 

bridge structure 

 
 

Figure 6. Vertical (Y-axis) deformation of the crane 

 
The model allows us to measure at points and 

cross-sections that are inaccessible to the real gauging 

experiments, Fig.7. 

 

 
 

Figure 7. Equivalent stresses measured at points on 

the diaphragms  

 
Stresses could be measured at various crane 

components, such as the end trucks the wheels, etc. 

International Journal of Pure and Applied Mathematics Special Issue

214



 

 

 
 

Figure 8. Equivalent stresses measured at points on 

the end truck and near the driving crane wheel  

 

 
 

Figure 9. Horizontal (Z-axis) deformation  

in end truck 

 

The results from the Figure 9 suggests that there 

is a maximum deformation beneath the end truck and 

the support column also has a maximum deformation. 

 

 
 

Figure 10. Equivalent stresses measured at end truck 

The Figure 10 suggests that the equivalent 

stresses measured at the end truck by varying the 

model suggests that the stresses are evenly spread and 

only the ends that are welded have the stresses 

concentrated.  

 

5. Conclusion 

 
On the basis of simulation results, it is possible to 

make the conclusion construction of model1 is in a 3-

D stressed state due to the essential influence of the 

connections between the main girders and end trucks 

as well as rotations of the supports. 
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