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Abstract— The structural action of a rectangular cantilever 

beam under loading is predominantly bending, with other 

effects such as, warping, rotation, and lateral torsional 

buckling, the study includes an investigation of stress level 

for load carrying capacity and bending of regular I section 

cantilever beam of jib crane subjected to self-weight and 

eccentric point load at the free end. A new design is proposed 

in this study to tackle the bending and increase the strength of 

the crane. The corrugated plate is a widely used structural 

element in many fields of application because of its numerous 

favourable properties related to resistance in out of plane 

twisting. Standardization of jib crane design procedures 

enables designers to develop their own jib crane automation 

modules for entire jib crane design applications. Since main 

effort and time for implementation of the jib crane design 

procedures are generally spent for interpretation and 

explanation of the available jib crane design standards, a 

computer-automated access by using parametric modelling to 

the available standards may improve speed, reliability and 

quality of the design procedures. Starting from the fact that 

components of jib cranes are generally composed of similar 

mechanical and electrical sub-components independent of the 

crane type a general component tree of jib cranes is developed 

for automation purpose. Design Modules of cranes are 

defined from the developed component tree of the cranes 

based on the available design procedures. Independent 

Design Procedures are defined as atomic design modules of 

the jib crane design procedures by considering computational 

approaches and rules in the "F.E.M. Rules" for each jib crane 

component. The "F. E. M. rules" is selected for this purpose 

because of its widespread use and established popularity 

among the jib crane manufacturers. Access to the "F. E. M. 

Rules" from any design procedure is fully automated by using 

a systematic approach of parametric modelling. The 

parametric model can be used for various jib crane design 

cases as well as further for optimization. Finite element 

analysis is carried out to analyse the effect of geometrical 

parameters of various web shapes. The thickness of flanges is 

constant for the samples with length of 2.4 m and tested for 

500Kg load lifting capacity. Structural analysis is done to 

examine the influence of the section dimensions due to 

eccentric point load at the free end on cantilever. 

Keywords: Stress Analysis, Complex Structure, FEA 

(ANSYS), Stress Bluntness, CATIA 

I. INTRODUCTION 

Cantilever I section beam is a component of the jib crane used 

in Diesel Loco shed which is located in Shivajinagar, Pune. 

This component is liable to fail due to lateral torsional 

buckling, the design of the crane for industry aims to ensure 

the safety for selected components. Jib cranes used in ship 

yards for lifting heavy machinery equipment, weighing 100 

to 300 tons, are usually mounted on pontoons. Frequently, 

these cranes are provided with two main hoisting winches 

which can be employed singly or together to lift a load. For 

handling light loads may hand auxiliary arrangement 

localized, such as in machine shops. Column mounted jib 

cranes are commonly used in packaging industry. The size of 

the crane can be visualized from the height of the operator.  

These cranes are used for hoisting up to 1-ton loads.  

 
Fig. 1.1: Jib Crane. 

A. Types of Jib Cranes:- 

1) Free Standing Jib Cranes: 

Free Standing Jib Cranes are world’s most versatile crane. 

They are perfect to place underneath large bridge cranes, in 

open areas where they can serve several work stations, in 

outdoor applications such as loading docks, or in machining 

and assembly operations where they can be overlapped with 

other jibs to provide staged operation. 

Applications:- 

 Circular coverage areas. 

 Outdoor applications such as loading docks.  

 Applications underneath large bridge cranes. 

 Machining or assembly applications 

2) Wall Bracket Jib Crane: 

Wall fixed jib cranes are a small and medium-speed lifting 

equipment with characteristics of unique structure, safe and 

reliable operation, high efficiency, energy-saving, time-

saving, effort-saving, and flexibility. It can be operated under 

three-dimensional environment. This wall fixed jib cranes are 

a good choice in the cases of short distance, concentrated 

lifting. It is widely used industrial settings, like warehouses, 

to load and unload material. 

3) Wall Cantilever Jib Crane: 

The Wall Cantilever jib crane provides hoist coverage and 

200° rotation for individual use in bays, along walls or 

columns of plants, or as a supplement to an overhead crane or 

monorail system. The jib has the advantage of providing 

maximum lift for the hoist, since it can be installed very close 

to the underside of the lowest ceiling obstruction. 
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4) Mast Type Jib Crane: 

This jib crane is floor supported; top stabilized, and is capable 

of 360° rotation via a top and bottom bearing assembly. The 

efficient design usually requires no special foundation makes 

them the most cost effective of the 360° rotation jib styles.  

Heavier loads from 1 to 5 ton. 

Often used when the thrust and pull exerted by other crane 

types is too great. 

Economical enough to dedicate to a single work cell. 

Supplement a larger overhead crane. 

5) Wall Bracket & Wall Cantilever Motorized Jib Cranes: 

Wall Bracket Jib Cranes are the most economical means of 

providing hoist coverage for individual use in bays, along 

walls or columns of plants, or as a supplement to an overhead 

crane or monorail system. 

 Hoist coverage along walls or columns 

 Individual use in bays. 

 Supplement to an overhead crane or monorail. 

II. OBJECTIVE OF WORK 

1) The main objective of the project is to propose an 

optimized structure of boom for a selected jib crane.  

2) Another objective is to design and analysis optimized 

boom of jib crane to increase its load carrying capacity.   

3) Thus, we will be carrying a linear static analysis under 

these circumstances and boundary condition.  

III. SCOPE 

It is proposed to do FEA analysis on Jib Crane Boom, as per 

the following.  

1) Theoretical Analysis: Running the problem in any FEA 

software and comparing the results with the experimental 

analysis.  

2) Iterative approach on various shapes of web of the I-

beam through FEA technique.  

3) Experimental Analysis: Testing the Jib Crane Boom 

under actual conditions and carrying out the calculation.  

IV. EXPERIMENTAL SETUP 

 
Fig. 4.1: Universal Testing Machine 

 
Fig. 4.2: Speciman of Object 

The specimen is placed in the machine between the grips and 

an extensometer if required can automatically record the 

change in gauge length during the test. If an extensometer is 

not fitted, the machine itself can record the displacement 

between its cross heads on which the specimen is held. 

However, this method not only records the change in length 

of the specimen but also all other extending / elastic 

components of the testing machine and its drive systems 

including any slipping of the specimen in the grips.  

Once the machine is started it begins to apply an 

increasing load on specimen. Throughout the tests the control 

system and its associated software record the load and 

extension or compression of the specimen. 

V. PROBLEM SPECIFICATION 

A boom of jib crane experiences a maximum load when the 

load is acting at the maximum span of the crane. In this case 

the boom of jib crane which is made of I-section beam tends 

to bending. Eventually this may cause a severe failure of the 

jib crane. Hence, we must focus on increasing the load 

carrying capacity of the boom under maximum possible 

loading condition. 

VI. METHODOLOGY 

 
Fig. 6.1: Process Flow Chart 
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 Cad model generation 

 Creating 3d model in catia.  

 Determination of loads 

 Studying various loads that are acting on the component.  

 Determining the magnitude and direction of loads. 

testing and analysis 

 Meshing the cad model and applying the boundary 

conditions.  

 Solve for the solution of meshed model using ansys. 

 Re-design, analysis and result with design 

 Study various newly proposed designs.  

 Analyze the newly proposed design model and finding 

out the best suited design model.  

 Checking and ensuring it is well within the safe region. 

 Fabrication, experimental validation and result 

 Fabrication of prototype with new alternate material.  

 Suitable experimentation and comparison with present 

material.  

 Validation of result by comparing with software results.  

VII. DESIGN AND ANALYSIS OF BOOM  

The Design and Analysis of boom of dissertation includes 

design and analysis of a boom of jib crane. Dimensions of the 

existing boom have been selected from catalogue and 

references and CAD model of a boom (I-beam) have been 

prepared in CATIA V5. The finite element analysis is carried 

out by using Hypermesh and ANSYS as post-processor. 

A. Dimensions of Beam Cross Section:  

 
Fig. 7.1: I-Beam section specifications 

B. Summarized Dimensions: 

Height, h = 152.4 mm  

Flange Width, b = 160 mm  

Web thickness, s = 6 mm  

Flange thickness, t = 9 mm  

Filler Radius, R = 0.36’’ = 9 mm  

Length, L = Span(A) + Mast Dia. (E)/2 = 2438.4 + 101.6 = 

2540 mm. 

Description 

Profil

e 

Size(

mm) 

H 

(mm

) 

b 

(mm

) 

S 

(mm

) 

T 

(mm

) 

Weig

ht 

(Kg/

m) 

Metric I 

Beam HEA 
100 96 100 5 8 16.7 

Metric I 

Beam HEA 
120 114 120 5 8 19.9 

Metric I 

Beam HEA 
140 133 140 5.5 8.5 24.7 

Metric I 

Beam HEA 
140 152 140 6 9 30.4 

Metric I 

Beam HEA 
160 171 160 6 9.5 35.5 

Metric I 

Beam HEA 
180 190 180 6.5 10 42.3 

Metric I 

Beam HEA 
200 210 200 7 11 50.5 

Metric I 

Beam HEA 
240 230 240 7.5 12 60.3 

Metric I 

Beam HEA 
260 250 260 7.5 12.5 68.2 

Table 7.1: Summarized Dimensions 

C. Drafting: 

 
Fig. 7.2: Drafting of I section Boom 

 
Fig. 7.3: Von Mises Plot for I section Boom 
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Fig. 7.4: Deformation plot for I section Boom 

VIII. FINITE ELEMENT MODELLING OF BOOM (I BEAM) 

Certain steps in formulating a finite element analysis of a 

physical problem are common to all such analyses, whether 

structural, heat transfer, fluid flow, or some other problem. 

These steps are embodied in commercial finite element 

software packages (some are mentioned in the following 

paragraphs) and are implicitly incorporated in this text, 

although we do not necessarily refer to the steps explicitly in 

the following chapters. The steps are described as follows. 

A. Pre-processing: 

The pre-processing step is, quite generally, described as 

defining the model and includes Define the geometric domain 

of the problem.  

 Define the element type to be used.  

 Define the material properties of the elements.  

 Define the geometric properties of the elements (length, 

area, and the like).  

 Define the element connectivity’s (mesh the model).  

 Define the physical constraints (boundary conditions).  

 Define the loadings.  

 The pre-processing (model definition) step is critical. 

B. Solution: 

During the solution phase, finite element software assembles 

the governing algebraic equations in matrix form and 

computes the unknown values of the primary field variable. 

The computed values are then used by back substitution to 

compute additional, derived variables, such as reaction 

forces, element stresses, and heat flow. As it is not uncommon 

for a finite element model to be represented by tens of 

thousands of equations, special solution techniques are used 

to reduce data storage requirements and computation time. 

For static, linear problems, a wave front solver, based on 

Gauss elimination is commonly used.   

C. Post processing: 

Analysis and evaluation of the solution results is referred to 

as post processing. Postprocessor software contains 

sophisticated routines used for sorting, printing, and plotting 

selected results from a finite element solution. Examples of 

operations that can be accomplished include-:  

Sort element stresses in order of magnitude.  

 Check equilibrium.  

 Calculate factors of safety.  

 Plot deformed structural shape  

 Animate dynamic model behaviour.  

 Produce color-coded temperature plots.  

 While solution data can be manipulated many ways in 

post processing, the most important objective is to apply 

sound engineering judgment in determining whether the 

solution results are physically reasonable. 

1) Meshing: 

In this stage file is imported to the meshing software like 

Hypermesh,& Ansys. The CAD data of the boom structure is 

imported and the surfaces were created and meshed. Since all 

the dimensions of I-beam are measurable (3D), the best 

element for meshing is the tetrahedral (Solid 45).   

 
Fig. 8.1: Meshed I-beam in Hypermesh 

A structure or component consists of infinite number 

of particles or points hence they must be divided in to some 

finite number of parts. In meshing we divide these 

components into finite numbers. Dividing helps us to carry 

out calculations on the meshed part. We divide the 

component by nodes and elements. We are going to mesh the 

component using 2D elements. We will be using the shell 

elements for meshing. 

D. Finite Element Results: 

1) Stress and Deformation plot for Proposal 1: 

  
 Fig. 8.2: Stress plot for 1      Fig. 8.3: Deformation plot for 1 

2) Stress and Deformation plot for Proposal 2: 

  
     Fig. 8.4: Von-mises        Fig. 8.5: Displacement  

                          stress for 2                      result for 2 
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3) Stress and Deformation plot for Proposal 3: 

   
   Fig. 8.6: Von-mises        Fig. 8.7: Displacement  

      stress for 3                          result for 3 

4) Stress and Deformation plot for Proposal 4: 

  
   Fig. 8.8: Von-mises         Fig. 8.9: Displacement  

stress for 4                             result for 4   

5) Stress and Deformation plot for Proposal 5: 

  
Fig. 8.10: Von-mises         Fig. 8.11: Displacement  

stress for 5                              result for 5 

E. Results obtained from the ANSYS: 

Sr. No. Design 
Stress 

(Mpa) 

Deformation 

(mm) 

1 Original Design 193.5 8.18 

2 Proposal 1 330.297 9.76 

3 Proposal 2 193.202 7.85 

4 Proposal 3 186.17 8.67 

5 Proposal 4 150.484 7.81 

6 Proposal 5 160.65 7.83 

Table 8.1: Results obtained from the ANSYS 

The above results are showing stress and deformation of Jib 

Crane from all iterations. It is observed that the proposal 4 

having lesser values for stress and deformation compared to 

all the proposals and original design.  

F. Experimental Results: 

Sr No. Design Deformation (mm) 

1 Orignal Design 8.18 

2 Proposal 4 7.7 

Table 8.2: Experimental Results 

G. Comparison of Finite Element Results with the 

Experimental Results: 

Sr.No. 
Deformation (mm) 

Error(%) 
FEA Experimental 

1 7.81 7.7 3.5 

Table 8.3: Comparison of Results 

IX. CONCLUSION AND RESULT 

A New design approach of the beam shape has been proposed 

to reduce the deformation and stresses generated due to direct 

loading, we had scope for optimizing its topology without 

affecting its structural behaviour rather increasing its load 

bearing capacity. So we have made possible topological 

shape changes in the web, various web profiles has been 

designed for the boom, keeping the analysis on the original 

design and five other proposed designs, we concluded that the 

proposed model 4 i.e. rectangular web section design of boom 

is the best amongst all. It showed 150.484 Mpa stress along 

with 7.81mm deformation. 

Now the experimental validation is carried out using 

UTM and the graph thus produced gives us 7.7mm 

deformation. Thus generating 23% less stress and 5% less 

deformation as compared to the original web design. This 

value is close to the obtained values of stress and deformation 

from the FE Results, we obtained the 3.5% error in FE Results 

and Experimental results. 

Therefore, from the experimental and Analysis we 

conclude that the rectangular web section design increases the 

load bearing capacity of the boom with lesser deformation 

and it is best amongst all the proposed designs. 
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