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[bookmark: _Toc34734857]Task 1

[bookmark: _Toc34734858]Summary: 
This report will demonstrate the benefits of finite element method software’s in order to calculate the factor of safety, failures points, evolution in product design and many important factors. This will allow Keder Engineering Solutions (KED) to make sure the product will be acceptable in industry. 

Task 2 of the report will also compare the theoretical results and the actual results of an experiment carried out on beam deflection. Task 1 of the report will consist of the finite element analysis method (FEA) and Task 2 will consist of the laboratory experiment with the beam deflection test. 

In the below report the information provided will be relevant from scholarly material from appropriate range of sources, where it will be also give in text reference credit to the author of the material. 

[bookmark: _Toc34734859]Introduction
This report will cover the better way to build structures by demonstrating how “light weighting” the design by using less material will be more cost effective and also more efficient for the supplier and end user. (Koutromanos, 2020) Weight reduction is a critical factor in the development of component for many industries, the design principles of light weighting structures are put through various tests and calculations. 
The report below will try to provide data, analysis and an experiment to determine the most effective solution, Fine element Analysis (FEA) will be carried out via Autodesk inventor software and the various solutions with altered dimensions of the cantilever I-type beam for a crane jib.
This is also considered to be the most effective way to carry out of the analysis as there is heavy calculations involved in solving the most effective, I beam.  













[bookmark: _Toc34734860]Background theory /research 
Direct stress when a force is transmitted through a body, the body tends to change its shape. These deformations are” barely visible to the naked eye, the many fibres or particles that make up the body transmit the force throughout the length and section of the body, and the fibres doing this work are said to be in a state of stress”. (FAO, 2019) 
Therefore, Stress = Force / Area 
The SI unit for stress is Newtons per square metre (N / m²). This is also called a Pascal (Pa). However, it is often more convenient to use the multiple N / mm² 

Note that 1 N / mm² = 1 MN / m² = 1 MPa
Tensile and compressive stress, which “result from forces acting perpendicular to the plane of cross-section in question, are known as normal stress and are usually symbolised with σ (the Greek letter sigma), sometimes given a suffix t for tension (σt) or c for compression (σc). Shear stress is produced by forces acting parallel or tangential to the plane of cross-section and is symbolized with τ (Greek letter tau”). (FAO, 2019)
Modulus of elasticity:
[image: ]

Credit: (FAO, 2019)
The value of the factor of safety has to be chosen with a variety of conditions in mind, such as the: 
• Accuracy in the loading assumptions
• Permanency of the loads
• Probability of casualties or big economic losses in case of failure
• Purpose of the building
• Uniformity of the building material
• Workmanship expected from the builder
• Strength properties of the materials
• Level of quality control ensuring that the materials are in accordance with their specifications
• Type of stresses developed
• Cost of building materials / using standard size I beams to reduce costs
[image: ]A beam is a member used to resist a load acting across its longitudinal axis by transferring the effect over a distance between supports – referred to as the span as shown below in figure 1. 
[image: ]
[bookmark: _Toc34734861]Figure 1. Credit: (EDU, n.d.)



Maximum Reaction Force:
At the fixed end can be expressed as:
RA = F                              
Where:
RA = reaction force in A (N)
F = single acting force in B (N)
Maximum Moment:
At the fixed end can be expressed as
Mmax = MA
          = - F L                              
Where:
MA = maximum moment in A (N.m, N.mm)
L = length of beam (m, mm)
Maximum Deflection:
At the end of the cantilever beam can be expressed as
δB = F L3 / (3 E I)                                     
Where:
δB = maximum deflection in B (m, mm)
E = modulus of elasticity (N/m2 (Pa), N/mm2, (psi))
I = moment of Inertia (m4, mm4)
b = length between B and C (m, mm)
(Credit: GCS PowerPoint 2019). 

[bookmark: _Toc34734862]Different types of crane jibs:
Floor mounted Jib crane: 
Floor mounted jib cranes is directly fixed on the floor without any support to keep it upright. “To maintain its stability and not topple over it you fix it to a foundation of 3 to 5 feet deep and up to 4 to 10 feet square foundation base”. The foundation depends on the load and reach. Advantage of this type of crane is it doesn’t need a support wall or structure and provides optimal range of span and control compare to wall mounted cranes and other types of jib cranes. (M.Dhanoosha, 2016) In Wall Colmonoy a similar project was carried out and it was determined that samples of the floor was required due to the concreate strength. Please see attached test report for compressive strength (N/mm2) of concreate, this is required prior to installing any crane jib due to the British standard BS EN 12504-1. 

Wall mounted jib crane: 
 This kind of jib crane is fitted onto the wall. It requires very little headroom, so it can be fitted very close to the underside of roofs etc. to provide maximum lift for your hoist. “The coverage like other types of cranes is circular and generally around 20 feet. But it requires a strong wall or column structure to fit it and degree of rotation is lesser than that of mast style and free standing jib cranes”. This crane is very efficient way to move material when on the floor. This research has come from the Following:  International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395 -0056 Volume: 03 Issue: 12 | Dec -2016 www.irjet.net p-ISSN: 2395-0072 © 2016, IRJET | Impact Factor value: 4.45 | ISO 9001:2008 Certified Journal (M.Dhanoosha, 2016)

Wall Bracket jib crane: 
This crane is similar to wall mounted jib cranes but with a bracket. It’s a most economical means of providing hoist coverage for individual use in bays, along walls or columns of plants. The installation requirements and load and rotation are like the wall mounted cranes. This is used a lot for swinging around obstacles and over obstructions. (M.Dhanoosha, 2016)

[bookmark: _Toc34734863]Design Methodology
As part of the Keder Engineering solutions (KES) project team member Kaine Angus was tasked with focusing on the cantilever I beam type of a Jib crane. The findings will be to provide 3 solutions that will be safe, reliable and cost effective. The Safe working load (SWL) for the crane jib is 350kg and has a max height of 6m.  
As the length or general dimensions of the I-beam are not specified Kaine Angus researched typical sizes for I beams so that the costs were kept as low as possible as these would then not need machining and the project group could buy these off the shelf. This would eliminate machining costs and the operator cost per hour. The costs of these were not captured and compared as the main focus on this report was to compare the stress analysis on the FEA inventor software. 
350kg to Newton’s = 3432.327510023615 credit: (Convert, n.d.)
Selected dimensions, physical, material and selected force for SWL 350kg jib crane cantilever I beam. 
Beam 1: 
 Physical:
	Material
	Steel, Mild

	Density
	7.85 g/cm^3

	Mass
	2198 kg

	Area
	6280000 mm^2

	Volume
	280000000 mm^3

	Center of Gravity
	x=250 mm
y=-300 mm
z=1000 mm



Material:
	Name
	Steel, Mild

	General
	Mass Density
	7.85 g/cm^3

	
	Yield Strength
	207 MPa

	
	Ultimate Tensile Strength
	345 MPa

	Stress
	Young's Modulus
	220 GPa

	
	Poisson's Ratio
	0.275 ul

	
	Shear Modulus
	86.2745 GPa



 Force: 1
	Load Type
	Force

	Magnitude
	3432.000 N

	Vector X
	0.000 N

	Vector Y
	-3432.000 N

	Vector Z
	0.000 N



The beam has a constraint on one end and a point load at the other end of the beam identified with a yellow arrow. 
[image: ]
Figure: Beam 1 Dimensions. 










Beam 2: 
Physical:
	Material
	Steel, Mild

	Density
	7.85 g/cm^3

	Mass
	1177.5 kg

	Area
	6350000 mm^2

	Volume
	150000000 mm^3

	Center of Gravity
	x=250 mm
y=-300 mm
z=1000 mm



Material:
	Name
	
	Steel, Mild

	General
	
	Mass Density
	7.85 g/cm^3

	
	
	Yield Strength
	207 MPa

	
	
	Ultimate Tensile Strength
	345 MPa

	Stress
	
	Young's Modulus
	220 GPa

	
	
	Poisson's Ratio
	0.275 ul

	
	
	Shear Modulus
	86.2745 GPa

	Part Name(s)
	
	I beam 2 500x50x600x2000 1



Force:
	Load Type
	Force

	Magnitude
	3432.000 N

	Vector X
	0.000 N

	Vector Y
	-3432.000 N

	Vector Z
	0.000 N



[image: ]
Figure: Beam 2 Dimensions. 
Beam 3: 
 Physical:
	Material
	Steel, Mild

	Density
	7.85 g/cm^3

	Mass
	608.375 kg

	Area
	6377500 mm^2

	Volume
	77500000 mm^3

	Center of Gravity
	x=250 mm
y=-300 mm
z=1000 mm












Material:
	Name
	Steel, Mild

	General
	Mass Density
	7.85 g/cm^3

	
	Yield Strength
	207 MPa

	
	Ultimate Tensile Strength
	345 MPa

	Stress
	Young's Modulus
	220 GPa

	
	Poisson's Ratio
	0.275 ul

	
	Shear Modulus
	86.2745 GPa

	Part Name(s)
	I beam 3 500x25x600x2000



Force:
	Load Type
	Force

	Magnitude
	3432.000 N

	Vector X
	0.000 N

	Vector Y
	-3432.000 N

	Vector Z
	0.000 N



[image: ]
Figure: Beam 3 Dimensions. 
[bookmark: _Toc34734864]Analysis
Beam 1: 
[image: ]Displacement: 


(Video animation of the deflection with force 350kg on beam 1) 

Von mises stress:
[image: ]



Safety factor:
[image: ]


 Beam 2: 
Displacement: [image: ]


Von mises stress:
[image: ]


Safety factor:
[image: ]


Beam 3: 
Displacement: 
[image: ]

Von mises stress:
[image: ]



Safety factor:
[image: ]

	Beam 1:

	Displacement: 
	0.00877mm MAX

	Von Mises Stress:
	0.7745 mPa MAX

	Safety factor:
	15 uL MAX

	I Beam mass:
	2198.00 KG



	Beam 2:

	Displacement: 
	0.0197mm MAX

	Von Mises Stress:
	2.569 mPa MAX

	Safety factor:
	15 uL MAX

	I Beam mass:
	1177.50 KG



	Beam 3:

	Displacement: 
	0.07606mm MAX

	Von Mises Stress:
	11.57 mPa MAX

	Safety factor:
	15 uL MAX

	I Beam mass: 
	608.375 KG








[bookmark: _Toc34734865]Conclusion 
In conclusion Beam 1 had the least displacement with 0.00877mm Max, followed by beam 2 with 0.0197mm Max and Beam 3 with the most at 0.07606mm Max. But Analysing the weights of the I beams, Beam 1 with the least displacement weights over 2 Tonne which in the type of application its intended for is excessive, the aims and objectives of the project was also to keep costs effective and to also determine the most effective solution.
Therefore even though beam 3 has the least displacement it’s still minimal and would not be acceptable for the project as the Von Mises stress is far too high leaving me to conclude that beam 2 is the most beneficial solution required with only 2.569 mPa Max stress and an extremely low displacement at 0.0197mm Max. 
[image: ]
Also as shown above, a recent crane jib that has recently been installed in Wall Colmonoy UK, it was proven that the acceptable deflection was 15mm under a proof load (625kg). This again provides the report concreate proof and evidence that the above dimensions and deflection is sufficient enough. 
If the group was to do this experiment again they would also compare other types of high tensile steels which would allow them to further reduce the dimensions and weight of the I beam. The type of steel used in the above analysis is standard Mild steel with a Young's Modulus of 220 Gpa, Poisson's Ratio of 0.275 uL and Shear Modulus of 86.2745 Gpa. By using a high tensile steel these values would provide the I beam with far less chance of failure due to the values being more resistant to high stress. 

The group also stated that prior to manufacture of the crane jib concreate testing for strength is also required as see below from report gathered by Wall Colmonoy UK. 
[image: ]








[image: ]





[bookmark: _Toc34734866]Task 2
[bookmark: _Toc34734867]Introduction
This task will cover how to build a beam more efficiently using the deflection test by light weighing the beam so that it will use less material. Experiments will be carried out regarding beam deflection. The beam deflection will be calculated using Macaulay’s method and then compared against the results found in the experiment. The performance and improvement will also be suggested to withstand bigger loads. 

[bookmark: _Toc34734868]Background theory of your experiment
Macaulay’s Method is a means to find the equation that describes the deflected shape of a beam. From this equation, any deflection of interest can be found. Prior to Macaulay’s paper of 1919, deflection of beams could not be found in a closed form. This method enables engineers to write a single equation for bending moment for the full length of the beam. Deflection can then be found by applying the Euler-Bernoulli theory therefore ultimately being used to integrate this is how the deflection is found.  (Caprani, 2011)
 Some different types of beam are described below: 

Simple supported beam:
A simple supported beam is one which has support at its both ends but does not face any moving resistance.

Fixed beam: 
Like simple supported beam fixed also has support at its both ends but fixed beam has moving resistance.

Over hanging beam: 
Over hanging beam also have support at both of its ends like simple supported beam but one of its ends is free and extended further from the end support.

Double over hanging beam: 
Double over hanging beam is just like overhanging beam, the only difference is that it’s both ends are extended beyond the end support.

Continuous beam: 
Continuous beam is one which has large length and it is supported by more than two supports.

Cantilever beam: 
Cantilever beam is one which has its one end fixed and other end is free to vibrate.

Trussed beam: 
Trussed beam is a special type of beam which has increased strength due to additional rods and cables in beam.

[bookmark: _Toc34734869]Equipment Used
In the experiment a S355 steel bar was used.   
The dimensions were as follows: 
· 30mm thick
· 12mm depth 
· 1765mm Length
· X2 90x30mm supports (assumption no actual measurement taken if the experiment was done again the project group would ensure that a vital dimension was recorded).
Weights and measuring equipment used:
· X5 10 Newton (N) 
· 300mm steel rule 

[bookmark: _Toc34734870]Procedure and results: 
Step one of experiments began by placing the S355 steel bar on the 90x30mm supports. The supports were placed at either end of the bar 1,765mm from each other. The Bar was positioned with the 30mm bar thickness dimension on the X axis (horizontal) plane and the 12mm bar depth dimension was placed in the Y axis (vertical) plane.
 Step two was to take measurements at the supports to see how far the bottom of the bar was from the base plane (floor). The distance from the centre of the bar to the base plane was also taken which equal to 83mm. this completed the step up of the experiment, the first 10N weight was then put onto the centre of the bar and the distance was 82mm. 
Step 3 was to add another 10N weight was also placed on top of the beam and the distance was found to be 80.5mm.
Step 4 was also to add another 10N weight equalling to 30N and the distance from the base plane was 79.5mm.
Step 5 was to add another 10N weight to the beam equalling to 40N and the distance was 78mm. 
The Final step was again to add another 10N weight to the beam equalling to 50N load om the beam, the distance was now 76.5mm. 
The first experiment was now complete was readings recorded now for experiment 2 where the bar was flipped over so that the 12mm bar depth was now in the x axis plane and the 30mm bar thickness was placed in the y axis. 





The same sequence of weights was added in 10N increments. The distance from to the base plane was as follows: 
Free weight = 88.5mm
10N = 88.2mm
20N = 88mm
30N = 87.8mm
40N = 87.5mm
50N = 87.2mm  

[bookmark: _Toc34734871]Data analysis and Calculations
See below charts for experiments 1 & 2 for weight – deflection. 
Experiment 1 & 2 graphs:


















 Macaulay’s methods (Double integration method).

Replace M into slope and displacement integration:

Integrating with respect to x:


 Integrating with respect to x:

[bookmark: _Hlk31966641]


3.   +  (apply boundary conditions).

At x = 0 ; y = 0 (Put in equation (3).

0 = 0 – 0 + 0 + 0 +  (Solve for )

 = 0

At x = 1.761 ; y = 0 (put in equation (3).



0 = 4.551 – 1.137 + 


 = -643.071


 4. Put the value of equation in equation (2)  into (3).

 (2) = (A) General slope equation.

 (2) = (B) General deflection equation.

To get the deflection at point (b). General deflection use equation (B).

Let x = 0.8805





   deflection at midpoint

  = -2.75*10^-3  










[bookmark: _Toc34734872]Conclusion:
To conclude it is evident that the more weight (N) added to the beam the more it will sag caused by the Downwood force inflicted by the weights. The beam thickness also plays a big part in how much the beam will sag as shown above in the experiment results. This is due to the equation of deflection:
According James M. Gere (n.d) to the equation of deflection, second moment of inertia of the beam which is the property of the beam related to its shape and dimension has very important role in deflection of beam. Beam with high value of second moment of inertia or second moment of area will show less deflection and beam with low value of second moment of inertia will show larger deflection.
If the experiments were done again the project group would have used more accurate measuring equipment to show greater detail for deflection or even possibly using different material to compare the deflection. It was also stated that the group would use their time more efficiently to compare the calculations with the experiments to show and compare the differences. 
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Ex 1: Deflection Vs Load

Deflection (mm)	10	20	30	40	50	1	1.5	2.5	5	6.5	Load (N)


Deflection (mm)



Ex 2: Deflection Vs Load

Deflection (mm)	10	20	30	40	50	1	1.5	2.5	5	6.5	Load (N)


Deflection (mm)
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