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Task 1

Introduction 


As a new member of the team at keder engineering solutions (KES), The task set is to join the team in one of the workshops which is undergoing the development of a project for the industry.  The project is to analyse the cantilever I beam using FEA software. The cantilever I beam is a component of the jib crane used in KES and is liable to fail due to excessive loading, this by flexural yielding and shear cracks.

Using the method of finite element analysis which is a numerical method used to calculate stress and strain in structures giving a comprehensive set of results and provides a safe simulation of potentially dangerous, destructive or impractical load conditions and failure modes. Furthermore this is not an easy task to be analysed using alternative methods. 

The brief states that analysis of a cantilever I beam using FEA software, to find a reliable, safe and low cost material handling piece of equipment capable of lifting loads of 350kg to a total height of 6m. The design process should include 

· An arbitrary selection of 3 size of a cantilever I beam for the jib crane 

· An analytical stress analysis for each beam case showing the maximum stress developed, the maximum defection and the safety factor by making relevant comments at certain stages in order for the company to understand the process and design validation.

· Comparison of the stress analysis with FEA by determination of maximum stress and maximum deflection. 

Following the brief will allow for a conclusive report, satisfying the points outline in the assignment brief.
Background Theory 

A cantilever beam is a beam that is anchored at only one end. The beam carries the load to the support where it is forced against by a moment and shear stress. Cantilever construction allows for overhanging structures without external bracing. Cantilevers can also be constructed with trusses or slabs (Naik, 2016) 

Cantilever beam means a rigid beam or bar that is fixed to a support usually a vertical structure or wall and the beam's other end is free. It is a horizontal beam that is firm at only one end while the other end is left free to carry some vertical loads. The beam's fixed end has a reaction force and moment created by the load acting at the free end. The intention of cantilever beam is to create a bending effect to certain limit. Diving board at a swimming pool is a perfect example for the cantilever beam. Aircraft wing that carries wind force is another good example for cantilever beam (Sivaprasad, 2018)
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(Naik, 2016)
(Sivaprasad, 2018)






Advantages 
· Building out from each end enables construction to be done with little disruption to navigation below.

· The span can be greater than that of a simple beam because a beam can be added to the cantilever arms.

· Because the beam is resting simply on the arms, thermal expansion and ground movement are fairly simple to sustain.

· Cantilever arms are very rigid, because of their depth.
(Naik, 2016)

Disadvantages 
· Like beams, they maintain their shape by the opposition of large tensile and compressive forces, as well as shear, and are therefore relatively massive.

· Truss construction is used in larger examples to reduce the weight.
(Naik, 2016)

FEA background
The Finite Element Analysis (FEA) is the simulation of any given physical phenomenon using the numerical technique called Finite Element Method (FEM). Engineers use it to reduce the number of physical prototypes and experiments and optimise components in their design phase to develop better products, faster (Strang, 2017)

By using Autodesk inventor CAD software a FEA analysis can be carried out highlighting all of the relevant information required when designing such structures. Allowing for conclusive and accurate results to be achieved.

What is a jib crane? 
Jib cranes are one of the most mechanically simple cranes available today and have three major components:

· Masts, this is the vertical part of the system, this allows the boom to be held at the correct angle and also controls the height of lift.
· Booms or Jibs, This is the horizontal part of the crane, this part supports the movable electric chain hoist, and can be fixed to either a wall or the floor. 
· Trolleys, this part slides up and down the boom and holds the electric hoist, wire rope, and lifting hook in place
(Smith, 2017)

Types of JIB cranes

Freestanding Jib Crane
· [image: ]Freestanding systems offer the highest capacities, longest spans, and greatest amount of rotation. However, freestanding jib cranes are among the most expensive systems and the most permanent setup due to the special foundation that is required to anchor and secure the crane and support the load during a lift (Mazzella, 2018)

Typically, freestanding jib crane systems can accommodate:

· Spans up to 15m
· Capacities up to 15 tons			(Mazzella, 2018)
· 360° of rotation
· Boom heights up to 12m

Foundation less Jib Cranes 
· [image: ]Foundation less jib cranes are another type of freestanding jib crane that are slab-mounted and bolted to 6" reinforced concrete for indoor use. These types of jib crane systems don't require a special poured foundation and can be installed almost anywhere in a facility as long as the area meets the requirements of the manufacture (Mazzella, 2018)
Typically, foundation less jib cranes can accommodate:
· 2.75 -5m spans
· Capacities up to 1,000 lbs.
· 360° rotation
· Boom heights up to 20'
(Mazzella, 2018)
		

Mast Type Jib Cranes 
· Mast type jib cranes are a cost-effective alternative to freestanding systems because they don’t require a special foundation. Mast type jib cranes only need 6” of reinforced concrete to support the crane because they require additional support from an existing overhead support beam or structure. (Mazzella, 2018)

[image: ]Typically mast type jib cranes can accommodate:

· 3-12m spans
· Capacities up to 10 tons
· 360° rotation
· Boom heights up to 12m (distance from floor to overhead top support)		(Mazzella, 2018)
Wall-Mounted Jib Cranes 
· [image: ]Wall-mounted jib crane systems can be used in individual bays, along structurally adequate walls or building support columns, or as a supplement to an existing monorail or overhead bridge crane. (Mazzella, 2018)
Wall or column-mounted jib cranes can accommodate:

· Spans ranging from 2.5 -9m
· Capacities up to 5 tons
· 180°-200° rotation

(Mazzella, 2018)





Each of the different types of cranes support different applications and needs. They each have their immediate advantages and disadvantages and it is important to justify the correct type for the required needs of the set project. 



















Design Methodology 

To approach this task it is important to note that the individual role given to this sub team is to concentrate on the cantilever I beam section of the JIB crane and the vertical supporting structure to be designed and analysed by another sub team.

Firstly the brief states that the JIB crane should have lifting capacity of 350Kg and to a height of 6 meters, the length of the beam known as the reach has not been specified. From research and analysis carried out the best suited  JIB crane is the foundation less crane, this is suitable for the needs of the application and falls neatly within the parameters set. 2.75m – 4.75m spans, Capacities up to 450kg and Boom heights up to 6.1m.

Firstly to carry out the task using British steel universal beam charts as shown below, 3 different standard sizes I beam have been identified to carry out a stress analysis using Autodesk inventor. 
[image: ]
Selected sizes: 

· 311 x 125 x 48

· 306 x 166x 46

· 203 x 133 x 25
[image: ]

(British Steel, n.d.)

By using standard size I beams it allows for ease when carrying out tasks such as costing and sourcing of material, by designing a bespoke size it would require a one off run or a one off fabrication resulting in inflated costings associated with the process. By keeping it standard we can use multiple different metal suppliers to compare and get the best possible price, and source the beam with minimal effort. 














Analysis 

The following analysis consist of 3 different size mild steel I beams with a same length of 3 meters. 3 standard size beams were selected all with varying dimensions from the web, flange and thickness. 
Each of the following results will include pictures of minimum and maximum values for von mises stress, deflection and safety factors as required, these represent:

· Von mises stress – Three-dimensional stresses and strains build up in many directions. A common way to express these multidirectional stresses is to summarise them into an Equivalent stress, also known as the von-Mises stress. A three dimensional solid has six stress components. Sometimes an uniaxial stress test finds material properties experimentally. In that case, the combination of the six stress components to a single equivalent stress relates the real stress system (Autodesk, 2014)

· Displacement – The Displacement results show you the deformed shape of your model after the solution. The colour contours show you the magnitude of deformation from the original shape. The colour contours correspond to the values defined by the colour bar (Autodesk, 2014)

· Safety factor – To calculate a factor of safety as the ratio of the maximum allowable stress to the equivalent stress (von-Mises), when using Yield Strength. It must be over 1 for the design to be acceptable. (Less than 1 means there is some permanent deformation.) When using Ultimate Strength, Maximum Principal stress is used to determine safety factor ratios.

Factor of safety results immediately points out areas of potential yield. Equivalent stress results show red in the highest area of stress, regardless of how high or low the value. A factor of safety of 1 means the material is essentially at yield. Most designers strive for a safety factor of between 2 to 4 based on the highest expected load scenario (Autodesk, 2014)






































Beam 1 203 x 133 x 25 
[image: ]


Comparison

Using,  where F = force applied (N) and A = cross sectional area of I beam ()

	Theoretical stress
(MPa)
	FEA Stress (Von mises stress) (MPa)
	Percentage error (%)

	98.7807
	79.9369
	21.08







[image: ]CAD representation of I beam dimensions
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Beam 2 311 x 125 x 48
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Comparison

Using,  where F = force applied (N) and A = cross sectional area of I beam ()

	Theoretical stress
(MPa)
	FEA Stress (Von mises stress) (MPa)
	Percentage error (%)

	56.7554
	28.369
	66.69






CAD representation of I beam dimensions
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Beam 3 306 x 166x 46
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Comparison

Using,  where F = force applied (N) and A = cross sectional area of I beam ()

	Theoretical stress
(MPa)
	FEA Stress (Von mises stress) (MPa)
	Percentage error (%)

	58.4329
	79.9369
	13.63







CAD representation of I beam dimensions
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Costing

It is important to note the different costs of each beam is to allow for a conclusive costings of the whole project, this including the designed parts tasked with the other sub teams. Typically I beams are quoted at a per meter length. Pricing provided by (WESELLRSJ.co.uk)


	Beam size
	Per meter
	Length req
	Total cost

	Beam 1 203 x 133 x 25
	£42.25
	3
	£126.75

	Beam 2 311 x 125 x 48

	£81.12
	3
	£243.36

	Beam 3 306 x 166x 46

	£77.74
	3
	£233.22





Conclusion 

From the analysis carried out it is clear that each beam has its immediate advantages and disadvantages, by selecting a range of different sized I beams with a large variance between sizes it allowed for a good comparable and understanding of how much load each beam could sustain and therefore how much displacement would occur.

From comparing each beam results in detail the decision was made to select beam 2 as the final beam to be selected for the project, this beam offered a small amount of displacement at 1.53mm at total of only 0.014mm more at max displacement of beam 3. Although beam 3 offered slightly less displacement overall beam 2 offered a lower maximum stress at the point load and a higher safety factor, therefore this being selected as the best option for the project. 

Although all 3 beams were suitable for the required task the overall results of beam 2 made it the best choice as the overall beam to be used.

It is important to note that although pricing was carried out this would present a negligible barrier to the project as the cost of each beam was rather marginal and relativity a low cost in relation to the overall project size. 

 
Additionally carrying out theoretical vs FEA stress calculations proved there was an varying percentage error between the two figures. This due to the fact that von mises stress is a complicated measure of stress combining all stress values into one value, as opposed the traditional stress = F/A equation.






























Task 2

Introduction/Experiment Aim 


In ever changing world engineers are tasked with looking for better more sustainable ways to build structures. With the use of less material, this typically means that the structures will be lighter and less expensive to erect. Knowing the moment of inertia for different shape is an important consideration for engineers as they strive to make designs lighter and less expensive.
To satisfy the requirements of this task, an experiment will be carried out on beam deflection, following the procedures laid out in the lab experiment handout. Using Macaulay’s method to determine the theoretical calculations for the beam deflection and compare the findings with the experimental results. Any suggestions on experiment improvement with regard to the beams ability to withstand bigger loads will be included within the report. Key finding are: 
· The curvature at any point along the beam
· Central loading 
· Overhanding loads. 

Background Research 
In engineering, deflection is the degree to which an element of structure changes shape when a load is applied. The change may be a distance or an angle and can be either visible or invisible, depending on the load Intensity, the shape of the component and the material from which it is made (Barry J. Goodno, 2012)

‘Different types of load can cause deflections. These include point loads, uniformly distributed loads, wind loads, shear loads as well as ground pressure and earthquakes, to name but a few.’ (Barry J. Goodno, 2012) When a load produces a deflection that is too great, the component may fail.

Components and structures that suffer deflection include, beams, columns, floors walls, bridge decks, tunnel walls, dams to name a few.

Given the possibility of structural failure, building codes usually determine what the maximum allowable deflection should be to ensure the safety of a buildings users and overall structural integrity. For a beam, this is usually expressed as a fraction of the span, e.g. the beams deflection should not be greater than 1/360th of the span, so, if the span is 5m, the deflection should not be greater than 13.9mm. This will usually be measured at the mid-point of the beam (Barry J. Goodno, 2012)

Macaulay’s Method
‘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’ (Caprani, 2010) essentially any point along the beam.
Before Macaulay’s paper of 1919, the equation for the deflection of beams could not be found in closed form. Different equations for bending moment were used at different locations in the beam (Caprani, 2010)
Macaulay’s Method enables us to write a single equation for bending moment for the full length of the beam. When coupled with the Euler-Bernoulli theory, we can then integrate the expression for bending moment to find the equation for deflection.it is very convenient for cases of discontinuous and/or discrete loading (Caprani, 2010)





Equipment Used
· Steel bar 1761mm x 30mm x 12mm (low carbon steel 2355)
· 2 x steel blocks (supports) 90mm x 30mm
· A range of weights 
· Rule
· Tape measure
· Marker pen
 
Procedure 

· The first step was to measure all of the equipment supplied for the experiment. 
· Team members were assigned specific tasks, these being, recording of results, taking measurements, and placing the weights onto the beam. 
· The beam was set up in 2 different orientations firstly horizontal secondly vertically.
· 5 x 10N weights were used starting at 10N working up to 50N in 10N increments. 
· Measurements were taken with the use of a steel rule and results recorded. 












Data, Analysis and Calculations (John Bird, 2014)
[image: ]
· Beam horizontal, with deflection with no weight at 83mm and 90mm at supports for beam.
	Weight
	Measured distance.
	Total Deflection 

	10N
	82mm
	1mm

	20N
	80mm
	3mm

	30N
	79.5mm
	3.5mm

	40N
	78mm
	5mm

	50N
	76.5mm
	6.5mm




· Beam vertical, with deflection with no weight at 88.5 and 90mm at supports for beam.
	Weight
	Measured distance
	Deflection 

	10N
	88.2mm
	0.3mm

	20N
	88mm
	0.5mm

	30N
	87.8mm
	0.7mm

	40N
	87.5mm
	1mm

	50N
	87.5mm
	1mm












Preliminary lab calculations to determine beam modulus of elasticity (hand out)

· Moment of inertia for vertical and horizontal orientated beam.
· B = width of beam (m)
· H = height of beam (m)
· I = moment of inertia ()
	
	Vertical 
	Horizontal 

	
	
= 27000
= 27
	
= 4320
= 4.32



· Total span between supports (L) = 1.701m
· Distance measured between floor and the bottom of the beam 0.083m
· Pre loading distance (Dpl) = 0.083m 
· Load (P1) applied to the centre of the beam, applied load = 0.082m
· Maximum deflection = Dpl – Dal. 0.083-0.082 = 0.001
· Load weight (F) = 10N

	
	Equation rearranged to find E,


	
	

	
	



· Modulus of elasticity the stays the same for horizontal and vertical orientation.
· Calculate load 2 (P2) weight
· Total span between supports (L) = 1.701m
· Pre loading distance (Dpl) = 0.083m 
· Load (P2) applied to the centre of the beam, applied load = 0.080m
· Maximum deflection = Dpl – Dal. 0.083-0.080 = 0.003

	
	Equation rearranged to find F,


	
	

	
	F = 29N



	
	

	
	 = 2.9mm



· Calculated horizontal deflection = 2.9mm
· Measured deflection at 20N = 3mm
Macaulay's Method (Double integration method)

[image: ]Using Macaulay’s method the following images represent the calculations carried out to determine the expression needed to calculate beam deflection 

[image: ]

With the expression found the numbers from the experiment can be inputted, and beam deflection calculated.
[image: ]










To find beam defection at 10N in the horizontal rotation.
Where:
	W =
	Load 

	L =
	Length 

	E =
	Modulus of elasticity 

	I =
	Moment of inertia 

	y/Δ =
	Deflection 








	I = (horizonal orientation)
	E
	W
	L

	
= 4320
= 4.32
	Material used mild steel young’s modulus = 220 Gpa 
220000000000 Pa
	
10N
	
1.701M










· The calculations carried out above represent the beam in the horizontal orientation with 10N load applied. 


Results

The following tables represent the theoretical calculations for each of the loads applied in the both horizonal and vertical orientations and the experimental results. 
Horizontal orientation 
	Weight
	Theoretical deflection 
	Experimental 

	10N
	-1.15mm
	- 1mm

	20N
	-2.29mm
	- 3mm

	30N
	-3.44mm
	- 3.5mm

	40N
	-4.59mm
	- 5mm

	50N
	-5.73mm
	- 6.5mm







Vertical orientation 
	Weight
	Theoretical deflection 
	Experimental 

	10N
	-1.83mm
	0.3mm

	20N
	-3.67mm
	0.5mm

	30N
	-5.50mm
	0.7mm

	40N
	-7.34mm
	1mm

	50N
	-9.18mm
	1mm



The horizontal experimental results vs theoretical have close similarities suggesting the analysis was a success, but the vertical calculation has a large variation, this could be down to a multitude of issues. The likelihood would be down to human error in the calculation stage or the human error in the experimental task carried out. 

What to Improve
There were a number of issues with the experiment carried out. Firstly the lack of equipment was very apparent, the material selected to carried out the task wasn’t of a good standard and the supporting blocks used were welded blocks resulting in slight deviations from block to block, furthermore the beam used appeared to have a bend already in the material, meaning that the deflection readings of the beam were already inaccurate. As reported a total amount a 7mm deflection in the centre of the beam compared to the end supports. 
Another issue was the measuring equipment provided, the lack a of tape measure restricted  from measuring the total beam length accurately, using 2 steel rules placed end to end trying to gauge an accurate reading. Additionally when measuring the deflection again the use of a steel rule restricted the accuracy of the measurement, essentially guessing the measurement. With the use of a digital Vernier calliper or a Vernier height gauge more conclusive and accurate results could have been gathered.

Conclusion
From this project, It is apparent that there are many factors that go into the structure and strength of materials and the orientation of material plays an important role in the amount of weight a beam can support, when the beam is in the vertical orientation with a larger moment of inertia it can withstand more load with a lot less deflection. Due to the time constraints while doing the experiment only a basic set up could be achieved, thus not allowing for multiple different setups for beam deflection allowing for a comparison and a better understating of the theoretical concept put into practical environment. Such as exploring overhanging / fixed beams and different load distribution points.

As highlighted above the experiment wouldn’t be deemed a success due to the amount of potential errors from the materials and equipment used and the fact human error is a large factor. The best way to overall improve this experiment would be to organise and plan the experiment, this to put an action place in place to gather all of the necessary equipment needed for the test increasing the chance for success. 
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Designation

Serial size

127 x76 x 13
152 x 89 x 16
178 x102x 19
203x102x23
203 x133x 25
203 x133x 30
254x102x 22
254x102x 25
254 x102 x 28
254 x146 x 31
254 x 146 x 37
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305x102 x 33
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242
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348
3.52
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267
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386
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Physical Properties

Results Summary

Material Steel, Mild
Density 7.85 g/cm~3
Mass 82.9888 kg
Area 2753100 mmA2
Volume 10571800 mm~3
x=0 mm
Centre of Gravity|y=1500 mm
z=0 mm
Material Properties
Name Steel, Mild
Mass Density 7.85 g/cmA3]
General Yield Strength 207 MPa
Ultimate Tensile Strength|345 MPa
Young's Modulus 220 GPa.
Stress Poisson's Ratio 0.275 ul
Shear Modulus 86.2745 GPa.
Part Name(s)| I beam 203x133x25
Loads Applied

Load Type| Force

Magnitude| 3432.000 N

Vector X |-3432.000 N

Vector Y |0.000 N

Vector Z |0.000 N

Name Minimum Maximum
Volume 10571800 mm~3

Mass 82.9888 kg

Von Mises Stress | 0.115838 MPa 79.9369 MPa

1st Principal Stress |-15.0953 MPa 55.3002 MPa
3rd Principal Stress|-96.1718 MPa 16.2088 MPa
Displacement 0 mm 5.46082 mm
Safety Factor 2.58954 ul 15ul

Stress XX -40.5997 MPa 19.665 MPa
Stress XY -3.42481 MPa 9.82547 MPa
Stress XZ -30.3265 MPa 34.5933 MPa
Stress YY -51.3516 MPa 51.844 MPa
Stress YZ -11.0955 MPa 17.802 MPa
Stress 2Z -75.1747 MPa 52.2347 MPa

X Displacement -5.454 mm 0 mm

Y Displacement -0.273093 mm 0.268048 mm

Z Displacement -0.00519367 mm |0.00627183 mm
Equivalent Strain | 0.00000044805 ul |0.000332844 ul
1st Principal Strain | 0.000000310834 ul| 0.000216343 ul
3rd Principal Strain |-0.000396493 ul  -0.000000219741 ul
Strain XX -0.000188132 ul  {0.0000590807 ul
Strain XY -0.0000198483 ul |0.0000569431 ul
Strain XZ -0.000175756 ul  |0.000200484 ul
Strain YY -0.000192647 ul  0.000189531 ul
Strain YZ -0.0000643034 ul |0.00010317 ul
Strain ZZ -0.000274806 ul  |0.000216277 ul
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Physical Properties

Material Steel, Mild
Density 7.85 g/cm~3
Mass 144.008 kg
Area 3278390 mm~2
Volume 18345000 mm~3
x=0 mm
Center, of Gravity| y=1500 mm
z=0 mm

Material Properties

Results Summary

Name Minimum Maximum
Volume 18345000 mm~3

Mass 144.008 kg

Von Mises Stress | 0.0320262 MPa 28.369 MPa
1st Principal Stress | -6.33937 MPa 29.4769 MPa
3rd Principal Stress|-21.5543 MPa 7.11115 MPa
Displacement 0 mm 1.52961 mm
Safety Factor 7.29669 ul 15ul

Stress XX -7.26585 MPa 26.7144 MPa
Stress XY -1.29245 MPa 6.78656 MPa
Stress XZ -6.94558 MPa 7.56432 MPa
Stress YY -20.5593 MPa 21.9159 MPa
Stress YZ -5.1512 MPa 4.42491 MPa
Stress 2Z -9.62794 MPa 11.7262 MPa
X Displacement -1.52518 mm 0 mm

Y Displacement -0.113701 mm 0.116205 mm

Z Displacement

-0.00361441 mm

0.00135611 mm

Name Steel, Mild
Mass Density 7.85 g/cmA3]
General Yield Strength 207 MPa
Ultimate Tensile Strength|345 MPa
Young's Modulus 220 GPa.
Stress Poisson's Ratio 0.275 ul
Shear Modulus 86.2745 GPa.
Part Name(s)| I beam 311x125x48|

Equivalent Strain

0.00000012403 ul

0.00011379 ul

Loads Applied

Load Type| Force

Magnitude| 3432.000 N

Vector X

-3432.

000 N

Vector Y |0.000

N

Vector Z |0.000

N

1st Principal Strain

-0.000000945166 ul

0.000131206 ul

3rd Principal Strain

-0.0000851141 ul

0.000000072347 ul

Strain XX

-0.0000273324 ul

0.000115196 ul

Strain XY -0.00000749033 ul |0.0000393312 ul
Strain XZ -0.0000402528 ul |0.0000438387 ul
Strain YY -0.0000806152 ul |0.0000812243 ul
Strain YZ -0.0000298536 ul |0.0000256444 ul

Strain ZZ

-0.0000525383 ul

0.0000423318 ul
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Physical Properties

Material Steel, Mild
Density 7.85 g/cm~3
Mass 139.92 kg
Area 3753840 mm~2
Volume 17824200 mm~3
x=0 mm
Center, of Gravity| y=1500 mm
z=0 mm

Material Properties

Results Summary

Name Minimum Maximum
Volume 17824200 mm~3

Mass 139.92 kg

Von Mises Stress |0.039616 MPa 50.9788 MPa
1st Principal Stress | -5.93085 MPa 60.9837 MPa
3rd Principal Stress|-33.6807 MPa 9.31881 MPa
Displacement 0 mm 1.51563 mm
Safety Factor 4.06051 ul 15ul

Stress XX -7.427 MPa 24,8804 MPa
Stress XY -1.17765 MPa 5.98912 MPa
Stress XZ -21.3847 MPa 19.4998 MPa
Stress YY -20.5162 MPa 21.2763 MPa
Stress YZ -6.3302 MPa 10.45 MPa
Stress 2Z -33.6518 MPa 47.7814 MPa
X Displacement -1.51155 mm 0 mm

Y Displacement -0.107005 mm 0.111132 mm

Z Displacement

-0.00489352 mm

0.00367599 mm

Name Steel, Mild
Mass Density 7.85 g/cmA3]
General Yield Strength 207 MPa
Ultimate Tensile Strength|345 MPa
Young's Modulus 220 GPa.
Stress Poisson's Ratio 0.275 ul
Shear Modulus 86.2745 GPa.
Part Name(s)| I beam 306x166x46

Equivalent Strain

0.000000154558 ul

0.000211892 ul

Loads Applied

Load Type| Force

Magnitude| 3432.000 N

Vector X

-3432.000 N

Vector Y |0.000

N

Vector Z |0.000

N

1st Principal Strain

0.0000000645731 ul

0.00025215 ul

3rd Principal Strain

-0.000142159 ul

-0.000000140622 ul

Strain XX

-0.00003121 ul

0.000116868 ul

Strain XY -0.00000682501 ul |{0.0000347097 ul
Strain XZ -0.000123934 ul 0.00011301 ul

Strain YY -0.000078297 ul 0.0000786521 ul
Strain YZ -0.0000366864 ul  (0.0000605627 ul

Strain ZZ

-0.000141991 ul

0.000175637 ul
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Beam set up for the experiment,
load applied to the centre of the
beam.
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