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[bookmark: _Toc70077584]Abstract 
Stress analysis is a crucial tool that can be used on new products before implementation in the design phase as well as existing objects. Its uses are wide ranging from allowing designers to produce stronger parts and improve safety, to monitoring buildings and making sure that they are structurally sound for inhabitants after a natural disaster. Without devices such as strain gauges the environments that we find ourselves in would be a far more dangerous place.  
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This report aims to find a suitable mild steel beam section that will fulfil the requirements of a gantry crane bridge girder and support the requested lifting capacity. In order to do this, I have implemented techniques and equations that have been taught during this model such as slope and deflection of beam’s theory. Firstly, the minimum second moment of area was calculated. Then using this information, I was able to select beams from a steel manufacturer to compare and figure out the maximum deflection to see if they come within the given project specification. To allow these calculations to take place there were assumptions that had to be made. Some were requirements for the crane, such as the maximum lifting load capacity (5000kg) and the maximum y axis deflection (10mm). Whereas others were choices that had to be made ourselves such as the length of the gantry. The second portion of this report covers the variation and origin of common types of strain gauge, as well as the development that is being done to improve them. Lastly, I look at the optimal placement of gauges on the gantry crane in order to monitor its loading when in use.    
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In order to determine the minimum Second Moment Area of the beam that would support the designated load, I have used the double integration method to derive the following equation (Derivation shown in appendix A). In this equation the inputs are the maximum allowable deflection (), weight of the load (w), length of the beam (L) and the Young’s modulus of the material (E). As these are all known or assumed this allows us to find ‘I’:

I then rearranged to find the Second Moment of Area (I).





Even if this equation produces a negative answer because the figure is for area this can be ignored and assumed to be a positive. “Although second moments of area are always positive, since elements of area are multiplied by the square of one of their coordinates, it is possible for Ixy to be negative if the section lies predominantly in the second and fourth quadrants of the axes system.” (Megson, 2017)


For good practice it is advised to add a 20% to account for active load when the crane is in use and to ensure that the maximum working load is below the actual breaking point. This will increase the second moment of area of our beam to

I then took three different sized standard beams from British steel that conformed to BES 6001 to compare their max load at the assumed length. Using their measurements and inputting them into the formula gave me the deflection of each allowing me to eliminate the ones that would not come within the maximum 10mm deflection under the set load. 







Beam 1 (457mm x 191mm x 106kg/m)



This first beam comes within the maximum deflection but when a safety factor would be added then the beam would fail due to there being no tolerance above the maximum load. 

Beam 2 (457mm x 191mm x 133kg/m)



Beam two has a low enough deflection so that when the safety factor is added it still remains within the maximum vertical deflection.
 
Beam 3 (457mm x 191mm x 161kg/m)



The third beam has the least deflection but is the heaviest. This extra weight and material would increase the price of the beam as well as increasing the cost of the other components within the overall system due to them having to be bigger parts to accommodate the extra weight. This extra weight would also add unnecessary strain on the roof structure of the building. 
In conclusion I would recommend beam 2 for this application as it is the lightest and cheapest beam whilst also being in tolerance for deflection.
After doing the calculations by hand I created a model of the beam on Inventor in order to confirm my findings. Using a CAD model on this application allows me to conduct stress analysis tests on the beam dimensions by extruding the cross section, then adding the relevant forces at either end as well as a load at the middle. This model will show me the stress points and the deflection of the beam. Inventor uses Von Mises stress theory to calculate the effect of the loading on the beam. This method is widely used in industry and is considered the best method for analysing models as it predicts very accurately the effect of loads on ductile materials specifically, such as mild steel sections that are going to be used in the gantry crane. 
[image: A screenshot of a computer
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Figure 1 (Stress analysis on inventor)
After adding the loads, fixing points and materials to the model. The simulation then calculated the deflection of the beam. The maximum deflection was seen in the middle of the span and deformed by 3.79mm. This is less than the deflection from the manual calculations. But still confirmed that it is bellow the maximum deflection allowable.   
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During the calculations phase of the task assumptions had to be made in order to use equations to solve for the Second moment of area. The task set out the assumptions that the beam would be a symmetrical beam with a max load capacity of 5,000kg. 
My first assumption was that the beam would be 10m long in order to fill in the variable ‘L’ in the equation. This value was chosen as this span matches a gantry crane that Wall Colmonoy have on site. Therefore, would be a realistic scenario. 
The second assumption that I made was that the load would have maximum effect on deflection of the beam when it was acting in the centre between the two supports. I assumed this as it would have the largest moments about each support due to the increase in distance (Moments = force x distance from pivot). (M.Motavalli, 2011) 
As well as this I assumed that the stated maximum deflection of 10mm was for a static load. If the 10mm deflection was for an active load, then the beam would have to be stronger in order to account for the added forces such as momentum of the load and vibrations. 
Additionally, I assumed that the load on the I beam would be a point load as the hoist moves across the beam and has a small footprint on it. There could be an argument for a UDL as the weight would be distributed between the front and back axles of the hoist trolley frame but due to the small distance in between the two axles in comparison to the overall length of the beam I decided to stick with a point load. 
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 Strain gauges have been in use since the 1940’s. In that time many different variations have been developed. Many using a similar fundamental principle of converting one form of change in a physical propertie to produce a measurable change in another. For example, capacitance gauges. This form of strain gauge utilises the change in the capacitance as two or more electrodes pass by each other forming an output signal. (United States of America Patent No. US7204162B2, 2004) 
Another commonly used strain gauge is brittle lacquers. This method is used mostly as an indicator on where stress is peaking in a part and in what direction. This information is then used to inform the decision on where to place more accurate measuring equipment. This method of stress analysis was developed by Otto Dietrich whilst working for the German car manufacturer Maybach. They used the technology to study the connection between engine rods and pistons. The accuracy of this method is between 10%-20% hence its primary use as a cheap indication tool for stress analysis. (Salmon, 1950)
The most common form of strain gauge is an electrical resistance strain gauge. It is used for many different applications such as weighing scales, monitoring equipment in cars and machinery as well as structural stress tests. This device was originally invented to monitor the effects of earthquakes on raised water towers back in 1938, by a professor from MIT named Arthur Ruge. (Entrepreneurial MIT, 2015) He developed the instrument to assist in a student’s project. 
[image: LD20: Strain Gauge for High Strain or Compression | HBM]A key development area for strain gauges is to reduce ‘creep’ in order to maintain accurate reedings for longer. This development would be beneficial for sensors that are used for measuring stress within components such as concrete as they would log accurately for longer and not need replacing, as this would not be possible if set in concrete. Which is a common use for them in civil engineering projects. (Kin-takLau, 2001)  Creep is where over time the sensor material expands or relaxes after being loaded. For gauges this is bad because it produces inaccurate readings due to the change in the material’s electrical properties. (H.A.McKenna, 2004) In order to combat creep different forms and manufacturing methods have been used. Form choice has changed from metallic foil that is glued into position. Whereas with the development of metal printing technologies in recent years, newer gauges are being produced by printing metal and nonmetal oxide layers onto a substrate which is then sintered together in order to create a solid bond between the two. This alteration reduces the creep and hysteresis that was caused by the thick adhesive layer needed to attach the metallic foil to the substraight. (Yinming Zhao, 2020) Figure 2 (Lateral strain gauge)
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When placing strain gauges, it is imperative to place them in the right location or otherwise it renders them useless or even dangerous as they will not accurately represent what is happening to the material. (Ting-Hua & Hong-Nan, 2012) This can lead to false readings and conclusions which could end disastrously if not caught and an operation is carried out with equipment which was thought to be safe but actually fails. That is why placement of the sensors must be led by physics-oriented metrics to educate the strain gauge placement and reduce error. (K. Zhou, 2017) 
As the direction of the of the principal stress is known then using a Rosette is not necessary and one of the other forms of gauge can be used, such as a linear strain gauge. By answering questions in a workflow supplied by HBM a global sensor and measurement company with 65 years of experience in measurement technology, and one of the first companies globally to be certified to ISO9001. (HBM, 2021) This allowed me to select a linear strain gauge as the best option for this application. The specifications of the gauge needed was a type DY strain gauge with a 6mm measuring grid. The type DY gauge which consists of two parallel measuring grids, is recommended for the measurement of bending beams. 
In order to maximise the sensitivity of the measurement system and the wheat stone bridge, using 4 sensors to create a full bridge would be required. The placement of these gauges would be two on the top surface and two on the bottom surface in between one anchor point and the load. By utilising a full Wheatstone bridge, it allows the monitoring to be far more sensitive as the compressive forces on the top of the beam and the tension on the bottom are proportional. The effects of this are additive allowing this system to be far more sensitive. (Missouri S&T, 2020)  
Due to the proportional stresses on the beams top and bottom surfaces if the Wheatstone bridge were to become unbalanced this means that there is a fault along the beam and would require action such as maintenance to inspect the beam visually for damage or more tests to be run to identify weaknesses. 
[image: Wheatstone Bridge Circuit and Theory of Operation]Using a single gauge would not create enough change in the resistance to be able to pick up on an Ohmmeter. Therefore, a Wheatstone bridge is used to quantify the changes easier. There are two methods for quantifying the change. Firstly, the imbalance can be corrected, and the correction is noted and is directly proportional to the strain. This method cannot be used as we are using a full bridge and do not have the variable resistor required to re balance the bridge. Therefore, we use the second method which is to measure the voltage imbalance, this imbalance is also directly proportional to the strain. (Higdon, 1985)Figure 3 (Wheatstone Bridge)
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To conclude I believe that I beam 457 x 191 x 133 from British steel would be the optimal product to purchase in order to fulfil the requirements set out by the tasks that the overhead gantry crane must perform. This is due to its second moment of area being above the minimum threshold calculated and its added safety factor to account for active loads. As well as this, its maximum calculated and maximum simulated CAD model Y deflections are below the required 10mm. I believe this beam to have the standard beam with the lowest material weight, therefore making it the cheapest, safe option for this gantry crane. Monitoring the stresses that the beam undergoes is necessary in order to maintain safe operation and can warn of wear or weaknesses in the beam. Therefore, a Wheatstone bridge with 4 DY lateral strain gauges will be added to the beam (two above two bellow) in order to monitor the beams usage and wear.
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When x=0 dy/dx=0 therefore A=0
 When x= y=0 Therefore 







Works Cited
Entrepreneurial MIT. (2015, May 14). SR-4 Strain Gauge. Retrieved April 2021, from MIT 150 exhibition: http://museum.mit.edu/150/82#:~:text=Ruge%20invented%20the%20device%20in,surface%20he%20wanted%20to%20test.
H.A.McKenna, J. N. (2004). Testing. Handbook of Fibre Rope Technology, 300-329.
HBM. (2021, april 22/04/21). HBM/About. Retrieved from HBM: https://www.hbm.com/en/7164/how-to-find-the-right-strain-gauge/
Higdon, A. (1985). Mechanics of Materials 4th edition. John Wiley & son.
Jay, J. D. (2004). United States of America Patent No. US7204162B2. 
K. Zhou, Z. W. (2017). Strain gauge placement optimization for structural performance assessment. Engineering Structures, 184-197.
Kin-takLau, C.-c. C.-m. (2001). Strain monitoring in composite-strengthened concrete structures using optical fibre sensors. Composites Part B: Engineering, 33-45.
M.Motavalli, E. (2011). Analytical calculation of stress intensity factor of cracked steel I-beams with experimental analysis and 3D digital image correlation measurements. Engineering Fracture Mechanics, 3226-3242.
Megson, T. (2017). Bending of open and closed, thin-walled beams . In Introduction to Aircraft Structural Analysis (pp. 459-511). Butterworth Heinemann.
Missouri S&T. (2020). Lecture Notes. Rolla, Missouri, USA.
Salmon, B. (1950). Stress Analysis with Brittle Lacquer: A Method for the Experimental Evaluation of Loads Developed in Components of Complex Shape. Aircraft Engineering and Aerospace Technology, 256-263.
Ting-Hua, Y., & Hong-Nan, L. (2012). Methodology Developments in Sensor Placement for Health Monitoring of Civil Infrastructures. International Journal of Distributed Sensor Networks.
Yinming Zhao, Y. L. (2020). Development and Application of Resistance Strain Force Sensors. Sensors, 1-18.


image2.png




image3.png
Inventor Pro L mh

A Inspect_Tools N

& Midsurface in * 6} Bearin Animate mooth Shading ~ P
& Midsutace | - (0P P | B P B N smoansioany - @3 @GP
2 Offet = Fictonless 2 7 Moment | 5 Manual ] & probe [ Colorgar Adustedx1 ~,
Create Porametrc | Assign  Find Thin Fxed Force Pressure MeshView B3/ Simuiate Report Guide | Strss Analysis | Finish
Study  Table Bodies & Graviy s Convergence | I Probe Labels [22 Settings Analysis
Manage  Materal Prepare Constaints Loads ~ Contacts Mesh | Solve Resul Dispay Report  Guide _ Settings | IIEREN

{DunitBeam
-2l static Analysis: 1
(D uni18eam
& Material
v Constraints
7 Fixed Constraint:1
. Losds
4 Remote Force: 1
3 Gravity
= Contacts
Bgtesh
v B Results
B von Mises stress
B 1stPrindpal Stress
B 3rdprincipal Stress
[ B isplacement
B safety Factor
[Estess
[Elvislacement
[Estan

=B B0 4| MyHome rart1 NETESEENSS

For Help, press F1





image4.png




image5.gif
Lroral A





image1.png




