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Girder Selection
In order to decide on the magnitude of the section for the girder, I have used the second moment of area that I have calculated and have cross referenced this with the look up table included below to select the most suitable section for the beam. The second moment of area that I have calculated is 3892cm4. 
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The Image below shows a cross section of the beam, including all dimensions, but is not drawn to scale. 
	Dimension
	Magnitude

	D
	312.7mm

	B
	102.4mm

	T
	10.8mm

	t
	6.6mm

	Ixx
	6487cm4
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The cross section that I have chosen is the most suitable based on the table because the smaller size has an I value of 2867cm4 which is not sufficient and the next size is 11710cm4 which is far higher than is required and so although would be capable of effectively suspending a much greater load than I require, would not be a cost effective decision to install that size. 
Task 2 

Assumptions Made in Task One
In Task one, there several basic assumptions that I have made. I have assumed that the beam is simply supported. I have also assumed that as the task states that the movement at each end is limited, that the crane is not able to travel further than the two points at which it is attached to the end truck. As a result of this the 20m used for calculations is only including the section of girder between these two points. 
The next assumption that I have made is that I have treated the mass as a single point load, concentrated in the centre of the simply supported beam. This has been done because the centre of the beam is where the highest amount of deflection will occur when under load, based on the equation X=L/2, Y=0, therefore; as there is no gradient, this must be the lowest point. Although this is the way that I have chosen to represent the load mathematically, this is not a true representation of how the structure would perform. The load would be spread over a larger area, dependent on the size of the hoist, than the single point for which I have made my calculations. Although this assumption is not a true representation, the load will still be able to be safely supported by the beam section that I have specified, without exceeding the 10mm deflection required.
A second assumption that I have made is that I have not accounted in my calculations for any other associated masses acting on the girder. This includes the hoist, chains and hook, along with any other masses which could be acting along the full span of the beam, such as the pendant cabling or the motor. This was not accounted for as they are not loads for which I knew the masses, and also as they are moving parts, attached along the beam, it would be very difficult to account for these masses in the calculations that I have carried out for this task. 












Task 3

Types of Strain Gauge
Across all of industry, structures of all materials are subjected to many strains and stresses. The capacity of load in each of these structures, is dependent on their materials of manufacture and the applications for which they are being used. To ensure that these structures are not exceeding their operational capacities, which can cause catastrophic failure, such as safety failures, strain gauges are used as a means of measuring the strain on these materials. 
A strain gauge is a form of sensor, which uses a wheatstone bridge; an arrangement of resistors in a circuit, to sense small changes in resistance, the magnitude of which are directly proportional to the strain applied on the structure (L.D.Vijay Ananda, 2021). The wheatstone bridge is able to do this, as the resistance is dependent on the length and cross-sectional area of the conductor being used. Therefore, when an external force acts on the object and causes a physical change, the electrical resistance changes also (Strain Gauge: Principle, Types, Features and Applications, 2020).
Quarter bridge or single strain gauges are used as a means of measuring a single axis of strain. This is done through using a single variable resistor, combined with three fixed resistors. The circuit adjusts the resistance of Rx in order to balance the wheatstone bridge and stop a current flowing between points B and C (Figure 2), the change in this resistance is then able to be converted due to its proportionality to the strain on the object (Hollings, 2021). 
In order to measure the strain in multiple directions, additional sensors can be arranged to form a strain gauge rosette. This allows the user to determine the complete strain on an object, composed of shear, principal and normal strains. This allows for more measurements to be taken and gives a more precise and true evaluation of the strain on the test piece (HBK, n.d.). 
Another form of strain measurement is the use of acoustic strain gauges. The acoustic gauge works by comparing the note of a vibrating wire of a reference gauge with the note produced by a test gauge. The comparison in the note between these 2 gauges is able to give extremely precise measurements, showing very small strains under load (Jerrett, 2002).
Mechanical strain gauges are also used in some applications, although purely mechanical are not as good for continuous monitoring activities, as they require manual read outs. An example of this is the use of DTI (Dial Test Indicator). A DTI uses the pressure applied to the spindle, which is contacting the part being measured, that is multiplied using gears, in order to give a read out to the user on the dial face (Thorat, 2016). 
 




Why have they been developed?
When an engineer is designing products such as engines, bridges or even airplane parts, it is inevitable that the materials being used will be subjected to extremely high forces. Due to the nature of these products, it is essential to know how they will react to the stresses that they are placed under when in operation. Although these stresses can be theoretically calculated and simulated using computer modelling, the only way to truly know how the materials are able to cope under the specific forces that they are subjected to is to use a strain gauge to monitor them under load (Woodford, 2020).
Being able to carry out real life analysis using strain gauges allows designers to test varying materials that could be used for production, during the design stage of a product. As new materials are developed, which may be cheaper to produce, or more sustainable, designers will look to use these as much as possible. Ensuring these materials are capable of fulfilling their needs without failing under repeated forces is imperative, as if failures occur it could lead to catastrophic consequences, whether that be relating to safety, environmentally or financially. A material will exhibit this damage when it has exceeded its elastic limit, which is defined as the greatest stress which can be applied, without causing plastic deformation (Elastic Limit, 2020). Strain gauge development has allowed us to monitor the strain and therefore means we can design products in such a way that the elastic limit of the material will not be exceeded.

Further Development of Strain Gauges 
Monitoring of large structures and complex infrastructures using strain gauges can be very costly. This is because in normal application, large structures will require numerous sensors placed around different areas to give a true reading of all stresses. Each of these sensors can be placed far apart and often in areas with limited access, and each of these sensors would typically require a complex wiring network to connect them all. In order to overcome the issues highlighted, recent technology advancements have allowed the development of wireless strain gauges. This development allows as many sensors as are required to be placed in which ever configuration, covering a much larger area, without a reduction in the accuracy of reading in comparison to that of a wired sensor (Amedeo Gregori, 2019). 
As well as strain gauges being used on large infrastructure, recent medical developments have also incorporated the use of this technology on a much smaller scale. In some applications, the gauges are used to monitor fluid flow rates, which has led to their incorporation in instruments such as syringe pumps and dialysis machines. Wireless gauges are also implemented in devices such as CT scan machines and mammography, where they are used to monitor precise movements and pressures applied to patients, with extreme accuracy. The accuracy with which the outputs can be effectively recorded has led to a wide number of new medical devices incorporating this technology and developments as they arise (Sensor Data, 2018). 



Task 4
The type of strain gauge that I have chosen to use for this application is a load cell strain gauge. A load cell strain gauge works on the same principal as any other metal foil strain gauge in that the electrical resistance varies, dependant on the mechanical load. Metal foil strain gauge load cells are extremely accurate in weight measurement, while being reliable, and are also a cost-effective option in comparison to some other technologies (futek, 2020). Although the beam deflection is not what is being directly monitored, I will still know what strain is being put on the beam through calculations based on the weight. As all parts of the equation are constant, apart from the weight, if the mass is never in excess of 5000kg then the maximum deflection will not be exceeded.   
For the strain analysis on this beam and based on the type of gauge that I have chosen to use, the gauge would be placed in line on the hoist of the crane. Using the type of gauge that I have chosen will constantly be monitoring the weight on the crane, at all locations on the beam. As the cabling to attach the strain gauge to the centre of the beam could be damaged by the trolley frame moving back and forth along the beam, and the movement of the hoist vertically, I would use wireless gauges. This choice of a wireless gauge allows for constant feedback to the output module so the operator can see what forces are being exerted, in a more reliable manner, as cable damage could result in no feedback to the module which would mean a stop to operation of the crane. 
The readings from the output module could be manually read by a crane operator, so they can monitor to weight and deflection as they are using the crane. Using this method of manual observation leaves a possibility of human error. The safest way to use this technology is to include the gauge as an input to a PLC, which can be programmed to stop the crane being able to operate and only lower the load if the maximum weight, and hence deflection is exceeded. This is the safest way of ensuring that the limits of the crane and beam are not exceeded as this could lead to catastrophic failures of the structure. 












Figure 2 

Wheatstone Bridge
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(Hollings, 2021)
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