Stress Analysis and Dynamics – ACMA5010
Table of Contents
Material Selection	2
Assumptions in Specification	2
Length of Beam	2
Hoist Weight	2
Simple Supported Beam	3
Centrally Applied Load	3
Strain Gauges	3
What are strain gauges and how can they be used as safety devices?	3
Types of Strain Gauge	3
Resistive Strain Gauges	3
Mechanical Strain Gauges	5
Hydraulic Strain Gauges	5
Other Gauges	5
Applying Strain Gauges to the Crane Design	5
Gauge Selection	5
References	6



[bookmark: _Toc70112747]Material Selection
In order to pick a suitable section of steel for the bridge girder, the second moment of area needs to first be calculated.
W = 5000kg lifting load + 211kg hoist x g
W= 5211 x 9.81 = 51119.91N = 51.12KN
YMAX = 10mm = -0.01m (negative as deflection is in the negative Y axis)
E = 210GPa
L = 10m
When the load is centred
YMAX = -W.L3/48.E.I
Rearrange for I
I = -W.L3/48.E.Y
I = (-51.12x103x103)/(48x210x109)x-0.01
I = 5.071x10-4m4 = 50710cm4
This value can then be referenced against blue book tables (Steel Construction, 2017), and the beam below can be selected:
Universal Beam 533x120x92
The beam has a second moment of area of 55200cm4 making it capable for this application.
[bookmark: _Toc70112748]Assumptions in Specification
In order to reach the value of a second moment of area a number of assumptions needed to be made.
[bookmark: _Toc70112749]Length of Beam 
The first of these is the value of L; the length of the beam was assumed to be 10m, this helps to apply a sense of realism to the problem as this is similar to the two tonne gantry crane used in the atomising area in work, hence the beam used in the problem should be larger, but in a similar size range as the one in work due to the increased load. This has proven to be true based on the beam selected in part one.
[bookmark: _Toc70112750]Hoist Weight
The second of the assumptions made is that the hoist weighs 211kg. This is taken from a specification for a single-track standard headroom electric trolley chain hoist from Stahl Crane Systems - Stahl ST Technical Drawings Brochure - Page 14 (Lifting Equipment Store, 2021). By using a current product, a realistic result can be obtained. All components of the hoist are included in this weight. If these calculations were being done for a specific hoist, then the weight of that hoist would be used.
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The beam has been assumed to be simple supported, i.e. supported at both ends with no fixings taken into account. In a realistic scenario, the fixings would need to be considered as they will have an impact of the deflection of the beam. There are other factors that would also need to be considered such as additional stresses applied by movement of the hoist, or movement of the load being carried, such as rotational stresses on the fixings and the beam.
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It is assumed that the load is applied as a static force acting on the centre of the beam, this is because a centrally supported load will be representative of any position on the beam, as the maximum deflection will occur halfway across the beam at L/2. Forces applied by the load at any other point will not bend the beam any more, however they will apply more stress to the fixings at either end of the beam.
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[bookmark: _Toc70112754]What are strain gauges and how can they be used as safety devices? 
Strain gauges are instruments used to measure the strain applied to the surface of a component or part. They measure the change in length of a surface to determine the forces acting on the component. By understanding the forces acting on the component, action can be taken to prevent a failure.
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“Strain Gauge or Strain Gage was invented in 1938 by Edward E. Simmons and Arthur C. Ruge. It is one of the significant sensors used in the geotechnical field to measure the amount of strain on any structure (Dams, Buildings, Nuclear Plants, Tunnels, etc.). The resistance of a strain gauge varies with applied force and, it converts parameters such as force, pressure, tension, weight, etc. into a change in resistance that can be measured later on.” (Encardio Rite, 2019)
When people refer to strain gauges, they are often only referring to resistive strain gauges, however there are many types ranging from simple to extremely complicated gauges. 
[bookmark: _Toc70112756]Resistive Strain Gauges
Resistive strain gauges are a type of passive transducer created by bonding a thin wire or foil onto a flexible conductive backing into a grid pattern. This is glued onto the surface of the component or part to be tested with an adhesive to secure it in place making it move along with the material, so if the material experiences strain it is also experienced by the gauge. The change in length of the gauge causes a change in the electrical resistance which can be measured and translated into a strain value by multiplying it by the gauge value, which is unique to the gauge.
[image: ]
“Ruge invented the device in 1938 to help his graduate student John Meier complete his investigation of earthquake stress on elevated water tanks.” (Storm, 2015)
The measuring of the effects of earthquakes on elevated water tanks was done in the same way resistive strain gauges are applied today, and the application process was patented a year later by the inventors. These gauges are currently used in virtually all weighing scales, and in all experimental structural stress analysis. These types of gauges are continuing to be used in many fields such as aerospace, bridge design, rail monitoring, Torque and power management in rotating equipment, residual stress, vibration and torque measurement, bending and deflection measurement, torsion, strain, and compression measurements. (Elprocus, 2021).
Due to the sensitivity of resistive strain gauges, minor changes in temperature or resistance in the cabling can cause large variation. As such they are designed to cancel out and external variation through the use of a Wheatstone Bridge, which is an arrangement of resistors that can be used to measure the change in resistance. A Wheatstone Bridge can be applied in a number of configurations known as quarter bridge, half bridge or full bridge. Quarter bridge setups are susceptible to external variation, while half bridge setups can use a dummy gauge attached to a component that will not be exposed to mechanical strain and can therefore be used to measure and offset the external stresses. Another configuration for half bridge setups uses both gauges on the component, on either side, and measures the difference in the two readings creating an offset by ignoring changes applied equally to both gauges. A full bridge setup uses two gauges either side of the component in different axis to more accurately measure strain in the correct axis.
Gauges are also often arrayed in gauge patterns or rosettes to take readings at appropriate angles from each other.
[image: ] (Elprocus, 2021)

Strain gauges will continue to be used in current and new fields and will see further advancement using newer technologies. As higher accuracy in more challenging environments is needed, advancement of the current technology will progress.
“Semiconductor strain gauges are much more sensitive than the metal ones commonly used but special circuit arrangements are often necessary if high accuracy is to be retained. Techniques for the measurement of static strains up to about 400°C are well established. The introduction of two new strain gauge alloys offers the prospect of increasing this range to about 1000°C.” (Higson, 2002)
[bookmark: _Toc70112757]Mechanical Strain Gauges
Mechanical gauges are a far cruder approach to measuring strain and are commonly used in the construction industry. A common type of mechanical strain gauge is a crack monitor, which is a plastic slip that has a printed scale, which is glued to a surface with a growing crack, the scale can then be read from a top plastic layer that will show the movement of the crack over a time scale. This can then be used to determine the severity of a crack. These types of gauges will likely continue to be used with little to no change to their design.
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Much like mechanical gauges, hydraulic gauges are often used in construction. In some cases when measuring very small movement a mechanical gauge with a visual indicator is not accurate enough, and a finer reading is required. Hydraulic gauges work like a syringe in that the movement of the component moves liquid in a large piston into a smaller piston which moves much more rapidly, allowing fine readings to be taken. These types of gauges are also very crude and haven’t needed advancement in a long time. More accurate gauges will continue to be produced for specific applications.
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Other gauge types are available such as Optical, Piezoelectric, Pneumatic, Accoustic, Inductance, and capacitance gauges. There are many different applications each requiring a different specification of gauge, as such many different kinds can be found to meet the demand.
[bookmark: _Toc70112760]Applying Strain Gauges to the Crane Design
[bookmark: _Toc70112761]Gauge Selection
For the crane the bending motion needs to be measured in one axis. A continuous reading needs to be taken from a distance to a high accuracy. For this application, a resistance strain gauge is ideal. Due to potential changes in the environment a dummy gauge should also be used, so a half bridge setup with a gauge on the beam, and another on an are with no applied strain (the dummy) could be used. The gauge should be applied to the central area of the beam where the highest strain will be observed. 
Readings from these gauges will be given as a strain value seen on the surface of the beam. These values can then be used to calculate the deflection, which can be compared with the requirement of 10mm max.
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