	[bookmark: _GoBack]Lesson 1: Introduction
	Suggested Teaching Time: 1 Hour

	Learning Outcome: Introduction to learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Introduction
Unit Introduction
	Explain: Introduce the units learning outcomes:
· Understand the underpinning mathematical techniques of algebra and trigonometry.
· Use calculus to solve practical problems in civil engineering.
· Apply arithmetical techniques to determine the properties of sections in structural engineering.
· Apply statistical techniques to civil engineering problems.
Explain the content of each learning outcome.
Illustrate the learning outcomes as applied to a typical building project – domestic or commercial applications.
Explain the method of assessment, issue dates, time constraints, type of evidence required for submission and method of presentation.
Discuss with learners the additional work that they will need to put in due to the complex nature of this unit.

	Unit Specification




	
Lesson 2: Transposition / Evaluation of formulae
	Suggested Teaching Time: 2 Hours

	Learning Outcome: Understand the underpinning mathematical techniques of algebra and
trigonometry


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Transposition / Evaluation of formulae
	Link to Learning Outcome 1 of Unit 319, Transposition of formulae.
Recap the transposition of simple formulae using an example calculation to ensure that learners have basic knowledge of transposing a formula to make a symbol the subject.
Explain the following, as applied to simple mathematical problems:
· transposition of simple formulae
· transposition of complex formulae used in civil engineering practice
· evaluation of formulae.
Opportunity for applied learning
Investigate financial-related transposition against realistic outcomes in civil and construction engineering through tasks, as follows.
Task: Give learners applied exercises related to civil engineering and construction applications to place the exercises into a realistic scenario. These tasks can be linked to:
· geotechnics
· soil mechanics
· fluid mechanics.
Stretch and challenge: Use complex formula applications. Apply financial elements within exercises to minimise costs. Use costing scenarios to stretch where multiple variations are provided and minimum cost has to be calculated.
Extended learning: Evaluate formulae to establish solutions to the problems.



	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 3: Binomial theorem
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the underpinning mathematical techniques of algebra and
trigonometry


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Binomial theorem
	Recap the law of indices.
Define transposition – illustrate a definition of the term with simple calculations.
Opportunity for applied learning 
Videos: Show YouTube clips on the binominal theorem explained in a presentation format.
Worked exercises: Give learners an example of a Pascal’s triangle. Ask them to build one from a starting point of one, using binomial coefficients.
Demonstrate the application of the completed triangle to the probability theorem.
Task: Ask learners to build a Pascal’s triangle; you should provide a template for this purpose. The template is made with the binomial coefficients completing each row (by adding the two numbers above to the left and right to complete each row).
Explain the binomial theorem and its application in developing expressions.
Tasks: Carry out exercises on simplifying expressions.
Stretch and challenge: Use complex exercises where a number of rows of the triangle are used to provide a solution to the binominal theorem problem.
Extended learning: Enter values into the transposed formula and evaluate for solutions.
	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
Websites
http://goo.gl/A45XE8
http://goo.gl/WhU5HG
http://goo.gl/c8aPpo

	Lesson 4: Binomial theorem
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the underpinning mathematical techniques of algebra and
trigonometry


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Binomial theorem
	Explain the expansion of expressions applied using the binomial theorem.
Worked examples: Provide learners with an explanation of a worked example with a full solution for the following:
· binomial expansion
· practical problems involving the binomial theorem.
Opportunity for applied learning
Engineering-related problems can be applied for breakdown probabilities on, for example, a piling plant used for foundation working.
Civil engineering-related problems: Regarding concrete strength predictions against a designed mix, and the differences encountered in the strength of the concrete mix.
Construction related problems: Regarding structural integrity of timber strengths, for example, a design strength against timber species strength and the variations encountered.
Task: Learners should use their Pascal’s triangle from the previous lesson and apply this in the practical solution to a series of problems outlined above, involving probability applied to mechanical and electrical installations within buildings and structures.
Extended learning: Tasks can be solved by using elimination methodology to check the original solutions.
Stretch and challenge: Complex equations and exercises are used, for example, 25% of concrete cubes tested from a concrete-framed structure are failing – what is the probability that five randomly selected cubes will fail?
	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784




	Lesson 5: Applied Binominal Case Study
Learning Outcome: Understand the underpinning mathematical techniques of algebra and 
trigonometry
	 Suggested Teaching Time: 3 hours


	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2	 
Binomial theorem
	Recap the binominal theorem with learners.
Scenario: The size of a plant room is critical within the limited space available for the installation of a fuel tank that feeds a hospital’s emergency diesel generator.
Opportunity for applied learning
Measurement and analysis: Give detailed plant room drawings to learners, so they have to undertake some measurement and analysis to establish key dimensions.
Task: Learners should take the dimensions and apply these to a tank installation problem involving volumes and capacities. The radius of the proposed tank has to be reduced by 5% and the height increased by 3%. Learners should do the following:
· derive a formula for the cylinder
· determine the approximate percentage change in volume
· determine the change in surface area
· work out – if the dimensions of the plant room are 4.0m wide by 10m high and 0.5m working space is required, will the tank hold 28,000 litres of fuel?
[source: Bird,,J. O. – Engineering Mathematics (Routledge, 2014) p.140
Stretch and challenge: Provide a variety of manufacturers’ tank details from which learners have to select an off-the-shelf tank.

	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 6: Trigonometry
	Suggested Teaching Time: 2 hours

	Learning Outcome: Understand the underpinning mathematical techniques of algebra and trigonometry


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3	 
Trigonometry
	Link to Learning Outcome 2 of Unit 319 Topic 2.2 on the basic trigonometrical ratios.
Recap the trigonometrical ratios of sine, cosine and tangent and their arcs applied to a right-angled triangle.
Explain the reciprocals of sine, cosine and tangent in terms of cosecant, secant and cotangent.
Illustrate these in terms of opposite, adjacent and hypotenuse.
Opportunity for applied learning
Engineering-related problems: Applied for example to machine breakdown probabilities.
Civil engineering-related problems: For example concrete strength predictions vs time.
Construction-related problems: For example weight of a material component.
Task: Give learners right-angled triangles, and have them apply trig ratios to a height and width practical problem, for example a roof design or sloping cutting.
Demonstrate the relationship between cosecant and its reciprocal in algebraic terms.
Task: Learners should produce the values of the six trig ratios and the reciprocals applied in a practical context.
Extended learning: Tasks must contain a mixture of the six trigonometrical ratios.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 7: Trigonometry identities
	Suggested Teaching Time: 3 hours

	Learning Outcome: Understand the underpinning mathematical techniques of algebra and trigonometry


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3
Trigonometry 
	Present information on what a trigonometric identity is, and the reciprocal identity.
Explain the trigonometrical identities of:
· sin2 θ + cos2 θ = 1 and 
· sin 2θ = 2 sin θ cos θ.
Apply these in worked examples using provided data to find solutions within triangles and other shapes.
Opportunity for applied learning
Encourage application of trigonometrical identities to integral calculus applications of area. For example, the area under the standard deviation curve.
Learners are to solve calculations with applied examples, such as the roof area of the UK Olympic Aquatics Centre, which contains complex curves and dimensions.
Task: Use trigonometrical identities to solve several equations, for example:
· application to architectural geometry problems
· application to a complex 3D concrete shell structure
· determination of bearing and distance problems.
Extended learning: Use of identities in integral calculus. Derive three trigonometrical identities from a right-angled triangle.





	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784





	Lesson 8: Differential calculus
	Suggested Teaching Time: 3 hours 

	Learning Outcome: Use calculus to solve practical problems in civil engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1	 
Differential calculus
	Present information on differential calculus and its application to maxima and minima problems, and areas under curved lines.
Explain the product and quotient rules.
Explain the following principles:
· differentiation from first principles
· basic differentiation – algebraic, trigonometric, exponential and logarithmic functions
· differentiation of products / quotients.
Worked exercises: Use examples of differentiation from first principles to include basic differentiation – algebraic, trigonometric.
Use a worked example of the calculation of a point on the gradient of a curve using differentiation.
Opportunity for applied learning
In an engineering-related context, use interactive graphs to confirm manual calculations, using software applications such as the Visual Calculus. See the website link in Suggested Resources.
Task: Give learners a curve with a known gradient, for example the deflection of a beam under load, and have them calculate a known point on the curve from the face of the base of the beam.
Extended learning: Give learner tasks involving exponential and logarithmic functions to solve. 
Use interactive differentiation graphs with straight lines and points on a curve.
Stretch and challenge: Look at differentiation of products / quotients, for example, the deflection of a cantilever steel beam under load, or calculation of a maxima minima solution for a storage tank.



	Books
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Neill, H. – Calculus – A Complete Introduction (Teach Yourself, 2013) 
ISBN 9781444191110
Ryan, M. – Calculus Workbook for Dummies (John Wiley & Sons, 2005) 
ISBN 9780764587825
Websites
http://goo.gl/Aqz24w



	Lesson 9: Differential calculus
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use calculus to solve practical problems in civil engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Differential calculus
	Recap differentiation from first principles.
Explain the following principles:
· function of a function
· function of a function by recognition
· differential coefficients and numerical values.
Opportunity for applied learning
In an engineering-related context, use interactive graphs to confirm manual calculations such as temperature across a steel beam, or behaviour of a moving object by its mass and distance moved.
Apply these to engineering problems in calculations of deflections and maximum bending moments within structural beams.
Worked exercises: Show examples of the application of the chain rule and the sequential step methods for differentiation of a function of a function.
Task: Learners should undertake a task involving function of functions.
Extended learning: Look at differentiation of a composite function task. Select appropriate techniques to differentiate a range of functions.
Look at maximum bending moment with a cantilever.






	Books
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Neill, H. – Calculus – A Complete Introduction (Teach Yourself, 2013) 
ISBN 9781444191110
Ryan, M. – Calculus Workbook for Dummies (John Wiley & Sons, 2005) 
ISBN 9780764587825




	Lesson 10: Integral calculus
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use calculus to solve practical problems in civil engineering


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2
Integral calculus
	Explain that integration is the reverse of differentiation using the differentiated examples from the previous lesson and reversing the calculations by integration.
Include the following integration examples:
· indefinite and definite integrals
· integration by substitution
· integration by trigonometrical substitution.
Opportunity for applied learning
Practical problems that have a construction or engineering related context. For example, an area under a curved architectural feature, which could form part of a canopy roof, or an area of a complex site on plan with curved boundaries.
Worked Exercises: Examples of the application of integration using basic techniques. 
Present fully worked examples of basic integration using:
· algebraic functions
· trigonometric functions
· exponential functions.
Tasks: Establish an area by the application of integration calculus that has several boundary axis constraints, to include an area under a graphical curve bounded by an x and y axis.






	Books
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Neill, H. – Calculus – A Complete Introduction (Teach Yourself, 2013) 
ISBN 9781444191110
Ryan, M. – Calculus Workbook for Dummies (John Wiley & Sons, 2005) 
ISBN 9780764587825





	Lesson 11: Assessment Workshop
	Suggested Teaching Time: 2 hours

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Assessment Workshop


	Preparation for Assessment
Assessment: Issue the first few tasks to the learners and give a full tutorial on the evidence requirements. This is to cover at least two learning objectives in detail and content.
Task: Explore the role of the building surveyor task.
Independent research: To be carried out by learners for each task within their assessment, to gather information for citation and referencing.
Give guidance on citations and referencing of sources obtained.
Stretch and challenge: Higher order grades of merit and distinction to be attempted by learners.
Link forward to subsequent tasks referenced to the Learning Outcomes.


	Books
Jones, P. – How to Understand Differential Calculus 5 Maxima & Minima (Amazon Media, 2003) 
ASIN B007007J66
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Neill, H. – Calculus – A Complete Introduction (Teach Yourself, 2013) 
ISBN 9781444191110
Ryan, M. – Calculus Workbook for Dummies (John Wiley & Sons, 2005) 
ISBN 9780764587825








	Lesson 12: Maxima and minima
	Suggested Teaching Time:  2 hours

	Learning Outcome: Use calculus to solve practical problems in civil engineering


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3	 
Maxima and minima
	Recap Lesson 7 Topic 2.1 the brief introduction to maxima and minima problems.
Explain the following terms:
· maximum turning point
· minimum turning point.
Use graphs to demonstrate the concave / convex nature of the turning points and the positive and negative relationships between them.
Opportunity for applied learning
Use interactive graphical software to produce graphical plots from the following task that can be used to check learners’ manual calculations.
Worked exercise: Use a maxima and minima worked exercise to demonstrate how the formulae are derived, and the turning points established.
Task: Issue learners with a quadratic equation, say f(x) = x2 − 6x + 4, and ask them to determine the following:
· Does the plot of the graph have any turning points?
· Are there any critical values – any turning points? 
· Is there a maximum or a minimum?  
· The coordinates on the graph of that maximum or minimum.
Extended learning: The determination of an equation containing two different powers to determine maxima or minima, for example f(x) = 2x3− 9x2 + 8x − 4.
Discuss the practical application of the maximum and minimum that will be covered within the next lesson.

	Books
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Jones, P. – How to Understand Differential Calculus 5 Maxima & Minima (Amazon Media, 2003) 
ASIN B007007J66
Neill, H. – Calculus – A Complete Introduction (Teach Yourself, 2013) 
ISBN 9781444191110
Ryan, M. – Calculus Workbook for Dummies (John Wiley & Sons, 2005) 
ISBN 9780764587825

Websites
http://goo.gl/jK7ZYu



	Lesson 13: Centroids of regular / irregular sections
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply arithmetical techniques to determine the properties of sections in structural engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Centroids of regular / irregular sections
	Recap centroids from Unit 319, demonstrating the centroids of common shapes using diagonals, and the value of knowing where a centroid is within a cross-section.
Explain the terms associated with centroids.
Explain the standard regular sections encountered in concrete and steel design, and the processes involved in establishing the centroids of non-regular sections.
Worked exercises: The first moment of areas derived from an axis or cross-section face.
Demonstrate that a complex shape can be broken down into small shapes to make calculations simpler.
Opportunity for applied learning
Look at calculation of centroids in engineering applications to establish the neutral axis, for example, where to drill through the web of a beam for a duct
Look at calculation of centroids on standard structural sections by referring the size to the maximum bending moment of that section.
Task: Give learners a set of three differentiated cross-sections and ask them to calculate their centroids.
Extended learning: Look at the determination of a centroid that is the centre of gravity of a designed cross-section, against current manufacturers’ established data, to determine the validity of the calculated centroid. 



	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784





	Lesson 14: Centroids of regular / irregular sections
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply arithmetical techniques to determine the properties of sections in structural engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1	 
Centroids of regular / irregular sections	 

	Recap current knowledge of the calculation of centroids using moments of inertia and diagonals.
Explain the calculation of areas of centroids by using integration.
Present a fully worked exercise using integration to calculate the centroid of an irregular shape.
Explain the calculation of the centroids of the sector of a circle.
Opportunity for applied learning
Look at calculation of a combined shaped through the following tasks.
· Calculate centroids on standard structural sections, such as steel beams and columns and / or channel sections. 
· Use online calculators for centroids. See the website in Suggested Resources.
Task: Calculate three different centroids by integration – one of which includes a segment of a circle.
Extended learning: Try a range of combinations of standard shapes that have to be calculated for area using integration, then compared with the results from the moment of areas.
Stretch and challenge: Calculation of circle elements with a combined area to include segments of circles and sectors.


	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784

Websites
http://goo.gl/TRPFh4

	Lesson 15: Second moments of area	 
Learning Outcome: Apply arithmetical techniques to determine the properties of sections in structural engineering

	 Suggested Teaching Time: 3 hours

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Second moments of area	 

	Recap the calculation of irregular and regular areas and perimeters.
Illustrate the section properties of a timber beam with a length and breadth; turn the beam on its side and calculate the second moment of its area. The highest result equates to the strongest direction of the beam to resist bending when under load.
Explain the use of standard mathematical formulae for the calculation of second moments of areas.
Opportunity for applied learning
Carry out a calculation for a combined shape that includes a circle, triangle and rectangle cross-section. Calculate centroids on standard structural sections, such as I-beams and hollow sections.
Use online calculators for centroids including second moment calculations.
Task: Give learners a range of different shapes and lengths of section properties, from which first and second moments can be calculated.
Extended learning: Calculate a second moment for a circular segment.
Stretch and challenge: Calculate the second moments of areas of T-beams and channels. Calculate the moments associated with an ellipse.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784

Websites
http://goo.gl/xhxw5N


	Lesson 16: Second moments of area	
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply arithmetical techniques to determine the properties of sections in structural engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Second moments of area	
	Explain the parallel axis theorum.
Worked exercises: Illustrate the following aspects using fully worked solutions for:
· the parallel axis theorem
· section modulus.
Opportunity for applied learning
Guest speaker: Invite a structural engineer to present examples of practical applications of the third Learning Outcome topics.
Work on I-beam and column design using a variety of different materials.
Links to Eurocodes for structural design of masonry, steel concrete and timber structures with sample calculation provided for the same beam, but manufactured in a variety of materials and applied to the following tasks.
Task: Give learners a range of different shapes and lengths of section properties from which the parallel axis theorem must be applied and the section modulus calculated.
Extended learning: Look at the calculation of complex shapes.
Stretch and challenge: Calculate the second moments of areas of T-beams and channels. Calculate the moments associated with an ellipse.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784





	Lesson 17: Polar second moments of area
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply arithmetical techniques to determine the properties of sections in structural engineering

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3	 
Polar second moments of area 

	Present information on the contrast between the second moment of area and polar second moment of area. Illustrate the differences between the second and polar. Polar is applied to twisting moments and is connected with torsion shear in rotating shafts.
Explain the radius of gyration (mass and area) related to torsion with a column, and the standard formula that can be used in its calculation.
Opportunity for applied learning
Learners must be able to determine radius of gyration, and be able to use it for determining the polar second moment of area of a circular section / shaft.
Link to Eurocodes for structural design.
Tasks: Learners should undertake a set of tasks involving the calculation of polar second moments of areas. This can be applied to a beam in checking its ability to resist buckling through torsion from an eccentric loading condition. Secondly, this can also be applied to a column to resist twisting.
Worked exercise: Application of learned techniques to circular areas and shafts.
Provide tasks for learners that are related to civil and construction engineering.
Discuss applications in a civil engineering or construction context, for example:
· air-conditioning drive shafts
· mechanical installations
· pump systems.



	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 18: Practical Workshop
Learning Outcome: Apply arithmetical techniques to determine the properties of sections in 
structural engineering
	Suggested Teaching Time: 3 hours


	

	Topic
	Suggested Teaching
	Suggested Resources

	Practical Workshop
	Scenario: A client has approached your civil engineering company and wants to construct a mezzanine floor within a factory production site, which will support a second line above the existing one to double production.
Provide learners with the following:
· a set of drawings for the proposal
· loadings required on the floor
· the size of the pad foundations
· a standard set of manufacturers’ steel beam and column details
· the height of the floor.
Opportunities for applied learning
A guest structural engineer brings in a live problem that has to be solved using existing and proposed drawings.
Learners have to establish the loadings and stresses within each element and use the moments of areas to design suitable beam sections for transferring the loads from:
· the floors to the beams
· the beams to the columns
· the columns to the foundations.
Set the scene to fully explain what is required, then advise and guide as the design unfolds.
Task: Learners are to present a viable design after the end of the allocated time.
Stretch and challenge: Look at different loading conditions applied to areas of the floor.


	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 19: Measures of central tendency
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply statistical techniques to civil engineering problems


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Measures of central tendency
	Recap information on measures of central tendency using statistical formulae from Unit 319 Topic 4.2
Supply raw data containing a substantial data set that will need to be processed into groups.
Explain the processes required to be undertaken to process the data into groups using tally charts, to provide:
· measures of central tendency (mean, mode and median)
· grouped and ungrouped data comparisons
· statistical diagrams (bar charts, histograms, frequency curves, cumulative frequency curves).
Opportunity for applied learning
Look at statistical construction data on cube results, measurements of bricks, test data on materials, slump tests, etc, used as raw data and then processed.
Task: Give learners a set of 150 raw data readings for two comparable applications that have to be grouped and calculated in terms of standard deviation, mean, mode and median.
Learners are to develop and produce a series of statistical diagrams.
Extended learning: Determine the central tendency of grouped and ungrouped data and compare the results. Comment on any differences.
Produce a frequency table using a spreadsheet and a chart wizard.




	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 20: Measures of dispersion
	Suggested Teaching Time: 2 hours

	Learning Outcome: Apply statistical techniques to civil engineering problems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Measures of dispersion
	Present information on measures of central tendency using statistical formulae.
Explain the following aspects in a construction context:
· range
· quartiles
· inter-quartile range
· variance
· standard deviation.
Opportunity for applied learning
Monitor processes for wear and tear where products start to fall out of the interquartile range – indicate maintenance required. Plot data to extract percentages against the cumulative frequency curve for an engineering-related problem.
Worked Exercise: Demonstrate a cumulative frequency chart with the mean and inter-quartile ranges marked on it – demonstrate percentages within the mean value failing / passing.
Task: Give learners a set of 150 raw data readings that have to be grouped and calculated in terms of standard deviation.
Extended learning: Learners are to calculate the median using the cumulative frequency graph. Encourage analysis and comparison between two problems involving interquartile ranges. Comments and evaluations on results obtained can be discussed together.





	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 21: Sampling distributions
	Suggested Teaching Time: 3 hours

	Learning Outcome: Apply statistical techniques to civil engineering problems

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3
Sampling distributions
	Present information on normal distribution curves.
Explain normal distribution and basic sampling and estimation theories, to include:
· normal distribution
· normal distribution tables
· confidence limits.
Opportunity for applied learning
Look at application in a civil or construction context, for example, the normal distribution curve for a concrete mix with the standard number of failures compared against actual results.
Worked exercise: Demonstrate a cumulative frequency chart, with the mean and inter-quartile ranges marked on it – demonstrate percentages within the mean value failing / passing.
Task: Process the previous lesson’s data into a normal distribution curve. 
Comment on any skew or diversion from the central point. For instance, provide learners with a set of data on engineering concrete precast dimensions from a process. They have to determine if these are within the tolerances of the inter-quartile range, and how close they are to the median or mean.
Extended learning: Compare two data sets of distribution curves for a series of identical processes, plant or machinery.


	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784





	Lesson 22: Practical Statistics
Learning Outcome: Apply statistical techniques to civil engineering problems
	   Suggested Teaching Time: 6 hours


	

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3
Sampling distributions
	Scenario: The volume of traffic on a major road into your town or city is causing severe congestion and several accidents. The local highways department of the local authority has asked you to undertake some statistical analysis to prove this case.
Opportunity for applied learning
Guest Speaker: Invite a highways engineer to discuss traffic management and infrastructure with learners. Prepare the speaker with the following task on traffic surveys, and / or request data sets for analysis against their industrial standard calculations.
Task: Learners should undertake the following:
· a survey of the numbers and type of traffic on one major road, either using a webcam feed or from a safe location
· a second survey from an arterial road off the major route for comparison
· surveys undertaken four times during the day for 30 minutes’ duration.
They should produce calculations on the following:
· number of types of vehicle per hour per location
· statistical mean during the full set of measurements
· statistical comparison of the two different roads
· graphical representation of processed data.
Stretch and challenge: Learners should produce results over a one-week period to ascertain which are the busy days.


	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784



	Lesson 23: Assessment Workshop
	Suggested Teaching Time: 3 hours

	Learning Outcome: All learning outcomes


	Topic
	Suggested Teaching
	Suggested Resources

	Assessment Workshop
	Due to the difficulties associated with the application and complexity of advanced calculus, this additional workshop provides learners with an opportunity for one-to-one discussion about the assessments that must be completed to pass the unit.
Assessment: Provide learners with a suitable computer room where they can undertake the assessment tasks for the completion of all the units’ grading criteria.
Provide manufacturers’ services data.
Advise and guide learners as required.
Learners are to undertake the series of tasks to meet the assessment criteria. They should present work in an appropriate format with all supporting calculations.
Stretch and challenge: Learners are to undertake any enhanced questions with the aim of achieving a merit or distinction.
Opportunity for applied learning
Learners’ evidence should contain referenced sources within explanations and a bibliography.

	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
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