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	[bookmark: _GoBack]Lesson 1: Unit Introduction
	Suggested Teaching Time: 1 hour

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Introduction 
Unit introduction
	Introduce unit learning outcomes:
1. Determine shear force values, bending moments and deflections for simple structures.
2. Design simple beams and columns.
3. Calculate factors of safety and pressures acting on retaining walls.
4. Determine forces acting in statically determinate frames for various loading conditions.
Explain the content of each learning outcome.
Illustrate the learning outcomes applied to a typical structure, where each would be found, and why we need to establish the size and direction of forces.
Explain the method of assessment, issue dates, time constraints, the type of evidence required to be submitted, and the methods of presentation.





	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209



	
Lesson 2: Calculation of reactions, shear force and bending moment
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine shear force values, bending moments and deflections for simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Calculation of reactions, shear force and bending moment values for various positions on a beam
	Describe the use of the principle of moments and the laws of static equilibrium to determine beam reactions for the following types of beam:
· Simply supported beams, with or without overhangs at one or both ends.
· Cantilevers.
Include the basic laws: overturning moments must equal opposing moments; and forces from gravity must equal opposing reactions. Describe live and dead loading conditions, the basis of bending moments and shear forces.
Worked examples – work through examples providing full calculations of reactions for:
· Simply supported beams with point loads.
· Simply supported beams with UDL loads.
· Combination of point and uniformly distributed loads.
· The inclusion of cantilevers within beams.
All of the above should be illustrated on loading diagrams.

Opportunity for applied learning:
· Exercises – based on a local structure that contains beams, different loading conditions and end reaction calculations.
· Video – Tahoma Bridge, illustrating what happens when wind loading and structural behaviour are miscalculated with catastrophic consequences.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-04154672093
Videos
http://goo.gl/dikA



	Lesson 3: Calculation of bending moments
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine shear force values, bending moments and deflections for simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Drawing of shear force diagrams for various loading conditions

	Describe the principles of shear forces using loading conditions and reactions to establish a force measured in KN or Newtons. 
Describe the processes and principles of establishing the value of shear forces across a beam, in order to produce values that can be drawn on a shear force diagram to establish the maximum force that has to be resisted at the end restraints of a beam.
Worked examples – work through examples providing full calculations of shear forces for:
· Simple supported beams with point loads.
· Simple supported beams with UDL loads.
· Combination of point and uniformly distributed loads.
· Inclusion of cantilevers within beams.

Opportunity for applied learning:
· Exercises – based on a local structure that contains beams, different loading conditions and associated shear force calculations.

	Books
Silver, P. McLean, W – Structural Engineering for Architects  (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/HeX99M
http://goo.gl/BdJE3L
http://goo.gl/tNpiiV






	Lesson 4: Calculation of shear forces in structures
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine shear force values, bending moments and deflections for simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3
Production of bending moment diagrams for various loading conditions
	Describe the principles of bending moments using distance and load to establish a force measured in KN or Newtons per metre. 
Describe the processes and principles of establishing the value of bending moments across a beam, in order to produce values that can be drawn upon a bending moment diagram to establish the maximum moment that has to be resisted.
Describe the relevance of drawing diagrams of bending moments with regard to shear force zero and bending moment maximum, and the importance of contraflexure points.
Worked examples – work through examples providing full calculations of bending moments for:
· Simple supported beams with point loads.
· Simple supported beams with UDL loads.
· Combination of point and uniformly distributed loads.
· Inclusion of cantilevers within beams.

Opportunity for applied learning:
· Exercises – based on a local structure that contains beams, different loading conditions and associated bending moment calculations.
· Video – illustrating bending moments in structures.
	Books
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/nVfkqb



	Lesson 5: Calculation of deflections in beams
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine shear force values, bending moments and deflections for simple structures

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.4	 
Calculation of mid-span deflections for simply supported beams 
  
	The definition of deflection and its causes due to loading conditions, and the inherent strength properties of the beams’ materials and their associated depth.
Issue a formula sheet with a set of standard deflection formulas linked to British Standards and the Eurocode for beam design.
Provide a key for the component parts of the deflection formulas.
Worked example – work through an example of a deflection calculation using a simply supported beam with a point load. Increase the complexity of the second example calculation by additional point loads and UDL combinations.

Opportunity for applied learning:
· Exercises – learners to undertake a set of tasks ranging in complexity to determine the maximum deflections of beams and whether this is exceeded by their current design and loading conditions.
· Guest speaker invited from local structural engineering consultancy to discuss the importance of deflection and its application in structures and buildings.
· Deflection calculated for timber, steel and concrete beams.





	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-04154672090415467209



	Lesson 6: Design simple beams and columns	
Learning Outcome: Design simple beams and columns
	Suggested Teaching Time: 2 hours


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1  	 
Calculation of first and second moments of area of different sections
	Explain the use of first and second moments of area and their usage in structural calculations involving the centre of gravity or neutral axis.
Relate this to shear force and zero bending moments.
Demonstrate calculations associated with the following cross-sectional areas:
· Rectangular shapes.
· Circular shapes.
· Compound shapes.

Opportunity for applied learning:
· Exercises – learners to undertake a set of tasks ranging in complexity to determine the first and second moments of area for different sections.
· Moments of areas have to be calculated for a standard ‘I-beam’ cross-section, so that the calculated data can be used to select a beam from a set of steel manufacturer’s standard details.
· Complex compound areas that include more than one standard shape have to have their centroid calculated to establish the centre of gravity of the cross section.
· Applications of the calculation of a centroid of a beam that represents the neutral axis, where the services can be drilled through the beam without having any impact on its strength.
	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209



	Lesson 7: Structures workshop
	Suggested Teaching Time: 3 hours

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Structures workshop 
Practical applications
	Workshop – learners to be given a workshop set-up where realistic structural problems need solutions.
Tasks could include:
· Mezzanine floors with plates, beams and columns.
· Column and beam with pre-cast concrete floors.
· Refurbishment and steel beam installation to create an opening.
· Increased loading on a floor due to a process change.
· Calculation of loads from frames onto foundations.

Opportunity for applied learning:
· Invite a structural engineer to set realistic and live problems associated with the tasks above, to include design drawings, photographs and section illustrations. This could include the design for a raised floor with supporting beams and columns.
· Learners should then select standard beams and columns from manufacturers’ catalogues that will meet the design criteria calculated.
· Learners to calculate the design of a beam across an opening (eg a doorway). They should then select standard lintel beam details from a manufacturer’s design details.
· Observe and guide – as learners work through the problems to establish viable solutions.
	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209



	Lesson 8: Design rectangular beam sections
	Suggested Teaching Time: 3 hours 

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2  	 
Design of rectangular beam sections using the General Theory of Bending
	


	Explain the General Theory of Bending by using standard formulas applied to rectangular, cross-sectional beams to enable a safe design size to be produced.
The standard terms associated with design formulas are explained in full:
· m = maximum bending moment (Nm)
· f = permissible stress (N/mm2)
· I = moment of inertia or second moment of area (mm4)
· y = depth of neutral axis (mm)
Demonstrate fully worked calculations associated with rectangular cross-sectional areas.

Opportunity for applied learning:
· Exercises – learners to design a beam to within the maximum permissible stress for the materials used in its construction for different loading conditions.
· Research – learners to research the use of permissible stress design tables and their use in sizing timber and steel beams with the following sectional shapes:
· T-section
· I-section
· Channel
· Examples of beams subjected to excessive stresses are calculated to see what effects exceeding the design maximum and the associated deflection will have in-situ with the structure and the location.
· Combinations of materials are used in ‘composite beams’ to see what affect this has on the design, in terms of stress and deflection.
	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209





	Lesson 9: Design theory
	Suggested Teaching Time: 3 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3  
Determination of safe load/section size for axially loaded columns
	 

	Discuss the structural features of a column and its relationships to beams covered in previous lessons, to include the following terms:
· axially loading
· effective length
· moment of inertia
· cross-sectional area
· radius of gyration
· slenderness ratio.
Provide sketch details of the above conditions so the terms can be applied in a structural context and understood by learners. Link these to design and Eurocodes, and their application for designing column sections.
Worked examples – work through a series of example calculations associated with the following column conditions:
· short columns
· long columns
· concrete columns
· columns of different sectional shape (solid, rectangular, H-section, circular).

Opportunity for applied learning:
· Exercises – learners to undertake a set of tasks to design columns associated with timber and steel for a range of cross sections.
· Examine the technology associated with concrete and the use of steel reinforcement in beams and columns, in terms of what it adds to the strength and bending stresses.
· Examine the use of laminated timber beams and the bending forces.
	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209







	Lesson 10: Stress in columns
	Suggested Teaching Time: 3 hours

	Learning Outcome: Design simple beams and columns

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.4  	 
Determination of stress values for eccentrically loaded columns. 

	Present information to learners on stresses that occur within columns, and how these are affected by:
· eccentric load conditions
· slenderness
· cross-sectional area
· shape
· bending stress
· total stress
· direct stress.
Provide a formula for the calculation of stress in an eccentrically loaded column. Link to acceptable stress values within columns, and factors of safety for materials used in their construction.
Worked examples – work through a series of example calculations associated with the eccentrically loaded column condition.

Opportunity for applied learning:
· Exercises – tasks related to different loading conditions and cross-sectional areas and lengths. The stress is calculated within each column, as a direct result of bending, as well as the total stress that the column must resist.
· Learners to examine Eurocode 2: BS EN 1992: Design of concrete structures, in terms of how this ensures a safe design, and what calculations have to be made.
· Video – find a clip of simple column design using reinforced concrete shuttering. 
· Illustration of different structures supported by columns.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 9780580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/6xaSLc






	Lesson 11: Retaining wall forces
	Suggested Teaching Time: 3 hours

	Learning Outcome: Calculate factors of safety and pressures acting on retaining walls

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1  
Forces and pressures acting on retaining walls
	 

	Independent research – learners to research retaining walls in terms of their use, function and aesthetics, as well as their applications to infrastructure and construction projects (eg retaining soils or water).
Discussion – collective discussion on learners’ findings summarised on an interactive slide for presentation to the group.
Explain the dynamic forces that act on a retaining wall – provide learners with a standard sketch to annotate forces. Explain the weight and force of water due to depth and volume. Explain active and passive definitions relating to retaining walls.
Worked exercise – calculations associated with a rectangular retaining wall, namely:
· The load bearing onto the ground.
· The resultant forces acting on the wall and their positions and directions.

Opportunity for applied learning:
· Exercises – tasks related to different loading conditions and cross-sectional areas of retaining walls. The pressure on the soil beneath is calculated, as well as the position of the resultant forces acting on the wall.
· Harbour, reservoir and other water-retaining walls are researched and investigated to establish the different types of construction, the materials involved and their combination of retaining earth and water.
· Motorway cuttings and bridge abutments – photographs could support this discussion and debate.
· Video – find a clip of retaining wall construction using pre-cast concrete.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209
Videos
http://goo.gl/WZ2x5r






	Lesson 12: Retaining walls
	Suggested Teaching Time: 3 hours

	Learning Outcome: Calculate factors of safety and pressures acting on retaining walls

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1  	 
Forces and pressures acting on retaining walls
	 

	Independent research – learners to research trapezoidal retaining walls, in terms of their comparison to rectangular retaining wall structures, why differences exist and their function.
Discussion – collective discussion on learners’ findings summarised on an interactive slide for presentation to the group.
Explain the dynamic forces that act on a trapezoidal retaining wall – provide learners with a standard sketch they annotate. Explain the weight and force of water due to depth and volume. Explain active and passive definitions relating to trapezoidal retaining walls.
Worked exercise – calculations associated with a trapezoidal retaining wall, namely:
· The load bearing onto the ground.
· The resultant forces acting on the wall and their position and direction.

Opportunity for applied learning:
· Exercises – tasks related to different loading conditions and cross-sectional areas of trapezoidal retaining walls. The pressure on the soil beneath is calculated, as well as the position of the resultant forces acting on the wall.
· Retaining walls for the retention of soil that has exceeded its angle of repose are examined, along with the removal of water behind the retaining wall, and the methods employed to relieve this added pressure.


	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Video
http://goo.gl/Hni0ce






	Lesson 13: Designing safe retaining walls
	Suggested Teaching Time: 2 hours

	Learning Outcome: Calculate factors of safety and pressures acting on retaining walls

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2  	 
Determination of factors of safety against sliding and overturning

	Present information to learners to develop an understanding of the forces that can overturn a retaining wall. Link to extreme weather conditions, soil water pressure and increased weight due to poor water pressure.
Summarise – retaining wall modes of failure through:
· Overturning (about the toe).
· Sliding.
Worked examples – calculations associated with the factor of safety that can be applied to retaining walls to overcome any extreme forces

Opportunity for applied learning:
· Exercises – learners to undertake safety calculations linked to current structural standards.
· Video – find a clip about retaining wall failures and causes:
· Factors associated with the height of a retaining wall.
· Factors associated with the construction materials.
· Drainage required to remove water pressure.
· Research on retaining wall technology using pre-cast elements.


	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/5BZde4
http://goo.gl/W2hLOD







	Lesson 14: Structures workshop
	Suggested Teaching Time: 3 hours

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Structures workshop 
Practical applications
	Workshop – learners to be given access to a workshop where realistic structural problems require solutions. These are retaining wall solutions for:
· Soil on motorway embankments.
· Water bunds to tanks.
Tasks could include:
· Retaining soil within a cutting.
· Retaining a bridge abutment.
· A concrete tank bund wall.
· A soil/earth bund wall.

Opportunity for applied learning:
· Invite a structural engineer to the class to set realistic and live problems.
· Selection of standard pre-cast concrete retaining wall elements.
· Application of Eurocodes to tasks.




	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209



	Lesson 15: Forces in a polygon
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine forces acting in statically determinate frames for various loading conditions

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Determination of magnitude and type of force acting in frames using graphical techniques
	 

	Present information to learners to give them an understanding of the different types of frames used in construction, for example, a trussed frame or girder.
Explain the use of representing forces as a diagram, drawn to scale using Bow’s notation, to graphically solve the forces within each member.
Worked example – produce a simple triangular space diagram with some forces acting upon it. Annotate the diagram and draw the forces in the members, using set squares and known angles to resolve all the forces.

Opportunity for applied learning:
· Exercises – learners to undertake a simple frame exercise to apply their knowledge and understanding of solutions using Bow’s notation.
· Learners must understand how the following affect the graphical method:
· Graphical representation of force as a vector.
· Accuracy of drawing.
· A joint in equilibrium implies closed force polygons.
· How the nature of the force acting in a member can be inferred from the direction of action at a node.
· Video – find a clip of frameworks solution using Bow’s notation.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/XYl7dU






	Lesson 16: Solutions of complex frameworks                                                             Suggested Teaching Time: 3 hours

	Learning Outcome: Determine forces acting in statically determinate frames for various loading conditions

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1
Determination of magnitude and type of force acting in frames using graphical techniques

	Recap on the application of Bow’s notation and the solution of forces using graphical methods.
Worked example – produce a complex triangular space diagram with some forces acting upon it, annotate the diagram and draw the forces within the members using set squares and known angles to resolve all the forces within the members.

Opportunity for applied learning:
· Exercises: learners undertake a complex frame exercise to apply their knowledge and understanding of solutions using Bows notation
· Learners must understand how the following affect the graphical method:
· Graphical representation of force as a vector.
· Accuracy of drawing.
· A joint in equilibrium implies closed force polygons.
· How the nature of the force acting in a member can be inferred from the direction of action at a node.
· Video – find a clip of frameworks solution using Bow’s notation.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209

Videos
http://goo.gl/4AZOPk
http://goo.gl/aQrfmv







	Lesson 17: Solution of forces 
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine forces acting in statically determinate frames for various loading conditions

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Calculation of magnitude and type of force acting in frames by resolution of forces
	 

	Recap on Lesson 2 – the forces of equilibrium that act on a structure. Include:
· Clockwise moments = anticlockwise (the principle of moments).
· Forces up = forces down (the laws of horizontal and vertical equilibrium).
Examine the principle of moments applied to a section of a simple framework at a node point.
Provide an example of a forces resolution about a node point by applying equilibrium rules.

Opportunity for applied learning:
· Exercises – supply learners with node points on a simple static frame and undertake analysis about the point to determine horizontal and vertical components of forces, as well as any moment forces acting on the joint. Provide solutions to all forces.
· How the nature of the force acting in a member can be inferred from the direction of action at a node. 
· Video – find clip of frameworks solution using resolution of forces.

	Books
Silver, P. McLean, W – Structural Engineering for Architects (Laurence King, 2014) ISBN 978-1780670553
Hulse, R. Cain, J  – Structural Mechanics: Worked Examples  (Palgrave Macmillan, 2009) ISBN 978-0230579811 
Cobb, F – Structural Engineers Pocket Book 2nd Ed (CRC Press, 2008) ISBN 978-0080971216
Roberts, J – Structural Eurocodes 3rd Ed (BSI, 2010) ISBN 978-0580694547
Arya, C. Design of Structural Elements: Concrete, Steelwork, Masonry and Timber Designs to British Standards and Eurocodes, Third Edition (CRC Press, 2009) ISBN 978-0415467209
Videos
http://goo.gl/KcI6ZV
http://goo.gl/YxZPbY







	Lesson 18: Assessment summary
	Suggested Teaching Time: 1.5 hours

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic
Assessment completion

	 

	Final summative assessment summary:
· Group tutorial on assessment and assignment evidence that has to be produced.
· Question and answer session – so learners have fully prepared the evidence to meet the assessment criteria.
· All learners should be fully briefed and prepared for the summative assessment process.
· Assignment summative feedback procedures.





	Unit assessment






	Lesson 19: Assessment workshop
	Suggested Teaching Time: 6 hours

	Learning Outcome: All learning outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic
Assessment workshop

	Assessment:
· Learners to be provided with a computer room where they can complete the assessment tasks for the completion of the unit’s grading criteria.
· Provide manufacturers’ standard sizes tables and data.
· Provide calculators and software programmes where applicable.
· Tutor should advise and guide as required.

Opportunity for applied learning:
· Learners to undertake the tasks to meet the assessment criteria. Present work in an appropriate format with all supporting calculations.
· Learners’ evidence contains referenced sources within explanations and a bibliography.
· Stretch and challenge – learners to undertake any enhanced questions in achieving merits or distinctions within their work.


	Assessment




 (
© 2014 City and Guilds of London
 Institute. All rights reserved
 
Page 
1
 of 
28
)
image1.jpeg
e SmartScreen




