Design Decisions

Teacher's Notes


Bridge Design for Cambridge and Newcastle.

Teachers' Notes

Aims


The aims of this resource are to encourage students to look at how engineering problems fit into a community as well as thinking about the initial and long-term financial cost.

Curriculum

Relevant Key Skills:

· Group Work

· Communication

· Problem Solving

· Application of Number

Relevant Topics within D&T syllabus:  

· Design Considerations.

Relevant Further Aims within D&T syllabus: 

· users' needs and the problems arising from them

· the criteria used to judge the quality of products, including fitness for purpose, the extent to which they meet a clear need and whether resources have been used appropriately

· the impact of products beyond meeting their original purpose and how to assess products in terms of sustainability

· aesthetic, technical, constructional and relevant wider issues that may influence designing, selection of materials, making and product development.

Preparation

Photocopy Student Worksheets.

Equipment 

Worksheet Photocopies

Powerpoint Facilities

Timing


Presentation and discussion ~25mins


Worksheets ~30mins

Guidance


Question 3 on the worksheets requires the students to choose an interest group (see presentation notes). Interest groups may also be assigned to student groups.

Points to emphasise

· Design is an iterative process, feedback from many different groups must be taken into account in designs.

· The level to which interest groups are consulted varies depending on the project and the client. Broadly speaking, larger project require more consultation with the local planning authority (local council in these examples) and legislation often requires consultation with those who will be directly affected by the construction works and the new building. If the building is a commercial venture or is being built for an interest group, consultation is usually necessary to ensure that the structure will attract custom/ be used to it's full potential.

· The interest groups involved depend on the type and size of the project. Sometimes the Client is the only interest group that needs to be consulted by the design team.

· The costs and values for the design exercise are simplifications. Many more things would be taken into account in a real design process, e.g ground conditions effecting foundation design, locally available materials, labour costs.

Mixed Abilities


It is suggested that students be placed in groups of mixed abilities. The first three questions are common to all the worksheets and are for discussion during the opening presentation. The remaining questions follow calculations detailed in the datasheet. 

Presentation Notes

Slides 1/2 <30secs

Title Slide

Location of Cambridge and Newcastle within UK, includes nearby capitals for reference.

Slides 3/4 ~1min

Basic info about Cambridge and Newcastle.

Additional points: 


The River Cam (has been called the River Granta in history) is shallow enough to stand up in at some points. 


Emphasise differing needs of types of river traffic. e.g rowing boats very wide compared to their height, industrial traffic tall and wide.

Slide 5 ~10mins

Bridge Design.


Split students into groups of 4-6 allow them a minute or two to discuss the question and write down some answers on their worksheets and then let them read out their answers to the rest of the class before revealing the answers on the slide. The answers given are not exhaustive.

Slide 6 ~1min

Arch Bridges.


Arch bridges are very common and are often seen in historic structures.

A force on the top of the arch creates vertical and horizontal forces at the abutments (fig 1).

This has to be resisted by the embankments in a single span arch (fig 2) the embankments need to be firm enough to provide these support reactions. This effect does not need to be discussed in detail, although it should be emphasised that arch bridges require stiff embankments.
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In tied arch structures, the horizontal element of the support reactions are provided by a tie, often made of steel (fig 3). Again, these forces do not need to be discussed in detail to complete the worksheets.


Corrosion can be a problem in a tie cable like this as they are often made of high-tension steel which is susceptible to rust. This tie can often provide much more support than is available at embankments, allowing his bridge to be built in areas that would be unsuitable for a traditional arch structure and at larger spans. The tie does not have to be at the embankments, it can be placed much higher up the structure (and generally is, a higher tie is shorter and allows greater clearance as well as being further from the corroding effects of a river below). A demonstration of this effect is explored in the Mathematics pack for the Tyne Bridge.

Slide 7 ~1min

Beam Bridges


Simple form – solid beam laid between two pier supports. The stiffness of the bridge will dictate how much it bends under a load, a longer span bridge will bend more under the same load at it's centre than a shorter span bridge. A simple experiment to show this effect would involve two rulers of the same material and approximate cross sectional area and different lengths. When placed between end supports the longer ruler will bend more easily. (A similar effect would be achieved by using a long ruler and moving the supports to change the span length)


Box girder bridge – a hollow beam can mean using less material than a solid beam and is usually chosen for larger beam bridges. In steel structures, stiffening plates are provided at intervals inside the beam to ensure the walls of the beam do not buckle under the applied loads. In concrete structures, steel reinforcement is generally used to ensure the concrete does not fail in tension.


Truss bridges – also tend to use less material than a thick beam and so are used in longer bridges than the simple form. Truss bridges are generally made of steel or wood as these materials perform well in tension, concrete does not perform well in tension so is generally not used for the truss members which experience relatively high tension forces. 

Slide 8 ~1min

Cable-Stayed Bridges


Fan design – all cables are attached near the top of the towers.


Harp design – the cables are spaced evenly down the side of the towers. 


Cable stayed bridges are explored more fully in the Physics pack looking at the Tony Carter Bridge in Cambridge.


Suspensions bridges are also a type of cable bridge but rather than angled cables, vertical wires tie vertically up from the bridge deck to a curved cable which then ties back to the piers. Suspension bridges are not examined fully here as they are generally used in much larger applications than the rivers in Cambridge and Newcastle provide and become prohibitively expensive at the short spans considered. 

Slide 9 <1min explanation, ~10min group discussion


Students should divide into groups and think of examples of interest groups – those that should be consulted/ have an effect on the eventual design and construction plan  of the structure. Examples would be: 

1. Local Residents - they will have to put up with construction works and will have to live with the new structure once completed – would probably like a say in construction schedules and aesthetics. May also be concerned about cost if the bridge is being funded by public money. 

2. End Users - i.e those that will be using the bridge when it is constructed. - does it meet their needs, will it be ready soon enough, will it look good?

3. River Users – will they be able to continue traveling underneath during construction? May also be interested in aesthetics. 

4. Client – why are they building the bridge? May want a quick, cheap build (often compromise on aesthetics in this case) or may want an attractive structure which will cost slightly more.

5. Local Council – if they aren't the client, they will be concerned with disruption caused to local traffic and residents. They will also need to approve/deny planning application.

6. Other groups – e.g local/national wildlife protection agencies where construction may disrupt wildlife in the area. Some interest groups will also be concerned with environmental factors such as sustainability, decommissioning (i.e how much will it cost, how much waste will it produce and how much can be recycled when the structure needs to be demolished), pollutants, waste and recycling during construction etc.


Students groups should then choose (or be allocated) an interest group to represent when designing a bridge and decide which factors would be important to them. In this case the local council is considered to be the client so will take on both sets of concerns mentioned above. An aim of this set of resources is to emphasise possible trade-offs between the factors involved in design. For example, a bridge that is cheap may use less high quality materials – limiting design life and/or requiring more repairs, a more standard (and often less attractive) design and less concessions to environmental considerations. A bridge that needs to be built quickly may result in a high level of inconvenience to river users and local residents as the river and some local streets my require closing. Local residents may want construction over as quickly as possible but won't want disruption to traffic or works carrying on late at night or early in the morning. 

Glossary of Terms

Span – The length of a bridge between piers.

Clearance – the distance between the water level (or roadway, train tracks etc.) and the underside of the bridge.

Abutments – end support of the bridge, often against earth embankments in river bridges.

Piers – structure supporting bridge in between spans.

Stiffness – how hard it is to bend.

Reinforced Concrete  (RC) – Concrete with steel bars cast into it. Steel is strong in tension whilst concrete is weak in tension but strong in compression. The composite action of the two in RC allows forces to be carried that would cause collapse in a concrete-only structure.

Prestressed Concrete (PC) – A compressive stress is applied to the concrete structure to “pre-stress” it. Any tension force applied will then be partially negated by the existing compression. 
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