Tyne Bridge Forces

Teacher's Notes


Forces – Tyne Bridge, Newcastle.

Teacher's Notes

Aims

Students will calculate the forces in temporary supports of the Tyne Bridge during it's construction. They will recalculate these forces at different stages during the construction. They will then compare these with experiments using spring force meters, clamp stands, string and weights.

Curriculum

Relevant topics within the Physics curriculum:

· Forces and Motion: Representing Motion, Balanced and Unbalanced Forces, Forces and Acceleration, Principle of Moments.

Further curriculum aims:

· Data, evidence, theories and explanations;

· Practical enquiry skills;

· Communication skills;

· Applications and implications of science.

Required Knowledge

Students will need to have knowledge of:

Resolving forces

Taking Moments

Converting mass to weight.

Rearranging simple equations.

Percentages (extension question)

Preparation

Photocopy Student Worksheets.

Provide equipment for experiments.

Equipment 

Clamp stands (1 per group)  and Clamps (2 per group).

Spring Force meters/ Newton Meters (5kN max ideal, if not available weights may be increased to allow easier and more accurate reading on larger scale meters. Recommend testing with apparatus prior to lesson to ensure cardboard can take the load)

Weights (10g increments to 100g, on hooks)

Worksheet Photocopies

A4 card

Sellotape

Scissors

Powerpoint

Timing

Presentation ~5-10mins

Worksheets ~20mins

Experiments ~25-30mins

Conclusions/Discussion ~5mins

Guidance

It is suggested that students work in groups of around 3 and work through one of the worksheets together, all ending up with a filled out sheet. It may be preferable to have students work through the calculations on their own and then form into groups to carry out the experiments.

It may be helpful to have the class discuss their results after completing the experiments. It may be the case that groups using one worksheet may get more accurate results than another which may help them identify possible sources of error or inaccuracy in their experiments.

Mixed Abilities

It is suggested that students are placed in groups of mixed ability. The two worksheets present different ways of approaching the same question. The 'bridge deck' is at an angle and the forces are horizontal and vertical. Worksheet one is suggesting using the perpendicular distance of the forces from the pivot  to take moments. Worksheet two is suggesting looking at the bridge section as horizontal and resolving the forces perpendicular to it before taking moments. If the students understand the concept of using the perpendicular distance from the support then worksheet one is easier as it involved less resolving of forces.

Experiment Set-up

Is as described in the notes and is similar to the set-up in the Cambridge Physics set. The picture below shows the Cambridge set-up to help understand the set-up of this experiment.
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Presentation Notes

Slides 1/2 – Introduction

The Tyne Bridge is a steel arch bridge.

The first Slide contains some background information about the bridge.

Slides 3-5 – Construction Sequence

These slides show some old photographs of the construction of the Tyne Bridge and and explanation of the construction sequence. 

The fifth slide has a short 'animation' to show the construction sequence of the bridge. The drawing is not to scale and is diagrammatic so may not be completely accurate. This slide also asks 'How would the forces in the tie supports change during construction' – this is the question that students will be investigating.

Slide 6 – Analysis

This slide introduces the analysis that will be carried out in the worksheets. We can look at half of the structure because it is symmetrical and we are looking at the tie supports, if we were looking at forces in the final tied arch structure we might have to look at the whole structure but out assumption is valid for this analysis. Assuming that the section we're looking at is a straight line should not affect this analysis since it is the distance of the forces from the pinned support (pivot) that is important. The straight section makes the exercise easier conceptually and also allows set-up of the experiment.

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.


-4-



