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Internal Assessment Resource

Construction and Mechanical Technologies Level 2
	This resource supports assessment against:

Achievement Standard 91348 version 3
Demonstrate understanding of advanced concepts related to structural frameworks

	Resource title: Bridges

	3 credits

	This resource:

· Clarifies the requirements of the standard

· Supports good assessment practice

· Should be subjected to the school’s usual assessment quality assurance process

· Should be modified to make the context relevant to students in their school 
· environment and ensure that submitted evidence is authentic


	Date version published by Ministry of Education
	February 2015 Version 2

To support internal assessment from 2015

	Quality assurance status
	These materials have been quality assured by NZQA.

NZQA Approved number: A-A-02-2015-91348-02-5696

	Authenticity of evidence
	Teachers must manage authenticity for any assessment from a public source, because students may have access to the assessment schedule or student exemplar material.

Using this assessment resource without modification may mean that students’ work is not authentic. The teacher may need to change figures, measurements or data sources or set a different context or topic to be investigated or a different text to read or perform.


Internal Assessment Resource

Achievement Standard Construction and Mechanical Technologies 91348: Demonstrate understanding of advanced concepts related to structural frameworks 
Resource reference: Construction and Mechanical Technologies 2.24 v2
Resource title: Bridges
Credits: 3
Teacher guidelines

The following guidelines are supplied to enable teachers to carry out valid and consistent assessment using this internal assessment resource.

Teachers need to be very familiar with the outcome being assessed by Achievement Standard Construction and Mechanical Technologies 91348. The achievement criteria and the explanatory notes contain information, definitions, and requirements that are crucial when interpreting the standard and assessing students against it.

Context/setting 

This activity requires students to create a presentation that demonstrates their understanding of advanced concepts related to structural frameworks. The particular context is a bridge of their choosing. The bridge must be of pin-jointed construction.
Before creating their presentation, students will gather and analyse the information they need to fully understand how their chosen structure derives its structural integrity.

They may do this as a separate research investigation or in conjunction with a project where they are developing a structural framework to address an identified need or opportunity. For example, creating the presentation could be preparation for a project in which students design and/or construct a mini gazebo to address a specific need or opportunity.

Prior learning

Before your students begin this assessment activity, provide them with multiple opportunities to explore advanced concepts related to structural frameworks. 

As part of this teaching and learning, students should learn: 
· how to draw vector diagrams that explain the forces acting in members of a pin jointed structural framework;

· what is meant by the terms: forces, structural members, and safety factor as they relate to structural frameworks;

· the different types of structural members and joining methods (fixed and moving) used in structural frameworks;

· how different structural components transfer forces, resist loads, and contribute to ensuring the integrity of frameworks.

Students should explore different structures and identify how both design and applied safety factors ensure their integrity.

Conditions

This assessment resource assumes that students will investigate, gather evidence, and create their presentation as a complete-in-itself task. It is suggested that students be given 6–8 weeks for this purpose.

As an alternative, you may prefer your students to gather the evidence throughout the year and then give them a more limited time in which to create their presentation. 

Students can gather and analyse information individually or in groups, but their presentations must be their own work.

Resources

Access where required to: a camera; modelling materials such as cardboard, balsa wood, pins/paper pins etc.

Useful websites include:
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.
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Useful texts include:

Advanced Level Technical Drawing.  E. Jackson ISBN 0 582 32328 2

Technical and Professional Drawing Book 2. Robin Sinclair and Terry Guy ISBN 456 01450 0 

Additional information

None.
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Achievement Standard Construction and Mechanical Technologies 91348: Demonstrate understanding of advanced concepts related to structural frameworks 
Resource reference: Construction and Mechanical Technologies 2.24 v2
Resource title: Bridges
Credits: 3
	Achievement 
	Achievement with Merit
	Achievement with Excellence

	Demonstrate understanding of advanced concepts related to structural frameworks.
	Demonstrate in-depth understanding of advanced concepts related to structural frameworks. 
	Demonstrate comprehensive understanding of advanced concepts related to structural frameworks.


Student instructions

Introduction

This assessment activity requires you to create a presentation that demonstrates your understanding of the factors that give a bridge its structural integrity. The bridge you select will have a framework comprised of pin-jointed beams, columns and ties. 

Teacher note: This resource could be easily adapted for another structural framework with pin-jointed columns, beams and ties; for example, furniture item, ladder, climbing frame, scaffolding, or gazebo.

Negotiate the format of your presentation with your teacher. It could be, for example, a slideshow, a portfolio, a display board, a video, or any combination of these.

Your teacher will explain whether you will do the research for your presentation as a stand-alone investigation, or as preparation for a project in which you design and make a structural framework of some kind. 

You may work with other students during the research/investigation phase, but your presentation must be your own work and articulate your understandings. 

You will be assessed on the depth and comprehensiveness of your understanding, as evidenced in your presentation.

You have 8 weeks to complete this assessment activity (research and presentation).

Teacher note: Confirm a time, based on the needs of your students. You may decide to have your students gather evidence in an ongoing way throughout the year.

Preparatory task

Decide on the bridge that will be the focus of your presentation.

Investigate the design of this bridge so that you understand the basis of its structural integrity.

As you go about your investigation, collect evidence that explains the relevant concepts. This evidence could include annotated sketches, mock-ups, models, photographs, quotes, and video clips. When gathering this evidence, keep a record of all sources so that you can acknowledge them in your presentation. 

Decide on a suitable format for your presentation. Confirm its suitability with your teacher.

Task

Create a presentation in which you: 

· describe where pin and moving joints are used in structural frameworks;

· describe the effects of load on fixed joints;

· explain types of framework members used in structural frameworks and how members combine to resist loads and transfer forces;

· explain how safety factors are determined for structural frameworks;

· explain forces that work within framework members; 

· explain the framework member profiles and forms and where they are used in your focus bridge; 

· discuss how safety factors would have been applied to ensure the integrity of your focus bridge. 

See the attached Resource for important definitions.

Your presentation may include annotated photographs, flow diagrams, written text, drawings, website links, and/or functional models. All explanations and discussion should be supported with illustrations and examples.

Acknowledge all your sources of information.

Hand in your completed presentation to your teacher.

Resource

Definitions

These definitions are reprinted from the Standard (Construction and Mechanical Technologies 2.24).

For the purposes of this Achievement Standard:
· Structural frameworks are made up of combinations of pin jointed members acting as struts and/or ties.

· Framework member profiles may include but are not limited to: I-beam, channel, round, and rectangular.

· Framework member forms may include but are not limited to: solid, tube, linked, and multi-strand cable.

· Forces are limited to tension, compression, torsion and shear forces.

· Loads acting on a framework are limited to static point loads.

· Explanation of forces that exist within framework members includes calculation of the forces acting in members using vector diagrams.

· Safety factors may include but are not limited to considerations due to static and dynamic loadings, and the effects of wind and earthquake.

· The integrity of a framework is reliant on but is not limited to the form and profile of framework members, and the combination and means by which framework members are joined.

Assessment schedule: Construction and Mechanical Technologies 91348 Bridges
	Evidence/Judgements for Achievement
	Evidence/Judgements for Achievement with Merit
	Evidence/Judgements for Achievement with Excellence

	The student has created a presentation in which they have demonstrated understanding of advanced concepts related to structural frameworks. 

They have:

· described where pin and moving joints are used

The description will typically cover examples of where pin joints are used in structural frameworks (e.g. folding camp chair, collapsible gazebo frame) and where moving joints can be found (e.g. bearing blocks on a draw bridge). 
· described the effects of load on fixed joints

The description will typically cover examples of the effect of load on structural frameworks (e.g. loads are shared between framework members – some members are placed in tension and others in compression). Diagrams may be included to assist descriptions.

· explained types of framework members and how members combine to resist loads and transfer forces.
The explanation will typically cover examples of different types (categories) of framework members (e.g. struts, ties, beams, columns), what determines their categorisation and examples of suitable forms and profiles. Diagrams may be included to assist explanations.

The explanation will typically use graphical analysis of framework members that includes: notations, polar diagrams and/or a shear force diagrams to explain the types of forces acting.

· explained how safety factors are determined
Safety factors may include but are not limited to considerations due to static and dynamic loadings, and the effects of wind and earthquake. The explanation will describe the difference between ‘working load’ and the load at failure and the formulas that are used to determine the ‘working load.. This will cover at least one application of the safety factor. (e.g. crane. the explanation may refer to relevant NZ building codes for wind and earthquake requirements).

The examples above relate to only part of what is required, and are indicative only.
	The student has created a presentation in which they have demonstrated in-depth understanding of advanced concepts related to structural frameworks. 

They have:

· explained forces that exist within framework members

The explanation will include where pin and moving joints are used, and the effects of loads on framework members in the focus bridge.

The student will use graphics static’s or vector diagrams to help explain how the bridge achieves equilibrium when under load. Their explanation shows how members react to the load to ensure that the bridge maintains its integrity (maintains equilibrium). 

In their explanation the student may use some of the following terms – ties, struts, triangulation, trapezium, square structure, redundant members, compression, tension, shear.

· explained framework member profiles and forms, and where they are used
The explanation will typically give details about the profiles and forms of framework members used in the focus bridge.  It will explain the importance member profiles and forms in relation to the load they carry. e.g. 

The mass of the member is concentrated on the outer edges of the member as in an I beam therefore all the mass is situated where the loads on the member are the greatest. 
A wire rope can be used as a tie due to the member (wire rope) being under tension.

· explained how safety factors are determined
Safety factors may include but are not limited to considerations due to static and dynamic loadings, and the effects of wind and earthquake. The explanation will describe the difference between ‘working load’ and the load at failure and the formulas that are used to determine the ‘working load.. This will cover at least one application of the safety factor. (e.g. crane. the explanation may refer to relevant NZ building codes for wind and earthquake requirements).
The examples above relate to only part of what is required, and are indicative only.
	The student has created a presentation in which they have demonstrated comprehensive understanding of advanced concepts related to structural frameworks. 

They have:

· explained forces that exist within framework members

The explanation will include where pin and moving joints are used, and the effects of loads on framework members in the focus bridge.

The student will use graphics static’s or vector diagrams to help explain how the bridge achieves equilibrium when under load. Their explanation shows how members react to the load to ensure that the bridge maintains its integrity (maintains equilibrium). 

In their explanation the student may use some of the following terms – ties, struts, triangulation, trapezium, square structure, redundant members, compression, tension, shear.

· explained framework member profiles and forms, and where they are used
The explanation will typically give details about the profiles and forms of framework members used in the focus bridge.  It will explain the importance member profiles and forms in relation to the load they carry. e.g. 

The mass of the member is concentrated on the outer edges of the member as in an I beam therefore all the mass is situated where the loads on the member are the greatest. 
A wire rope can be used as a tie due to the member (wire rope) being under tension.

· discussed how safety factors have been applied to ensure the integrity of a structural framework.

The explanation will typically discuss in relation to the students focus bridge the difference between ‘working load’ and the load at failure, and the formulas that are used to determine the ‘working load’ for their bridge. The explanation may refer to relevant NZ building codes for wind and earthquake requirements. It may also include discussion on how safety factors applied to their focus bridge have addressed static and dynamic loadings, and the effects of wind and earthquake

The examples above relate to only part of what is required, and are indicative only.


Final grades will be decided using professional judgement based on a holistic examination of the evidence provided against the criteria in the Achievement Standard. 
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