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Qualification titles covered by this specification

*Edexcel Level 3 BTEC National Certificate in Civil Engineering
*Edexcel Level 3 BTEC National Diploma in Civil Engineering

These qualifications have been accredited to the National Qualifications Framework (NQF) and
as such are eligible for public funding as determined by the DfES under Sections 96 and 97 of
the Learning and Skills Act 2000.

The qualification titles listed above feature in the funding lists published annually by the DfES
and the regularly updated website www.dfes.gov.uk/. The NQF Qualifications Accreditation
Number (QAN) should be used by centres when they wish to seek public funding for their
learners. The NQF (QAN) for these qualifications are listed in Annex A.

These qualification titles are, as they will appear on the learner’s certificate. Learners need to
be made aware of this when they are recruited by the centre and registered with Edexcel.
Providing this happens, centres are able to describe the programme of study leading to the
award of the qualification in different ways to suit the medium and the target audience.

Qualifications marked with an asterisk (*) are recognised by QCA as Technical Certificates for
a Modern Apprenticeship framework in the construction and civil engineering sector.
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Edexcel qualifications in the National Qualifications Framework

BTEC Advanced Professional Award, Certificate, Key skills level 5 NVQ level 5
Diploma
BTEC Higher National Diploma Key skills level 4 NVQ level 4
BTEC Higher National Certificate
BTEC Professional Award, Certificate, Diploma
BTEC National Diploma GCE A Level Key skills level 3 NVQ level 3
BTEC National Certificate
BTEC National Award GCE AS Level
BTEC Award, Certificate, Diploma
VCE
BTEC First Diploma GCSE (A* - Q) Key skills level 2 Level 2 Certificate in NVQ level 2
Adult Numeracy
BTEC Award, Certificate, Diploma GCSE (Double Awards) (A* A* — CC)
Level 2 Certificate in
GCSE (Short Courses) (A* - C) Adult Literacy
Intermediate GNVQ
BTEC Award, Certificate, Diploma GCSE (D - Q) Key skills level 1 Level 1 Certificate in NVQ level 1

GCSE (Double Awards) (D — G)

Foundation GNVQ

Adult Numeracy

Level 1 Certificate
in Adult Literacy

Entry Level Certificate in Skills for Working Life

Entry Level Certificate in Life Skills

Entry Level Certificates

Entry Level Certificate
in Adult Numeracy

Entry Level Certificate
in Adult Literacy
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Introduction

This document contains the units and associated guidance for the National Qualifications
Framework (NQF) Edexcel Level 3 BTEC Nationals in Civil Engineering. Each unit sets out
the required outcomes and content and includes advice regarding appropriate delivery and
assessment strategies. The guidance contains further details of the assessment and quality
assurance of these qualifications. It includes advice about Edexcel’s policy regarding access to
its qualifications, the design of programmes of study and delivery modes.

The BTEC National Certificate and Diploma in Civil Engineering introduces learners to the
subject knowledge required for a range of technical and professional occupations covering:
civil engineering, structural engineering, highway engineering, permanent way (railway)
engineering and public health engineering. It is intended for individuals who seek a direct route
into employment in construction and civil engineering or as a progression route to level 4
qualifications, such as a BTEC Higher National Certificate or Diploma in Civil Engineering, or
a related qualification, or to underpin and complete an NVQ at level 3 or 4. These
qualifications are also recognised by some professional bodies for entry to membership at
Technician level.

The need for these qualifications has been identified following extensive consultations with
centres, industry professional bodies, employers, the Construction Industry Council (CIC) and
National Training Organisations (NTOs). These qualifications also provide the underpinning
knowledge requirements for several National Vocational Qualifications (NVQs) at level 3 in
Construction and the Built Environment. The BTEC National Certificate in Civil Engineering is
recognised as a Technical Certificate for occupations within the CITB Advanced Modern
Apprenticeship.

Structure of the qualification

The BTEC National Certificate in Civil Engineering is a 12-unit qualification, and
The BTEC National Diploma in Civil Engineering is an 18-unit qualification.
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BTEC National Certificate in Civil Engineering

BTEC National Certificate structure

Core units — all five units must be taken

1 Health, Safety and Welfare
2 Construction and the Environment
3 #Construction Technology and Design
4 Construction Science and Materials
5 Analytical Methods
Specialist units that are specified — these units must be taken
7 Graphical Detailing
9 Surveying Processes
11 Setting Out Processes
12 | Structural Mechanics
14 | #Civil Engineering Construction
Specialist units that are optional — choose two units
13 | ICT and CAD
15 | Applied Mathematics
17 | Public Health Engineering
18 | Employer-Related Project
19 | Highway Construction and Maintenance
20 | Permanent Way Construction and Maintenance

NB: # denotes a unit assessed via an Integrated Vocational Assignment
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BTEC National Diploma in Civil Engineering

BTEC National Diploma structure

Core units — all five units must be taken

1 Health, Safety and Welfare
2 Construction and the Environment
3 #Construction Technology and Design
4 Construction Science and Materials
5 Analytical Methods
Specialist units that are specified — this unit must be taken
14 | #Civil Engineering Construction
Specialist units that are optional — choose any 12 units
6 Planning, Organisation and Control of Resources
7 Graphical Detailing
8 Measuring, Tendering and Estimating Processes
9 Surveying Processes
10 | Economics and Finance
11 Setting Out Processes
12 | Structural Mechanics
13 | ICT and CAD
15 Applied Mathematics
16 | Hydrostatics
17 | Public Health Engineering
18 | Employer-Related Project
19 | Highway Construction and Maintenance
20 | Permanent Way Construction and Maintenance
21 Highways Estimating and Costing
22 | Surveying Technology
23 Topographic Surveying

NB: # denotes a unit assessed via an Integrated Vocational Assignment
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Key features

BTEC Nationals are designed to provide specialist work-related qualifications in a range of
sectors. They have been developed to provide a preparation for employment and/or to provide
career development opportunities for those already in work. They link to the Occupational
Standards for the sector where these are appropriate and are supported by the relevant National
Training Organisations (NTOs) or Sector Skills Council (SSC). On successful completion of
these qualifications, learners may progress into or within employment and/or continue their
study in the vocational area.

Occupational Standards

The BTEC Nationals are designed to relate to the Occupational Standards in the sector which in
turn form the basis of the National Vocational Qualifications (NVQs). The BTEC Nationals do
not purport to deliver occupational competence in the sector, which should be demonstrated in
a work context. However, the qualifications do provide much of the underpinning knowledge
for the Occupational Standards, as well as developing practical skills in preparation for work
and possible achievement of an NVQ in due course. Where they are used as a Technical
Certificate within an Advanced Modern Apprenticeship (AMA) framework, achievement of the
requisite BTEC National Certificate units will directly underpin the achievement of an
appropriate NVQ in the workplace.

The qualification and units of the BTEC National Certificate and Diploma in Civil Engineering
have been mapped against the 1998 Construction Industry Standing Conference (CISC) now,
Construction Industry Council (CIC) Occupational Standards and current NVQs at level 3.
Mapping links indicate that the achievement of the learning outcomes of the units will
contribute skills, knowledge and understanding towards the evidence requirements of the level
3 NVQs listed in Annex C.

Some underpinning knowledge contained in the BTEC Nationals units does not feature in the
job knowledge requirements of Occupational Standards or NVQs and no links appear in the
mapping in Annex C. It is in effect tacit knowledge and the application of such knowledge, eg
in Unit 4: Construction Science and Materials and Unit 5: Analytical Methods, is fundamental
to the ability of learners to develop their knowledge and understanding and apply this to the
learning in the specialist units.

Technical Certificates

The occupational sheets within the CITB AMA framework identify the units required for the
Technical Certificate for each occupation and NVQ. See Annex F for a list of the occupation
sheets covered within the CITB framework.

The NVQs covered within the framework are:

+ Construction Contracting level 3

+  Site Technical Support level 3

+ Surveying Support level 3

+ Technical Design (Built Environment) level 3
+ Town Planning Support level 3

+ Construction Site Supervision level 3.
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The Property Services National Training Organisation (PSNTO) has also contributed to the
development of those occupations within the CITB AMA framework that relate to property
services.

Reference should also be made to the specific units required for each occupation within the
Construction Industry Training Board (CITB) Advanced Modern Apprenticeship framework.
Some Technical Certificates require additional units to be added to the BTEC National
Certificate in Civil Engineering in order to fully underpin the associated NVQ.

Other NVQs may be included within the AMA framework in the future.
BTEC Nationals in Civil Engineering

BTEC National Certificate and Diploma in Civil Engineering are designed to equip individuals
with the practical skills, knowledge and understanding required for success in current
employment and progression to future employment for technical and professional disciplines
within the construction industry. The qualifications also enable progression to BTEC Higher
Nationals or undergraduate degree qualifications and professional occupations in Construction
and the Built Environment.

Individuals will acquire skills and knowledge which are transferable and will enable them to
meet changing circumstances, whether these arise from a shift in their own status or
employment, or general changes in industry practice, provision or environment.

The need for these qualifications has been identified following extensive consultations with
centres, industry professional bodies, employer bodies, CIC and relevant NTOs.

These BTEC Nationals in Civil Engineering are also designed to:

+ provide education and training specifically for the construction disciplines in the Industry
which are directly relevant to the changing needs of employees, employers and the
professions

+ develop in learners a range of knowledge and skills, personal qualities and attitudes which
are essential for career development and progression within the construction and civil
engineering and related sectors

+ provide learners with the necessary knowledge and skills concerning health, safety and
welfare, the environment and sustainability, as it impacts on and affects the construction
and the built environment sector

+ focus on the practical application of knowledge and the development of the work-related
skills required for employment within the construction and civil engineering sector

+ underpin the existing and future technical and professional National Vocational
Qualifications (NVQs) at level 3

+ provide learners with knowledge and skills which are relevant to the evidence requirements
of QCA key skills units (separately certified)

+ be up-to-date qualifications that take account of ‘Latham’ and ‘Egan’ best-practice
initiatives towards achieving improved efficiency and productivity in the Industry.

BTEC National Certificate in Civil Engineering

The 12-unit BTEC National Certificate in Civil Engineering provides a specialist work-related
programme of study that covers the key knowledge and practical skills required in the sector
and also offers different emphasis through the choice of specialist units. It is broadly equivalent
to two GCEs or the full award AVCE.

This qualification offers an engaging programme for 16-19 year old learners who are clear
about the area of employment that they wish to enter, although, at the stage of entry, they may
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not be sure of the exact discipline they wish to follow. Such learners may wish to extend their
programme through the study of a related GCE or other qualification. Alternatively their access
to suitable work situations may allow learners to achieve an NVQ qualification in the
vocational sector or individual NVQ units.

For adult learners the BTEC National Certificate in Civil Engineering offers a specialist work-
related qualification to confirm and extend their work experience if they are entering or have
been employed in the sector. It also provides a suitable qualification for those wishing to
change career or move into a particular area of employment following a career break.

Learners undertaking an AMA can use the BTEC National Certificate in Civil Engineering as a
Technical Certificate with the appropriate choice of units required for the particular occupation
they have chosen. This may require additional BTEC Nationals units to be undertaken to meet
the requirements of the AMA framework. Details may be obtained from the National Training
Organisation (NTO).

BTEC National Diploma in Civil Engineering

The 18-unit BTEC National Diploma in Civil Engineering extends and deepens the specialist
focus available in the 12-unit Certificate. The qualification prepares learners for employment in
the sector and will be suitable for 16-19 year olds who have already decided that they wish to
enter this area of work, although, at the stage of entry, they may not be sure of the exact
discipline they wish to follow. Some adult learners may wish to make the commitment required
by this qualification in order to enter a specialist areca of employment or progress into higher
education. Other learners may wish to extend the specialism that they have followed in the
BTEC National Certificate programme. Progression from this qualification may well be into
employment where learners may progress to professional body exams. Alternatively learners
may progress to a degree or other higher-education studies in the sector or a related one.

Assessment and grading

All assessment for BTEC Nationals in Civil Engineering is criterion-referenced, based on the
achievement of specified outcomes. All units contributing to a programme carry either internal
or external assessment. All units contain contextualised-grading criteria and will be
individually graded as ‘pass’, ‘merit’ or ‘distinction’. To achieve a pass grade for the unit
learners must meet the assessment criteria set out in the specification.

The units in BTEC National qualifications all have a standard format which is designed to
provide clear guidance on the requirements of the qualification for learners, assessors and those
responsible for monitoring national standards.
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Unit format

Each unit is set out in the following way.
Unit title, learning hours and level

The unit title is accredited by QCA and this form of words will appear on the learner’s
Notification of Performance. In BTEC National qualifications each unit consists of 60 guided
learning hours. The level refers to the level in the NQF.

Description of unit

A brief description of the overall purpose of the unit is given, together with the key areas of
study associated with the unit. The description also gives the mode of assessment — a statement
whether the assessment method for the whole unit is either internal or external taking the form
of an Integrated Vocational Assignment (IVA) set by Edexcel.

Summary of learning outcomes

The outcomes of the unit identify what each learner must do in order to pass the unit. Learners
must achieve all the outcomes in order to pass the unit.

Content

This section picks up highlighted words from the outcomes and amplifies the content coverage

required when addressing the outcomes. The content section will often have lists of topics; care
should be taken to note those that begin with ‘eg’, where the list is merely indicative, and those
that do not, where all aspects of the listed topics should be covered.

Assessment guidance

Each unit contains statements of the evidence that each learner must produce in order to receive
a pass, merit or distinction grade. It is important to note that the merit and distinction grading
criteria refer to a qualitative improvement in the learner’s evidence. Learners should not be
asked to perform additional tasks, or work to that required of all learners, including those who
achieve a pass grade.

Essential information for teachers

This section is not prescriptive but provides additional guidance and amplification related to the
unit to support teachers/deliverers and assessors. Its subsections are as follows:

+ Delivery strategies — offers guidance about possible approaches to delivery. This advice is
based on the more usual delivery modes and is not intended to rule out alternative
approaches.

+  Assessment strategies — provides advice about the nature and type of evidence that learners
are likely to need to produce in order to pass the unit or achieve the higher grades. This
section should be read in conjunction with the assessment criteria.

+ Links — sets out any links with other units within the qualification that could be used to
ensure that learners can relate different aspects within the qualification and offer
opportunities for integration of learning, delivery and assessment. Links to the
Occupational Standards and/or the key skills, these will be highlighted in this part of the
section.

+  Resources — identifies the specialist resources needed to allow learners to generate the
evidence required by each unit. The centre will be asked to ensure that this requirement is
in place when it seeks approval from Edexcel to offer the qualification.
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+ Suggested reading — may not appear in every unit. The availability of books/publications
has been confirmed through recognised publishers information and library sources at the
time of producing this specification. However, centres may find books occasionally go out
of print due to edition changes.

Key skills

This section identifies where there may be opportunities within the qualification for the
generation of evidence to meet the requirements of key skills units. Assessors should take care
to become familiar with the key skills specifications and evidence requirements and not rely on
the contents of this section when presenting key skills evidence for moderation.

Internal assessment

The purpose of internal assessment is to ensure that effective learning of the content of each
unit has taken place. Evidence of this learning is required for each unit designated as ‘internally
assessed’.

Assessment instruments should ensure coverage of all criteria in the unit as set out in the
Assessment guidance grid for each internally assessed unit. It is advised that outcomes are
clearly indicated on each assessment instrument to provide a focus for learners (for
transparency and to aid in ensuring feedback is specific to the criteria) and to assist with
internal standardisation processes. Tasks, activities or assignments should enable learners to
produce evidence that directly relates to the specified outcomes.

Assessment instruments constructed by centres should be valid, reliable and fit for purpose,
building on the application of the assessment criteria. They are more likely to meet this
requirement if centres use a variety of assessment methods, including case studies, assignments,
work-based assessments along with projects, performance observation and time-constrained
assessments. Centres are encouraged to place emphasis on practical application of the
assessment criteria, providing a realistic scenario for learners to adopt and making maximum
use of work practical experience. If Unit 19: Employer-Related Project is used, this will
provide a useful link with workplace evidence and the evidence required for an NVQ. The
creation of assessment instruments that are fit for purpose is vital to achievement by learners
and their importance cannot be over emphasised.

When reading the Assessment guidance grids, centres should note that learners should not be
required to undertake additional tasks to achieve a merit/distinction grade but be able to provide
evidence that is qualitative in its nature. Centres are encouraged to look across Assessment
guidance grids to identify common topics within units and assess learner’s work according to
the level that they have achieved as determined by the assessment criteria.

A three point grading scale of pass, merit and distinction is applied to all internal units. Points
are awarded to each grade (pass = 2 points, merit = 4 points and distinction = 6 points) that
contribute to the overall grade for each qualification.

External assessment

In the BTEC National Certificate and Diploma in Civil Engineering, Unit 3: Construction
Technology and Design and Unit 14: Civil Engineering Construction will be externally
assessed. The assessment will take the form of a criterion-referenced Integrated Vocational
Assignment (IVA) set by Edexcel, marked by the centre to an Edexcel criterion-referenced
marking scheme and re-marked by Edexcel-appointed markers. The IVA will cover the whole
of the assessment criteria in the unit(s) specified above.

For the purpose of the overall award these externally assessed units will have double unit value.
Each IVA assessed unit will therefore receive 4 (pass), 8 (merit) or 12 (distinction) points.

10 BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering
— Issue 1 — May 2002



Achieving a pass on a BTEC National qualification

The grading points awarded for each unit as already described will form the main factor in
determining whether a learner has achieved a pass overall.

The following rules will be used as a basis for awarding each qualification:

Learners must Learners must Learners must

complete all achieve a achieve a

designated units: | minimum score of | minimum overall
2 points points score of:

(pass grade) on:

BTEC National Certificate 12 units 10 units 24 points

BTEC National Diploma 18 units 16 units 36 points

Awarding an overall grade

Each qualification will have an overall grade or grades awarded of ‘pass’, ‘merit’ or
‘distinction’. The overall grades will be calculated on the total points achieved from internally
assessed units combined with the grade points from the external assessment. Each grade will be
determined by fixed grade boundaries.

Edexcel will publish tables that clearly define boundaries for all overall grades, which
centres must make available to learners at the start of their course. This will enable them
to track progress towards the overall grade. The overall qualification grades will be as follows:

+ BTEC National Certificate — two grades (eg PP, MP, DD)
<+ BTEC National Diploma — three grades (eg PPP, MMP, DDM, DDD).

Certification of BTEC Nationals will report the overall grade or grades if the full qualification
is achieved, as well as details of performance in individual units.

Accreditation of Prior Learning (APL)

Edexcel encourages centres to recognise learners’ previous achievements and experience
through the Accreditation of Prior Learning. Learners may have evidence that has been
generated during previous study or in their previous or current employment or whilst
undertaking voluntary work that relates to one or more of the units in the qualification.
Assessors should assess this evidence against the national standards of the units in the
specification in the normal way. As with all evidence, assessors should be satisfied about the
authenticity and currency of the material when considering whether or not the outcomes of the
unit have been met.
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Quality assurance

Edexcel’s qualification specifications clearly set out the standard to be achieved by each learner
in order to achieve the award of the qualification. This is contained in the statement of
outcomes and assessment criteria in each unit. Further guidance on assessment is contained in
the Essential information for teachers section of each unit.

Edexcel operates a quality assurance process, which is designed to ensure that these standards
are maintained by all assessors, verifiers and markers. It achieves this through the following
activities.

Internal verification

Centres are required to have in place processes that ensure that each assessor’s decisions are
reviewed to ensure that they are correctly interpreting and applying the standards set out in the
specifications. The system used to do this is a matter for individual centres and Edexcel fully
supports the use of the centre’s own quality assurance systems where this ensures robust
internal standardisation.

External verification

Edexcel will sample assessors’ decisions using subject-specialist external verifiers. This
process will follow the National Standards Sampling (NSS) protocol. Edexcel will identify to
centres in the autumn those units that will be sampled by verification in the NSS window,
normally in the spring term of each academic year. There will be four units identified from 2-
year programmes and two units from 1-year programmes. Centres are required to make
available, in the NSS window, eight pieces of learner work against two of the identified units
(for 2-year programmes) and four pieces of learner work against one of the identified units (for
1-year programmes). This learner work must have been internally assessed and given an
interim grade, additionally, at least 50% of submitted work must have been internally verified.

If the external verification process in spring identifies that National Standards have not been
correctly interpreted, the centre will be required to take appropriate action. In this instance a
second sampling will take place in the summer term to confirm that centre assessment is correct
before certification of learner awards takes place.

External assessment

The IVA will be available in each year and each [IVA will have validity of one year. The nature
of the assignment makes it most appropriate for learners to attempt it in the final year of the
qualification. The IVA will comprise a series of linked tasks, some of which may involve
working:

+ independently to research or produce work
+ under observed workshop/laboratory conditions

+ under supervised (without instruction) workshop/laboratory conditions, commensurate with
ensuring safe practices

+ under specified and controlled conditions.

In each year, a window of assessment will be available for centres and learners to manage the
IVA. Advance notice of the general content, format and appropriate resources for each IVA in
each year will be made available to centres by mid-September. The IVA itself will normally be
published in January and centres should submit learners’ work from the IVA for external
marking by the end of April. During this timeframe some IV As may require learners to
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undertake a common task, under controlled conditions, on a date specified by Edexcel. This
information, where applicable, will be contained in the advance notice referred to above.

The nature of the IVA will permit centre-assessor feedback (or formative assessment) to
learners for tasks or components of the IVA that are not carried out under controlled conditions.
Following internal assessment and marking the IVA will be subject to an external remark,
normally carried out on site. Centres should be aware that, once an IVA is submitted for
external marking, no further amendment by the learner will be permitted.

Risk assessment

Edexcel has an approval process, which creates a quality profile of each qualification
programme in each centre and for the centre as a whole. This profile contributes to the
determination of the nature of external verification activity for each programme and will also be
used to initiate other quality control measures by Edexcel.

Approval

Centres will be allowed ‘accelerated approval’ for a new programme where the centre already
has approval for a programme that is being replaced by the new programme. Other centres
working to offer a vocational area for the first time, will need to apply for approval to offer the
programme.

Centres that have not previously offered BTEC qualifications will first need to apply for, and
be granted, centre approval before they may apply for approval to offer any BTEC
qualification.

When a centre applies for approval to offer a BTEC qualification they will be required to enter
into an Approvals Contract.

The Approvals Contract is a formal commitment by the head or principal of a centre to meet all
the requirements of the specification and linked codes or regulations. Sanctions and tariffs will
be applied if centres do not comply with the contract. This could ultimately result in the
suspension of certification or withdrawal of approval.

Programme design and delivery

The qualifications consist of core units (which are mandatory) and specialist units. Some of
these specialist units will be optional and all are designed to provide a specific focus to the
qualification. Required combinations of specialist units are clearly set out in relation to each
qualification in the defined qualification structures provided in this document.

In BTEC National qualifications each unit consists of 60 guided learning hours. The definition
of guided learning hours is ‘a notional measure of the substance of a qualification’. It includes
an estimate of time that might be allocated to direct teaching, instruction and assessment,
together with other structured learning time such as directed assignments or supported
individual study. It excludes learner-initiated private study. Centres are advised to consider this
definition when planning the programme of study associated with this specification.
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Mode of delivery

Edexcel does not define the mode of study for these BTEC National qualifications. Centres are
free to offer the qualification through any mode of delivery that meets the needs of their
learners. This may be through the more traditional classroom teaching, open learning, distance
learning or a combination of these. Whatever mode of delivery is used, centres must ensure that
learners have appropriate access to the resources identified in the specifications and to subject
specialists delivering each unit. This is particularly important for learners studying for the
qualification through open or distance learning.

Learners studying for the qualification on a part-time basis bring with them a wealth of
experience that should be utilised to maximum effect by teachers and assessors. Assessment
instruments that are based on the learners’ work environment should be encouraged. Those
planning the programme should aim to enhance the vocational nature of the BTEC National
qualification by:

+ liaising with employers to ensure a course relevant to the specific needs of the learners

+ accessing evidence and using non-confidential data and documents from learners’
workplaces

+ including sponsoring employers in the delivery of the programme and where appropriate in
the assessment

+ linking with company-based/workplace training programmes

+ making full use of the variety of experience of work and life that learners bring to the
programme.

Where the BTEC National Certificate serves on the Technical Certificate of an Advanced
Modern Apprenticeship (AMA) some of the above may be formalised within learner’s
Individual Learning Plan (ILP).

Resources

The BTEC National qualifications are designed to prepare learners for employment in the
sector. The physical resources need to support the delivery of the programme and the proper
assessment of the outcomes and therefore should normally be of industry standard. Staff
delivering the programme and conducting the assessments should be fully familiar with current
practice and standards in the sector. Centres will also need to pay due regard to meeting the
specialist resource requirements of a particular qualification when they seek approval from
Edexcel.

Delivery approach

It is important that centres develop an approach to teaching and learning that supports the
specialist vocational nature of the BTEC National qualifications. The specifications contain a
balance of practical skill development and knowledge requirements, some of which can be
theoretical in nature. Teachers and assessors need to ensure that appropriate links are made
between theory and practice and that the knowledge base is applied to the sector. This will
require the development of relevant and up-to-date teaching materials that allow learners to
apply their learning to actual events and activity within the sector. Maximum use should be
made of the learner’s experience.
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Where the qualification has been designated and recognised as a Technical Certificate and
forms part of an Advanced Modern Apprenticeship framework, particular care needs to be
taken to build strong links between the learning and assessment for the BTEC National
qualification and the NVQs and key skills that also contribute to the framework. Unit 18:
Employer-Related Project will provide a useful vehicle for these links to be established.

Meeting local needs

Centres should note the qualifications set out in these specifications have been developed in
consultation with centres, professional bodies and employers, particularly the NTO or the SSC
for the construction sector. The units are designed to meet the skill needs of the sector and the
range of specialist units allow coverage of the full range of employment. Centres should make
maximum use of the choice available to them within the specialist units in these specifications
to meet the needs of their learners, and the local skills and training needs identified by
organisations such as the Regional Development Agency and the Local Learning and Skills
Council.

In certain circumstances, the units contained in these specifications may not enable centres to
meet a local need. In this situation centres may seek approval from Edexcel to make use of units
from other standard National Qualifications Framework BTEC National specification. Centres
will need to justify the need for importing units from other specifications and Edexcel will
ensure that the vocational focus of the qualification has not been diluted.

There may be exceptional circumstances where even this flexibility does not meet a particular
local need. In this case centres can seek permission from Edexcel to develop a unit with us to
meet this need. The cases where this will be allowable will be very limited. Centres will need
strong evidence of the local need and the reasons why the existing standard units are
inappropriate. Edexcel will need to submit these units for accreditation by QCA before such a
change can be implemented.

Limitations on variations from standard specifications

The flexibility to import standard units from other BTEC National specifications and/or
develop unique units is limited to a total of four units only in a BTEC National Diploma
qualification and two units only in any BTEC National Certificate qualification. The use
of these units cannot be at the expense of the core units in any qualification.

More detailed guidance on delivery and assessment is given in each unit.

Access and recruitment

Edexcel’s policy regarding access to its qualifications is that:

+ the qualifications should be available to everyone who is capable of reaching the required
standards

+ the qualifications should be free from any barriers that restrict access and progression
+ there should be equal opportunities for all wishing to access the qualifications.

Centres are required to recruit learners to BTEC qualifications with integrity. This will include
ensuring that applicants have appropriate information and advice about the qualifications and
that the qualification will meet their needs. Centres should take appropriate steps to assess each
applicant’s potential and make a professional judgement about their ability to successfully
complete the programme of study and achieve the qualification. This assessment will need to
take account of the support available to the learner within the centre during their programme of
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study and any specific support that might be necessary to allow the learner to access the
assessment for the qualification. Centres should also have regard for Edexcel’s policy on
learners with particular requirements.

Centres will need to review the profile of qualifications and/or experience held by applicants,
considering whether this profile shows an ability to progress to a level 3 qualification. For
learners who have recently been in education, the profile is likely to include one of the
following:

+ a BTEC First qualification in Civil Engineering or a related vocational area

+ an Intermediate GNVQ in an appropriate vocational area

+ a GCSE equivalent to four passes at grade C.

More mature learners may present a more varied profile of achievement that is likely to include
experience of paid and/or unpaid employment.

Restrictions on learner entry

The majority of BTEC National qualifications are accredited on the NQF for learners aged 16
years and over. Learners aged 15 and under cannot be registered for a BTEC National
qualification.

Learners with particular requirements

Edexcel recognises that some learners, for vocationally related qualifications, will have coped
with the learning demands of a course but may find the standard arrangements for the
assessment of their attainment presents an unfair barrier. This would apply both to learners with
known and longstanding learning problems and to learners who are affected at, or near to, the
time of a (time-constrained) assessment.

Edexcel will seek to approve alternative arrangements that:

+ meet the needs of learners with particular requirements

+ do not confer advantage over other learners

+ are commensurate with the proper outcomes from the qualification.

Details of the allowable arrangements for such learners are contained in Assessment of
Vocationally Related Qualification: Regulations and Guidance relating to Learners with
Special Requirements (Edexcel Foundation, 2002).

Key skills

All BTEC National qualifications include mapping and/or signposting of key skills. These are
transferable skills, which play an essential role in developing personal effectiveness for adult
and working life and in the application of specific vocational skills.

Within each unit the opportunities for the generation of evidence for the key skills are
signposted (see Annex B for summary map). These are indicative links only. Staff will need to
become familiar with the key skills specifications and the evidence requirements and they are
advised not to rely on the signposting in the units when presenting key skills evidence for
moderation.
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Key skills provide a foundation for continual learning to enable and empower individuals who
inevitably face a series of choices in work, education and training throughout their lives.
Current and future initiatives such as learndirect, lifelong learning, and widening participation
all require a more flexible population in the workplace and key skills play a role in setting the
framework.

Learners need the chance to show current and future employers that they can:

communicate effectively, in a variety of situations, using a wide range of techniques

work well with others — individuals or teams — so that work can be properly planned and
targets met

manage their own development, so that they are always ready to take on the challenges of
change and diversification

use number, not just within routine tasks and functions but to help them be more effective
and efficient in all they do

use ICT in a range of applications to support all aspects of their role

solve problems in a variety of circumstances.

The wider curriculum

The study of the BTEC Nationals in Civil Engineering provides opportunities for the learner to
develop an understanding of spiritual, moral, ethical, social and cultural issues; and an
awareness of environmental and sustainability issues, health, safety and welfare considerations,
and European developments. These wider curriculum opportunities are indicated in the units as
appropriate, see Annex E for list of units. The BTEC Environmental Initiative — Guidance for
the Incorporation of Environmental Components into BTEC programmes has been incorporated
into appropriate units and a summary of the learning objectives is provided at Annex D.

Useful publications

Further copies of this document and related publications can be obtained from:

Edexcel Publications
Adamsway

Mansfield

Nottinghamshire NG18 4FN

Tel: 01623 467 467
Fax: 01623 450 481
E-mail: publications@linneydirect.com
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Related publications include:
+ current Edexcel publications catalogue and update catalogue (free)

+ BTEC Environmental Initiative: Guidance for the Incorporation of Environmental
Components into BTEC Programmes

Key skills publications include: specifications, tutor support materials and question papers.

NB: Most of our publications are priced. There is also a charge for postage and packing. Please
check the cost when you order.

+ Edexcel Foundation — The Conduct of Controlled Assessments for BTEC National
Qualifications (Edexcel, to be published in 2002)

+ Qualification and Curriculum Authority — The Code of Practice for Vocationally Related
Qualifications* (Pub expected 2002)
*The title is subject to confirmation by QCA.

Edexcel publications concerning the Quality Assurance System and the internal and external
verification of vocationally related programmes may be found on the Edexcel website and the
Edexcel publications catalogue.

How to obtain Occupational Standards

Details of Occupational Standards or higher level NVQs may be obtained from:

Director of Standards
Construction Industry Council

26 Store Street

London WCIE 7BT

Contact telephone: 020 7637 8692
Website: www.cic.org.uk

Details of Advanced Modern Apprenticeships

Details of the AMA framework and occupational sheets may be obtained from CITB:

Construction Industry Training Board
Bircham Newton, King’s Lynn
Norfolk

PE31 6RH

Contact telephone: 01485 577577
Website: www.citb.co.uk

Property Services National Training Organisation (PSNTO)
18 Southernhay West

Exeter

Devon

Contact telephone: 01392 423399

Website: www.psnto.org
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Professional development and training

Edexcel supports UK and international customers with training related to BTEC qualifications.
This support is available through a choice of training options offered in our published training
directory or through customised training at your centre.

The support we offer focuses on a range of issues including:

planning for the delivery of a new programme

planning for assessment and grading

developing effective assignments

building your team and teamwork skills

developing learner-centred learning and teaching approaches
building key skills into your programme

building in effective and efficient quality assurance systems.

The national programme of training we offer can be viewed on the Edexcel website
(www.edexcel.org.uk). You can request customised training through the website or by
contacting one of our advisers in the Professional Development and Training team on telephone
number 020 7758 5620 to discuss your training needs.

The training we provide:

is active — ideas are developed and applied
is designed to be supportive and thought provoking

builds on best practice.

Our training will also underpin many areas of the FENTO standards for teachers working
towards them.

Further information

For further information please call Customer Services on 0870 240 9800, or visit our website at
www.edexcel.org.uk.

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering 19
— Issue 1 — May 2002



20

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering
— Issue 1 — May 2002



Core

units

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering 21
— Issue 1 — May 2002



22

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering
— Issue 1 — May 2002



Edexcel Level 3 BTEC Nationals in Civil Engineering

Core units

Unit 1: Health, Safety and Welfare

Unit2: Construction and the Environment
Unit 3: Construction Technology and Design
Unit4: Construction Science and Materials
Unit 5:  Analytical Methods
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Unit 1: Health, Safety and Welfare

Learning hours: 60
NQF level 3: BTEC National

Description of unit

This unit provides an understanding of the hazards and risks associated with health, safety and
welfare in construction work. It is designed to enable learners to develop an understanding of
the requirements of health, safety and welfare legislation and their role in complying with the
attendant legal obligations. The unit does not require learners to undertake full risk assessments
but does require them to appreciate the significant risks encountered in the workplace and the
measures taken to deal with them.

This is a core unit and successful completion of the unit is therefore essential to successful
completion of the qualifications.

This unit presents opportunities to demonstrate level 3 key skills in improving own learning and
performance, problem solving, application of number and information technology.

This is an internally assessed unit.

Summary of learning outcomes

To achieve this unit a learner must:

1 Identify the employer’s general responsibilities and the employee’s specific
responsibilities for health, safety and welfare in the workplace and the implications for
them at work

2 Select methods of reducing the risks identified in the workplace to comply with workplace
policy and legal requirements

3 Use hazard identification to establish the work practices or site conditions which may
harm themselves or others

4 Evaluate his or her role in accident prevention and the avoidance of dangerous conditions

5 Report and record accidents and incidents to those responsible for health, safety and
welfare in the workplace.
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Content

1 General responsibilities and specific responsibilities

Roles and responsibilities of: employers, employees, management, sub-contractors, public,
Health and Safety Executive (HSE), Local Authority, Planning Supervision under the
Construction Design and Management Regulations (CDM)

2 Workplace policy

Legal aspects: relevant statutory provisions, codes of practice, guidance notes, penalties
under Health and Safety at Work Act 1974 (HASWA)

General policy: typical general policy statements

Arrangements for implementation: allocation of responsibilities under the general policy,
the role of risk assessments

Procedures: inspection and supervision, permit to work, regular inspection of work
equipment, use of control measures and identification of training needs, site induction

Personal Protective Equipment (PPE) policy: formulation of policy on the issue of
protective equipment and supervision to ensure use

Accident trends: major causes of fatal and serious injury accidents, method of classification
and recent statistics

Cost of accidents: direct costs, indirect costs and the human consequences

3 Hazard identification

Work methods: method statements, analysis of significant risks, prediction of results or
outcomes of those risks

Environmental aspects: consideration of the workplace and its potential for harm, eg
confined spaces, working over water or at heights

Methods of identification: use of accident data, careful consideration of work methods

Hazards which become risks: identification of trivial or significant risk, potential to cause
harm, choosing appropriate control measures

4 Accident prevention

Risk assessments: items to be assessed, principal hazards, likely injury outcomes

Use of control measures: use of procedures; substances, lifting assessments and manual
handling assessments, inspection, personal responsibility for health, safety and welfare

Legal duties: legal duty of each person to obey safety rules and use protective equipment,
consequences of non-compliance for both the individual and the company
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5 Report and record accidents and incidents

Principles: why employers keep records of serious accidents, incidents and emergencies,
responsibilities of competent persons

Recording and reporting: regulations on accident recording and reporting, procedures to
deal with near misses or dangerous occurrences
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Assessment guidance

This unit is internally assessed

In order to pass this unit, the evidence that the learner presents for assessment needs to demonstrate that they can meet all of the learning outcomes for the unit.
The criteria for a pass grade describe the level of achievement required to pass this unit.

Grading criteria

To achieve a pass grade the evidence must show
that the learner is able to:

To achieve a merit grade the evidence must show
that the learner is able to:

To achieve a distinction grade the evidence must
show that the learner is able to:

identify the persons responsible for health and
safety in the workplace

define the general legal duties for health, safety
and welfare as specified by the Health and
Safety at Work Act 1974

define your specific duties regarding health,
safety and welfare as defined by the legislation
relevant to your own job role

identify any health and safety hazards which
may be present in your job role and evaluate
precautions to prevent accidents

describe the main features of a typical risk
assessment

describe the procedures used to report
accidents, dangerous occurrences or near misses
to a supervisor or manager.

specify your roles and responsibilities in terms
of the overall company health and safety policy
and any workplace policies relevant to your
own job role

classify those hazards which present a high risk
and report same to the persons responsible for
health and safety in the workplace

recognise how control measures are used to
prevent accidents

report any differences between workplace
policies and suppliers’ or manufacturers’
instructions as appropriate.

analyse accident trends in the construction
industry and calculate the cost of an accident in
the workplace

justify the methods used to deal with hazards in
accordance with workplace policy and legal
requirements.
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Essential information for teachers

Delivery strategies

In all construction design and production units it is necessary to integrate health and safety
thinking at an early stage. It may be desirable to use case studies/projects as the main vehicle
for the delivery of this unit in an attempt to focus the learner on the relationship between the
process, the environment and health, safety and welfare. Job roles will need to be simulated for
non-employed learners.

Case studies might be based on a site on which the learner is working. This will add to the
vocational relevance. In this case the learner may need to formulate and agree the scenario and
the terms of reference for the case study or project with their tutor.

Valuable guidance is contained in the Association of Colleges’ Best Practice Guide to
Incorporating Health and Safety into the Construction Curriculum and this should form the
basis of the teaching strategy adopted for health and safety in this unit and the qualification as a
whole.

Assessment strategies

Evidence of outcomes can be collected from case studies, assignments and projects which
should enable the learner to explore policy, arrangements and hazards in the workplace. Hazard
identification case studies would be a suitable vehicle for raising awareness and generating
evidence.

The following grade descriptions may be used as an indication of the depth of treatment
required for each grade.

Grade descriptions

Pass

To achieve a pass the learner must provide sufficient evidence to demonstrate achievement of
all the grading criteria specified for this grade. The grading criteria have been designed to
ensure coverage of all five outcomes.

The learner must demonstrate a basic level of knowledge and understanding of health, safety
and welfare issues and of the individual and corporate responsibilities of the various parties in
the construction process and a basic awareness of the main underpinning concepts and
principles relating to health, safety and welfare. They must be able to apply such knowledge
and understanding to the range of content, making the connections between hazard
identification, risk assessment and accident prevention.

The standard of the assessment evidence produced for a pass grade must be comparable with
the standard of evidence required for the appropriate Occupational Standards and the NVQs
listed in the links section of this unit.

Merit

To achieve a merit the learner must demonstrate a sound knowledge and understanding of
health, safety and welfare issues and of the individual and corporate responsibilities of the
various parties in the construction process plus a broad awareness of the main underpinning
concepts and principles relating to health, safety and welfare. They must be able to apply sound
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knowledge and understanding to the range of content, making the connections between hazard
identification, risk assessment and accident prevention.

Distinction

To achieve a distinction the learner must demonstrate a comprehensive level of knowledge and
understanding of health, safety and welfare issues and of the individual and corporate
responsibilities of the various parties involved plus a good awareness of the main underpinning
concepts and principles relating to health, safety and welfare. They must apply such knowledge
and understanding to a wide range of content.

Links

This unit links with all other construction design and technology units in these qualifications
and will prepare learners for the core Unit 6: Health, Safety and Welfare in the new Higher
National programmes in Construction, Civil Engineering and Building Services Engineering.
Active links with local employers and their safety officers will help to enhance learners’
learning opportunities.

This unit has been mapped against the 1998 CICSC Occupational Standards and current NVQs
at level 3 and the mapping links indicate that the achievement of the learning outcomes of this
unit will contribute skills, knowledge and understanding towards the evidence requirements of
the following level 3 NVQs:

+ Building Maintenance and Estate Services

+ Building Services Engineering Supervision

+  Civil Engineering Site Supervision

+ Construction Plant and Equipment Supervision
+ Highways Maintenance

+ Site Inspection

+ Site Technical Support

+ Construction Contracting

+ Building Site Supervision.

Resources

Access to a wide range of safety literature is essential. Centres should ideally have safety
legislation and learning material on CD ROM which will stimulate learner exploration of
hazards and appropriate control measures. Access to workplace policies and arrangement
documentation will help in understanding how health, safety and welfare arrangements can be
effectively organised and implemented.
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Suggested reading

+ Construction Site Safety  Safety Notes
Update Packs
Trainer’s Digest
Tool Box Talk Cards
Tool Box Presenter’s Course
Auditing System (version 2) CITB
+  Site Manager’s Safety Training System (including course notes) CITB
+ Construction section at HSE website: www.hse.gov.uk
+ HSC - 4 Guide to the Health and Safety at Work etc Act 1974
+ BRE (BREEAM) — Building Research Establishment Environmental Assessment
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Key skills

Highlighted here are the key skills that have already been identified in the Description section.
Achievement of key skills is not a requirement of this qualification but it is encouraged.
Suggestions of opportunities for the generation of level 3 key skills evidence are given here.
Staff should check that learners have produced all the evidence required by part B of the key
skills specifications when assessing this evidence. Learners may need to develop additional
evidence elsewhere to fully meet the requirements of the key skills specifications.

Application of number level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ analysing accident trends in the
construction industry and
calculating the cost of an
accident in the workplace

N3.1 Plan, and interpret information from two
different types of sources, including a large
data set.

N3.2 Carry out multi-stage calculations to do with:

a  amounts and sizes

b scales and proportion

¢ handling statistics

d rearranging and using formulae.

You should work with a large data set on at
least one occasion.

N3.3 Interpret results of your calculations, present
your findings and justify your methods. You
must use at least one graph, one chart and one
diagram.

Information technology level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ using the internet to locate
information to help report any

IT3.1 Plan, and use different sources to search for,
and select, information required for two

differences between workplace different purposes.
policies and suppliers’ or
manufacturers’ instructions as
appropriate
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Improving own learning and performance level 3

When learners are:

They should be able to develop the following key
skills evidence:

recognising and planning how
control measures are used to
prevent accidents

dealing with hazards with low
risks in accordance with
workplace policies and legal
requirements

describing the procedures used
to report accidents, dangerous
occurrences or near misses to a
supervisor or manager

LP3.1

LP3.2

LP3.3

Agree targets and plan how these will be met
over an extended period of time, using
support from appropriate people.

Take responsibility for your learning by using
your plan, and seeking feedback and support
from relevant sources, to help meet targets.

Improve your performance by:

a  studying a complex subject

b learning through a complex practical
activity

¢ further study or practical activity that
involves independent learning.

Review progress on two occasions and
establish evidence of achievements, including
how you have used learning from other tasks
to meet new demands.

Problem solving level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ defining legal duties for health, | PS3.1  Explore a complex problem, come up with
safety and welfare in the three options for solving it and justify the
workplace as required by the option selected for taking forward.

Health and Safety at Work Act
1974

+ identifying their own duties PS3.2  Plan and implement at least one option for
regarding health, safety and solving the problem, review progress and
welfare as defined by the revise your approach as necessary.
legislation specific to their own
job role

+ identifying the main features of | PS3.3  Apply agreed methods to check if the problem
a typical risk assessment has been solved, describe the results and

i h t bl lving.

+ justifying the methods used to review your approach to problem solving
deal with hazards in accordance
with workplace policies and
legal requirements
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Unit 2: Construction and the Environment

Learning hours: 60
NQF level 3: BTEC National

Description of unit

This unit will enable learners to understand the important features of the natural environment
and the relationship between the natural and the built environments. It will provide a
fundamental understanding of the ways in which the activities of the construction and built
environment sector, both past and present, impact upon the natural environment. The

techniques, processes and procedures used to protect the natural environment are investigated.

The broad aims of sustainability and the advantages of adopting a sustainable approach to
construction work are also explored.

This is a core unit and successful completion of the unit is therefore essential to successful
completion of the qualifications.

This unit presents opportunities to demonstrate level 3 key skills in communication.

This is an internally assessed unit.

Summary of learning outcomes

To achieve this unit a learner must:
1 Identify the important features of the natural environment that need to be protected

2 Describe the various ways in which the activities of the construction and built
environment sector may benefit or harm the natural environment

3 Investigate the ways in which the natural environment may be protected

4  Explore the advantages of sustainable construction techniques.
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Content

1 Important features of the natural environment

Features: air quality, ozone layer, soil quality and natural drainage, landscape, natural
amenities, land use, green belts, agriculture, forestry, countryside, heritage, water
resources, water quality, marine environment, wildlife, biodiversity, natural habitat

2 Ways in which the activities of the construction and built environment sector may
benefit or harm the natural environment

Global: build-up of greenhouse gases causing global warming, polluting emissions to air
causing acid rain, ozone depletion due to use of chlorofluorocarbons (CFCs), over-
abstraction of water, fossil fuels and raw materials, increased energy consumption and
electricity generation, deforestation, loss of natural habitat, reduction in biodiversity

Local: air pollution by combustion products and volatile organic solvents (VOCs), polluting
discharges to water by communities, industry and agriculture, contaminated land, waste
disposal, existing site dereliction, comfort disturbance including traffic, smells, noise, dust
and dirt, increased pressure upon existing services and infrastructure, specification of
hazardous materials such as lead and asbestos, extraction of raw materials by drilling,
mining and quarrying, electromagnetic radiation from overhead power lines

Indoor: sick building syndrome including uncomfortable temperatures, low humidity, low
air movement and ventilation rates, unsuitable lighting, low daylight levels, legionella,
radon

3 Ways in which the natural environment may be protected

Legislation: Acts of Parliament, European Directives, UK legislation

Control: Health and Safety Executive, Environment Agency, local authority environmental
services departments, planning authority, building control (both local authority and
approved inspectors)

Design and specification: reduction of energy in use, minimisation of external pollution and
environmental damage, reduction in embodied energy and resource depletion, minimisation
of internal pollution and damage to health, specification of environmentally friendly,
renewable materials, enhancement of the natural environment

Management: environmental impact assessments (EIAs), clear policies and objectives,
raising of awareness, communication of information, sharing of good practice

36 BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering
— Issue 1 — May 2002



4  Sustainable construction

Aims: protection of the natural environment, creation of a built environment that will
improve the quality of life, minimisation of the use of resources, reduction in energy costs,
acceptability of present practices to future generations, better value for money,
improvement in business performance

Techniques: environmentally friendly design, product analysis, material specification and
material sourcing, energy ratings such as Standard Assessment Procedures (SAPs), resource
management (energy, materials, water, land, buildings), reclamation and recycling of
materials, waste control, landfill tax, fuel tax (carbon tax), alternative energy sources (solar,
wind, tidal)
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Assessment guidance

This unit is internally assessed

In order to pass this unit, the evidence that the learner presents for assessment needs to demonstrate that they can meet all of the learning outcomes for the unit.
The criteria for a pass grade describe the level of achievement required to pass this unit.

Grading criteria

To achieve a pass grade the evidence must show
that the learner is able to:

To achieve a merit grade the evidence must show
that the learner is able to:

To achieve a distinction grade the evidence must
show that the learner is able to:

+ identify and describe features of the natural
environment that must be considered at the
planning stage

+ distinguish between global, local and indoor
pollution issues in terms of how each may harm
the natural environment

+ plan and execute a simple environmental audit

+ identify the basic methods used to protect the
environment

+ produce a checklist of sustainable construction
techniques and their advantages

+ identify and describe a range of alternative
energy sources.

+ relate the specific features of the natural
environment that must be protected to the
specific methods used to protect the
environment

+ compare the advantages and disadvantages of
the various methods used to protect the
environment

+ prepare a simple action plan to deal with
specific environmental issues

+ justify the selection of a range of sustainable
construction techniques.

+ justify the action plan produced in terms of the
short-term and the long-term environmental
benefits

+ evaluate the effectiveness of a range of
alternative energy sources in terms of efficiency
and cost.
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Essential information for teachers

Delivery strategies

The intention of the unit is that learners should, at an early point in their studies, become aware
that, although the provision of buildings and the built environment is essential to the quality of
life and to the health of both the local economy and the national economy, there can be a high
price to be paid in environmental damage and the use of large quantities of resources. The
delivery should clearly address both this issue and the established and emerging processes and
procedures used to minimise the environmental consequences of construction. The content is
deliberately full but the intention is that the delivery be broad rather than deep and that the unit
will be contextualised to serve the needs of time and place. For example, the learner should be
made aware of relevant environmental and building control legislation but there is no
requirement for an in-depth treatment at this point. This will follow later in the specialist units.
The same approach should inform other parts of the unit. This is a core unit and it should be
delivered at an early stage in the programme.

Assessment strategies

Evidence for learning outcomes may be achieved through well-planned assignments and
projects. Where possible, evidence from the workplace can be incorporated to enhance the
learning outcomes, provided this evidence is authentic and appropriate to the assessment
requirements of the unit. The volume of evidence required for each assessment should take into
account the overall number of assessments being contemplated within this unit and the design
of the overall teaching programme. Supporting diagrams and drawings should be provided
when design and/or technological solutions are being taught and assessed.

The following grade descriptions may be used as an indication of the depth of treatment
required for each grade.

Grade descriptions

Pass

To achieve a pass the learner must provide sufficient evidence to demonstrate achievement of
all the grading criteria specified for this grade. The grading criteria have been designed to
ensure basic coverage of all four outcomes.

The learner must demonstrate a basic level of knowledge and understanding of both the features
of the natural environment that must be protected and the aspects of the construction process
that impact upon such features. They must be able to provide a simple explanation of the
environmental issues in terms of the legal, design, managerial and control methods used to
address such issues and a working knowledge of the basic aims and principles of sustainable
construction derived from a limited range of sources.

The standard of the assessment evidence produced for a pass grade must be comparable with
the standard of evidence required for the appropriate Occupational Standards and the NVQs
listed in the links section of this unit.

Merit

To achieve a merit the learner must demonstrate a sound level of knowledge and understanding
of the features of the natural environment that must be protected and which must be addressed
at the planning stage, a good working knowledge of the basic aims and principles of sustainable

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering 39
— Issue 1 — May 2002



construction in terms of the benefits to society derived from a range of sources, and a sound
knowledge of the environmental implications of construction processes and the mechanisms by
which they impact adversely upon the built environment. They must be able to make clear and
accurate connections between specific environmental issues and the measures taken to address
such issues.

Distinction

To achieve a distinction the learner must demonstrate a comprehensive knowledge of local
environmental interconnections and a detailed knowledge of the mechanisms by which
construction processes impact adversely on the environment. They must use both a
comprehensive range of methods to investigate a variety of environmental issues in order to
produce the evidence to justify the action plan and a detailed and evaluative working
knowledge of the basic aims and principles of alternative energy sources.

Links

This unit has links with all other units because nearly all the activities of the construction
industry have some impact on the environment in some way. It is intended that the issues raised
in this unit will inform the delivery of all other units. The content has been written with the
Edexcel BTEC Environmental Initiative in mind and the outcomes can be successfully mapped
against the Environmental Learning Outcomes (see Annex D).

This unit has been mapped against the 1998 CICSC Occupational Standards and current NVQs
at level 3 and the mapping links indicate that the achievement of the learning outcomes of this
unit will contribute skills, knowledge and understanding towards the evidence requirements of
the following level 3 NVQs:

+ Road Safety
+ Transport Technical Support

+ Town Planning Support.

Resources

Some of the issues dealt with in this unit are global in nature and the relevant measuring
equipment is not readily available. Relatively cheap and accurate equipment is, however,
available to measure the parameters associated with local environmental issues, such as air
pollution and water pollution, and sound-level meters are generally available in most centres.
Local authority environmental services departments may be prepared to assist with guest
lectures or equipment on loan. Copies of BREEAM (at least) and other environmental
assessment methods should be made available. A great deal of useful source material is
available, in bulk and at a reasonable cost, from the National Society for Clean Air. Greenpeace
and Friends of the Earth offer similar resources.
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Suggested reading

Textbooks

Brown A (ed) The UK Environment (The Stationery Office Books, 1992)

Bunn R — BRE Environmental Assessment Method (Building Services Journal, 1998)
Howard N et al — The Green Guide to Specification (BRE Report)

CIRIA — Waste Minimisation in Construction (CIRIA Special Publication, 1997)
Prior J J — Sustainable Retail Premises (CRC Ltd, 1999)

Johnson S — Greener Buildings (Macmillan, 1993)

Health and Safety Executive — Sick Building Syndrome (HSE Books, 1995)

National Society for Clean Air — The Pollution Handbook 2001

Woolley, Kimmins, Harrison and Harrison — Green Building Handbook (E & F N Spon,
2000)
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Key skills

Highlighted here are the key skills that have already been identified in the Description section.
Achievement of key skills is not a requirement of this qualification but it is encouraged.
Suggestions of opportunities for the generation of level 3 key skills evidence are given here.
Staff should check that learners have produced all the evidence required by part B of the key
skills specifications when assessing this evidence. Learners may need to develop additional
evidence elsewhere to fully meet the requirements of the key skills specifications.

Communication level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ identifying and describing
features of the natural
environment that must be
protected

+ preparing a simple action plan to
deal with specific environmental

1ssues

C3.2 Read and synthesise information from two
extended documents about a complex subject.

One of these documents should include at
least one image.
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Unit 3: Construction Technology and Design

Learning hours: 60
NQF level 3: BTEC National

Description of unit

The intention of this unit is to introduce learners to the design, planning and production phases
of construction projects such as low-rise domestic and commercial buildings. The unit is
intended to increase the learner’s confidence in the use of a wide range of appropriate design
and construction terminology and will help develop his or her ability to communicate
effectively with other members of the construction team using written, verbal and graphical
methods.

This is a core unit and successful completion of the unit is therefore essential to successful
completion of the qualifications.

This unit presents opportunities to demonstrate level 3 key skills in problem solving and
communication.

This is an externally assessed unit in conjunction with Unit 14: Civil Engineering
Construction through an integrated assignment.

Summary of learning outcomes

To achieve this unit a learner must:

1 Identify and describe the various stages of the design process, the factors that affect
progress towards the final design solution and the need to work with others to achieve the
design solution

2 Examine the various stages of the planning process and describe the important factors that
affect planning procedures and decisions

3 Produce typical examples of effective written and graphical communication between the
various members of the project team such as the employer, the design team and the
production team

4 Identify and describe both traditional and modern methods of construction using
appropriate technical terminology

5 Investigate the provision of primary services utilities (gas, water, drainage and electricity)
to buildings in terms of the main features, basic operating principles and the materials used.

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering 43
— Issue 1 — May 2002




Content

1

44

The design process

Stages: need for and benefits of a structured framework for design (eg Royal Institute of
British Architects Plan of Work), characteristics of individual stages, factors that affect
each stage, ways in which various stages interconnect, implications of financial, legal and
environmental constraints for design team, including health, safety and welfare, CDM
(Construction Design and Management) Regulations

Design team: members of design team including client, architect, architectural technologist,
landscape architect, structural engineer, services engineer; roles and responsibilities,
interactions between team members

The planning process

RIBA Plan of Work: four major categories, implications of each category, scope of work
involved

Decision-making process: factors that contribute to making decisions, influence of such
decisions on final project outcomes

Outcomes: workload, roles and responsibilities in design office and on site, benefits to
client

Legal aspects: legal position of each member of the design team, rights of client, damages,
negligence, health, safety and welfare, environment, CDM

Written and graphical communication

Brief: initial brief, after consideration of client’s requirements, to aid production of design

Sketch designs: multiple options in sketch form to satisfy given brief and comply with
financial, legal and environmental constraints

Drawings: all drawings and documentation needed to make a formal planning application,
processes and procedures to be followed to obtain planning consent

Specifications: sample model specifications to meet requirements of client, building
control, etc

Traditional and modern methods of construction

Systems: traditional and modern methods of construction, influence on present-day designs,
applications of modern methods to satisfy traditional requirements and vice versa,
limitations of each system on the other, identification of multiple construction options to
satisfy requirements of a given design, variety of construction options available to satisfy
the primary and secondary requirements of a design, health, safety and environmental
constraints on selection of the above

Use of: correct construction and architectural terminology to describe both traditional and
modern building projects
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5 Primary services utilities

Incorporating services: need to incorporate services at the design stage of a project, use of
standard notation for services in the drawn form to British Standard Specification 1192,
methods used to incorporate services

Main features and operating principles: main features, basic operating principles,
materials, major components of services, merits and demerits of each in terms of

installation and maintenance costs, limitations imposed by construction and legal

requirements in terms of health and safety
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Assessment guidance

This unit is externally assessed

In order to pass this unit, the evidence that the learner presents for assessment needs to demonstrate that they can meet all of the learning outcomes for the unit.
The criteria for a pass grade describe the level of achievement required to pass this unit.

Grading criteria

To achieve a pass grade the evidence must show
that the learner is able to:

To achieve a merit grade the evidence must show
that the learner is able to:

To achieve a distinction grade the evidence must
show that the learner is able to:

+ identify and describe the various stages of the
design process, the factors that affect the design
process and the roles of the various members of
the design team

+ identify and describe the various stages of the
planning process and the factors that affect
planning decisions

+ produce clear and appropriate sketches and
drawings relating to the design and construction
of a simple project

+ produce and interpret sample specifications

+ identify and describe a range of traditional and
modern construction methods

+ identify and describe the main services utilities
to be considered at the design and construction
stages.

+ relate the various stages of the briefing,
production of information and construction
processes to the RIBA Plan of Work

+ describe and interpret important concepts
relating to simple structures

+ make varied and appropriate decisions relating
to sizes and dimensions for given conditions of
use

+ compare the main services utilities in terms of
installation and maintenance issues.

+ evaluate the time factors that bear upon design
and construction

+ summarise the limitations imposed upon
services installations by legal and health and
safety requirements.
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Essential information for teachers

Delivery strategies

This is a core unit and it should be delivered at an early stage in the programme. The teaching
and learning strategies used to deliver the unit must take into account the fact that the unit is
assessed by means of an integrated vocational assignment (IVA). It is therefore important that
the full breadth of the unit is delivered along with the underpinning concepts, principles and
theories implied by the content. Where a single group contains learners in construction, civil
engineering or building services engineering disciplines, it is important to contextualise the
delivery of this unit to meet the individual needs of the learners, their choice of specialist units
and the IVA.

Assessment strategies

Formative assessment may be used during the learning programme to support the learning
process, provide feedback to learners and prepare them for the integrated vocational assignment
which provides the external assessment for this unit. Supporting information, diagrams and
drawings should be provided when design and/or technological solutions are being taught and
assessed.

The following grade descriptions may be used as an indication of the depth of treatment
required for each grade.

Grade descriptions

Pass

To achieve a pass the learner must provide sufficient evidence to demonstrate achievement of
all the grading criteria specified for this grade. The grading criteria have been designed to
ensure basic coverage of all five outcomes.

The learner must demonstrate a basic level of knowledge and understanding of the content and
a basic awareness of the main underpinning concepts, principles and theories of design. They
will need to be able to apply knowledge and understanding to some of the content and show a
basic understanding of the connections between design, planning and construction.

The standard of the assessment evidence produced for a pass grade must be comparable with
the standard of evidence required for the appropriate Occupational Standards and the NVQs
listed in the links section of this unit.

Merit

To achieve a merit the learner must demonstrate a sound knowledge and understanding of the
content and a reasonable awareness of the relevant underpinning concepts, principles and
theories and must be able to apply that knowledge and understanding to a range of content.
They will need to display a sound understanding of the connections between design, planning
and construction.

Distinction

To achieve a distinction the learner must demonstrate a comprehensive knowledge and
understanding of the content and an in-depth awareness of the relevant underpinning concepts,
principles and theories. They must be able to apply that knowledge and understanding to a wide
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range of content and must display a thorough understanding of the connections between design,
planning and construction.

Links

This unit is externally assessed in conjunction with Unit 14 Civil Engineering Construction
through an integrated vocational assignment.

This unit has been mapped against the 1998 CICSC Occupational Standards and current NVQs
at level 3 and the mapping links indicate that the achievement of the learning outcomes of this
unit will contribute skills, knowledge and understanding towards the evidence requirements of
the following level 3 NVQs:

+ Construction Contracting

+ Road Safety

+ Site Technical Support

+ Surveying Support

+ Technical Design (Built Environment)
+ Town Planning Support

+ Highways Maintenance

+ Property and Caretaking Supervision.

Resources

Access to drawing studios, equipment and computers is essential to the delivery of this unit.
Site visits and visits to exhibitions and events should be considered to further enhance the
learning process.

Suggested reading

Textbooks
+ Thompson A — Architectural Design Procedures — 2nd Ed (Butterworth-Heinemann, 1998)
+ Zunde ] M — Design Procedures Level 4 (Sheffield Hallam University Press, 1989)
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Key skills

Highlighted here are the key skills that have already been identified in the Description section.
Achievement of key skills is not a requirement of this qualification but it is encouraged.
Suggestions of opportunities for the generation of level 3 key skills evidence are given here.
Staff should check that learners have produced all the evidence required by part B of the key
skills specifications when assessing this evidence. Learners may need to develop additional
evidence elsewhere to fully meet the requirements of the key skills specifications.

Communication level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ identifying and describing the
factors that affect the design,
planning and construction
process

C33

Write two different types of documents about
complex subjects. One piece of writing should
be an extended document and include at least

one image.

Problem solving level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ describing and interpreting PS3.1  Explore a complex problem, come up with
important concepts relating to three options for solving it and justify the
simple structures option selected for taking forward.

+ making varied and appropriate PS3.2  Plan and implement at least one option for
decisions relating to sizes and solving the problem, review progress and
dimensions for given conditions revise your approach as necessary.
of use

+ comparing the main services PS3.3  Apply agreed methods to check if the problem
utilities in terms of installation has been solved, describe the results and
and maintenance issues review your approach to problem solving.
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Unit 4: Construction Science and Materials

Learning hours: 60
NQF level 3: BTEC National

Description of unit

This unit provides the learner with the essential link between the science learnt at Key Stage 4
and that required to underpin the fundamental study of construction, civil engineering,
structural engineering or building services engineering. The basic factors that affect human
comfort in the internal environment are identified and explored, the nature of the various forces
acting on structures and the effects of such forces on such structures are examined, and the
extraction, production, properties and uses of the common construction materials are
investigated.

This is a core unit and successful completion of the unit is therefore essential to successful
completion of the qualifications.

This unit presents opportunities to demonstrate level 3 key skills in communication, problem
solving, application of number and information technology.

This is an internally assessed unit.

Summary of learning outcomes

To achieve this unit a learner must:

1 Describe the basic factors that affect human comfort, identify acceptable ranges of values
for each and perform simple calculations appropriate to given internal environments

2 Identify the various static and dynamic forces that act on structures, the stresses such
forces will generate and the effect of such stresses, and perform typical calculations
and/or produce graphical solutions as appropriate

3 Explore a range of construction materials appropriate to their vocational pathway,
investigate the reasons for the specification of such materials and describe the production
and/or manufacture of each from the basic raw materials

4 Describe the important properties of the common construction materials, the ways in
which each may deteriorate and preventive techniques used to minimise or eliminate such
deterioration.
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Content

1

52

Human comfort

Heat: nature of heat, heat transfer, fuels, insulating materials, U-values, thermal comfort in
terms of activity, clothing, room temperatures, air movement, humidity and ventilation,
condensation, heat losses, heat gains, heat balance, energy consumption and costs of same,
standard units, acceptable parameters

Sound: nature of sound, sound levels, nature of hearing, measurement of noise, noise
control, noise transfer, sound insulation, standard units, acceptable parameters

Illumination: nature of vision, simple colour rendering, need for daylight, measurement of
lighting, standard units, acceptable parameters for natural and artificial light

Structures, stresses and the effect of such stresses

Structural members: struts, ties, beams, columns, walls, frames

Loadings: dead loads, imposed loads, wind loads

Forces: concurrent and non-concurrent, coplanar

Load configurations: point, uniformly distributed

Stresses: compression, tension, bending and shear

Calculations: relating to stresses, strains, moduli of elasticity, factors of safety

Graphical methods: triangle of forces, parallelogram of forces for simple frames

Materials, specification, production and/or manufacture

Criteria for specification: fitness for purpose, visual appearance, costs, resistance to
degradation, ease of working on site

Production and manufacture: limes, cements, aggregates, concrete, gypsum plasters,
timber, metals, paints, bricks, plastics, ceramics

Properties of materials

Properties: strength, elasticity, porosity and water absorption, thermal and moisture
movement, thermal and electrical conductivity, durability, workability

Deterioration and failure: corrosion, fungal attack, insect attack, frost attack, sulphate
attack, efflorescence, ultra-violet (UV) attack, role of water in failure mechanisms

Preventive techniques: applicable to the modes of deterioration and failure indicated in
‘content 3’
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Assessment guidance

This unit is internally assessed

In order to pass this unit, the evidence that the learner presents for assessment needs to demonstrate that they can meet all of the learning outcomes for the unit.
The criteria for a pass grade describe the level of achievement required to pass this unit.

Grading criteria

To achieve a pass grade the evidence must show
that the learner is able to:

To achieve a merit grade the evidence must show
that the learner is able to:

To achieve a distinction grade the evidence must
show that the learner is able to:

+ identify and interpret a range of factors that
influence human comfort in a variety of ways

+ predict the effect upon human comfort of
varying such factors

+ define and interpret important concepts relating
to simple structures under load

+ predict simple structural behaviour from given
data

+ describe the main details of the production and
manufacturing processes associated with a
range of construction materials

+ identify the mechanisms by which materials fail
in use.

+ produce clear and accurate answers to a variety
of calculations relating to human comfort in the
internal environment

+ produce clear and accurate answers to a variety
of problems involving simple structures under
load

+ make valid and appropriate decisions relating to
the specification of materials from given design
data and relate their properties to their
performance-in-use

+ describe the mechanisms by which materials
fail in use and diagnose modes of failure from
given evidence.

+ analyse the factors that affect human comfort
and how they interact both qualitatively and
quantitatively

+ evaluate a range of remedial and preventive
techniques relating to the failures of materials
in use.
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Essential information for teachers

Delivery strategies

Demonstration, learner centred investigation and supervised hands-on experiential learning,
with some tradition group teaching, is recommended for this unit. Where a single group
contains learners in construction, civil engineering or building services engineering disciplines
it is important to contextualise the delivery of the materials component (content 3) of the course
to meet the individual needs of the learners and their choice of specialist units. This is a core
unit and it should be delivered at an early stage in the programme.

Assessment strategies

Evidence for learning outcomes may be achieved through well-planned assignments and
projects. Where possible, evidence from the workplace can be incorporated to enhance the
learning outcomes, provided this evidence is authentic and appropriate to the assessment
requirements of the unit. The volume of evidence required for each assessment should take into
account the overall number of assessments being contemplated within this unit and the design
of the overall teaching programme.

The following grade descriptions may be used as an indication of the depth of treatment
required for each grade.

Grade descriptions

Pass

To achieve a pass the learner must provide sufficient evidence to demonstrate achievement of
all the grading criteria specified for this grade. The grading criteria have been designed to
ensure basic coverage of all four outcomes. The learner must demonstrate a basic level of
knowledge and understanding of the factors that affect human comfort and a working
understanding of how changes in such factors can impinge upon human comfort. They must
display an outline understanding of the behaviour of simple structures under load in qualitative
terms, a basic understanding of how a range of construction materials is produced or
manufactured and a working knowledge of the properties of such materials, and be able to
clearly identify the mechanisms by which a range of materials may deteriorate in use.

Merit

To achieve a merit the learner must demonstrate a sound level of knowledge and an
understanding of the factors that affect human comfort and of how such factors interact both
qualitatively and quantitatively,together with a reasonable understanding of the behaviour of
simple structures under load in both qualitative and quantitative terms. They must be able to
produce accurate and appropriate specifications of a broad range of construction materials and
must display a sound understanding of how their properties determine their uses. The learner
must also be able to thoroughly describe the mechanisms by which materials fail in use and be
able to make clear and accurate diagnoses of modes of failure from given evidence.

Distinction

To achieve a distinction the learner must demonstrate a comprehensive level of knowledge and
understanding of the factors that affect human comfort and of how they interact both
qualitatively and quantitatively, together with an extensive working knowledge of how
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construction materials may deteriorate in use. They must be able to compare the methods
available to prevent or remediate such failures.

Links

The unit has strong links with specialist Unit 12: Structural Mechanics and partial links with
Unit 3: Construction Technology and Design and Unit 5: Analytical Methods.

The content has been written with the Edexcel BTEC Environmental Initiative in mind and the
outcomes can be partially mapped against the Environmental Learning Outcomes (4Annex D).
There are no direct mapping links with the suite of NVQs at level 3.

Resources

This should include the equipment necessary to measure the factors associated with human
comfort such as thermometers (mercury-in-air, globe, Kata), hygrometers, anemometers, sound-
level meters, light meters and (ideally) daylight meters. These should be used to demonstrate
the standard range of acceptable values and the associated underpinning concepts, principles
and theories. Instruments are available at a realistic cost and it is not necessary to ‘buy the best’
in order to achieve the requirements of the unit specification.

A short programme of practical activity will help inform delivery of the structural mechanics
element of the unit. Suitable rigs can be devised from simple, readily available equipment.

‘Hands-on’ experience of the common construction materials is considered essential and a
‘library’ of materials should be readily available to the learners. Testing of construction
materials is not considered essential but, where equipment is available, it will help learners
develop a better understanding of how usage follows properties. Where equipment is not
available, test rigs could be improvised. If testing is carried out, particularly if improvised,
close attention should be paid to health, safety and welfare requirements.

Suggested reading

Textbooks

+ Burberry P — Environment and Services — 8th Ed (Longman, 1997)

+ Everett Alan (Mitchell’s series) — Materials — 5Sth Ed (Longman, 1994)

+ Goodfellow D and Boughton B — Construction Science (Granada, 1984)

+ McMullan R — Environmental Science in Building — 5th Ed (Macmillan, 2001)

+ Smith B J, Phillips G M and Sweeney M E — Environmental Science — 1st Ed
(Longman, 1997)

+ Taylor G D — Materials of Construction — 2nd Ed (Longman, 2001)

+ Walker P — Chambers Materials Science and Technology Dictionary (Chambers, 1993)
Other publications

+ BRE Digests

+ TRADA papers

+ Cement and Concrete Association papers
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Key skills

Highlighted here are the key skills that have already been identified in the Description section.
Achievement of key skills is not a requirement of this qualification but it is encouraged.
Suggestions of opportunities for the generation of level 3 key skills evidence are given here.
Staff should check that learners have produced all the evidence required by part B of the key
skills specifications when assessing this evidence. Learners may need to develop additional
evidence elsewhere to fully meet the requirements of the key skills specifications.

Application of number level 3

When learners are:

They should be able to develop the following key
skills evidence:

producing clear and accurate
answers to a variety of
calculations relating to human
comfort in the internal
environment

producing clear and accurate
answers to a variety of problems
involving simple structures

N3.1 Plan, and interpret information from two
different types of sources, including a large
data set.

N3.2 Carry out multi-stage calculations to do with:

a
b
c
d

amounts and sizes
scales and proportion
handling statistics

rearranging and using formulae.

You should work with a large data set on at
least one occasion.

N3.3 Interpret results of your calculations, present
your findings and justify your methods. You
must use at least one graph, one chart and one
diagram.

Communication level 3

When learners are:

They should be able to develop the following key
skills evidence:

identifying and interpreting a
range of factors that influence
comfort in varying ways

defining and interpreting
important concepts relating to
simple structures under load

C3.2 Read and synthesise information from two
extended documents about a complex subject.

One of these documents should include at
least one image.
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Information technology level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ using the internet to search for
information and IT word
processing packages to:

- describe the main details of
the production and
manufacturing processes
associated with a range of
construction materials

- describe the mechanisms by
which materials fail in use
and diagnose modes of
failure from given evidence

IT3.1 Plan, and use different sources to search for,
and select, information required for two
different purposes.

Problem solving level 3

When learners are:

They should be able to develop the following key
skills evidence:

+ predicting the effect upon human
comfort of varying such factors

+ predicting simple structural
behaviour from given data

+ making valid and appropriate
decisions relating to the
specification of materials from
given design data

+ comparing the properties of
vocationally specific materials
and relating their properties to
their performance-in-use

PS3.1  Explore a complex problem, come up with
three options for solving it and justify the
option selected for taking forward.

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering

— Issue 1 — May 2002

57



58

BNO011712 — Guidance and units — Edexcel Level 3 BTEC Nationals in Civil Engineering
— Issue 1 — May 2002



Unit 5: Analytical Methods

Learning hours: 60
NQF level 3: BTEC National

Description of unit

The unit aims to provide the learner with all the analytical methods required to support the
other units within the qualification but not the mathematics needed to support studies in higher
education. The unit builds upon the basic principles learnt at Key Stage 4 and applies the
techniques of arithmetic, algebra, geometry, trigonometry, graphs and statistics to the solution
of typical construction problems. Each topic may be introduced in terms of pure mathematical
and analytical principles but subsequent treatment should lead clearly and logically to the
accurate application of these techniques to the relevant areas of study. The use of calculators is
encouraged but learners must also demonstrate proficiency in mental arithmetic and
approximation techniques.

This is a core unit and successful completion of the unit is therefore essential to successful
completion of the qualifications.

This unit presents opportunities to demonstrate level 3 key skills in application of number and
information technology.

This is an internally assessed unit.

Summary of learning outcomes

To achieve this unit a learner must:

1 Identify a wide range of analytical methods or techniques and select the correct
technique(s) for a variety of relevant construction problems

2 Use a variety of analytical methods or techniques to determine clear and accurate
answers to a variety of relevant construction problems

3 Select and use graphical solutions where most appropriate and produce them accurately,
to a high level of presentation, conforming to all the standard conventions

4 Interpret and explain the solutions to relevant construction problems and clearly
explain the use to which the answers may be put and the benefit of the techniques used.
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Content

1

60

Identify analytical methods or techniques and select the correct technique(s)

Calculator usage: scientific functions, standard form, powers and indices, fractions,
trigonometric, logarithmic and statistical functions

Algebra: quadratic, linear, cubic and simultaneous equations, arithmetic progressions
(APs), geometric progressions (GPs)

Areas and volumes: rectangle, trapezium, triangle, circle, sphere, pyramid, cone, mid-
ordinate rule, trapezoidal rule, Simpson’s rule

Trigonometry: sin, cos, tan (0° — 360°), sine rule, cosine rule, triangle area rules, angles of
elevation and depression, 3D-triangulation

Statistics: mean, median, mode, standard deviation

Use of analytical methods or techniques

Algebra: use of simplification, expansion, factorisation, substitution and transposition in
techniques identified above

Areas and volumes: practical calculations for perimeters and areas of both simple and
compound regular 2D shapes, perimeters and areas of irregular 2D shapes, surface arecas
and volumes of both simple and compound regular 3D bodies and surface areas and
volumes of irregular 3D bodies

Trigonometry: practical calculations in surveying and mensuration using radians and
degrees, arc lengths and areas of sectors, trigonometric ratios as above, sine rule, cosine
rule and the determination of the area of a triangle

Statistics: analysis of large groups of data and reduction of same to mean and standard
deviation, values representative of the sample and hence the population from which the
sample is drawn, determination of median and mode

Select and use graphical solutions

Graphs: Cartesian and polar co-ordinates, intersections of graph lines with axes, gradients
of both straight lines and curves, equations of graphs, areas under graphs, solution of
simultaneous, cubic and quadratic equations

Geometry: problems relating to properties of points, lines, angles, curves and planes, setting
out of right angles, scale drawing techniques

Interpret and explain the solutions to relevant construction problems

Solutions to construction problems: interpretation of the results of all analytical techniques
and methods used, an understanding of the practical uses to which such techniques and
methods are put, an understanding of the limitations on the accuracy of these in terms of
rounding errors, approximation of results and truncation errors
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Assessment guidance

This unit is internally assessed

In order to pass this unit, the evidence that the learner presents for assessment needs to demonstrate that they can meet all of the learning outcomes for the unit.
The criteria for a pass grade describe the level of achievement required to pass this unit.

Grading criteria

To achieve a pass grade the evidence must show
that the learner is able to:

To achieve a merit grade the evidence must show
that the learner is able to:

To achieve a distinction grade the evidence must
show that the learner is able to:

+ identify a variety of analytical methods used in
the solution of a range of construction problems

+ produce clear and accurate answers to a variety
of problems using standard analytical methods

+ produce graphical solutions to geometrical
problems using selected scale drawing
techniques

+ select and apply graphical methods to the
solution of simultaneous, quadratic and cubic
equations

+ explain the application of simple graphical
techniques to the setting out of buildings

+ identify and explain examples of the use of
statistics in the construction industry.

+ select and apply a range of appropriate
analytical methods and techniques in order to
solve practical construction problems

+ demonstrate an understanding of the pure
mathematics that underpins the analytical
methods selected

+ interpret the results obtained from the use of a
variety of analytical methods

+ produce clear and accurate answers to a variety
of calculations relating to common statistical
data used in the construction industry.

+ compare the applications and advantages of a
range of analytical methods

+ demonstrate an understanding of the limitations
of certain solutions in terms of accuracy,
approximations and rounding errors.
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Essential information for teachers

Delivery strategies

The necessary evidence can be produced using hypothetical construction work but greater
benefit will be obtained by the linkage of the evidence to real-life construction projects (for
preference, ones with which the learners are associated or familiar). Examinations are deemed
to be inappropriate for this unit but short tests could be beneficial in checking the
understanding of basic techniques and analytical methods prior to their application. The
quantity of evidence depends upon the format in which the evidence is to be presented and
those charged with delivering and assessing the unit must make the judgement as to what is
sufficient. As a guideline, all the techniques should be covered, and if no practical opportunity
should arise to provide the necessary evidence, simulated assessments should be used.

The principles in each section of the unit may be taught as pure analytical techniques or
mathematics but each method should, wherever possible, relate to problems of a technical
nature applicable to relevant study in other units of the course. Study of this unit must precede
study of Unit 15: Applied Mathematics and under no circumstances should the latter be
attempted first.

Assessment strategies

Achievement of a merit grade or distinction grade will require answers that demonstrate
additional depth and/or breadth of treatment.

The following grade descriptions may be used as an indication of the depth of treatment
required for each grade.

Grade descriptions

Pass

To achieve a pass the learner must provide sufficient evidence to demonstrate achievement of
all the grading criteria specified for this grade. The grading criteria have been designed to
ensure basic coverage of all four outcomes.

The learner must recognise and select a limited range of analytical techniques to be used to
solve construction-related problems. They must produce clear and substantially accurate
answers to the solution of a limited range of construction-related problems using analytical
techniques that demonstrate a basic understanding of the underpinning pure mathematics.

Learners must produce generally accurate graphical and statistical solutions to a limited range
of construction-related problems using acceptable levels of presentation and must demonstrate
a basic understanding of the underpinning principles.

Merit

To achieve a merit the learner must recognise and select a broad range of analytical techniques
to be used to solve construction-related problems. They must produce clear and substantially
accurate answers to the solution of a broad range of construction-related problems using
analytical techniques that demonstrate a sound understanding of the underpinning pure
mathematics.

The learner must produce clear and accurate graphical and statistical solutions to a broad range
of construction-related problems together with a good level of presentation and a sound
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understanding of the underpinning principles and a reasonable interpretation of the results
obtained.

Distinction

To achieve a distinction the learner must recognise and select a comprehensive range of
analytical techniques to be used to solve construction-related problems and must produce clear
and substantially accurate answers to the solution of a comprehensive range of construction-
related problems using analytical techniques and a thorough understanding of the underpinning
pure mathematics. They must produce clear and accurate graphical solutions to an extensive
range of construction-related problems together with a high level of presentation and a thorough
understanding of the underpinning principles. There must be evidence of a thorough
interpretation of the results obtained from an extensive range of analytical techniques and an in-
depth comparison of the advantages and limitations of each method.

Links

The learning to be found in Unit 15: Applied Mathematics builds upon the learning in this unit
and it follows that the latter must be delivered first.

This unit has strong links with core Unit 4: Construction Science and Materials and specialist
Unit 12: Structural Mechanics and Unit 15: Applied Mathematics and partial links with Unit 3:
Construction Technology and Design.

There are no direct mapping links with the suite of CICSC NVQs at level 3.

Resources

The application of analytical techniques requires little in the way of resources other than
calculators and drawing equipment. Both of these are implicit requirements of many other units
and, therefore, no extra resources are required for this unit other than a range of realistic and
feasible project material appropriate to the application of a range of analytical methods.

Suggested reading

Textbooks
+ Bird J O and May A J C — Technician Mathematics 2 — 3rd Ed (Longman, 1994)

+ Greer A and Taylor G W — Mathematics for Technicians New Level Il — 2nd Ed (Nelson
Thorn, 1994)

+ Tourret A and Humphreys J — Applying Maths in Construction (Architectural Press, 1997)
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Key skills

Highlighted here are the key skills that have already been identified in the Description section.
Achievement of key skills is not a requirement of this qualification but it is encouraged.
Suggestions of opportunities for the generation of level 3 key skills evidence are given here.
Staff should check that learners have produced all the evidence required by part B of the key
skills specifications when assessing this evidence. Learners may need to develop additional
evidence elsewhere to fully meet the requirements of the key skills specifications.

Application of number level 3

When learners are:

They should be able to develop the following key
skills evidence:

producing clear and accurate
answers to a variety of problems
using standard analytical
methods

producing graphical solutions to
geometrical problems using
scale drawing techniques

producing clear and accurate
answers to a variety of
calculations relating to statistical
data in the construction industry

interpreting the results obtained
from the use of a variety of
analytical methods

N3.1

N3.2

N3.3

Plan, and interpret information from two
different types of sources, including a large
data set.

Carry out multi-stage calculations to do with:
a  amounts and sizes

b  scales and proportion

¢ handling statistics

d rearranging and using formulae.

You should work with a large data set on at
least one occasion.

Interpret results of your calculations, present
your findings and justify your methods. You
must use at least one graph, one chart and one
diagram.

Information technology level 3

When learners are:

They should be able to develop the following key
skills evidence:

applying graphical methods to
the solution of simultaneous,
quadratic and cubic equations

explaining the application of
simple graphical techniques to
the setting out of buildings

IT3.1

IT3.2

Plan, and use different sources to search for,
and select, information required for two
different purposes.

Explore, develop, and exchange information
and derive new information to meet two
different purposes.
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