The Framework for Understanding:
Chapter 1 AT A GLANCE

What? Wwith the need to respond to the climate emergency and design and engineer build-
ings that provide a positive impact on the planet there comes a need to better understand the
decisions that we make. This requires a framework for understanding. The process of choice
is one of suggestions and evaluation that requires knowledge of the physical construction and
the dynamic systems in which the building will be built and will operate over a long period.

Why? We need to rethink how, why, what and when we build; and where we build. When
there is a changing demand for buildings and rapidly developing technical knowledge, the
role of experience changes from predominantly reproducing known solutions to the inte-
gration of experience into a process of analysis to explore new possibilities. Climate change
is a disrupter and the response to this disruption is to innovate. The initial suggestion will
probably be based on precedent and general building forms to start the process of analysis
and choice to meet current requirements, from which specific, more sustainable and resilient
solutions can be derived.

When? Decisions need to be made throughout the life of a construction project and
beyond through the long life of the building in service, and its eventual disassembly and reuse
of precious resources into new constructions. The design and the resource availability define
the criteria for the evaluation. This must be set within a physical and cultural context. How a
suggestion is generated and the extent to which a formal evaluation must be undertaken will
depend on the scale and nature of any changes from current practice. This will be influenced
by the wants and needs of the building sponsor and the resources available at the time.

HOW? The majority of decisions are made collectively. Thus, everyone contributing to a
building project must appreciate and understand the need for collective decision making,
which requires a degree of compromise and determination to see solutions realised in a con-
structed artefact. Similarly, everyone contributing to the use and management of a building
must appreciate the impact that their choices are having on the serviceability and usability of
the building. By better understanding our collective decision making we will be better posi-
tioned to enable a carbon neutral and healthy built environment. The evaluation needs to be
carried out through seven areas of analysis: appearance, behaviour creating environments,
behaviour under load, behaviour over time, manufacture and assembly, cost, environmental
and social concerns. This will involve constant reference to regulations, design knowledge,
production expertise and maintenance intelligence.
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This opening chapter outlines a framework to help develop an understanding of what must
be known to take decisions on how and why we build. This is developed against a back-
ground of climate change and the impact that the built environment has on the natural
environment. Responding to climate change requires a rethink about how we make deci-
sions. This emphasises the importance of analysis and choice. The framework developed in
this book suggests a way of going about selecting construction and identifies the knowledge
that is required to make informed choices. It is the framework that will be developed and
used throughout the book to help readers to reflect on the reasons behind the choices they
make. These choices need to consider a wide variety of parameters that are underscored by
the impact of the solution on the natural environment.

1.1 Responding to the climate emergency — rethinking how
and why we build

It is necessary to start with the challenge facing all societies and industries and the urgent
need to tackle climate change. The built environment makes a significant impact on the
natural world. It is estimated that approximately 11% of greenhouse gas emissions come
from the built environment. Some of the emissions are produced during the production of
the building, which includes the extraction and processing of materials and the assembly of
materials to realise a building project. This includes new buildings and works to the exist-
ing building stock. Some of the emissions are produced while the building is being used,
primarily by using energy to create a comfortable indoor environment for the occupants.
Much of the energy will be used for heating and cooling, with lighting and equipment also
requiring energy. As the building weathers there will be the need for maintenance and repair,
along with replacement of items that have failed or are no longer functional. As building
users’ needs change there may also be the need to carry out major alterations and upgrades.
Sometimes this is essential to improve the serviceability of the building, sometimes it is
linked to changing tastes and fashions. And when the building has finally reached the end
of its service life, it provides a material bank for new building projects, with valuable materi-
als and components recovered and reused in new building projects or repurposed into new
(building) products. This prevents demolition and construction waste going to landfill and
the loss of valuable resources, such as metals, bricks, concrete, glass and plastics. All these
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stages have an impact on carbon emissions and pollution. It is, therefore, imperative that
as a society we start to design, build and operate buildings that make a positive impact on
our natural environment, and which are resilient to a changing climate. This means that we
need to reduce the carbon footprint of all construction activities and reduce the energy con-
sumed when the building is in use. The choices that everyone makes who are involved in
the design, engineering, construction, use, maintenance, upgrading and recycling of build-
ings will have an impact on the building’s performance and its environmental impact. Thus
the building needs to be envisaged in its entire life cycle to enable a more resilient outcome
from the analysis and choice.

In many circumstances the ‘best’ and ‘most appropriate’ technology for a given context is
not necessarily more complex or technologically more sophisticated, but a ‘simpler’ technol-
ogy that draws on our heritage of vernacular building materials and techniques. Research
and testing have shown that many ‘natural’ materials are a more practical choice compared
to the more industrialised and processed carbon intensive materials. We have also devel-
oped a better understanding of the importance of existing buildings and the opportunities
to renovate, upgrade, retrofit, disassemble and reuse. This reflects the development of a
more conscientious approach in the procurement of usable space by those who commission
and regulate the built environment.

Environmental consciousness is a significant driver in consumer decisions and hence a
core customer value, which shapes purchasing and procurement decisions. Environmental
consciousness shapes the analysis and choice. There are several ways of making a positive
difference to our natural and built environment. The main argument is to reduce, reuse,
recycle, regenerate and revitalise. These are themes that are developed further in this text,
sometimes implicitly and sometimes explicitly. Taking this thinking forward we can view a
building as a circular or closed system, where there is no waste produced during the entire
life cycle of the building. This requires analysis and choice in a framework that considers
the long-term future of the building, and which also requires a degree of speculation as
to how the future may look. This demands a rethink about how, when, why and what we
build; and where. It also requires a fundamental questioning of current building legislation,
codes and design guidance to go beyond what we currently know and to innovate. This, of
course, raises the spectre of risk, and the balance required between exposure to risk and
the realisation of value for society. It also raises questions about building technologies. Do
we put our faith in offsite production, modern methods of construction, ‘greener’ indus-
trial processes, and innovative materials? Do we revisit sustainable techniques from the
past and adapt them to our current expectations, relying entirely on bio-based (renewable)
materials? Or is it a mixture of high-tech and low-tech choices, for example 3D printing of
building components using sustainable (bio-based) materials? Does the solution have to be
complex? Why cannot we return to simpler construction assemblages that embrace passive
design principles, and which may be more durable in the longer term? Can we put our faith
in digital technologies and software without necessarily understanding the algorithms and
data that inform the solutions?

These and similar questions are easy to raise. They are less easy to answer when faced
with often competing performance criteria. Fortunately, there are established design guides
and green building rating systems such as BREEAM (UK), LEED (US), Green Star (Aus-
tralia) and many others that help to guide professionals towards sustainable analysis and
choice. These decision-making guides are complimented by a rapidly expanding array of
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digital tools that help with the modelling, calculation and visualisation of buildings at all
stages in their lifespan. Some of these are best suited to familiar building forms and tech-
nologies, although they are becoming more sophisticated and applicable to a wider range of
building forms and technologies.

Digital dilemmas and opportunities

The digital revolution has certainly made it easier to design, detail and specify a build-
ing. Building information models (BIMs) contain typologies of details that can be easily
imported from the BIM library into the design, requiring little in the way of thinking or
reflection. These are solutions that are known to work, based on previous experience. The
problem with taking an ‘easy’ approach is that professionals may stop thinking and reflect-
ing on what is required for a specific context, and more importantly what is required to
tackle climate change. Standard solutions do not suit all circumstances, and one could
argue that standard solutions are no longer appropriate for reducing the built environment’s
carbon footprint. This may be further compounded when using software to simulate and
predict building performance. Do we really understand the background information that
informs the software and the algorithms being used to give ‘the’ answer? This is not to say
that digital tools are not useful; they are. The point is that professionals need to understand
exactly what it is that the digital tools are contributing to the decision-making process, and
how they can assist with analysis and choice. Professionals need to have the knowledge and
insight to be able to question the digital ‘solution’ to ensure that it is a sensible choice for
the context. Thus, to understand what digital tools can contribute, and how, requires an
understanding of construction technology and an ability to ask the difficult questions. Too
much reliance on established typologies and details may hinder the urgent need for change
to a carbon free built environment. And this brings us onto the topic of artificial intelligence
(AI), machine learning (ML) and generative design.

We now have the computing power and know how to generate millions of virtual solu-
tions for a given challenge. We can model the building using BIM and virtual digital twins to
examine the way in which buildings may behave if the conditions are adjusted. BIM allows
the virtual construction and disassembly of the building long before the final decision is
taken to go into production. This helps to reduce errors and improves coordination, as well
as aiding the safe and economic construction of the building virtually before the design
enters production. Virtual digital twins can be linked via the internet to sensors in buildings
that gather real time data on, for example, temperature, humidity, lighting and occupancy
levels, etc. This allows a reactive adjustment of building systems by using automation; known
as smart or intelligent buildings. The data will inform predictive maintenance, allowing for
targeted and timely interventions to maintain building performance. These data also help
designers and building managers to take the learning into new, yet unknown, situations.
This process is being made much easier using Al to analyse the data. Al can also contribute
to a greener environment, for example by informing carbon accounting.

Digital tools are enablers of innovation and a powerful driver in the realisation of a net
zero built environment. They assist decision making and generate solutions that would be
impossible to do manually. The future may be an automated technological building that
co-exists with a simpler form of user-control over one’s immediate environment. One relies
on the technology performing, for example the sensors, switches and gears opening the
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window; and one relies on the user performing, for example remembering to open and
close the window. The argument in this book is not for one or the other, as both complexity
and simplicity can, and do, co-exist.

1.2 Process and knowledge

This book provides examples of construction, showing how we currently build, and intro-
duces the understanding necessary to explain how the decisions we make influence the per-
formance of the completed building project. These two types of knowledge are both vital to
making decisions as to how we should create and maintain buildings in the future. This book
sets this knowledge in the context of the process of making choices for the construction. In
practice, a great deal of knowledge exists of the types of construction we may use and the
materials and details that may be specified. There is, however, the need for any proposed con-
struction works to answer the questions “Will it fail?’ and ‘Can it be built?’ Clearly it requires
the answer to these two questions to be ‘No, it will not fail’ and ‘Yes, it can be built’ These cat-
egorical answers may be difficult to give in practice. There often needs to be some analysis to
develop a level of confidence with which to make the choice. The amount of analysis required
determines the level of understanding and experience needed to provide the evaluation of the
suggested solution before the decision is taken to put the final proposal into practice.

It is this basic ability to suggest how a building may be constructed and then to carry
out an evaluation asking the questions whether it will fail and whether it can be built that
is developed in this book. The evaluation points to changes in the suggestion, which after
re-evaluation will lead, through a series of refinements, to the specification and details to
be adopted. This requires knowledge of what potential solutions may look like, with current
practice and precedent as the major sources for an initial suggestion. It requires an under-
standing of what is necessary to be specified to describe the proposed construction in suf-
ficient detail to carry out the evaluation. The ability to carry out the evaluation, on the other
hand, is dependent on an ability to ‘see’ the proposal working in the dynamic systems of the
physical and social conditions in which the building is to be built. This process of choice
and the way it leads to the identification of the knowledge required is shown in Figure 1.1.

It will be shown later that the process of choice is not just an analysis of the behaviour
of physical performance. This evaluation of a proposal’s response to the dynamic physical,
chemical and biological systems of nature is vital, but building also takes place in a social,
legislative and cultural context. There will be an imperative to ensure that the resources and
know-how are available to manufacture and assemble the building safely, economically and
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Figure 1.1 Relationship of process of choice to knowledge required.
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in a timely fashion. This will require knowledge of the available industrial systems associ-
ated with on-site and offsite production, in addition to the availability of labour and craft
skills. Further, it will be necessary to ensure that the cost of the solution is monitored, and
that its social and environmental impact is audited. These will demand an understanding of
both the economic and social systems in which the building is to be created and operated.

The initial suggestion

If the process is suggestion and evaluation, and the starting point is suggestion, it is neces-
sary to know how we make the initial suggestion. How do we make that first best guess so
that we can get started? In most cases the suggestion is informed by precedents. A precedent
is a building or building detail that serves as an example of ‘good’ design and construction.
Something, somewhere, has been done before that gives clues as to how the new solutions
may be formulated. The precedent provides knowledge of solutions and how they perform
in practice, i.e. how the building weathers over time and how the building users interact
with the building. This knowledge can be used to inform or suggest subsequent actions,
feeding into design possibilities and probabilities.

In times where change is limited the circumstances will have been faced several times
in the past and successful solutions will have evolved. The well-tried and tested solution
needs only to be suggested and, with some evaluation to ensure the circumstances have
not materially changed, can be immediately adopted. If the circumstances are changing,
current solutions may still be the best starting point. They represent not only a sound basis
in performance but also an existing base of resources and know-how to manufacture and
produce the materials and details. Evaluation may modify but not fundamentally change
the solution, which is best described as incremental innovation. This, over time, gives rise
to several general forms, known as typologies, from which specific solutions can be derived.
A building language, a vernacular, has been developed that forms the precedent on which
subsequent, informed, decisions are taken. Building design precedents can be found in the
architectural literature that focus on a particular building typology, such as a school, a hos-
pital or housing. Building technology precedents can be found in the building technology
literature, such as the companion series to this book: Barry’s Introduction to Construction of
Buildings and Barry’s Advanced Construction of Buildings. These books provide examples of
how buildings could be assembled, not how they should be assembled. They offer tried and
tested solutions that provide the initial suggestion to be evaluated and improved.

In some cases, perhaps where there are increasing user demands, or the structure of indus-
trial practice is changing, then similar or related practice may have to be investigated to test
and develop new solutions, for example, looking to other industries to see how technological
change is impacting manufacturing. On the occasions where suggestions must be derived
from little or no existing previous work, a more fundamental understanding of the behaviour
of the construction will have to be applied as a way of mitigating risk. This is exactly what
our response to the climate emergency requires: a fundamental rethink about the precedents
that we have relied on and a return to the underlying principles of design and construction
technology. This suggest a mixture of radical innovation through technological development
(hi-tech) and a return to some of the earlier principles of design and construction that were
predicated on limited resources and the need to recycle (low-tech). Fundamental decisions,
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such as to reuse an existing building rather than to demolish it, can have a major impact on
embodied energy and material use. As an approximate guide, repurposing buildings has a
50% lower embodied energy use compared to demolition and new build.

While experts approach making suggestions based on their knowledge and experience, it
is, in many ways, not necessary to know much at all to make suggestions and get started. It is
the evaluation that requires the expertise. Novices or casual observers may make suggestions
that may be hailed as brilliant observation, but in truth they have no way of knowing whether
that suggestion is workable or not, or whether it will stand the test of time. It will take the
expert to spot its potential and prove its worth through evaluation. The power of the expert
to spot potential is probably associated with the ability to carry out a rapid, approximate
evaluation before subjecting the suggestion to more rigorous and explicit analysis, using
digital tools to calculate, model and simulate the outcome. This provides an estimate of the
expected performance, which, in an ideal world will be very close to the actual performance.

Carrying out the evaluation

The heart of the success of the process of technological choice lies in the ability to be able
to carry out an evaluation. The need to carry out a series of analytical exercises determines
the knowledge required and manner of its application. It requires a level of understanding
to answer the question ‘What if we build the building as proposed?’ and will involve several
professionals and specialists to provide the answer(s).

While the suggestion and the ultimate solution describe the construction in what appears
to be a static detail, the evaluation of the suggested construction must describe a dynamic
system of behaviour (Will it fail? Will it perform?) and a production process (Can it be
built? Can it be disassembled?). The process starts with the client’s brief, which will inform
the development of the design by establishing performance criteria. The design will be
developed as a response to the social and physical context in which the building is to be
built. It is against these criteria that performance will be judged. There will be many pos-
sible ways to construct a building to achieve the performance levels expressed in the client’s
brief. The criteria for choice of the technical solution comes from the identification of the
function of the parts and how they contribute to the function of the building as one entity.
The whole should be more than the sum of the parts.

It is too easy to see technology as only being the final construction, an assembly of
components and materials that forms the building as a static object. However, making the
choice of what construction should be adopted has to be rooted in an understanding of the
building as a dynamic system responding to changes in conditions and open to a failure to
perform as intended. It is necessary to be able to envisage not only the physical construc-
tion but also the building’s behaviour under the conditions it will have to endure during its
service life. Both are of equal importance. If the suggestion is not visualised correctly, its
behaviour under analysis may be misinterpreted. Some specification of performance must
be established and then the suggestion must be tested in the mind to assess the risk of fail-
ure within agreed design conditions. If the dynamic system of behaviour is not visualised
correctly, a flawed proposal may be adopted. Picturing the building as a dynamic system
will involve identifying the flows and transfers that take place both within the building and
through the construction fabric, as explored further in the chapters that follow.
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Technological choice demands skills in these areas of visualising the object and the sys-
tems, and then the conceptual manipulation of the systems acting on the construction to
predict behaviour and assess the risk of failure. If the two basic questions to ask of a pro-
posed solution are whether it will fail and whether it can be built, the criteria for choice
come from an understanding not only of the potential dynamic flows and transfers when
the building is in operation but also of the resources available. Performance can only be
realised if the resources are available to construct the building. This relies on the manufac-
turing and assembly possibilities but will also include the existence of design expertise and
the options for maintenance and recycling. Knowledge of available techniques and know-
how for production is crucial to the choice of the final construction if it is to be successful
as a building design and as a completed building project.

As a design concept emerges, it is necessary to question what construction solutions
may be used to fulfil the design requirements. It is then necessary to question whether
this solution is available with current technology and resources within any environmen-
tal, cost, or time parameters. The resources available make the design a reality. Technol-
ogy stands between the design of the building and the management of the resources.
Choices can be made that may extend current production and design knowledge, but
this must be recognised, and any costs involved in prototypes or training and the risks
involved must be accepted before the final choice is made. The design and resources
available condition the choice. These two areas are shown in Figure 1.2. These are the
two areas that must be understood before any analysis can be started leading to the final
choice of construction.
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Figure 1.2 Framework of analysis.
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1.5

1.6

Physical and social context

Figure 1.2 also indicates that before any choice for a specific building can be made it is nec-
essary to understand something of the context in which it will be constructed. There needs
to be some knowledge of the conditions that exist when and where the building is to be
built, possibly with some assessment of how conditions may change in the future.

Construction takes place within, and has an impact on, the world in which it is
undertaken. Some description of this world is necessary for both technical and socio-
economic analyses. The world can be represented as a series of contexts, both physical
and cultural. The physical context includes nature and climate. These exert forces that
act on the building; they provide the raw resources and may be adversely affected by
the construction and operation of buildings. The physical context includes the sur-
rounding development and the need for the design to respond to existing buildings
and spaces. People and their social, economic and political systems create the cultural
context. It needs a response to local, national and global needs, based on beliefs and
fundamental world views of the relationship between individuals and between society
and the other components of the natural world.

The interaction between these two sets of contexts has been brought into focus by the
need for sustainable development. The realisation that development cannot continue
without consideration of its impact on the natural environment as well as established
economic and social considerations calls for new knowledge associated with materials
choice, energy use and waste disposal aspects of our chosen construction. There are,
therefore, dangers in seeing these two sets of contexts as separate. However, it is still
useful to consider them as having different dynamics. To resolve technical questions it
is necessary to understand the physical context; and to evaluate the chance of a solu-
tion being successfully applied requires an understanding of society, its economic and
political systems.

The basis of analysis

Having identified the design concept and the resource base as providing the criteria for
choice, and having recognised the need to understand the physical and social context in
which we build, it is possible to identify five areas of analysis (shown in Figure 1.2). The
design concept is the translation of the physical and social needs for the operation of
the whole building into a scheme that identifies the function and performance of each
of the parts. To achieve this, the design concept must articulate both the arrangement
and appearance of the spaces and the technical contribution each part of the construc-
tion will make to the creation and maintenance of the internal conditions. Two tests
indicated in Figure 1.2 must be applied to a suggestion to see if it complies with the
design concept:

0 Does the physical behaviour of the construction provide a building fulfilling its func-
tions to the required performance level?
0 Does it provide the right attributes of appearance?
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The test for physical behaviour involves three separate areas of analysis:

Creating environments
0 Under load
Q  Over time

Three tests indicated in Figure 1.2 should be applied to a suggestion to see if it is achiev-
able with available resources:

0 Can it be produced, including its manufacture and assembly and the subsequent pro-
cesses of maintenance and recycling, with existing skills and know-how in a reasonable
time and at the required quality?

0 Are the resources available at reasonable cost?

0 Will it be compatible with the prevailing environmental and social concerns?

These resources are both natural (from the environment) and social, so both aspects
must be part of the evaluation. It is only possible to use resources that nature has provided.
However, the level of economic development in a society will provide the capacity to pro-
cess materials, develop the skills and machinery to work them, the intellectual capacity
to undertake design, and the provision of capital to invest in the enterprise of the con-
struction. Both the technical properties of materials and the existence of the knowledge to
exploit them, plus any environmental impact of their use, must be analysed in evaluating a
suggested form of construction.

These areas of analysis to be undertaken are, by and large, unrelated to each other and
each needs its own tools of analysis and knowledge base to be successfully applied. Carrying
out one analysis may indicate the need for a change in the suggestion, but the change that
is chosen may make the analysis of a previous aspect invalid. It is not until all the relevant
areas of analysis are shown to be satisfactory that the suggestions can be adopted as the
solution. The analysis must be undertaken for all aspects of the construction, from the over-
all structural system to the finest detail such as the screw that fixes the final fitting to a wall.
The work in this is clearly overwhelming if it must be carried out for every building that is
constructed. It follows that designers take shortcuts and rely on solutions that are known to
work, and which informs much of the process of choice.

One of the most important decisions that experts take, of all the thousands of choices
that must be made to fully specify the construction, is which of the areas of analysis for
which parts of the building are significant. Where, if analysis is not thought through, is
the greatest risk of failure? It is not clear how experts make this judgement. One possible
explanation is that while looking at a suggestion they make many rapid checks against the
seven criteria. From their knowledge and experience they take a view on what is well within
failure limits and where the risks of failure are higher.

1.7 Knowledge needed for choice

It is now possible to start to identify the knowledge that is required and the areas of under-
standing that must be developed to carry out a full evaluation that considers the entire life
of the building in a circular construction economy. Although used in various combinations
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in the different areas of analysis, it is possible to put forward a tentative list of types of
knowledge that will be required:

O Setting the performance levels as the criteria against which the evaluation will be made.

O Defining the conditions under which performance must be achieved.

0 Determining the fundamental behaviour of the construction that would lead to failure
to meet performance requirements.

0 Identifying the materials’ properties that will govern the behaviour and performance of
the building as one entity.

0 Thinking through the behaviour of the combination of materials and details under the
conditions envisaged.

0 Identifying and simulating the process of manufacture and assembly, together with
the resources required to produce the building within quality, time, cost and safety
parameters.

0 Simulating the process of disassembly and materials recovery at a specific, if uncertain,
point in the future.

0  The cost in economic, social and environmental terms of using a particular form of
construction to meet performance criteria.

The process of evaluation requires the building to be conceptualised in several ways.
While the final building will be visualised as a physical construction, it is necessary to per-
ceive the building in several other ways when carrying out the evaluation. Initially, the
construction must be seen as fulfilling a set of functions with associated performance levels.
For evaluation, the building should be viewed as a series of physical systems responding
dynamically to changing conditions. The building then must be seen as a series of produc-
tion operations with the resources required for the realisation of the design. All these will
have economic, environmental and social implications that must be understood as part of
the decision-making process. When all of these can be mastered, choices can be made asso-
ciated with an assessment of risk and reward to realise a successful building.

In the chapters that follow the intention is to provide a logical sequence of events to
enable analysis and choice. Although the chapters are designed to flow from one to another,
they are also designed to be dipped into, and readers may well find themselves going from
one chapter back to another as they explore various themes; much like one would do in
practice when reviewing information and making a choice following a series of iterations.

Chapters 2, 3 and 4 are designed to set the scene. Chapter 2 provides a narrative sur-
rounding the development of performance criteria. The design concept is linked to making
choices about the construction, which is explored in Chapter 3. This involves the consid-
eration of construction variables, which is the theme of Chapter 4. From this base it is
then possible to consider how physical and social conditions are defined (Chapter 5), the
resource base that influences choice (Chapter 6) and sustainability in Chapter 7.

Chapters 8, 9 and 10 are dedicated to different aspects of behaviour. Chapter 8 explores
the inter-related aspects of the environments that we create. Chapter 9 focuses on the physi-
cal behaviour of the building under load. Chapter 10 looks at the building’s physical behav-
iour over time. Collectively these chapters cover the main phases of the building’s life cycle.
Once this is understood, it is then possible to think about interface design (Chapter 11) and
the processes necessary to assemble the building (Chapter 12).
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Part 2 of the book explores choice and challenges readers to question standard construc-
tion solutions. Chapter 13 describes how we could use the framework to question how we
currently build. This is followed by chapters that aim to confront embedded behaviours and
established construction solutions. The subjects tackled are foundations (Chapter 14), cav-
ity walls (Chapter 15) and windows and doors (Chapter 16). These three chapters conclude
with reflective exercises to be tackled by readers by themselves or as a group exercise in the
physical or virtual classroom.






