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Foreword

Structural engineering is a complex discipline combining science and
creativity to develop our built environment and to provide structures
that benefit society. As structural engineers, we regularly consider
complex problems or challenges and use our skill and training along
with an understanding of physics and mathematics to find safe, elegant,
buildable solutions.

Structural engineers have a responsibility to protect public safety and,
as key players in building and infrastructure design, assist in facilitating
the vision of architects, developers, governments, private organisations
and individual end users.

In a world with widespread realisation of the Earth’s finite resources,
combined with the devastating affect that the construction of our built
environment is having on the planet’s climate and biodiversity, civil and
structural engineers practising today have a responsibility to balance
the increasing needs of the world’s growing population while reducing
demand on natural resources. The impact of our actions when creating
and maintaining the built environment is rightly at the fore.

As Planet Earth becomes more crowded, increasingly dense populations
are subjected to higher risks resulting from any failings within the
structures in which they live, work and play. Fire, earthquake, extreme
weather, explosion, physical damage and structural neglect are all
factors that can, and do, cause buildings and structures to collapse,

with devastating consequences. As engineers, it is critical that we fully
consider these risks and ensure that our buildings and structures can
continue to perform safely under extreme events to protect human life.

It is imperative that structural engineers continue to develop themselves
with up-to-date knowledge and best practice throughout the whole of
their careers.

Emerald Publishing has drawn together leading experts in the field
of structural engineering to write about the fundamentals, materials,
processes and generic principles of structural design.

Edited by Professor Feng Fu and Professor David Richardson, each
chapter is written by a different expert author and carries its own

style and themes. The complete guide covers a wide breadth of
structural engineering topics and is split over three books covering: the
fundamentals of design, procurement and sustainability, guidance on
structural consideration of the major construction materials, and



holistic design approaches. This guide provides a valuable overview and
source of information for engineers, in helping to ensure their continued
competence and understanding of this wide ranging and very rewarding
discipline.

A closing thought ... ‘engineer’ is a word derived from the Latin
‘ingeniare’ meaning to contrive or devise. It is also related to
‘ingenious’ (of a person) clever, original and inventive. In summary,
engineers are inventive problem solvers! Let us therefore work together,
as a profession, to share knowledge and best practice and make the
built environment better, cleaner, safer and more environmentally
responsible.

EUR ING Matthew Byatt CEng FIStructE
102" President of The Institution of Structural Engineers



Preface

The Structural Design of Buildings series provides an authoritative
introduction to the core knowledge for structural engineers to design a
building. This series provides a comprehensive reference on structural
design for practising engineers, university students of civil and
structural engineering, and stakeholders such as developers, architects,
surveyors and other non-experts in structural design who require
reference information for designing a building.

The Structural Design of Buildings series provides timely updates of
the advances in structural design principles for modern buildings. The
series takes a project-oriented approach, covering the necessary topics
that design professionals face at the outset, and throughout the duration,
of a project. It presents the key issues needed to grasp a subject quickly
and effectively, as well as providing the necessary tools for building
design practice. The contributors of each chapter are proven experts
from different countries across the world and are leading figures in their
subject area, reflecting the best of current practice globally.

The series stems from the /CE Manual of Structural Design of
Buildings. Rather than update the manual as a whole, it has been split
into a series to provide an opportunity for those interested in part of the
content to purchase the sections that are relevant for their purposes. The
series is comprised of three books

W Structural Design of Buildings: Fundamentals in Design,
Management and Sustainability

B Structural Design of Buildings: Elemental Design

B Structural Design of Buildings: Holistic Design.

The range of topics in the series provides comprehensive key

knowledge required in structural design, technological advances and
best practice for readers.
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as developer, architect, surveyor and other non-experts in structural
design who require reference information and covers the key knowledge
required in structural design. The book has been written and edited by a
wide selection of leading specialists in each area.

Structural Design of Buildings: Fundamentals in Design, Management
and Sustainability focuses on the introduction of general design issues,
such as the structural design process, managing risk, loading, materials,
sustainability, computational design and building information modelling
(BIM). This volume of the manual consists of the following chapters.

Chapter 1 Tackling structural engineering projects

David Richardson introduces issues relevant to bringing a project to a
successful conclusion, such as construction contracts and other factors
the author has found helpful in his role in delivering major projects,
such as delay mitigation and commercial considerations.

Chapter 2 Managing risk in structural engineering

Saeed Ziaie introduces engineering consequence design and risks in
the design process. He also introduces CDM, construction time, cost
and buildability.

Chapter 3 Structural design processes

Tain A MacLeod shows how to reduce the incidence of errors in
structural design. He introduces the process control strategy and
technical assessment processes. He also introduces an analysis model
to model the process activities. Salam Al-Bizri shows how to achieve
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Chapter 4 Loading

RB Marshall covers loading from the context of practising engineers
engaged in the design of structures. The different types of loads (dead, live,
wind etc.) are categorised and the modes of application are explained.

Chapter 5 Introduction to materials science for structural designers
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Chapter 6 Advances in concrete technology

Ravindra Kumar Dhir and Chao Qun Lye address the advances made in
the field of concrete technology over the years, since the /CE Manual of
Structural Design: Buildings was published by the Institution of Civil
Engineers in 2012.

Chapter 7 Sustainability

Meike Borchers and Elisabeth Marlow consider the application of
policies and tools on the low carbon design of buildings, starting with an
overview of global and local policy, moving on to how sustainability can
be measured, and then addressing the basic principles of sustainability for
buildings throughout the design and construction processes.

Chapter 8 Computational design and finite element analysis
Peter Debney introduces the latest developments in computational design,
such as parametric modelling and the basic finite element methods.

Chapter 9 Automated BIM collaboration

Sepehr Abrishami demonstrates how blockchain combined with a work
breakdown structure and a BIM platform may boost collaboration in order
to generate efficient and trusted workflow scenarios that can overcome
many of the challenges which arise from traditional building techniques.

The above chapters are part of the Structural Design of Buildings series
providing guidance on the structural design of buildings. When read

in conjunction with the two other volumes in the series, the range of
topics covered will provide the reader with a sound understanding of
the design and management processes required when embarking on the
structural design of a building. We do hope this book will provide some
useful guidance to its readers.
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Chapter 1
Tackling structural
engineering projects

David Richardson
University of Leeds, UK

1.1. Introduction

Structural engineering projects are large and complex. When we are new to the design/procurement
process, the size and complexity of these projects can seem daunting. There is not a ‘one approach
fits all’ solution that can be adopted to tackle these projects, but there are some general guide-
lines and processes that can help guide us successfully through the trials and tribulations we will
undoubtedly face.

After working in the civil/structural design consultancy sector for over 27 years, including leading
the civil/structural design on several ‘mega’ projects, the author aims to pass on some of the experi-
ence gained to the audience. Hence, this chapter is not written from an academic perspective; it is
written based on the author’s own experience and will hopefully be helpful to practising engineers
as they tackle structural engineering projects of their own.

Since this book is focused on design, this chapter is focused on the management and delivery of
issues related to the design of civil/structural engineering building projects, not on the management
and delivery of the construction.

The author is aware there will be a wide range of readers consulting this material. Some readers
will be vastly experienced in the delivery of designs related to structural projects, while others may
be taking their first steps. Then, the type of projects under consideration will vary wildly. Some
projects may be mega, with contract values in the tens of millions, or even hundreds of millions of
pounds. Others, such as domestic dwellings, may be small with contract values of only a few thou-
sand pounds. This means there is not a ‘one approach fits all’ solution. The author has experience
leading the structural design on projects ranging from a few thousand pounds in contract value up
to mega projects with contract values more than £0.5 billion. In the author’s experience, whether a
project is small, medium or large, the challenges faced during the design process are not dissimilar.
There needs to be some adaptability applied by the managing engineer depending on the size of the
project, but the design management principles applied to small projects can usually be adapted for
use on large projects and vice versa.

1.2. Design development

Whether a project is large or small, the final solution is very rarely identical to the design that was
envisaged at project conception stage. Design is an iterative process that continues throughout the
design development stage of a project. One common analogy used for illustrating the design devel-
opment process in the manufacturing industry is that of a seven-spoked wheel, with each spoke

1
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Structural Design of Buildings

representing a different stage in the design process and consisting of a specific stage or process, the
seven design stages being as follows

define the problem

conduct research

brainstorm and conceptualise
create a prototype

select and finalise

product analysis

improve.

NounkrwWN=

This is illustrated diagrammatically in Figure 1.1.

Although this wheel analogy is helpful for illustrating the design process for a manufactured product,
it cannot be directly applied to a structural engineering project. In the manufacturing industry, prod-
ucts are usually developed through stages 1-4 and then a prototype is made. This prototype is then
tested, and stages 1—4 are repeated in an iterative manner before the final product is approved for mass
manufacture. In the manufacturing industry this is essential since a company may be manufacturing
thousands or even millions of units and any faults in these could result in costing the manufacturer
hundreds of thousands of pounds in rectification costs, notwithstanding the loss to their reputation.

In the construction industry, most projects are bespoke and do not fit this design process model
precisely. Construction projects will go through the ‘define the problem’, ‘conduct research’ and

Figure 1.1 Manufacturing design process (Note: all author’s own)
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Figure 1.2 Double diamond design process (This file is licensed under the Creative Commons
Attribution-Share Alike 4.0 International license)
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‘brainstorm and conceptualise’ stages, but generally there are no ‘create prototype’, ‘select and
finalise’, ‘product analysis’ or ‘improve’ stages. The design process followed in most construction
projects can be illustrated using the ‘double diamond’ model shown in Figure 1.2.

The double diamond design process is a framework used to guide and structure the design thinking
process. It was developed by the British Design Council and is widely used in various design fields,
including product design, service design and user experience design. The process consists of four
distinct phases: discover, define, develop and deliver.

Discover: in this phase, the design team seeks to gain a deep understanding of the problem or
challenge at hand and the needs of the users. The team conducts research, gathers information and
generates insights. The goal is to identify opportunities and potential areas for innovation.

Define: once the design team has gathered insights from the discovery phase, it moves on to defin-
ing the problem statement. This involves synthesising the research findings and identifying the
core issues and challenges to be addressed. The team seeks to reframe the problem in a way that
allows for creative solutions and ideation.

Develop: in the develop phase, the design team focuses on generating ideas and exploring potential
solutions. This involves brainstorming, prototyping and testing different concepts. The emphasis
is on divergent thinking, encouraging a wide range of ideas and possibilities. The team explores
multiple options and selects the most promising ones to move forward.

Deliver: the final phase of the double diamond process is the deliver phase. Here, the design team
narrows down the ideas and solutions from the previous phase and develops them further. The team
refines and iterates on the selected concepts, creating detailed designs and prototypes. The goal
is to create a tangible solution that can be implemented or delivered to the users or stakeholders.
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It is important to note that the double diamond process is not necessarily a linear process. It often
involves iterating and cycling back between the different phases as new insights and information
are discovered. This iterative approach allows for continuous learning and improvement through-
out the design process.

1.3. Project procurement

While both the engineering design process and double diamond design models are theoretical,
they can be applied directly in the development of project design. However, in reality, many pro-
fessional bodies in countries around the world have developed ‘plans of work’ to assist with the
procurement of a project that formalise the process for all relevant stakeholders.

In many countries there is no formal set process for designing a building. “The way to do it’ is unwrit-
ten and unrecorded, with informal processes handed down from one generation of professionals to
the next. Regardless of where in the world a building is required, the core tasks are broadly the same

agree appointments with the professional team
develop a brief with the client

create concept design options

coordinate the design

prepare a planning application

apply for planning consent

develop a set of construction information
prepare a tender

obtain consents required prior to construction
award a building contract

construct the building

inspect the construction as it progresses

hand over the building.

When buildings are designed using repeatable, consistent and intuitive processes, this informal
approach works — for example, when a clear process for briefing and design is aligned to a consist-
ent means of obtaining statutory consents and where a single procurement route is consistently
used. As the design process becomes more complex, influenced by many factors — such as new
forms of procurement, modern methods of construction or new drivers, for example sustainability
and maintainability — this approach becomes unsustainable. Without a process map, different mem-
bers of the project team will have different versions of the ‘right way to do it’, making it inevitable
that the project will be undertaken inefficiently.

There are several design process maps, or plans of work, used throughout the world to guide clients
through briefing, design and construction, handover and beyond. In most countries, the process
maps are set by the professional institutes or by sector bodies. Table 1.1 illustrates some of these.
Some have pre-design stages, some do not. Some go beyond completion of construction, others do
not. All have construction as a single stage.

There are several key differences between these international plans of work.

B Some incorporate tendering stages, while others are procurement agnostic, focusing on the
design rather than procurement process.
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B The number of design stages varies from two to four. This underlines the challenges in the
design process and the need to divide design into a number of coherent stages, each with a
clearly defined purpose, prior to construction commencing.

B Few consider the importance, and benefit, of good briefing, including identifying the need for
a building at the outset and how to use feedback from previous projects to inform the brief.

B Not all consider the life of the building beyond construction. However, some are beginning
to address this, as well as how the design process and the handover processes impact on a
building’s performance.

Although each of these plans of work is different, they all have the same goals: to provide the
project team with a road map for promoting consistency from one stage to the next, and to provide
vital guidance to clients undertaking perhaps their first and only building project.

A comparison of international plans of work is shown in Table 1.1.

In the UK the two most common ‘plans of work’ are contained in the ACE (Association for Consultancy
and Engineering) Conditions of Engagement and the RIBA (Royal Institute of British Architects) Plan
of Work. The work plan set out in the ACE Conditions of Engagement is used for works of both a civil
engineering and structural engineering nature but, where the ‘structural’ project is of a ‘building’ nature,
it may be more appropriate to adopt the RIBA Plan of Work as this is more closely aligned to how the
design and construction of a building project, as opposed to a civil engineering project, is procured.

1.4. RIBA Plan of Work (RIBA, 2020)

The RIBA Plan of Work is a framework used in the UK construction industry to guide the progres-
sion of a project from its inception to completion. It breaks down a project into various stages, from
initial conception to completion as follows.

Il Stage 0: Strategic definition. This is the initial stage where the client’s objectives, project
feasibility and strategy are defined. It includes tasks like preparing a project brief and
assembling the project team.

I Stage 1: Preparation and briefing. In this stage, the project brief is developed further. The
design team is appointed and initial feasibility studies are conducted. The project objectives
and requirements are refined.

I Stage 2: Concept design. This stage involves the development of initial design concepts.

It is where the broad design ideas take shape, and sketches and drawings are used to convey
the concept.

I Stage 3: Spatial coordination. Here, the concept design is developed further into a detailed
design. It includes architectural, structural and building services designs.

Il Stage 4: Technical design. This stage involves preparing detailed technical drawings and
specifications. It is where the project becomes highly detailed and ready for construction.

B Stage 5: Manufacturing and construction. During this stage, the project goes through the
construction phase and the building is physically constructed.

B Stage 6: Handover. This stage deals with the handover of the completed building to the
client. It includes tasks like commissioning, testing and obtaining necessary certificates.

Il Stage 7: Use. This stage deals with the post-occupancy phase, where the building is in use.
It includes monitoring and evaluation of how well the building performs.

Further detail of what each of these stages entails is outlined below.
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1.4.1 Stage 0: Strategic definition

RIBA Stage 0: Strategic definition is the first stage and is primarily focused on establishing the
project’s strategic objectives and setting the foundation for the entire project. Below are the key
aspects of RIBA Stage 0.

a) Project initiation. This stage involves identifying the need for a building or construction
project. It includes determining the project’s purpose, scope and feasibility. Key questions are
addressed, such as why the project is needed, what it aims to achieve and how it aligns with
the client’s overall strategic goals.

b) Strategic briefing. During Stage 0, the project’s strategic brief is developed. This document
outlines the client’s aspirations, objectives and requirements for the project. It may also
include initial budget and time constraints.

c) Appointment of consultants. In some cases, consultants such as architects, engineers and
project managers may be appointed or selected during this stage. Their expertise is essential
in helping the client define the project’s strategic objectives.

d) Site selection. If the site for the project has not already been chosen, this stage may
involve preliminary site assessments and selection based on the project’s requirements
and location criteria.

e) Initial feasibility studies. Initial assessments of the project’s feasibility may be conducted,
including a review of regulatory and planning constraints, environmental considerations and
any potential risks or challenges.

f) Development of a project team. Establishing the core project team, including the client,
architects, consultants and other key stakeholders, is crucial during this stage. Effective
communication and collaboration are essential for a successful project.

g) Approval and funding. Securing the necessary approvals and funding for the project is a
critical part of Stage 0. This includes obtaining internal or external funding commitments and
any required permissions or permits.

h) Project objectives. Defining clear project objectives, including quality, sustainability and
performance criteria, is essential to guide decision-making throughout the project’s lifecycle.

By the end of RIBA Stage 0, the client should have a clear understanding of the project’s strategic
direction, objectives and initial constraints. This information serves as the basis for proceeding to
the subsequent stages of the project, where detailed design and construction planning take place.
The outcome of Stage 0 is typically a formal project brief that will guide the project through the
subsequent RIBA stages, leading to the successful delivery of the construction project.

1.4.2 Stage 1: Preparation and briefing
RIBA Stage 1 is the second stage the RIBA framework; below are the key aspects of RIBA Stage 1.

a) Inception. The project begins with the identification of a need or opportunity for a new
building or renovation. This could be initiated by a client, organisation or developer who has
a vision for a building project.

b) Strategic definition. During this stage, the client and the project team work together to define
the project’s objectives and requirements. Key tasks and activities in this stage include
i) establishing the project’s goals, budget and timeline
ii) identifying stakeholders and their needs
iil) conducting feasibility studies and site assessments
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iv) establishing the initial project brief, which outlines the project’s scope, purpose and
key features
v) evaluating any legal or regulatory constraints that may affect the project.

c) Preparation and brief. This is the heart of RIBA Stage 1 and involves the development of a
comprehensive project brief. The project brief is a document that outlines in detail what the
client wants to achieve with the project. It typically includes information such as
i) project objectives and goals
il) spatial requirements (e.g. room sizes, layouts)

iil) functional requirements (e.g. the intended use of the building)

iv) budget constraints

v)  sustainability goals

vi) any specific design or aesthetic preferences

vii) any other relevant information that will guide the design process.

d) Business case. In addition to the project brief, the project team may also develop a business
case during RIBA Stage 1. This document helps justify the investment in the project by
assessing its financial viability and potential return on investment.

e) Project strategy. The project strategy may be developed during this stage to outline how
the project will be delivered. It can include decisions about project procurement, design and
construction approaches, and the roles and responsibilities of key team members.

f) Design quality management. Ensuring the quality of the design is a key consideration in
RIBA Stage 1. The project team may set out criteria and objectives for design quality and
establish processes for design review and evaluation.

By the end of RIBA Stage 1, the client and project team should have a clear understanding of
the project’s goals, requirements and constraints. This information serves as the foundation for
moving into the subsequent stages of the RIBA Plan of Work, where detailed design, construc-
tion and project delivery take place. RIBA Stage 1 essentially sets the project on the right path
by defining its purpose and parameters before diving into the more detailed design and construc-
tion phases.

143 Stage 2: Concept design

RIBA Stage 2: Concept design is the third stage in the traditional design and construction process
used in the UK and some other countries and is a critical step in the development of a building pro-
ject. This stage focuses on developing the initial design concept based on the project brief. Below
are the key aspects of RIBA Stage 2.

a) Developing the design concept. Architects and designers work to create a design concept
that responds to the client’s brief and aspirations. This includes considering the building’s
form, layout and overall appearance.

b) Feasibility studies. During this phase, designers may conduct feasibility studies to assess the
viability of the design concept. This could involve site analysis, structural assessments and
environmental impact assessments.

¢) Preliminary design development. The concept is further developed into a more detailed
design. This includes refining the building’s layout, size and shape, as well as exploring
materials and building systems. Early design sketches and drawings are created to help
communicate the design intent.
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