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The book in your hands is a most welcome addition to the range of textbooks in civil and envi-
ronmental engineering. There is no other up-to-date text that covers the important elements of
civil engineering systems. This book provides a significant and needed resource for majors in
the field.

Labi’s Introduction to Civil Engineering Systems fills an important gap. The previous lack
of a current text on the subject has been most unfortunate. It is clear that the proper development
of our infrastructure requires a holistic, coherent understanding of all the important elements that
will make our products successful. Civil engineers have a responsibility for the entire life cycle of
what we build: from planning, through design, to the management of the facility over its useful
life. A civil engineering curriculum should thus provide its students with the opportunity to learn
how to consider carefully the range of issues in civil engineering systems. This text now provides
a basis for such a capstone course.

This text has the great merit of being thoughtful, innovative, comprehensive, and forward-
looking.

e Beyond procedures and methods, Labi thoughtfully presents issues and discusses their whys
and hows.

e He has innovatively structured the material as a coherent cycle of eight phases through
the life cycle of a project in a way that makes it much easier to make sense of systems
thinking.

e He comprehensively defines the tasks that should be done at each phase in the life cycle and
describes the tools for each task.

e Aside from being the most forward-looking work in the field, the text recognizes the great
uncertainty about future demands on our systems, and the consequent need for a flexible
approach to systems design.
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Readers will appreciate that this treatment of engineering systems focuses on civil engineer-
ing. Its extensive excellent illustrations display a most interesting array of infrastructure projects.
This is a book for us. I hope you will like it!

Richard de Neufville

Professor of Engineering Systems and of Civil

and Environmental Engineering

Massachusetts Institute of Technology

Life Member, American Society of Civil Engineers



GENERAL BACKGROUND

The civil engineering discipline involves the development of structural, hydraulic, geotechnical,
construction, environmental, transportation, architectural, and other civil systems that address soci-
eties’ infrastructure needs. The planning and design of these systems are well covered in traditional
courses and texts at most universities. In recent years, however, universities have increasingly
sought to infuse a “systems” perspective to their traditional civil engineering curricula. This devel-
opment arose out of the recognition that the developers of civil engineering systems need a solid set
of skills in other disciplines. These skills are needed to equip them further for their traditional tasks
at the design and construction phases and also to burnish their analytical skills for other less-obvious
or emerging tasks at all phases of system development.

The development of civil engineering systems over the centuries and millennia has been char-
acterized by continual improvements that were achieved mostly through series of trial-and-error as
systems were constructed and reconstructed by learning from past mistakes. At the current time,
the use of trial-and-error methods on real-life systems is infeasible because it may take not only
several decades but also involve excessive costs in resources and, possibly, human lives before the
best system can be finally realized. Also in the past, systems have been developed in ways that were
not always effective or cost-effective. For these and other reasons, the current era, which has inher-
ited the civil engineering systems built decades ago, poses a unique set of challenges for today’s
civil engineers. A large number of these systems, dams, bridges, roads, ports, and so on are func-
tionally obsolescent or are approaching the end of their design lives and are in need of expansion,
rehabilitation, or replacement. The issue of inadequate or aging civil infrastructure has deservedly
gained national attention due to a series of publicized engineering system failures in the United
States, such as the New Orleans levees, the Minnesota and Seattle interstate highway bridges, and
the New York and Dallas sewers, and in other countries. The current problem of aging infrastruc-
ture is further exacerbated by increased demand and loading fueled by population growth, rising
user expectations of system performance, increased desire for stakeholder participation in decision-
making processes, terrorism threats, the looming specter of tort liability, and above all, inadequate
funding for sustained preservation and renewal of these systems.
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As such, civil engineers of today need not only to develop skills in the traditional design areas
but also to continually seek and implement traditional and emerging tools in other related areas
such as operations research, economics, law, finance, statistics, and other areas. These efforts can
facilitate a more comprehensive yet holistic approach to problem solving at any phase of the civil
engineering system development cycle. This way, these systems can be constructed, maintained,
and operated in the most cost-effective way with minimal damage to the environment, maximum
system longevity, reduced exposure to torts, optimal use of the taxpayers’ dollar, and other benefits.
Unfortunately, at the current time, graduating engineers enter the workforce with few or no skills
in systems engineering and learn these skills informally only after several decades. With limited
skill in how to integrate specific knowledge from external disciplines into their work, practicing
engineers will be potentially handicapped unless their organizations provide formal training in the
concepts of sytems engineering. This text addresses these issues.

THE TEXT

The first part of this text discusses the historical evolution of the various engineering disciplines
and general concepts of systems engineering. This includes formal definitions, systems classifica-
tions, systems attributes, and general and specific examples of systems in everyday life and in civil
engineering. The part also identifies the phases of development of civil systems over their life cycle
and discusses the tasks faced by civil systems engineers at each phase. Most working engineers are
typically involved in only one or two of these phases, but it is important for all engineers to acquire
an overall bird’s eye view of all phases so that decisions they make at any phase are holistic and
within the context of the entire life cycle of their systems. The next two parts discuss the tasks that
civil engineers encounter at each phase and the tools they need to address these tasks. For example,
at the needs assessment phase, one possible task is to predict the level of expected usage of the sys-
tem, and the tool for this task could be statistical modeling or simulation. Certain tools are useful in
more than one phase. Given this background, Part IV provides a detailed discussion of each phase
of civil systems development and presents specific examples of tasks and tools used to address
questions at these phases. Part V presents topics that may seem peripheral but are critical to civil
systems development, such as legal issues, ethics, sustainability, and resilience, and discusses their
relevance at each phase.

Clearly, this text differs from other texts in the manner in which it presents the material. The
systems tasks and tools are presented not in a scattered fashion but rather in the organized context
of a phasal framework of system development. Why is it so important to view the entire life cycle of
civil engineering systems within a phasal framework? And why do we need to acquire those skills
that are needed for the tasks at each phase? One reason is the typically large expense involved in
the provision of such facilities. Every year, several trillion dollars are invested worldwide in civil
engineering systems, to build new facilities or to operate and maintain existing ones. The beneficial
impacts of these investments permeate every sphere of our lives including safety, mobility, secu-
rity, and the economy and thus need to be identified and measured systematically. Also, adverse
impacts such as environmental degradation, community disruption, and inequities are often evi-
dent and need to be assessed and mitigated. In summation, given the large expanse and value of
civil engineering assets, the massive volume of national and state investments annually to build and
operate these systems, and the multiplicity of stakeholders, there is need for a comprehensive yet
integrated approach to the planning, design, implementation, operations, and preservation of these
systems. A second reason for advocating an organized systems approach is the nature of recent and
ongoing trends in the socioeconomic environment: at the current time of tight budgets, increasing
loadings and demand, aging infrastructure, global economic changes, and increased need for secu-
rity and safety, civil engineering systems are facing scrutiny more than ever before and the biggest
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bang is now sought for every dollar spent on these systems. As such, civil system engineers are
increasingly being called upon to render account of their fiduciary stewardship of the public infras-
tructure and assets. This is best done when the development of such systems is viewed within a
phasal framework, when civil engineering system managers acquire the requisite tools needed to
address the tasks at each phase, and when these managers provide evidence of organized planning
for long-term life-cycle development of their systems.

DIDACTIC STYLE AND RESOURCES

There is a wealth of engineering knowledge that is well documented in textbooks that address
specific branches and domain areas in civil engineering and also in other system engineering related
disciplines including economics, operations research, and statistics. The author’s purpose in writing
this text is not to duplicate what already exists but to link the systems concepts from the different
disciplines and traditional roles of the civil engineer, and to do this within the context of each system
phase, tasks at each phase, and tools for the tasks.

The reader is afforded a clear and understandable text that presents well-explained method-
ologies and procedures useful for addressing tasks at each phase. Throughout its chapters, the text
emphasizes practical applications of the concepts. Theoretical backgrounds are provided only to
enable the reader to enhance their understanding of the concepts and to recognize the merits and
demerits of alternative theories in solving a particular problem. The chapters and concepts are
presented in a sequence and style that are expected to encourage the student to define and solve
problems with requisite tools in a manner consistent with engineering and professional excellence.
As such, each chapter is an integrated blend of theory and practice, and numerous conceptual and
computational illustrations are provided.

As educational experts have acknowledged, students’ didactic experience is more fruitful
when they are asked to apply the concepts to a real-world problem. As such, a term project, to be
carried out by multiperson teams, is recommended as part of any course for which this book is used.
A list of possible topics for the term project can be found at the website purposely established for
this book. Additional information on each of the 30 chapters, such as updated tools and news items
relating to civil systems development at various countries worldwide, Facebook discussions, and
YouTube presentations can be found at the book’s website.

The subject of civil engineering systems is indeed a broad subject that could fill several texts.
As such, there is a limitation to the scope and depth that can be provided in a single text as this.
The text therefore provides only a basic fundamental understanding of what civil systems are, the
various phases of their development, and the tools needed to address the tasks at each phase. The text
serves as a central repository of references for persons interested in further inquiry. Also, recog-
nizing that only a limited number of numerical examples can be included within the covers of this
book, the author has provided a set of useful resources at the end of most chapters for the reader
who wishes to acquire further knowledge on the subject.

ABET REQUIREMENTS AND AUDIENCE

This text satisfies a significant section of Accreditation Board for Engineering and Technology,
Inc. (ABET) requirements for undergraduate civil engineering education such as problem solv-
ing, experiments and simulations, data analysis, optimization and financial analysis tools, and use
of systems approaches in design of facility components and processes. Also, the text addresses
other ABET requirements of socially and environmentally responsible design, engineering practice
issues, ethics, licensure requirements, and managerial skills. The text’s online resources addresses
the requirement of student participation in multidisciplinary project teams.
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This book is useful for college instructors and students for courses related to civil engi-
neering systems. Most of the material could be covered in one semester if at least three credit
hours per week are used for the course. The book is written primarily for midsenior undergrad-
uate and beginning graduate students. The book should be useful not only in academia but also
to practicing civil engineers, civil systems managers and policymakers in general. This includes
private and nongovernmental organizations, consultants, international development agencies and
lending institutions, public policy makers, government (state, county, provincial, or city) depart-
ments, municipal authorities, public works departments, regional planning agencies, metropolitan
planning organizations, and other institutions involved in at least one of the phases of civil systems
development. These persons will find that the text provides useful fundamentals for understand-
ing and implementing systems perspectives at any of their system development phases of need
assessment, planning, design, construction, operations, monitoring, maintenance, or end of life.
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