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Chapter 1.  Civil engineering in the 21st Century

Civil engineering will remain a vibrant and rewarding profession in the 21st Century, but its work will change dramatically.  Expanding populations, pressure on the environment, and the rapid pace of technology will shape our profession and careers. How we respond to these challenges will determine the vitality of our profession and our individual success in it.

Each profession, craft, or job category adds something to the mixture of human effort that enables us to survive and progress.  All of them will be subject to rapid change in the future and each group must undergo self–examination to adapt.   Who knows how civil engineering will look in fifty years? Technology has progressed so rapidly that engineering practice is much different today than even two decades ago.  Social change has also been dramatic, and changing mixes of government and privatization influence our work.  We have much to do and require adjustments in how we are educated.  While basic skills such as graphics, computation, and analysis will still be required, we will be expected to do a lot more in the future. 

Educators receive a lot of advice from alumni and practitioners.  “Keep teaching the basics, but send us graduates who can communicate better, who understand the business world, and who know something about finance.”  “Don’t neglect technical subjects, but the most important thing is that your graduates think clearly and exercise good decision making skills.”  The list goes on, and what it tells us is that there is a lot more to the practice of civil engineering than the mainline technical subjects.  Accrediting agencies know that too—they have developed a certification process for engineering programs to validate broad education.  

This text is a response to the many shades of advice we have received about civil engineering education. It outlines how civil engineering work is changing and how we can prepare for it.  We hope that it will be a helpful companion for the civil engineering student and practitioner who navigate the shoals of constantly–changing opportunities and challenges.  Basically, the text results from practitioners’ answers to this question: “What should we teach civil engineering students?”  In other words, we should teach and learn many subjects that go beyond the “standard engineering curriculum.” 

There is no way a four year engineering program can have courses in every subject the student needs.  Thus, our approach has been to integrate these topics into other courses during the B.S. program.  This provides preparation for life, which requires that you deal with many topics at one time.  Civil engineers do in their two main roles—building and managing infrastructure and sustaining environmental resources.  Carving out meaningful careers in these arenas while adapting to change will be a rewarding and exciting challenge. 

Work in the 21st Century

What will work be like in the 21st Century?  There is no shortage of forecasts, and the truth is, we only know that it will be different from the past.  In any case, civil engineers can look forward to being involved in society’s most important problems, such as the infrastructure problems shown on Figure 1–1.  This depicts the six main infrastructure systems on which we work and illustrates many impacts of our work on society and the natural environment.  We will discuss these systems throughout the book.  

. Figure 1–1:  Civil Infrastructure Systems

Some forecasts about future work, such as those in “Workforce 2000,” predicted today’s conditions accurately (Johnston and Packer, 1987).  They said the US economy would be strong; manufacturing would shrink as a percent of the economy but not wither away; the workforce would grow slowly, become older, more female, and more minority; and jobs in service industries would require new skill levels.  All of this turned out to be true and has affected the way everyone works.  

Workforce 2020, published in 1997, predicts that the pace of technological change will grow, that the rest of the world will matter more, that America will get older, and that the labor force will continue its ethnic diversification (Judy and D’Amico, 1997).  These trends are pretty clear, and we will discuss how will impact civil engineering careers.  For example, we will advise you to learn how to adapt these new technologies to infrastructure systems, how to adapt to the global environment, and how to respond to a more diverse working environment.  

Actually, our advice is for civil engineers to adapt career advice available to all to our special situations.  Career advice is illustrated by this from the Career Center at the University of Waterloo (1997) in Canada: 

· the workplace is changeable

· there is a dynamic and changeable job market

· positions will be less stable and lifetime employment will end

· organizations do not take responsibility for employee development

· individuals must take responsibility for careers

· downsizing and de-layering will reduce promotion opportunities

· outsourcing and giving work to suppliers will increase

· joint ventures will create opportunities for entrepreneurs

· small businesses must compete internationally

· there is a need for computer literacy

These trends in careers are being driven by technological, economic and social developments.   The most dramatic are information and communications technologies.  Also, the global stage of business will affect all engineers greatly.  Population growth and rising living standards will place new demands on infrastructure and the environment.  Many changes in business practices and government lie ahead.  Some of these, along with implications for CEs, are presented in this table.

Future trend
Issues and opportunities for CEs

Globalization

· Global economy 

· Instant communication 

· Cultural integration

· Jobs and immigration
Dramatic changes in civil engineering careers, businesses, and markets.

Population and development

· Population increases

· Sustainable development

· Demand for consumption
Large quantity of work in fields of infrastructure improvement, environmental management, and protection against.  Difficulty to pay for work in some cases.

Technology and knowledge

· Technology acceleration

· Advance of knowledge

· Diffusion on knowledge

· Green technologies
Civil engineers must adapt to new technologies and modes of work.  

Government

· Triumph of democracy 

· Capitalism and socialism

· Privatization

· Partnerships
The organization of the civil engineering industry will change to adapt to more marketplace competition.  

Social shifts

· Equity and poverty

· Multi-culturalism

· Internationalization

· Public health 

· Social tensions
Civil engineers have the opportunity to respond to social needs if they can develop designs and management plans that meet human needs while, at the same time, satisfy their public and private clients.  

Business

· Speed of change increasing

· Internationalization of business

· E–commerce and B2B

· Mergers and acquisitions

· Vertical integration 

· Life cycle products

· Green business
All business and government will change rapidly and civil engineers must be flexible to learn about business trends and possibilities.  

Work

· Teams

· New and different workers

· End of 8 hour day

· Work anyplace
The workplace will change dramatically.  Civil engineers and other professions will not be “entitled” to any particular market, but must continue to demonstrate that their skills prepare them to deliver superior products and services.  

Predicting the future was a growth industry at the beginning of 2000.  To usher in the new millennium, MIT organized a “New Millennium Colloquium” in 2000 and deliberated on change in civil and environmental engineering.  One talk that set the assembled group abuzz was by Wayne Clough (2000), a civil engineer and President of Georgia Tech, the university which graduates the nation’s largest group of engineers. 

Clough thought that the combination of a growing world population and the human tendency to put off infrastructure and environmental improvements means that civil engineers will be essential in the future.  His main points were:

· Large population increases are on the way.  During the latter part of the next century, the UN expects the world population to peak at 10 billion, up from today’s six billion.

· Basic challenges to society that require civil engineers are increasing and will require new solutions. However, society has a blind spot for the basics society needs and prefers to focus on glamorous developments.  Examples of problems are housing the population, addressing decaying urban infrastructure, maintaining the environment, dealing with natural disasters and climate change, and transporting people and goods. Sustainability of the environment and society will be paramount issues.

· Addressing the challenges will require civil engineers to apply new technologies such as biotechnology, materials and nanotechnology, electronic commerce, advanced communications and information technology. Research and development monies are in short supply in our field, because they are moving into these technological areas. The technology that drives solutions is unlikely to start with us, and a large part of our job is to adapt technologies.  

· We must adapt new management strategies and respond to taking business on-line and streamlining the construction process.  

· A new kind of civil engineer if required. The civil engineer of the next millennium must be educated differently than in the past. Civil engineering must attract its share of the best and the brightest amidst a rapidly changing and diversifying workforce.

Civil engineering practice

Given these trends, what must civil engineers do to succeed in the 21st Century?  

We can take a lesson from Clough’s point that basic challenges that require civil engineers are increasing in number and importance and will require new solutions, but society has a blind spot for these basics.  Thus, we can expect that civil engineers will continue to serve in critical societal arenas, but the spotlight may elude us.  

Civil engineers work on infrastructure and environmental problems that are found in both public and private arenas of practice and include consulting firms, state and local government, federal government, construction, environmental organizations, and other organizations. The civil engineer takes on different roles—project planner and advocate, regulator, analyst and designer, and builder.  He or she might be a specialist in structures, hydraulics, environmental engineering, transportation, geotechnical, or other fields and might work as an entry level designer, a construction manager, a chief executive officer, or in some other post.  

We have noticed that civil engineering work is different from other engineering disciplines in the following ways:  

· It involves more public sector spending and regulation than other engineering groups.  

· It involves private practice more than other engineering disciplines and attracts more interest in professionalism.  

· It has more influence on the construction and infrastructure industries and on environmental regulation than other engineering disciplines.  

· It has a larger social component than other engineering disciplines.

· It is more stable than other engineering disciplines and the size of the occupational group is not increasing rapidly. 

You can get an artist’s perception of the engineer’s public work from Figure 1–2, which shows a view of Public Works Week, a period of national focus on infrastructure.  

Figure 1–2:  Public Works Week (Source:  American Public Works Association)

Preparing the civil engineer

Actually, educators have done a lot of work to study how engineers should prepare, and the answer is given by our accrediting agency, the Accreditation Board for Engineering and Technology (ABET).  The American Society of Civil Engineers (ASCE), our professional society, also studies this question in detail, and universities give attention to how all students should prepare for success in the workplace.  With these three sources of thought, the civil engineer has much guidance for career preparation. 

ABET’s (1999) requirements are directed at all engineers and include:

· Mathematics, science, and engineering

· Design and conduct of experiments

· Analysis and interpretation of data

· Design of systems, components, and processes

· Functioning on multi-disciplinary  teams

· Identifying, formulating, and solving engineering problems

· Professional and ethical responsibility

· Communication

· Global and societal impact

· Life long learning

· Contemporary issues

· Use of techniques, skills, and tools

· Professional component (integrated experience)

Institutions of higher education normally have core curricula, meant to lay out minimum requirements for all students who look ahead toward careers, family responsibilities, and other challenges.  Categories of these are similar and include subjects such as this list from Colorado State University:

· A freshman seminar to provide an integrative experience for first year students

· Written and oral communications to establish functional skills in communication, possibly including a second language

· Mathematics and basic skills in computing

· Logical/critical thinking to lay a foundation for analysis and problem solving

· Basic knowledge in science areas

· Arts/humanities to provide at least a basic appreciation of arts and humanities

· Social/behavioral sciences to provide foundation knowledge of the social and behavioral sciences

· Historical perspectives to provide a sense of the past

· Awareness of current context and events 

· Knowledge of how United States society and government evolved

· Appreciation of personal health and wellness

· Integrating competencies: writing, speaking, and problem solving to demonstrate the ability to apply communication and thinking skills to solve problems

· Demonstrating ability to apply knowledge to solve problems

· Final integration of knowledge and skills

A study of these lists should show that the categories are similar, but that engineers will be required to go further in certain areas, such as computation and problem solving, and that they will require more specific knowledge, such as a sense of the heritage of their own profession.  

Civil engineering education

Career success comes from many factors—background, education, experience, motivation, and good luck.  Education and experience are parts that you can control, and you during a four-year undergraduate education you can learn a lot and gain experience, while laying a foundation for lifelong learning.

The engineer should acquire a set of knowledge, skills, and abilities, or “KSAs.”  These begin with skills needed by all professionals, managers, and citizen leaders who must think critically, communicate, deal with public issues such as the operation of government and public finance, and function at high levels in today’s complex society. 

Technical skills are, of course, the foundation of the civil engineer’s preparation for professional practice, but practitioners tell us that management, communication, and problem–solving skills are critical too.  The point is that a mixture of skills is required for success in any profession, and the civil engineer must continue to learn if he or she is to experience career success and satisfaction.   

Although skills needed are similar for many professions, civil engineers apply them in ways that differ from others.  It is a matter of context and degree.  For example, civil engineers and mechanical engineers are closely–related disciplines, but they work mostly in different industries. Both a civil engineer and a lawyer must think critically—but with different training and in different settings. How to work with government agencies means different things to a civil engineer than a lawyer, and for that matter, still different things to a medical doctor.  The point is that training in essential skills carries with it a requirement to apply them appropriately and in context. 

Some skill areas, such as computing, almost drive themselves, because those who refuse to learn and advance will simply be left behind in rapidly advancing areas.  Traditional lines of civil engineering work—such as fluid mechanics, materials, structures, and geotechnical engineering—also advance, but not as rapidly as computing and telecommunications.

The bottom line, as we have learned from graduates, industry publications, and listening to practitioners, is that the civil engineer needs basic and continuing learning in engineering, computing, and a number of other essential skill areas.  These are focused on civil engineering practice, which has technical and management tracks.  Figure 1-3 illustrates how civil engineering practice is guided by inputs from different arenas of education and preparation:  

Figure 1-3:  Areas of input to civil engineering practice

Now we would like to make brief comments on each of these categories of knowledge

Basic technical subjects 

Basic technical subjects, such as mathematics and physics, form the entry portal for engineering, but they only begin to shape the engineer’s capabilities, because so many other skills are needed.  Certainly, some engineers feel they “never use” differential equations and the like, but subjects like that form a foundation which attracts people who are able to handle quantitative analysis, provides rigorous training in problem–solving, and is required to solve some technical problems.  These topics are not covered in the text, but are found in separate parts of a civil engineering education.  

Applied technical subjects

Applied subjects form the technical core of civil engineering. The major ones of these, sorted by enrollment in ASCE technical divisions (as of 1997) are:

· Water resources

· Transportation

· Construction

· Structures

· Environmental engineering

· Geotechnical 

These areas create the need for one or more applied technical courses in engineering.  For example, water resources normally requires at least two courses, one in hydraulics and one in hydrology.  Transportation involves several areas, beginning with highway engineering.  Construction attracts a large enrollment of civil engineers in ASCE, but is not necessarily an area for a single course, rather the topic might be spread across several courses.  Structures involves several course areas, beginning with analysis and extending to steel and concrete and other materials.  Finally, both environmental and geotechnical engineering require at least one introductory course each.   

In addition, other cross–cutting or niche specialties attract significant enrollment, such as: computer practices, urban planning, geomatics, waterways and ocean engineering, pipelines, forensics, materials, engineering mechanics, energy, earthquake engineering, architectural engineering, and cold regions engineering.  Each of these should be covered to some extent in a basic education, but would normally not contribute specific courses to the B.S. curriculum.  

Design 

Design is a skill area that is hard to pin down because it involves a mixture of skills that range from graphics to creative thinking to experience–based knowledge of ways to approach different situations.  

Design, however, is at the center of civil engineering work. Much of the civil infrastructure in the United States has been built since World War II, it will require rehabilitation and replacement soon. This, combined with new growth, is demanding a lot of design work.  To handle it, we view the “design process” to include the infrastructure life cycle from recognition of a need to the functioning of the constructed system.  Viewing the infrastructure life cycle, we identify processes of planning, conceptual design, preliminary design, final design, construction, operation, maintenance, and rehabilitation/replacement or decommissioning/demolition.  

We introduce the subject of “design” in Chapter 5, but the subject is too broad to cover completely in one chapter.  

Professional practice

Professional practice is the domain of knowledge that expresses best the “context” aspect of our profession.  Knowing the norms of practice, the forms of project delivery, the ethics and professional situations requires actual experience in our workplaces.  We cover professional practice all through the book.  
Problem solving, computation, and communication

All professionals require skills in critical thinking, problem solving, computation, and 

communication.  It is arguable whether civil engineers have different needs in these highly–valued skill areas from groups with similar responsibilities.  Problems come in many categories.  We cover them primarily in our chapters on critical thinking and in management.  

Heritage, government, law, economics, and ethics

The “social studies” component of civil engineering is shown on the left side of the diagram, and includes heritage, government, law, economics, and ethics.  These subjects are taught in K-12 and as part of general education in universities, but knowledge for civil engineering goes beyond general citizen knowledge and extends to the practice of profession in the context of modern pressures and realities.  

Civil engineers also must be skilled in law and conflict resolution, because our industries—infrastructure and environment—involve many conflicts.  

Civil engineers also work to protect the environment and are vitally involved in a concept called “sustainable development,” meaning a focus on habitat, clean water and air, proper land use, quality of life, reuse and recycling, stewardship of resources, and responding to global change.

Sustainable development is discussed in more detail in our chapter on the consequences of civil engineering.  After looking at the tremendous works of early engineers, we look at the consequences of civil engineering, with much more at stake today due to large populations, a sensitive environment, and global change. 

One of the ways that civil engineering work has changed is in the increased regulation of our society, particularly environmental regulation.  Naturally, civil engineers are engaged in much of this regulatory work, preparing environmental impact assessments, studying total maximum daily loads of water contaminants, and dealing with other aspects of clean water, air quality, land use management, waste management, and habitat.  In addition, construction safety is closely regulated, as are building codes and many other aspects of civil engineering work.  Thus, our chapters on law and government are important to provide the engineer with a perspective on how regulatory work is approached.

Management and finance

The degree to which civil engineers are involved management and finance is not always recognized, but we hear about it continually from our graduates and advisory groups.  As a result, the book contains on chapter on management and part of a chapter on finance.   We hope that they provide a basic introduction to these important topics. 

Civil engineers seem to find themselves in management situations but do not feel prepared.  This often occurs much sooner than they would expect.  Management situations have many different facets, usually dealing with problem solving of one type or another.  Thus, management requires problem–solving and critical thinking skills.  

Because of their close relationship with construction, civil engineers are often involved in project management.  Thus, we cover it in the chapter on management and in the chapter on design.  

The civil engineer uses many tools.  These begin with engineering analysis and design, quantitative descriptors and graphs, and computer tools, including computer–aided design and geographical information systems.  More advanced management–oriented tools include systems thinking, process mapping and models, case studies, and strategic planning.  Through all of this work, teamwork is a critical ingredient, and becoming more so. 

Lifelong learning

We hope you enjoy the book, which aims to help launch your lifelong learning about our profession.  Mainly, it is up to you, but the material we present is meant to help the young engineer learn about our profession and to give tips to practicing engineers about subjects they might not have considered.  In any event, we are members of an old and proud profession, and we have much to contribute.  
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