
Perspective 

Memoirs of a Future 
Career 

One civil engineer casts 
himself twenty-five years into 
the future to see what directions 
new technologies might take 
the profession. 

STEPHEN M. BENZ 

The inscription on the watch reads, "For 
a Lifetime Achievement in Civil Engi
neering, presented June 15, 2023." It is a 

natural time for me to reminisce about my ca
reer, my life, family and friends as I begin the 
next phase of my life - retirement. Looking 
back today, I realize that I have been very fortu
nate to have been a civil engineer for the last 45 
years. My career spanned what has turned out 
to be the most exciting and significant period in 

, the history of the engineering profession. 
As civil engineers, we do not always get to 

work on high-profile projects. The architects 
are the ones who always get the glory - their 
magnificent structures soar to life from their 
design sketches. But as a member of civil engi
neering profession, we know that their build
ings could not stand up under their own 
weight or serve the needs of their occupants 
without our expertise. I did not enter this pro
fession for the glory, but rather for the satisfac-

tion of knowing that "I did that," and that there 
is something left behind that I have had a hand 
in building, something which will exist for 
many generations after I am gone. 

At the Start 
It seems like yesterday I entered my first posi
tion as a civil engineer, eager to light the world 
on fire. I was going to design structures that 
would outlast me, my children and my grand
children. Knowing that my descendants would 
see a civil engineering legacy left by me and my 
contemporaries made my work that much 
more rewarding. Not that my buHdings, 
bridges and utilities were any better than any
one else's, mind you. We all designed by the 
same codes and worked for similar clients. We 
used the same tools and got similar results. But 
despite the sameness of the projects, leaving a 
mark on the world - that road, bridge or even 
treatment plant that you designed - was the 
reason that I chose to follow in my father's foot
steps. 

My roots were in civil engineering. I remem
ber in the 1960s, traveling around New Eng
land with my father, who was a construction 
engineer, to visit his projects. I was amazed and 
impressed by the activity on the sites: the dance 
of the construction equipment; and the balance 
between man, machine and material that re
sulted in the completion of something that be
gan as an idea expressed on paper. The skills 
and techniques used back then were developed · 
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over a hundred years, and cannot be forgotten 
today. Although the processes we currently use 
to design and construct our infrastructure proj
ects bear little resemblance to the "organized 
chaos" of my father's era, the end goal is the 
same - to create a facility that meets the needs 
of its owner and users. 

The Impact of Change 
I feel fortunate to have worked in the civil engi
neering profession throughout the last few dec
ades, seeing us well into the twenty-first 
century. It has been exciting to see all of the 
technological changes happening around me. 
It also has been inspiring to have had a hand in 
affecting those changes, albeit in minor ways. 
In comparing notes about our own eras, my fa
ther once commented to me that the most excit
ing event in the timeframe of his career was the 
introduction of mylar drawing media! Imagine 
how he would react to how we engineer our 
projects today- three-dimensional computer
aided drawing and simulation, construction 
robots, networked design tools, instant tele
communications and all the other technologi
cal advances we are fortunate to have available 
to us and, perhaps, now take for granted. 

Having all these technological develop
ments available today does not undermine or 
diminish our value as engineers. As technol
ogy has progressed ( and continues to progress) 
we have struggled sometimes as a profession to 
adapt. Surely these technological tools save our 
clients time, money and trouble, but we - as 
design professionals- have traditionally been 
slow to change and embrace them. 

Back in the late 1980s, I remember my boss 
telling me, "There's no way we'll ever use 
CADD!" Despite his obstinance, however, 
when it came to his clients, the firm did what 
the client needed. In the end, the last resistance 
to change crumbled when the client demanded 
that we use a computer-aided design and draft
ing (CADD) system on her project so we could 
provide the plans electronically. In retrospect, 
that period marked the beginning of "The 
Great Change," as I like to think of it, more so 
than President Gates' ele.ction in 2008. Remem
ber, by that year most engineering offices had 
young principals who grew up with technol
ogy. Weaned on computer games and growing 
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up with a personal computer in every home, 
they were unlike us "dinosaurs." They had no 
preconceived aversion to, or phobia about, us
ing computers and new technologies. It was 
natural and easy for these youngsters to em
brace change. After all, they knew no other way 
of doing their engineering. But it was a lot more 
difficult for the "old timers," like myself and 
my associates, to adapt. 

Looking back, I, and my contemporaries, 
felt that any new technology was, in many 
ways, an intruder. I had seen my father design 
and construct his projects using the same basic 
skills and procedures that the great masters like 
da Vinci had themselves used. For example, he 
used a quaint old too.I called a "slide rule" to 
perform mathematical operations. For those 
who do not remember, a slide rule was a tool 
for graphically solving mathematical opera
tions. Many different ones existed to solve a 
whole range of math problems, but their basic 
principle was that it consisted of two gradu
ated scales that revealed approximations of so
lutions when they were slid together. Many 
museums have working examples. 

But I am getting off the point. As a design 
was developed, it was transferred to a trans
parent drawing medium by highly skilled pro
fessionals called drafters. These drafters 
prided themselves on the quality of their art
work and their ability to present highly compli
cated data on the plans. These manually 
drafted plans became the vehicle that a "con
tractor" (a construction company hired by the 
owner) used to construct the finished project. 
You have got to keep in mind that those were the 
days when projects were delivered by separate 
parties - the engineer, owner and contractor. 
The separate nature of these relationships was 
favored over today's "all-one" project delivery 
systems, which can be attributed directly to the 
record number of lawsuits and claims between 
these parties that arose during that period. 

Changes in the Design & 
Construction Processes 
The processes of design and construction have 
not changed much in hundreds of years prior 
to the advent of computers. However, when 
computers came onto the scene, it was natural 
for us to give them to our drafting depart-



ments. We replaced their pens and pencils with 
mice, drawing tablets and touchscreens. These 
systems allowed the drafters to draw plans bet
ter and faster. We found that the drafters could 
effectively use these computer systems and, as 
time progressed, other computer-based tools 
were developed and were further integrated 
into our firms. Before long, designers, engi
neers and even project managers were using 
these tools. 

Speaking of project managers, there was a 
time when few project managers really under
stood how their staff was using these new com
puterized systems to produce designs. None of 
the "more mature" management staff had any 
experience using the methods, techniques and 
tools with which their own staff were working. 
It was not until years later that project manag
ers became fully aware of the implications of 
how computers were affecting their jobs. 

The tools that I refer to are quite unlike the 
systems that we use today. They were kludgy, 
complicated programs that often just refused to 
run, and crashed or froze on a whim. Programs 
- like CADD application software - were 
dominant. Someone figured out that the com
puterized drafting systems that we were al
ready using could also have a place in the de
sign process. An engineer would perform 
calculations, for example, and output the re
sults of those calculations, using the computer, 
to a plan. Instead of having to perform geome
try calculations for a highway layout and plot 
them out for a drafter to trace, he or she could 
push a button and let the CADD system gener
ate the plan that displayed the design informa
tion. As more time passed, around the turn of 
the millennium as I recall, most design engi
neers were using computer tools that gener
ated their output to plans. This process was not 
popular with the drafters, many of whom saw 
their roles threatened. 

As designers, we spend a lot of our time in
terfacing with computers. To date, we have 
mainly automated a traditional plan-design
draft-build process. We may have automated 
the design and drafting to a certain level; but 
the real changes are yet to come. Imagine a 
mysterious device where you can input specifi
cations like "five-story building, 15,000 square 
meters, climate 'northeast,' color grey" and get 

a complete design for the structure out the 
other end in seconds! This "black box" technol
ogy is possible today, and this design process 
might become the standard for the design pro
fessional of the future. The codes, algorithms 
and technologies exist right now. 

Near the turn of the century there was great 
emphasis on the computer-based visualization 
of projects. In those days, hot-shot CADD de
signers amazed everyone by creating animated 
walk-throughs of the facilities they designed. 
In fact, in 1988, I rendered a CADD-based 
model of a building being designed at my firm. 
I recall working all night to set up each frame of 
the "movie" that I was producing. About 24 
hours later, the animated walkthrough was 
complete - which consisted of about 15 sec
onds of movie. 

. Since tpen, CADD-based visualization 
evolved from those crude, time-consuming 
low-colored images to photorealistic animation. 
Now, it is difficult to tell if these state-of-the-art 
images are real photographs or CADD mock
ups. Visualization today is continuing to be
come more realistic, easier to accomplish and 
more sophisticated than ever. Three
dimensional virtual-reality models are com
monplace. Nowadays you can move through 
CADD models at your own pace, stopping per
haps to see how the conference room looks, or 
finding design errors long before a single 
change order could be required because you 
can actually "see" and inhabit the structure 
way before breaking ground. Such virtual
reality CAD seemed so far-fetched not too long 
ago, but it has become indispensable to creat
ing sound design work. 

Revamping & Integrating 
the Work Process 
Up to the 1990s most design teams and clients 
had to meet face-to-face or use telephones. 
Working on a design was often a complicated 
process of trying to schedule meetings and it 
often required a good deal of travel, some of it 
on a world-wide basis. Changes in how design 
professionals communicate while on a project 
greatly influenced productivity and workflow, 
as well as the quality of the work. 

One technology that emerged at the end of 
the last century was key in linking every par-
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ticipant on the design team together. That old 
World Wide Web on the antiquated Internet 
provided a medium upon which design and 
construction team members could share data. 
Project web sites let all team members share 
CADD drawings, issues and documents freely, 
independent of computer type or location. Us
ing the Internet (or as best as it could be used), 
anyone with an Internet access account could 
participate in design and construction collabo-

. ration, regardless of their location - whether 
the job site or design office was located down 
the street or across the country. 

Telecommuting was also in its infancy at 
that time. In some firms, employees started to 
work effectively from their homes, or even on
site, for at least a portion of the week. As our 
telecommunication systems become more so
phisticated, and as the functions of the com
puter, phone, fax and television became more · 
integrated, the "virtual office" developed to al
low project teams to hold productive, cost
effective and less time-consuming (requiring 
less travel as well as less time for information 
exchange) teleconferences. 

When design networking and the virtual of
fice allowed engineers to break the bonds of 
commuting, we then achieved, at last, true de
sign process collaboration. Using virtual
reality CADD, our computer models are dis
played to clients and collaborators. The three
dimensional walkthroughs that we take for 
granted today permit us to simulate every de
tail of the facility we are designing long before 
we commit our design to the construction ro
bots. 

Different Work Ethics 
Technology itself was only one factor affecting 
the change in the way civil engineers per
formed their work. Societal changes also drove 
the need to streamline project delivery sys
tems. Most workers before the turn of the mil
lennium worked 40 or more hours per week, 
sometimes working "around the clock" to fin
ish a project near its deadline, Some workers 
back then actually enjoyed working long 
hours. In most firms, employee compensation 
was tied to the amount of time the employee 
worked on a project. More time spent on a proj
ect translated into higher financial reward for 
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the employee. In addition, before the advent of 
the virtual office, commuting to work raised 
the time commitment required of an employee 
by several hours per week. Our new technol
ogies gave rise to an increase in leisure time -
now we can produce more designs than before, 
and still have more free time. 

Once we realized the value of the services 
we provide for our clients, we could break the 
binds of our time clocks, (For those unfamiliar 
with the term, a time clock is a recording device 
that was used to determine how long employ
ees worked on a project. That system was 
widely used to bill clients for time spent work
ing on a project. There was an old saying: "It 
doesn't matter how long it takes to design 
something, unless you get paid by the hour!") 
We finally managed to convince our clients that 
our designs were worth a set dollar value to 
them, rather than the cost of our time, overhead 
and profit. Today, the time spent to complete a 
project is irrelevant, since clients are billed for the 
value of our services to them. Because we now 
charge our clients for the value of our services 
rather than the time we spend on a project, the 
business of engineering has never been healthier. 
Now we make more money in less time. 

The Power of the Few 
Design offices back then consisted of many em
ployees: managers, engineers, drafters and ad
ministrative staff- all of whom were essential 
to produce a complete design. When computer 
technology arrived, it served to "level the 
field." Small firms could compete with large 
firms by virtue of their new computer-based 
design capacity. Using the computer, the need 
for many people in a design office diminished. 
Many of us struck off on our own. After all, we 
could produce the same amount of work with 
minimal staff and in less time using the tech
nology as it evolved. It was at that point when 
the American Society of Civil Engineers 
(ASCE) experienced .1 rebirth. Our engineering 
resources dried up when we were no longer 
surrounded by our peers and mentors in our 
new, diminutive offices, and ASCE provided 
us with a network and a collegial environment 
with which to share our knowledge with our 
contemporaries, as well as to train successive 
generations. 



The Importance of Timely & 
Effective Communication 
One of the most significant developments in 
our profession centered around the communi
cation network that we now take for granted. It 
was not always so easy to design a facility and 
collaborate with the other members of the team 
as it is today. 

Before the millennium, technology was 
emerging that would ultimately lead to the 
creation of WorldNet. As everyone knows, 
WorldNet is the successor to yesterday's Inter
net. The technology of the communication in
frastructure that carried data over the Internet 
was, indeed, a hundred years old. At the turn of 
the millenium, telephone lines served as the 
backbone of the communication system before 
WorldNet. That network of voice-only hard
wire and switches was originally designed to 
carry analog pulses over copper wire. In the lat
ter half of the twentieth century the owners of 
this network attempted to squeeze data and 
voice into these same 100-year-old wiring sys
tems. Once people started to explore the use of 
data communications on this ancient telephone 
network, the proverbial floodgates opened. Af
ter getting a taste of how sending data to one 
another could streamline the design process, 
most professionals clamored for greater access 
to this method of communication. Data, voice, 
images and video, as well as just about all other 
types of electronic information, were flying 
around the world on the Internet from computer 
to computer in the ancient and decrepit tele
phone infrastructure - until The Crash, that is. 

The Crash underscored the importance of a 
solid communication infrastructure. By end of 
the millennium, the telephone network sys
tem was being pushed far beyond its capacity. 
That system could not handle the deluge of 
data it was expected to carry. A secondary net
work of "broadband" emerged. This broad
band network was designed to carry televi
sion signals (video and audio) and never 
really caught on as a supplemental data net
work. WorldNet, the satellite-based data sys
tem that we use today, was designed and im
plemented specifically as a digital data 
network. When it was implemented after The 
Crash in 2003, WorldNet fulfilled the need for 

a solid, fast and dependable communication 
network that we still use. We would not be 
where we are today without simultaneous 
bidirectional satellite-based data transmis
sions with state-of-the-art fiber-optic ground 
links. 

New Construction Methods 
Construction robots - or "ConBots" as they are 
affectionately called - have taken over the 
construction aspects of our projects. Before the 
millennium, firms specializing in construction 
methods were tasked with building our de
signs. Using the plans we developed, they as
signed personnel, machinery and material re
sources to construct the projects. 

However, acceptance of the technology of 
Con Bots would not have been possible without 
some changes being made to our project deliv
ery systems. When the design and construction 
industries finally realized that working to
gether made a lot more sense than suing each 
other, our computerized design data became 
available for direct use by the constructors of 
the projects. In the old days (when the owner 
hired the designer arid contractor under sepa
rate contracts), the designer had no direct, con
tractual relationship with the contractor. 
Therefore, the designer was unable to partner 
with the contractor for the good of the project. 
Furthermore, the owner often selected the de
signer and contractor.on what was called "low
bid" basis. These factors combined to create 
tension between team members, and it often re
sulted in litigation between parties for lost time 
and profits. (Now, who bothers to spend 
money and time in a court room these days?) 

Con Bot robot technology had its roots in me
chanical engineering. In the 1980s, computer 
numerical control (CNC) was being used in the 
manufacture of machine parts. CNC machines 
received computer code and translated these 
instructions into parts machining operations. 
Thus, a CADD picture of a machined gizmo · 
could be used to actually fabricate the part us
ing CNC manufacturing. ConBots do the same 
thing, only on a grander scale. Design data 
from the virtual-reality CADD system drive 
the operation of the on-site construction robots. 

Construction robotic technologies had been 
developed in the United States at several dem-
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onstration sites back before the millennium, es
pecially as research projects at leading civil en
gineering universities. Back in the 1990s, I 
recall one university was using construction ro
botics technology to drive a backhoe using 
CADD design information that was also linked 
to a global positioning system receiver. An
other had a robot that could build masonry 
walls by receiving instructions from a com
puter that was processing design data. 

The main turning point in construction ro
botics had to be the beginnings of its imple
mentation in the 1990s. My vision of the engi
neering future was rocked back in 1993 when I 
attended a symposium hosted by the Society 
for Computer-Integrated Building Systems. A 
series of presentations were made at the sym
posium regarding interfacing CADD data with 
construction robotics. Several Japanese firms 
were experimenting with automated building 
systems that used robotic technologies. One 
such firm demonstrated an automated build
ing system that used robots to completely erect 
a multi-story building. Robots were being used 
to deliver materials to the site, erect steel, weld 
columns, erect walls and pour concrete. Thero
bots would then climb the newly erected col
umns and weld the next layer of steel framing. 
Once the frames were in place, floor and wall 
panels were erected, and the process was re
peated for each floor of the building. Working 
virtually unattended 24 hours per day, the ro
bots worked tirelessly to construct a complete 
building. Only the finishing work was left to 
human workers. At the time, this demonstra
tion seemed like a revolutionary event to me, 
yet it received suprisingly little reaction from 
the design and construction communities. In 
hindsight, these early systems were the precur
sors to the ConBot systems we take for granted 
today. 

No End to Computing Power 
As designers, over the past 40-plus years, we 
have witnessed some of the· most important 
and revolutionary changes that our industry 
has ever seen. Since computers were intro
duced into the mainstream of our offices, their 
capabilities have continued to grow exponen- . 
tially over brief periods of time. Since the de
velopment of the microprocessor in the early 
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1980s, computing capacity has roughly dou
bled every 18 to 24 months. This rapid growth 
has resulted in the computing power we take 
for granted today. In the late 1990s, the average 
desktop personal computer had more comput-· 
ing power than a mainframe computer from 
the 1960s. On our desks right now are systems 
that rival the power of the mammoth 
supercomputers that once directed space shut
tle flights and the interplanetary explorers 
from the 1990s. Processing speeds and storage 
capacities have skyrocketed. Why even today's 
pocket computer technology bears little resem
blance to the hardware technology available 
before the turn of the millennium. 

Into the Future 
If you are reading this as you begin your career 
(as mine is ending), keep an open mind about 
technology and its ability to affect change in 
your role as an engineer. So many of my early 
compatriots chose to let the technology revolu
tion pass them by and, in hindsight, these peo
ple severely limited their careers. Those who tol
erated change survived intact. Those engineers 
who saw technology as a new and exciting tool 
are the ones who thrived, and who drove the en
gineering profession into the twenty-first cen
tury. These visionaries saw the potential to en
hance the quality of our projects through the use 
of technology, and they made it happen. 

Since the advent of the personal computer, 
there does not seem to be a limit to the consis
tent and predictable growth of computer 
capability. Will this ever-increasing computing 
potential mean that we as engineers will keep 
performing our calculations faster? Or will the 
new computing power allow us to design us
ing methods never before possible? I believe 
the answer is "both." 

The changes in the civil engineering profes
sion at the end of the last millenium were the 
beginning of a very exciting period for us. To
morrow's changes are not driven by what tech
nologies are currently available, but rather by 
the need for the technology itself. If we as de
signers and builders have a need for a 
technology-based solution, it will come. It is 
just a matter of when. 

Where does the future lie? Certainly, no one 
can predict where it will lead us. After seeing 



the changes I have seen in the last 45 years, I be
lieve that the future of the engineering and de
sign professions will be as exciting as ever. It is 
said that technology "evolves." Rather than ac
cept a passive evolution, civil engineers can 
shape, enhance and adapt emerging technol
ogies for their own specific needs. Civil engi
neers should continue to play a leading role in 
shaping future technologies to meet whatever 
needs they have as we prepare to expand past 
the limits of our own universe. 

NOTES - In assembling my "vision" of the future 
for civil engineering, I have tried to extrapolate on 
some recent real-time advancements in the field of 
computers and civil engineering. No one can see the 
future, but the future surely will be forged by some of 
the exciting technological developments happening 
in this present day. As a fan of good science fiction, I 
believe that the best of that genre is based in science 
fact. Although I have used no references to "warp 
drives" or "wormhole transport," I have taken a few 
liberties - maybe a leap of faith or two in this arti
cle. My ConBots, virtual-reality CADD and the 
virtual office are not merely the lunatic ravings of a 
civil engineer dreaming his "what-ifs." Rather, they 

are ideas bounded in today's science fact. Each idea 
presented in this article can and actually may hap
pen. 
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