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Infrastructure investments

FROM THE PUBLISHER

It seems to me that a top priority for civil and structural engineers working in the public sector should be educating 
the public on why we are so much better off to maintain our transportation and public utility infrastructures than 
to not do so and end up with total system failures.

It’s the same story all over our nation. Deferred maintenance is killing us and will cost us more in the future. 
Systems we take for granted — bridges we hope will stand, heavily trafficked roads, critical water lines — all of 
these facilities and more need work. That is going to take money. Money comes from tax revenues. Tax revenues 
come from either infrastructure users, bill payers, sales, income, or property. Bonds may also be issued. 

All of these revenue sources are affected by government policies and taxpayer willingness. In a sense, if we all do 
well, the government does well. More revenue for them is usually the result of prosperity. If we are doing poorly, 
we want the government to cut back on spending just as we would in our households.

Pro-business policies help create the scenarios that result in the revenue needed for infrastructure maintenance 
and expansion. As you prepare to vote, ask yourself who you think will best help create and support the initiatives 
that will lead to a strong economy — locally, in your state, and in the country overall. It’s in all of our best 
interests as engineers and citizens.

The long-term prognosis (say 40 years out) for demand versus supply of civil and structural engineers indicates 
an increasing gap. The needs are building and the supply isn’t keeping up. If we don’t maintain what we have, 
the gap will be even greater. We have to make infrastructure spending a priority. Our very lives may depend on it!

We’re all about civil and structural engineers and engineering here at Civil + Structural Engineer. Please let us 
know how we can help get the word out to the American public as a whole about why we need to take care of our 
infrastructure needs! Our mission is to help you be more successful and this has to be a part of it. And meanwhile, 
enjoy our November issue!

MARK C. ZWEIG
mzweig@zweiggroup.com

Deferred infrastructure 
maintenance is killing us and 
will cost us more in the future.
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Ask questions
Stop complaining about the lack of information you get in your firm. Let’s face it, communication is not a 
common strength in this industry, and you probably aren’t that good at it either. 

Yet, we all want more information and better communication from upper management. I have thousands of 
employee surveys that prove it. 

To get more communication, you need to start communicating more. All the information that everyone is 
craving is sometimes just a question away, but no one takes the initiative to start the conversation. Silence 
leads to speculation and speculation often leads to paranoia. The irony is that the path from silence to paranoia 
contains a lot of communication, but that communication is with the wrong people and the wrong information. 

If you want an extraordinary career with earnings that are greater than the average, then you have to not act 
average and participate in the time-wasting, paranoia-building conversations on the fringe that all the average 
people are having. Directly engage those who can inform you. You will likely be surprised. 

And while the rest of your colleagues are stuck by the water cooler discussing bad information for the 
hundredth time, you can be getting the facts straight from the source. It also helps to identify you as someone 
who actually cares about the firm and their career. 

Try it. It may not come naturally at first, but when the rewards start accruing, I am confident you will find it 
much easier.

All the information that 
everyone is craving is 
sometimes just a question 
away, but no one takes 
the initiative to start the 
conversation.

 CHAD CLINEHENS, P.E., is Zweig Group’s executive vice president. Contact him at cclinehens@zweiggroup.com.

Engineering OUR FUTURE
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Engineering front line

H. KIT MIYAMOTO, PH.D., S.E., is the CEO and a structural engineer for Miyamoto International (http://
miyamotointernational.com), Global Risk Miyamoto, and a nonprofit organization, Miyamoto Global 
Disaster Relief. He specializes in high-performance earthquake engineering, and disaster mitigation, 
response, and reconstruction.

Identify a person’s particular passion and 
strength and help them work on it. Focus 

on strengths, not weaknesses.

Someone recently asked what prompted me as a young structural engineer in 1997 to 
lead an engineering business. “I didn’t plan this,” I said. “During the recession in the 
mid-1990s, most of the senior engineers at the company I was working with quit to 
join public agencies.” While that answer may be simplistic, being the CEO of a global 
structural engineering company was not part of my life plan. I wanted to be the best 
structural engineer in the world, though. It was my “humble” desire. 

I also wanted to contribute globally, especially in developing countries. So, when the 
company’s then president, John Shaffer, wanted to retire, I took on the challenge to 
buy him out from the small Sacramento, Calif., engineering firm. This was during the 
recession and my salary was meager. It also did not come at a discounted price, but 
John was my mentor and friend. There is no way I would’ve let him down. We only 
had five people left by then, but the people who stayed were the best. Most of them are 
still with our company and driving it today. I owe them a lot.

I am almost always blessed to work with great people. It is super critical to identify a 
person’s particular passion and strength and help them work on it. Focus on strengths, 
not weaknesses. That’s why our company doesn’t have job descriptions or detailed 
responsibilities. To me, these things are nonsense. We all are so unique and particular; 
there is no way that anyone can fit into a standard job category. 

I also hate titles. Titles are only good for external marketing. Internally, titles are cum-
bersome, outdated, and dangerous. We need to attract and grow great people to build 
great organizations. To do that, we need to get rid of this kind of nonsense. Team build-
ing is critical, and a leader’s job is simple: We exist to remove road blocks for the team 
and have team members focus on their strengths. 

Running a business is full of risks, but I thrive on that. When our small Sacramento 
company opened an office in Los Angeles 15 years ago, people thought I was reck-
less. When I moved to Haiti to open an office right after the 2010 earthquake, I think 
the board was close to firing me. Today, we have a thriving business in Haiti staffed 
by Haitian engineers, providing international standard engineering services. Mission 
accomplished. 

I took almost all of the opportunities that came to me. Life is a gamble. Until you roll 
the dice, you don’t know what you’ll get. 

I am also very strategic as much as action-oriented. I learned many of the applied 
strategies from our board members over the years. They are all external. Usually, I ask 
retired famous business leaders in our industry to become board members at our firm. 
They have done a lot of good things, but have also failed. We can learn a lot from older 
people. Ask them, since you don’t know what you don’t know. Leaders exist in order 
to find a way to win. We need all the best knowledge that is out there to help us win.

Our company today has offices on five continents. My “secret sauce” has been follow-
ing my calling — to make things better, safer for others, especially those who don’t 
have plenty. Follow your passion and do good for others. Then all good things will 
follow you.

The easy way 
or the hard 

way?

http://miyamotointernational.com
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Project Profitability: Continuing evolution of the owner/client 
project management function
By Howard Birnberg, Association for Project Managers

In the post-World War II era, the facilities needs for corporations and 
institutions grew dramatically, but the concept of the project manager 
or facilities manager as we know it did not exist. If a new plant or 
warehouse was required, the corporation or institution directly retained 
an architect or contractor. In a few cases, internal departments to handle 
the design, construction, and project management needs of corporations 
and institutions existed, but they were relatively rare and small in size.   

By the late 1980s, many major corporations and institutions had developed 
substantial design and project management groups to handle most of their 
facility needs. The rationale behind the development of in-house design 
groups was based on the need to obtain specialized expertise. Since then, 
in-house design groups have been cut, and sometimes reestablished, as 
the economy and business management trends have changed. However, 
it is extremely unlikely that internal project management/facilities 
management departments of any significant size will be the norm in the 
future. Design and construction project and facilities management will 
continue to be considered tangential to most corporate and institutional 
missions.

Read the entire article at http://tinyurl.com/projectprofit-nov16.  

Diversions: What I drink
By Andy Sciarabba, P.E.

We have all heard the phrase, “You are what you eat.” I’ve always 
struggled with that. I mean, what I eat depends on lots of different things. 
Or in engineering-speak, it depends on lots of different “variables.” My 
variables are age, mood, sleep (or lack of it), stress level, environment, 
who I’m with, and so on. Figuring out what food I am would be like 
leafing through a menu the size of Webster’s dictionary.

I’m convinced that I am not what I eat; I am what I drink — mostly a cup 
of joe.

Read the entire article at http://tinyurl.com/diversions-nov16.  

Civil + Structural Engineer provides news and articles online to 
supplement content in this print issue. Visit csengineermag.com 
daily for the latest news and check out the following articles 
posted online with the November 2016 issue:

 Civil + structural engineer online
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EVENTS

NOVEMber 2016

The Year in Infrastructure Conference
Nov. 1-3 — London
Global gathering of leading figures in the world of infrastructure design, 
construction, and operations features presentations and interactive 
workshops exploring the intersection of technology and business 
drivers, and how they are shaping the future of infrastructure delivery 
and investment returns.
www.bentley.com/yii2016 

Design-Build Conference & Expo
Nov. 2-4 — Las Vegas
The largest gathering of the year for the design-build market and the 
only event centered exclusively on design-build. The Design-Build 
Conference & Expo includes attendees and exhibitors from across all 
design and construction sectors.
www.designbuildexpo.com 

Seventh International Conference on Coupled Instabilities in Metal 
Structures
Nov. 7-8 — Baltimore
Join the world’s experts in structural stability to advance understanding 
of the complex interactive stability problems associated with thin-
walled and slender structures.
www.ce.jhu.edu/cims2016 

Trimble Dimensions 2016 User Conference
Nov. 7-9 — Las Vegas
Conference highlights include more than 450 educational sessions and 
30 specialized tracks with many sessions qualifying for PDHs; onsite 
product demonstrations; computer software training labs; and an expo 
showcasing new products, innovations, and technical presentations.
www.trimbledimensions.com 

International Specialty Conference on Cold-Formed Steel Structures
Nov. 9-10 — Baltimore
Conference topics include basic and applied research; structural design; 

development of new products and new design criteria; manufacturing 
technique; construction methods; economic and effective use of cold-
formed steel; and engineering education.
http://ccfssonline.org/international-specialty-conference 

AEC Business Development Training — Becoming a Better Seller of 
Professional Services
Nov. 10 — Atlanta
Specifically developed to help design and technical professionals 
become more comfortable dealing with clients and promoting the firm 
and its services.
https://zweiggroup.com/seminars/bizdev  

Street Lights: Illuminating Implementation and Equity in Complete 
Streets
Nov. 15 — Sacramento, Calif.
Interactive panels and breakout discussions about cutting-edge 
Complete Streets research, ideas, and practices.
https://nvite.com/StreetLights/d28c 

Autodesk University
Nov. 15-17 — Las Vegas
Autodesk’s annual user conference is attended by more than 10,000 
design, engineering, and manufacturing professionals. Features more 
than 650 classes and sessions and an exhibit hall with more than 160 
authorized developers and partners.
http://au.autodesk.com 

DECEMber 2016

Financial Management for Non-Financial Managers
Dec. 9 — Dallas
Overview of business financial management, including interpreting 
financial statements, key performance metrics, benchmarking, 
predictive cash flow management, and how strategic decisions drive the 
value of the firm.
https://zweiggroup.com/seminars/better_fm 
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JANUARY 2017

Building Innovation 2017
Jan. 9-12 — Washington, D.C.
The National Institute of Building Sciences’ Fifth Annual Conference 
& Expo concentrates on Collaborating for a High-Performing Future, 
featuring educational sessions, networking events, technology 
demonstrations, and award ceremonies.
www.nibs.org/?conference2017 

Geodesign Summit
Jan. 24-26 — Redlands, Calif.
Application of GIS for urban and regional planning, environmental 
management, transportation, economic development, landscape 
architecture, water resource planning, and more.
www.esri.com/events/geodesign-summit 

febrUARY 2017

International LiDAR Mapping Forum
Feb. 13-15 — Denver
Technical conference and exhibition showcasing the latest airborne, 
terrestrial, and underwater LiDAR as well as emerging remote-sensing 
and data collection tools and technologies.
www.lidarmap.org 

The Principals Academy 2.0
Feb. 16-17 — Orlando, Fla.
Crash course in all aspects of managing a professional service firm, 
including an expanded focus on business development, strategic 
planning, and financial management.
https://zweiggroup.com/seminars/tpa 

Forensics Engineering Conference
Feb. 23-24 — Austin, Texas
Focus on lessons learned from hurricanes, building envelopes, structural 
failures, foundation issues, and other case studies.
http://executive.engr.utexas.edu/epd/forensics17.php 

march 2017

Geotechnical Frontiers
March 12-15 — Orlando, Fla.
Combines the annual Geo-Congress and the bi-annual Geosynthetics 
Conference, highlighting the latest developments in geotechnical 
products and services.
www.geotechnicalfrontiers.com 

Design-Build in Transportation
March 27-29 — Minneapolis
Presentations highlight best practices in design-build project delivery 
in the transportation sector and the merits of integrated delivery as a 
means to achieve exceptional project outcomes.
www.dbtranspo.com

Growing a Profitable and Entrepreneurial AEC Firm
March 29-30 — Boston
A look at what the most successful firms in history have done, how they 
have done it, and the resulting extraordinary returns.
https://zweiggroup.com/seminars/baef 

Design-Build for Water/Wastewater
March 29-31 — Minneapolis
The conference seeks to create a platform for successful capital project 
delivery in the water and wastewater sector by teaching the effective 
integration of design and construction services using design-build 
contracting to ensure success for owners and design-build practitioners.
www.dbwater.com 

Check online at csengineermag.com/industry-events for events later in 2017. 

Send information about upcoming conferences, seminars, and exhibitions 

relevant to civil and structural engineering to Bob Drake at bdrake@

zweiggroup.com.
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Cardno appointed Sarabjit Singh, P.E., president of the company’s 
Government & Infrastructure Division in its Americas region. He has 
more than 25 years of experience managing the growth of complex in-
frastructure and federal business portfolios. Jeff Vanderdasson, P.E., 
joined the firm as a civil engineer practice leader in the company’s 
Portland, Ore., office. Leonard Strickland, PLS, also joined Cardno 
as a business unit manager in the company’s Northern Region. He will 
manage and oversee subsurface utility engineering and survey opera-
tions in more than 20 states.

Phyllis Brunner joined Woodard & Curran as president of consulting. 
She will lead the firm’s consulting practices and will work with the 
firm’s CEO Doug McKeown to focus on market and business systems 
to support strategic efforts to expand nationally around water and en-
vironmental issues.

Jeff Perrin joined the Madison, Wis., office of R.A. Smith National as 
a structural engineer. He has more than two years of structural design 
experience as well as prior experience as a construction foreman. Mat-
thew Stangel joined R.A. Smith National in Brookfield, Wis., as an 
ecologist, providing wetland and ecological services.

Jim Coll joined Burns & McDonnell in St. Louis, where he will 
develop and oversee programs and projects focused on public water/
wastewater infrastructure upgrades. He previously served as project 
manager for the Metropolitan Sewer District in St. Louis.

Gregory T. Topping, P.E., joined Passero Associates as Northeast 
Aviation Services director to strengthen the firm’s client relationships 
and grow its client base in the Northeast.

MBP announced that Blake Peck, P.E., CCM, FCMAA, was elected 
to the National Academy of Construction. The appointment recognizes 
and honors individuals for their distinguished contributions and ac-
complishments to the industry. Also at MBP, Michael Siburt, P.E., 
CCM, CCP, PSP, was promoted to branch operations manager. He 
most recently served as project manager.

Mary Cay O’Malley, P.E., PS, joined Mott MacDonald as a senior 
vice president and project delivery leader in the firm’s Cleveland of-
fice. She will support some of Mott MacDonald’s largest transportation 
projects, with an initial focus on design-build projects.

Rozbeh B. Moghaddam, Ph.D., P.E., joined GRL Engineers, Inc. as 
part of the firm’s central office, which conducts research, offers edu-
cational activities, provides foundation testing services and analyses to 
international locations and offshore sites, and assists GRL’s 10 branch 
offices in complex situations. 

David A. Jaffe, Ph.D., P.E., D.WRE, joined Psomas as a senior 
project manager in the Engineering Group. He will be responsible for 
surface water resources, water quality modeling, and engineering proj-
ects, including flood control, FEMA floodplain services, and sediment 
transport; water quality modeling and BMP design; and support for the 
Environmental Group’s projects.

Abiy Ghirmay, EIT, joined GeoStructures as a design engineer. He is 
responsible for preparing final engineering designs for construction of 
ground improvement technology.

Al Roth, P.E., joined Stanley Consultants as a senior transportation 
engineer in the company’s West Palm Beach, Fla., office. Roth has 
a dual role of business development and client relations, as well as 
growing operations for transportation throughout Florida.

David Tiberi, P.E., CCM, PMP, was named West Regional sales 
leader for TranSystems Corp. He has more than 25 years of transporta-
tion and consulting industry experience, specifically in construction 
management and business development. TranSystems Corp. named 
Robert Turton, P.E., S.E., National Bridge Practice leader. He has 
more than 35 years of industry experience in planning, design, and 
construction of structures. Tim Rock rejoined TranSystems as regional 
vice president for the Southeast region, which includes 10 offices in 
five states. He has in-depth rail expertise as well as a strong background 
in operations and business development.

Phyllis Brunner David A. Jaffe, Ph.D., P.E., 
D.WRE

Tim Rock

Rozbeh B. Moghaddam, 
Ph.D., P.E.

Robert Turton, P.E., S.E.

Mary Cay O’Malley, P.E., PS

Al Roth, P.E.

Gregory T. Topping, P.E.

Abiy Ghirmay, EIT

Jim CollMatthew StangelJeff Perrin
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on the rise
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profile

At the end of this year, after a nearly 37-year career with Kansas City, 
Mo.-based Burns & McDonnell — including 13 years as chairman and 
CEO — Greg Graves is retiring from the employee-owned engineer-
ing, architecture, construction, environmental, and consulting firm. 
As only the sixth CEO in the company’s 118-year history, Graves’ 
tenure at the helm is second only to one of the co-founders. Under his 
steady leadership, Burns & McDonnell has grown from about 1,500 
employee-owners and annual revenue of $387 million to more than 
5,300 employee-owners and $2.6 billion in revenue. 

During this time, Burns & McDonnell has received numerous local and 
national accolades as a “best place to work,” the Burns & McDonnell 
Foundation has grown from $4.5 million to $30 million, and Graves 
has been recognized personally for his community involvement and 
philanthropy.  

In a recent Q&A with Civil + Structural Engineer (C+S), Graves of-
fered the following perspective on his career and Burns & McDonnell.

C+S: What was it like as a young engineer at Burns & McDonnell in 
the mid-1980s when the firm became employee owned?

Graves: The mid-’80s were tough. We saw the collapse of the power 
generation market and Burns & McDonnell was on life support. So, af-
ter witnessing the personal sacrifice our company leaders went through 
to transform Burns & McDonnell into an employee-owned company, 
it was almost like earning the right to vote for the first time. We knew 
it was an incredibly empowering moment that came with great respon-
sibility. 

No one really understood what employee ownership was going to be 
like, but by the early ’90s we were starting to act as true owners of the 
company, which was beginning to transform our culture. Plus, we were 
seeing the financial benefits in our stock and ESOP accounts. 

C+S: In what ways has employee ownership defined Burns & McDon-
nell’s culture and how is that nurtured?

Graves: Employee ownership is at the core of who we are as a com-
pany. It’s not just another benefit, it drives our success and guides our 
decisions as individuals and as a team. Because we own the company, 
we approach our jobs differently. It means opportunity, stability, and 
teamwork. Our hard work leads to client success, which leads to our 
company’s success. 

From day one, employee-owners are told and shown what employee 
ownership means here. It’s evident in everything from our communica-

Burns & McDonnell Chairman and CEO Greg Graves, who is retiring from the 
employee-owned engineering firm at the end of 2016, is only the 
sixth CEO in the company’s 118-year history.

The Burns & McDonnell Foundation invests in science, technology, engineering, and 
math education — for example, by supporting Science City, Kansas City’s science 

center at Union Station.

Greg Graves: 
Leadership that matters

The retiring chairman and CEO of Burns & McDonnell reviews his 37-
year career with the 118-year-old, employee-owned firm.

By Bob Drake
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tions to our level of transparency to our celebrations to our quality of 
work to the benefits we offer.  

C+S: Burns & McDonnell has been recognized repeatedly as a “Best 
Workplace” by both national and local organizations, and in 2016 
made Fortune magazine’s lists for Best Workplaces for Recent College 
Graduates, Millennials, Gen Xers, and To Retire From. How does the 
company create a best workplace for professionals over such a broad 
career span — from college graduates to retirees?

Graves: Regardless of age, role, or experience, our team of employee-
owners embrace our culture of ownership and accountability. Most 
importantly, everyone has one common goal — to make our clients 
successful. When one employee-owner succeeds in this, we all suc-
ceed. This builds a strong sense of camaraderie, teamwork, and com-
munity and makes all the difference. 

Employee ownership allows us to decide who we want to be as a 
company and to offer benefits that improve the lives of our employee-
owners. Throughout the past several years we’ve developed a more 
robust wellness program, added numerous onsite amenities such as a 
pharmacy, health center, fitness center, and childcare center. We also 
enhanced our benefit offerings and implemented flexible work sched-
uling. 

Ultimately, our people are our most important assets. By striving to 
be a best place to work for them, we see increased innovation, higher 
productivity, lower turnover rates, and greater employee satisfaction. 

C+S: Today, how is Burns & McDonnell organized and managed — 
i.e., geography, service line, or other — and how do you share exper-
tise and workload across the organization?

Graves: Burns & McDonnell is structured in a very flat, decentral-
ized manner so it’s difficult to compare ourselves with many of our 
competitors. 

Over the past 10 years, we have expanded rapidly throughout North 
America and today more than half of our nearly 5,400 employee-
owners work in locations outside of our headquarters in Kansas City. 
Our regional offices operate very much like our business divisions, 
with a great deal of autonomy, responsibility for profit and loss, and 
encouragement to take prudent risks in entering new markets. It’s be-
come a national network with different regions supporting one another 
in pursuing larger and larger projects. By sharing resources, we protect 
against regional economic downturns by keeping everyone busy.

C+S: Within the last few years, how has technology impacted your 
operations, service offerings, and staffing?

Graves: Technology has certainly impacted our operations but I be-
lieve the greater impact has been on our clients. Every sector we serve 
has been impacted by some advance in technology, which means they 
need us to provide engineering solutions to some new technology-
driven business challenge. 

For example, the power industry is facing major transformations be-

Burns & McDonnell opened its new world headquarters in May 2016 — a four-story, 
310,000-square-foot facility that is the third building on the firm’s 37-acre campus.
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cause of the introduction of renewable energy sources like wind and 
solar power. More and more businesses and even some residential con-
sumers want to generate their own power, and technology today makes 
that a reality. But this creates a nightmare for utilities who still have to 
provide reliable power to all their customers. Solving this problem re-
quires advanced technology and really smart engineers who can design 
the systems to keep the lights on.

In our business, technology enables us to deliver projects faster and 
with greater precision than ever before. But even with technology 
advancing rapidly, the human factor has never been more important. 
We may be able to make quicker design changes, thanks to 3D BIM 
models, but it still takes experienced, knowledgeable engineers and 
construction managers to make the right decisions based on the data.

As for staffing, I would say technology is driving us to hire more 
people, not fewer. Every engineer or construction manager we hire has 
to be proficient in programs, systems, and software that weren’t around 
just a few short years ago. The wave of technology can be overwhelm-
ing to clients, so they need our support like never before.

C+S: Briefly, what was your path to your current position as CEO and 
chairman at Burns & McDonnell?

Graves: I accepted a job at Burns & McDonnell in 1980 immediately 
after graduating from the South Dakota School of Mines & Technol-
ogy. Before my wife and I moved to Kansas City where Burns & 
McDonnell has its world headquarters, I wanted to visit my favorite 

An open design and “gathering stations” in Burns & McDonnell's new headquarters 
building illustrate the firm's “passion for partnership and collaboration,” 

said Greg Graves, chairman and CEO.

www.burnsmcd.com
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calculus teacher, Doc Weger. He told me something that affected the 
way I approached my career – and really life – from that day forward. 
He said, “The only thing that matters in life, is to matter in life.” Pow-
erful words. From that moment on, I made a conscious effort to make 
every position I took on in my career to matter.

I am really grateful to have held a variety of positions from stack tester 
to design engineer to marketing manager. With each opportunity, I 
would look for additional responsibilities within the firm. In 1997, I 
was promoted to general manager of Burns & McDonnell’s Energy 
division, and in 2001, I was promoted to president of the division. In 
2004, I took on my final role as CEO. I’m extremely proud of that 
position. Within Burns & McDonnell’s 118 year history, there have 
only been five other CEOs, and I have the second longest tenure behind 
the co-founding McDonnell family, who held the position more than 
four decades ago.

C+S: As you retire at the end of this year, what achievements at Burns 
& McDonnell are you most proud?

Graves: We take on some of the world’s most complex challenges. 
We work long hours. We spend a lot of time in airports and on the road 
traveling. So, we may not be the easiest place to work, but I’m ex-

tremely proud of the unique culture that we’ve developed and nurtured 
at Burns & McDonnell that’s helped us become the 16th Best Place to 
Work in the country according to Fortune magazine. 

I’m proud that during my tenure as CEO, we’ve been able to grow jobs 
for our firm and our communities. The number of employee-owners 
has more than tripled from approximately 1,500 to more than 5,300 
today. 

I’m also proud to be able to promote and grow our employee-ownership. 
Each employee acts as an owner on the first day of the job — because 
they are one. We have been able to grow sales at our firm by more than 
570 percent from $387 million in 2003 to $2.6 billion in 2015.

To provide even greater client services, we’ve also been able to grow 
the number of regional offices within the United States by nearly 30 
percent during my time as CEO, combined with development globally 
that included the launch of an international division with offices in 
India and Canada. 

When I interviewed for CEO, one of my stipulations was to increase 
the amount of money we gave through our foundation. I’m incredibly 
proud to have grown the Burns & McDonnell Foundation from $4.5 

The MacKids Learning Academy, a 20,000-square-foot childcare center inside Burns & 
McDonnell's new headquarters, can accommodate 144 preschool-aged children 
and focuses on STEM education.
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Burns & McDonnell history

• In 1898, the firm was founded in Kansas City, Mo., by Clinton 
Burns and Robert McDonnell, two young Stanford engineering 
graduates.

• By 1901, the firm’s third year in business, the balance sheet 
showed 13 cents in net profit. Despite the paltry return, Burns & 
McDonnell decide to soldier on.

• By 1923, the 25th anniversary of Burns & McDonnell, the firm 
had completed 548 projects for 313 cities, towns, and villages 
in 33 states. Nearly all engineering projects were performed for 
municipalities.

• By 1948, after 50 years in business, Burns & McDonnell was 
well established in the electric power and aviation industries in 
addition to its core water infrastructure business.

• In 1971, the firm was sold by the then partners to Armco Steel 
where it became an engineering division of a large industrial 
conglomerate.

• By 1985, Armco had decided to divest Burns & McDonnell as a 
means of infusing cash in its struggling steelmaking operations.

• Throughout 1985, Burns & McDonnell officers put together a 
plan to acquire the firm through an employee stock ownership 
plan (ESOP). The officers were able to secure a loan from United 
Missouri Bank, but only after the 10 top officers agreed to per-
sonally invest in the firm.

• On Jan. 1, 1986, Burns & McDonnell opened for business as an 
employee-owned firm.

• At year-end 1993, Burns & McDonnell was able to make the last 
payment on its bank loan, retiring it ahead of schedule.

• On Jan. 2, 1994, employees burned the mortgage on the front 
lawn of company headquarters. 

• In January 2004, Greg Graves was named president and CEO, 
becoming just the sixth CEO in firm history.

• In 2006, the firm made the Kansas City Business Journal an-
nual list as one of Kansas City’s Best Places to Work. Burns & 
McDonnell has made the list every year since, and is now the 
No. 1 Best Place to Work in Kansas City.

• In 2008, Burns & McDonnell surpassed $1 billion in revenue for 
the first time and hired employee-owner Number 3,000.

• In 2009, Fortune magazine ranked Burns & McDonnell No. 50 on 
its annual list of America’s 100 Best Employers.

• In 2010, Burns & McDonnell ranked No. 22 in Engineering News-
Record’s annual Top 500 Design Firms list; the Transmission & 
Distribution Division ranked No. 1 in its category.

• In 2014, Burns & McDonnell hired its 5,000th employee-owner.
• In 2016, Burns & McDonnell expanded and opened its doors to 

a third building on its 37-acre world headquarters campus. The 
firm climbed to the No. 14 spot on the ranking of the top 500 
design firms and ranked the No. 1 engineering design firm in the 
country serving the electric power industry. Fortune magazine 
revealed its 2016 Best Places to Work For rankings with Burns & 
McDonnell listed at No. 16, in addition to earning top workplace 
honors from more than 20 publications across the country.

million to $30 million while CEO. In 2014, the employee-owners made 
their largest contribution of $2.5 million to the University of Kansas 
Hospital paired with a personal donation of $1 million from my wife 
and me. That was a really proud moment for all of us. 

C+S: What have been some of the most effective ways that you, as a 
representative of Burns & McDonnell, and the firm as a whole have 
been involved in the communities in which you operate?

Graves: Kansas City (KC) has been good to Burns & McDonnell and 
my family, so I committed to doing all I can for this community. In 
2011, I had the great privilege to serve as the chairman of the Greater 
Kansas City Chamber of Commerce and led a groundbreaking initia-
tive called The Big 5. Our goal was to look for ways to make KC even 
better — elevating it onto the world stage and make it one of the best 
places to work, live, start a business, and grow a business.

A team of the area’s top business leaders met with hundreds of Kansas 
Citians to identify the five most crucial areas of focus to build on the 
strengths of the region. They include:
• building KC’s workforce of tomorrow through kindergarten-readiness;
• revitalizing our urban neighborhoods through the Urban Neighborhood 

Initiative (UNI); 
• making KC America’s most entrepreneurial city;
• growing KC’s medical research from discovery to cure; and
• moving the University of Missouri-Kansas City’s (UMKC) world-class arts 

programs to a new downtown location

Burns & McDonnell committed to donating $250,000 to the UNI over 
the next five years. The donation helped fund the Dolly Parton Imagi-
nation Library at Faxon Elementary that would provide every child 
under the age of five in the UNI with a new age-appropriate book each 
month to promote early childhood reading.

Additionally, Burns & McDonnell donated $400,000 to support UM-
KC’s Conservatory of Music and Dance to its future home, a planned 
Downtown Campus for the Arts.  My wife and I donated an additional 
$100,000.

In 2011, the Burns & McDonnell Foundation developed and funded 
Battle of the Brains, the country’s most robust K-12 STEM education 
competition, to address the declining number of students pursuing 
careers in science, technology, engineering, and mathematics. The 
prize is a $50,000 grant for the winning school and the chance to work 
alongside Burns & McDonnell engineers, architects, designers, and 
other professionals as they bring their proposed exhibit ideas to life.  

This is much more than a science competition; it’s an adventure we go 
on with area students that spans two years. The first year they dream 
up an exhibit. The second year, their winning idea serves as inspiration 
for a million-dollar exhibit Burns & McDonnell builds at our Science 
Center at Union Station. More than 10,000 kids have participated in 
the program. Our goal is to inspire in students a spark and a passion for 
STEM topics that will resonate throughout their lives and inspire the 
next generation of STEM professionals.
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FIRMS IN FOCUS 

Installation of large components (the pipe is 13 feet in 
diameter) relied on precise measurements and accurate 
modeling. Scans of shaft walls captured beam pockets and 
keyways for future floors.

Square building 
in a round hole

Integrating virtual construction and geospatial technologies into 
design-build projects reduces risk and improves costs.

By John Stenmark, LS

It’s hard enough to build a complex industrial structure 12 stories tall. Putting 
one into a deep, concrete-lined hole is even more difficult. And then you will 
need to do it twice. That’s the challenge facing Abe Torres, senior virtual con-
struction engineer, and his colleagues at PC Construction. However, when the 
job is finished, they will have helped solve a problem more than 200 years old. 

The project is taking place in Washington, D.C., a busy, compact city that is 
among America’s most popular tourist destinations. The city’s resident popula-
tion, large commuter workforce, and millions of visitors each year can push 
demand for essential services beyond capacity. But crowds aren’t always the 
cause of the overloads: Mother Nature and aging infrastructure can combine 
to create a huge challenge to the city’s sewer system, which dates to the early 
1800s. 

Like many older cities in the U.S., Washington’s sewer system collects sanitary 
sewage and stormwater into common pipes that carry water to a treatment plant. 
When heavy rains occur, the runoff exceeds the system’s treatment capacity. 
Combined sewer overflows (CSOs) result in the release of untreated effluent 
into area rivers. 

To help mitigate the problem, the District of Colombia Water Authority (DC 
Water) is building a series of tunnels that will capture and store runoff, then 
feed the water to treatment plants in a controlled flow. The tunnels ultimately 
connect to the Blue Plains Advanced Wastewater Treatment Plant where a new 
pumping station will lift the water from the tunnels and deliver it to the treat-
ment facilities.

The tunnel into the Blue Plains plant is 5 miles long, 23 feet in diameter, and 
roughly 170 feet below the surface. It connects to a pair of circular, 132-foot-
diameter concrete shafts that will contain piping, pumps, and equipment that 
make up the tunnel dewatering pump station (TDPS). The joint venture of PC 
Construction (PC) and CDM Smith has a design-build contract on the pumping 
station and related facilities.

Torres described the project as placing a 12-story industrial facility with seven 
levels of steel, mechanical, and electrical components into a deep, round hole. 
Design and construction of such a large, complex facility is a prime opportunity 
to leverage building information modeling (BIM). By combining BIM with 
spatial technologies in the field, PC is achieving cutting-edge efficiency and 
significant cost savings.

3D modeling meets the physical world 
When Torres arrived on the project, another firm had already completed con-
struction on the two shafts. The shafts’ concrete liners included beam pockets 
and keyways to support the new structures. PC needed to verify the dimensions 
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and locations of these and other elements and compare them with the 3D model 
of the concrete structure that they would build into the shaft. Torres suggested 
that 3D scanning would be a fast, cost-effective approach.

Using a Trimble TX5 scanner, PC crews scanned the first shaft, conducting 16 
scans connected by control points attached to the shaft walls. After registering 
the scans to produce a single point cloud in Trimble RealWorks software, Tor-
res could bring in the design model. 

Using the scanning data, the design team merged field measurements with the 
3D design model of the pump station. They determined a best fit to place the 
structure in the shaft. 

“We had to turn it a little bit, not much, and it came together pretty good,” 
Torres said. “With the exact dimensions in hand, we figured out that we could 
prefabricate our beams and steel. Crews can do much of the assembly outside 
and then slide it into the hole and put it in place.”

The second shaft came with more challenges. Scanning revealed that the con-
crete liner was out of plumb in places and that the design would need some 
adjustments. 

“Our rebar was going to be too long and we needed to redesign it,” Torres said. 
“Had we ordered rebar according to the original design, there was no way it 
would fit. Doing the scan and checking it against the model saved us a bunch 
of money.”

Checking the models and feeding up-to-date information to construction crews 
is a continuous process. Matt Harraka, a virtual design construction manager 
for CDM Smith, said that engineers and designers use a broad range of soft-
ware tools to develop structural, architectural, MEP (mechanical, electrical, 
and plumbing), and grading designs. Harraka manages dozens of different file 
formats to bring the designs together in large model viewer systems such as 
Navisworks or Trimble Business Center (for earthworks and surveying) soft-
ware. 

PC uses Trimble Connect to manage and share design and construction docu-
ments with field engineers and subcontractors. As design changes occur, Torres 
uses Tekla software to manage the model and check for fit or clashes, placing 
updated files onto the Trimble Connect server. Then the data goes to handheld 
field controllers for layout. 

The choice of field software depends on the person and task involved. PC crews 
use Trimble Access software for all the surveying work and control. Layout 
and inspection for site grading is done using Trimble SCS900 Site Controller 
Software and engineers and tradesmen use Trimble Field Link software and 
total stations for layout inside the shaft. Engineers and tradesmen use visual 
layout techniques, in which the robotic total station automatically places a laser 
dot at the precise location of a fixture or attachment point. 

Keeping and using an accurate model is an essential part of project efficiency 
and quality control. Any design changes can be double-checked against exist-
ing conditions and other design elements before going to the field or fabricator. 
The extensive checking means that errors and costly rework are avoided, while 
cloud-based file sharing ensures that everyone is using the same correct and up-
to-date plans. Everything in the pump station — from concrete structures down 
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to ductwork, conduits, and individual anchor bolts — goes through the 
modeling and review processes. “If it’s not in the model, then it’s not 
going to be laid out in the field,” Torres said.

Adopting new technologies
Torres said that the ability to move information efficiently among the 
different software and tasks attracted PC to the concepts of model-
ing, BIM, and integrated field operations. But the company’s effort to 
integrate BIM with field work encountered some challenges, said Ron 
Ellison, PC chief field engineer. 

“In all honesty, it was tough at times,” Ellison said. “I think the big 
thing for us was, ‘Okay, we have this 3D model. How do we get this to 
the field?’ We had a lot of qualified people who were willing to jump in 
and learn to use BIM — we were all teaching each other. I think we’re 
still learning today.” 

New generations of workers are readily adopting the new approaches; 
Ellison said that even seasoned workers recognize the value of the 3D 
models in the field. It enables them to visualize the components of the 
project they are working on and see the relationship to other, yet-to-be-
constructed aspects. 

The PC crews combine measurement and modeling throughout the 
project. Prior to concrete pours, they can verify that forms and rebar 
are positioned correctly. Post-pour, as-built measurements enable the 
model to be updated as necessary. Installers and construction workers 
use the models to install MEP and other components. 

“They don't need to look at 2D plans and figure out elevations that are 
in 2D, which doesn’t always make sense to us as humans,” Torres said, 
adding that misinterpretation of 2D plans is a common source of error. 
“But with the 3D stuff it’s just amazing,” he said.

Ellison, who focuses more on machine control, develops site informa-
tion and constructible models from design documents and sends them 
to construction surveyors and machines in the field for layout, excava-
tion, and grading. The approach produces significant cost savings. 

“We’re seeing 30 percent savings, maybe more, from what I call the 
old school 2D way to the modern way,” Ellison said. “There’s more 
work in the office, but savings in the field more than make up for it. 
Having a model means it’s set up, checked, and ready to go.”

Preventing problems
The work at Blue Plains to date has gone well. “Using the model is one 
of the best things that could happen to us,” Torres said. “We modeled 
all the concrete inside the structure, all the anchor bolts, and steel pipe 
supports as well.” 

The view from the prism pole during layout. The display guides the user to the correct 
location. Brackets on the shaft walls hold prisms for control points. The total station is 
visible above the workers to the left of the prism pole.

Moving from model to reality

When Abe Torres joined PC Construction (PC) in 2008, he arrived with 
ideas and experience on ways to improve the company’s performance. 
PC, a Vermont-based, employee-owned construction firm provides 
engineering and construction services along the East Coast. With 
contracts totaling roughly $500 million annually, PC’s clients include 
water and wastewater treatment plants and large infrastructure, which 
are Torres’s area of interest. Torres, who holds the intriguing job title of 
“senior virtual construction engineer,” saw the potential to use a blend of 
spatial technologies in PC’s design and construction processes.  

“In the past it wasn’t unusual to see a lot of rework,” Torres said. “A 
design that works on paper can produce some expensive surprises on 
the construction site. What we’re trying to do is to use technology and 
leverage computerized design and BIM in wastewater treatment plants.” 

The effort gave rise to a new department at PC focused on virtual 
construction, which blends 3D design and modeling with field 
measurement, layout, and quality control. This ability of the model to 
adapt to reality has delivered some big benefits at Blue Plains, where PC 
has a design-build contract on the pumping stations.

While it’s common for engineers to produce 3D models for their designs, 
the models aren’t static, said Matt Harraka, a virtual design construction 
manager for CDM Smith, PC’s joint venture partner at the Blue Plains 
site. It’s Harraka’s job to carry the model from the design phase into 
construction and ensure that the model is kept up to date as construction 
progresses. 

“If you don’t update the model past the design phase, then there’s no real 
use for it other than seeing what it was like at the end of design,” Harraka 
said. “In order to use it during the construction phase, you need to keep 
the model current in relation to what’s actually going to be installed. 
So that means that as shop drawings and fabrication notes come in, the 
model needs to reflect what will be installed. If not, then you can’t build 
accurately.”
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The ability to measure and plan in detail delivered big benefits. One 
example is the installation of a large header pipe that will carry and 
deliver water from the tunnel to the pumping equipment. Fabricated in 
sections, the steel header is 13 feet in diameter and runs the width of 
the shaft. PC rented a special crane to handle the pipe and its supports. 

“We only had the crane for a week and we had just two days to put 
everything together,” Torres said. “We needed to put the pipe on its 
supports at the correct elevation, so we had to shoot inverts on the pipe 
supports. We worked with zero tolerance because the pipe is so big and 
heavy that had we needed to move it then it would probably break all 
the anchor bolts, which would be a disastrous setback. Everything was 
thoroughly planned, checked, and re-checked.” 

The rigorous measurement and checking enabled installation to move 
smoothly and according to plan. 

Ellison said that’s not an unusual result. “It makes it so much nicer to 
be able to see something in 3D in the office before it gets to the field,” 
he said. “That’s our biggest benefit — to catch and eliminate mistakes 
in the office before they get to the field.”

Harraka pointed to recent graduates emerging from trade schools and 
colleges as an enabling force for BIM and virtual construction tech-
nologies. “It's our job to make sure that the people who want to choose 
that career path can get the education and start working in it. As we 
go forward, there’s going to be more tech-savvy people coming out of 
university. This can do nothing but grow.”

JOHN STENMARK, LS, is a writer and consultant working in the geospatial and 
associated industries. He has more than 25 years of experience in applying 
advanced technology to surveying and related disciplines.  

The controller display during layout of anchor bolts. A laser dot marks the location of 
the bolt. Layout can be checked with independent measurements to the marks.
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Overland Park, Kan.-based Black & Veatch is a global engineering 
and construction company specializing in critical utilities — including 
energy, water, and telecommunications — with more than 11,000 em-
ployees in over 100 countries. The company has a fleet of 450 vehicles, 
including a mix of cars, service trucks (light-duty to heavy-duty), 
and even a few Class 8 trucks. Many fleet drivers are lone workers, 
responding to calls in the field. Telecom workers in particular put in 
many miles on the road, driving from cell tower to cell tower perform-
ing upgrades or maintenance. Some workers can drive as many as 
7,000 miles per month.

Jeff Hill, fleet manager for Black & Veatch (Construction Equipment 
& Fleet Services) in the U.S., needed a way to increase driver safety 
and decrease accidents and liability. Safety is priority number one at 
Black & Veatch. “We are a zero tolerance safety company,” Hill said. 
The challenge was to find a solution that could accurately measure 
performance and also motivate the diverse group of drivers to promote 
better driving.

A driver safety scorecard was implemented to better identify at-risk 
drivers. With Geotab’s support, Black & Veatch developed the rules 
and fine-tuned the parameters. The driver scorecard allowed Black 
& Veatch to clearly pinpoint issues and see which drivers or vehicles 
needed additional training.

Previously, Black & Veatch was using different providers and two dif-
ferent telematics systems. Once the Geotab fleet management solution 
was installed and running, the process was streamlined. With all the 
data together in one system, it was possible to see driving trends and 
ways to enhance performance.

A policy was developed to help ensure all drivers followed specific 
safety guidelines, with driver safety scores reported each month to su-
pervisors and the management team and communicated to employees.

Within the first year of the program, Hill started seeing positive re-
sults. Since implementing the scorecard and policy, Black & Veatch 
improved its average fleet safety score by 28 percent and lowered its 
accident rate from more than five accidents per million miles to 3 ac-
cidents per million miles. The number of high-risk drivers was reduced 
by 87 percent.

With workers driving 15 million miles per year, that benefit adds up. 
The data show that Black & Veatch could reduce close to 30 accidents 
in a 12-month period.

Black & Veatch monitors and coaches driving behavior of its fleet of 450 vehicles.

FIRMS IN FOCUS 

Safety first
Black & Veatch implements a driver scorecard to increase vehicle 

fleet safety and decrease accidents and liability.



SAFETY AND CONTROL ARE ESSENTIAL

L E A R N  M O R E  A T  
D R I V E A S P H A LT. O R G

“It doesn’t matter if I’m on the job scouting locations for my next 
big stunt or planning a weekend getaway with my family: Safety is 
my top priority. That’s why asphalt pavements are always my first 
choice. They are smooth, skid-resistant and have excellent gripping 
power, making them the safest choice. Asphalt pavements give me 
the control I need to perform on the job, and the safety I want when 
traveling with my family. That matters.”

-Jeremy Fry | Stuntman | Family Man

SMOOTHNESS NOISE SAFETY SUSTAINABILITY CONSTRUCTION

A SAFE RIDE 
It’s just one of the ways asphalt delivers drivability. 

The Asphalt Pavement Alliance is a partnership of the Asphalt Institute, National Asphalt Pavement Association, and the State Asphalt Pavement Associations.

DRIVABILITY MATTERS
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In its driver safety scorecard, Black & Veatch focused on speeding and 
seat belt use. The top weighted rule was speeding 15 miles over the 
posted speed limit. If drivers broke that rule, it would affect their score 
the most. The second most important rule was the company speeding 
guideline, and seat belt use rounded out the top three. Excessive ac-
celeration, harsh braking, and harsh cornering were also incorporated 
in the score.

The flexibility of the scorecard allowed Black & Veatch to set its rules 
by specific speed and time parameters. Rules were designed to enforce 
policy while accommodating specific situations that drivers might en-
counter on the job site.

“The scorecard is on our dashboard, emailed every week, and sum-
marized once a month,” Hill said. “The rules are customized so they 
fit us.”

From the beginning, Black & Veatch made an effort to include drivers 
and help them understand the goals of the program. During the roll-out 
phase, the company held conference calls and enlisted local managers 
to assist.

A monthly ranking of the top 10 and bottom 10 drivers is posted. 
Scores are also reported monthly to supervisors and the executive 
team. Positive feedback is provided to employees who improve their 
driving safety. Special recognition is given in the company’s monthly 
newsletter to employees who drive more than 1,000 miles a month 
and are in the top 10 of the scorecard. The transparency of the results 
encourages awareness, not to mention some healthy competition.

Hill worked closely with the drivers, always ready to provide coach-
ing when needed. After the scorecard was implemented, Hill received 
calls from drivers who wanted to improve their score. With the detailed 
history available in MyGeotab, Hill could run reports showing exactly 
where and when the infractions occurred.

Individualized feedback helped the drivers understand what was done 
wrong and how they could improve. Hill saw an immediate improve-
ment in these cases. “They would call back and say, ‘I see it now.’ The 
drivers would make the changes and I’d see them move right up the 
scorecard,” he said.

Black & Veatch reduced accidents, lowered the number of high-risk 
drivers, and improved overall driver safety with the Driver Safety 
Scorecard — a tremendous win for the company and employees. “Re-
ducing speed and focusing on non-aggressive driving has made a huge 
change for us,” Hill said.

The success of the program is credited to:
• Openness — Letting drivers know the exact issues.
• Transparency — Making the data available to employees.
• Guidance — Clearly communicating the program goals so drivers un-

derstand it’s not a Big Brother-type initiative.

The flexibility of the Geotab solution and simplicity of install were 
big positives for Black & Veatch, especially since vehicle changes are 

frequent. At the beginning, Hill was intimidated by the prospect of 
sorting through all the data, but with Geotab’s help, he learned how to 
manage the data effectively.

During the implementation, Hill had a weekly call with the Geotab 
team to learn how to manage the data. Geotab provided suggestions on 
setting rules and parameters, reporting, and customizing his fleet man-
agement dashboard. The monthly call soon became a quarterly one. 

Driver scorecards

Geotab’s driver scorecards provide advanced insight into the on-road 
activities of drivers. Users can evaluate driving behavior and productivity 
or check engine health risks and compliance violations. The Safety Driver 
Scorecard shows which drivers or vehicles need training with certain 
behaviors. Managers can review daily, weekly, or monthly driving trends 
and develop performance benchmarks. The report can be customized to 
a fleet’s specific needs.

Risk and safety scores are assigned to individual drivers based on 
factors such as speeding, seat belt use, braking habits, degree of corner 
turn, acceleration, and after-hours vehicle usage. The basic scorecard 
includes standard speed bands and idling greater than 5 minutes. Users 
can review incident count and events per 100 miles to create scoring 
criteria. The overall score for each driver is rated out of 5 (0-1 = poor 
and 5 = excellent). As many as six rules can be added, including harsh 
acceleration and cornering. The weight of each rule or the score itself can 
be adjusted.
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“That was big for us. Without the support to go through 
the scenarios, we wouldn’t have moved forward,” Hill 
said. 

In addition to improving driver habits, telematics has 
helped Black & Veatch increase driver safety in other 
ways. The Geotab solution provides advance warning 
of vehicle issues. Hill receives a notification when a 
vehicle has a dead battery. He is able to reach out to 
those drivers to check if they need assistance. 

“I want them to know that I’m not just looking for 
speeders,” Hill said. “I’m watching out for their safety 
as well.”

Implementing the Geotab solution has also improved 
customer service — which was a great side benefit. 
Black & Veatch assigned a zone to each cell tower. 
With greater visibility of the fleet it is possible to know 
when workers are coming and going, and when the 
work is completed. For example, even though they 
work on thousands of cell towers, Black & Veatch 
can tell a client the exact time a specific location was 
serviced.

When Black & Veatch started its telematics program, 
the objective was to track GPS vehicle location. Once 
the company began reviewing all the data, the goals 
evolved. They realized telematics was a powerful 
tool for improving operations and employee safety. 
Telematics supported the safety goals of the company 
and helped put them into practice.

Proactive management is important to Hill. Ignoring 
the issues is not an option. “We can’t put our head in 
the sand,” he said. Fleet managers should use their 
telematics data to better understand and fix the prob-
lems in their fleet.

Hill plans to continue working with Geotab to further 
refine the rules and enhance the program. He wants to 
keep pushing people to do better and reduce the ac-
cident rate to below two accidents per million miles.

“I had one of our construction drivers tell us that this 
is the single, greatest safety initiative that Black & 
Veatch has ever done,” Hill said. By monitoring and 
coaching driving behavior, Black & Veatch is keeping 
employees safe and protecting other drivers on the 
road. 

STRUCTURAL TECHNOLOGIES’ V-Wrap™ FRP is a lightweight, high-strength, 
code approved composite system  for concrete and masonry structures and 
structural elements. These lightweight, high-strength materials are used to 
restore and upgrade load-carrying capacity.

PERFORMANCE

• Long-term durability
• ICC-ES approved 
• UL-approved fire-resistant finishes available

FLEXIBLE AND EFFICIENT

• Utilized on a variety of structural elements
• Ideal for complex geometries
• Result in faster schedule and cost savings

Contact us today to learn more!

www.structuraltechnologies.com
410-859-6539

STRUCTURAL TECHNOLOGIES combines comprehensive, no-cost, technical 
support from industry experts with extensive and relevant structural engineering 
experience, including expertise in seismic applications.  

EXPERTISE
• Product selection
• Specifications
• Preliminary design
• Construction budgets

Our Strengthening Solution Builders ensure V-Wrap™ Systems are engineered to 
meet a project’s specific requirements with components that optimize application 
performance. Quality you can trust from a rock solid team you can rely on.

R E L I A B L E  P R O D U C T S

R E L I A B L E  S U P P O R T

Information provided by Geotab (www.geotab.com). 

www.geotab.com
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MEDITECH Foxborough Office and Conference Center is a four-story 
structure located in Foxborough, Mass., that is home to MEDITECH. 
The project scope was a complete renovation of an existing structure 
that had not been occupied in years. The intent was to accommodate 
a new office space and conference center that included an auditorium 
and banquet hall for new product introduction, training sessions, and 
other corporate gatherings. 

The project was a 2016 Cold-Formed Steel Engineers Institute Design 
Excellence Award winner.

The renovation included significant removal of an elevated concrete 
floor slab and steel columns to make way for a new two-story, 568-
seat auditorium with a center stage area. The auditorium was to be 
constructed using cold-formed steel framing as the primary structural 
system.

The design for the auditorium was unique because of its elliptical 
shape; the integration of five separate plenum zones beneath the seating 
surface; the presence of several rooms built into the underside of the 
auditorium seating; and the precise coordination between the framing 
members and the theater seating units, which functioned to facilitate 
air flow from the plenum zones into the auditorium space through each 
pedestal.

Once the existing structure was modified to create the necessary space 
for auditorium construction, Base Design Group, Inc. was brought onto 
the team to collaborate directly with Payette Associates Inc. and the 
contractors to help blend the desired structural system with the owner’s 
end use requirements and intricate MEP (mechanical, electrical, and 
plumbing services) demands. Elevated concrete slabs on cold-formed 
steel joists and bearing walls were introduced to create the necessary 

space and rating separation for the rooms beneath the auditorium. 
Cold-formed steel joists on cold-formed steel bearing walls were used 
to create the auditorium’s center stage, entry ramp, stairs, and all seat-
ing tiers.

MEP penetrations, vertical drops, and horizontal chase runs were care-
fully planned throughout the framing assembly system to permit all 
plenum zones below the seating surface to maintain intended separa-
tion and functionability. Cold-formed steel lateral stability bracing was 
positioned to avoid interferences while still providing adequate room 
below the auditorium seating to allow all MEP systems accessibility 
for servicing throughout the structure’s life cycle.

Additionally, the layout of all horizontal joists required precise co-
ordination with the theater seating pedestal layout to avoid airflow 
interference and notching of structural members. Onsite surveying was 
then employed to assist with executing the exact layout of all framing 
members and seating.

The project was an exemplary example of quality design and build 
teams working in close collaboration to provide solutions to complex 
construction challenges using cold-formed steel framing. This ulti-
mately led to a smooth construction process and a successful project 
for all companies involved.

The MEDITECH renovation included construction of a new two-story, 568-seat auditorium with a center stage area. Cold-formed steel 
framing served as the primary structural system. Photo: Payette | Photographs © Warren Jagger Photography

Cold-formed steel framing provides the primary structural system 
for a completely renovated office and conference center.

Complex coordination

Information provided by the Cold-Formed Steel Engineers Institute (www.cfsei.
org).  

MEDITECH Foxborough Office and Conference Center

Owner: MEDITECH
Architect of record: Payette Associates Inc.
Engineer of record for structural work: Goldstein-Milano LLC
Cold-formed steel specialty engineer: Base Design Group, Inc.
Cold-formed steel specialty contractor: Commercial Drywall & 
Construction Co. Inc.

www.cfsei.org
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An ineffective maintenance routine on a parking structure can quickly lead to costly 
repairs and restorations.

Three indicators that water leakage is occurring are exposed metals rusting, rust 
stains along the walls, and efflorescence.

Facility managers are often tasked with maintenance of parking struc-
tures. Made of concrete and steel, these multi-level hubs provide visi-
tors and their vehicles with shelter from the elements and often provide 
access to housing or office space. However, protecting the structure 
itself from the constant onslaught of environmental stressors and wear-
and-tear comes with its own set of challenges.

Vehicles regularly entering parking garages leave water, oil, and muck 
behind. Not to mention salt and deicers tracked in during the winter 
months that can corrode the structure’s concrete and steel support 
system.

An ineffective maintenance routine on a parking structure can quickly 
lead to costly repairs and restorations that can be disruptive to tenants 
and cause unexpected costs and safety concerns.

“Essentially, the goal of parking garage maintenance is to keep water 
and corrosives away from the garage’s reinforcing steel,” said Carter 
Pogue, sales/project manager with Western Specialty Contractors. 
“The damaging and compounding cycle of water infiltration never gets 
better on its own, and the longer that warning signs are ignored, the 
more serious and costly the repairs can become.”

The three most common types of concrete parking structures are 
double-tee precast, conventional cast-in-place, and post-tensioned. All 
three types are subject to deterioration. Western’s experts have identi-
fied five key indicators that a parking garage is in need of preventative 
maintenance:

• Water leakage — Leaking water is a clear sign that a parking garage 

is in need of repairs. The longer the condition is left unattended, the 
more expensive the consequences can become. Three indicators that 
water leakage is occurring are exposed metals rusting, rust stains along 
the walls, and efflorescence.

• Ponding water — Water and parking garages do not mix well, so 
standing water is obviously an issue. A simple drain installation or 
protective waterproof membrane will prevent future, larger problems.

• Expansion joint failure — Failed expansion joints provide another 
avenue for water to penetrate and reach the reinforcing steel and T-to-
T connector plates. Repairing expansion joints is much simpler than 
resolving issues created by corroded reinforcing steel and connector 
plates. Detecting expansion joint problems and reacting quickly to 
make repairs is beneficial in the long run. Wear at the T-to-T joints, 
expansion joint failure, and flange connection deterioration are com-
monly found in double-tee precast structures.

• Delaminated, spalled, horizontally cracked, and vertically cracked 
concrete — Concrete is bound to crack at some locations. Delaminated 
or spalled concrete is when a piece of concrete detaches from the struc-
ture. Along with delaminating and spalling, vertical and horizontal 
cracks in the concrete also represent threatening areas of weakness. 
These issues are problematic as they can lead to structural damage 
because they allow water to reach the garage’s reinforcing steel. This 
type of damage is commonly seen on post-tensioned and conventional 
cast-in-place concrete parking garages.

• Exposed rebar (reinforcing steel) — If rebar can be seen, there is 
a problem that deserves swift attention. When rebar is introduced to 
water, it corrodes and expands as much as eight times its original size. 
This condition usually is the result of a crack in the concrete that allows 
water to travel through and reach the rebar. The force of the expand-
ing rebar causes more damage to the concrete around it, which creates 
greater access for water and more corrosion. It is imperative to stop this 
compounding cycle as soon as possible.

Catching problems early and making repairs are keys to 
proper parking structure maintenance.

Five indicators of 
parking garage problems

Information provided by Western Specialty Contractors (www.westernspecialty-
contractors.com), specialists in concrete maintenance and restoration.  
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I-75 South Metro Express Lanes, GA

To expedite this project while optimizing 
design and reducing costs, GDOT is using 
the design-build project delivery method.  

The Reinforced Earth Company was selected 
to provide 18 Mechanically Stabilized Earth 

(MSE) Reinforced Earth® wall structures 
totally nearly 98,000 square feet of facing.

1-800-446-5700

Veteran’s Expressway, FL

To avoid installing deep sheet pile walls a 
customized design of the wall section was 
developed, using less space and requiring 

less excavation.  Where supported excavation 
was still required a considerably lower 

height, less expensive soldier pil and lagging 
walls were intalled. 

I-29/US 275 Interchange, IO

RECo is proud to be involved in the Council 
Bluffs Interstate System (CBIS) Improvement 

Program by providing several large MSE walls 
for abutments and ramps in the vicinity of 
the I-29/US 275 Interchange and Mosquito 

Creek.  The CBIS program is designed to 
accomodate a growing area.

REINFORCED EARTH®
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The prestigious new Fordham University School of Law and McKeon 
Residence Hall is the centerpiece of the first phase of Fordham 
University’s 15-year master plan at its Lincoln Center, New York City 
campus. The 22-story, 468,000-square-foot LEED Silver-certified 
building integrates two distinct curved forms, different construction 
types, and different user groups in one unified complex.

Designed by Henry N. Cobb and Yvonne Szeto of Pei Cobb Freed & 
Partners, the building forms a new northern boundary to Fordham’s 
Robert Moses Plaza with three distinct scales, consisting, as the 
architects put it, of “a one-story dining pavilion opening onto the 
Plaza’s central green; the nine-story School of Law, whose gently 
curved surface frames the Plaza; and the taller but quieter slender 
convex form of the 12-story McKeon Residence Hall, which houses 
430 undergraduates.” 

The project comprises the 339,000-square-foot School of Law, with 
26 classrooms, lecture halls, seminar and conference rooms, a two-
story atrium, a moot and trial court facility, and a 90,000-volume law 
library; the 129,000-square-foot residence hall above, which includes 
211 student rooms, five integrated learning center suites, a dance 
studio, and entertainment rooms; and the 130-seat dining hall. The 
two main components gracefully interface at the mechanical level, 
an additional floor that provides the foundation for the residence hall. 

“The undulating checkerboard pattern of the precast panels provides 
a distinct identity for the new law school, while the curved glass 
curtain wall gives a lighter appearance to the residential tower,” the 
architects explained. “Yet the two forms meet in a way that reinforces 
their unity.” 

Merging column-free spaces with a residential grid above
The structural engineering team of WSP | Parsons Brinckerhoff 
responded to the challenges of scale, geometry, volume, budget, 
and construction schedule with a cost-effective solution that merges 
column-free public and academic spaces in the law school with the 
residential grid above. 

The law school base structure is a conventional steel-framed building 
with spans up to 60 feet topped with a 3-inch metal deck and poured-

in-place concrete with thicknesses ranging from 3 to 6 inches to 
ensure conformance with stringent industry Guide 11 vibration and 
noise criteria. The residential section comprises staggered truss 
frames with precast concrete panel floors.

The structural engineers developed the solution based on the results 
of a study of several structural systems designed to stay within the 
budget while accommodating the need for column-free spans in 
certain law school spaces: a conventional steel-framed structure with 
poured-in-place concrete for both the law school and the residential 
tower; a conventional poured-in-place concrete building for the 
residence hall; and a staggered truss system with precast concrete 
floors for the residence hall. 

The team settled on utilizing staggered truss frames with precast panel 
floors within the residence hall because this system is economical and 
rapidly constructed in buildings with repetitive spaces. This structural 

The structural solution for Fordham University 
School of Law and McKeon Residence Hall 

integrates two distinctly curved components.
By Rodica Kestenband, P.E.

Structural engineering 
at the intersection 

of two curves

The law school base structure is a conventional steel-framed building with spans up 
to 60 feet.

An undulating checkerboard pattern of the precast panels provides a distinct identity 
for the new law school, while the curved glass curtain wall gives a lighter appearance 

to the residential tower.
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solution also reduced the height of the residential component by 
approximately 10 to 15 feet when compared with a conventional 
steel-framed building.

Open spaces were maximized in the law school component using 
moment frames and multistory hangers supported by Vierendeel 
trusses — open-web trusses with vertical members every 30 feet and 
rigid joints, but without diagonals — that are designed to support 
a load of approximately 600k. The lateral system in the law school 
consists of steel braced frames located along the perimeter and 
interior moment frames.

Mega columns support the residential tower
The structural engineers were challenged to create a “foundation” 
at the top of the nine-story academic facility for the residential 
structure above it because the residential tower columns could not 
directly continue to the ground. To achieve this, support framing 
was designed within the mechanical floor consisting of two 24-foot-
high curved trusses along the entire 100-foot length of the residence 
hall, each supported by three built-up steel mega columns that are 
designed to support loads up to 8,000k. 

Sloped columns at the perimeter enable the transition from the law 
school building to the residential tower. The slab of the residential 
first level consists of cast-in-place concrete from which are hung the 
ducts, pipes, and other mechanical equipment. Removable bar-joists 
were used to support the forms required for this concrete floor as an 
economical alternative to scaffolding.

Staggered truss system is efficient and economical 
The staggered truss system serves as the lateral force resistance system 
as well as the gravity support system. Lateral forces perpendicular 
to the staggered trusses are resisted utilizing braced frames. Placed 
within the partitions between student rooms, the staggered trusses 
created efficient long spans for the residence hall corridors. 

As Pei Cobb Freed & Partners designed the Fordham University 
School of Law and McKeon Residence Hall to qualify for LEED 
Silver certification, the structural engineering team incorporated 
sustainable design criteria, including the use of recycled content and 
regional materials.

The structural engineering team’s creativity enabled column-free 
spaces in the law school with a minimal additional cost to the owner. 
The full-story-height trusses located within the mechanical space 
created efficient transfer structures for the columns above. Through 
innovative thinking, the team was able to meld the column spacing 
criteria from the residential hall above with the column spacing 
requirements of the law spaces below, while staying within budget 
and reducing construction time.

A striking presence at the corner of Baltimore Avenue and Campus 
Drive, the University of Maryland’s new Brendan Iribe Center will be 
a hub for technology at the heart of an emerging innovation district. 
Situated amongst high-tech companies, government agencies, and 
institutional colleagues, the anticipated center is fueled by a $31 
million gift from Oculus VR co-founder and CEO Brendan Iribe and 
designed by HDR.

Bringing together the university’s top-ranked Department of 
Computer Science and its renowned Institute for Advanced Computer 
Studies, the center’s 215,600 square feet and six floors of specialized 
labs will support groundbreaking research in virtual and augmented 
reality, artificial intelligence, robotics, computer vision, algorithms, 
and programming languages/systems.

“The Iribe Center will challenge students and faculty alike to push 

the boundaries for their computer studies and reinforce the future 
business potential that it offers,” said Brian Kowalchuk, HDR’s 
director of design. “The architecture ties not only to the rich culture 
of the university’s past with its site organization, but clearly points to 
its future through both form and materiality — becoming an actual 
and virtual gateway for the College Park campus and a home for both 
serious and playful reality.”

Oculus VR’s Iribe led a “virtual” groundbreaking on April 30, 2016 
as participants wore Oculus VR glasses and visualized his virtual 
shovel break ground at the virtual site of the Iribe Center.

The building will house nationally recognized centers of 
interdisciplinary research in cybersecurity, computational biology, 
quantum computing, data science, and other fast-growing tech fields. 
The advances developed here will help create a virtuous cycle of 
innovation, establishing Maryland tech companies and adding to the 
state’s economic development.

Students and faculty alike will experiment and create in open work 
areas and makerspaces filled with natural light. Flexible classrooms 
will promote teamwork and active learning. And welcoming common 
areas — including an expansive green space along Baltimore 

RODICA KESTENBAND, P.E., is vice president, Building Structures, of WSP | 
Parsons Brinckerhoff (www.wsp-pb.com). She is based in New York City. 

HDR designs new home for groundbreaking 
research in computer sciences at University of Maryland.

Technology hub
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Avenue — will extend the collaborative environment to the broader 
community.

“The building will foster the kind of collaboration that reinforces 
personal thought augmented by the benefits of team-based learning,” 
Kowalchuk said. “Its transparency will connect the virtual cyber 
world to the surrounding vegetative beauty.”

Site visits to Facebook, Oculus VR, Google, and other technology 
“disruptors” gave the Iribe Center’s design team an inside look at 
how to create a building that propels innovation. The result will be 
a facility that offers unprecedented opportunities for students and 
faculty to explore and imagine bold new applications of computer 
science.

The University of Maryland’s Iribe Center will increase the number of classrooms and 
consolidate the computer science and engineering community into a single facility
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Brendan Iribe Center

• 215,600 gross square feet
• 20,000 square feet of community space
• 5,300-square-foot makerspace
• 4,000+ people, peak daily use
• 785 seats of instructional space
• 620 regular occupants
• 13 computer labs
• 8 classrooms
• 5 seminar rooms
• 2017 anticipated opening

The new Iribe Center will be an actual and virtual gateway for the College Park, Md., 
campus
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In the Iribe Center’s dynamic, collaborative makerspaces, students 
will use sensors, microcontrollers, 3D printers, robots, quadcopters, 
and other components to create new hardware and software. Students 
will have 24/7 keycard access, so these creative workshops will buzz 
with energy day and night.

Innovation thrives on novel ideas for solving problems, so students 
from every discipline will be welcome at the center. Dancers and 
athletes, for example, will be able to leverage the motion-capture lab 
to record and perfect precise movement.

In virtual and augmented reality labs, students will build immersive 
multimedia experiences and environments that engage bold new 
possibilities presented by smartphones, smart glasses, and virtual 
reality devices.

Since 2009, enrollment in the University of Maryland’s Department of 
Computer Science has tripled to approximately 2,300 students and is 
expected to continue growing into the next decade. Existing facilities 
can’t keep up, and students and faculty are scattered throughout four 
existing buildings on campus.

The Iribe Center will change all of that, increasing the number of 
classrooms and consolidating the computer science and engineering 
community into a single facility that spurs pioneering research and 
serves students from practically every major:
• eight collaborative classrooms with interactive technologies and 

flexible seating, collaborative group work, and experiential courses;
• 13 spacious labs featuring latest equipment and software to support 

student learning; and
• five seminar rooms enabling in-depth coverage of special topics and 

creative projects in multidisciplinary computing fields.

Additionally, a $4 million gift from Oculus chief software architect 
and co-founder Michael Antonov, and $3 million from Elizabeth 
Iribe, are helping to make the new center possible and increasing 
scholarship and endowment support for students and faculty. To 
honor the memory of Andrew Reisse, also an Oculus co-founder, the 
rooftop garden will be named Reisse Park. Iribe, Reisse, and Antonov 
met as students at the University of Maryland.

Information provided by HDR (www.hdrinc.com).  

The building’s transparency is intended to connect the virtual cyber world to the 
surrounding vegetative beauty.
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In September, U.S. Secretary of Energy Ernest Moniz and U.S. 
Secretary of the Interior Sally Jewell announced publication of a 
collaborative strategic plan to continue accelerating development of 
offshore wind energy in the United States. According to the Department 
of Energy (DOE), National Offshore Wind Strategy: Facilitating the 
Development of the Offshore Wind Industry in the United States, 
could help enable 86 gigawatts of offshore wind in the United States 
by 2050. The strategy details the current state of offshore wind in the 
United States, presents the actions and innovations needed to reduce 
deployment costs and timelines, and provides a roadmap to support 
the growth and success of the industry.

The strategy was published just weeks after construction was 
completed on America’s first offshore commercial wind farm off of 
Block Island, R.I. The new 30-MW wind farm was the Bureau of 
Ocean Energy Management’s (BOEM’s) first right-of-way grant and 
is expected to start operating by the end of 2016. It will generate 
enough electricity to power 17,000 homes in New England. Coastal 
states like Massachusetts, which just passed an energy bill that 
requires utilities to get 1,600 MW of their power from offshore wind 
by the summer of 2027, are accelerating the development of offshore 
wind.

According to the strategy report, almost 80 percent of U.S. electricity 
demand is located in coastal states and many legacy fossil fuel, 
nuclear, and renewable generators are set to retire because of age, 
cost, or as part of the move toward lower-carbon sources of electricity 
(see Figure 1). 

Figure 1: Scheduled and age-based retirements and load growth create opportunity 
for new offshore wind generation in coastal regions. Image: U.S. Department of Energy, 

National Renewable Energy Laboratory (www.nrel.gov/docs/fy16osti/66522.pdf)

New U.S. offshore wind strategy 
is expected to accelerate development.

Offshore opportunities
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The National Offshore Wind Strategy identifies key challenges 
facing the industry and more than 30 specific actions that DOE and 
the Department of Interior (DOI) can take over the next five years to 
address those challenges. These actions fall into three strategic areas:

Reducing technical costs and risks — DOI proposes joint 
development of standard data collection guidelines to foster 
predictability and inform safe project development and DOE will 
work to increase annual energy production and reliability of offshore 
wind plants.

Supporting effective stewardship — DOI commits to numerous 
actions to ensure that the regulatory process is predictable, transparent, 
efficient, and informed by lessons learned from regulators in other 
countries. Additionally, as the first generation of installed projects 
come online, DOI and DOE will collect field data on parts of offshore 
development, including impacts on marine life and turbine radar 
interference, in order to support future offshore wind siting and plan 
reviews.

Improving market conditions for investment in offshore wind 
energy — Studies are needed to help quantify the broad grid 
integration impacts of adding significant amounts of offshore wind 
energy to the power system. Such information could significantly 
benefit the offshore wind community by informing state policies 
critical to supporting development.

The current strategy builds on DOE’s and DOI’s first joint 
offshore wind strategy, published in 2011. Since then, the Energy 
Department has allocated nearly $200 million to support three 
offshore wind demonstration projects — led by the University of 
Maine, New Jersey’s Fishermen’s Energy, and Ohio’s Lake Erie 
Energy Development Corporation — and research and development 
investments in technologies that specifically address the opportunities 
and challenges across U.S. waters. Additionally, since 2010, the DOI 
has issued 11 commercial leases for offshore wind development, nine 
of which generated approximately $16 million through competitive 
lease sales and covered more than 1 million acres of federal waters.

DOE has found that developing 86,000 MW of these offshore wind 
energy resources by 2050 would support 160,000 jobs, reduce power 
sector water consumption by 5 percent, and reduce greenhouse gas 
emissions by 1.8 percent.

Information provided by the U.S. Department of Energy (www.energy.gov).  

The full report, National Offshore Wind Strategy: Facilitating the 
Development of the Offshore Wind Industry in the United States, 
is available online at http://energy.gov/eere/wind/downloads/
national-offshore-wind-strategy-facilitating-development-offshore-
wind-industry. 

February 21-24, 2017
Cobb Galleria Centre
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Cities that carefully and creatively use their water assets for 
strategic urban advantage will ultimately be more livable, safe, and 
competitive. The cities that best understand this and act first will be 
the ones that not only avoid water crisis, but also will be the first to 
attract investment and improve their competitive position. 

Water demand issues and climate change risks affect communities 
of all sizes every day, especially like we’ve seen in Houston this 
past spring and around Baton Rouge, La., this summer. Meanwhile, 
citizens continue to look to their city leaders to develop strategies, 
policies, and infrastructure to deliver water, sanitation, and resilience. 

The U.S. offers several examples of urban water strategies that are 
sustainably improving quality of life. The first Arcadis Sustainable 
Cities Water Index ranks cities in the U.S. and around the globe on 
their water resiliency, efficiency, and quality (see Figure 1). The list 
of water-related challenges highlights the complexity of the problems 
that city planners and water authorities face. From these cities, we 
can also see what ideas are effective or worthy of more exploration. 

Overall, most U.S. cities studied ranked well for water quality, with 
Chicago, Philadelphia, Boston, New York City, and Houston rising to 
the top 10. Many cities also have developed efficiency, water reuse, 
and asset management strategies to make sure their water systems 
meet demands. 

On the other hand, the majority of U.S. cities struggle to achieve 
resilience to flooding and to prevent water scarcity, with most falling 
to the bottom half of the charts. As a result, despite high scores for 
water quality and water efficiency, no U.S. cities made the top 10 in 
the water sustainability rankings.

Water challenges worldwide
All cities face water challenges they are not fully equipped to address, 
from urbanization to climate change and aging infrastructure to water 
security. Left unaddressed, these challenges can become serious 
crises that can hold back growth or drain resources for years. These 
include the following:

Urbanization or population decline — Some cities are growing so 
fast that it can be hard for water systems built for smaller needs to 
meet levels of service. On the other hand, shrinking cities like those 
in the rust belt experiencing a 50 percent decline in population face a 
revenue shortage that can make it difficult to maintain large systems.

Water scarcity — Limited access to clean and safe water resources 
can lead to food shortages, economic slowdown, and even political 
conflicts that can further exacerbate the economic and competitive 
position of the affected city. Water scarcity is a growing problem in 
cities with vulnerable climates, limited natural water resources, and 
growing demand.

However, persistent drought is proving to be the mother of water 
efficiency in the west. For example, Los Angeles, which ranks 
#27 out of 50 cities globally for sustainability, is #2 in the world 
in water efficiency thanks to recent improvements and water reuse 
achievements.   

Los Angeles is responding to its challenges in the short and long 
term, starting with the gubernatorial-mandated 25 percent water use 
reduction and earthquake preparedness initiatives. The city has also 
adopted the One Water LA plan, which will set the bar for a more 
sustainable and resilient way to manage the city’s future water needs 
through a collaborative approach yielding sustainable, long-term 
water supplies for Los Angeles in addition to greater resiliency to 
drought conditions and climate change.

Water excess and flooding — At the other end of the spectrum, cities 
can struggle with too much water. Suffering during heavy rainfall, 
like parts of the southern U.S. did this year, many cities lack enough 
green space and other stormwater strategies to buffer heavy rains, 
while coastal areas are hindered by sea level rise and storm surge.

Water quality is New York City’s outstanding strength, built 
on a program to reduce nitrogen and water pollution, extensive 
pretreatment, and reduced combined sewer overflows. Even still, 
New York ranked #14 out of 50 cities globally in the index for water 
sustainability. This low ranking for such an iconic city stems from, 
in part, events such as Superstorm Sandy, which revealed New York 
City’s vulnerability to storm surge, flooding, and sea level rise. The 
New York Stock Exchange closed for a week, neighborhoods and 
businesses were ruined, and transportation systems, such as parts of 
the subway, flooded. The shocking effects brought to the forefront 
New York’s vulnerability to coastal flooding on its unprotected 
coastline and its need for resilience. It was estimated that if no action 
is taken, New York will incur at least $500 million in damages over 
the next 50 years, accompanied by ripple effects across the global 
economy.

New York responded to the call. The current plan, part of Mayor 
DeBlasio’s OneNYC initiative, seeks to create a new vision of 
what it means to be resilient. Instead of waiting to be able to afford 
total flood protection throughout the five boroughs, the plan sets 
realistic priorities, first aimed at protecting the city’s most vulnerable 
people and infrastructure such as hospitals. It also seeks to quickly 
regain business and social continuity, quickly restoring essential 
services such as water, sanitation, power, transportation, and 
telecommunications. This multi-layered approach makes it easier for 
businesses and individuals to return quickly to the work of recovery. 

Some key projects in New York City are expected to advance this 

Water sustainability leads to economic development for cities.
By Christopher Hill, P.E., BCEE, ENV SP

Ranking resiliency, 
efficiency, and quality
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Figure 1: The first Arcadis Sustainable 
Cities Water Index ranks cities in the 
U.S. and around the globe on their water 
resiliency, efficiency, and quality.
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vision, including the East Side Coastal Resiliency project, an outcome 
of the U.S. Department of Housing and Urban Development Rebuild 
by Design competition. This is the first part of an ambitious program 
to design and build a flood control system around Manhattan. The 
plan calls for a range of multifunctional resiliency solutions integrated 
with neighborhood and community amenities to improve community 
access and expand enjoyment of parks and recreational spaces.

In other parts of the world, governments have taken measures to 
invest in cities that are prone to flooding. For instance, China has 
identified sponge cities, or ones that can hold, clean, and drain water 
in a natural way. Unfortunately, many global cities have altered the 
natural systems of ponds, wetlands, and rivers by replacing them 
with dams, levees, and tunnels. This leads to flooded cities during 
major storm events. Flooding can be abated by increasing funding 
for returning land to natural settings, even within a concrete jungle.

Aging and inadequate infrastructure — Aging and inadequate 
water and wastewater infrastructure contributes to both scarcity and 
flooding, as well as inefficiency. The economic crisis and historically 
insufficient funding for water infrastructure has forced many utilities 
to delay improvements, which has led to a deteriorated and unreliable 
system. The problems associated with these issues can significantly 
reduce a city’s competitiveness.

But improvements are being made. Chicago, which ranks #20 in 
global sustainability, is addressing its efficiency vulnerability through 
one of the most ambitious infrastructure replacement programs 
on water and sewer lines, replacing 100 miles per year. To further 
increase efficiency and reduce consumption, the Chicago Department 
of Water Management has a volunteer metering program, heavily 
incentivizing consumers with rate guarantees to increase awareness 
and reduce leakage. 

Climate change — Changing weather patterns threaten to leave 
some areas in persistent drought while others experience extreme 
cloud bursts, mega storms, and rising sea levels that lead to 
flooding. In recent years, superstorms such as Hurricane Katrina 
in New Orleans and Typhoon Haiyan in the Philippines produced 
unprecedented storm surges that devastated flood protection systems 
and the communities they were designed to protect. On the other end 
of the spectrum, California cities such as Los Angeles recently faced 
unparalleled water shortages.

Fortunately, resilience is now on the radar of city leadership. Boston, 
which ranks #16 out of 50 global cities for sustainability, is planning 
to build its resilience as part of its fight to combat the effects of climate 
change. The new Climate Ready Boston initiative is remarkable in its 
holistic approach aimed at reducing vulnerability to a broad range of 
climate change impacts, from sea level rise and flooding to extreme 
temperatures and intense storms. 

The ambitious joint initiative of the City of Boston and the Boston 
Green Ribbon Commission will provide a planning framework and 
technical foundation for the city’s long-term climate preparedness. 
Boston’s goal is to produce a more detailed assessment of the city’s 

physical, infrastructure, environmental, and social vulnerabilities to 
projected climate change. 

Understanding the probability of storm disruptions, heat effects, and 
sea level rise in Boston will help the city focus its resources where 
they are needed most. Addressing the important social aspects of 
climate risk, engaging the public, and creating a vision for the future 
will put Boston in the forefront of resilience planning.

Security and business continuity — The critical nature of 
infrastructure associated with drinking water and wastewater services 
makes it an obvious target of cyber hackers or other malicious 
adversaries. With increased automation, the focus on infrastructure 
security and preparedness at the utility level is on the rise. While it 
may be unrealistic to expect that these systems won’t be targeted, 
planners are bringing resilience strategies into water security systems 
to protect critical assets and make sure that a system can be quickly 
restored to service after disruptive events. 

Ultimately, cities that plan ahead with their water resources will reap 
the advantages of an urban environment that is more attractive to its 
citizens, more reliable during storms and climate changes, and will 
provide more economic development opportunities.

Download the Arcadis Sustainable Cities Water Index report at https://www.arcadis.com/en/
global/our-perspectives/which-cities-are-best-placed-to-harness-water-for-future-success-.

CHRISTOPHER HILL, P.E., BCEE, ENV SP, is vice president and Water Supply & 
Treatment lead with Arcadis North America (https://www.arcadis.com/en/
united-states).  

https://www.arcadis.com/en/global/our-perspectives/which-cities-are-best-placed-to-harness-water-for-future-success
https://www.arcadis.com/en/united-states
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Headquartered in Norwich, N.Y., Chobani, LLC is best known for 
supplying Greek yogurt to millions of people across America. When 
its New Berlin facility reached maximum production capacity due to 
increasing consumer demand, the company had to add manufacturing 
space to capitalize on the momentum of its brand. Chobani contracted 
Tippmann Construction to design and construct a nearly 1 million-
square-foot production and distribution plant in Twin Falls, Idaho. 
The contractor turned to Manhard Consulting, a full-service civil 
engineering and surveying firm, to assist with the land development 
phase of the project and complete a site design under the aggressive 
schedule mandated by Chobani. 

To deliver a site master plan for this fast-track $450 million project, 
which included grading and earthworks analysis, infrastructure design, 
and stormwater management, Manhard relied on the conceptual 
design capabilities of Bentley SITEOPS. The use of Bentley’s civil 
site design software enabled project engineers to produce site designs 
faster and provide more land development options to the general 
contractor, creating an informed project lifecycle.

Working with terrain constraints
Faced with 200 acres of sloping Idaho terrain that would impact 
the site layout and ground elevations linked to a 939,000-square-
foot building pad, Manhard needed to work closely with Tippmann 
to make decisions quickly and accurately. The abbreviated timeline 
imposed by Chobani, together with an aggressive design-build 
schedule, required close coordination between the Manhard team, 
Tippmann, and various other consultants involved in the design of 
the production facility building. 

With all grading constraints associated with the logistics of arriving 
milk supply trucks, finished product truck maneuvering, truck docks, 
and other support services, a traditional approach to site layout and 
grading would take too long and would likely throw the project 
off schedule, resulting in an ineffective solution. Furthermore, 
stormwater drainage also needed to be considered to minimize the 
total area of ground disturbance. 

Employing a traditional iterative process would have required 
Manhard’s project engineers to design a grading scheme and perform 
earthwork analysis, which would likely add weeks to the project 
schedule. Based on the analysis results, the engineers would then 
have to modify the grading design and perform a separate analysis to 
achieve the desired work balance condition. To accommodate these 
challenges and provide viable options to its client, Manhard required 
an integrated design approach.

The exact placement of the facility on the site was highly variable. 
With each modification the grading design, earthwork balance, and 
ultimately amount of time needed to complete the earth-moving 

SITEOPS allowed Manhard to provide a grading design that minimized the volume of earth 
moved, significantly reducing the time associated with 

preparing the site for building erection.

The site master plan for the fast-track, $450 million Chobani yogurt production facility in 
Twin Falls, Idaho, included grading and earthworks analysis, infrastructure design, 

and stormwater management.
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Manhard Consulting delivers site design options for fast-track 

construction of the world’s largest yogurt production facility.
By Katherine Flesh
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operations, was in flux. Using SITEOPS, Manhard 
analyzed earthworks and generated multiple site design 
options with associated costs in a matter of days, as 
opposed to months. 

The ability to work in real time with Bentley’s 
conceptual design software streamlined collaboration, 
enabling the teams to sit down in a design charrette 
format and work on the site plan as a group with easy-
to-understand 3D renderings and visualizations of the 
grading concepts. SITEOPS allowed Manhard to work 
with Tippmann to quickly and easily make changes and 
decisions regarding the site plan, and immediately see 
the resulting impacts to the earthwork for the project. 

“Without the power of Bentley SITEOPS, the critical 
site planning decisions never could have been made 
at such an accelerated pace,” said Frederick Thaete, 
director of engineering at Manhard. 

Bentley’s site development software enhanced 
collaboration and enabled site “optioneering” to 
accelerate construction. SITEOPS’ BIM advancement 
engendered confidence among the design team from 
conception through to project delivery, ensuring 
Manhard’s engineers had considered the best choices 
and arrived at the most cost-effective solutions for the 
constraints of the 200-acre site.

Meeting deadlines, minimizing costs
Manhard began design of the site in November 2011 
for groundbreaking on Dec. 17, 2011, and on Dec. 19, 
2012, the world’s largest yogurt plant was officially 
opened for production. The cost-optimization features 
in SITEOPS helped provide a grading design that 
minimized the volume of earth moved, reducing the 
time and grading costs associated with preparing 
the site for the start of building erection to keep the 
project on schedule. Having immediate feedback 
on site grading concepts with quick cost estimations 
and revisions available through SITEOPS saved the 
design team considerable time critical to the 326-day 
successful delivery of the entire production facility. 

“The mission of delivering the project within the 
unprecedented time frame requested by the client 
would have been virtually impossible without utilizing 
SITEOPS,” Thaete said.

With SITEOPS as the driving technology that provided 
the foundation for the timely construction and 

KATHERINE FLESH, senior manager, Analytical Modeling Advancement, Bentley Systems (www.
bentley.com), leads the marketing strategy and positioning for Bentley’s Bridge, Offshore, Pipe 
Stress, Site Optimizaton, and Structural products. She has more than 20 years of experience in 
marketing, sales, and technical writing for high-tech solutions.

operation of its Twin Falls yogurt production plant, Chobani was able to capitalize 
on the momentum of its brand. Timing was critical to the success of the project 
and developing the land using SITEOPS enabled the team to work collaboratively, 
streamlining decision making to overcome the challenges in record time. 
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Like many cities, El Paso, Texas, once had a streetcar system serving 
walkable neighborhoods. However, decades of sprawling develop-
ment, low-density subdivisions, and strip malls created a development 
pattern that was no longer conducive to efficient public transportation. 
In 2006, Sun Metro, El Paso’s mass transit department, charted a new 
course to reinvent its public transportation system. To this end, the city 
contracted with First Transit, Inc. to manage Sun Metro and modernize 
its transit systems. 

Within a year, Sun Metro’s ridership increased by almost 8 percent. 
Two years later, Sun Metro received the “Outstanding Metropolitan 
System” Award from the Texas Transit Association. But Sun Metro 
didn’t rest on its laurels. To further improve transportation options in 
El Paso, the agency, in 2008, started planning and implementing a new 
rapid transit service (RTS) system. 

High-density corridors
The new RTS system is planned along four of the major state high-
way thoroughfares in the city. Mesa, one of Sun Metro’s highest rid-
ership corridors, opened to the public on Oct 28, 2014. The 8.6-mile 
corridor begins at the Downtown Transfer Center, travels along Santa 
Fe, Franklin, Oregon, Glory Road, and Mesa, ending at the Westside 
Transfer Center on Remcon Circle. The line connects the west side 
of town with hospitals, the local University of Texas campus, and the 
downtown branch of the city’s community college.

“The ridership numbers for the Mesa Corridor have already exceeded 
projections,” said Sun Metro Director Jay Banasiak. “Currently, more 
than 52,000 commuters use the service every month. Our goal is to hit 
60,000 riders.”

The second corridor is Alameda, a historic and bustling part of El 
Paso. Construction on Alameda is tentatively scheduled to begin in fall 
2016 with completion in early 2018. The 14.5-mile Alameda line goes 
from downtown to the Mission Valley Transfer Center on the eastern 
side, crosses an industrial/residential area, and traverses the University 
Medical Center and El Paso Children's Hospital, as well as three high 
schools, before terminating in the Mission Valley.

The 12-mile Dyer Corridor and the 16.8-mile Montana Corridor, cur-
rently in the bidding and planning stages, respectively, will serve the 
northeast and the far eastern areas of the city. Some of the key destina-
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Brio transforms 
El Paso transportation

Bus rapid transit system design and operation focuses on 
speed, reliability, and rider comfort.

By Margaret Schroeder, P.E., M.ASCE and Chris Masters, P.E.

Each Brio station is approximately 13 feet tall with 6- or 9-foot-wide canopy structures to 
support wayfinding and allow enough shade for the commuters. Photo: © City of El Paso

Brio stations contain custom-fabricated metal screens displaying dramatically enlarged 
photographs of local plants and flowers. Photo: © Alex Fradkin, Photographer Catherine 

Widgery, Artist Patrick Walker, Images
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tions along these corridors include the city’s new Northgate Transfer 
Center, the Fort Bliss Army Post, City Hall, and the El Paso Interna-
tional Airport. 

Branding Brio
To differentiate this high-tech service from the city’s traditional tran-
sit services, Sun Metro hired PAVLOV, a marketing communications 
company. With the company’s guidance, Sun Metro began a brand-
ing process that included selecting a name, a logo, and the right color 
scheme. After conducting an extensive survey, the community named 
the upcoming system the Sun Metro Brio. Brio is Spanish for excite-
ment, verve, and energy.

The naming process first began with a public working session in Oc-
tober 2011. In November 2011, Sun Metro created a bilingual survey 
that included a list of four possible names — Brio, Vivo, Corredor, 
and Ándale. More than a thousand people were surveyed at Sun Metro 
facilities and online. Brio received the majority of the votes. A distinc-
tive logo was then created to complement the circular nature of Sun 
Metro’s current logo.

The ‘b’ and ‘o’ in Brio are a graphic element that can be used to extend 
the identity of the RTS system. The two letters reference the wheels 
on the vehicles. The movement within the logotype also displays the 
progressive nature of Brio. Beyond the name and logo, Sun Metro also 
selected a color palette and graphic standards to capture the commu-
nity's attention and ensure the Brio brand stayed fresh and memorable.

Brio highlights
Next, the city hired Lockwood, Andrews & Newnam, Inc. (LAN), a 
planning, engineering, and program management firm to provide de-
sign and engineering services for the Mesa and Alameda Corridors. 
Design support was provided to LAN by Carl Daniel Architects, More-

no Cardenas Inc., Sites Southwest, and LTK Engineering. To construct 
the Mesa Corridor, the city hired Martinez Brothers Contractors LLC.

Brio offers several distinctive features that enable El Paso residents to 
travel faster and with more comfort. Articulated, rubber-tired 60-foot-
long buses that can carry more than 70 passengers provide service ev-
ery 10 minutes during peak periods and 15 minutes during off-peak 
periods for 14 hours a day, Monday through Friday, with 20-minute 
service on Saturdays. Powered by compressed natural gas (CNG), a 
cost-effective and more environmentally friendly fuel, the buses are 
hinged near the center to negotiate tight corners in city streets. The 
buses are also equipped with an audio/visual system to provide desti-
nation and next stop information inside and outside vehicles, bicycle 
racks, Wi-Fi connections, and wheelchair accommodations.

Another attractive feature of Brio is its stations. The Mesa and Alam-
eda Corridors feature 22 and 29 BRT transit stations, respectively. Un-
like traditional bus stops that are small and placed frequently along a 
route, Brio stations are larger and spaced further apart. Constructed 
with a unique canopy look, the stations’ dimensions — 36 to 46 feet 
long, 13 feet tall, and 6 or 9 feet wide — allow easy wayfinding and 
enough shade for commuters. 

In addition, the canopies are equipped with aluminum grills on the front 
and back to combat the bright sunlight and extreme heat in El Paso. The 
stations have several amenities such as free Wi-Fi, translucent pan-
els for better lighting, bike racks, electronic real-time displays, ticket 
vending machines, and solar-powered trash compactors. The station 
areas also feature street lighting, landscaping, ADA-accessible ramps 
and station platforms, and reconstructed sidewalk at all approaches. 

To get riders to their destinations faster, Brio also uses a Transit Sig-
nal Priority system. The system, which operates on GPS technology, 

LAN designed the stations with translucent, polycarbonate panels on the top and with 
aluminum egg-crate type material on the sides. At night, the light shines through the panels 
and creates a sense of place. Photo: © Alex Fradkin, Photographer Catherine Widgery, Artist 
Patrick Walker, Images

Uniquely branded, 60-foot-long articulated buses transport more than 70 passengers 
between stations. Photo: © City of El Paso
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MARGARET SCHROEDER, P.E., M.ASCE, is the engineering division manager for the City of El Paso. She 
can be reached at schroedermk@elpasotexas.gov. CHRIS MASTERS, P.E., is a vice president and transit 
leader at Lockwood, Andrews & Newnam, Inc. (LAN). He can be reached at cpmasters@lan-inc.com. 

allows Brio buses to pass quickly through traffic 
lights. As a Brio bus moves down the corridor, its 
GPS coordinates are acquired and transmitted to 
the city’s traffic control system. When the bus ap-
proaches a traffic signal, the lights switch to green 
as quickly as possible or stay green longer. 

“Everything about the Brio is focused on speed, 
reliability, and comfort,” said Banasiak. “When 
commuters take the Brio, we want them to have an 
enjoyable experience that will encourage them to 
use the service again and again.”

Project challenges
The scale of the project created a number of com-
plex challenges. One of those challenges was find-
ing the appropriate site locations to construct the 
stations.

“We had specific goals for where we wanted to lo-
cate the stations,” said Banasiak. “For each station, 
we wanted a location that didn’t have too many 
driveways, didn’t affect neighboring businesses, 
but still had enough right-of-way. But finding such 
a location for 20 to 30 different stations on every 
corridor was a challenge. In some areas, we worked 
with various stakeholders to acquire the right-of-
way. When that wasn’t possible, we relocated the 
stations.”

The project team also learned that a one-size-fits-
all approach to constructing the stations wasn’t the 
right one.

“In the Mesa Corridor, we designed every station 
with the same length,” said Philip Meaders, P.E., 
LAN’s vice president. “We found out that some of 
the businesses were a little concerned that such a 
large station might be visually impairing. So, in the 
Alameda Corridor, we designed three different sta-
tion lengths, each with two different widths, to best 
fit in with the specific location. But in making this 
modification, we also had to ensure that we weren’t 
affecting the existing site infrastructure too much.”

The project also required extensive collaboration to 
mitigate the concerns of local businesses and prop-
erty owners. 

“The Mesa Corridor is the first RTS service ever 
implemented in El Paso,” Banasiak said. “As such, 
most of the property owners were not familiar with 
it. We educated these owners on how it is similar 
to light rail and the various benefits they would de-
rive from this service. We showed them renderings 
of the stations and its enhanced lighting, security, 

sidewalk, and landscaping elements, and how it would attract more transit-oriented devel-
opment, customers, and business opportunities.”

Also, the Alameda corridor passes through some public and private utilities, including 
gas, electric, sanitary sewer, and water lines. As such, one of the major components of this 
project has been minimizing the disturbance to the utilities.

“It’s always a challenge to get these lines relocated and not disrupt or delay the construc-
tion,” Banasiak said. “That’s another lesson we learned from the Mesa Corridor project. 
On the Alameda line, the team is conducting subsurface utility investigations to identify 
any potential conflicts before construction begins.”

Conclusion
Despite these challenges, the city is on course for Alameda Corridor’s grand opening in 
early 2018. The Dyer Corridor will be operational in late 2018 while the Montana Corridor 
is scheduled to open in 2020. Brio, when built-out, will not only provide a reliable and 
affordable transportation option to the city but also take it one step closer to achieving its 
goal of becoming the least car-dependent city in the Southwest.

USE PROMO “C+S-2016” FOR 15% OFF  
YOUR PUBLICATION PURCHASE!

Economical • Flexible Design • Durable • Sustainable • Sound/Vibration Control

Visit www.crsi.org for design guides, field publications, and more!

Build smarter.Build smarter.



52          csengineermag.com          november 2016

The decentralized wastewater treatment industry serving much of 
the nation’s wastewater needs is expanding to include centralized ap-
proaches and incorporate existing centralized infrastructure. It can be a 
benefit to towns without public sewer systems or adequate onsite septic 
systems to employ decentralized strategies that tie into a neighboring 
existing centralized system. To do so, engineers have taken various ap-
proaches, including septic tank effluent pump (STEP) systems. 

One such case is Surgoinsville, a low-income community in the Ap-
palachian area of northeastern Tennessee with a population of just over 
1,800. Similar to small towns throughout the country, Surgoinsville 
was without a public sewer system, limiting economic development 
opportunities. Existing homes were being served by subsurface sewage 
disposal systems that were failing and in many cases were compro-
mised by other factors, including structures built over these systems. 
Additionally, the current package plant in operation since 1959 that 
served the Surgoinsville elementary and middle schools was at the end 
of its useful life. 

The town decided to pursue a solution that could handle current needs 
with capacity for the future to open up economic opportunity. This 
project involved development of a new public sanitary sewer system. 
The first phase of the system development serves the elementary and 
middle schools and approximately 247 properties in the town. The sys-
tem was designed with the additional capacity to serve approximately 
700 properties. 

Feasibility study
A feasibility study was conducted to shed light on the design alterna-
tives available and to help narrow the scope of the project by identify-
ing the best scenario. In this case, the owner of the current system, the 
Town of Surgoinsville, contracted with Tysinger, Hampton and Part-
ners of Johnson City, Tenn., to conduct the study in order to move the 
project forward in the most sustainable way for the town. 

Project Leader Jill Workman, P.E., led the team in a comparative life-
cycle analysis evaluating the economically feasible options for devel-

opment of a sewer system. Alternatives evaluated included:
• onsite treatment plant with drip disposal using a STEP system for con-

veyance;
• conventional gravity system with discharge offsite at the nearby Church 

Hill wastewater treatment plant (WWTP);
• STEP system with discharge offsite to the Church Hill WWTP; and
• low-pressure grinder pump system with discharge offsite to the Church 

Hill WWTP. 

The analysis demonstrated that a low-pressure STEP collection system 
was the best alternative to meet the town’s needs. Low-pressure sys-
tems are beneficial for areas with low-density population because they 
have minimal inflow/infiltration as compared with gravity sewer sys-
tems. Published in 2014, the U.S. Environmental Protection Agency’s 
“Guide for Estimating Infiltration and Inflow” states, “Virtually every 
sewer system has some infiltration and/or inflow. This cannot be dis-
counted in terms of increased load, increased cost, and energy usage.” 

STEP systems also typically have less odor issues than grinder pump 
systems since they do not convey solids, and the replacement costs are 
less for STEP than grinder pump systems.

Following the analysis, the town selected the low-pressure STEP col-
lection solution because it was the most cost-effective solution and 
could provide them with projected future capacity. Not only will the 
STEP system allow for possible economic growth, but the capacity will 
allow the town to possibly apply for grant funding to annex additional 
existing subdivisions with an eye toward increasing its tax base. The 
solution also provided homeowners with a way to address problems 
with existing subsurface sewage disposal systems.

Funding
However, to move forward, Surgoinsville had some big challenges, as 
all small communities do without previous experience with wastewater 
infrastructure. These included securing and maintaining funding sourc-
es, sewer rate analysis, guidance for the start-up of a new public util-
ity, sewer line routing within a limited public right-of-way, hydraulics, 
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Incorporating decentralized 
wastewater design concepts 

into centralized infrastructure
STEP system tackles tough terrain and 

close quarters in eastern Tennessee.
By Dennis F. Hallahan, P.E.

Infiltrator IM-1060 tanks were selected to provide ease of handling on the difficult 
Appalachian sites with steep slopes and limited backyard access. 

Photo: Infiltrator Water Technologies
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customer identification, extensive permitting, and diligent coordina-
tion with local utility providers and government officials. 

Funding was ultimately secured and included a $1.3 million Rural De-
velopment Community Programs Grant, $500,000 Community Devel-
opment Block Grant, $500,000 from the Appalachian Regional Com-
mission, $485,000 from the U.S. EPA, a $1.5 million U.S. Department 
of Agriculture Rural Development loan, and $200,000 in local funds.

System details
The $4.5 million project serves 247 residences, two schools, and nine 
businesses. Installed on lots with existing homes, outbuildings, drive-
ways, and landscaping, the project was designed with the additional 
capacity to serve approximately 700 properties. The low-pressure 
sewer system delivers wastewater to the City of Church Hill’s waste-
water plant. The system is comprised of approximately nine miles of 
low-pressure sanitary sewer collection lines, two pump stations, and 
individual STEP services at more than 200 residences that include In-
filtrator IM-1060 plastic tanks. 

Engineers from Tysinger, Hampton & Partners guided the community 
through the design and construction process and subcontracted with 
CTI Engineers, Inc. of Chattanooga, Tenn., for assistance with the fea-
sibility study led by Ron Key, P.E., senior project manager at CTI. 
This also included computerized hydraulic modeling of the system, 
assistance with final pipe size selection, and preparation of technical 
specifications. 

The installer, Mike Smith Pump Service, had a staging yard to assem-
ble and store tanks and deliver them as needed to each site. A boom 
truck or heavy equipment was not required. The Infiltrator IM-1060 
tanks were selected to provide ease of handling on these difficult Ap-
palachian sites with steep slopes and limited backyard access to exist-
ing homes. 

An even greater concern was the installation scheduling because of a 
strict construction timetable that could not be jeopardized. Rather than 

leaving scheduling in someone else’s hands, it became paramount to 
have scheduling under the installer’s control. Since the installer had an 
onsite staging yard, it allowed its staff to assemble and deliver tanks 
when the weather prohibited onsite work and excavation, thus keeping 
staff working fulltime instead of being moved to another job or sent 
home to wait on the weather to clear. This was a plus for overall project 
scheduling and delivery. 

Existing concrete tanks were either removed or crushed and filled in 
place and then the new tanks were installed. Each tank was tested in 
place for water tightness. A pump vault package supplied by Quanics, 
Inc. included the pump, floats, wiring, control panel, and vault ready to 
be inserted into the tank and hooked up to power.

Results
The project recently received a 2016 Rebuild Tennessee Award from 
the Tennessee Development District Association. The award is for the 
best infrastructure project in the First Tennessee Development District 
of Northeast Tennessee. Twenty-four projects were considered for the 
award. 

Implementation of an unbiased feasibility study at the outset of the 
project resulted in Surgoinsville benefitting from the best possible so-
lution to its wastewater treatment challenges at a cost they could man-
age with the help of funding sources. It is an excellent example of suc-
cessfully incorporating decentralized design concepts into centralized 
infrastructure.

DENNIS HALLAHAN, P.E., technical director at Infiltrator Water Technologies (http://
infiltratorwater.com), has more than 25 years of experience with onsite waste-
water treatment system design and construction. Currently, he is responsible 
for technology transfer between Infiltrator and the regulatory and design 
communities and consults on product research and testing for universities and 
private consultants. 

The installer had a staging yard to assemble and store tanks and deliver them as needed to 
each site. Photo: Infiltrator Water Technologies

http://infiltratorwater.com
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Squeeze play
City of Houston 30-inch water transmission main 

replaced by Swagelining and HDPE pipe.
By Todd Grafenauer

The City of Houston has a long history of utilizing trenchless technolo-
gies to replace its water and sewer pipelines. When faced with the need 
to renew a critical 30-inch well collection line, design engineers con-
sidered multiple construction methods. Approximately 7,600 feet of 
a steel cylinder reinforced concrete (SCRC) and prestressed concrete 
cylinder pipe (PCCP) water main near the Katy Addicks Pump Station 
along Scenic Ridge Drive required replacement. The 30-inch main was 
37 years old and beginning to show numerous operational problems 
due to joint leaks.  

Design phase and selection process
During the design phase and selection process, various construction 
methods such as open cut, sliplining, cured-in-place pipe (CIPP) and 
a compressive tight-fitting high-density polyethylene (HDPE) lining 
process called Swagelining were considered.  

The design criteria required a fully structural Class IV solution capa-
ble of 60 psi operating pressure. Overall, the hydraulic cross section 
needed to be maintained as large as possible, requiring a liner internal 
diameter (ID) of 28 inches or greater within the 30-inch ID host pipe. 
The optimized thickness of the liner required was 1 inch or less, in-
cluding maintaining various other required parameters such as vacuum 
pressures, live loads, and groundwater.

Open cut was eliminated early in the design phase due to the limited 
60-foot right of way, congested utility corridor, and mature landscap-
ing in the residential neighborhood. Sliplining was also eliminated ear-
ly in the design phase due to the required flow of the system; sliplining 
would have reduced the final ID below the 28 inches required. CIPP 
was challenged with meeting external loading factors and limited in-
stallation distances.

Among many factors, Swagelining was selected because it is trench-
less and less disruptive to residents, required less time for installation, 
offered a long design life with the new HDPE, and was less expensive. 
Also, the implementation schedule could be accomplished in low water 
demand season. Murphy Pipelines, which specializes in Swagelining 
technology, was awarded the project.

Swagelining history and overview
The Swagelining technology was developed more than 30 years ago by 
British Gas in conjunction with United Utilities. With an extensive list 
of successfully completed projects across the globe, the technology has 

been proven in many extreme projects spanning three decades onshore 
and subsea. Projects have been completed for water, sewer force main, 
mining, hydrocarbons, chemicals, bulk products, and gas distribution.  

The overall confidence of the technology originates from an extensive 
physical testing program conducted by British Gas over several years. 
The process was established after extensive analysis of material behav-
ior during and after die reduction. A major result of the research and 
development program was the development of the liner system design 
software. This software program, which is utilized for each project, 
ensures installation stresses do not compromise the integrity of the 
HDPE.

The Swagelining technology specifies a PE4710 HDPE pipe with an 
outside diameter larger than the inside of the host pipe to be renewed. 
After the HDPE is butt fused to correspond to the pull distance, the 
pipe is pulled through a single reduction die immediately before enter-
ing the host pipe. This reduces the HDPE pipe temporarily below the 
ID of the host pipe, allowing it to be inserted. While the towing load 
keeps the HDPE under tension during the pull, the pipe remains in its 
reduced size. The HDPE remains fully elastic throughout the reduction 
and installation process. As the liner pipe is not permanently deformed 
by Swagelining, the release of the towing load after insertion is the cat-
alyst for the liner to revert back toward its original size. As its original 
size is larger than that of the host pipe, the HDPE pipe expands until it 
is halted by the inside diameter of the host pipe. 

The effectively natural compressive tight fit produced by Swagelining 
provides value for clients looking to maximize the final pipeline ID. 
Due to the tight fit, thin-walled HDPE liners and semi-structural HDPE 
pipe can be installed in which operating pressure is delivered through 
the host pipe.  

In circumstances such as the 30-inch PCCP and SCRC water trans-
mission main that required a fully structural stand-alone solution, 
Swagelining can install a fully structural HDPE PE4710 pipe. Higher 
working pressure ratings can also be achieved. In addition to meeting 
internal pressure loads, the HDPE installed met all external loading 
requirements and was also utilized in the insertion and receiving pits. 

Construction phase
Scenic Ridge Drive is an urban residential area. The project limits en-

In the Swagelining process, HDPE pipe is pulled through a reduction die 
before entering the host pipe.
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compassed a very tight area with a 60-foot right of way. The 30-inch 
water transmission main was located along the edge of the pavement 
among a congested utility corridor. 

Rehabilitation of the 7,600 linear feet of 30-inch-diameter waterline 
included replacement of three 30-inch-diameter butterfly valves with 
48-inch operator manholes, three 16-inch butterfly valves, one 24-inch 
butterfly valve, five air-relief valves, and various cross connections. 
The placement of valves, blow-offs, and tees were relocated based on 
the constructability of the project.  

To minimize the impact of the project to the surrounding community, 
Murphy Pipelines designed the project layout so installations ranged 
from 600 feet to 1,700 feet long. The long pull lengths were beneficial 
as they allowed for long fused sections of HDPE to be installed, elimi-
nating future leak potential, and aided in reducing excavations by 89 
percent of what open trench would have required.

For each pull, the 50-foot lengths of HDPE were butt fused using a 
rolling McElroy 1648 machine to correspond to each pull length. Af-
ter each fusion weld cooled, the external roll-back bead was removed 
to allow clearance through the swage die. While the pipe was fused, 
crews performed a visual inspection of the interior of the 30-inch wa-
terline. This step is critical because it identifies any major obstructions, 
location and degree of bends, and condition of the host pipe interior, 
which determines if any cleaning is required. Finally, a proving pig 
was pulled through. A proving pig is a short section of HDPE fabri-
cated 1 to 2 millimeters larger than the installation outside diameter of 
the HDPE during Swagelining operations. Its purpose is to eliminate 
risk by ensuring a free bore path.

Once a free bore path is confirmed, Swagelining operations began. To 
complete each pull, a specific bank shoring plan was implemented to 
compensate for the amount of force required to pull the long lengths of 
HDPE pipe. Constant tension TT Technologies pulling equipment was 
used for the project. The machine performed well and without incident. 
As part of the liner system design process, Murphy Pipelines utilized 
its software program to ensure installation stresses on the HDPE met 
the ASTM standard for the tensile yield design factor.

After the HDPE pipe was completely pulled through the host pipe 
(with pull lengths of 600 to 1,700 feet), the pulling force was removed. 

This allowed the HDPE to naturally revert back toward its original 
diameter until halted by the inside diameter of the host pipe, forming 
a compressive tight fit. While dependent on ambient temperatures, for 
most Swagelining applications the HDPE is typically allowed to relax 
overnight to regain full reversion.  

Successes and challenges
A major challenge with the project was working within a tight util-
ity corridor with limited room for construction activity. This challenge 
was addressed early on through extensive communication with all par-
ties involved, with an emphasis in working with local businesses and 
homeowners to understand and meet their demands. The success of 
this project ultimately required an extensive amount of team work and 
coordination. City of Houston, FCM Engineers, inspection engineers, 
and a number of other local agencies showed great resolve in working 
with Murphy Pipeline crews to properly plan, adapt, and execute the 
project.

Utilization of this technology with HDPE pipe allowed the owner to 
meet all design parameters and increased the flow. With the smooth 
wall of the HDPE pipe (C-factor of 150), flow increased after lining the 
host pipe with HDPE compared with the old flow rate prior to rehabili-
tation of the 30-inch water main.

The 30-inch water transmission main project represents the first Swage-
lining project completed by the City of Houston, which has a long his-
tory of utilizing trenchless technologies. Success of the technology is 
critical as Houston and other communities look for methods to renew 
their medium- to large-diameter water transmission and sewer force 
main pipeline networks. 

Swagelining offers a solution for pressure pipe renewal that is unique 
in today’s trenchless pressure pipe market. The method’s advanced en-
gineering agenda through research and development coupled with its 
ability to meet various internal pressure requirements from thin walled 
to fully structural, including designing for external loading, make 
Swagelining a vital method.

TODD GRAFENAUER is the educational director for Murphy Pipeline Contractors 
(www.murphypipelines.com), a national contractor in static pipe bursting, 
sliplining, and Swagelining technologies. 

A 30-inch HDPE pipe-insertion pit decreased disruption in residential areas that had limited 
right of way and mature landscaping.



56          csengineermag.com          november 2016

San Francisco tower 
awarded new 

earthquake-resilience rating

Sustainable design

The third tallest structure in San Francisco — 181 Fremont — achieved 
a Resilience-based Earthquake Design Initiative (REDi) Gold Rating 
that will make it the most resilient tall building on the West Coast of 
the U.S. when completed. The 56-story mixed-use tower, built above 
five basement levels, is being constructed in compliance with a new set 
of holistic design and planning guidelines — the REDi rating system 
— that allow it to withstand the impact of a 475-year seismic event 
(roughly a M7.5-M8.0 earthquake on the San Andreas Fault) with 
minimal disruption.

REDi was developed by Arup with contributions from a diverse group of 
external collaborators. The system outlines holistic design and planning 
criteria within a resilience-based framework for architects and engineers 
to enable owners to resume business operations and provide livable 
conditions for tenants quickly after an earthquake. This goes beyond 
the building code’s “life safety” approach which is intended to allow 
building occupants to exit the building safely but does not consider a 
building’s functionality or even repairability.

“We sought to develop a blueprint for designers and owners who wanted 
to achieve higher resilience targets, with the ultimate intention to 
promote community resilience. This aligns with Arup’s mission to shape 
a better world,” said Ibrahim Almufti, S.E., LEED AP, the leader of the 
development team for the REDi rating system and project manager for 
181 Fremont.

As part of the design verification for REDi, Arup also developed 
a methodology to predict the downtime of an organization whose 
buildings have been damaged by earthquakes. This has been utilized to 
estimate seismic risk for owners, hospitals, academic institutions, and 
corporations.

For 181 Fremont, Arup served as the structural engineer, geotechnical 
engineer, and resilience consultant on the project, shepherding the 
design team and owner through the resilience-based design process. This 
involved critical engagement with the developer (Jay Paul Company), 
architect (Heller Manus Architects), other engineering consultants, and 
the contractor (Level 10). The owners and designers pursued a REDi 
Gold Rating, which included enhanced structural and non-structural 
design to limit damage, improved egress systems, contingency plans to 
reduce post-earthquake recovery times, and development of a tenant’s 
resilience manual of recommendations to keep their space earthquake-
ready.

These design measures helped reduce the expected repair costs by 

A 56-story mixed-use tower is 
being constructed in San Francisco 
in compliance with a new set 
of holistic design and planning 
guidelines — the Resilience-based 
Earthquake Design Initiative rating 
system — that allow it to withstand 
the impact of a 475-year seismic 
event with minimal disruption. 
Image: © 181 Fremont
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As the structural engineer, Arup incorporated viscous dampers within the steel 
megabraces and uplifting megacolumns to significantly reduce the potential for 
earthquake damage. Image: © 181 Fremont

Information provided by Arup (www.arup.com). 

Learn more about the Resilience-based Earthquake Design Initia-
tive rating system at http://publications.arup.com/publications/r/
redi_rating_system. 

approximately 10 times compared to a code-designed building and 
in conjunction with contingency planning, reduces the expected 
functionality downtime from 18 months to less than a few weeks. As 
the structural engineer, Arup developed innovative design solutions 
to achieve these objectives, including the incorporation of viscous 
dampers within the steel megabraces and uplifting megacolumns to 
significantly reduce the potential for earthquake damage. Not only do 
these measures significantly reduce seismic forces and wind vibrations, 
they also resulted in material savings of approximately 3,000 tons of 
steel and allowed the removal of a tuned mass roof damper (the common 
technology to mitigate wind vibrations for occupant comfort), which 
freed up the entire penthouse floor for occupancy.

“Jay Paul Company strives to construct the highest quality buildings. 
This ideal has been instilled throughout all of our previous projects 
in the Bay Area and it is something we continue to pursue for 181 
Fremont,” said Jake Albini, senior manager of real estate development 
at Jay Paul Company. “Given 181 Fremont’s location in a seismic zone, 
building height, and mixed-use nature, we felt strongly the expenditure 
of extra dollars to achieve a REDi Gold Rating resulted in a safer and 
higher-quality product. 181 Fremont will offer class A commercial 
space and the highest quality luxury condominiums on the market. 
REDi Gold enables us to also offer this real estate as the most resilient 
in San Francisco, allowing commercial tenants continuity of business 
and condo owners immediate re-occupancy of their homes after a large 
earthquake.”

The design of 181 Fremont was subject to a rigorous seismic peer 
review process required by the City of San Francisco, including review 
of Arup’s advanced earthquake computer simulations of the tower. An 
additional voluntary peer review was pursued by Jay Paul Company to 
ensure that the design complied with the REDi criteria. The additional 
review was conducted by Greg Deierlein, Ph.D., professor, Civil and 
Environmental Engineering at Stanford University and director, John A. 
Blume Earthquake Engineering Center, who approved that the design 
satisfied the criteria to achieve a REDi Gold Rating. And in another 
important sign of industry acceptance, the U.S. Green Building Council 
has developed new Resilient Design Pilot Credits for the LEED Rating 
System, which reference REDi by name.

“Projects like this are great to show the value in thinking about what 
it means for buildings to have their own post-disaster continuity in 
place, which helps expedite and contribute to a speedy recovery for the 
larger city,” said Patrick Otellini, chief resilience officer for the City and 
County of San Francisco. 

The framework has extended beyond its original seismic focus. Arup is 
now in the process of creating a version of REDi for flooding and has 
been approached by a leading university to investigate an application 
for hurricanes and tornadoes.

http://publications.arup.com/publications/r/redi_rating_system
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Zurich Insurance Group’s new North American headquarters is composed of three primary 
“bars,” stacked and arranged to maximize views of the surrounding landscape and to 

optimize solar orientation.

Zurich Insurance Group’s new North American headquarters, a 
784,000-square-foot, 11-story office building outside of Chicago, 
achieved U.S. Green Building Council LEED Platinum certification. 
Working closely with architects Goettsch Partners and developer 
Clayco, Thornton Tomasetti served as the sustainability consultant 
for the project, which is the largest LEED Platinum Core and Shell 
v2009 project in the U.S. and the only LEED Platinum CS v2009 
project in Illinois.  

Thornton Tomasetti played a key role in developing and analyzing 
project strategies to achieve LEED Platinum certification and a 62.7 
percent whole building energy cost savings. The building includes 
multiple green roofs, energy efficient technologies, rainwater harvest 
and reuse, accommodations for electric and low-emitting vehicles, 
and native landscaping with more than 600 trees on 40 acres.

To verify performance and optimize the façade for reduced energy 
consumption, Thornton Tomasetti provided computational fluid 
dynamics modeling on the ventilated double-wall façade on the lower 
portion of the south-facing, three-story cafeteria. The 4.5-foot-wide 
double wall with integrated shades is designed to reduce solar gains 

in summer, while increasing the gains in the winter, as well as to 
improve daylighting, resulting in an estimated 33 percent energy 
savings in the adjacent space. 

The building is composed of three primary “bars,” stacked and 
arranged to maximize views of the surrounding landscape and to 
optimize solar orientation. Thornton Tomasetti provided detailed 
daylighting studies using Honeybee software to evaluate the effects 
of automated interior blinds and fine-tuned the depth of the exterior 
shading devices for each orientation. The analysis optimized the depth 
of the shades for energy performance, which reduced peak solar gain 
for better thermal comfort and the size of the mechanical systems.

“We are delighted to have played a role in Zurich Insurance’s 
new LEED Platinum headquarters,” said Gunnar Hubbard, FAIA, 
LEED Fellow, principal and sustainability practice leader, Thornton 
Tomasetti. “Through our collaboration with the architects and 
developer, we were able to achieve a level of LEED certification 
that is unprecedented in Illinois and pairs seamlessly with Zurich’s 
commitment to sustainability.”  
 
Joseph Dolinar, AIA, partner, Goettsch Partners, said, “Thornton 
Tomasetti’s expertise in high-performing building systems was 
instrumental in achieving our goal of LEED Platinum certification. 
The firm’s energy modeling of the building, targeted studies of façade 
shading concepts, daylighting studies, and double-skin wall analysis 
enabled us to optimize the façade design and greatly improve the 
overall building energy performance.”

Zurich Insurance’s new 
North American headquarters 

achieves LEED Platinum 
certification

Information provided by Thornton Tomasetti (www.thorntontomasetti.com/
services/sustainability).  

Sustainable design

www.thorntontomasetti.com/services/sustainability
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Mass timber describes wood framing systems that use large solid 
wood members including large timbers, glued-laminated timbers 
(glulam), structural composite lumber (SCL), cross-laminated 
timber (CLT), and nail-laminated timber (NLT). The American 
Wood Council (AWC) develops the Manual for Engineered Wood 
Construction for easy-access to design information on these products 
and recently released the 2015 edition. 

The manual provides design information for structural applications 
of many wood-based products and their connections — including 
traditional and mass timber products including structural lumber, 
glulam, poles and piles, I-joists, SCL, structural-use panels, and 
CLT — in accordance with requirements of the standards referenced. 
It incorporates dual formats, providing design provisions for both 
allowable stress design and load and resistance factor design. 
Informational chapters are organized to parallel those found in the 
National Design Specification for Wood Construction (NDS).

Primary changes reflected in the 2015 edition of the Manual include:
• a new chapter on CLT; and
• new and updated tables on minimum sizes to qualify for heavy timber 

construction, which now includes SCL and CLT.

Cross-laminated timber
The most recent edition of the manual includes a new chapter (M10) 
on CLT, which is a prefabricated engineered wood product consisting 
of at least three layers of solid-sawn lumber or SCL where the adjacent 
layers are cross-oriented and bonded with structural adhesive to form 
a solid wood element. Panels are prefabricated based on the project 
design and arrive at the job site with windows and doors precut. Size 
varies by manufacturer, but they can include three, five, seven, or 
more layers.

With the introduction of CLT in the 2015 NDS and 2015 International 
Building Code (IBC), this manual provides another tool designers 
and code officials have at their disposal to assist with wood design 
and construction. The new chapter includes information on reference 
CLT design values, CLT strength and stiffness properties, and 
connections to CLT.

Table M10.2-1 (see Table 1) provides allowable design properties for 
the parallel layers of CLT grades listed, which represent production 
in accordance with ANSI/APA PRG 320: Standard for Performance 

Rated Cross-Laminated Timber intended for use by North American 
CLT manufacturers based on the following layups:
• E1: 1950f-1.7E Spruce-Pine-Fir MSR lumber in all parallel layers and 

No. 3 Spruce-Pine-Fir lumber in all perpendicular layers
• E2: 1650f-1.5E Douglas fir-Larch MSR lumber in all parallel layers and 

No. 3 Douglas fir-Larch lumber in all perpendicular layers
• E3: 1200f-1.2E Eastern Softwoods, Northern Species, or Western 

Woods MSR lumber in all parallel layers and No. 3 Eastern Softwoods, 
Northern Species, or Western Woods lumber in all perpendicular layers

• E4: 1950f-1.7E Southern pine MSR lumber in all parallel layers and 
No. 3 Southern pine lumber in all perpendicular layers

• V1: No. 2 Douglas fir-Larch lumber in all parallel layers and No. 3 
Douglas fir-Larch lumber in all perpendicular layers

• V2: No. 1/No. 2 Spruce-Pine-Fir lumber in all parallel layers and No. 3 
Spruce-Pine-Fir lumber in all perpendicular layers

• V3: No. 2 Southern pine lumber in all parallel layers and No. 3 Southern 
pine lumber in all perpendicular layers

Bending strength capacity is the maximum design moment, 
represented as (FbSeff), where Fb is the reference extreme fiber bending 
stress and Seff is the effective section modulus of the cross section 
based on the layup used in the manufacturing process. The units of 
FbSeff are lbf-in. per foot of panel width.

CLT apparent bending stiffness is measured as the deflection under a 
bending load and is represented as (EI)app (see Figure 1). The apparent 
stiffness is based on the layup used in the manufacturing process and 
is calculated per the NDS using (EI)eff values. The units of EI are lbf-
in.2 per foot of panel width.

Table 1: Table M10.2-1 provides allowable design properties for the parallel layers of CLT 
grades manufactured in North America.

Figure 1: CLT stiffness and strength design capacities are based on flat panel bending 
according to principles of ANSI/APA PRG 320.

Design information update for 
mass timber products

American Wood Council’s 2015 Manual for Engineered Wood 
Construction includes new information on structural 

composite lumber and cross-laminated timber.
By Bradford K. Douglas, P.E.
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Shear strength in the plane of the panel is the capacity to resist 
horizontal shear breaking loads when loads are applied or developed 
on opposite faces of the panel (Figure 2), as in flat panel bending. 
Planar shear capacity is given as Fs(Ib/Q)eff where Fs is the reference 
material innerlaminar shear stress and (Ib/Q)eff is the effective CLT 
cross-sectional shear flow at mid-depth. The units of Fs(Ib/Q)eff are lbf 
per foot of panel width.

Allowable shear through-the-thickness is the capacity to resist 
horizontal shear breaking loads when loads are applied or developed 
on opposite edges of the panel (Figure 3), where Fv is the reference 
shear through-the-thickness stress of the material and tv is the panel 
thickness for shear. The units of Fv(tv) are lbf per inch of shear 
resisting panel length. This property can be obtained from the CLT 
manufacturer or an approved source.

Fire design

The manual also outlines fire considerations, including design 
requirements and fire-rated assemblies, for traditional and mass 
timber products. A new table in Chapter 16 of the Manual clearly 
shows where CLT and SCL can be used in Heavy Timber (Type IV) 
construction (see Table 2).

Type IV construction is being reinvigorated and has gained momentum 
in recent years. Building and fire officials have long understood the 
enhanced fire performance of Type IV structures and now building 
designers are considering the effects of new technologies and the 
associated benefits of its use. Because of the structural capabilities of 

mass timber, wood design is better able to take advantage of the larger 
building height and area permitted by the IBC. It is well recognized 
that heavy timber used in Type IV construction has inherent fire 
resistant properties due to its mass, and with additional protection 
from gypsum wallboard or other membranes, can achieve high fire 
resistance ratings while also limiting the effects of the additional fire 
load created by the massive wood.

Easy-access to design information
Wood construction, particularly with engineered wood products, 
is getting more attention because wood provides the lowest 
environmental impact among building materials. The 2015 IBC is 
the first edition to recognize new mass timber products such as CLT. 
Because of the structural capabilities of mass timber, wood design is 
better able to take advantage of the larger building height and area 
permitted by the IBC. 

As a result of this interest, it’s important that the regulatory acceptance 
of wood construction remain as easy as possible for designers and 
builders to access. AWC develops the manual for that purpose and 
encourages designers and builders to review it for the latest design 
information on structural engineered and traditional wood products.

Figure 2: CLT shear-in-the-plane of the panel (planar or rolling shear) capacities are based 
on the principles of ANSI/APA PRG 320.

Table 2: Table M16.1-1 clearly shows where CLT and SCL can be used in Heavy Timber (Type 
IV) construction.

Figure 3: CLT through-the-thickness shear capacities are based on the principles of ANSI/
APA PRG 320.

The 2015 Manual is available as a free download from the AWC 
website at www.awc.org/codes-standards/publications/nds-2015. 

BRADFORD K. DOUGLAS, P.E., is vice president of engineering at the American 
Wood Council (AWC), which represents the interests of the North American 
wood products industry. AWC works to assure the broad regulatory and market 
acceptance of wood products by developing design tools and guidelines for 
wood construction. He can be contacted at bdouglas@awc.org.
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City Digital develops technology to create new underground 
infrastructure mapping platform

City Digital, a Chicago-based UI LABS collaboration, has developed 
the underlying technology components to create a new underground 
infrastructure mapping (UIM) platform. The platform will generate, 
organize, visualize, and store 3D underground infrastructure data.
 
Using the City of Chicago as a test bed for the platform’s development, 
the pilot team is deploying the new technology to create an accurate 
3D map of underground assets, such as water pipes, fiber optic lines, 
gas pipes, electrical lines, and legacy infrastructure located in city 
streets and alleys. An engineering-grade, cloud-based data platform 
enables this critical infrastructure information to be securely stored 
and shared among the City of Chicago and utilities.

Led by City Digital partners Accenture, HBK Engineering, and 
the City of Chicago, the pilot team has developed advanced 
scanning tools; a data capture system; mobile applications for use 
by construction and utility workers to capture data and update the 
system in real time; a data visualization application; and business 
model templates for cities to collect revenue.

As a result of inaccurate or obsolete data on below-ground assets, 
an underground utility line is hit on average every 60 seconds in the 
United States, according to the American Public Works Association. 
State governments have estimated the potential to unlock $21 in 
value for every $1 invested in underground asset management by 
reducing accidents, damages, and delays.
 
Following completion of the initial prototype last year on a Chicago 
construction site, the newly developed technology components will 
soon be deployed on a larger construction site in Chicago’s River 
North neighborhood, demonstrating the platform’s effectiveness in 
a real-world setting with applicability for other urban environments.
 
The UIM pilot’s technology and processes were developed by a 
broad consortium of government, industry, and academic partners at 
City Digital. In addition to the pilot leads, the team includes ComEd, 

Microsoft, Cityzenith, Esri, and the University of Illinois at Urbana-
Champaign.

This next phase of the UIM pilot began in September with a planned 
conclusion during the spring 2017. Future phases will seek to make 
the infrastructure work smarter by incorporating underground 
sensors, as that technology becomes cheaper and more scalable.

Information provided by City Digital (www.citydigital.org). 

Bentley ContextCapture enhances use of reality models

Bentley Systems announced general access to the latest release of Con-
textCapture and ContextCapture Center. This release enhances the ac-
cessibility, scale, and quality of reality models that can be produced for 
use in BIM and geospatial workflows, the company said. 

Key capabilities include:
• new multi-resolution mesh support for third-party formats including Esri 

i3s, Google Earth KML, SpaceEyes3D, OSGB (OpenSceneGraph), and 
LODTreeExport formats;

• multi-resolution mesh support for ContextCapture’s native 3MX format; 
and

• a threefold increase from 30 to 100 gigapixels of imagery that can be 
processed with ContextCapture.

This expansion of multi-resolution format support enables Context-
Capture to provide improved quality and performance of reality mod-
eling data within geospatial workflows, particularly valuable for the 
large community of ArcGIS and other geospatial users. Expansion in 
processing capacity to 100 gigapixels for ContextCapture makes it af-
fordable and easier to produce larger models and 3D meshes with high 
fidelity and cm-level precision, even at scales as large as entire cities 
(kilometer scale models).

Using the City of Chicago as a test bed for the platform’s development, the pilot team is 
deploying the new technology to create an accurate 3D map of underground assets.

With support for the I3S format, ContextCapture enables integration of 3D models of the 
real world into ArcGIS Online data. Image: courtesy of Bentley Systems
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“At Christopher Burke Engineering we are always innovating to de-
liver cutting-edge services to our clients and look to Bentley’s Con-
textCapture to complement our traditional survey approaches. The 
software allows us to very easily process hundreds of images taken 
by drone or hand-held digital camera into a 3D reality mesh that can 
then be consumed inside Bentley OpenRoads products to speed our 
civil engineering design work. We are eager to begin deploying this 
technology on a wide array of projects,” said Christopher B. Burke, 
Ph.D., P.E., D.WRE, Dist.M. ASCE, NAC, president, Christopher B. 
Burke Engineering, Ltd.

“With this release of ContextCapture, reality meshes are now more 
accessible throughout ArcGIS workflows as well as Bentley’s native 
V8i design modeling workflows, including those using OpenRoads, 
AECOsim, and OpenPlant. Through our advances in integrating real-
ity models of any scale into geospatial workflows, GIS professionals, 
particularly those using Esri ArcGIS products, can now affordably in-
corporate high-fidelity models of the real world into their existing GIS 
datasets,” said Santanu Das, senior vice president, design modeling at 
Bentley Systems.

Information provided by Bentley Systems (www.bentley.com). 

Airbus Defence and Space launches satellite image library for civil 
engineering applications

Airbus Defence and Space launched One Atlas, a new satellite image 
base map that covers the earth’s landmasses with professional-grade 
imagery. Available online 24/7 and refreshed within a 12-month pe-
riod, One Atlas provides civil engineering users with access to cost-
effective, high-quality, and homogeneous imagery, the company said.
 
One Atlas is ideally suited to support preliminary studies for infrastruc-
ture planning; definition and adjustment of early corridor routing; or to 
visualize, share, and communicate infrastructure impacts, among other 
things.
 
The service offers a streamlined workflow, and the costs related to 
updating, selecting, processing, and hosting imagery are drastically 
reduced, the company said. Integrated into customers’ systems, One 

Atlas facilitates sharing of data across teams or partner organizations, 
with no compromise on security or privacy. It also enables users to 
plan, map, and locate their teams, assets, or areas of interest, anywhere 
on the globe, allowing operators to devote more time to their core mis-
sion.

Information provided by Airbus Defence and Space (www.intelligence-
airbusds.com/one-atlas). 

Autodesk simplifies virtual reality for design professionals

In July, Autodesk introduced LIVE for Revit, a cloud-based service 
that transforms a Revit model into an interactive experience in just 
one click. In November, Autodesk announced its latest LIVE release, 
currently in beta, that, with a second click in the LIVE editor or LIVE 
viewer, toggles virtual reality (VR) viewing on and off. Requirements 
include a system that can support HTC Vive or Oculus Rift.

Two beta preview users offered the following feedback:

Andrew Malanoski of Eppstein Uhen Architects noted that he gave 
one of the firm’s owners “a quick explanation on how the controller 
works and a few seconds later he was zooming around the model, hav-
ing picked up the controls almost instantly.” Before long, Malanoski 
said, the owner was “performing design critiques on the project (in 
real time).” 

Taylor Cupp, technologist at Mortenson Construction, said that all of 
a sudden his clients were talking about “spatial relationships and func-
tion” and the team was identifying problems they would have missed 
without the VR capabilities in LIVE. 

Current LIVE subscribers automatically have access to the new VR 
beta. For new users, LIVE remains available on a monthly subscription 
basis. Autodesk also extended a free trial period to 30 days.

Information provided by Autodesk (www.autodesk.com). 

One Atlas imagery is available online 24/7 and refreshed within a 12-month period.

A second click in the Autodesk LIVE editor or LIVE viewer toggles virtual reality viewing on 
and off.

www.intelligenceairbusds.com/one-atlas
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01. Rainwater harvesting tank 

02. 
Wireless 
crack monitor

Contech Engineered Solutions’ UrbanGreen Steel Reinforced Polyethylene 
Rainwater Harvesting Tank has been certified to be in compliance with the Uniform 
Plumbing Code by The International Association of Plumbing and Mechanical 
Officials Research and Testing. Engineers can now write specifications for rainwater 
harvesting tanks based on a nationally recognized standard that address issues 
such as structural design, leakage, and repeatable manufacturing processes, the 
company said. The 80-ksi steel reinforcing ribs provide strength and pressure-rated 
polyethylene resin provides durability. The tanks are available up to 120 inches in 
diameter, include prefabricated access points, and feature H-25 traffic rated design.

Automation Continuum Inc., a U.S. importer and the exclusive 
North American distributor for FIAMA, expanded its line of 
PF80 crack monitoring devices to include data log download via 
wireless transmitter/receiver. The PF80 Wireless is a remote, 
precision crack monitor and data logger that continuously 
monitors crack’s and joint’s linear displacement with 3µm 
resolution coupled with temperature values at programmed 
time/date stamped intervals. It is capable of more than 51,000 
separate data logs. The PF80 Wireless is a recently expanded 
line of crack monitoring technology, which previously was 
only available in data log downloading via a USB cable.  

Xylem’s YSI offers the ProSample Series of 
automated portable samplers for wastewater 
applications. A customized peristaltic pump 
provides accurate sampling, with measuring 
increments that can be pre-set based on time 
intervals, flow rates, or by weather event. 
The insulated plastic housing is ideal for 
field use, keeping samples intact and at the 
proper temperature, YSI said. A wastewater 
plant can install samplers at the plant influent 
channel, at the effluent, or anywhere in 
between. Models come with one, four, eight, 
or 24 sample bottle options. Facilities can 
download sample data via USB.

YSI
www.ysi.com 

Redi-Rock International
www.redi-rock.com  

Simpson Strong-Tie
www.strongtie.com/diab   

Redi-Rock International said its Design 
Resource Manual includes everything 
needed to design walls using Redi-Rock 
products, including an overview of 
every block in the Redi-Rock system, 
preliminary design charts, block infill 
weights, setback options, construction 
details, testing data, and more. Download 
the complete manual (www.redi-rock.
com/documents/Engineering/DRM/Redi-
Rock-Design-Resource-Manual-Complete.
pdf) or individual sections: General Info, 
Case Studies, Block Library, and Design 
Information; Retaining Walls; Product 
Data Sheets and CSI Specifications; and 
Installation Guide and Construction Details.

05.
Portable 
wastewater 
samplers

04. 
Retaining wall 
design manual

Simpson Strong-Tie offers a redesigned 
Drop-In Anchor (DIAB) that according to 
the company provides easier installation 
into base materials. Improved geometry in 
the preassembled expansion plug allows the 
DIAB anchor to install with 40 percent fewer 
hammer strikes than previous versions, the 
company said. The deformation-controlled 
expansion anchors are set by driving the 
plug toward the bottom of the anchor using 
Simpson Strong-Tie hand- or power-setting 
tools. Key features of DIAB anchors include a 
positive-set marking system to indicate when 
the anchor is properly set, a lipped drop-in 
version that keeps the top of the anchor flush 
with concrete, and UL and FM approvals.

03. Structural connectors

Automation Continuum Inc.
http://viewaci.com  

Contech Engineered Solutions
www.conteches.com  

Specify
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06. Private LTE networks

07. Submersible pump

Nokia is expanding its offerings for private LTE networks by 
optimizing its Cloud Packet Core solution to allow for the delivery 
of business and mission-critical services and applications. Its Cloud 
Packet Core offering is tailored specifically for global enterprises, the 
public sector, and smaller operators, and will help accelerate the move 
to Smart Cities, improve employee safety and efficiency, and expand 
mobile applications across a variety of industries, the company said. In 
railways, the Cloud Packet Core can support operational services such 
as train control and real-time CCTV video feeds and alarm notifications, 
as well as passenger services.

Xylem offers the Flygt 
3000 Series electric 
submersible pumps as 
a rental option, ideal 
for temporary bypass 
pumping projects at 
treatment plants and lift 
stations. The Flygt 3000 
Series of small and mid-
sized pumps are classified 
as low, medium, or high-
head pumps. The 3000 
Series are non-clog 
pumps, ideal for handling 
solids-bearing liquids in 
a variety of applications. 
For municipalities that 
need to engage in lift station repairs or plant upgrades, the 3000 Series 
submersible pumps are a cost-effective and environmentally friendly 
rental alternative that provides a quiet, efficient, and easy-to-install 
bypass solution, the company said. 

Xylem
www.xylem.com/dewatering/us/brands/flygt 

Nokia
https://networks.nokia.com 
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During the last 30 years, Zweig Group’s Principals, Partners and 
Owners of Architectural, Engineering, Planning and Environmental 
Consulting Firms Survey has picked the brains of some of the 
industry’s top talent and gleaned interesting insights from how they 
run their businesses to how they view the industry today. As always, 
some interesting statistics were derived from the responses of the 75 
principals and partners who contributed to the recently released 2016 
survey. Ninety-five percent of respondents were owners in their firm 
and more than half of them owned at least 25 percent of their firm. 
That is a considerable amount of ownership considering the mean and 
median net service revenue of the firms represented were $9 million 
and $4.1 million, respectively.

In the 2014 Principals, Partners and Owners Survey, only 4 percent of 
respondents thought there was any possibility that they could be laid 
off in the coming year. This year, that number was up to 12 percent. 
Though this has been a profitable few years for A/E/P firms, the 
outlook for the next few years is somewhat uncertain. Blame it on the 
election year or general economic trends, but owners of A/E/P firms are 
well aware of the implications of underperformance. Though only 12 
percent took a pay cut last year, the median pay cut for a principal was 
25 percent of their base salary.  

Most principals (76 percent) were generally pleased with their careers 
and had met or exceeded their career goals. In fact, even more (82 
percent) would recommend the career path to a friend or family 
member. Nineteen percent of respondents said they had to purchase 
a minimum number of shares in their firm to become a principal. 
The median “minimum amount” of shares purchased was 2 percent. 
Twenty-two percent said they received at least some shares through 
incentive programs and 49 percent said they had to borrow money to 
purchase stock or an ownership percentage in their firm. A quarter of 
respondents borrowed money from their firm at an average rate of 3 
percent over five years.

What does the typical day of an owner look like? Principals in firms 
with a declining growth rate over three-years were only spending 7 

percent of their days on marketing and business development (see 
Figure 1). These same owners felt like they should be spending closer 
to 40 percent of their days on marketing and business development. In 
comparison, owners in fast-growth firms are spending more than 20 
percent of their day on marketing and business development initiatives. 

The stress and long hours taken on by firm owners does not go 
unrewarded, though. The average base salary of a firm owner was near 
$140,000, with 22 percent of that base being awarded as an additional 
bonus, and another 28 percent as a shareholder distribution. This brings 
the total compensation for an A/E/P firm owner up to around $200,000. 

Chargeability — direct labor costs divided by total labor — is a metric 
that is often used to determine how effective a firm is at using its labor 
resources. For an owner, often the most effective use of their time is not 
working on projects where their time is directly billable; most owners 
surveyed were less than 20 percent chargeable. Firm management, 
marketing, and leadership activities were the highest-priority, non-
chargeable functions that respondents cited as daily activities. Though 
hourly billing rates decreased this year from 2015, the average billing 
rate for a principal was still $178 per hour. Environmental consulting 
firms had the highest median hourly billing rate at $218, while single-
discipline engineering firms had the lowest median rate at $143 per 
hour.  

Being an owner in an A/E/P firm certainly has its perks, but it is also 
a job that comes with lots of challenges. Nevertheless, when it comes 
to job satisfaction, most owners cite that it is both financially and 
emotionally rewarding.  

The 2016 Principals, Partners and Owners of Architectural, Engineering, 
Planning and Environmental Consulting Firms Survey is available for 
purchase (print or digital version) at https://zweiggroup.com/p-2259. 

By Will Swearingen

Principals, 
partners, and 

owners

Benchmarks

WILL SWEARINGEN is director of Books and Surveys. He can be contacted at 
research@zweiggroup.com. 

Figure 1: Percent of day spent on marketing efforts (average).
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FINANCIAL MANAGEMENT FOR NON-FINANCIAL MANAGERS
This seminar is designed for any technical person who is in a role of �nancial 
management or responsibility and wants to gain a better understanding of the �nancial 
factors a�ecting design industry �rms.

December 9, 2016
April 19, 2017

Dallas, TX
Washington, DC

GROWING A PROFITABLE AND ENTREPRENEURIAL FIRM
We have captured what it means to be entrepreneurial in the AEC industry and have 
developed this one-of-a-kind seminar experience for �rm leaders that are ready to make 
a big impact. This will be no ordinary seminar experience.

March 29-30, 2017 Boston, MA

AEC BUSINESS DEVELOPMENT TRAINING -
BECOMING A BETTER SELLER OF PROFESSIONAL SERVICES

A/E/C Business Development Training is a one-day seminar that was speci�cally 
developed to help design and technical professionals in architecture, engineering, 
planning, and environmental �rms become more comfortable dealing with clients and 
promoting the �rm and your services.

November 10, 2016 
April 27, 2017

Atlanta, GA
San Antonio, TX

THE PRINCIPALS ACADEMY

REAL MARKETING AND 
BRANDING FOR AEC FIRMS

LEADERSHIP TRAINING 
SEMINAR

If you can’t make any of 
these dates we can bring the 
seminar to you through our 
In-House Training program.

The Principals Academy is like a two-day MBA for technical professionals and is the 
most impactful two days you can spend learning to build your career and your �rm. The 
program includes an extended Q&A that provides the attendees an opportunity to 
discuss in-depth the issues facing them at their �rms with advice o�ered from industry 
leading experts.  

February 16-17, 2017
June 14-15 , 2017
July 19-20 

Orlando, FL
Philadelphia, PA
Chicago, IL

zweiggroup.com/seminars
800.466.6275
training@zweiggroup.com

ZWEIG GROUP SEMINARS

NEW SEMINARS 
COMING IN 2017

You may qualify for professional development 
credit. Zweig Group is registered with the AIA 
Continuing Education System (AIA/CES) and is 
committed to developing quality learning 
activities in accordance with the CES criteria.

zweiggroup.com/seminars/
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