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From the publisher

MARK C. ZWEIG
mzweig@zweiggroup.com

Technical track inspiration
I’ve always known that we need more civil and structural engineers — technical and design people — who turn out 
outstanding projects. Where it goes wrong is communicating exactly what that standard is. It should be high. 

What we need in these outstanding engineers is inspiration, and they need to be able to inspire everyone else on 
the project team to ever-greater performance. The clients/contractors/users of the project should be talking publicly 
about how great the engineer(s) were who designed and built the project. 

When managers of engineers act like project-related work isn’t important and, instead, only achieving certain 
business goals is, engineers get turned off. The best, most passionate and creative engineers need to know that what 
they are doing is important, worthwhile, and appreciated. Their heroic efforts cannot be consistently ignored. They 
do not just want to drive business or organizational results; they want to do projects that they can be proud of. 

We need engineers who demonstrate that they want to keep learning, who help others learn, and who don’t act 
like they are superior to everyone else on their team. We need engineers who are responsive to questions and 
engaged and who know how to treat the other people they work with. We also need engineers who work hard. The 
expectations are high — not just anyone can do this work! 

We can probably all agree that our nation desperately needs good, inspired, passionate, and committed engineers 
who take tremendous pride in their work. We have to make sure we devote some airtime — both inside and outside 
of the firm — to their project accomplishments. We need hard-working leaders who love their work so much that 
they have to be pried away from it. When we have people like this in design and project leadership roles, they will 
inspire others — including Gen-X, Gen-Y, and Millennials — to work harder and longer and be better at what they 
do. 

To protect and promote this critical “technical track,” we can’t let it be a dumping ground for people who not 
only aren’t good managers or business developers, but also aren’t effective inspirational project leaders and team 
members. 

That’s why we’re here at Civil + Structural Engineer magazine. We want to promote the great works of civil and 
structural engineers and the organizations they work for. Enjoy our September issue and thank you for reading!

Our nation desperately needs 
good, inspired, passionate, and 
committed engineers who take 
tremendous pride in their work.
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ENGINEERING OUR FUTURE

#ILookLikeAnEngineer
The past week presented us with a hashtag that went viral involving engineers. Yes, that’s right: engineers. 
Twenty-two-year-old Isis Wenger started #ILookLikeAnEngineer after receiving attention from people who 
didn’t believe she fit the mold of what an engineer should look like. 

The hashtag went viral within hours, resulting in tens of thousands of retweets from others, many who 
included their photo and role in engineering. Now, the hashtag is getting a billboard in San Francisco as a 
result of a crowd-funding project. 

All of this brings several things to light. First, gender and diversity are issues in engineering, but this proves 
we are moving in the right direction. Secondly, it’s incredibly simple to get national — or even international 
— attention for yourself or your company in this digital age. 

Wenger wrote an article in Medium chronicling the reaction to the original ad for her employer that started 
the flurry of reactions and the hashtag Twitter posting. In it, she takes the opportunity to expose many 
of the gender issues she has faced since the ad posted. If you look up her twitter post with the original 
#ILookLikeAnEngineer, you will see that she doesn’t fit the mold of an engineer — or does she? 

Regardless of the just-right combination of the details, this now viral episode has helped us evolve. Despite 
the fact that engineers are responsible for developing much of the technology that advances us as a society, 
we are slow to adopt it for ourselves. Social media gives us the opportunity to promote ourselves and our 
industry on a worldwide platform. The simplicity with which this hashtag started is a perfect example. 

The lesson here for you is to be proud of being an engineer and willing to be visible. Helping your company 
with a recruiting poster, like Wenger did, is a great way to make yourself visible to the market and to your 
superiors. Who knows, maybe you can be a viral sensation and promote the industry on a worldwide stage.

Promoting the profession 
positively is our job.

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

Yes, that is a rerun quote from March, but it relates nicely to the following story:

A rather senior engineer is strolling along the shore in Southern California when a strange looking bottle 
washes ashore at his feet. Our intrepid engineer pops open the bottle and — lo and behold — a small, 
disheveled genie emerges and says, “Thanks! As a reward for freeing me I will grant you one wish!”

The engineer scratches his head and thinks for a few minutes. Then he explains that he always wanted to 
go to Hawaii, but he gets seasick on ships and he is afraid of flying. Finally, he drops this on the genie: 
“My wish is for a highway to Hawaii!” The genie gasps, “Do you know what you are asking? You are 
talking thousands of miles of roadway across the Pacific, in very deep water.” The engineer says, “Well, 
you’re the genie, let’s get going.” 

The genie thinks deeply and then tells the engineer, “This is way too much; there must be some other 
wish you would like to see fulfilled.” The engineer scratches his head again, thinks hard, and then says, 
“Well, I would really like to know how a woman thinks. They are a complete mystery to me.” Another, 
louder gasp from the genie, then after a very long pause he says, “Ok, do you want two lanes or four 
lanes?”

Somehow an infrastructure-related story felt about right. I hope female engineers are not offended; their 
wisdom and perspectives are needed now more than ever. Our federal, state, and municipal governments are 
facing difficult problems that it will take way better genies to solve.

When this issue hits the streets, the Highway Trust Fund will be expiring again. This, after both the stop-gap 
measure of last fall and the stop-gap measure of this July. Will a comprehensive, multi-year, mega-billion-
dollar transportation program ever be in place? I would like to hope so, but still more stop-gap extensions 
seem most likely.  

States and cities are looking for their own funding sources with taxes on gas, or on miles travelled, or on 
license fees. More schemes are sure to come out of the genie’s bottle. The only effect I can see from this is a 
continued slow-developing — glacial speed actually — design market for civil and structural engineers. The 
need is so great. Roads and highways are crumbling and bridges are declared unsafe. Our industry is ready 
to take on the challenge if governments can find the courage to take bold steps and create funding. Without 

DAVID EVANS, P.E., PLS, F.ASCE, is the founder (1976) and a member of the board of David Evans Enterprises, Inc., the holding 
company for David Evans and Associates (www.deainc.com), and the author of “Achieving Zero,” a book on the life of the firm. 
He can be contacted at david.evans@zweiggroup.com. 

It might take a genie in 
a bottle to get a long-
term, comprehensive 
transportation program.

“Women: They are a complete mystery to me.” 
— STEPHEN HAWKING

Infrastructure genie 



American Institute of Steel Construction
One East Wacker Drive, Suite 700
Chicago, IL 60601

312.670.2400 www.aisc.org

There’s always a solution in steel.@aisc

/AISCdotORG

/AISCsteelTV

@aisc

Be one of the fi rst 1,000 structural engineering offi ces to sign-up for the 
webinar and you’ll receive FREE Domino’s pizza on SteelDay!

SteelDay Delivered

Sign-up for this FREE webinar at www.steelday.org/webinar 

Lunch & Learn Webinar

SteelDay 
Presention

and“Steel
  Phantasmagoria”

the

noon – 1:00 p.m. CDT
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wealth of information available 
to help you tame the 
phantasmagoria!

9.25.2015



12          cenews.com          September 2015

Letters

Structural gymnastics
We (JML Engineering) were excited to see our work on the front page of your 
publication, but our name was never mentioned anywhere in the article (“Restructuring 
Boston’s Historic Ferdinand Building,” July 2015, page 36). We wanted to clarify that 
we were responsible for the structural gymnastics featured in your cover article and not 
Arup.

The site is in the middle of busy Dudley Square in Boston. Traffic and construction 
issues prevented the placing of the wall bracing on the exterior of the building. JML 
Engineering designed all the bracing needed in the interior of the building. Shawmut 
Design & Construction and JML Engineering worked closely together to coordinate 
the brace locations to avoid the existing structure and the proposed new structure. This 
bracing could not interfere with the erection of the structural steel. At some locations, 
the building was so deteriorated that additional bracing had to be added to prevent a 
collapse.

Shawmut was the low bidder on a public bid project with our design; the cost of the 
wall bracing was over $1 million less than other bidders. The City of Boston benefited 
from these savings.

I would like to state that it was JML Engineering of Winchester Mass., not Arup, that 
did the structural design work for the wall bracing featured. Accuracy should be an 
essential part of any publication.

John M. Looney, P.E.
Principal

Send letters and comments to bdrake@zweiggroup.com. 
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September

30th Annual WateReuse Symposium
Sept. 13-16, 2015, Seattle
Learn about the latest innovations in water reuse and find solutions to 
critical water supply issues.
www.watereuse.org/symposium 

IHEEP 2015
Sept. 13-17, 2015, Pittsburgh
The International Highway Engineering Exchange Program (IHEEP) 
brings together transportation engineers, officials, leaders, and industry 
representatives from various countries, states, counties, cities, and 
consulting firms, from North America and Europe. This year’s focus 
areas are 3D modeling, design/construction integration, and digital 
project delivery.
www.iheep2015.com 

Dam Safety 2015
Sept. 13-17, 2015, New Orleans
Dam Safety 2015 is one of the leading conferences in the United States 
dedicated to dam and levee safety engineering and technology transfer. 
Conference includes technical sessions and workshops.
www.damsafety.org 

EPA-USDA National Workshop on Water Quality Markets
Sept. 15-17, 2015, Lincoln, Neb.
Workshop highlights progress in water quality trading across the country 
with an emphasis on policy, resources, and tool development.
www.conservationfund.org/resources/courses-and-events/1036-epa-
usda-national-workshop-on-water-quality-markets 

Becoming a Better Project Manager
Sept. 16, 2015, Seattle
Sept. 17, 2015, San Jose, Calif.
Sept. 30, 2015, New York
This course provides a fundamental understanding and some specific 
tools that new and aspiring project managers can use to be more 
effective.
https://zweiggroup.com/seminars/better_pm 

octoBER

Becoming a Better Project Manager
Oct. 1, 2015, Washington, D.C.
Oct. 13, 2015, Los Angeles
Oct. 15, 2015, Chicago
Oct. 28, 2015, Austin, Texas
Oct. 29, 2015, Phoenix
This course provides a fundamental understanding and some specific 
tools that new and aspiring project managers can use to be more 
effective.
https://zweiggroup.com/seminars/better_pm 

Commercial UAV Expo
Oct. 5-7, 2015, Las Vegas
Conference topics focus on use of unmanned aerial vehicles for 
surveying and mapping, civil infrastructure, mining, construction, 
and other applications. Learn how to integrate UAVs into operations, 
including training and safety.
www.expouav.com
 
Becoming a Better Seller
Oct. 8, 2015, Charlotte, N.C.
A one-day seminar specifically developed to help design and technical 
professionals in architecture, engineering, planning, and environmental 
firms become more comfortable dealing with clients and promoting the 
firm and its services.
https://zweiggroup.com/seminars/better_seller

ASCE Convention
Oct. 11-14, 2015, New York
Learn about the latest innovations in water reuse and find solutions to 
critical water supply issues.
www.watereuse.org/symposium 

The Principals Academy 2.0
Oct. 22-23, 2015, Chicago
An updated version of Zweig Group’s 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

novemBER

The Principals Academy 2.0
Nov. 12-13, 2015, Las Vegas
An updated version of Zweig Group’s 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

13th National Light Rail & Streetcar Conference
Nov. 15-17, 2015, Minneapolis
Sessions showcase the positive results being experienced in metropolitan 
areas that have embraced light rail and streetcar and explore new ways 
to plan, design, construct, maintain, and operate light rail and streetcar 
systems.
www.apta.com/mc/lightrail/Pages/default.aspx

Send information about upcoming conferences, seminars, and 
exhibitions relevant to civil and structural engineering to Bob Drake at 
bdrake@zweiggroup.com.

Events
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The Fukushima disaster in 2011 exposed plant structures and piping to 
unprecedented levels of seismic activity, providing many lessons for the future. 
In response, engineers have been updating seismic design requirements and 
brownfield structural integrity evaluations utilizing new techniques to protect 
and extend the life of current structures and piping systems. 

Learn how engineers updating these requirements are using integrated 
structural and piping models to ensure a safer design against more stringent 
seismic criteria. Discover how to use new tools such as laser scanning to quickly 
evaluate aging plant assets, assess plant integrity, and identify optimal 
operation and maintenance investments to extend the plant life cycle. 

Join in as our technical expert discusses:
New engineering practices for safer seismic design of structures and piping 
systems 
Accurate, integrated structural and piping models to produce plant assets 
with more seismic resilience 
Combined laser scanning and design software to quickly evaluate the 
structural integrity of aging industrial plants
Identifying where operational and maintenance expenditures can best 
increase plant structural and pipe integrity 

AIRING ON SEP 29, 2015 @ 12PM CT
For more information and to register, 
go to www.cenews.com/webcasts

Innovations In Seismic Design 
of Industrial Structures and Piping 

– Post Fukushima 2011

COMING IN SEPTEMBER
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On the rise

Mark Sarkisian, 
P.E., S.E., LEED AP 
BD+C

Peter Lee, P.E., 
S.E., SECB, LEED 
AP

Judith Andersen, 
P.E.

Art Hadnett

Mark Sarkisian, P.E., S.E., LEED AP BD+C, structural and seismic 
engineering partner, and Peter Lee, P.E., S.E., SECB, LEED AP, 
associate director and senior structural engineer, Skidmore, Owings & 
Merrill LLP, were each honored by the Structural Engineers Association 
of Northern California. Sarkisian received the 2015 H.J. Brunnier 
Lifetime Achievement Award, which recognizes his more than 30 years 
of achievement in structural engineering. Lee was elevated to the grade 
of SEAONC Fellow in recognition of his accomplishments in the field of 
structural engineering and his service to the association.

Judith Andersen, P.E., was appointed assistant vice president at Par-
sons Brinckerhoff and will manage the firm’s Pittsburgh office. She has 
more than 31 years of engineering experience, including marketing/
business development, quality assurance, staff management, project 
management, and highway design.

Art Hadnett joined HNTB Corporation as senior vice president and 
president of the firm’s West Division, where he is responsible for lead-
ing the operations of the nine-state division, including 10 offices and 
more than 400 employees.

Brian Swett joined Arup as director, Cities and Sustainable Real Es-
tate in the Americas. He will spearhead the firm’s work to integrate 
its advisory services in strategy development, planning, finance, op-
erations, and economics with design, engineering, and implementation 
services, delivered in the city context.

Edward Wasserman, senior engineer at Modjeski and Masters, re-
ceived the 2015 John A. Roebling Medal, recognizing lifetime achieve-
ment in bridge engineering. Prior to his work at Modjeski, he served at 
the Tennessee Department of Transportation for 25 years as the direc-
tor of its Structures Division.

Amanda Poole, P.E., joined Baxter & Woodman, Inc. as manager of 
the firm’s Sustainability Department, promoting innovative approaches 
to resource recovery, energy efficiency, and conservation. Jim McNal-
ly, P.E., LEED AP, CPESC, also joined Baxter & Woodman, Inc. as a 
senior transportation project manager. 
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David Gaboury: 
Preserving green 
horizons
Employee-owned Terracon celebrates its 50th anniversary on the 
forefront of engineering a better world.
By Maureen Foody

Profile

In an increasingly digital world, natural phenomena such as blue skies, 
flowing rivers, and green grass are often taken for granted. Fortunately, 
select professionals — including engineers — study and work to preserve 
and protect these essential ecosystems. 

David Gaboury, P.E., president and CEO of Terracon, is one of these 
engineers. His engineering career began with research-based work for 
a national study through the Environmental Protection Agency that 
used mathematical modeling for agricultural runoff issues. As Gaboury 
moved forward with his career, he broadened his efforts to preserve the 
natural world by creating a workplace environment within Terracon that 
inspires others to do their best work and continue making the world 
better through engineering.

Starting in high school, Gaboury anticipated his interests would take him 
far in the mathematics and science fields, but he wasn’t sure which way 
to go, until after enrolling at University of Massachusetts Amherst. 

“I started out as a math major because I didn’t have any exposure to 
engineering before that; math seemed like a practical path for me to 
follow,” Gaboury said. But once exposed to engineering, his interest 
grew as he delved into environmental engineering through critical classes 
that taught him the fundamentals while also allowing him to pursue his 
specific interests. Professors also helped guide him through that process. 

Gaboury continued academic pursuits, earning a master’s degree in civil 
engineering at MIT, working as a research assistant and delving further 
into issues with water pollution. Following graduation, he also worked 
on Resource Analysis for three years for a small firm that was eventually 
bought by Camp Dresser McKee (now known as CDM Smith). 

Soon after this, Gaboury switched coasts and began working with 
Woodward Clyde, where he started moving into the newly booming 
hazardous waste business. “I was tapped to begin helping on that area, 
which was experiencing a huge growth in the early 1980s, but through 
that work I was also exposed to the business of consulting engineering 
for the first time,” Gaboury said.

David Gaboury, P.E., has been president and CEO of employee-owned Terracon since 2002.
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Gaboury served as an office manager for Woodward Clyde in Oakland, 
Calif., and continued advancing to become chief operating officer and 
then division president of Woodward Clyde Consultants, in Denver. 
With the company changing ownership, Gaboury began exploring 
opportunities with Terracon, which was also going through changes 
of its own. In 1997, Gaboury joined Terracon as an executive vice 
president. It wasn’t long before he quickly moved up the ranks there as 
well, becoming president and CEO in 2002. 

Gaboury holds the proverb, “What got you here, won’t get you there,” 
close to heart as Terracon continues to deliver success while also using its 
size and multiple locations as an advantage to its overall growth strategy. 

“Though that does have some drawbacks as we do worry about 
bureaucracy,” Gaboury said. “But my passion is this business, getting 
all of these moving pieces to work together is a great challenge to have. 
As a company, we strive to build communities where we live and work. 
We protect public interest and safety, but we also want to help improve 
society.” 

Gaboury described Terracon’s model of consistent delivery of services: 
“For years we had a paper process, but since we transitioned to all digital, 
from end to end, we know every point on the chain. If there’s a problem, 
we can see it as it happens so we can know to fix it almost immediately.”

Recently, 97 percent of Terracon employees who responded to a survey 
said that they feel their work matters, a fact that shows how important 
it is for a company to offer such diverse opportunities to its employees 
while simultaneously maintaining high standards of work.

Thinking about the future of civil engineering, Gaboury said, “We still 
need that technical training on a day-to-day basis in the industry. But a lot 
of people get lost through that process. We need [that] technical expertise 
but we also need leaders to help step the industry further into regulations 
and policy, which previously engineers have taken a step back from.” 

Terracon is currently stepping into its 50th Anniversary as a company, 
a milestone that is remarkable for a company of any size but especially 
one as diverse as Terracon with 150 offices across the United States 
nevertheless offering to consult on any project, no matter the size. 

“We have a legacy of employee ownership, which we want to stay in as 
we continue to move forward,” Gaboury said. “We need to continue to 
grow though, but remain aware of becoming overly ambitious, which 
would neglect taking care of our employees. They’re truly what sets our 
workplace apart.” 

Terracon is consistently recognized for its outstanding work, from being 
ranked 35th in ENR’s Top 500 Design Firms to being part of Kansas City 
Business Journal’s Champions of Business for the second consecutive 
year. 

Personally, Gaboury fondly recalled being asked to deliver a lecture for 
The Shirley and Ting-Wei Tang Endowment Lecture Series at U-Mass at 
Amherst. “It was not only to fellow engineers but also to many different 

types of alum. I was able to address the idea of purpose within a company 
and also to really explore what that can mean for yourself, personally. 
Mine is to have a legacy of an enduring company that is able to have an 
impact on the communities where we live and work. A leader has to get 
past the obvious tasks and push into seeing their role in bigger contexts.”

Gaboury enjoys spending as much time at home as possible when he 
isn’t traveling for business including visiting one of Terracon’s many 
offices. Married to his wife, Beth, for 42 years, they currently live in 
Olathe, Kan., a suburb of Kansas City, and enjoy spending family time 
at their home in Eagle, Colo. They have three sons: Bryce, their eldest, is 
founder of an engineering firm in New York, Cambodia, and Indonesia; 
Jacob serves as an assistant professor of digital media and visual culture 
at Stony Brook University; and Keith works as a writer and teacher in 
Massachusetts. 

“When I do get time at home, anything outdoors is great by me,” 
Gaboury said. “I end up traveling a lot for business, so it’s a good thing 
just to be home, and Colorado is a great place for all of my interests, 
from fly-fishing to skiing. Whenever we have time as a family, we’re 
outside together.”

Gaboury addresses Terracon principals at a recent meeting.

Terracon
Established: 1965
Headquarters: Olathe, Kan.
Size: More than 3,500 employees in 150 offices
Ownership: Employee owned
Website: www.terracon.com 
Primary services: Environmental, facilities, geotechnical, and 
materials engineering
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Gaboury strives to make Terracon the kind of company that others can 
look to for guidance as it continues to grow with new offices and new 
challenges but also remain steadfast to its ideals as an employee-owned 
corporation. Terracon looks primed to continue delivering its special 
brand of success from the bottom to the top. 

“We got here because of both our clients who have trusted us and our 
employees who work hard every day to build, protect, and improve the 
lives of anyone touched by engineering,” Gaboury said.

The Gaboury family poses in front of a temple in Cambodia, where their eldest son 
currently serves as an engineer.

When finding time to relax, Gaboury enjoys taking advantage of Colorado’s outdoor 
recreation opportunities, including fly-fishing.

David Gaboury (left) enjoying whitewater rafting with family (left to right) Bryce, 
Hannah, Beth, Jacob, and Keith.

Terracon celebrates 50th anniversary
Founded on April 22, 1965, Terracon traces its roots to a small 
engineering firm in Iowa. The firm, which brings together a staff 
of engineers, scientists, and technicians, has expanded into a 
nationwide operation providing environmental, geotechnical, 
facilities, and materials services with more than 150 offices and 
3,500 employees.

“This anniversary is about honoring our clients who have put 
their trust in us,” said David Gaboury, P.E., president and CEO, 
“and our employees who work hard every day to give back to 
their communities. We’re just getting started and are excited 
about the next 50 years.”

Terracon began as Soil Testing Services of Iowa, Inc., with 
Gerald Olson, P.E., as founder. In 1980, the company was 
renamed Terracon Consultants, Inc., moved to the Kansas City 
metropolitan area, and became 100 percent employee-owned. 
During the last 18 years, Gaboury has led the company to nearly 
$500 million in revenues. Terracon has jumped nearly 30 spots 
in the last 10 years on Engineering News-Record’s Top 500 
Design Firms ranking, rising to number 35 in 2015.

With focus on five primary sectors — government, commercial/
retail, industrial, institutional, and energy — Terracon’s project 
experience is varied. Recent experience includes entertainment 
venues such as Minute Maid Park, home of the Houston Astros; 
infrastructure improvements such as the Salt Lake City Airport 
Terminal Redevelopment Program and the I-35E corridor 
reconstruction in Dallas; and urban sustainability solutions for 
the Bullitt Center in Seattle.

Terracon and its employees are consistently recognized for 
technical ability, nationwide leadership in industry organizations, 
and regional excellence by being named to Healthiest 
Employers and Top Engineering Firms lists. Additionally, the 
Terracon Foundation gives back by aiming to be a real part 
of the lives of its employees and communities. Last year, the 
Terracon Foundation provided $233,000 in the form of grants 
and scholarships to support more than 47 organizations, and a 
National Partner Grant totaling $50,000 to the National Society 
of Black Engineers.

Maureen Foody is a freelance writer and editor who lives and works in Chicago. 
She can be reached at maureen.t.f@gmail.com. 
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For most A/E industry marketers and business developers, our strongest 
memories of technical folks and how they participate in marketing and 
business development activities involve pleading for 10 minutes of their 
time or having to check in every day for a requested project approach, an 
updated résumé, or a description of a new project.

One of the things this tells me is that the technical staff are often not 
aware of the contribution they can make to winning work — often, in 
fact, a contribution only they can make because they are best qualified to 
answer the client’s main question: What have you done lately?

Design, construction, and environmental firms do themselves a great 
disservice when they assume that marketing/business development staff 
don’t need to know about operations or technical execution. In fact, it is 
always good for marketing and business development staff to know how 
a project they helped win actually gets done.

These firms do themselves an even bigger disservice in assuming 
the technical staff don’t need to know about marketing and business 
development. In fact, it is imperative that technical staff develop some 
marketing and business development knowledge and skills. Even if 
your firm is not trying to implement a successful seller-doer model, 
your technical staff play an important role in marketing and business 
development, a role that marketing and business development folks 
often cannot play at all.

When a client issues an RFQ or RFP, he or she describes a project — or 
at least a project type — and wants to know what you or your firm has 
done in the last few years that was close to being “just like” his or her 
new project. And because of their place in the A/E firm’s process, the 
technical staff are best suited to answer the client’s question.

During my more than 30 years as an A/E marketer and on more than 
1,200 SOQs and proposals, I have distilled the “win work, do work, win 

more work” cycle down to four components: Plan, Position, Propose, 
and Produce (Figure 1). The technical staff have a distinct role to play in 
each of the four cycle components.

Many A/E firm technical folks don’t stop to realize that, when their firm 
does a project for a private-sector client, doing a good job is the cheapest 
of marketing and positioning activities because the firm’s technical staff 
are actually being paid to do good work. In addition, a private-sector 
owner who likes the firm’s work on one project can give the firm a 
second project without even making them compete for it. So doing good 
work (the Produce component) informs all the other “P” activities.

And because they are working on a real project rather than an SOQ or a 
proposal, their supervisors aren’t standing over them, browbeating them 
about billable hours.

Following is a discussion of how the technical staff make important 
contributions to each of the four “P” activities. The discussion assumes 
that you have found out about the project — by whatever method — in 
advance of the RFQ or RFP being published.

Plan — When the potential project is first identified — hopefully 
through visits to that client — a technical champion will perform a go/
no go analysis that compares project technical requirements with firm 
capabilities and experience. This analysis will include thoughts of how 
to develop and present an innovative project approach, what example 
projects to present, what staff will be available to work on the project, 
whose name will impact the organization chart positively or negatively, 
what technical skills will require participation by outside subconsultants, 
what subconsultants have worked successfully with your staff, and what 
relationship already exists with the potential client. The chances are 
that this technical champion is the person you will propose as project 
manager.

FIRMS IN FOCUS

Figure 1: Four components of the “win work, do work, win more work” cycle.

Win work, do work, 
win more work

Technical staff play a distinct and important role in the four 
components of marketing and business development.

By Bernie Siben, CPSM
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While I always recommend that the go/no go process should be 
completed by a single person, there is no limit to the number of people 
who might be involved in the planning. Many of them will participate for 
a short time as they answer a few questions and leave the process. Some 
— the principal, project manager, proposal manager — will be involved 
from start to finish.

In any case, you must treat the other three cycle components with the 
same commitment given to the Produce component. If you treat the entire 
cycle like an actual project, the investment will pay off handsomely.

Position — If you have successfully completed a project for that client, 
the project manager already has a strong relationship with the client, 
which can help you position for the new project. If the project will require 
a different manager, the previous manager can bring the new one to an 
introductory meeting with the client so that a relationship can be started 
before the RFQ or RFP is released. If the likely project manager learns 
about the project enough in advance, which is very possible if he or she 
has been visiting the client regularly, there will be time to talk about the 
firm’s technical qualifications and some possible project approaches to 
sound out the client’s desires for the project — especially those desires 
that won’t be obvious in the RFQ or RFP.

Propose — If the project manager or other technical people have 
worked with that client before, they will already know a lot about the 
client’s preferred form and frequency of communication, the kinds of 
documentation that client likes to see, that client’s hot buttons, and 
especially, what would make that client wake up in a cold sweat at 3:00 
a.m. 

If the technical people know the client’s project manager or some of the 
staff on the selection committee, they may know what items to stress 
in the SOQ or proposal, as well as what items to play down. Further, if 
a technical person has determined through conversations what project 
approach the client might like, they might have the approach text drafted 
— or at least outlined — before the RFQ/RFP is released. They may also 
know if there are any staff members at your firm, or any subconsultants, 
whose presence on the team might be beneficial (or detrimental) to the 
pursuit effort.

Produce — If you have a project manager who truly knows how to 
listen, and who values the inclusion of the client in all project team 
activities, then every day of the project will provide some lesson that will 
inform future pursuits. Such lessons might include where on the plan 
sheets the client likes to see the title block and what information it should 
contain, what meetings the client’s project manager wants to attend, 
what information should be conveyed by phone as opposed to email, 
how often the client wants to see your project manager in person, how 
involved the client wants to be in permitting activities, how the client 
wants public hearings/meetings to be handled, how much and what kind 
of documentation the client needs to see with your invoices, as well as a 
host of other items. Many of these lessons will inform the writing of the 
proposal or the structuring of short-list interviews.

Plan — When you identify and start to pursue the next project for this 
client, if your project manager has completed the four cycle components 

described above, the planning component for the next project will be 
measurably easier because you will have much of the information at 
hand. However, the longer the time between completion of production 
on one project and pursuit of another, the more likely some information 
will change because client staff will have changed or because the client 
has learned other procedures from other consultants on other projects. 
Nevertheless, if there is a strong relationship between the client’s project 
manager and yours, this gap is easy enough to bridge.

There are a number of other items for which the technical person is better 
suited than the marketing person:

• The technical person knows about every project he or she works on and 
what project role they play, so they can update a résumé more accurately 
and more completely than the marketing or business development staff.

• The manager of a project knows every challenge encountered on the 
project and how it was solved, as well as how the scope changed after the 
initial contract was signed, so the project manager can update a project 
description much more quickly and completely than the marketing or 
business development staff.

• The project manager and principal know exactly why they chose a specific 
subconsultant firm or firms to join the project team, so they are much 
better suited to providing the process and facts of those choices than the 
marketing or business development staff.

• The project manager knows how a few days were shaved off the project 
schedule, or exactly how the value engineering enabled a significant 
decrease in project cost, so he or she is much better suited to providing 
information on why either or both of these were achieved.

Remember that the project approach in your proposal should be a clear 
definition of the scope of work you are proposing, and should include 
specific mention of everything you plan to do. If there are other services 
that might enhance the project, but which you are not offering as part 
of the primary scope, you can identify them as additional services with 
fees to be negotiated separately. This establishes at an early stage the 
possibility of expanding the scope or add-on projects after completion of 
the main scope. It also helps to set limits that will work to prevent scope 
creep during the actual project.

If your firm operates on a seller-doer model, technical staff will 
automatically be doing these things, or at least asking for marketing/
business development staff help. But even without a seller-doer 
framework, there are tasks in the marketing/business development 
cycle that obviously require active and enthusiastic participation of the 
technical staff. That is why it is imperative that technical staff develop 
some marketing and business development knowledge and skills.

BERNIE SIBEN, CPSM, is owner and principal consultant with The Siben Consult, 
LLC, an independent A/E marketing and strategic consultant located in Austin, 
Texas. He can be reached at 559-901-9596, through his website at www.
sibenconsult.com, or at bernie@sibenconsult.com.
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Post-construction photo of an urban road rehabilitation project. 
Photo: Courtesy of Strathcona County

FIRMS IN FOCUS

A new way of working  
Driving change to more efficient project data management
By Jason Eggen

Strathcona County is a specialized municipality in central Alberta, 
Canada, on the outskirts of Edmonton, the province’s capital. The region 
is a major hub for Canada’s oil and gas industry. Its strong economy and 
many amenities are expected to continue to fuel the county’s population 
growth, requiring increasing efforts to effectively plan, design, build, 
and manage its infrastructure. 

For a few years, the county has been improving its civil infrastructure 
design processes. And as the region grows and the need for new 
infrastructure increases, the county will have more surveyors, designers, 
and program managers working on its capital projects, increasing the 
need to more tightly manage projects and project data.

The way the county previously managed projects is just not going to 
work. “For many years, Strathcona County had a file management 
system that used a Microsoft Windows Explorer folder structure,” said 
Jeff Orr, an engineering technologist for the county. “The system worked 
well with standard office products and email, but unfortunately was not 
suited for our project workflows and drawings.” 

For example, the county spent six years working intermittingly on a 
recreational asphalt trail through a residential development. Unforeseen 
legal complications caused some of the delays, but other delays were 
caused by the system’s inability to track design changes and its lax 
rules for access to the project folders. Specifically, while creating 
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bid documents, a project manager opened some design drawings and 
inadvertently turned off layers that showed existing gas lines. Later, 
when the drawings were being used for construction, the error was 
discovered and the project had to go back to design. 

“Over the course of the project, designers and project managers kept 
switching,” Orr said. “With our folder-based file management, it was 
very difficult to track who made what changes, or even which drawings 
were the most recent.”

Data management solution
In 2013, Strathcona County implemented a data management solution to 
support its project workflows. The first couple of projects that Strathcona 
County implemented were successful. The county can provide secure 
and controlled access to all project data, which helps keep track of design 
changes throughout the life cycle of projects. As a result, the county is 
managing its projects much more efficiently. The plan is to improve 
the processes and life cycles as it continues to use more of the data 
management capabilities and add additional projects.

As the county began implementing a data management solution, 
we quickly realized that internal project workflows were not well 
documented. So, we began mapping our business processes and 
embedding those workflows within the new tools — essentially defining 
how we would organize, manage, and track project data. 

The county began by documenting its design workflow, from initial 
design to issuing final drawings, including details such as the use of 
AutoCAD external reference drawings (xrefs) and data shortcuts. Next, 

the county mapped out the workflows of its surveyors and project 
managers, and their connections to the overall design workflow. 

By mimicking our own field-to-finish workflows in Autodesk Vault 
Professional we can now securely release and track files throughout a 
project. Project team members have the correct level of access to the 
correct revisions of drawings and other documents they need to do their 
jobs. In addition, as the project progresses through important milestones, 
the county can keep track of design changes and, if needed, revert back 
to earlier revisions or submittals.

One of the county’s first uses of Vault on a large project was the 
design of a 1.7-kilometer roadway rehabilitation project. The project 
included excavation, grade lowering, underground utilities, road base, 
concrete curbs and gutters, asphalt surfacing, trail reconstruction, and 
landscaping. The project also involved safety improvements, including 
wider sidewalks, a reconfigured intersection, and traffic calming features 
such as curb extensions, speed bumps, and raised crosswalks. 

“We had three designers working on this project — one on the roads and 
drainage, another on the underground infrastructure and shallow utilities, 
and a third working on the trails through a local golf course,” Orr said. 
“With Vault, we could see when design changes occurred and who made 
them. We could track the progress of the project. We knew the latest 
revision of a drawing and who signed off on it. We had confidence in our 
design and deliverables.”

Going forward
As the county moves forward with its Vault implementation, it is also 
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JASON EGGEN is county supervisor of design, Strathcona County, Alberta, 
Canada.
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taking it to the field. We’re implementing the tools to share project data 
with project stakeholders outside of our firewall. We need to track project 
changes, comments, and approvals from remote workers, consultants, 
and provincial officials. The county can automatically and securely share 
project information stored in Vault outside of its firewall. 

For example, field personnel working on the roadway rehabilitation project 
used smartphones and iPads to reference drawings and collaborate with 
golf course officials regarding the trails through the course. In addition, 
the county is implementing Autodesk InfraWorks 360 software with 
Vault-based workflows to better communicate conceptual infrastructure 
designs to local constituents.

Vault is now successfully implemented in Capital Planning and 
Construction’s processes and workflows. Our old file management 
system managed only documents; now we can manage both documents 
and projects.  

“We have a single source of access to our project data, with appropriate 
security,” Orr said. “It easily tracks our project workflows, it fully 
supports our design projects, and it provides mobile access while 
maintaining project continuity.”

Conceptual roundabout design. Image: Courtesy of Strathcona County
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Foils are isotropic plastic sheets, generally used in inflated pillows, such as for the 
2008 Beijing Olympics’ Water Cube. Each cladding panel is two or three separate 

layers supported by pressurized air. Photo: Fernando Ortiz/Arup

Brisbane’s Kurilpa, the world’s first bridge created using tensegrity, was designed by 
Arup engineers using purpose-written software that linked into Oasys GSA. Photo: 
Arup

Geometrically
nonlinear structures
Why it’s good to be a lightweight.
By Peter Debney

Modern lightweight structures — whether in fabric, cable, timber, 
concrete, or stone — are nonlinear, long-spanning, flexible, highly 
efficient, and environmentally friendly. They can be used to create 
structures that soar. With traditional linear structures, the loads are 
resisted by the stiffness in the beams, columns, and walls; with 
lightweight tension-only and compression-only non-linear structures, 
the overall form of the structure becomes critical. Get the form right 
and the structure can span huge distances with minimal material; get 
the form wrong and you are in trouble.

The real truth is that all structures are nonlinear; it’s just that the 
simpler linear analysis usually gives answers that are close enough for 
most engineering design challenges; but new lightweight structures 
call for more thorough analysis.

So what makes nonlinear different than linear analysis? One of the 
most important things to remember is that while with linear analysis 
you establish equilibrium of the forces on the original geometry, 
with a nonlinear analysis you get equilibrium of the forces on the 
deformed geometry. The problem is, you don’t know what the 
deformation is until you have resolved the forces and you cannot 
resolve the forces until you know the deformed shape. All nonlinear 

analyses thus require the iteration that is afforded by the power and 
speed of software such as Oasys GSA.

Oasys GSA Suite is effective for designing tensile or grid shell 
structures. By taking care of form-finding and fabric analysis, the 
software leaves engineers free to focus on design. Its form-finding 
and fabric analysis reveals how to make tensile structures the right 
shape to resist applied loads or cope with highly non-linear fabric 
materials, and its dynamic relaxation finds the optimal geometry for 
a structure, avoiding the mistakes that lead to wrinkles, flapping, and 
ponding problems. GSA Suite gives engineers control to offset the 
effects of fabric to cable prestress, radial to circumferential stresses, 
and more.

Cables
While linear structures resist lateral loads with bending stiffness, 
lightweight nonlinear tensile structures work by deflecting until the 
forces are in balance.

A single loaded cable, describing a catenary (the curve that an 
idealized hanging chain or cable assumes under its own weight when 
supported only at its ends, familiar to us from suspension bridges) 
is stabilized out-of-plane by gravity and possibly additional factors 
such as a bridge deck. However, such structures are still vulnerable 
to sway, whether induced by wind or pedestrians. A solution to this 
problem (though not normally for bridges) is to have cables going 
in multiple directions, so sway in one direction is resisted by cables 
at other angles, giving what is called a cable net. These are common 
structures in nature, such as webs spun by spiders.

If such a cable net is horizontal and loaded, it will deflect down with 
an essentially catenary shape, giving resistance to gravity loads, but 
there is still a problem: what about uplift forces on such a cable net 
when it is clad? Suction would be resisted purely by the self-weight 
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PETER DEBNEY is an application specialist with Oasys Software (www.oasys-software.
com). 

The double-curved hyperbolic surface of the 2012 London Olympics Velodrome is 
characteristic of many cable nets. The shape naturally gives stiffness in all directions.

The modern science and engineering of fabric structures was pioneered by Frei Otto, 
with his roof to the 1972 Munich Olympics.

of the structure, but that is potentially minimal with lightweight 
structures. The solution is to have the cables in one direction curved 
down to resist gravity loads, and those in the other direction curved 
upward to resist suction loads. This double-curved hyperbolic surface 
is characteristic of many cable nets, and the shape naturally gives 
stiffness in all directions. 

So what does such a double-curved surface look like? An excellent 
example is Expedition’s award-winning Velodrome for the 2012 
London Olympics, famous for its “Pringle” shaped roof.

Fabrics
The modern science and engineering of fabric structures was 
pioneered by Frei Otto, with his roof to the 1972 Munich Olympics. 
Rejecting the heavy wartime architecture of Nazi Germany, Otto 
aspired to make modern architecture as light as possible, in both 
senses of the word. The Munich roof achieved this by using both a 
minimum of material and maximum glazing.

Fabrics are woven, and this gives rise to warp-weft interaction. So 
fabrics are thus sensitive to the balance of prestresses in the two 
principle directions, and the fabric will wrinkle as a whole if the 
prestress is much higher in one direction than the other. A correctly 
tensioned fabric will be smooth; unbalanced tensions will wrinkle 
the surface. 

Fabrics require an edge support, which can either be solid, such as 
a beam, or flexible, such as a cable. With flexible edges, the cable’s 
curvature is dependent on the balance in the prestress between the 
cable and fabric and calculating this, as Oasys GSA does, has quite an 
impact on the aesthetics and geometry of the fabric structure.

A step further on from fabrics are foils, which are isotropic plastic 
sheets made from materials such as ETFE and in use on iconic 
structures such as The Eden Project in Cornwall and the 2008 Beijing 
Olympics’ Water Cube. Foils are generally used in inflated pillows, so 
each cladding panel is actually two or three separate layers supported 
by pressurized air. Wind loads on one surface are carried through 
the contained air to load the opposite face, so the whole remains 
in tension, and the air can be heated to prevent snow loads. Unlike 
fabrics, foils have a good shear strength so have to yield under load 
to achieve their final form. GSA form finding and determining the 
correct cutting patterns goes a long way to minimizing this.

Compression
So far we have looked just at tension structures, but now let’s start to 
mix in compression.

Compression-only structures take the familiar form of arches, but 
also shells and grid shells, and walls. Unlike tension-only structures 
that deflect to balance the loads, compression-only structures do not 
have this luxury as any movement increases the risk of buckling. This 
is a major risk for masonry structures because they have little or no 
bending capacity other than that provided by the compression thrust. 
Cathedrals of old needed stabilizing with flying buttresses.

Compare this to Gaudi’s Sagrada Familia in Barcelona where the 

columns are angled so as to take the loads in direct compression and 
thus avoid the horizontal reactions necessitating buttressing. The end 
result is something much more natural-looking.

Tensegrity
The logical progression of compression structural design is the rather 
interesting group of structures based on tensegrity, a term coined by 
Buckminster Fuller. Tensegrity is described variously as “an island 
of compression in an ocean of tension” and “God’s geometry.” 
Brisbane’s Kurilpa, the world’s first bridge created using tensegrity, 
was designed by Arup engineers using purpose-written software 
that linked into Oasys GSA, which is widely acknowledged as the 
essential tool for anyone designing tensile structures.

The tensegrity array of flying struts and cables that hovers above 
and beside the Kurilpa deck suspends the canopy, allowing it to float 
above the deck with no apparent means of support. 

Alec Milton, managing director of Oasys, based in London said, “The 
use of tensegrity in a major structure has been something of a holy 
grail to architects and engineers, and the successful completion of the 
Kurilpa Bridge represented a genuine world first. We are delighted 
that the GSA Suite provided the tools and flexible interfacing that 
enabled engineers to develop a brand new solution.”
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The Presidential Award of Excellence in Engineering was presented to the City University of New York’s John Jay College of Criminal Justice expansion project. Photo: Eduard Hueber Photography

Structural 
steel ideas

Twelve projects earn U.S. steel industry’s top building award.

PROJECT+TECHNOLOGY

Education/Health Care/Religious

Twelve structural steel building projects, chosen from nearly 100 
submissions received from architectural, engineering, and construction 
firms throughout the United States, earned national recognition in 
the 2015 Innovative Design in Engineering and Architecture with 
Structural Steel awards program (IDEAS2). Conducted annually by 
the American Institute of Steel Construction (AISC), the IDEAS2 
awards honor excellence in steel-frame building design. 

“The 2015 IDEAS2 winners demonstrate that innovation and 
creativity can be found on building projects of every size and 
description,” said Roger E. Ferch, P.E., president of AISC. “Steel 
continues to provide excellent solutions for the entire design and 
construction team, from architects, engineers, and developers to 
general contractors, fabricators, and erectors. Congratulations to the 
award-winning teams for projects that combine creativity, economy, 
and technical achievement through the use of structural steel.”

A panel of design and construction industry professionals identified 
National and Merit winners in three categories based on total 
constructed value: projects less than $15 million; projects $15 million 
to $75 million; and projects greater than $75 million. In addition, the 
panel awarded a Presidential Award of Excellence in Engineering to 
one project for structural engineering accomplishment. 

Each project was judged on its use of structural steel from both 
an architectural and structural engineering perspective, with an 
emphasis on creative solutions to the project’s program requirements; 
applications of innovative design approaches in areas such as 
connections, gravity systems, lateral load-resisting systems, fire 
protection, and blast; aesthetic and visual impact of the project; 
innovative use of architecturally exposed structural steel; technical or 
architectural advances in the use of the steel; and the use of innovative 
design and construction methods.

Presidential Award of Excellence in Engineering
The Presidential Award of Excellence in Engineering was presented 
to the City University of New York’s John Jay College of Criminal 
Justice expansion project, a new 625,000-square-foot, $400 million 
academic building in Midtown Manhattan. The facility consists of 
a 15-story tower on 11th Avenue and a four-story podium with a 
garden roof that connects to the college’s existing Haaren Hall on 
10th Avenue. Following significant growth in criminal justice interest 
during the last decade, the new building was planned to double the 
existing facilities and unify the campus into one city block, creating 
an academic city within a city.
 
In response to a shallow Amtrak tunnel that cuts through a corner of 
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The Presidential Award of Excellence in Engineering was presented to the City University of New York’s John Jay College of Criminal Justice expansion project. Photo: Eduard Hueber Photography

the site, the John Jay structural system is distinguished by a grid of 
rooftop trusses that hang the perimeter of eight floors below. This 
creates a dramatic column-free cafeteria space on the fifth floor 
with views of the Hudson River for the full 195-foot width of the 
building. Leslie E. Robertson Associates (LERA), New York, served 
as structural engineer on the project.
 
Two layers of structure are provided to effectively isolate the building 
from the train vibration and noise. The main building structure 
cantilevers over and behind the train tunnel, which is enclosed with a 
hollow core precast plank ceiling and concrete crash walls. At points 
of convergence, creative detailing was required to maintain the load 
path and necessary separation. 

Another challenge was accommodating the almost two-story change 
in grade between 10th and 11th Avenue. A second main entrance to 
the building occurs along 59th Street and negotiates this steep slope. 
To design for this condition, the perimeter columns — in an area that 
supported heavy loads from the rooftop garden — were eliminated, 
and the entrance was pulled back to allow room for the steps and 
ramps. Story-deep trusses were placed inside the walls of the fourth-
floor classrooms to efficiently accomplish the 40-foot cantilever out 
to the tip of a V-shaped tapering canopy. 

The interior architecture also responds to the sloped grade with a 
series of cascading staircases and escalators that complicated the 
structure, but allowed for fluid circulation to all parts of the campus. 
A large skylight supported by architecturally exposed narrow tube 
sections provides natural light into these main circulation areas and 
offers views in from the garden roof.
 
The 65,000-square-foot roof terrace serves as a new, outdoor 
gathering place for students and faculty. The planted green roof is 
landscaped with large grassy zones, full-sized trees, and decked 
outdoor dining areas. 
  
Accommodating the necessary two layers of structure around the 
train tunnel mandated a practical limit to the weight that could be 
supported. After exploring numerous options, the hanging solution 
was favored by architect Skidmore, Owings & Merrill LLP (SOM) 
and the Dormitory Authority of the State of New York, and adopted 
for numerous reasons, including assistance in achieving the series of 
distinguishing setbacks that frame the west façade’s main entrance 
along 11th Avenue. The hanging system was continued around the full 
perimeter to balance the weight, complete the column-free aesthetic, 
and take advantage of the thin plate hangers which could fit inside 
standard partition walls instead of traditional column enclosures. 
To maintain efficiency, the hanging system was stopped where the 
structure over the tunnel could accommodate conventionally framed 
floor weight. 

In coordination with the architect, the fifth floor was chosen for this 
transition, allowing the column-free floor to align with the podium 
roof garden. The primary construction challenge involved achieving 
approximately level floors opening day and a 2-inch stack joint in the 
curtain wall at the transition floor between the conventionally framed 
and hung structure. To simplify the steel frame erection, the design 
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The John Jay structural system is distinguished by a grid of rooftop trusses that hang the 
perimeter of eight floors below, which creates a dramatic column-free cafeteria space on the 
fifth floor. Photo: Jason Stone, LERA

The National Award for projects less than $15 million total constructed value was presented 
to Denver Union Station, Denver. Photo: Ryan Dravitz Photography

accounted for temporary columns at the fifth floor around the tower 
perimeter, and temporary angles bolted to the plate hangers above the 
sixth floor, to stiffen these elements during erection. This allowed the 
construction process to proceed similar to conventional construction 
and maintain the project schedule. Once the truss assembly was 
finished, jacks at the temporary columns slowly lowered the building 
and engaged the trusses. At this point the temporary columns and 
angles could be removed. 

Calculating the required amount of vertical cambering of the 
steelwork (or how much to super-elevate the perimeter steel at each 
of the 26 hanger/column locations to account for the anticipated 
deflection during construction) was a challenge. Design estimates 
were based on the assumed construction schedule, estimated 
construction loads, and realistic modeling of the structural behavior. 
During construction, continuous surveying verified if the perimeter 
was behaving as anticipated. 

Once a more accurate schedule and shop drawings were available 
for the nonstructural elements, a full reanalysis was performed 
incorporating what was being learned from the surveying. During this 
reanalysis it was determined that the perimeter would likely not come 
down as much as originally thought — one reason being the curtain 
wall was 30 percent lighter than assumed — and field adjustments 
were made to lower the steel frame prior to starting the truss erection. 
This adjustment proved effective as the final survey data showed the 
building followed predictions closely and the final stack joint met the 
intended thickness.
 
While the building did not officially submit to the U.S. Green 
Building Council for certification, the project specifications were 
written to conform with many LEED certification requirements. The 
structural steel was sourced from mills regionally close to New York 
and produced from more than 90 percent recycled content.

Projects less than $15 million
The National Award for projects less than $15 million total constructed 

value was presented to Denver Union Station, Denver. Denver’s 
historic Union Station is a Beaux Arts landmark located on the edge 
of the city’s central business district. SOM was commissioned to 
expand and transform the station and the surrounding 14 city blocks 
into a major regional transportation hub.

SOM structural engineers, working closely with SOM architects, 
designed the Commuter Rail Train Hall structure, light rail station 
platform canopies, several additional steel-and-fabric pavilions, 
a pedestrian bridge, and a variety of other steel-and-fabric canopy 
structures, all part of the greater Denver Union Station Intermodal 
Hub, which opened in spring 2014. 

The train hall structure is the focal point of Denver Union Station 
and was conceived as an efficient and formally expressive means of 
clear-spanning 180 feet across multiple railway tracks. The structure 
is a rational response to a series of programmatic requirements and 
constraints. The result is a steel-and-fabric canopy that rises 70 feet at 
the head-end platform, descends in a dynamic sweep to 22 feet at the 
center, and then rises again at the far end over an important pedestrian 
link across the site between Lower Downtown and the Central Platte 
Valley. 

The primary structural system consists of 11 steel arch trusses spanning 
nearly 180 feet from a single large-diameter pin connection atop 
18-foot-tall arched column supports. The arch-trusses behave as their 
name implies: in part like a truss, and in part like an arch. Each truss 
is stabilized by bracing struts between trusses. In the central region 
of the train hall, the arch-trusses are replaced by cantilevered trusses. 
Each truss is supported about 20 feet above the ground by a series 
of steel “kick stands,” which support vertical loads and horizontal 
thrust. Each kick stand is rigidly connected to the foundation with 
heavy anchor bolts. The arch-trusses and cantilevered trusses support 
a tensioned PTFE fabric. 

The above-ground architectural steel structures for Denver Union 
Station are all composed primarily of round hollow structural section 
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The National Award for projects $15 million to $75 million total constructed value was 
presented to Florida Polytechnic University Innovation Science and Technology Building. 
Photo: Macbeth Photo

(HSS) steel tubes supporting PTFE tensioned fabric. The exposed 
painted structural steel was fully detailed in close collaboration 
with the architectural team to develop a consistent architectural 
and structural vocabulary throughout the project. All structural 
connections were fully designed by the structural engineers. Every 
structural connection and member is both structural and load-
carrying, and also an architecturally expressive element. 

As such, the engineers took great time and care to fully detail all 
members and connections in the contract drawings in order to 

fully control the design and evaluate aesthetics prior to the shop 
drawing phase. This work had the additional benefit of eliminating 
fabricator connection engineering time and cost. To keep the design 
within budget, the exposed connections were engineered to use only 
conventional structural steel fabrication techniques and materials but 
took great care to shape the connections to be aesthetically minimal 
and consistent. 

Merit Awards for projects less than $15 million total constructed 
value were presented to:
• Circuit of the Americas Observation Tower and Austin 360 Amphitheater, 

Austin, Texas
• Landscape Evolution Observatory at Biosphere 2, Oracle, Ariz.
• Minnesota Fallen Firefighters Memorial, St. Paul, Minn.
• Hilton Columbus Downtown High Street Bridge, Columbus, Ohio

Projects $15 million to $75 million
The National Award for projects $15 million to $75 million total 
constructed value was presented to Florida Polytechnic University 
Innovation Science and Technology Building, Lakeland, Fla. Florida 
Polytechnic University, Florida’s newest university and the only 
one dedicated to a curriculum of science, technology, engineering, 
and mathematics, started its new campus building program with the 
162,000-square-foot Innovation Science and Technology Building 
designed by architect Santiago Calatrava. Thornton Tomasetti served 
as structural engineer for the project. This two-story reinforced 
concrete structure’s signature element is the 250-foot-long glass 
atrium shaded by 94 operable louver arms, all of which are supported 
by structural steel boxed plate assemblies spanning up to 72 feet.
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The box plate assemblies are designed to carry not only the load of 
the glass atrium but also the extreme loads of the shading system’s 
operable louver arms, which are as long as 62 feet. The louver arms 
move during the day to act as sun shades. The arms are attached to 
a structural steel plate stanchion that is field welded to the structural 
steel plate box assembly. The load is transferred by the box plate 
assemblies and network of internal plate stiffeners to the foot 
assembly and then to a reinforced concrete ring beam.

The structural steel box assemblies were shop fabricated then most 
were shipped in two pieces due to length and joined in the center at the 
job site. The lower portion of the plate assemblies are architecturally 
exposed structural steel (AESS) and exposed to view from the grand 
hall below. The AESS element has such a smooth finish that most 
observers mistake this structural steel for another building material.

Merit Awards for projects $15 million to $75 million total constructed 
value were presented to:
• University of Oregon Hatfield-Dowlin Football Performance Center, 

Eugene, Ore.
• Pomona College, Studio Art Hall, Claremont, Calif.
• Central Arizona College, Maricopa Campus, Maricopa, Ariz.

Projects greater than $75 million
National Awards for projects greater than $75 million total constructed 
value were presented to The Vegas High Roller, Las Vegas; and 
Anaheim Regional Transportation Intermodal Center, Anaheim, 
Calif. 

Vegas High Roller — The High Roller, opened in March 2014, is 
the largest observation wheel ever built at 550 feet high with an 
approximate cost of $300 million. The Hettema Group was appointed 
as the concept design and ride architect. Caesars Entertainment (the 
owner) wanted its observation wheel to “appear to be lightweight, 
without a lot of structure.” Early collaboration between the client, 
architect, and Arup, the engineer of record, led to a structural 
scheme with minimal visual impact, affording passengers a “floating 
sensation” and sense of space. This was achieved with a single rim 
element and single cabin support bearing. Previous observation 
wheels, including the London Eye and Singapore Flyer, had wider 
truss rims and dual cabin bearings, restricting views from the cabin 
and making passengers more conscious of the structure supporting 
them. 

Two particularly challenging design constraints of the established 
design criteria were:
• passenger comfort in all but the highest winds to minimize downtime 

and 
• a 50-year design life. 

To ensure passengers would have a stable ride, Arup carried out a 
wind time history analysis, modeling the spatial correlation between 
gusts of different sizes and the lateral stiffness afforded by the pre-
load in the cables. As there are no codified acceptance criteria for 
wind-induced accelerations for observation wheels, the predicted 
movements of the wheel were simulated on a custom motion platform 
for the client to experience. Through this intuitive and tangible 

The Vega High Roller is the largest observation wheel ever built at 550 feet high with an approximate cost of $300 million. Photo: Arup
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experience the client was able to choose a level of acceleration that 
would be acceptable, and could decide how frequently they would 
be willing to shut down the wheel due to high winds. This was then 
used to determine the level of added damping required to provide a 
smooth ride.
 
The rotation of the wheel generates cyclical stresses in the structure 
and thus introduces fatigue degradation. Every structural steel 
component and connection was assessed for fatigue to ensure its 
projected life met the 50-year design life. In most instances, checks 
were done according to code. However, where the geometry was 
particularly complicated and the stress flow harder to determine, 
detailed solid finite element analysis was used to determine the stress 
ranges and a more rigorous “hot-spot” analysis undertaken. 

With regard to the cables, the published fatigue data relates primarily 
to axial stresses. However, as the wheel rotates, the cables are 
subjected to bi-axial bending and, therefore, the published data is 
not directly applicable. A unique analytical approach was developed 
to assess the cables and the results were validated with accelerated 
fatigue tests on cable specimens that mimicked the expected bending. 
Through this process it was determined that to meet the 50-year 
design life, spherical bearings were required at the cable ends. 

The High Roller truly takes advantage of steel’s unique properties 
and versatility. The rim tube is rolled from structural steel plate; the 
locked-coil cables are strong and slender; the hub and spindle have 
forged steel ends welded to structural steel mid-sections; the bearings 
are high-performance steel subjected to high contact stresses for their 
50-year design life; and the anchor bolts to the foundations provide 
ductility in case of a larger than the Maximum Credible Earthquake.
 
The entire structure is fully exposed and apparent to passengers 
and passers-by. All of the connections can be seen up close and 
the bolts and welds are clearly visible from within the cabins. At 
night, thousands of LEDs wash the steelwork (painted white) with 
programmable changing colors, creating a multitude of colors and 
dynamic patterns for celebrating special occasions. This structural 
exposure influenced the design of many of the connections. 

A structure as large and complex as the High Roller with all its custom 
components presented the delivery team with significant coordination 
challenges. Arup worked closely with American Bridge, the general 
contractor, during development of construction documents to ensure 
the design progressed down an economically and logistically viable 
route. 

Many of the tolerances exceeded those typically associated with steel 
structures and the unusual interfaces required careful management 
— most notably the interfaces between the static elements (boarding 
platform and drive equipment) and the moving elements (rim and 
cabins). To coordinate these interfaces, a detailed 3D Navisworks 
model was developed. This started with the 3D structural steel 
model and the subcontractors’ components were imported, including 
cabins, drive equipment, electrical equipment, lighting, and all their 
associated nuts, bolts, and brackets. 

The 3D model served two key purposes: 1) Having all the components 
in one spatial model helped with clash detection; and 2) Having 
a visual aid for coordination discussions allowed all parties to 
understand how their components related to the whole. 

Many of the final structural components for the High Roller were 
physically too large and heavy to transport economically to the site 
and a key challenge was to separate as far as practical the permanent 
works into sections that could be shipped and lifted into position.
 
Through a detailed analysis of the reference design, American Bridge 
identified optimal locations for bolted splices to enable shipping, 
trucking, and lifting operations and then fed these back into the detailed 
design process of the permanent works undertaken by the structural 
engineer. This collaborative approach gave a schedule advantage, 
allowing the temporary and permanent works to be designed in 
parallel, and led to a more efficient structural design tailored to the 
contractor’s preferred fabrication and erection methods.

Anaheim Regional Transportation Intermodal Center (ARTIC) 
— The ARTIC, a hub for rail, bus, auto, and bike travel, is also ready 
for high-speed trains and street cars, the region’s next-generation 
transportation systems. The program includes a 68,000-square-foot 
terminal building beneath a soaring exposed steel structure. Rising 
from a height of approximately 80 feet at its southern end to 115 
feet at the main entrance and public plaza, the ARTIC structure is 
approximately 250 feet long and 184 feet wide. The project included 
the Intermodal Terminal and the Metrolink/Amtrak concourse 
pedestrian bridge.

The intermodal terminal features a tapering vault of crisscrossing 
parallel arches — a lamella arch-shell hybrid. It spans 184 feet over 
a three-story, interior terminal building housing retail, ticketing, 
offices, and other amenities. The special concentrically braced 
frames of the interior structure provide a stiffened base for the shell 
arches. The roof’s sculptural form is a high-tech take on the simple 
lines of old airship hangars and the light-filled grandeur of historic 
train stations. The thin shell’s curved geometry is optimized so that 
the amount of bending and deflection experienced under non-uniform 
environmental and seismic loads is minimized. The diagrid shell 
design has inherent structural redundancy and provides continuous 
load paths to transfer both gravity loads and lateral loads to the base.

The structural design for the roof employs long pieces of 14-inch-
diameter, curved, interlocking steel pipes that form the complex yet 
efficient structure’s diagrid shell. Due to the inherent reliance of the 
shell’s performance on its form, the structural engineer (Thornton 
Tomasetti) collaborated closely with the architect (HOK) to define 
its geometry, and a segment taken from a torus based on a catenary 
cross-section was selected as the most efficient shape to enclose 
ARTIC’s large interior volume.

After exploring multiple grids for the shell, Thornton Tomasetti 
achieved a solution that met structural requirements for performance 
and efficiency while also fulfilling HOK’s aesthetic and spatial 
goals. The design was developed to define the arches as a series of 
compound curves, which made the steel easier to fabricate.
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The steel shell is clearly visible through the façade, creating a 
variety of impressive visual effects, particularly when lit at night. 
The terminal is clad in translucent “Teflon-like” material known as 
ethylene tetrafluoroethylene (ETFE). ARTIC is the largest single 
installation structure enclosed with ETFE in North America.

Because so much of ARTIC’s structure is exposed, aesthetic 
considerations were nearly as important as technical ones. The 
structural engineer and architect collaborated to design clean details 
that enhance, rather than detract from, the building’s dramatic 
sculptural form.

The northern and southern end walls are glass structures that curve 
outward supported by tapering, built-up box section masts. These 
elements double as structural members, acting like bicycle-wheel 
spokes to stiffen the edge of the roof shell, which otherwise would 
deflect wildly at the significant end-discontinuities. The glazing 
system is highly transparent and hangs from the roof via steel cables, 

which are laterally supported by horizontal girts formed from rolled 
steel elements and steel armatures connected to the masts.

The north end-wall masts also support the cantilevering entrance 
canopy, which in-turn acts as a horizontal truss to laterally brace 
the masts. ARTIC’s unique design required constructability 
considerations from an early stage of the project. Thornton Tomasetti 
collaborated with the general contractor to develop a sequencing plan 
that required temporary shoring only at the first arches installed; the 
rest of the roof was self-supporting during erection.

Working with the steel fabricator, the structural engineer devised an 
adjustable backing plate for use in the complete joint penetration 
(CJP) welds that connect the intersecting steel pipes of the roof 
shell. The construction sequence made traditional internal ring plates 
impractical since they would get in the way of infilling arch pieces. 
An internal ring plate was designed that would telescope back into 
the pipe to allow placement of the infill sections. The design also 
included a screw and block to allow for the tolerances of the pipe 
fabrication while maintaining continuous contact between the plate 
and the interior pipe surface.

The terminal’s third level provides access to the new concourse 
bridge, a 262-foot-long covered pedestrian crossing that spans the 
existing tracks and provides elevator and stair access to the new rail 
platforms. The steel-framed bridge is supported by elevator shafts 
at its southern end, utilizing buckling restrained braces (BRBs) to 
resist lateral forces. At the northern end, groups of raking steel pipe 
columns with nested BRBs provide vertical and lateral support.

Due to liquefiable soils, the terminal is constructed on a mat 
foundation following ground improvement works using deep dynamic 
compaction, while the bridge is supported by 10-foot-diameter cast-
in-place concrete caisson piles placed between the tracks. 

Despite its visual simplicity, ARTIC was a complex and challenging 
project. The entire design team relied heavily on integrated BIM for 
design exploration, analysis, team communication, documentation, 
and coordination during design and in the field. The integrated model 
will be used by the owner for ongoing operations and maintenance. 
BIM’s value to the project was recognized by the American Institute 
of Archtects’ Technology in Architectural Practice Knowledge 
Community, which awarded the project its “Stellar Architecture 
Using BIM” citation earlier this year.

The transit center is expected to achieve LEED Platinum certification 
by incorporating initiatives including solar energy and potable 
water consumption reduction, stormwater runoff, construction, 
operational waste, air emissions reduction, optimization of climate 
conditions, and open space areas. 

Information provided by the American Institute of Steel Construction (www.aisc.
org). 

The Anaheim Regional Transportation Intermodal Center includes a 68,000-square-foot 
terminal building beneath a soaring exposed steel structure. Photo: Thornton Tomasetti Inc.

For more information about the IDEAS2 awards, visit www.aisc.org/
ideas2. 

www.aisc.org/ideas2
www.aisc.org


Modeling Software for 
Structural Engineering
Achieve the highest quality of 
construction-oriented engineering 
with Tekla.

Tekla provides a BIM (Building Information Modeling) software that enables engineers to coordinate and deliver the structural 
design, fabrication, construction and mainenance of industrial facilities throughout their lifecycle. Using Tekla Structures, 
engineers can:  

- Create detailed 3D model and design out constructability issues
- Model steel and connections plus concrete and rebar
- Create high quality engineering drawings
- Integrate with analysis software
- Collaborate more closely with contractors / fabricators to speed up construction

a  http://tek.la/ch

2014-Tekla-BAU-Engineering-ad-templates3.indd   1 8/6/2015   10:01:14 AM



42          cenews.com          September 2015

Siting wind farms 
more quickly, cheaply

New model predicts wind speeds more accurately with three 
months of data than other models do with 12 months.

PROJECT+TECHNOLOGY

Energy/Mining

When a power company wants to build a new wind farm, it generally 
hires a consultant to make wind speed measurements at the proposed 
site for eight to 12 months. Those measurements are correlated with 
historical data and used to assess the site’s power-generation capacity.

At the International Joint Conference on Artificial Intelligence in 
July, MIT researchers presented a new statistical technique that yields 
better wind-speed predictions than existing techniques do — even 
when it uses only three months’ worth of data. That could save power 
companies time and money, particularly in the evaluation of sites 
for offshore wind farms, where maintaining measurement stations is 
particularly costly.

“We talked with people in the wind industry, and we found that 
they were using a very, very simplistic mechanism to estimate the 
wind resource at a site,” said Kalyan Veeramachaneni, a research 
scientist at MIT’s Computer Science and Artificial Intelligence 
Laboratory (CSAIL) and first author on the new paper. In particular, 
Veeramachaneni said, standard practice in the industry is to assume 
that wind-speed data follows a so-called Gaussian distribution — the 
“bell curve” familiar from basic statistics.

“The data here is non-Gaussian; we all know that,” Veeramachaneni 
said. “You can fit a bell curve to it, but that’s not an accurate 
representation of the data.”

Typically, a wind energy consultant will find correlations between 
wind speed measurements at a proposed site and those made, during 
the same period, at a nearby weather station where records stretch 
back for decades. On the basis of those correlations, the consultant 
will adjust the weather station’s historical data to provide an 
approximation of wind speeds at the new site.

The correlation model is what’s known in statistics as a joint 
distribution. That means that it represents the probability not only 
of a particular measurement at one site, but of that measurement’s 
coincidence with a particular measurement at the other. Wind-
industry consultants, Veeramachaneni said, usually characterize that 
joint distribution as a Gaussian distribution.

Different curves
The first novelty of the model that Veeramachaneni developed with 
his colleagues — Una-May O’Reilly, a principal research scientist 
at CSAIL, and Alfredo Cuesta-Infante of the Universidad Rey Juan 
Carlos in Madrid — is that it can factor in data from more than one 

weather station. In some analyses, the researchers used data from 15 
or more other sites.

But its main advantage is that it’s not restricted to Gaussian probability 
distributions. Moreover, it can use different types of distributions to 
characterize data from different sites, and it can combine them in 
different ways. It can even use so-called nonparametric distributions, 
in which the data are described not by a mathematical function, but 
by a collection of samples, much the way a digital music file consists 
of discrete samples of a continuous sound wave.

Another aspect of the model is that it can find nonlinear correlations 
between data sets. Standard regression analysis, of the type commonly 
used in the wind industry, identifies the straight line that best 
approximates a scattering of data points, according to some distance 
measure. But often, a curved line would offer a better approximation. 
The researchers’ model allows for that possibility.

Validation
The researchers first applied their technique to data collected from 
an anemometer on top of the MIT Museum, which was looking to 
install a wind turbine on its roof. Once they had evidence of their 
model’s accuracy, they applied it to data provided to them by a major 
consultant in the wind industry.

With only three months of the company’s historical data for a 
particular wind farm site, Veeramachaneni and his colleagues were 
able to predict wind speeds over the next two years three times 
as accurately as existing models could with eight months of data. 
Since then, the researchers have improved their model by evaluating 
alternative ways of calculating joint distributions. According to 
additional analysis of the data from the Museum of Science, which 
is reported in the new paper, their revised approach could double the 
accuracy of their predictions.

Quicker, more accurate wind-speed predictions can improve wind farm siting. 
Image: Jose-Luis Olivares

Information provided by Massachusetts Institute of Technology (www.mit.edu).  
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Big Data  
blueprint for 
preservation
Internet of Things is turning New York’s Lake George into ‘world’s 
smartest lake.’

The Jefferson Project at Lake George, one of the most ambitious 
research projects to deploy Big Data and analytics technology to 
manage and protect a body of fresh water, is entering a new phase 
in which enormous amounts of data will be captured from sensors 
and analyzed. Scientists anticipate that insights uncovered from the 
data collection and discovery stage of the project will not only help 
manage and protect one of America’s most famous lakes, but also 
create a blueprint to preserve important lakes, rivers, and other bodies 
of fresh water around the globe.

The Jefferson Project is named after President Thomas Jefferson, who 
described Lake George as, “without comparison, the most beautiful 
water I ever saw.” The three-year initiative aims to establish one of 

the world’s most sophisticated lake environmental monitoring and 
prediction systems, giving scientists and the community a real-time 
picture of the health of the lake. The project combines advanced 
data analytics, computing and data visualization techniques, new 
scientific and experimental methods, 3D computer modeling and 
simulation, and historical data to make Lake George a global model 
for ecosystem understanding and protection. 

The potential impact of these new developments extends well beyond 
the shores of Lake George. By capturing and pooling data from all 
sorts of sensors and swiftly analyzing it, scientists, policy makers, 
and environmental groups around the globe could soon accurately 
predict how weather, contaminants, invasive species, and other 
threats might affect a lake’s natural environment. Armed with these 
new insights and a growing body of best practices, corrective actions 
could be taken in advance to protect fresh water sources anywhere in 
the world.

The Jefferson Project — a collaboration between IBM Research, 
Rensselaer Polytechnic Institute, and The FUND for Lake George 
— involves more than 60 scientists from around the world and 
IBM Research labs in Brazil, Ireland, Texas, and New York. The 
project is deploying Internet of Things technology on a grand scale 
in conjunction with research and experimentation to understand the 
ecology of large lakes and the impact of human activity.

IBM Research scientists Mike Kelly (left) and Harry Kolar deploy an array of sensors that capture data that will be analyzed to help manage and protect New York’s Lake George. 
Photo: Feature Photo Service for IBM
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Thirty-five years of monitoring the chemistry and algae in 
Lake George by scientists at Rensselaer’s Darrin Fresh Water 
Institute, in collaboration with The FUND for Lake George, 
have demonstrated that the lake is changing. Chloride inputs 
from road salt have tripled, algae have increased by one third, 
and five invasive species have been introduced. These factors 
threaten entire regional economies driven by water recreation, 
boating, and other forms of tourism on fresh water lakes, rivers, 
and streams.

The new phase of the project is the culmination of several 
milestones. An array of sophisticated sensors of different 
shapes and sizes, including underwater sonar-based sensors; 
customized software programs; and solar energy systems to 
power off-grid equipment have now been deployed, tested, 
and refined. These enhancements have led to greatly improved 
measurement data that will be used to better understand the lake 
and lead to improvements in the accuracy of four predictive 
models built by IBM researchers that precisely measure weather 
events, water runoff from the surrounding mountains into the 
lake, inputs of road salt to the lake, and water circulation.

Early findings
Even as the data collection and discovery phase of the Jefferson 
Project ramps up, the initiative has already offered intriguing 
insights into Lake George. For example, Lake George flows 
south to north, with the lake draining into Lake Champlain via 
the La Chute River. However, sensors deployed on the lake 
bottom during the winter ice-over period recently confirmed 
complicated flow patterns within Lake George. These findings, 
which are being further investigated, include higher-than-
expected currents and countercurrents during the time in which 
the lake is frozen.

In addition, data from sensors recently confirmed the existence 
of an underwater “ghost wave” that can be as high as nearly 
100 feet, running about 30 feet below the surface of the 
32-mile-long lake. Called a seiche wave, the phenomenon 
is characterized by dramatic oscillations that occur beneath 
the lake, which are mostly undetectable on the surface. The 
seiche wave phenomenon was first discovered by noted Swiss 
Hydrologist François-Alphonse Forel in 1890 on Lake Geneva, 
Switzerland.

The computing infrastructure powering the Jefferson Project 
involves multiple computing platforms, ranging from an 
IBM Blue Gene/Q supercomputer located in a data center on 
the Rensselaer campus to embedded, intelligent-computing 
elements and other Internet of Things technology situated on 
various sensor platforms in and around the lake.

Project milestones 
Using IBM’s Deep Thunder system, the weather model has 
improved its resolution with two-day forecasts now being 
made twice daily, with greater accuracy at more than half-mile 
intervals for precipitation, temperature, wind speed, wind chill 
and direction, humidity, visibility, and more.

The water runoff model, which maps the flow of precipitation and snow 
melt, now utilizes improved 6-foot-resolution topographical data of the 
lake’s watershed through the utilization of aircraft-based LiDAR surveying 
mapping technology.

The salt model provides the first-ever assessment of the relative amounts of 
road salt deposited in the lake from various segments of local roadways in 
the Lake George watershed. It identifies and compares more than six dozen 
locations around the lake where the application of salt to roads may cause 
the greatest contamination to the lake and surrounding area.
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Jefferson Project Director Rick Relyea (left) and IBM Research Distinguished Engineer Harry Kolar examine a visualization of Lake George. Photo: Feature Photo Service for IBM

The water circulation model has improved its resolution of the 
200-foot-deep lake, with new, high-resolution bathymetry from 
a recent hydrographic survey. The second-generation model uses 
468 million depth measurements from the new survey — a vast 
improvement compared with the first-generation model, which relied 
on only 564 depth measurements over the entire lake.

These four models, together with Rensselaer’s food web model, which 
examines how the lake’s ecosystem is affected by nature and human 
activities, comprise the interconnected environmental management 
system, which is the heart of the project. The food web model is also 
being further calibrated with extensive surveys of the lake’s algae, 
plants, and animals.

“The Jefferson Project provides the unique opportunity for biologists 
and environmental scientists to work closely with engineers, 
physicists, computer scientists, and meteorologists to understand large 
lakes at a level of detail and intensity that is simply unprecedented,” 
said Rick Relyea, director of the Jefferson Project at Lake George. 
“Together, we will make tremendous inroads into understanding how 
lakes naturally behave and how human activities alter biodiversity, 
the functioning of freshwater ecosystems, and overall water quality.”

“The world’s important bodies of fresh water such as Lake George 
are precious to people, essential to life, and drive the economy, but 
they’re under siege from a growing list of threats,” said Harry Kolar, 
IBM distinguished engineer and associate director of the Jefferson 
Project. “The key to protecting this precious natural resource lies in 
the data, and the stage is now set to discover a deluge of insights 
about the delicate ecology of the lake and the factors that threaten it. 
The results of our efforts will help drive new ways to protect bodies 
of fresh water around the world.”

“Never in the history of any freshwater lake in the world has the 
caliber of science and technology now being brought to Lake George 

been applied for the purpose of sustaining lake health, ‘from physics 
to fish,’” said Eric Siy, executive director of The FUND for Lake 
George. “The empowered science of the Jefferson Project will 
empower people to ensure the lake is protected for future generations.”

The work of the Jefferson Project builds on the findings from “The 
State of the Lake: Thirty Years of Water Quality Monitoring on 
Lake George, New York, 1980-2009,” a study released in 2014 by 
Rensselaer and The FUND for Lake George. For the last 35 years, 
research on Lake George was conducted manually, with scientists 
laboriously collecting water samples by hand for analysis in the lab.

Now with the Jefferson Project, this important work is being digitized 
and accelerated, augmented with automated real-time data monitoring 
via a customized network of sensors that collect massive amounts 
of information and transmit it to supercomputers for analyses and 
modeling using sophisticated 3D visualization technology. The 
project is also developing new tools, such as image recognition 
software that identifies plankton from data collected via a GPS-
enabled towable camera, as well as state-of-the-art data visualizations 
that bring new data-driven discoveries to life for scientists, tourists, 
and local residents.

More than ever, saving and protecting bodies of fresh water around 
the world is critical. Fresh water comprises only 3 percent of all water 
on earth, yet two-thirds of it is frozen. The profound impact of fresh 
water — underscored by the severe drought in California and recent, 
devastating floods in Texas — vividly demonstrates how closely 
water is linked to the economy and the welfare of people and all 
living things. Fresh water is the lifeblood of agriculture and industry, 
and entire regional economies are driven by water recreation, boating, 
and other forms of tourism dependent on lakes, rivers, and streams.

Information provided by Massachusetts Institute of Technology (www.mit.edu).  
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An elegant meandering, 6-foot-wide walkway along the front yards of homes in an 
older section of Minneapolis adds value and utility.

Figure 1: Longer zig-zag pedestrian routes following roadway grids encourage driving 
instead of walking.

Figure 2: The main trails (red) shown over the prior planning study that used a grid 
street and walking pattern.

PROJECT+TECHNOLOGY

Residential/Land Development

An exercise
in walkability

Design pedestrian systems separate from roadways to 
encourage walking and enhance safety.

By Rick Harrison

The shortest distance between two points is a straight line. This logic 
leads one to assume a grid plan promotes the shortest walking and 
driving distances. However, by addressing pedestrian and vehicular 
systems separately there may be better design solutions for those who 
walk and drive.  

I live in St Louis Park, Minn., a grid layout neighborhood. The park 
is in a straight direction down 26th Street. There are two restaurants 
within walking distance, if I could walk a straight line to them. 
However, because of the zig-zag pattern that I must take along the 
grid, the extra distance encourages a drive instead of a stroll (see 
Figure 1).

Most cities require a walk on one or both sides of the street. Long 
blocks may also require a through walk. For pedestrian systems, 
that’s about it, no other requirements (if any at all). Thus, the only 
avenue to walkability is the connectivity of the street pattern, and 
few modern suburban lot and street layouts are all that connected. 
To make matters worse, most cities require only a 4-foot-wide walk, 
which is too narrow for couples to walk side-by-side, encouraging 
residents to simply walk in the streets instead.

To create an inviting, efficient, connective, and useable pedestrian 
system, the first step should be to design the main trails first — before 
the streets and lots!  

The scenario in Figure 2 redesigned an existing 160-acre traditional 
neighborhood based on a grid layout. The site was divided by minor 
collector streets into four distinct residential sections. The wider and 
higher-traffic collector street serves as a boundary. The first design 
task was to create a common connection for the four residential 
quadrants by drawing a circle as the main collector trail on the bare 
tract of land. Then we drew a straight line locating a trail beginning at 
the southwest corner extending directly to the northeast corner where 
the existing commercial uses and a hospital is located.

The wider main trails serve as a collector system. All homes are 
relatively close to the main trails and there is a direct link to existing 
retail (a reason for a stroll) at the neighborhood’s northeast corner. 
Slight modifications to the initial design were made for street and 
intersection crossings.  

On some sites lacking physical features or existing obvious 
destinations, the location of the main trails require planning points of 
interest (land use and parks) before locating the main trail.
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Figure 3: The minor collectors (dark grey), local streets (lighter grey), and ponding 
with the walkways shown in magenta.

In the case of this master plan study on a flat tract, we decided to cut 
a straight path directly connecting two existing major collector roads. 
An existing hospital with adjacent retail zoning is located at one end 
of the trail, and at the opposite (far) side we proposed additional 
retail, creating destinations for both ends of the main trail. A side trail 
spurs off to the hospital, encouraging employees to use the central 
park midway along the main trail and to invest in the neighborhood’s 
housing.

On flat sites such as these, straight main trails can be lined with small 
(affordable) trees, which grow into a canopy. When topography is 
rolling, a visual corridor along the trail is not possible, negating the 
reason to maintain a straight line.

Once you set the main trails (which may also include determining 
major land uses and park locations), the next step is to design the 
street system. Street design is the subject of a follow-up article in the 
October issue of Civil + Structural Engineer, but for the purpose 
of this article, street design is explained as it relates to the pedestrian 
system. After the street is designed, it’s time to design the walk(s) 
along the streets. 

Walk guidelines
In this case there are three different walk and trail widths. The main 
trails (shown in gold in Figure 3) are 10 feet wide, which are typically 
designed to also handle emergency access at locations warranted.

The remaining walks are 5 feet wide when there is a walk on both 
sides of a somewhat busy street. Along the minor local streets, the 
walk is on one side and the width is 6 feet. This creates a more usable 
walk than a standard 4-foot width, and the logic of having a wider 
walk on one side of the local minor streets is that people will cross 
the street constantly and not at the crosswalks, so why burden the 
developer, resident, and the city with additional costs without a 
benefit? 

Where the main trail crosses a street of relatively high traffic, 
a “diffuser” is used, indicated by “A” in Figure 4. If a pedestrian 
crosses a street with two-way traffic (and multiple lanes), there is a 
dangerous conflict with vehicles. The diffuser has several advantages 
to increase safety. First, the pedestrian crosses a one-way street, and 
then another one-way street, pausing in between. Second, drivers 
perk up because there is an island in their way, a sure method of 
getting their attention. Third, the tighter radii warrants a slow down 
if drivers are already speeding.

Where the main trail crosses a minor local street, there is no need for 
a diffuser (“C” in Figure 4).

When possible, walks are moved as far away from intersections 
as possible, as indicated by “B” in Figure 4. The logic behind this 
is aesthetic and for safety purposes. At an intersection, drivers 
concentrate more to avoid other vehicles than to avoid pedestrians. 
The fear of being hit by a 4,000-pound speeding bulk of steel will 
consume a driver’s thoughts, especially when multiple vehicles are 
within a field of vision. 

Researchers have determined that people can only concentrate on 
four things at once. Suppose there are four approaching vehicles in 
someone’s vision at an intersection. It’s likely that pedestrians in 
the field of vision will not be seen. For that reason, when possible, 
the sidewalk crossing is moved away from the intersection to allow 
cars to pass after the walk, when pedestrians will be seen directly in 
the field of vision as one approaches the intersection by car, or after 
one turns into the intersection and the mind is freed of the danger of 
approaching vehicles.

The other item of note is “D” in Figure 4, where attractive visual 
features such as ponds (shown), or parks and community amenities 
(not shown) make the stroll along the main trails more interesting.
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A meandering walk system may not be something that can be 
designed with an automated subdividing software program but, when 
a walk gracefully meanders (not frantically), even within the tight 
confines of a right-of-way, the neighborhood takes on extra character 
and helps reduce the cookie-cutter look that plagues most urban and 
suburban growth. 

With varied setbacks, walks can meander outside the limits of the 
right-of-way while not encroaching closer to the home than if they 
were constructed at the minimum setback. When the walks meander 
outside of the right-of-way, an additional public access easement must 
be defined on the lot. The resulting plat and engineering drawings 
become a work of art in itself (see Figure 5).

It would seem that having 5-, 6-, and 10-foot-wide walks and trails 
would add a huge financial burden to the developer and continued 
maintenance costs to the city versus 4-foot-wide walks on both sides 
of every street. The conventional plan has just less than 11 acres in 
walkway paving to serve 720 homes.  

Compared with the original proposed plan, the revised plan has 3 
percent less density, or 700 lots, (using the same lot size ratio and 
minimums) but also 38 percent shorter street length. The 10-foot-
wide trails consume 2.84 acres in paving, and the remaining walks 
5.55 acres. Thus, even though they are a far more usable width, the 
overall paving is almost 25 percent less surface area than the original 
grid plan!

The pedestrian system should be thought of as a separate design 
exercise, and not simply piggybacking off the roadway design.

Figure 5: Engineering drawings with meandering trails by BSE Engineering in 
Melbourne, Fla., can be framed as artwork.

RICK HARRISON is founder of Rick Harrison Site Design Studio (www.
rhsdplanning.com).   

Figure 4: A more detailed look at the interaction between the street, trail, and walk 
systems.

www.rhsdplanning.com
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numerous project management books. He is active in a 
number of PM-related organizations--and has given 
virtually hundreds of seminars to thousands of architects, 
engineers, planners and scientists over the years.

New and aspiring project managers in architecture, engineering, 
planning and environmental consulting firms, come join us for a brand 
new seminar and receive 6 CEUs!

Becoming a Better 
Project Manager

Attendees of Becoming A Better Project Manager can earn 6 
CEUs. Zweig Group is registered with the AIA for continuing 
professional education credits. All attendees receive a certificate 
of attendance indicating the number of credit hours approved by 
the AIA.

 Sep 30 - Raleigh, NC. 
 Oct 1 - Washington D.C.
 Oct 14 - Seattle, WA.
 Oct 15 - San Jose, CA.
 Oct 28 - Austin, TX.
 Oct 29 - Phoenix, AZ.
*Nov 17 - Miami, FL.
 Nov 19 - Chicago, IL.
 Dec 3 - Los Angeles, CA.

TUESDAY, NOV 17 - MIAMI, FL.

*ADVANCED COURSE NOW AVAILABLE!
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Breaking
the ice
Engineers design a dual-use Arctic river crossing to provide 
access for railway and military traffic.
By Mike Pochop, P.E.

Long-term plans for railway expansion, partnered with needs for 
year-round access to U.S. military training grounds in Alaska’s 
interior, resulted in construction of the longest bridge in the country’s 
largest state. 

Since 2006, Hanson Professional Services Inc. has worked with the 
Alaska Railroad Corp. (ARRC) on railway projects, including the 
Northern Rail Extension. This four-phase project involves extending 
railway infrastructure approximately 80 miles from Eielson Air Force 
Base near North Pole, Alaska, to Delta Junction, Alaska. The ARRC 
is a full-service railroad that offers freight and passenger service. 

As part of Phase 1 of the rail extension, the ARRC selected Hanson to 
design a 3,300-foot-long roadway and railway bridge over the Tanana 
River near Salcha, Alaska, where the landscape is rugged and remote. 
The length of the bridge is equal to the distance of nine football fields, 
end-to-end.

The U.S. Department of Defense’s Joint Pacific Area Range Complex 
(JPARC) borders the wild, braided Tanana River, the state’s fifth-
longest river. The 1 million-acre JPARC complex provides land, sea, 
and air space for large-scale military training operations. Access to 
this area has been limited to ice roads constructed during Alaskan 
winters.

The ARRC contracted the project using the construction manager/
general contractor (CM/GC) process. Hanson was part of a team that 
included Kiewit Infrastructure West Co. of Anchorage, Alaska, general 
contractor; HDR Alaska Inc., of Anchorage, ARRC’s consultant 
for permitting, hydrology, land acquisition, and construction 
management; Shannon & Wilson Inc., of Fairbanks, Alaska, a 
subconsultant for geotechnical engineering, foundation construction 
recommendations, and pile-driving observation; JE Fuller/Hydrology 
& Geomorphology Inc. of Tempe, Ariz., a subconsultant for 2D 
modeling; the University of Illinois at Urbana-Champaign’s Ven Te 
Chow Hydrosystems Laboratory, which constructed a 3D physical 
hydraulics model; Northwest Hydraulic Consultants of Edmonton, 
Alberta, Canada; and PDC Inc. Engineers of Fairbanks, Alaska.

3D modeling guides design
Building a bridge over the Tanana River presented numerous 
challenges for the design team, including extreme temperatures; an 
unpredictable, glacier-fed, reconfiguring river; flooding; ice flows, 
log jams, and scour; and geotechnical and seismic issues.

Before design of the bridge began, Hanson’s project team conducted 
extensive hydraulics modeling, including a 3D physical model, to 
determine how the river flow, soil conditions, ice, and timber might 
affect the bridge. 

“The constant presence of trees up to 90 feet long with 9-foot root 
balls in the river caused high design loads and deep scour up to 50 
feet on the substructure. Lower-level flood events combined with ice 
jams provided yet another design load case that was outside of those 
typically experienced,” said Mat Fletcher, P.E., S.E., Hanson vice 
president and engineer of record for the Tanana River Bridge project.

The University of Illinois’ Ven Te Chow Hydrosystems Laboratory 
constructed a scaled 3D model of the bridge’s foundation piers and 
trees using crushed walnut shells to mimic the river’s streambed 
material. The detailed analysis of the bridge piers provided by the 3D 
modeling helped the project team confirm its bridge-design approach. 

Bridge designers also had to consider the site’s high seismic forces 
in an area with active and potentially active faults. The Denali Fault 
generated a magnitude 7.9 earthquake in 2002, a 9.2 magnitude 
earthquake happened east of Anchorage in 1964, and three magnitude 
7 earthquakes have occurred within 50 miles of Fairbanks in the 
last 90 years. Liquefaction and lateral spreading at the bridge’s 
substructure units also were considered. 

The long-term plan to use the bridge to support railway traffic and 
military vehicles was a major factor in designing the bridge deck. 
The preferred solution was to design something similar to a grade 
crossing over the full length of the bridge. The challenge with this 
approach was to minimize weight while providing support for wheel 
loads and allowing snow and ice to drain from the rail trough. 

The 3,300-foot-long Tanana River Bridge provides the U.S. military with a vital 
connection to 1 million acres of training ranges — the largest in the U.S. It is Alaska’s 

longest bridge.
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While the bridge was designed to serve railway and roadway traffic, 
the rail part of the design was removed during the cost-estimating 
portion of this project and after the final design was completed. It will 
be installed during a future phase. A steel ballast pan was constructed 
in its place to allow for vehicle access. Design of the deck elements 
considered AASHTO load vehicles and military load classification 
vehicles used for transporting tanks and Stryker-type combat vehicles.

Complex logistics, remote access
The bridge’s remote location required that nearly all materials and 
equipment be shipped by ocean barge and transported to the site by 
truck. Getting access to the pier locations across the 3,300-foot-long 
bridge influenced the project schedule. 

Access was provided by constructing a combination of earth 
causeways over the dry river sections and steel-trestle structures 
over river braids or channels. Each spring, the ice would break up 
and move its way down the river. The steel trestles were not stiff 
enough to withstand the ice loads and had to be removed before the 
ice breakup. Two to three months of fair weather were lost each year 
between April and June because of the removal and reconstruction of 
the causeway and trestle access. The overall schedule required access 
to be constructed in the summer of 2012, before it was removed and 
reinstalled in 2013. The causeway and trestles were removed for the 
final time during spring 2014.

Another logistical challenge involved transporting the steel girders to 
the project site. They were transported in two shipments to the port 
of Valdez, Alaska, before being loaded on trucks for delivery to the 
project site. The challenge was transporting 80, 165-foot-long girders 
— one girder per truck — 330 miles on the Richardson Highway 
from the port to Salcha. Each girder weighed more than 145,000 
pounds. When the girders arrived at the project storage yard, workers 
connected them in pairs with bolted diaphragms and lateral bracing 
elements before their final transport and placement onto the piers.

Kiewit completed the cofferdam design and construction, allowing 
for as many as five piers to be under construction at any one time. 

This approach allowed for reduced construction time with repeatable 
elements and efficient use of equipment. Cofferdam construction 
essentially followed installation of the causeway and trestle with 
different work items completed over two daily shifts required during 
peak construction periods.

The pile-driving operation was identified as having a higher element 
of risk because of the lack of bedrock and a test pile program. The 
pile design was based on the use of 72-inch-diameter steel pipe piles 
with 3/4-inch wall thickness that were to be driven approximately 
140 feet below the pile cap. There was a small risk that piles would 
be driven to the maximum available length but not demonstrate 
acceptable capacity. Ultimately, the piles required approximately 10 
percent more length than planned. After testing was completed on 13 
pier piles over the length of the bridge, the design capacity reached 
3,795 kips.

Cold-climate concrete pour
Because of the tight schedule for completing the bridge in two work 
periods, concrete had to be placed during the winter. Kiewit made 
special provisions to heat the inside of the cofferdams and also 
worked with the local concrete supplier to allow concrete mixing 
to occur in winter periods, when the batch plant normally was shut 
down. Temperature monitoring was done on the concrete foundations 
to confirm that internal and external temperatures fell within specified 
limits. Concrete placement typically was done in three phases: pile 
infill, pile cap, and the column and pier cap. 

Superstructure erection was completed after a series of planning 
meetings and formulating the erection plan, including a thorough 
review of crane capacities. Girders were erected in pairs using 
a double-crane lift with a special swing sequence to minimize the 
required crane radius.

After a few spans were set, workers determined that several spans 
could be installed each day. Follow-up work included bolting the 
diaphragms that connected the girder pairs and bolting on the steel 
deck, guardrail, and walkway with handrail.

The University of Illinois at Urbana-Champaign’s Ven Te Chow Hydrosystems 
Laboratory constructed a 3-D model using crushed walnut shells to mimic streambed 
material, conducted testing, and provided analysis of the Tanana River Bridge piers.

Before the design process began, the design team conducted extensive hydraulics 
modeling to determine how the river flows, soil conditions, ice, and timber jams 

might affect the bridge and create various scour conditions. The scour was expected 
to be more than 50 feet deep at the piers.
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The 20-span, 3,300-foot-long crossing is Alaska’s longest bridge and 
provides a safe, critical link to the military’s vast training complex. 
This bridge will allow the ARRC to extend its northern rail line and 
provide new effective railway service by moving residents, visitors, 
and Alaska’s resources from the Gulf of Alaska to the Interior and 
beyond.

The Virginia Department of Transportation (VDOT) is planning a $45 
million “superstreet” in Chester, Va., to manage congestion at the 
intersection of Route 10 and Chesterfield Road. Chesterfield County 
and VDOT called on the experienced McCormick Taylor staff to 
create state-of-the-art visualization products to communicate the 
design of the reconfigured intersection. 

The goal is to manage the existing and projected traffic at the 
intersection, while maintaining access to businesses and homes in the 
area. Using a flyover ramp would negatively impact the community. 
It was critical to get community buy-in of the “Superstreet” concept.
A Superstreet is an innovative intersection treatment that safely and 
efficiently manages congestion by eliminating the left and through 
traffic movements on the minor cross streets of a busy intersection.
Traffic on the cross-streets wanting to make a left or through 

movement will instead make a right turn and then a subsequent 
U-turn in order to get to their desired location. If enough traffic is 
anticipated, the U-turn crossovers could also be signaled.

The design needed to be refined with Bentley Systems MicroStation 
and GEOPAK so that all the required turn lanes and ramps could fit 
into the community with minimum impact. It was determined that 
seven homes will be demolished to accommodate the design. Traffic 
simulations were run with PTV Vissim to determine optimal turn lane 
storage lengths as different options were explored.

Another big challenge was to communicate the superstreet to the 
community. A public meeting held in March 2014 at Elizabeth Davis 
Middle School drew about 100 area residents who perused maps and 
a video that presents a 3D animated look at the finished product. 

MIKE POCHOP, P.E., is a vice president and project manager for Hanson 
Professional Services Inc. (www.hanson-inc.com). The Tanana River Bridge 
project was recognized as a finalist in the Innovation in Bridges category in 
Bentley Systems’ 2014 Be Inspired Awards.    

Animation and photo rendering allowed stakeholders and public officials to quickly 
grasp the features of the Superstreet design.

Nineteen concrete piers form the foundation for the bridge. Each pier is secured on 
four, 72-inch foundation piles, which were driven as deep as 140 feet in the river bed.

One of the major challenges of this project involved transporting by truck 80, 
165-foot-long girders 330 miles on the Richardson Highway from the port of Valdez, 

Alaska, to Salcha, Alaska.

Communicating 
design intent
Visualization enhances public understanding of a ‘superstreet’ 
intersection reconfiguration
By Cyrus McCall, P.E.
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CYRUS MCCALL, P.E., is senior design visualization engineer for McCormick 
Taylor (www.mccormicktaylor.com) in Baltimore. The Route 10 Superstreet 
project was recognized as a nominee in the Innovation in Roads category 
in Bentley Systems’ 2014 Be Inspired Awards.  

The video allowed area residents to see the new highway and especially 
a massive intersection at Old Bermuda Hundred and Meadowville roads. 
The high-tech video drew the attention of most who attended the meeting. 
They were able to see the simulated traffic movements. Design options were 
created and refined with MicroStation and GEOPAK. InRoads was used 
for additional modeling for the visualization. Autodesk 3ds Max was used 
along with VISSIM to create the animation. This technique resulted in a 
video that shows realistic vehicle movements based on the actual traffic 
engineering models.

The project is meant to decrease congestion and delays that result in 

increased use of fuel. By decreasing use of fuel through less 
vehicle run time, we will decrease air pollution that comes from 
the facility. Instead of doing so with flyover bridges, this does 
not break the existing connectivity of the community to the 
adjacent roads. 

Not only will we conserve precious fuel, we will save people 
time. Instead of spending time in traffic, people will be able 
to spend more time with their family and friends. We will also 
create safe driving conditions to prevent as many accidents as 
possible. 

The animation and photo rendering created by McCormick 
Taylor allowed stakeholders and public officials to quickly grasp 
the features of the Superstreet design. The major design features 
were approved on Aug. 21, 2014. Due to recent reductions 
in state and federal funding, the schedule for right of way 
acquisition and construction is delayed at this time.

A video allowed area residents to see the simulated traffic movements.

Based on photo renderings and visualizations, officials approved major design 
features for the Superstreet intersection.

View the Route 10 video at https://www.youtube.com/
watch?v=nDyMhNUPaz4.  
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Prior to August 1997, the Metro Manila Waterworks and Sewerage 
Services (MWSS) managed water and wastewater services for Metro 
Manila, as well as neighboring provinces of Rizal and Cavite in the 
Philippines. During that time, service was significantly less than other 
Asian countries, with fewer than 30 percent of customers receiving 
24-hour water supply and system water losses at 63 percent. 

Through the Water Crisis Act, enacted in 1997, a public-private 
partnership contract was forged between the Republic of the 
Philippines and two private concessionaires with the key objective 
of expanding the service coverage, improving service delivery, and 
increasing operational efficiency. The East Zone Concession was 
awarded to Manila Water Co, guided by the regulatory framework of 
asset management and service obligation. For our asset management 
obligation, our mandate is to “operate, maintain, and renew” the 
entire water value chain, from water source management, treatment, 
and distribution of potable water to our customers, to safeguarding 
the environment through treatment of wastewater prior to discharge 
to water bodies. Our service obligations include expanding water and 
wastewater coverage and ensuring the continuity of services, even 
during natural calamities.

The East Zone Concession area covers more than 6 million customers. 
From 1997 to 2014, significant improvement was attained in terms 
of the provision of quality service to our customers. Water service 
coverage is currently at 89 percent, of which 99 percent are receiving 
24-hour potable water supply. Water losses were reduced from 63 
percent to 12 percent. But amidst such accomplishments on the water 
supply side, we are only at 11 percent coverage for wastewater — 
about 700,000 customers connected to the wastewater network. The 
journey for the provision of wastewater services has just started.

The East Zone Concession covers three major water systems: San 
Juan, Marikina, and Pasig Rivers. Based on studies, all of these rivers 
are considered biologically dead with zero dissolved oxygen levels 
throughout the year. Further studies showed that more than 50 percent 
of the pollution comes from domestic liquid and solid waste. These 

conditions resulted in a stronger call for environmental management. 
Therefore, the government enacted the Clean Water act and Supreme 
Court Continuing Mandamus. This development has put stronger 
pressure on MWSS and its concessionaires to fast track construction 
of the sewerage systems. However, fast tracking means a higher cost 
of capital, and will eventually cause higher rates for customers, thus 
striking a balance has been a challenge.

Manila Water Company, being a highly regulated business, must be 
able to deliver programs that pass regulators’ prudency and efficiency 
test. Three major components are Quality, which requires plans from 
conceptualization to realization of benefits; Cost, which means 
providing the least-cost option that delivers the maximum benefit; 
and Time, which means delivering commitments on or ahead of time. 

Guided by the principles of prudency and efficiency, Manila Water 
Company developed a wastewater masterplan of 15 wastewater 
systems to deliver the 100 percent wastewater coverage as mandated. 
This article focuses on the first system — the Marikina North 
Catchment project.

The Marikina North wastewater system’s objective is to treat 
wastewater from the city of Marikina and the southern portion of 
San Mateo Rizal. Once completed, it will be able to serve at least 
500,000 customers. The system feasibility study was designed with 
38 kilometers of interceptor pipes and 12 pump stations with a capital 
cost of approximately $125 million. It is expected to be the largest 
wastewater treatment plant in the Philippines and second largest in 
Southeast Asia.

Design challenges
Masterplan development of the project was challenging. Costs 
beyond the set budget could result in financial losses to the company. 
The challenge is in developing options that will show that we are 
adopting the best strategies.

Remaining challenges involve how to address technical, social, 

Wastewater
masterplan 
Manila Water Company’s Marikina 
North Catchment Project is a model of 
design for 15 wastewater systems.
By Christian Henry Lacson

When finished, the Marikina North wastewater treatment plant is expected to be the 
largest in the Philippines and second largest in Southeast Asia.
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environmental, and political risks. First is constructability, ensuring 
that the conceptual plan will become reality. Because this pilot 
project will be the country’s largest wastewater project, its success 
will determine support for future projects; its failure will make 
implementation of the next 14 wastewater catchments more difficult. 

The catchment area is a well-developed city with existing utilities. 
Unfortunately, no integrated urban planning was conducted 
beforehand and provision for a wastewater system was not considered. 
The challenge was to utilize the clear zone of the narrow streets with 
limited impact to existing utilities.

Narrow roads for construction, as well as narrow access roads for 
delivery of materials during construction, limit workability within 
the area. Therefore, conceptual plans must consider constructability 
— the same questions that local government units will ask before 
granting necessary approvals and permits.

Another challenge is the alignment of Manila Water Company’s 
programs with the national and local government offices to obtain 
permits to be able to develop and construct the projects. Our project 
should be able to complement their programs, so we involved 
key stakeholders at the concept design stage. The Marikina North 
Catchment is a combined wastewater system that is heavily dependent 
on the condition of existing drainage in the area, which is being 
managed by the local government. 

Land availability for proposed pump stations as well as necessary 
right-of-way was also a major challenge, considering the “not in my 
backyard” mindset of the customers near the area. Equally important 
was traffic management. Prior to the proposed construction, traffic 
has been a perennial problem in the area, thus the challenge is to 
determine routes that would have minimal impact to traffic.

Design process
Through effective use of Bentley Systems’ SewerGEMS we were 
able to hurdle all of these challenges using a five-step concept design 
process. 

Step 1: Strategic plan — the strategic plan is to maximize benefits at 
the lowest cost possible, utilizing a combined-system design.

Step 2: Identify data sources — Information from different sources 
with different storage and retrieval formats required different 
software. This includes GIS for background layers such as road 
center line, contour map, drainage plans for the local government, 
future development programs of key government offices and private 
developers, government restrictions such as flood plains and no-build 
zones, and traffic hotspots. We also used an Excel worksheet for 
population and flow projections, which incorporate current demand 
from existing customers and future development. SewerGEMS can 
integrate this data without using third-party software, which saves 
time, effort, and money.

Step 3: Define data parameters — The SewerGEMS platform is 
flexible to use with different sewer design parameters. The library of 
conduit and materials contains vital information as relevant input to 
the simulation. Wet well and pump design is flexible enough to enable 
designers to develop the most cost-efficient scheme in operations. 

These features enabled us to define key design parameters for an 
efficient wastewater system, such as available pipe sizes, minimum 
velocity to prevent scouring, and minimum slopes, among others. 
Thematic or color coding easily provides clues of key design 
parameters that are being violated, allowing adjustment early in the 
design process.

Step 4: Build a model — The ModelBuilder tool enabled us to 
develop and manage different scenarios efficiently. A hydraulic 
model represents the design concept, runs different scenarios, and 
communicates simulation results. A GIS interface allows easy capture 
of all the GIS Shapefiles to be considered in laying the sewer network 
alignment, such as road right-of-way, high-impact traffic areas, and 
no-build zones based on the government plan. At this level, we can 
eliminate routes that are not feasible to construct and impossible to 
get permits. 

Three major water systems — San Juan, Marikina, and Pasig Rivers — are all 
considered biologically dead with zero dissolved oxygen levels throughout the year. 
More than 50 percent of the pollution comes from domestic liquid and solid waste.

Conceptual plans must consider constructability in a dense urban area with narrow 
roads.
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TRex is another useful tool. Since we already invested in contour 
information, we can use this information by automating the ground 
elevations of manholes to reduce tedious manual input. This feature 
enabled hydraulic engineers to save time and focus on analysis rather 
than manual data input, which also lessens potential input errors.

The LoadBuilder module is another useful feature of SewerGEMS. 
Data from the defined catchment boundary is automatically assigned 
to individual manholes for faster modeling.

Automated design tools in SewerGEMS are effective in designing 
better slope, depth, or elevation, which can help ensure an efficient 
design. Results analysis using thematic coding and profiles provides 
effective visualization of surcharging and other hydraulic scenarios 
that are easy to understand and communicate.

Step 5: Document and publish results — Our engineering team 
used the FlexTable system and profiles in detailed design. There is 
no need to convert reports because they can be generated to DXF 
and Excel files, saving time and effort and ensuring that quality is 
maintained. Mapped designs generated by SewerGEMS are an 
effective representation of the alignment that can easily be understood 
and aid Manila Water Company in explaining the project, even to 
non-engineer stakeholders, to garner support.

Through effective use of the SewerGEMS software on the Marikina 
North Catchment project we were able to reduce the number of 
pump stations from the originally proposed 12 pumps to three pumps 
and the conveyance system from 38 kilometers to 23 kilometers. 
This significantly reduced the environmental, financial, technical, 

and social risks involved in constructing the facilities. Ultimately, 
because of these risks being mitigated, the company was able to save 
on capital expenditures and operating expenses without sacrificing 
service obligations. We were also able to develop the best option of 
network route in terms of cost, quality, time, and benefits.

Results met our primary objective of ensuring prudency and 
efficiency in our projects and the three major components of time, 
cost, and quality:

• We will be able to reduce construction time by four years, resulting in 
early realization of project benefits.

• We have an estimated savings of $39 million in capital expenditures. 
Money saved can be used to develop new wastewater systems with 
additional benefits. Initially, we estimated serving about 500,000 
people, but now projects can serve as many as 1 million people and 
customers will enjoy lower rates.

• Quality plans were a result of incorporating technical, financial, 
environmental, social, and regulatory risk in different design scenarios. 

Our plans earned the support and confidence of our partners and 
stakeholders, a benefit that will help us fulfill our mandate, not only 
for the 500,000 customers of the Marikina North project but also for 
the more than 6 million customers of the East Zone.

CHRISTIAN HENRY LACSON is a hydraulic engineer – Strategic Asset Planning 
Department, with Manila Water Company, Inc. (www.manilawater.com). The 
Marikina North Catchment project was recognized as a winner in the Innovation 
in Water, Wastewater, and Stormwater Network Modeling and Analysis category 
in Bentley Systems’ 2014 Be Inspired Awards.

www.plastic-solution.com
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Doing more 
with wood
Mass timber expands wood’s role as a structural material.
By Joe Mayo

Talk about wood buildings and an image of a one- or two-story house 
and a picket fence might come to mind. The use of wood is bound 
strongly by our perceptions. Yet the humble material has a way of 
continually defying expectations. For example, when in the early 
1830s a carpenter in Chicago built a church from small-dimension 
wood studs, people didn’t believe it would stand up to strong winds, 
earning the name “balloon frame.” However, not only did the name 
stick, but the system proliferated and is still the basic way that, using 
light wood framing, we build homes and countless other buildings 
today. 

For larger structures, wood is again strongly bound by perception, 
especially the risk of fire. Some may think that wood is inherently 
risky because of its combustibility, but in the late 1800s we built 
heavy timber buildings (called Mill Construction), many six stories 
and taller, as a way to reduce fire risk since heavy timber chars and 
burns for long periods of time without losing its strength. Timber is 
also capable of spanning great distances, like the 530-foot span of the 
wood Tacoma Dome in Tacoma, Wash., or raising to great heights, 
like the nearly 200-foot-tall Tillamook Aircraft hangars, built in the 
1940s in Tillamook, Ore. 

Wood can defy expectations, and recently perceptions have been 
changing as to its role as a structural material. New built work and 
research indicates that wood is as applicable to tall buildings in our 
cities as it is to residential homes. Rather than light wood studs, a new 
approach, called mass timber, uses large-dimensioned engineered 
timber pieces as both structural and finished elements.

While wood as a material has not changed, the way we assemble the 
pieces and build with it has. In some ways, mass timber architecture 
is paradoxically both a return to preindustrial wood construction and 
post-industrial high-tech fabrication, customization, and erection. 

Before the advent and availability of saw mills, logs were a rough 
and ready construction material, sometimes hewn with only an axe. 
The use of stacked logs provided a simple construction method — 
thick walls for good thermal insulation and ample protection against 
natural elements or unruly neighbors. Mass timber takes a similar 

approach by using thick dimensioned timber to create a very robust, 
thermally superior building using a natural, renewable material. 
However, rather than rough and ready, mass timber elements are 
highly engineered and accurate, typically down to the millimeter. 

Mass timber includes a variety of structural composite timber 
materials, such as glue-laminated timber (GLT), laminated veneer 
lumber (LVL), parallel strand lumber (PSL), nail-laminated timber 
(NLT), dowel-laminated timber (DLT), and cross-laminated timber 
(CLT), among others. All of these materials can be manufactured in 
large sizes, some 70 feet or longer, over a foot thick, and dimensionally 
stable. 

Interior view of the eight-story Wood Innovation and Design Centre in Prince George, 
Canada. Image: courtesy of MGA
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Mass timber buildings can either be a fully panelized system, 
using CLT panels for the loadbearing floors, walls, and roofs, for 
example, or post-and-beam, where GLT or LVL can create a more 
open grid structure to emphasize views and daylight. Often, mass 
timber buildings use both a panelized approach for shear walls in 
combination with a post-and-beam system for increased openness 
where desired. 

The panelized approach can also be taken one step further in modular 
systems where entire rooms are factory prefabricated from mass 
timber into shippable boxes that are then stacked on top of each other 
in multi-story construction. Finally, mass timber elements have been 
demonstrated to work well with other structural materials, such as 
concrete and steel, to create hybrid buildings that utilize each material 
for its natural strengths. 

While preindustrial buildings relied on time-intensive notching and 
joining by hand, today computer numeric controlled (CNC) milling 
equipment can create accurate and complex joints, notches, openings, 
and surface patterning/contouring very quickly. This combination of 
custom pre-manufactured, large-scale elements and super-accurate 
milling and fabrication creates new efficiencies in both design and 
construction. Many projects have demonstrated that mass timber 
allows for more daring architectural expressions and shorter, quieter 
construction durations while maintaining safety standards in larger 
buildings.

In 2009, a panelized mass timber building in London broke through 
a commonly perceived timber ceiling (typically five to six stories) 
by rising nine stories tall with a full CLT timber structure on a one-
story concrete podium. Called the Graphite Apartments (also known 
as Murray Grove), the multi-family housing project was the tallest 
modern timber building in the world at the time of construction. 

A few years later in Australia, a 10-story CLT building, Forté, was 
completed. This project was the country’s first CLT building and also 
achieved a new height record in wood. As a panelized high-rise mass 
timber building, Forté again was instrumental in changing perceptions 
about the possibilities of using wood. Australia’s building code, like 
our International Building Code (IBC), prohibits the use of wood as 
primary structural elements above mid-rise construction. However, 
after diligent fire testing and documentation, the Melbourne building 
code jurisdiction, where Forté is located, approved the use of CLT 
as meeting an equivalent safety level as other materials allowed in 
high-rise construction. 

Today, the building code is largely responsible for setting our 
perception of construction materials, and the appropriateness of 
materials such as wood for commercial and institutional buildings. 
With the IBC limiting wood to mid-rise or lower buildings, why 
would design teams look to use wood in taller buildings? 

The reason other countries have adopted a wider use of wood is 
for its well-documented light environmental footprint, its ease 
of prefabrication, and fast erection times. Although the U.S. has 
lagged behind other countries in innovative timber structures, 
the momentum is shifting, especially with the U.S. Department 
of Agriculture-funded Tall Wood Building Prize Competition 
(https://tallwoodbuildingcompetition.org), which seeks to support 
demonstration timber projects that go beyond current code limitations. 

While the winner(s) of this competition have not yet been announced, 
the first North American building to go beyond mid-rise code height 
limitations recently finished and is a clear indication of where wood 
use is headed in our hemisphere. This project, the Wood Innovation 
and Design Centre designed by Michael Green Architecture and 
located in Prince George, Canada, is an eight-story (six stories plus 
mezzanine and penthouse), 97-foot-tall structure built predominantly 

Illustration of the CLT Collaboration Hub at the Richard Woodcock Education Center. 
Image: courtesy of Mahlum Architects  

Solid Wood: Mass Timber Architecture, Technology and Design demonstrates the type 
of innovation that has occurred around the world. Photo: courtesy Routledge
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from GLT, LVL, and CLT, utilizing both architecturally exposed 
panelized and post-and-beam construction. The project exceeds mid-
rise height limits by more than 10 feet and pushes into the high-rise 
building code category. In a moderate risk seismic zone, the building 
also uses a mass timber elevator and stair cores for lateral stability, 
one of the first applications of its kind in North America. 

South of the Canadian border, one of the first U.S. CLT manufacturing 
companies (D.R. Johnson in Riddle, Ore.) is currently in the process 
of gaining certification for production of structurally rated panels. 
Earlier this year they began pressing CLT panels made from Oregon-
grown Douglas Fir up to 24 feet long by 10 feet wide, using the first 
CLT press ever manufactured in America. Smartlam Technologies in 
Columbia Falls, Mont., is also in the process of gaining certification 
for its structural-grade CLT panels, which are expected to be 64 feet 
long by 12 feet wide.

While to date there are few institutional projects in the U.S. to use 
CLT, Western Oregon University’s new Richard Woodcock Education 
Center in Monmouth, Ore. (currently under construction) is one 
of the first. The two-story Education Center, designed by Mahlum 
Architects, will use more than 25-layer CLT panels for load-bearing 
walls and ceilings and left exposed in key student gathering areas 
called Collaboration Hubs. CLT also comprises the feature wall 
of the main stairs and the external wall and solid guardrail wall of 
the secondary stairs. The School of Education was one of only two 
projects selected by the prior governor of Oregon to be a showcase 
for innovative timber design. The project uses a full palette of wood 
products in addition to CLT, such as glue-laminated columns and 

beams, wood trusses, and traditional wood framing.

The rise of mass timber provides an option for using wood in larger 
and more complex building types where wood in the past has often 
been ignored. Sustainability and technology are driving the adoption 
of mass timber, and variation and design diversity abounds. In New 
Zealand, LVL and CLT are being used for seismically resilient 
post-tensioned timber buildings, where Norway is in the process 
of completing a hybrid 14-story (more than 160-foot-tall) timber 
building using a GLT truss frame with CLT building cores and timber 
frame housing modules stacked on intermittent concrete decks. 

Because mass timber is in the early stages of adoption, a variety of 
stakeholders including engineers, architects, material manufacturers, 
and building code officials will need to understand the differences 
and opportunities between mass timber design and other structural 
systems, especially light wood framing. While many resources 
already exist, a new book, Solid Wood: Mass Timber Architecture, 
Technology and Design, fills in knowledge gaps and demonstrates the 
type of innovation that has occurred around the world. For your next 
project, mass timber could be the right structural material to choose, 
whether for sustainability, aesthetics, or design and construction 
efficiencies.

JOE MAYO is an architectural designer at Mahlum Architects (www.mahlum.
com), based in Seattle, and author of Solid Wood: Mass Timber Architecture, 
Technology and Design. He can be contacted at jmayo@mahlum.com.
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02. Dissipative wall anchor

01. Long-range UAV surveys

CINTEC International developed a new type 
of dissipative wall anchor for use with Cintec’s 
wall anchor system to protect heritage buildings 
in earthquake-prone areas. The dissipative 
anchor consists of a set of stainless steel plates to 
which four bolts apply pressure, creating friction 
to an adjustable degree. Built-in stops restrict the 
sliding motion, and connectors link to Cintec’s 
standard anchor rods. The anchor allows a 
controlled and repairable drift for the walls, 
managing the amount of seismic energy fed into 
the structure, therefore minimizing damage to 
the building.

CINTEC International
www.cintec.com  

Routescene collaborated with Hanseatic Aviation Solutions to develop an integrated fixed-wing 
Unmanned Aerial Vehicle (UAV) and LidarPod. The Routescene LidarPod is integrated into the nose 
cone of the Hanseatic S360 UAV, rather than being wing-mounted. This reduces drag, which enables 
longer flight and survey times and minimizes noise and vibration from the rear-mounted engine, 
ensuring the GNSS/INS is not adversely affected, providing more accurate positioning, Routescene 
said. The S360’s payload capacity enables integration of additional survey and geophysical sensors. 
Applications for long-distance surveys include power line inspections, biomass mapping of forests, 
and geophysical surveys.

Routescene
www.routescene.com 

V2 Composites’ StructureWrap fiber-
reinforced polymer (FRP) system for 
structural strengthening of concrete was 
certified by the International Code Council 
Evaluation Services (ICC-ES), a subsidiary 
of the ICC, as meeting building code 
requirements. The certification provides 
a basis for specifiers and others to use 
or approve the StructureWrap system in 
construction projects under the international 
code. ICC-ES examined V2’s product 
information, test reports, calculations, quality 
control methods, and other factors to ensure 
the product is code compliant.

V2 Composites
www.v2composites.com

Geophysical Survey Systems, Inc. (GSSI) 
announced the availability of its Profiler 
EMP-400 multi-frequency electromagnetic 
(EM) conductivity meter for use in geological 
investigation, site assessment, groundwater 
investigation, and other environmental 
assessment applications. Featuring a lightweight, 
environmentally sealed EM instrument and 
handheld interface with integrated GPS, GSSI’s 
Profiler offers mobility and ease of transport. 
Advanced software features offer options to view 
the data in real time. The Profiler can be used as a 
quick reconnaissance-level survey tool to narrow 
down areas of interest on large survey sites.

Geophysical Survey Systems, Inc.
www.geophysical.com  

05. FRP structural strengthening04. Electromagnetic conductivity meter

EngineerSupply.com — started in 
1999 to meet the equipment needs 
of professionals in engineering, 
construction, design, surveying, 
estimating, and other fields — 
launched a new website design with 
improvements for easier navigation, 
enhanced security, added features, 
and faster loading times. Featured 
products include large document 
storage, surveying and drafting 
equipment, and office furniture.

EngineerSupply.com
www.engineersupply.com  

03. Engineering supplies online
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Civil + Structural Design Tools

Topcon Positioning Group updated its MAGNET system of software 
solutions that includes two new modules to the MAGNET Office 
software suite. MAGNET v3.1 introduces Takeoff and Mass Haul 
modules that are purpose-built to provide material-driven estimates, 
and efficiently manage haul routes to save time and reduce costs.

“The introduction of the new Takeoff and Mass Haul features empower 
users to generate and share cost estimates as well as visualize their 
time-sensitive projects before ever breaking ground,” said David 
Ahl, director of software product management. “Since its inception, 
the MAGNET system has provided a secure and sharable platform to 
connect project managers and their teams in real time. Now the system 
is an even more powerful management tool for the industries we 
serve. In the early and crucial steps of providing bids and generating 
potentially multiple estimates, these new MAGNET Office modules 
offer a game-changing advantage.” 

The Takeoff module of MAGNET Office software offers a workflow 
built to quickly import design data from a variety of industry file 
formats, declare the cost and type of building materials to be used, and 
work directly with borehole information.  

“By adding this key information, estimators can now generate and 
share accurate volume and cost reports within a single software system, 
providing a competitive advantage to be able to calculate and visualize 
the work ahead as well as ultimately deliver accurate and detailed bids 
to their clients,” Ahl said.

As a counterpart to the Takeoff module, features now available within 
the corresponding Mass Haul module are designed to complete the 
estimating process through the planning of materials hauling.

“Project data such as road alignment information and material types 
are instantly transferred to the Mass Haul module where the most cost 
effective options can be determined, visualized, and shared,” Ahl said. 
“Customizable reports are available to provide and plot resulting haul 
costs and efficient routes. Adding both MAGNET Office software 
modules of Takeoff and Mass Haul to your tool belt will save days 
of work that was traditionally done with multiple file formats using a 
combination of various software packages.”

Takeoff and 
mass haul estimates

Information provided by Topcon Positioning Group (www.topconpositioning.com/
magnet-productivity-suite). 

New Takeoff and Mass Haul modules in Topcon’s MAGNET v3.1 allow users to generate and 
share cost estimates as well as visualize projects before breaking ground.

www.topconpositioning.com/magnet-productivity-suite


EPA TOOLS

CS0715.indd   67 6/30/15   3:56 PM



www.conteches.com



